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Abstract

Objective:

This review provides an overview of therapeutic options, with a specific focus on the emerging role of

medical options for UF management.

Research design and methods:

PubMed, Google Scholar, and Cochrane Systematic Reviews were searched for articles published between

1980 and 2013. Relevant articles were identified using the following terms: ‘uterine fibroids’, ‘leiomyoma’,

‘heavy menstrual bleeding’, and ‘menorrhagia’. The reference lists of articles identified were also searched

for other relevant publications.

Results:

Because of the largely benign nature of UFs, the most conservative options that minimize morbidity/risk and

optimize outcomes should be considered. Watchful waiting, or no immediate intervention combined with

regular follow-up, is an appropriate option for the majority of UF patients who experience no symptoms. For

women with symptomatic UFs, the optimal treatment should restore quality of life through rapid relief of UF

signs and symptoms, reduce tumor size for a sustained period, and maintain or improve fertility. Invasive

surgical treatments, such as hysterectomy, have historically been the mainstay of UF treatment. Less

invasive surgical and interventional techniques, such as myomectomy, uterine artery embolization,

endometrial ablation, and myolysis provide alternatives to hysterectomy. Until recently, medical

management of UFs was characterized by short-term treatments and therapies that provided

symptomatic control. In addition to controlling abnormal uterine bleeding, newer medical therapies,

including the recently Health-Canada-approved ulipristal acetate, act directly to shrink the tumor.

Although no agent is currently approved for such use, emerging evidence suggests the potential for

long-term medical management of UFs.

Conclusions:

The advent of novel medical therapies may diminish the long-held reliance on more invasive surgical UF

treatment options.

Introduction

Uterine fibroids (UFs) or leiomyomas are benign tumors that originate from
the smooth muscle of the uterus and represent the most common tumor of
the female reproductive tract1. UFs affect women of reproductive age and
tend to regress following menopause2,3. Among affected women, UFs can
cause significant morbidity, including heavy and/or prolonged menstrual
bleeding, pelvic pressure or pain, and possibly reproductive dysfunction;
these symptoms can lead to absenteeism and decreased productivity in the
workplace, and impairment in activities of daily living4. However, many
women with UFs are asymptomatic, or their symptoms may develop so
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gradually that they do not think to report them to a
physician5. Hence, UFs may remain undiagnosed
unless discovered incidentally during clinical or radio-
logical examinations.

Estimates of UF prevalence are difficult to establish
and vary widely according to the method of assessment;
those based on self-report tend to bias toward symptom-
atic cases and are significantly lower than those based
on imaging or histological examination. For instance,
the self-reported prevalence of UFs among women
aged 20–54 years who participated in a national US
survey was 12%6. Similarly, only 5.5% of the 2514
Canadian women aged 15–49 years surveyed reported
being diagnosed with UFs by their physician7.
However, over half of women with no prior diagnosis
of UFs show evidence of UFs during ultrasound ima-
ging5, and detailed analysis of hysterectomy specimens
indicates a true UF prevalence as high as 77%2.

Surgical intervention (hysterectomy and myomect-
omy) has historically been the mainstay of UF treat-
ment. UFs remain the commonest indication for
hysterectomy in Canada, accounting for 30% of these
procedures8,9. While hysterectomy provides a definitive
cure for UFs, it does so at the expense of future fertility.
For women who wish to preserve fertility, myomectomy
represents a surgical alternative. If done by laparotomy
(the most common approach), both surgical approaches
are associated with substantial morbidity and may
require postoperative hospital stays of 3–6 days, as well
as an extended convalescence period10,11. Although
rarely serious, complications with the laparotomy
approach, such as pyrexia and wound complications,
can be relatively common10. Less invasive surgical
options are available, such as uterine artery embolization
(UAE), endometrial ablation, and myolysis, although
access to these procedures may be limited in some
regions. Medical management using hormone-based
preparations (e.g., oral contraceptives, levonorgestrel-
containing intrauterine systems [IUSs], and gonado-
tropin-releasing hormone [GnRH] agonists) is possible.
While these therapies provide varying degrees of control
of abnormal uterine bleeding, most do not act directly
on the fibroid. In the recent past, the off-label use of
GnRH agonists with or without hormonal add-back
therapy has been the de facto standard of care. In
2013, ulipristal acetate, a once daily oral agent,
became the first approved medical treatment for UFs
in Canada12. Other therapies are being investigated in
clinical trials, as discussed below. These additions to the
gynecologists’ arsenal are poised to alter the way women
with UFs are treated, potentially reducing the reliance
on surgical intervention.

Here, we provide an overview of evaluation, diagnosis,
and therapeutic options, with a specific focus on the emer-
ging role of medical treatment of UFs.

