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Abstract: Endometriosis is an estrogen-dependent chronic inflammatory disease affecting
5%-10% of reproductive-age women, with a prevalence of 5%-50% in infertile women
and >33% of women with chronic pelvic pain. Third-generation aromatase inhibitors (Als)
are approved adjuvants for the treatment of estrogen receptor-positive breast cancer. Molecular
studies have revealed the presence of aromatase P450, the key enzyme in the biosynthesis
of ovarian estradiol, inside the endometriotic tissue, indicating local synthesis of estradiol.
Thereby, Als represent an appealing medical option for the management of different aspects
of this enigmatic disease, especially pelvic pain and infertility. Accordingly, this review aims
to evaluate the potential role of Als in the treatment of endometriosis-associated symptoms,
mainly pain and infertility. Notably, several studies have demonstrated that the combination of
Als with conventional therapy as oral contraceptive pills, progestins, or gonadotropin-releasing
hormone analogs can be used to control endometriosis-associated pain and pain recurrence in
premenopausal women, particularly those with pain due to rectovaginal endometriosis refractory
to other medical or surgical treatment. Some case reports have shown promising results in the
treatment of postmenopausal endometriosis as first-line treatment, when surgery is contrain-
dicated, or as second-line treatment in the case of postoperative recurrence. Third-generation
Als, especially letrozole, have challenged clomiphene citrate as an ovulation-induction agent
in patients with polycystic ovary syndrome and in cases of unexplained infertility. However,
few studies are available regarding the use of Als to treat endometriosis-associated infertility.
Therefore, larger multicenter randomized trials using Als for the treatment of endometriosis-
associated infertility are needed to clarify its effect. The safety of Als for ovulation induction or
superovulation has generated a lively discussion. Data from recent retrospective and prospective
studies have supported its safety.

Keywords: endometriosis, aromatase inhibitors, letrozole, anastrozole, pelvic pain,
infertility

Introduction

Endometriosis is an estrogen-dependent chronic inflammatory disease affecting the
health and well-being of 5%—10% of women of reproductive age,' with a prevalence
of 5%-50% in infertile women and >33% of women with chronic pelvic pain.??
Endometriosis is characterized by the presence of ectopic endometrial implants
typically occurring in the pelvis, most commonly in the ovaries, pelvic peritoneum,
uterosacral ligaments, pouch of Douglas, and rectovaginal septum. Patients can present
with a wide range of symptoms; however, the cardinal clinical features are infertility
and chronic pelvic pain.*
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The definitive pathogenesis of endometriosis is still
unknown, but retrograde menstruation, proposed by Sampson
in the 1920s, is still considered the most widely accepted
theory, although many points remain poorly understood con-
cerning this theory.® Of note, the incidence of retrograde men-
struation is similar in women with and without endometriosis,
so the pathogenesis seems to be a multifactorial mechanism
comprising functionally different endometrial tissue in addi-
tion to altered immunity and other molecular abnormalities
allowing the survival of the regurgitated endometrial debris.
Subsequently, these endometrial implants go through various
sequential events for the disease to develop.> As endometrio-
sis is an estrogen-dependent disease, conventional treatments
utilized for many years aimed to act indirectly to create an
estrogen-deficient state, eg, gonadotropin-releasing hormone
agonists (GnRHas) and combined oral contraceptive pills
or counteracting estrogen action, eg, progestins, eventually
resulting in inhibition of the endometrial implant growth and
alleviation of symptoms.*

Aromatase P450 is the key enzyme for ovarian estrogen
biosynthesis. It catalyzes the conversion of androstenedione
and testosterone produced in the ovarian theca cells to estrone
and estradiol (E,) in the ovarian granulose cells. Recently,
there has accumulated a body of evidence demonstrating
that endometriotic lesions express aromatase and are able to
synthesize their own E .>7* In view of this observation, the
use of aromatase inhibitors (Als) for the management of
endometriosis is an appealing concept. Accordingly, this
review aims to evaluate the potential role of Als in the treat-
ment of endometriosis-associated symptoms, particularly
pain and infertility.

