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Aromatase Inhibition Reduces the Dose of
Gonadotropin Required for Controlled

Ovarian Hyperstimulation
Mohamed F. M. Mitwally, MD, and Robert F. Casper, MD

OBJECTIVE: To compare the use of the aromatase inhibitor, letrozole, in conjunction with follicle-
stimulating hormone (FSH) injection, and FSH alone for controlled ovarian hyperstimulation (COH) in
patients with polycystic ovarian syndrome (PCOS) or ovulatory infertility.
METHODS: This nonrandomized study included two study groups: 26 patients with PCOS and 63
with ovulatory infertility (unexplained infertility [41 patients], malefactor infertility [17 patients], and
endometriosis [5 patients]), who received letrozole in addition to FSH; and two control groups: 46 PCOS
patients and 308 with ovulatory infertility (unexplained infertility [250 patients], malefactor infertility [42
patients], and endometriosis [16 patients], who received FSH only. All patients had intrauterine insemi-
nation (IUI). Main outcome measures included dose ofFSH used per cycle, number ofpreovulatoryfollicles
greater than 16 mm in diameter, cancellation rate, and pregnancy rate.
RESULTS: The FSH dose requiredfor ovarian stimulation was significantly lower when letrozole was
used in both study groups compared to the controlgroups without a significant diference in number offollicles
greater than 16 mm. IUI cancellation rate was significantly lower with letrozole treatment in PCOS
patients. In women with PCOS, clinical pregnancy rate per completed IUI cycle was 26.5% in the letrozole
plus FSH group versus 18.5% in the FSH-only group. In ovulatory infertility patients, the pregnancy rate
was similar in both study and control groups (11%).
CONCLUSION: We believe that inhibition of estrogen synthesis by aromatase inhibition will release the
estrogenic negative feedback, resulting in an increase in endogenous FSH secretion. Moreover, by inhibiting
conversion of androgens into estrogens, accumulating androgens may increase follicular sensitivity to FSH.
Such a protocol has the potential to lower FSH treatment cost and may improve responsefor low responders
who require high FSH doses during ovarian stimulation. U Soc Gynecol Investig 2004; 11:
406-15) Copyright ©) 2004 by the Societyfor Gynecologic Investigation.

KEY WORDS: Aromatase inhibitors, letrozole, polycystic ovarian syndrome, infertility, ovarian
stimulation.

nfertility is a worldwide problem that has been estimated to infertility is due to anovulation, secondary to polycystic ovar-
affect up to 6% of the population in North America, 5.4% ian syndrome (PCOS) in most of the patients.)-6 In the
in Europe, 3% in the Middle East, 10.1% in Africa, 4.8% in management of both unexplained infertility and chronic

Asia and Oceania, 3.1% in Latin America, and 6.5% in the anovulation, ovarian stimulation is used either alone or in
Caribbean.1 Although background prevalence rates now ap- conjunction with assisted reproductive technologies such as
pear to be reasonably stable, there is evidence of an increase in intrauterine insemination (IUI) or in vitro fertilization and
the rate of referrals for medical help.2 embryo transfer (IVF-ET). 7-14

In about 25% of infertile couples, no definite cause will be A systematic review of randomized studies to evaluate the
found, even after complete investigation. These couples are effectiveness of IUI demonstrated that pregnancy rates were
said to have unexplained inferility. In another 25% of patients, significantly higher in women who received gonadotropins,

compared with those who did not undergo ovarian stimula-From the Reproductive Sciences Division, Department of Obstetrics and Gynecology, t lt U R
University of Toronto, Toronto, Canada; and the Departnt of Gynecology and n prior to I. R rp r p cycle v
Obstetrics, School of Medicine and Biomledical Sciences, Univcrsity at Buffalo, State between 8% and 22%. l( The rationale for ovarian stimula-
University of Newv York (SUNY), Buffalo, Newv York.tinnwoe wthnfrlty eg
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Table 1. Patients' Characteristics