Methods

Multiple databases including PubMed, Google Scholar,
and Cochrane Systematic Reviews were searched for art-
icles published between 1980 and 2013. Relevant articles
were identified using the following MeSH terms: ‘uterine
fibroids’, ‘leiomyoma’, ‘heavy menstrual bleeding’, and
‘menorrhagia’. The reference lists of articles identified
were also searched for other relevant publications. The
ClinicalTrials.gov website was searched to identify
ongoing trials of medical therapies for UFs. Discussion
was limited to treatment options available to Canadian
clinicians.

Pathophysiology

UFs are of monoclonal origin, arising from a single
neoplastic cell in the myometrium13. The early steps in
UF development are not well understood. As illustrated
in Figure 1, mutations in certain candidate genes
are common in UF tissue; epigenetic changes also play a
role, as do sex hormones and other soluble factors, as well
as biochemical changes in the UF extracellular matrix14.
Half of UFs carry identifiable chromosomal abnormalities,
commonly t(12;14) or del(7)(q22q32)15,16,17, but it is not
clear when in UF pathogenesis these alterations occur18.

UF growth depends on both progesterone and estro-
gen19,20, whose actions are partly mediated by growth fac-
tors, cytokines, and chemokines21. The primary role of
estrogen in UF growth is to enable tissue to respond to
progesterone, by inducing the expression of progesterone
receptors22. The concentration of estrogen and progester-
one receptors appears to be significantly higher in UFs in
comparison with healthy myometrium23–25 and is posi-
tively correlated with the rate of growth of UFs26.
Interestingly, progesterone appears to selectively increase
the proliferative activity of UF cells but not of normal

Genetic Factors Epigenetic Factors

Risk Factors

Growth Factors

Cytokines

Progesterone Estrogen

Chemokines

Extracellular
Matrix

Components

Uterine Fibroid
Development and Growth

Figure 1. Factors involved in UF formation and growth. Adapted from Islam
et al. 201314.
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myometrial cells27. The molecular basis of this effect is a
matter of speculation28,29.

UFs may be solitary but are often multiple, and can
range in size from microscopic to massive, sometimes
expanding the uterus to fill the abdominal cavity30. The
location of UFs plays a role in determining the type and
severity of symptoms experienced. UFs can be classified
into three subgroups based on their location within the
layers of the uterus: intramural (within the myometrium),
subserosal (projecting to the outside of the uterus, below
the uterine serosa), and submucosal (projecting to the
inner cavity of the uterus, located beneath the endomet-
rium). A detailed classification system for causes of abnor-
mal uterine bleeding proposed by Munro and colleagues31

includes a detailed UF subclassification system based on
tumor location (Figure 2).

Risk factors

Risk of UF development is affected by numerous factors
(Table 1). Self-reported prevalence of UFs increases with
age, peaking among women in their 30 s (7.0%) and 40 s
(14.1%)7. African American women are two to three times
more likely to develop UFs than Caucasian women32,33.
Women of African descent also present with a higher
number of fibroids, have a longer average duration of dis-
ease, and experience greater severity of symptoms34.

Nulliparous women are also at increased risk of developing
UFs35, as are those with early menarche or a family history
of UFs36,37 and those with specific clinical conditions,
such as hypertension or diabetes38,39.

Signs and symptoms

The majority of women with UFs experience no symptoms,
or their symptoms may develop so gradually that they do
not think to report them to a physician5. Among those
women who develop complications resulting from UFs,
symptoms are influenced by the size, number, and location
of the tumor. Abnormal uterine bleeding and pelvic pres-
sure are the two most common symptoms leading women
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Figure 2. Uterine fibroid subclassification within the FIGO abnormal uterine bleeding classification system. Intracavitary lesions are attached to the
endometrium by a narrow stalk and are classified as Type 0, whereas Types 1 and 2 require a portion of the lesion to be intramural – with Type 1
having less than 50% involvement and Type 2 at least 50%. Type 3 lesions are totally extracavitary but abut the endometrium. Type 4 lesions are intramural
UFs that are entirely within the myometrium, with no extension to the endometrial surface or to the serosa. Subserosal (Types 5–7) UFs represent the mirror
image of the submucosal UFs – with Type 5 being at least 50% intramural, Type 6 less than 50% intramural, and Type 7 attached to the serosa by a stalk. An
additional category, Type 8, is reserved for UFs that do not relate to the myometrium at all, and would include cervical lesions, those that exist in the round or
broad ligaments without direct attachment to the uterus, and other so-called ‘parasitic’ lesions. Hybrid UFs are transmural and are classified by their
relationship to both the endometrial and serosal surfaces. Two numbers are separated by a hyphen (e.g., 2–5); the first refers to the relationship with the
endometrium, while the second refers to the relationship with the serosa. Reprinted with permission from Munro et al., 201131.

