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Abstract Current treatment of endometriosis is mainly based on surgery and ovar-
ian suppressive agents. In the last 10 years, it has been demonstrated that
aromatase P450, a key enzyme for estrogen biosynthesis, may have a patho-
genic role in endometriosis because it is aberrantly expressed in endometriotic
implants and in eutopic endometrium of women with endometriosis. There-
fore, inhibition of aromatase activity may represent a new therapeutic option
for endometriosis. Case reports and observational studies have shown that
pain symptoms caused by endometriosis quickly improve after administra-
tion of aromatase inhibitors. Limited data are available on the long-term
course of pain symptoms after completion of treatment with aromatase in-
hibitors; however, some recent studies suggest that symptoms may recur at
short-term follow-up. A range of results are reported on the effects of aroma-
tase inhibitors on endometriotic lesions, with some authors describing
improvements and other authors reporting persistence of pelvic lesions at
second-look laparoscopy after treatment. No severe adverse effect has been
reported during treatment with aromatase inhibitors both in pre- and post-
menopausal women. On the basis of the available data, administration of
aromatase inhibitors should now be offered only to the small number of
women who have severe pain despite previous surgical and hormonal thera-
pies. Further research in the form of randomized controlled trials will be
required before recommending the routine use of these agents.

Endometriosis is a benign, estrogen-depen-
dent, gynaecological disorder associated with
pelvic pain and infertility. It is defined as the
presence of endometrial glands and stroma out-
side the uterine cavity. Endometriotic lesions may
have various locations; they are more frequent on
the pelvic peritoneum, on the ovaries, in the recto-
vaginal septum, on the uterosacral ligaments, and

less common in the bowel, bladder, ureters, dia-
phragm, pleura and lungs. Endometriosis is pri-
marily a disease of the reproductive years and it is
only rarely observed in teenage girls and post-
menopausal women. The diagnosis is based on
surgical visualization of the disease;[1] this criter-
ion has hampered epidemiological investigations
aimed at estimating the true prevalence of the
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disease in women without specific pathology.
Prospective studies documented a prevalence of
endometriosis of 4–19% in women undergoing
laparoscopic tubal sterilization; however, it is more
frequent in women undergoing surgery because
of pain symptoms or infertility (10–47%).[2,3]

Pain represents the major clinical problem of
women with endometriosis; these patients may
present with dysmenorrhoea, dyspareunia, chronic
pelvic pain and dyschezia. In addition, womenwith
endometriosis may experience infertility; however,
the mechanisms by which endometriosis causes
infertility are still largely not well defined. Despite
a long history of clinical experience and experi-
mental research, endometriosis remains an enigma
and its pathogenesis is still controversial. The
most widely accepted theory on the pathogenesis
of endometriosis is Sampson’s theory proposing
that the disorder originates from retrograde men-
struation of viable endometrial tissue through the
fallopian tubes into the peritoneal cavity where
it implants on the peritoneal surface or pelvic
organs.[4] This theory is supported by the following
three observations: (i) endometrial cells enter
the peritoneal cavity through the fallopian tubes;
(ii) refluxed endometrial cells are viable in the
peritoneal cavity; and (iii) refluxed endometrial
cells can adhere to the peritoneum and proliferate.
However, retrograde menstruation is a common
event in almost all cycling women[5] and, therefore,
it remains unclear why all women do not develop
endometriosis.

Immunological abnormalities that are present
in women with endometriosis may contribute to
the development and persistence of the disease.
Several studies have shown that macrophages
present in peritoneal fluid of women with endo-
metriosis are hyperactivated and that they secrete
cytokines and growth factors.[6] Ovarian hormones
not only have direct effects on endometrial and
endometriotic tissue, but they also have indirect ef-
fects on endometriosis through the inflammatory
cells present in the peritoneal cavity. Estrogen
receptors-a and -b are over-expressed in macro-
phages of women with endometriosis when com-
pared with controls.[7] Furthermore, there is
a correlation between the expression of estrogen
receptor-b and proinflammatory cytokines

(interleukin [IL]-1b, tumour necrosis factor-a,
IL-6) on peritoneal fluid macrophages both in
women with and without endometriosis; however,
the expression of estrogen receptor-a correlates
with cytokine production selectively in women
with endometriosis but not in controls.[8] These
interactions between steroid hormones and peri-
toneal fluid macrophages suggest that estrogen
may promote the progression of endometriosis by
acting on the immune system.