Materials and methods

A PubMed search was carried out to identify all the pub-
lished studies evaluating the efficacy of Als in treating
endometriosis-associated pain and endometriosis-associated
infertility with the following keywords: endometriosis,
aromatase inhibitors, letrozole, anastrozole, pelvic pain,
and infertility. The last search update was on February 28,
2014. No search limits were used. All relevant articles were
identified and assessed for quality, and their reference lists
were checked in order to identify other studies for potential
inclusion in this review. Relevant evidence was selected for
inclusion in the following order: meta-analyses, systematic
reviews, different guidelines, randomized controlled trials
(RCTs), and prospective cohort studies, followed by other
observational studies, nonsystematic reviews, case series,
and reports.

Types of aromatase inhibitors
The aromatase P450 enzyme is present in high levels in the
ovarian granulose cells of premenopausal women; meanwhile,
adipose tissue is a major site of aromatase expression in post-
menopausal women.” Als were first used for the treatment of
postmenopausal estrogen receptor-positive advanced breast
cancer owing to their ability to reduce estrogen production
by inhibition of the aromatase P450 enzyme. Accordingly,
they have the potential to treat estrogen-dependent conditions,
such as endometriosis.*!°

Als are present in three generations (Figure 1).
Aminoglutethimide, a first-generation inhibitor, induces a
medical adrenalectomy that results in many side effects,
such as lethargy, skin rashes, and nausea. Fadrozole and
formestane are more selective second-generation inhibi-
tors with fewer side effects; however, the only route of
administration is intramuscular. Letrozole, anastrozole, and
exemestane are the third generation of Als. Letrozole and
anastrozole are triazole derivatives characterized by being
selective, reversible, and potent Als. Given orally at doses of
1-5 mg/day, they inhibit estrogen levels by 97% to more than
99%;'"1* meanwhile, exemestane is a steroidal irreversible

12,14

Al effectively working at a dose of 25 mg/day.

Aromatase inhibitors

from a pathophysiological
perspective of endometriosis

Als appear to represent a new promising alternative for treat-
ment of endometriosis through the alteration of mechanisms
involved in the molecular development of endometriosis.*’*
Aromatase P450/prostaglandin E, (PGE,) represents an
important pathway involved in the development of endo-
metriotic implants (Figure 2). Aromatase activity is not
detectable in normal endometrium; however, it is expressed
inappropriately in the eutopic endometrium from women

Aromatase inhibitors

Ammoglutethlmlde ﬂ .

Fadrozole

Formestane
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Anastrozole
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Figure | Generations of aromatase inhibitors.
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Figure 2 Aromatase P450 and pathophysiology of endometriosis.

Notes: ++, upregulatation; T, increase; |, decrease.

Abbreviations: E,, estrone; E,, estradiol; PGE,, prostaglandin E,; HSD1, hydroxy-
steroid dehydrogenase type | enzyme; HSD2, hydroxysteroid dehydrogenase type
2 enzyme.

with endometriosis. Accordingly, the eutopic endometrium
represents an intracrine source of estrogen. Of note, estrogen
is known to upregulate PGE,, which is a potent inducer of
aromatase activity in endometriotic cells. Thereby, in view of
this abnormal independent estrogen biosynthesis, a positive
feedback loop is formed, leading to repeated proliferation
and inflammation within endometriotic deposits, favoring
endometriotic deposits survival in addition to other various
mechanisms, such as altered immune responses, angiogen-
esis, and apoptosis.>”® Importantly, the locally produced
estrogen within these endometriotic deposits is mainly the
potent E rather than the less biologically active estrone. This
has been attributed to a defective function of stromal cells of
endometriosis, resulting in failure to induce the expression
of the epithelial 173-hydroxysteroid dehydrogenase type 2
enzyme (17B3-HSD2) responsible for the conversion of E, to

estrone.>!>10

Aromatase inhibitors for

endometriosis-associated pain

Being an estrogen-dependent chronic inflammatory disease,
endometriosis requires a life-long management plan with
the goal of maximizing the use of medical treatment and
avoiding repeated surgical procedures. Additionally, it is
vexing to both clinicians and patients to treat cases with
recurrent or pain resistant to standard regimes.!” The hor-
monal drugs investigated — combined oral contraceptives,
danazol, gestrinone, medroxyprogesterone acetate and
GnRHas — are equally effective, but their adverse effects and
cost profiles differ.'®