Table 1. Factors associated with the risk of
uterine fibroids.

Factor

Age (30–50 years)
African descent
Nulliparity
Early age at menarche
Family history of UFs
Obesity
Hypertension
Diabetes
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to seek medical treatment7. Specifically, heavy and pro-
longed menstrual bleeding are reported by 59.8% and
37.3% of women with a UF diagnosis, respectively7.
Frequently, these symptoms can lead to the development
of iron-deficiency anemia40. Symptoms may be related to
pressure exerted by the tumor on adjacent organs, such as
the bladder, the ureters, or the bowel. Such ‘bulk symp-
toms’ include bladder pressure, pelvic pain, painful sexual
intercourse, urinary frequency, incontinence, nocturia,
and constipation1,7. While submucosal fibroids are plaus-
ibly linked with impairment of fertility, the effect of intra-
mural or subserosal fibroids on pregnancy loss or reduced
fertility is hotly debated41–43.

UF symptoms are often detrimental to a woman’s qual-
ity of life. In one study, 53.7% of surveyed women with UFs
reported a negative impact of their symptoms, influencing
their sexual life (42.9%), performance at work (27.7%),
and relationships and family (27.2%)7. Symptoms can lead
to embarrassment (e.g., uncontrolled bleeding episodes in
public places and appearance of pregnancy), pain during
intercourse, limited ability to exercise, interruption in
work, and sleep disturbance34. Most worrisome is the find-
ing that women with symptoms of pain and/or bleeding
due to benign uterine conditions such as UFs report
poorer emotional well-being than women with major
chronic health conditions such as diabetes and heart
disease44.

Diagnosis

At presentation, women may report abnormal menstrual
bleeding or bulk symptoms, or they may have laboratory
findings or clinical signs or symptoms of anemia. Because
such symptoms may worsen steadily over many years, self-
report is inconsistent. Most UFs are discovered during rou-
tine pelvic examination or incidentally during imaging,
the typical sign being an enlarged uterus with an irregular
contour45. Suspected UFs should be distinguished from
other pelvic masses and characterized in terms of location,
size, and number. Imaging techniques, including transva-
ginal and abdominal ultrasonography, sonohysterography,
hysterosalpingography, hysteroscopy, and magnetic reson-
ance imaging (MRI), are helpful in this regard. Pre-inter-
vention mapping of fibroids to determine location and size,
as per the FIGO guidelines31, is a key step in therapeutic
counseling of women with UFs.

Nearly all UFs are benign; malignant leiomyosarcoma
are found in50.25% of surgically removed stable or rapidly
enlarging fibroids46. Between 1979 and 2001, the inci-
dence of leiomyosarcoma in the United States has been
estimated at 0.36 per 100,000 woman-years47. Despite the
low absolute risk, all UFs should be suspected of potential
malignancy. Unfortunately, there are no reliable preopera-
tive techniques to discriminate between benign and

malignant lesions48,49. Signs that may indicate a potential
leiomyosarcoma include lack of tumor response to medical
therapy, and rapid or post-menopausal tumor growth.
Certain radiologic findings (e.g., large size, tissue signal
heterogeneity, central necrosis, and ill-defined margins)
may be associated with leiomyosarcomas, but these can
also be seen in benign UFs50.

Management: overview

The ideal treatment for UFs should satisfy three goals:
relief of signs and symptoms, sustained reduction of fibroid
size, and maintenance or improvement of fertility. In add-
ition, treatment should improve quality of life, have min-
imal side effects, be convenient for patients, and directly
target fibroids without systemic unintended effects.
As summarized in Table 2, various surgical and medical
options are available for managing symptomatic UFs, but
none has been clearly shown to satisfy all of these goals,
largely because it is difficult to exclude possible effects on
fertility.

Figure 3 provides a general treatment algorithm for UFs,
listing common therapeutic options. Because of the largely
benign nature of UFs, the most conservative options that
minimize morbidity/risk and optimize outcomes should be
considered. Watchful waiting – that is, no immediate
intervention, combined with regular follow-up – is an
appropriate option for the majority of UF patients who
experience minimal symptoms.

The first consideration in the management of patients
with symptomatic UFs is the determination of the patient’s
wish for future fertility. Many women are deferring child-
bearing to later in their reproductive years51 when UF
symptoms become most pronounced7. As a result, the
demand for therapeutic options that preserve the uterus
are becoming increasingly more relevant. Finally, hyster-
ectomy is reserved for the patient who wants a definitive
cure of UF symptoms, does not desire to preserve her fer-
tility, and has no preference for retaining her uterus.
Medical therapy can be used to prepare the patient for
surgical intervention (discussed below), or in continuous
or intermittent long-term management.