1. Principles of Pharmacological
Treatment of Endometriosis

The aim of medical therapy for endometriosis
is to relieve pain symptoms. Surgical excision
of endometriosis significantly improves pain
symptoms and quality of life, particularly for
women with more severe endometriosis; how-
ever, the disease can be chronic and may relapse
at short-[9] or long-term follow-up.[10,11] Based on
this, pharmacological therapy is used to prevent
the recurrence of pain symptoms[12] and ovarian
endometriosis.[13] In addition, pharmacological
therapy may be used as an alternative to surgery
in patients without extensive disease. Pharmaco-
logical therapy is rarely offered to women wish-
ing to conceive; in fact, there is no evidence that
pharmacological treatment may improve fertility.
A further disadvantage for women desiring
pregnancy in the near term is that conception is
generally not possible during pharmacological
therapy; indeed, many of these agents are also
used as effective contraceptives.

2. Pharmacological Therapies for
Endometriosis

Table I lists the pharmacological therapies
commonly used for endometriosis. NSAIDs do
not treat endometriotic lesions but they may be
effective in reducing the intensity of pain symp-
toms. Only one randomized controlled trial of
naproxen compared with placebo was included in
a recent meta-analysis of NSAIDs;[14] this trial
did not show a beneficial effect of treatment on
pain relief (odds ratio 3.27; 95% CI 0.61, 17.69).
However, NSAIDs are often used in women with

944 Ferrero et al.

ª 2009 Adis Data Information BV. All rights reserved. Drugs 2009; 69 (8)



endometriosis with variable outcomes. The oral
contraceptive pill is the most commonly used
first-line treatment of endometriosis-associated
pain and it may also be used empirically. The long
cycle and continuous use of oral contraceptives
may be preferable in women with endometriosis.
Progestogens have for a long time been used con-
tinuously to achieve cycle suppression in women
with endometriosis. Medroxyprogesterone is ef-
fective in relieving pain symptoms and can be
administered either orally, intramuscularly or sub-
cutaneously.[15-17] Possible adverse effects include
water retention, weight gain and irregular vaginal
bleeding. More recently, the levonorgestrel-
releasing intrauterine system (Mirena�) has been
shown to significantly reduce dysmenorrhoea in
women with endometriosis.[18,19] Gonadotropin
releasing hormone (GnRH) analogues or stimu-
lants have been widely used in the treatment of
severe endometriosis. Placebo-controlled studies
reported a significant reduction in the intensity
of dysmenorrhoea and chronic pelvic pain of
women treated with GnRH stimulant therapy
compared with placebo.[20,21] GnRH stimulants
are often administered with add-back hormone
replacement therapy to minimize their hypoestro-

genic adverse effects without apparent reduction
in efficacy.

In the last 20 years, our understanding of the
pathogenesis of endometriosis at the cellular and
molecular level has improved. On the basis of this,
several new drugs have been proposed for the
treatment of endometriosis. These agents include
progesterone antagonists (mifepristone, onapris-
tone, selective progesterone receptor modulators),
immunomodulatory agents (pentoxifylline, loxo-
ribine, interferon a-2b, tumour necrosis factor
inhibitors), angiogenesis inhibitors, matrix me-
talloproteinase inhibitors, estrogen receptor-b
agonists, selective estrogen receptor modulators
and hypocholesterolaemic agents.[22,23]