The proof that Als can be effective in alleviating chronic
pelvic pain associated with endometriosis in premenopausal
women stems from its molecular basis. Since endometriotic
implants respond not only to ovarian E, but also to extraovarian
E, synthesized by aromatase pathways, standard management,
such as GnRHas, which effectively downregulates ovarian E,
biosynthesis, has little impact on extraovarian E, production.
In this context, Als will downregulate extraovarian E, synthe-
sis, which in turn stimulates ovarian E, production through
initiation of the follicle-stimulating hormone (FSH) surge.
Accordingly, Als were combined with standard regimes to
suppress both ovarian and extraovarian E,."*?!

There are two systematic reviews in the literature
that examined the potential of Als for the treatment of
endometriosis-associated pain®>?* (Table 1). Nawathe et al*
looked at eight studies (137 women in total).?*!:24> Of these,
seven studies were case series/reports of only 40 women,?*+2°
and only one was an RCT of 97 women.?' Analysis of the
case series/reports showed that Als combined with progestins
or the oral contraceptive pill or GnRHas reduced mean pain
scores and lesion size and improved quality of life. Results
from the RCT demonstrated that Als in combination with
GnRHas for 6 months’ duration (3.6 mg goserelin + 1 mg
anastrozole) significantly improved pain (P<<0.0001) com-
pared with GnRHas (3.6 mg goserelin) alone, together with
significant improvement in multidimensional patient scores
(P<<0.0001). Of note, there was no significant reduction in
spine or hip-bone densities. The authors concluded that Als
appear to have a promising effect on pain associated with
endometriosis, but they admitted the poor quality of evidence
included in their review.”

The second systematic review was conducted recently
by Ferrero et al.® They identified ten studies with a total of
251 women.'?2128.293034 At Jeast ten patients in each study
were considered for inclusion. Five studies were prospective
noncomparative,??3! four were RCTs,2*>** and one was a
prospective patient-preference trial.'” Notably, seven studies
looked at the efficacy of Als in improving endometriosis-
related pain symptoms, while three RCTs examined the use
of Als as postoperative therapy in preventing the recurrence
of pain symptoms after surgery for endometriosis.

All the prospective noncomparative studies found
that Als combined with either progestins or the oral
contraceptive pill reduce the severity of pain symptoms
and improve quality of life.?>2%3! The patient-preference
study reported that letrozole plus norethisterone acetate is
more effective in reducing pain and deep dyspareunia than
norethisterone acetate alone. Adverse effects of treatment
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Tablel Summary of systematic reviews evaluating the efficacy of aromatase inhibitors in treating endometriosis-associated pain

Study Sample size Results

Intervention

Nawathe et al?
7 case series/reports (n=40)
and | RCT (n=97)

quality of life.

Eight studies (137 women): ¢ In case series/reports, Al plus progestins or
oral contraceptive pill or GnRHas reduced
mean pain scores and lesion size and improved

Als appeared to have a promising effect
on endometriosis-associated pain, but
poor quality of included evidence is to
be considered.

In the RCT, Als plus GnRHas significantly

improved pain and multidimensional patient

scores compared with GnRHas alone, but no

significant reduction in bone mineral density.

Ferrero et al®
5 prospective noncomparative,
4 RCTs, and | prospective
patient-preference trial

10 studies (n=251 women): e In prospective noncomparative studies, Als
combined with either progestins or oral
contraceptive pill reduced the severity of pain
symptoms and improved quality of life.

In patient-preference study, letrozole plus

Als effectively reduced the severity of
endometriosis-related pain symptoms;
however, their long-term efficacy,
adverse effects, and patient satisfaction
warrant further investigations.

norethisterone acetate was more effective

in reducing pain and deep dyspareunia than
norethisterone acetate alone.

e In | RCT, letrozole plus norethisterone acetate

resulted in a lower incidence of side effects and

lower discontinuation rate than letrozole plus
triptorelin (a GnRHa).

In 2 of the 3 RCTs, postoperative Als plus

GnRHas for 6 months reduced the risk of

recurrence of endometriosis compared with

GnRHas alone.