Treatment options

Watchful waiting

Since medical treatment is mainly geared toward allevi-
ation of signs and symptoms, it is considered unnecessary
for women with asymptomatic UFs52. There is also insuf-
ficient evidence to substantiate the use of surgical inter-
ventions, such as hysterectomy, in asymptomatic UFs53,54.
Finally, watchful waiting may be particularly useful among

Current Medical Research & Opinion Volume 31, Number 1 January 2015
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Table 2. Summary of treatment options for uterine fibroids.

Treatment Description Advantages Disadvantages Fertility
preserved?

Relief of
symptoms?

Tumor
shrinkage?

Medical
GnRH agonists* – Intramuscular injec-

tion, subcutaneous
injection, or nasal
spray; variable
treatment duration

– Significant reduction in UF
and uterine volume and
alleviation of symptoms

– Reduction of estradiol
levels

– Medical menopause with
symptoms

– Bone loss with long-term
monotherapy

– Requirement for hormonal
add-back therapy

– Flare of symptoms at
treatment initiation

– Rapid UF regrowth
following treatment
discontinuation

Likely Bulk HMB Yes

Ulipristal acetate Oral selective progester-
one receptor modula-
tor; taken daily for
maximum of 3 months

– Oral administration
– Faster control of uterine

bleeding and more
prolonged UF volume
reduction than with GnRH
agonist

– Maintenance of estradiol
levels

– Health Canada approved

– Smaller decease in uterine
volume vs. GnRH agonist

– Non-physiological
endometrial changes

Likely Bulk HMB Yes

Oral contraceptives* Estrogen/progestin com-
bination or progestin
alone

– Oral administration
– Potential for reduced risk of

developing UFs

– Increased risk of a number
of conditions, including
myocardial infarction,
thromboembolism, stroke,
hepatic neoplasia and
gallbladder disease

Likely HMB No

Levonorgestrel-releasing
intrauterine devices*

Long-lasting intrauterine
contraceptive

– Minimal systemic effects
– Effective for a number of

years following insertion

– Risk of expulsion
– Vaginal spotting
– Not appropriate when

fibroids distort uterine
cavity

Likely HMB No

Danazol* Oral synthetic steroid
originally used to treat
endometriosis

– Oral administration – Less effective than GnRH
agonists

– High risk of adverse events:
weight gain, acne, and
androgenic effects

– Use discouraged in recent
guidelines

Likely HMB No

Tranexamic acid* Oral antifibrinolytic agent – Oral administration
– Acute control of uterine

bleeding

– Reported risk of UF throm-
bosis and necrosis leading
to pain and fever

Likely HMB No

Surgical
Hysterectomy Surgical removal of the

uterus and possibly
the ovaries

– Definitive treatment for
women who do not wish to
preserve fertility

– High patient satisfaction

– Surgical risks
– Surgical menopause with

ovary removal

No Bulk HMB Yes

Myomectomy Surgical excision of
fibroids

– Symptom resolution and
preservation of fertility

– Risk of UF recurrence
– Risk of intraoperative tran-

sition to hysterectomy
– Risk of uterine rupture with

pregnancy
– Risk or postoperative

adhesions

Likely Bulk HMB Yes

Myolysis In situ destruction of
tumors by ultrasound,
laser, or cryotherapy

– Minimally invasive
– Rapid recovery

– Limited to treating few and
small UFs

– Requires surgical expertise
and specialized equipment

Uncertain HMB Yes

Uterine artery
embolization

Injection of occluding
agents into uterine
arteries

– Rapid recovery
– Minimally invasive

– Higher rate of minor com-
plications

– Relatively high reoperation
rate

– Requires interventional
radiology expertise and
specialized equipment

Uncertain Bulk HMB Yes

Endometrial ablation
with/without
myomectomy

Destruction of endomet-
rial uterine lining using
heat, or
radiofrequency

– Rapid recovery
– Minimally invasive

– Contraception required for
women of reproductive
age

– Relatively high reoperation
rate

Unlikely HMB No

HMB: heavy menstrual bleeding.
*No specific indication in management of UFs or UF symptoms.
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women approaching menopause, since there is limited
time to develop new symptoms, bleeding stops and UFs
naturally regress following menopause55.