3. Aromatase P450 in Endometriosis

Aromatase P450 is a key enzyme for estrogen
biosynthesis, catalyzing the conversion of andro-
stenedione and testosterone to estrone and estra-
diol. Androstenedione of adrenal origin is the
major substrate for aromatase in peripheral tis-
sues. Estrone, the product of the enzymatic reac-
tion catalyzed by aromatase from androstenedione,
is weakly estrogenic and requires conversion to
estradiol by the enzyme 17bhydroxysteroid de-
hydrogenase to attain full estrogenic potency.
Aromatase activity is not detectable in the en-
dometrium of healthy women;[24,25] however, this
enzyme is expressed in endometriotic implants
and in eutopic endometrium of women with
endometriosis.[26,27] Prostaglandin (PG)-E2 is the
most potent inducer of aromatase activity in
endometriotic stromal cells.[28] Estrogen upregu-
lates PGE2, which is a potent inducer of aroma-
tase activity in endometriotic cells. Thus, there is
a positive feedback loop within endometriotic
implants. The aberrant expression of the aro-
matase in the endometriotic tissue may promote
the survival and growth of endometriotic lesions.

Inhibition of aromatase activity in extraovarian
sites with aromatase inhibitors may represent a
new generation of medications for the treatment
of endometriosis. Several potent and selective
third-generation non-steroidal aromatase inhibi-
tors are available, and, of these, anastrozole and

Table I. Pharmacological therapies for endometriosis

Category Agents

NSAIDs Ibuprofen

Naproxen

Mefenamic acid

Contraceptives Oral contraceptives

Contraceptive patch

Contraceptive ring

Progestogens Derivatives of progesterone:

medroxyprogesterone

megestrol

dydrogesterone

Derivatives of 19-nortestosterone:

norethisterone (norethindrone)

norgestrel

lynestrenol

levonorgestrel

etonogestrel

Gonadotropin-releasing

hormone stimulants

Leuprorelin (leuprolide)

Nafarelin

Buserelin

Goserelin

Gestrinone

Danazol
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letrozole have substantial advantages over earlier
agents in terms of efficacy and tolerability.[29] Al-
though these agents have been widely used to treat
postmenopausal patients with breast cancer, ex-
perience in the use of aromatase inhibitors in
women with endometriosis is still limited (table II).
Other agents, irreversible steroidal aromatase in-
activators (such as exemestane), have been suc-
cessfully used in breast cancer patients. However,
the permanent inhibition of aromatase activity is
contraindicated in women with endometriosis
wishing to preserve their fertility and, therefore, the
role of these drugs in selected women with endo-
metriosis remains to be established.

4. Aromatase Inhibitors in the Treatment
of Postmenopausal Endometriosis

The use of aromatase inhibitors in the treat-
ment of postmenopausal endometriosis has been
described only in case reports. Takayama et al.[30]

described for the first time the use of aromatase
inhibitors in the treatment of endometriosis.
A patient who presented recurrent severe pain
after hysterectomy, bilateral oophorectomy and
resection of endometriosis received anastrozole
for 9 months. This agent provided a quick im-
provement in pain symptoms and a decrease in
the size of a 3 cm vaginal endometriotic nodule.
The improvement in pain symptoms persisted
14 months after the cessation of treatment.[41]

In another postmenopausal patient, the adminis-
tration of letrozole resulted in an improvement in
both pelvic pain and dyspareunia, which had
previously persisted during other hormonal
therapies (norethisterone and danazol).[31] Other
case reports in postmenopausal women suggested
that aromatase inhibitors might determine the
regression not only of pain symptoms but also of
endometriotic lesions. In a 55-year-old patient,
the administration of letrozole resulted in the
progressive regression of an 8 · 4 cm endome-
triotic lesion, which after 18 months of treatment
measured 1 cm.[34] In another postmenopausal
patient, the administration of letrozole improved
the symptoms caused by an endometriotic nodule
located in the posterior wall of the bladder.
Notably, this patient was previously treated with

another aromatase inhibitor, exemestane, for
2 weeks with no improvement in her symp-
toms.[39] In contrast with these reports, Bohrer
et al.[40] reported that anastrozole was ineffective
in preventing ureteral obstruction caused by en-
dometriosis in a postmenopausal patient. This
observation is not surprising; in fact, a deep
endometriotic nodule may contain extensive
fibrosis that does not respond to hormonal
therapies (figure 1).