Abbreviations: RCT, randomized controlled trial; Al, aromatase inhibitor; GnRHa, gonadotropin-releasing hormone agonist.

were significantly more frequent in patients treated with
the double-drug regimen than in those receiving norethis-
terone acetate alone (43.2% versus 18.4%, respectively;
P=0.020). At the completion of treatment, no significant
difference was observed in patient satisfaction between the
two study groups (56.1% of those receiving the double-
drug regimen and 63.4% of the patients receiving norethis-
terone acetate alone were either satisfied or very satisfied
with their treatment). Pain symptoms quickly recurred
at 6- and 12-month follow-up after the discontinuation
of treatment without significant differences between the
two study groups.'’

Treatment with letrozole plus norethisterone acetate
resulted in a lower incidence of side effects and lower dis-
continuation rate than letrozole plus triptorelin (a GnRHa),
as demonstrated in one RCT.* Two RCTs reported that the
use of postoperative Als plus GnRHas for 6 months reduced
the risk of recurrence of endometriosis when compared
with GnRHas alone.?'** Ferrero et al*® concluded that Als
effectively reduce the severity of endometriosis-related pain
symptoms. Additionally, they recommended more trials to
investigate whether the long-term administration of Als is
superior to the currently available endocrine therapies in
terms of improvement of pain, adverse effects, and patient
satisfaction.

More recently, the endometriosis guideline published
by the European Society of Human Reproduction and
Embryology demonstrated that the existing evidence from
the aforementioned two systematic reviews was of moderate
quality. Owing to the severe side effects identified, including
vaginal dryness, hot flushes, and diminished bone mineral
density (BMD), the society recommended that

“In women with pain from rectovaginal endometriosis
refractory to other medical or surgical treatment, clinicians
can consider prescribing aromatase inhibitors in combina-
tion with oral contraceptive pills, progestagens, or GnRH

analogues, as they reduce endometriosis-associated pain”

(grade B recommendation).**-*

The use of Als for the treatment

of postmenopausal endometriosis

It is noteworthy that evidence regarding the use of Als
in postmenopausal endometriosis is rather limited com-
pared to premenopausal patients, mainly due to the lower
prevalence of the disease among postmenopausal patients.
In a review article, Oxholm et al*’ demonstrated that only
Punnonen et al,*® Henriksen,* and Ranney* investigated the
prevalence of endometriosis in postmenopausal women, and
reported prevalences of 2.2%, 3.7%, and 4.8%, respectively,
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in populations of woman diagnosed with endometriosis.
Accordingly, Oxholm et al*’ estimated that endometriosis
can affect between 2% and 5% of postmenopausal patients.
In this subset of patients, surgery is preferred as first-line
treatment for possible risk of malignancy or malignant
transformation.**> However, recurrence rates are increased
after surgery, and not all patients are suitable candidates
for surgery. Therefore, medical treatment is worth trying in
these circumstances.

In view of their ability to downregulate estrogen produc-
tion via inhibition of aromatase P450, Als were first used for
the treatment of postmenopausal estrogen receptor-positive
advanced breast cancer.'® In this context, estrogen activity
in postmenopausal women is related only to the production
from extraovarian sources, mainly adipose tissue via aroma-
tization of androgens produced from the adrenal glands,*
or from exogenous administration as hormonal replacement
therapy.*** Consequently, Als appear to be effective in treat-
ing postmenopausal endometriosis through the blockade of
extraovarian estrogen production compared to traditional
treatments with GnRHas, progestins, and danazol.?>?’

At present, there are no RCTs available in the litera-
ture assessing the use of Als in postmenopausal patients.
Currently available evidence is limited to case reports only.
Polyzos et al'? reviewed five case reports looking at the poten-
tial of Als for the treatment of postmenopausal endometriosis
in which patients’ age ranged from 47 to 61 years.?2746-48
Of note, all patients had either surgical (ie, underwent total
abdominal hysterectomy and bilateral oophorectomy at an
earlier age)?>?"#647 or natural menopause.* In addition, most
of them received hormonal replacement therapy and had been
previously treated for endometriosis with either surgery,
GnRHas, or progestins.