Medical therapy

Selective progesterone receptor modulators
Ulipristal acetate is indicated for the treatment of moder-
ate to severe signs and symptoms of UFs in adult women of
reproductive age who are eligible for surgery12. As per the
Health Canada indication, the duration of treatment is
limited to 3 months of continuous use. Ulipristal acetate
is an orally administered agent that belongs to the group of
selective progesterone receptor (PR) modulators
(SPRMs), progesterone-receptor ligands whose biological
activity is tissue selective56. On binding to the PR in target
tissues, ulipristal acetate displays antagonist and partial
agonist effects57. Ulipristal acetate does not activate pro-
liferation of healthy uterine tissue and, unlike progestins, it
actively suppresses mammary cell proliferation in preclin-
ical studies56. In UF tissue, this SPRM induces a number of
desirable changes, including a suppression of neovascular-
ization and cell proliferation, as well as induction of
apoptosis58.

The efficacy of ulipristal acetate has been demonstrated
in three European phase III studies (PEARL I, II, and
III)59–61. PEARL I compared treatment for up to 13

weeks with ulipristal acetate at 5 mg or 10 mg/day versus
placebo in patients with UFs, heavy menstrual bleeding,
and anemia. In this trial, uterine bleeding was assessed
using the pictorial blood-loss assessment chart (PBAC),
which ranges from 0 to 4500 (with no defined upper
limit), with higher scores indicating greater severity of
bleeding. Approximately 50% of patients in the 5 mg uli-
pristal acetate group and 70% in the 10 mg group became
amenorrheic within the first 10 days of treatment. At 13
weeks, uterine bleeding was controlled (defined as a score
of less than 75 on the PBAC) in nearly all patients receiv-
ing ulipristal acetate (91% with 5 mg and 92% with
10 mg), but only in 19% of the women receiving placebo60.
Median changes in MRI-assessed total fibroid volume in
response to 5 mg and 10 mg ulipristal acetate and placebo
were �21%, �12%, and þ3%, respectively.

PEARL II was a double-blind, non-inferiority trial that
compared 3 months of daily therapy with ulipristal acetate
(5 mg or 10 mg) and once monthly intramuscular injec-
tions of the GnRH analog leuprolide acetate (3.75 mg).
At 3 months, uterine bleeding was controlled (defined as
a score of less than 75 on the PBAC) in an equal propor-
tion of patients receiving ulipristal acetate 5 mg and 10 mg
and leuprolide acetate (90%, 98%, and 89%, respectively);
however, bleeding was controlled significantly sooner
among patients receiving either dose of ulipristal acetate
than those receiving leuprolide acetate59. Indeed, median

Hysterectomy

Fertility not desired

Medical treatment includes:
1.    Fibroid-directed therrapies: ulipristal acetate and
       GnRH agonists
2.    Symptom relieving therapies, as listed in Table 2

Fertility desired

Uterine Fibroids

Asymptomatic Symptomatic

Watchful waiting

Myomectomy

Myomectomy

Endometrial
ablation

Long-term
medical

treatment

Long-term
medical

treatment
Pre-surgical

medical
treatment

Long-term
medical

treatment

Pre-surgical
medical

treatment

Pre-surgical
medical

treatment

Myolysis

Uterine artery
embolization

Do not wish to
preserve uterus

Wish to
preserve uterus

Figure 3. Uterine fibroid treatment algorithm. Please refer to Table 2 for advantages and disadvantages of the different therapeutic approaches.
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times to amenorrhea in patients receiving 5 mg of ulipristal
acetate, 10 mg of ulipristal acetate, and leuprolide acetate
were 7, 5, and 21 days, respectively. Amenorrhea was
reversed after an average of 31 to 34 days following treat-
ment discontinuation with ulipristal acetate. Uterine
volume change was significantly smaller with either dose
of ulipristal acetate than with leuprolide acetate (�20%
and �22% vs. �47% respectively). However, as deter-
mined by ultrasound, median volume change in the
three largest UFs were similar between treatment groups
(�36%, �42%, and �53%, respectively)59.

In a prespecified exploratory analysis of PEARL II, uli-
pristal acetate was found to produce a more prolonged UF
volume reduction by comparison to leuprolide acetate.
Specifically, UFs began to enlarge by 1 month following
the last dose of leuprolide acetate, whereas fibroid reduc-
tion was maintained in most patients at 6 months follow-
ing cessation of ulipristal acetate treatment59. This
evidence suggested the possibility of long-term medical
management of UFs, achieved by alternating ulipristal
acetate treatment cycles with treatment-free periods.

Such an approach was tested in the long-term, open-
label, PEARL III extension trial, in which 209 women with
symptomatic UFs received up to four 3 month courses of
ulipristal acetate 10 mg daily, each separated by an off-
treatment period61. Every off-treatment period included
a full menstrual cycle up to the start of the second men-
struation. By the end of the first ulipristal acetate treat-
ment course 78.5% of women became amenorrheic; this
rate rose to 88.5%, 88.2%, and 89.7% following the
second, third, and fourth treatment courses, respectively61.
Similarly, while the first ulipristal acetate treatment course
resulted in a 45.1% median reduction in the combined
volume of the three largest UFs, women who underwent
four treatment courses showed a median volume reduction
of 72.1%. These results highlight the potential for long-
term management of UFs using medical therapy, which, in
some cases, could eliminate the need for surgical
intervention.