Age (y) Duration of infertility (y) No. of prior treatment cyclesInfertility
group FSH Letrozole + FSH P FSH Letrozole + FSH P FSH Letrozole + FSH P

PCOS 32.8 + 3.7 32.8 + 3.7 .5 3.1 + 1.1 3.6 ± 0.5 .1 3.3 + 2.4 4.2 + 2.6 .02
Ovulatory 35.1 + 4.1 35 + 4.2 .4 2.9 + 2.2 3.3 + 1.7 .3 2.9 + 2 3.9 ± 2.3 .001
Unexplained 35.3 1 4.2 35.8 + 4.3 .3 3.1 ± 2.4 3.2 + 1.8 .5 2.75 1 1.3 4.2 ± 2.5 .001
Male 34.7 + 3.6 33.5 ± 3.7 .1 2.4 1 3.1 1 1.5 .2 3.3 + 1.8 4.3 + 1.7 .05
Endometriosis 34.3 + 3.7 3.5 1 2.7 .3 3 + 1 4 + 1.4 .3 3.7 + 2.2 4.8 ± 1.8 .04
Data presented as means ± SD. P < .05 is considered satistically significant.

monthly probability of pregnancy, particularly in male factor experimental nature of the new indication (the aromatase
infertility.22 inhibitor) and the hypothesis of using aromatase inhibitors to

Anovulatory women with PCOS who wish to become enhance ovarian response to FSH stimulation.
pregnant have traditionally been treated with the antiestrogen Patients who opted to participate in the study received the
clomiphene citrate (CC), with successful ovulation in approx- letrozole at a dose of 2.5 mg daily from cycle day 3 to 7, in
imately 70-85% of patients, although only 33-45% con- addition to FSH injections that started on day 7 of the men-
ceive.23"4 In CC failures, ie, failure to ovulate or failure to strual cycle. This was a nonrandomized study, which included
achieve pregnancy, gonadotropins have been used as a second- two study groups that received the aromatase inhibitor in
line treatment to induce ovulation. However, gonadotropin addition to FSH injections and two control groups that re-
treatment is associated with higher risk of severe ovarian hy- ceived FSH injections only. In women with PCOS who did
perstimulation syndrome (OHSS), especially in women with not have a spontaneous menstrual cycle, withdrawal bleeding
PCOS, and therefore requires intensive monitoring.25 In ad- was induced by administering medroxyprogesterone acetate
dition, the use ofgonadotropins is associated with several other 10-mg tablets every day for 10 days. Due to the experimental
drawbacks, including high-order multiple gestation, parenteral nature of the use of an aromatase inhibitor for ovarian stimu-
administration, and increased cost compared to oral ovulation lation, the patients were not randomized for this clinical trial
induction agents. and the choice of receiving an aromatase inhibitor was exclu-

Recently, we reported the success of using an aromatase sively left to the patient. However, at the end of the study
inhibitor for induction of ovulation in ovulatory women with period, analysis of the patients' characteristics revealed no
PCOS and augmentation of ovulation in women with ovula- significant difference among the two study groups and the
tory infertility. In this study, we investigated the combina- control groups in age or duration of infertility. However, the
tion of the aromatase inhibitor, letrozole, with FSH to reduce number of prior ovarian stimulation cycles was significantly
the dose of FSH needed to achieve optimum ovarian stimu- higher in the study subjects receiving letrozole. All ofthe study
lation in women with PCOS or ovulatory infertility. couples had been infertile for at least 1 year and had undergone

at least one to three cycles of follicular monitoring with timed
MATERIALS AND METHODS intercourse before undergoing o'arinan stimulation and IUI