Polyzos et al'?> demonstrated that the use of letrozole or
anastrozole in all treated patients resulted in improvement
of endometriosis-associated pain over a treatment period of
4-15 months. Additionally, letrozole appeared to improve
urinary tract and bowel symptoms related to endometriosis.
Notably, letrozole but not exemestane had significant ben-
eficial effect on symptom relief in one patient; however,
the latter was utilized for only 15 days.*® Additionally, Als
significantly reduced the size of the endometriotic lesions,
as measured by imaging techniques. Only one case with
ureteral endometriosis did not respond to a 15-month course
of anastrozole therapy, due to extensive ureteral fibrosis
necessitating further surgery.*’

In this review, Polyzos et al'? identified only one patient
who suffered from hot flushes after 4 months of letrozole

administration, who improved after coadministration of
micronized E, 0.5 mg daily without pain recurrence. Two
patients received bisphosphonates, and one of them reported
a mild reduction in BMD following 9 months’ treatment
with 1 mg anastrozole. The authors concluded that Als may
represent a promising new treatment for postmenopausal
endometriosis, either as first-line treatment, when surgery is
contraindicated, or as a second line in the case of postopera-
tive recurrence. However, they admitted careful assessment
of patients’ risk profiles and further research to clarify the
long-term effects and side effects of these agents.?

Aromatase inhibitors for

endometriosis-associated infertility
In advanced stages of endometriosis (revised American
Society for Reproduction Medicine [ASRM] stage I1I/IV
endometriosis), infertility could be attributed to extensive
adhesions with distorted pelvic anatomy. However, the
mechanisms of infertility associated with minimal-mild
endometriosis (ASRM stage I/Il endometriosis) remain
controversial. Many factors have been raised, including
abnormal folliculogenesis, elevated oxidative stress, altered
both immune functions as well as hormonal milieu in the
follicular and peritoneal environments, and reduced endo-
metrial receptivity. These factors lead to poor oocyte quality,
impaired fertilization, and implantation.*° Accordingly,
infertility associated with minimal-mild endometriosis repre-
sents a therapeutic dilemma.>' Evidence to date indicates that
ovulation suppression with medical therapy is not beneficial
for endometriosis-associated infertility and should not be
offered.’>¢%5 On the other hand, ablation of endometriotic
lesions plus adhesiolysis improves fertility in minimal-mild
endometriosis. 835363354

There is some evidence from RCTs that intrauterine
insemination together with controlled ovarian stimula-
tion instead of expectant management may be effective in
improving live-birth rates in patients with minimal-mild
endometriosis.?3%5%5¢ In a retrospective controlled study,
Werbrouck et al’” concluded that performing intrauterine
insemination with controlled ovarian stimulation within
6 months after surgical treatment in infertile women with
minimal-mild endometriosis may be beneficial, since preg-
nancy rates were similar to those achieved in unexplained
infertility. Notably, the effect appears to be predominantly
due to ovarian stimulation, since intrauterine insemination
alone may not be beneficial 333658

Third-generation Als, especially letrozole, have been
introduced as a new treatment modality in the armamentarium
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of ovulation-inducing agents for anovulatory infertile women
in 2001.% Letrozole’s ovulation-inducing effects have been
attributed to the inhibition of androgen—estrogen conver-
sion, thus releasing the hypothalamus—pituitary axis from
negative feedback and increasing secretion of pituitary
FSH. Additionally, increased follicular sensitivity to FSH
owing to increased intrafollicular androgens was reported
as a peripheral working mechanism.®*¢! Letrozole is usually
given orally at doses of 2.5-7.5 mg/day for 5 days, from the
third to the seventh day of the menstrual cycle.*

Compared with clomiphene citrate (CC), letrozole down-
regulates E, synthesis rather than competitively inhibiting
its action. Additionally, letrozole has a relatively shorter
half-life (~2 days versus ~2 weeks in CC), thereby avoiding
the peripheral antiestrogenic effects commonly associated
with CC on the endometrium and cervical mucus. With this
background, it was postulated that Als may have superior
ovulation-induction properties in terms of follicular growth
and endometrium development, which are important for
embryo implantation.®®®! Accordingly, letrozole has chal-
lenged CC as an ovulation-induction agent in patients with
polycystic ovary syndrome,®>%-¢ and in cases of unexplained
infertility.>66.¢7

According to the present state of knowledge, several
studies have reported that the combination of Als with
conventional therapy may result in improvement of
endometriosis-associated pain, as declared earlier. However,
few studies are available regarding the use of Als to treat
endometriosis-associated infertility (Table 2).