The most commonly reported adverse events associated
with ulipristal acetate treatment included headache and
breast tenderness, both of which occurred in a similar pro-
portion of placebo-treated patients60. Among women
receiving multiple 3 month courses of ulipristal acetate
in the long-term PEARL III study, the incidence of adverse
events did not increase with successive treatment
courses61. In contrast to leuprolide acetate monotherapy,
treatment with ulipristal acetate was associated with main-
tenance of estradiol levels within the mid-follicular
range59. Consequently, ulipristal acetate treatment was
associated with a lower prevalence of menopausal symp-
toms, such as hot flashes, and no evidence of increased
bone resorption59. Thus, unlike GnRH agonists, ulipristal
acetate does not require concurrent hormonal add-back
therapy.

As with other SPRMs, ulipristal acetate is associated
with the development of apparently benign, non-physio-
logical endometrial changes, termed progesterone-recep-
tor-modulator-associated endometrial changes (PAEC),
in over half of treated patients (range: 57–62%)59,60.
These endometrial changes, which are associated
with cystic glandular dilatation62, appear to be fully revers-
ible within 6 months of discontinuing treatment60.
Additionally, treatment duration and cumulative dose of
ulipristal acetate does not appear to influence the devel-
opment of PAEC; when measured approximately 6 weeks
following the end of the first and fourth 3 month treatment
course, the rates of PAEC were nearly identical (26% and
25%, respectively)61.

The PEARL III study investigated the impact of a 10
day course of progestin norethisterone acetate (NETA) on
the incidence of PAEC, as well as on the timing and mag-
nitude of the next menstruation during the off-treatment
period61. By comparison to placebo treatment, NETA was
associated with a significantly reduced magnitude of men-
strual bleeding and also expedited the return of menstrual
bleeding in the off-treatment period. Specifically, women
receiving NETA experienced the return of menstrual per-
iods after a median of 15 days following the end of the
fourth ulipristal acetate treatment course, by contrast to
30 days among women receiving placebo (p50.001).
However, NETA treatment had no impact on the inci-
dence of PAEC61.

Mifepristone is another SPRM that has been exten-
sively researched but is not yet available in Canada
for the treatment of UF. Various doses of mifepristone
(2.5–50 mg) have been tested in the treatment of UFs,
with reported reduction of UF size of up to 57% by 3
months of therapy63,64. As with ulipristal acetate, mifepris-
tone therapy is associated with the development of
PAEC64,65. Long-term follow-up is needed to confirm
the safety and efficacy of this agent.

Gonadotropin-releasing hormone agonists
In the US, GnRH agonists have been approved for short-
term pre-surgical treatment of UFs since 1999; in Canada
they continue to be widely used in patients proceeding to
surgical intervention or being managed medically. During
the first week or two of treatment, patients may experience
a flare of symptoms due to the initial increase of follicle-
stimulating hormone and corresponding rise in estradiol66;
this trend is subsequently reversed, leading to a markedly
hypogonadal state. Within 3 to 6 months of treatment,
GnRH agonists cause a significant reduction in UF
volume (30–50%) and an improvement in UF-related
symptoms59,67,68,69.

GnRH agonist monotherapy has been associated with
side effects that may limit its acceptability for long-term
use. Because of the production of a marked hypoestrogenic
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state, patients often experience menopausal symptoms,
such as hot flashes, vaginal dryness, mood changes, and
reduced bone density70. Accordingly, patients may receive
hormonal add-back therapy concurrently with leuprolide
acetate in an effort to offset these symptoms. This combin-
ation therapy may allow long-term treatment, as has been
shown in endometriosis management71. Finally, fibroids
treated with GnRH agonists typically regrow within
3 months following cessation59,68,72.