We obtained approval from the Institutional Research Board with their partner's spermatozoa (Table 1). However, this does
of The University of Toronto and Mount Sinai Hospital for not correct the nonrandomized design of this trial and a
the use of an aromatase inhibitor for ovarian stimulation. Each randomized design would result in a better homogenous study
patient provided informed consent before enrollment into the and control groups.
study. The study was conducted in two tertiary referral aca- The two study groups included 28 patients with PCOS who
demic centers: the Reproductive Biology Unit ofMount Sinai started 53 treatment cycles and 63 patients with ovulatory
Hospital and the Toronto Center for Advanced Reproductive infertility (41 with unexplained infertility, 17 with male factor
Technology. These clinics are affiliated with the Division of infertility, and 5 with endometriosis-related infertility), who
Reproductive Sciences, Department of Obstetrics and Gyne- started 81 treatment cycles. The control groups included 46
cology, University of Toronto, Canada. Patients were enrolled patients with PCOS who started 130 treatment cycles and 308
in the study from January 2000 to July 2001. patients with ovulatory infertility who started 544 treatment

cycles (250 with unexplained infertility, 42 with male factor
Enrollment of Patients infertility, and 16 with endometriosis-related infertility). Di-

Patients with PCOS or ovulatory infertility (unexplained in- agnosis of PCOS was made according to the National Insti-
fertility, male factor infertility, and endometriosis-related in- tutes of Health consensus criteria.27 The diagnosis of
fertility) presenting for ovarian stimulation and JUL were unexplained infertility was made by exclusion ofknown factors
offered the option of enrollment into the study of the aro- of infertility. Ovulation was confirmed with follicular moni-
matase inhibitor, letrozole, in conjunction with FSH injections toring by transvaginal ultrasonography (TVS) and serial mea-
to reduce the dose of FSH required for optimum ovarian surements of serum estradiol (E2) and luteinizing hormone
stimulation. Patients were thoroughly counseled regarding the (LH) levels during a natural (no treatment) cycle and/or nild-
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Table 2. Number of Started and Completed Cycles According to Treatment and Infertility Diagnosis

FSH Letrozole + FSH

Completed Cancelled Completed Cancelled
RA RII I3I KIU

Started cycles Started cycles
Infertility group (n) No. % No. % (n) No. % No. %

All patients 674 572 85* 102 15* 134 124 92* 10 8*
PCOS 130 81 62* 49 38* 53 49 92* 4 8*
Ovulatory infertility 544 491 90 53 10 81 75 93 6 7
Unexplained infertility 446 405 91 41 9 56 50 89 6 11
Male factor infertility 74 64 86 10 14 19 19 100 0 0
Endometnrosis 24 22 92 2 8 6 6 100 0 0
* Statistically significant (P < .05).

luteal progesterone greater than 15 nM associated with regular ever, again, this dose was based on convenience and other
menstrual cycles. Tubal patency was confirmed by hysterosal- doses may be more effective. Unfortunately, all ofthe available
pingography and or pelvic laparoscopy, and male factor infer- data about the pharmacokinetics of aromatase inhibitors are
tility was excluded by semen parameters meeting the World based on studies conducted in postmenopausal women.
Health Organization criteria. Endometriosis was diagnosed by All patients received recombinant (Gonal-F, Serono, Oakville,
laparoscopy. Canada; or Puregon, Organon, Scarborough, Canada) or highly

purified FSH (Fertinorm; Serono). There was no significant dif-
Stimulation Protocols ference between the study and control groups in the use of

The choice ofthe type and dose ofFSH was decided according recombinant or highly purified FSH. hCG (Profisi, Serono; or
to the preference of the primary treating physician at the units. Pregnyl, Organon) was given as a single injection of 10,000 IU to
The treatment protocol was determined during a consultation trigger ovulation when the mean diameter of at least two ovarian
visit prior to starting the treatment cycle. The choice was follicles was greater than 16 mm.
mainly based on the clinical profile of the patient, including
age, weight, and duration of infertility, as well as prior response Cycle Monitoring
to FSH. The development of the ovarian follicles was monitored by