In a prospective RCT, Alborzi et al** compared the
pregnancy rate and recurrence of symptoms and signs in

144 endometriotic patients who received medical therapy
for 2 months after laparoscopic surgery, with a 12-month
follow-up period after restoration of the regular cycle.
Patients were divided into three groups: group 1 (47 cases),
who received letrozole 2.5 mg/day; group 2 (40 patients),
who had triptorelin (GnRHa) 3.75 mg intramuscularly
every 4 weeks; and group 3 (57 patients), who received no
medication. There were no statistically significant differ-
ences reported among the three groups with regard to the
pregnancy rate (23.4% in group 1 versus 27.5% and 28.1%
in groups 2 and 3, respectively) or disease-recurrence rate
(6.4% in group 1 versus 5% and 5.3% in groups 2 and 3,
respectively). Notably, laparoscopy with histological con-
firmation of endometriosis was carried out for all patients;
meanwhile, recurrence was defined by recurrent symptoms
only (in the form of dysmenorrhea, dyspareunia, and pelvic
pain). The authors found that functional cysts developed in
24.3% in the letrozole group compared with only 2.5% in
the triptorelin group and none of the third group, and the
difference was statistically significant (P<<0.001). Overall,
the authors concluded that after considering the cost and side
effects of those short-term medications, their prescription
was not recommended.

In arecent RCT, Abu Hashim et al®® evaluated pregnancy
rates following superovulation with either letrozole or CC
(combined with intrauterine insemination) in 136 women
with primary infertility who had not achieved pregnancy
6—12 months after laparoscopic treatment for minimal-mild
endometriosis. Women were randomized to 5 mg/day letrozole
(69 women, 220 cycles) or 100 mg/day CC (67 women, 213
cycles) for 5 days, combined with intrauterine insemination

Table 2 Summary of recent studies evaluating the efficacy of aromatase inhibitors in treating endometriosis-associated infertility

Study Design Indication Intervention Outcome
Alborzi etal®  RCT (n=144) Laparoscopic and histological ~ Letrozole 2.5 mg/day versus No significant differences among the
diagnosis of endometriosis triptorelin 3.75 mg IM every month 3 groups with regard to the pregnancy
versus no medication for 2 months rate (23.4% versus 27.5% and
after laparoscopic surgery, with a 28.1%, respectively) or the disease-
12-month follow-up recurrence rate
Abu Hashim RCT (n=136) Minimal/mild endometriosis, Letrozole versus CC Letrozole is not more effective than
et al*® no pregnancy 6—12 months Combined with Ul CC, as clinical pregnancy rate per
after laparoscopy cycle and cumulative pregnancy rate
after 4 cycles were comparable in
both groups; total number of follicles
and E, higher in CC group
Lossl et al’ Prospective pilot  Patients with endometriomas ~ Prolonged combined Significant reduction of endometriomal

study (n=20) undergoing IVF/ICSI

| mg and goserelin 3.6 mg prior
to IVF

downregulation by anastrozole

volume and serum CA[25 by 29%
and 61%, respectively; 25% clinical
pregnancy rate and 15% live-birth rate

Abbreviations: RCT, randomized controlled trial; IM, intramuscularly; CC, clomiphene citrate; IUI, intrauterine insemination; Ez' estradiol; IVF, in vitro fertilization;

ICSI, intracytoplasmic sperm injection.
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for up to four cycles. Although the total number of follicles
and serum E, on the day of human chorionic gonadotropin
administration were significantly higher in the CC group,
the clinical pregnancy rate per cycle and the cumulative
pregnancy rate after four cycles were comparable in both
groups (15.9% versus 14.5% and 64.7% versus 57.2% in the
letrozole and CC groups, respectively). Two twin pregnan-
cies occurred in the CC group. In addition, miscarriage and
live-birth rates were also comparable between both groups
(11.4% versus 12.9% and 44.9% versus 40.3% in the letrozole
and CC groups, respectively). From this study, we concluded
that superovulation with letrozole is not more effective than
CC combined with intrauterine insemination for women with
minimal-mild endometriosis who have not achieved preg-
nancy after 612 months following laparoscopic treatment.