5. Aromatase Inhibitors in the Treatment
of Premenopausal Endometriosis

Aromatase inhibitors can inhibit the produc-
tion of extraovarian estrogens in adipose tissue,
skin and endometriotic lesions. Aromatase in-
hibitors are usually administered to premeno-
pausal women in combination with ovarian
suppressive agents; this double-drug regimen
may inhibit the production of both ovarian and
extraovarian estrogens. Based on these considera-
tions, some studies evaluated the efficacy of an
aromatase inhibitor in improving pain symptoms
related to the presence of endometriosis in pre-
menopausal women.

The efficacy of aromatase inhibitors in pre-
menopausal women was investigated for the first
time in an open-label, nonrandomized study in-
cluding ten patients.[32] Subjects of the study had
pain symptoms that previously persisted despite
both surgical and medical treatment; they under-
went laparoscopy before and after the administra-
tion of letrozole. This agent caused a significant
decrease in the intensity of pain symptoms and
only one of ten patients did not have improvement
in pain symptoms during treatment. In addition,
second-look laparoscopies showed improvement
in disease severity after treatment and histological
examinations of peritoneal biopsies were negative
for endometriosis. Unfortunately, this trial had
several limitations. First, the study was not ran-
domized. Second, the surgeon who performed all
pre- and post-treatment laparoscopies was not
blinded to the use of aromatase inhibitors and he
was a scientific advisor for the pharmaceu-
tical company that provided the funding for the
study. In another study, Shippen and West[33]
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Table II. Studies evaluating the effectiveness of aromatase inhibitors in the treatment of pain symptoms related to the presence of endometriosis

Study Type of study Hormonal state Number of

patients

Aromatase

inhibitor

Additional treatment Duration of

treatment

(mo)

Results Follow-up

(mo after

completion

of treatment)

Takayama et al.[30] Case report Postmenopausal 1 Anastrozole

(oral, 1 mg/d)

Calcium (1.5 g/d),

vitamin D (800 IU/d),

alendronate

(10 mg/d)

9 Regression of a vaginal

endometriotic nodule,

disappearance of pain

symptoms

14

Razzi et al.[31] Case report Postmenopausal 1 Letrozole (oral,

2.5 mg/d)

Calcium (1 g/d),

vitamin D (400 IU/d)

9 Improvement of pelvic pain

and dyspareunia

0

Ailawadi et al.[32] Open-label,

nonrandomized,

prospective

Premenopausal 10 Letrozole (oral,

2.5 mg/d)

Norethisterone

(2.5 mg/d), calcium

(1.25 g/d), vitamin D

(800 IU/d)

6 Improvement in disease

stage and ASRM score at

laparoscopy, improvement

in pain symptoms

1

Shippen and West[33] Case report Premenopausal 2 Anastrozole

(oral, 1 mg/d)

Progesterone (oral,

200 mg/d), calcitriol

(0.5 mg/d), rofecoxib

(12.5 mg/d)

6 Reduction of symptoms,

disappearance of

endometriotic implants

24

Fatemi et al.[34] Case report Postmenopausal 1 Letrozole (oral,

2.5 mg/d)

Calcium (1.2 g/d),

vitamin D (440 IU/d),

sodium alendronate

(70 mg/wk)

18 Regression of

endometrioma,

improvement in pain

intensity

0

Amsterdam et al.[35] Open-label,

nonrandomized,

prospective,

multicentre

Premenopausal 18 Anastrozole

(oral, 1 mg/d)

Ethinylestradiol

(20mg/d),

levonorgestrel

(0.1 mg/d)

6 Improvement in pain

symptoms

0

Hefler et al.[36] Open-label,

nonrandomized,

prospective

Premenopausal 10 Anastrozole

(vaginal,

0.25 mg/d)

Calcium (1.25 g/d),

vitamin D (800 IU/d)

6 Improvement in

dysmenorrhoea, no change

in chronic pelvic pain and

dyspareunia

1

Remorgida et al.[37] Open-label,

nonrandomized,

prospective

Premenopausal 12 Letrozole (oral,

2.5 mg/d)

Norethisterone

(2.5 mg/d), calcium

(1 g/d), vitamin D

(880 IU/d)