In the study centers, the usual FSH-only stimulation protocol both TVS measurement of the mean follicular diameter and
includes starting FSH injections on the third day ofthe menstrual serial assays of ES and LH levels every 1 to 3 days during the
cycle beginning with a dose from 50-150 IU/d. The FSH dose follicular phase. The patient monitoring was performed, de-
is then adjusted according to the patient's response to achieve pending on the menstrual cycle start date, by one of five
about two or three mature follicles (>16 mm) on the day of physicians on call for 1-week rotations. The dose and duration
human chorionic gonadotropin (hCG) administration. of FSH treatment were adjusted during the monitoring of the
When the aromatase inhibitor, letrozole (Femara; Novartis, follicular development according to the patient's response,

East Hanover, NJ), was used, it was given at a dose of2.5 mg/d including the number of the growing follicles and E2 levels.
from day 3 to 7 of the menstrual cycle, followed by FSH The goal was to achieve a total ofthree mature ovarian follicles
injection starting at a dose of 50-150 IU/d beginning on day with a mean diameter of 18 mm on the day of hCG
7 until the day of hCG. The dose of FSH was adjusted stimulation.
according to patient response to achieve two or three mature IUI was performed 40 hours after hCG administration if no
follicles (>16 mm) on the day ofhCG administration. endogenous LH surge occurred. If an endogenous LH surge
We empirically chose the regimen of aromatase inhibitor was detected on the day of hCG administration, IUI was

administration applied in this study. Shorter or longer regimens performed on the following 2 days. An LH surge was defined
may be equally or even more effective. However, we believed as an increase in LH level greater than 100% over the mean of
that starting the aromatase inhibitor before day 3 might be too the preceding 2 days. The same two infertility nurses per-
early as estrogen levels could be too low to exert significant formed the intrauterine inseminations in all patients. Preg-
negative feedback on endogenous gonadotropin production. nancy was diagnosed by quantitative 3hCG, 2 weeks after the
On the other hand, extending the administration of aromatase insemination. Clinical pregnancy was confirmed by observing
inhibitor beyond day 7 would not allow enough time for fetal cardiac pulsation 4 weeks after positive pregnancy test by
endometrial development to reach its normal preovulatory TVS.
thickness. In addition, earlier cessation of treatment would
allow clearance of the aromatase inhibitor before the period of Statistical Analysis
implantation and organogenesis. In our preliminary studies, we The various outcome measures were expressed as means + SD.
found the dose of 2.5 mg of letrozole to be effective in Student's t test, chi-square test, and Bonferroni ttest were used
significantly lowering E? levels and inducing ovulation. How- where appropriate to analyze the various data among the two
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Figure 1. Percentage ofcompleted and cancelled IUI cycles out of the total started cycles in women with A) PCOS and B) ovulatory infertility.
In women with PCOS, the IUI cancellation rate was significantly lower with letrozole plus FSH treatment compared to FSH-only treatment.
In women with ovulatory infertility, the rate was also lower with letrozole plus FSH treatment, but the difference was not statistically significant.
Black bars, completed IUI cycles; gray bars, cancelled IUI cycles.

study groups and each equivalent control group, Pvalues less than ference was statistically significant among all started cycles and
.05 were considered statistically significant. The statistical tests in the PCOS patients.
were performed with SigmaStat for Windows Version 1.0 soft- The two major reasons for IUI cancellations included the
ware (SigmaStat Software HighEdit Professional, MicroHelp Inc two extremes of response to ovarian stimulation, ie, achieve-
and HeilerSoftware GmbH, San Rafael, CA). ment of too many mature follicles (more than six follicles) or

failure to achieve more than one follicle. Patients with an
RESULTS inadequate response failed to develop more than one follicle

Although the study was not randomized, there was no statis- greater than 16 mm, whereas patients with an excessive re-
tically significant difference between the study and control sponse had several mature follicles (more than six follicles > 16
groups as regards age or duration of infertility. However, mm) that would markedly increase the risk for high-order
patients in the study groups had significantly more prior failed multiple pregnancy. In patients with an inadequate response,
treatment cycles (Table 1). This is not surprising because IUI was cancelled and replaced with timed intercourse. In
frustration associated with repeated failed cycles would be patients with an excessive response, IUI was converted to IVF.
expected to encourage patients to try new experimental treat- There were other reasons for IUI cancellation in a few cycles,
ments, and would bias the results against the letrozole plus FSH including anovulation in some women with PCOS, presence
treatment. of ovarian cysts, and failure to obtain a semen sample adequate