In a prospective pilot study of 20 infertile patients with
endometriomas undergoing in vitro fertilization (IVF)/
intracytoplasmic sperm injection, Lossl et al® tested the effect
of prolonged combined downregulation by anastrozole and
GnRHas prior to IVF based on the concept that this com-
bined regimen may efficiently suppress estrogen biosynthesis
through a combined pituitary, ovarian, peripheral, and in situ
action. Patients received goserelin 3.6 mg subcutaneously
on treatment days 1, 28, and 56, and one daily tablet of
anastrozole 1 mg from day 1 to day 69. Controlled ovarian
stimulation was initiated from day 70. The primary outcome
measure was signs of inactivation of the endometriosis during
downregulation, such as decreased endometriomal volume
and serum CA125 level. Secondary outcomes were evalua-
tion of standard IVF parameters, including pregnancy and
delivery rates, as well as endocrine response.

Interestingly, the authors found that prolonged combined
anastrozole and goserelin downregulation significantly
reduced endometriomal volume and serum CA125 level. The
median change in endometriomal volume was minus 29%
(95% confidence interval: 3-39%, P=0.007) and the CA125
level was reduced by 61% (95% confidence interval: 21-74%,
P=0.001) from day 1 to day 70. In the IVF/intracytoplas-
mic sperm-injection cycle, the median number of oocytes
retrieved was 7.5 (range 6.0-10.0) and the fertilization rate
was 0.78 (range 0.38—1.0). Notably, nine of the 20 patients
(45%) conceived. Four of them were biochemical pregnan-
cies, another two patients had early spontaneous abortions,
and only three patients (15%) delivered healthy children (two
singletons and one twin). The observed high pregnancy loss
(six patients) could have been accidental, but impaired quality
of the oocytes and/or the endometrium following prolonged
combined downregulation should be considered. The authors

admitted the need for further adequately powered RCTs to
test possible enhanced endometriosis inactivation and signs
of improved IVF-cycle outcome by this combined anastrozole
and goserelin downregulation compared to downregulation
by the agonist alone.®

No serious adverse events were reported in this study.
Attacks of flare-up in the form of vaginal spotting/bleeding
occurred in 16 women (80%), two women (10%), and one
woman (5%) after the first, second, and third injections of
goserelin 3.6 mg, respectively, with functional ovarian cysts
demonstrated by ultrasound. This could be attributed to the
profound suppression of E, during the combined treatment,
which may have activated pituitary FSH secretion to a higher
extent than treatment with the agonist alone.®

Side effects of aromatase inhibitors
The side effects associated with the use of third-generation
Als (letrozole, anastrozole) are mostly hypoestrogenic in
nature, and include vaginal dryness, hot flushes, headache,
back pain, leg cramps, and arthralgia. However, its long-term
use is associated with increased risks of osteoporosis and
fracture rate owing to diminished BMD.'"'? Fracture rates of
2%—11% have been reported in some studies in which Als
were utilized as adjuvant therapy for hormone receptor-posi-
tive breast cancer patients.”®”! Notably, the American Society
of Clinical Oncologists recommends that BMD screening
should be repeated annually for breast cancer patients using
Al adjuvant therapy, and bisphosphonate therapy should be
administered when measurement of the BMD in terms of
T-score are —2.5 or lower.™

Other studies evaluated the use of add-back therapy with
progestins and oral contraceptive pills in premenopausal
women, and demonstrated no significant changes in BMD
during their use.?*?® However, another trial showed that the
use of goserelin (GnRHa) plus anastrozole resulted in sig-
nificant bone loss after 6 months of treatment compared to
goserelin-alone therapy, and that this effect persisted even
after cessation of treatment. However, none of these patients
became osteopenic or osteoporotic.?!