Other
Other medical options, not specifically indicated for treat-
ing UFs, are sometimes used to control heavy menstrual
bleeding or other symptoms. These include oral contracep-
tives, levonorgestrel-releasing intrauterine systems (LNG-
IUSs), antifibrinolytics, non-steroidal anti-inflammatory
drugs (NSAIDs), and danazol. Oral contraceptives may
be used to reduce heavy menstrual bleeding associated
with UFs over the short term52. Additionally, limited evi-
dence suggests that oral contraceptive use may reduce the
risk of developing UFs35,73. Similarly, small studies show
that the LNG-IUSs can reduce bleeding and improve
hemoglobin levels in women with heavy menstrual bleed-
ing caused by UFs74. In this regard, the LNG-IUSs are
superior to other medical treatments, such as NSAIDs
and antifibrinolytics75. Tranexamic acid is a non-hormo-
nal antifibrinolytic agent that helps to reduce menstrual
blood loss by 30% to 59%76–78, but is associated with an
elevated risk of UF necrosis and intralesional thrombosis79.
NSAIDs have been shown to reduce menstrual blood loss
by 33% to 55% by comparison to placebo80, but they are
less effective in objectively reducing menstrual bleeding
than other medical options52,76. While danazol has been
shown to reduce UF symptoms in the short-term, it is less
effective than GnRH agonists and is associated with sig-
nificantly more adverse effects than other medical thera-
pies, including weight gain, acne, and androgenic
effects52,81.

Future options
Various other therapeutics are currently being studied for
potential treatment of UFs14. Aromatase inhibitors,
including letrozole, anastrozole, and fadrozole, are a class
of agents that block the synthesis of estrogen. Aromatase
inhibitors have been shown to readily reduce UF size (up
to 71% in 2 months)82 and ameliorate UF symptoms,
including a reduction in menstrual volume and duration
of menstruation, and urinary retention82–84. The most
common side effects of aromatase inhibitors include hot
flashes, vaginal dryness, and musculoskeletal pain14.
GnRH antagonists that have been studied in treating
UFs include cetrorelix acetate and ganirelix; both agents
are available in Canada for other indications but are rarely
used to treat UFs. By contrast to GnRH agonists, which act

by inducing GnRH receptor down-regulation, GnRH
antagonists compete with endogenous GnRH for pituitary
binding sites. Limited evidence suggests that these agents
lead to a rapid reduction in UF size (e.g., 31.3% reduction
by 14 days of treatment) that is unaccompanied by a flare-
up in gonadotropin secretion commonly seen with initi-
ation of GnRH-agonist therapy85–87. A phase III study of
vilaprisan (BAY 1002670/15788), an alternative SPRM, is
set to begin recruiting in Europe (EudraCT Number: 2013-
003945-40). Studies of other GnRH antagonists, such as
elagolix, are currently ongoing (ClinicalTrials.gov identi-
fier: NCT01441635). Since the use of GnRH antagonists
leads to a hypoestrogenic state, hormonal add-back is
necessary85. The selective estrogen receptor modulator
(SERM) raloxifene has also been investigated in the treat-
ment of symptomatic UFs; however, the few studies that
are available are of low quality and provide inconsistent
results88.

Pre-surgical medical approaches

Optimizing a patient’s physical and mental condition is an
important goal in preparation for significant gynecological
interventions. Medical treatments are often used to con-
trol bleeding, shrink UFs, reduce uterine volume, and
increase the hemoglobin level prior to surgery54.
Ulipristal acetate is currently indicated in Canada for
use in women who are eligible for surgery, while leuprolide
acetate is used, as stated in its US indication, for the pre-
operative improvement of anemia due to heavy menstrual
bleeding caused by UFs66. Timing of medical administra-
tion is more critical with GnRH agonists due to the well
documented regrowth of fibroids within 3 months; ulipris-
tal acetate treatment produces persistent tumor shrinkage
beyond this time. Preoperative use of GnRH agonists is
associated with a softening of the UF and destruction of
tissue planes for myomectomy89,90; it is unclear whether
pre-surgical use of ulipristal acetate is associated with the
same drawback.

Surgical and interventional approaches

Minimally invasive surgical and interventional approaches
for UF treatment include uterine artery embolization
(UAE), endometrial ablation, and myolysis. UAE is
most commonly accomplished by the injection of occlud-
ing agents into one or both of the uterine arteries, effect-
ively limiting blood supply to the uterus and UFs. The
procedure is performed by interventional radiologists
while the patient is awake. UAE should be considered
for women with symptomatic UFs who might otherwise
be advised to undergo surgery91, although some have cau-
tioned against the use of UAE in patients with solitary
submucosal or pedunculated subserosal UFs because of
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the risk of complications52. According to a Canadian mul-
ticenter study of over 500 patients, UAE results in a 42%
mean reduction in the size of the dominant UF, a 35%
reduction in uterine volume, and improvements in UF
symptoms among 77% to 86% of patients at 3 months92.
By comparison to hysterectomy and myomectomy, UAE is
associated with similar patient satisfaction, a shorter hos-
pital stay, a faster return to normal activity, but a higher
rate of minor complications93. Long-term studies indicate
a reoperation rate of 20% to 33% within 1.5 to 5 years of
UAE94–96. While successful pregnancies can occur follow-
ing UAE97, complications with abnormal placentation
have been described98.