Table 2 shows the number of started treatment cycles and for insemination. Table 3 lists the various reasons for IUI
the number of completed and cancelled LUI cycles according cancellations according to the infertility diagnosis and treat-
to the infertility diagnosis and treatment modality. Overall, ment group.
there were fewer IUI cancelled cycles with letrozole treatment Table 4 shows the number of patients and number of
when compared to FSH-only treatment (Figure 1). The dif- treatment cycles in each of the study and control groups.

Table 3. Reasons for Cancellation of IUI

FSH Letrozole + FSH
102 (15%) 10 (8%)

cancelled cycles cancelled cyclesReason for
cancellation Infertility group No. % No.%

Conversion to IVF PCOS 9 18.4 0 0
Ovulatory infertility 42 79.2 4 66.7

Inadequate response PCOS 28 57.1 3 75.0
Ovulatory infertility 3 5.7 0 0.0

Others PCOS 12 24.5 1 25.0
Ovulatory infertility 8 15.1 2 33.3

No. of cancelled cycles PCOS 49 18.4 4 0)
Ovulatory infertility 53 79.2 6 66.7
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Table 4. Number of Patients and Number of Completed Treatment Cycles

FSH Letrozole + FSH

Ovulatory Ovulatory
Ovulatory infertility

Ovulatory
infertility

All PCOS infertility a b c All PCOS infertility a b c

No. of patients 354 46 308 250 42 16 89 26 63 41 17 5
No. of treatment cycles 572 81 491 405 64 22 124 49 75 50 19 6

a = unexplained infertility; b = male infertility; c =endorneniosis-related infertility.

Tables 5 and 6 show the various characteristics ofthe treatment and letrozole plus FSH (Figure 2B) along the follicular phase.
cycles (letrozole plus FSH versus FSH only) in women with In FSH-only treatment cycles, E2 levels steadily increased
PCOS and ovulatory infertility, respectively. Tables 5 and 6 throughout the follicular phase with significant escalation after
include data for all completed treatment cycles, as well as for the midfollicular phase. Towards the end of the follicular
the first completed treatment cycles only. The findings were phase, E2 levels were much higher in ovulatory infertility
the same when we analyzed all treatment cycles or single cycle patients than in patients with PCOS, in whom the E2 rise
for each patient (the first cycles). The amount ofFSH required reached a plateau on the day before hCG administration.
for COH was significantly lower with letrozole treatment in In letrozole plus FSH cycles, E2 levels decreased during the
both PCOS and ovulatory infertility groups without a signif- first third of the follicular phase coinciding with letrozole
icant difference in the number of follicles greater than 16 mm. administration, then began to increase slowly throughout the
Although E2 levels (E) on the day ofhCG administration and second third of the follicular phase, coinciding with letrozole
E9 per follicle > 16 mm) were significantly lower with letro- clearance from the body and concomitant FSH administration.
zole treatment, there was no significant difference in the thick- Interestingly, the difference between the maximum E2 levels
ness of the endometrium on the day of hCG administration attained on the day of hCG administration was not significant
between the letrozole plus FSH and FSH-only cycles. The day between ovulatory infertility patients and patients with PCOS
ofhCG administration tended to be later with letrozole treat- as there was blunting of the E2 levels in PCOS patients on the
ment cycles. However, this difference was not statistically day before hCG administration.
different. FSH-only treatment was associated with significantly lower

In ovulatory women, the pregnancy rate per completed IUI LH levels in both ovulatory infertility patients and patients
cycle was similar (11%) in FSH-only and letrozole plus FSH with PCOS when compared with letrozole plus FSH treat-
cycles. In women with PCOS, the pregnancy rate per com- ment (Figure 2A versus B). This difference was marked during
pleted IUI cycle was 26.5% in the letrozole plus FSH group the first two thirds ofthe follicular phase and on the day before
and 18.5% in the FSH-only group. The difference was not and the day of hCG administration.
significantly different. With letrozole treatment (Figure 2B), we observed both a