6 Improvement in

dysmenorrhoea, chronic

pelvic pain and dyspareunia,

and quick recurrence of pain

symptoms after completion

of treatment

6
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investigated the effectiveness of anastrozole com-
bined with oral progesterone and rofecoxib in two
premenopausal women who had pain symptoms
resistant to previous surgical and hormonal ther-
apies. Both patients had improvement in pain
symptoms during the 6-month treatment with the
aromatase inhibitor. One of the patients had a
persistent improvement in pain symptoms for over
24 months after treatment. The other patient un-
derwent laparoscopy 15 months after cessation of
therapy because of abdominal and pelvic pain;
however, there was no evidence of endometriosis at
surgery and only minimal adhesions were present.
These preliminary findings were subsequently
confirmed in another prospective open-label
trial.[35] Eighteen premenopausal women with pain
symptoms resistant to previous surgical and hor-
monal treatments were included in the study. They
received anastrozole and an oral contraceptive pill
for 6 months. Three patients discontinued the
study; one of them had no pain relief during
treatment. Fourteen of the 15 patients who com-
pleted the 6-month treatment had significant im-
provement in pain symptomswithminimal adverse
effects. Unfortunately, no follow-up of pain symp-
toms after discontinuation of treatment was re-
ported. Another pilot study examined the effects
of vaginally administered anastrozole (0.25mg of
anastrozole in a 2 g vaginal suppository with Adeps
neutralis as suppository base) in ten premeno-
pausal women with rectovaginal endometriosis.[36]

An improvement in dysmenorrhoea, physical and
social functioning was observed; however, chronic
pelvic pain and dyspareunia did not improve
during therapy.

Two recent studies confirmed the efficacy
of aromatase inhibitors in reducing the intensity
of pain symptoms related to the presence of
endometriosis and reported the follow-up after
discontinuation of treatment.[37,38] An open-label
prospective study including 12 women of repro-
ductive age evaluated the efficacy of letrozole
combined with norethisterone acetate in the
treatment of pain symptoms related to the pre-
sence of rectovaginal endometriosis.[37] The in-
tensity of deep dyspareunia and chronic pelvic
pain decreased significantly during treatment;
however, pain symptoms recurred 3 months afterT
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the completion of treatment. At 6-month follow-
up, no significant difference was observed in the
intensity of dysmenorrhoea, dyspareunia and
chronic pelvic pain when compared with baseline
values. Interestingly, some of the patients in-
cluded in the study underwent surgical excision of
endometriotic lesions; the histological examina-
tion of these specimens demonstrated the
preservation of endometrial glands and a high
proliferative activity in the stroma (figure 2). In
another study performed by the same authors,[38]

letrozole was combined with the desogestrel-only
contraceptive pill. This double-drug regimen
caused the formation of functional ovarian cysts
in all the patients, which required the inter-
ruption of treatment. However, the therapy
determined a quick improvement in the intensity
of dysmenorrhoea and dyspareunia. Unfortu-
nately, pain symptoms immediately recurred
when treatment was stopped.

6. Aromatase Inhibitors in the Prevention
of Recurrence after Surgical Excision of
Endometriosis

Only one study has investigated the effective-
ness of aromatase inhibitors in preventing the
recurrence of endometriosis in premenopausal
women after conservative surgery. In a pro-
spective, randomized, placebo-controlled trial,
80 women who underwent conservative surgery
for severe endometriosis were assigned to receive

either anastrozole (1mg/day) plus subcutaneous
depot injections of goserelin 3.6mg (every
4 weeks for 24 weeks) or a placebo tablet in ad-
dition to this goserelin regimen for 24 weeks.[42]

The double-drug regimen increased the pain-free
interval and decreased symptom recurrence rates
when compared with goserelin alone. In fact,
during the follow-up period of 24 months after
the post-surgical medical treatment, three patients
of 40 experienced recurrence in the goserelin plus
anastrozole arm (7.5%), whereas recurrences
were detected in 14 patients of 40 in the goserelin-
only arm (35%).