Safety of aromatase inhibitors

The safety of Als for ovulation induction or superovulation has
generated a lively discussion. A poorly done abstract published
by the ASRM in 2005, which never resulted in a paper, raised
concerns of increased cardiac and bone malformations in new-
borns of letrozole-treated pregnancies compared with controls.
However, there were numerous issues regarding the methodol-
ogy of this report. The control group was strongly criticized,
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being chosen from a database of normal deliveries (36,050
deliveries) that would have had a lower risk of pregnancy
complications and congenital malformations than an infertile
population. Moreover, there was an apparent underrepresenta-
tion of congenital anomalies in this control group, since babies
identified as abnormal on prenatal ultrasound were delivered at
a tertiary care hospital rather than a community hospital.™

Subsequently, two retrospective studies did not confirm
the initial findings of increased teratogenicity in pregnancies
achieved with Als.”** In a large multicenter retrospective
study, Tulandi et al” reviewed 911 newborns conceived after
infertility treatment. Notably, they found the rate of con-
genital malformations and chromosomal abnormalities was
not significantly different, but slightly higher, in newborns
from CC-treated compared with letrozole-treated women
(4.8% versus 2.4%, respectively). Particularly, the major car-
diac congenital abnormality rate (eg, ventricular septal defect,
transposition of great vessels, right ventricle atresia, pulmo-
nary valve atresia) was significantly higher with CC than with
letrozole (1.8% versus 0.2%, respectively; P=0.02).” Another
retrospective study by Forman et al™ looked at 477 newborns,
and reported fewer malformations with letrozole (0) than
with CC (2.6%) or spontaneous pregnancy (3.2%). Notably,
arecent randomized trial assessing pregnancy outcomes after
treatment with Als in 796 infertile women confirmed the
positive results for the safety for newborns from the previ-
ous two retrospective studies.” Taken together, the previous
concerns for the safety of Als appear to be vanishing. Notably,
their shorter half-life virtually ensures elimination from the
body before implantation, thereby raising their safety margin
compared with the relatively slowly eliminated CC.%

Monofollicular growth has been regarded as an advan-
tage after using letrozole for ovulation induction. This could
be attributed to its rapid elimination from the body in view
of its shorter half-life, thereby modulating excessive FSH
discharge.”” However, a comparable twin-pregnancy rate
between CC and letrozole (8.3% versus 9.1%) in women with
unexplained infertility was reported in an RCT.” In addition,
a triplet pregnancy after using letrozole for ovulation induc-
tion in an infertile woman with polycystic ovary syndrome
was published as a case report.” Therefore, although Als are
associated with a higher rate of monofollicular growth, preg-
nancies with increased rates of twins or higher-order multiples
may be a potential complication of this treatment.

Conclusion
Endometriosis is an estrogen-dependent chronic inflammatory
disease characterized by the presence of active endometrial

tissue outside the uterus. Infertility and chronic pelvic pain
are considered the cardinal clinical features of this enigmatic
disease. The aromatase P450 enzyme catalyzes the final and
rate-limiting step in the biosynthesis of estrogen, and is present
in several human tissues, including the ovaries and adipose tis-
sue. Notably, molecular studies revealed that this key enzyme
in the biosynthesis of E, has been demonstrated inside endo-
metriotic tissue, indicating local synthesis of E,. Therefore,
Als, especially the potent and highly selective third generation,
were utilized for the treatment of endometriosis.

Notably, several studies have found that the combination of
Als with conventional therapy, such as oral contraceptive pills,
progestins, or GnRHas, can be used to control endometriosis-
associated pain and pain recurrence in premenopausal women,
particularly those with pain due to rectovaginal endometriosis
refractory to other medical or surgical treatment. Additionally,
the use of progestins or oral contraceptive pills with Als will
act as add-back therapy to prevent reduction in BMD and
risks of osteoporosis associated with prolonged use of Als
alone. Some case reports have shown promising results in
the treatment of postmenopausal endometriosis as first-line
treatment, when surgery is contraindicated, or as a second line
in the case of postoperative recurrence. This point warrants
validation in larger prospective trials.

Due to the downregulation of estrogen synthesis and
reduced pituitary feedback, Als stimulate endogenous
gonadotropin secretion. Als, especially letrozole, have
challenged CC as an ovulation-induction agent in patients
with polycystic ovary syndrome and in cases of unexplained
infertility. However, few studies are available regarding the
use of Als to treat endometriosis-associated infertility. There-
fore, larger multicenter randomized trials using Als for the
treatment of endometriosis-associated infertility are needed
to clarify its effect. The safety of Als for ovulation induc-
tion or superovulation is a major concern. Data from recent
retrospective and prospective studies support their safety.
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