Endometrial ablation (i.e., transcervical destruction of
the uterine endometrium using electrosurgery, heat, laser,
radiofrequency or other approaches) is used mainly to
manage heavy uterine bleeding and is limited to women
with a normal-sized uterus and UFs53 cm in diameter99.
By comparison to hysterectomy, endometrial ablation is
associated with shorter intraoperative time, shorter conva-
lescence period, and fewer adverse events, but inferior
reduction in menstrual bleeding and lower patient satis-
faction100. Due to the high risk of miscarriage, ectopic
pregnancy, and invasive placental disorders, pregnancy
following endometrial ablation is not recommended52,99.
Effective contraception is advised, and sterilization should
be considered52. Over time, the endometrial lining may
grow back in some women, requiring repeated treatment99.

Myolysis (i.e., the destruction of the UF and/or its blood
supply via ultrasound, laser, cryotherapy, or other meth-
ods) has been suggested as a conservative alternative to
myomectomy or hysterectomy for women with symptom-
atic intramural or subserous fibroids who want to preserve
their uterus but not fertility53. Candidates for myolysis
include women with a maximum of three small UFs
(�5 cm or largest UF is 510 cm in diameter)53. As the
integrity of the uterine wall post-myolysis may be compro-
mised, potentially leading to uterine rupture during preg-
nancy101, myolysis is not recommended for women who
wish to become pregnant in the future53. Of the available
myolysis techniques, magnetic-resonance-guided focused
ultrasound surgery (MRgFUS) appears to be the most
effective and least aggressive52 and has been found to
reduce UF symptoms among 71% and 51% of women at
6 and 12 months postprocedure, respectively102,103. The
widespread adoption of this technique may be limited by
the need for costly, specialized equipment, and limited
data on efficacy and safety52. Finally, since the preopera-
tive identification of malignant lesions remains an
ongoing challenge, a patient for whom surgery is under
consideration should be informed of the rare possibility
that her UF may, in fact, be a leiomyosarcoma.

Myomectomy is the surgical removal of select UFs and
reconstruction of the uterus. Myomectomy, if done
by laparotomy, may be associated with postoperative

complications among many patients; however, the vast
majority of these complications, such as pyrexia (reported
by 33.5% of patients), are rarely serious10. Although most
myomectomies were originally performed by laparotomy,
endoscopic options (laparoscopy/hysteroscopy) are asso-
ciated with reduced blood loss, reduced patient pain and
analgesic use, and a quicker recovery104. However, lapar-
otomy may be preferred for UFs that are larger, more
numerous, or intramurally located53,54. An estimated
15% and 33% of UFs recur following myomectomy via a
laparotomy or laparoscopy, respectively105,106. Approxi-
mately 10% of women undergoing myomectomy will
require a hysterectomy within 5 to 10 years106. Rarely,
intraoperative complications during myomectomy neces-
sitate an unplanned hysterectomy107.

Hysterectomy provides a definite cure for women with
symptomatic UF who do not wish to preserve their fertil-
ity53. In Canada, UFs represent the main indication for
hysterectomy8. This procedure is associated with near
complete resolution of symptoms and an improved quality
of life108,109. However, approximately one in 10 women
may experience new symptoms following hysterectomy,
including hot flashes, weight gain, depression, and
decreased sexual drive109. At least some of these symp-
toms, namely hot flashes, may be explained by the concur-
rent oophorectomy that is performed on many women109.

Conclusion

Although many women with UFs may be free of symptoms
and require no immediate intervention, those who develop
symptoms can experience significant morbidity and a
deterioration of their quality of life. The goals of UF ther-
apy include the restoration of quality of life through rapid
relief of UF signs and symptoms, sustained reduction
in tumor size, and maintenance or improvement of fertil-
ity. Because of the largely benign nature of UFs, the most
conservative options should be considered first.
Unfortunately, invasive surgical treatments have long
been the mainstay of UF treatment. While prior medical
management of UFs, characterized by various off-label
treatments, provided symptomatic control, most patients
eventually received some form of surgical treatment. The
maturation of medical UF management is a hopeful sign,
with clinical studies on various investigational thera-
peutics, and most recently, the arrival of ulipristal acetate,
the first Health-Canada-approved medication for the
treatment of UF. Although the current indication for uli-
pristal acetate is the short-term treatment of women with
UFs who are eligible for surgery, recent evidence suggests
the agent may hold potential utility in the long-term man-
agement of UFs. It is hoped that, along with continued
use of minimally invasive surgical approaches, the intro-
duction of new medical therapies for UF will reduce
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reliance on hysterectomy and other invasive treatment
options.
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