7. Adverse Effects Determined with
Aromatase Inhibitors in Women with
Endometriosis

No published study reported severe adverse
effects associated with the administration of
aromatase inhibitors in premenopausal women
with endometriosis. Some patients experienced
hot flashes/flushes, mood swings, headache, va-
ginal spotting, fatigue, dizziness, depression,
weight gain, increase appetite, heavy vaginal
bleeding, muscle aches, bone and joint pain,
insomnia, rash and decreased libido.[32,35,37,38]

Several studies investigated the effects of aro-
matase inhibitors on bone mineral density de-
monstrating that the short-term administration
of aromatase inhibitors does not determine
significant reduction on spine and hip-bone
densities in either premenopausal[32,34,35-38] or
postmenopausal patients.[30,31]

8. Conclusions

Over the last 10 years, the use of aromatase in-
hibitors in the treatment of pain symptoms caused
by endometriosis has been subject of several re-
ports and of much debate in scientific meetings.
However, until now, only a few clinical studies
have assessed the efficacy of these agents in redu-
cing pain symptoms in women with endometriosis
and, more importantly, these investigations had
several limitations. Most of the available data are
based on case reports or observational studies, and
no randomized, placebo-controlled trial has been

Fig. 1. Section of a rectovaginal endometriotic nodule stained with
masson trichrome technique (blue staining indicates the fibrosis, red
staining indicates the muscle).
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performed on this topic. In fact, the only ran-
domized, placebo-controlled trial evaluated the
efficacy of aromatase inhibitors in preventing the
recurrence of pain after surgery.[42] In addition, no
published trial compared the efficacy of the com-
bination of aromatase inhibitors with another
hormonal therapy (such as GnRH analogues, oral
contraceptive pill or progestins) with the efficacy of
the administration of the hormonal therapy alone.
Another relevant limitation of the available litera-
ture is that, excluding case reports, only two studies
reported a short-term follow-up (6 months) after
interruption of treatment with aromatase inhibi-
tors.[37,38] The two studies were published by the
same group of investigators and showed a quick
recurrence of pain symptoms after the interruption
of aromatase inhibitor administration. Finally, a
range of results has been reported on the effects of
aromatase inhibitors on endometriotic lesions.
Some case reports described the reduction in the
size of endometriotic lesions after long-term ad-
ministration of aromatase inhibitors.[30,34] One
observational study demonstrated that at second-
look laparoscopies, the American Society for
Reproductive Medicine score was decreased in all
the patients treated with letrozole and norethister-
one (northindrone) for 6 months. In addition,
although endometriosis was laparoscopically re-
cognizable in eight of ten women with endo-
metriosis, biopsies of these lesions were negative
for endometriosis.[32] In contrast with the findings
of these studies, one case report[40] and one ob-
servational study[37] confirmed the presence of
deep endometriosis after the use of aromatase
inhibitors.

Several questions on the use of aromatase
inhibitors in endometriosis are unanswered.
The long-term course of pain symptoms after the
interruption of aromatase administration re-
mains to be evaluated. The superiority of these
expensive agents in improving pain symptoms
with respect to cheaper hormonal therapies (such
as progestins) remains to be proved. Finally,
although the studies included in this article sug-
gest that aromatase inhibitors are well tolerated
even in women of reproductive age, definitive
data are not available. In particular, the potential
effects of aromatase inhibitors on the bone

a

b

c

Fig. 2. Serial sections of a rectovaginal endometriotic nodule
removed 3 months after the completion of a 6-month treatment with
letrozole and norethisterone acetate. (a) CK7 staining confirms the
preservation of the glandular epithelium; (b) CD10 staining shows
the abundance of stromal cells; (c) Ki67 staining demonstrates the
proliferative activity in the stromal cells.
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should be considered in patients using aromatase
inhibitors for longer than 6 months.

On the basis of the available data, adminis-
tration of aromatase inhibitors should now be
offered only to the small number of women who
have severe pain despite previous surgical and
hormonal therapies. Aromatase inhibitors may
be useful in reducing pain associated with endo-
metriosis; however, further research in the form
of well powered, randomized, controlled trials
will be required before recommending the routine
use of these agents.[43]
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