Figure 2 shows the pattern of E, and LH changes in PCOS negative feedback effect of E, levels on LH production in the
and ovulatory infertility patients with FSH-only (Figure 2A) early follicular phase and a negative feedback effect ofE2 in the

Table 5. Characteristics of All Completed Treatment Cycles and First Completed Treatment Cycles in Women With PCOS

FSH Letrozole + FSH P

All completed treatment cycles
Total FSH dose (U/cycle) 1268 + 592 587 + 389 .001
No. of follicles . 16 mm on hCG day 2.5 + 1.8 2.7 + 1.6 .27
Day of hCG administration 13.9 + 3 14.5 t 2.9 .17
E2 on day of hCG administration (pM) 1951 ± 1713 1243 + 941 .001
E2/follicle .16 mm (pM) 868 1 406 477 + 216 .001
LH in cycles with LH endogenous surge (U/mL) 18.5 + 16.6 29.9 1 18.6 .04
Endometrium thickness on day of hCG administration (mm) 9.1 + 2.1 9.4 1 1.5 .3
Clinical pregnancy rate/cycle 18.5% 26.5% .12

First completed treatment cycles
Total FSH dose (U/cycle) 1309 1 557 677 1 454 .001
No. of follicles .16 mm on hCG day 3.1 ± 2.1 2.5 1 1.5 .27
Day of hCG administration 13.7 + 3 14.75 + 2.4 .09
E2on day of hCC administration (pM) 1930 + 1666 1057 + 525 .001

E2/follicle .16 mm (pM) 860 + 410 534 1 238 .001
LH in cycles with LH endogenous surge (U/mL) 17.5 + 12 30.8 1 20.1 .04
Endometrium thickness on day of hCG administration (mm) 8.9 + 2.2 9.6 1 (1.1 .09
Clinical pregnancy rate/cycle 23.9% 34.6% .0)8

D~ata presented as mleanl + SI)
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Table 6. Charactenistics of All Completed Treatment Cycles and First Completed Treatment Cycles in Women With Ovulatory Infertility
FSH Letrozole + FSH P

All completed treatment cycles
Total FSH dose (U/cycle) 1350 + 677 497 + 542 .001
No. of follicles .16 mm on hCG day 3.2 + 1.8 2.97 + 1.3 .13
Day of hCG administration 11.4 2.3 11.95 1.6 .06
E2 on day of hCG administration (pM) 2719 + 1590 1369 + 813.5 .001
E2/follicle .16 mm (pM) 1038 ± 670 542 + 469 .001
LH in cycles with LH endogenous surge (U/mL) 13.4 + 10.5 19.8 + 22.1 .04
Endometnrum thickness on day of hCG administration (mm) 9.6 ± 1.95 9.3 + 1.8 .1
Clinical pregnancy rate/cycle 11% 11% NS

First completed treatment cycle
Total FSH dose (U/cycle) 1312 ± 676 497 ± 586 .001
No. of follicles . 16 mm on hCG day 3.2 1.8 2.94 1.3 .19
Day of hCG administration 11.4 1.8 11.9 1.6 .07
E2 on day of hCG administration (pM) 2851 ± 1687 1321 ± 803 .001
E2/follicle .16 mm (pM) 1123 ± 755 547 511 .001
LH in cycles with LH endogenous surge (U/mL) 13.3 ± 10.2 20 ± 23 .05
Endometrium thickness on day of hCG administration (mm) 9.7 ± 2 9.2 ± 1.7 .6
Clinical pregnancy rate/cycle 13.6% 12.7% .21

Data presented as mean ± SD.
NS = not significant.

last third of the follicular phase. Of interest, higher E2 levels as the risk of life-threatening OHSS, as well as high-order
were required to exert negative feedback on LH production in multiple gestation in some patients. Therefore, the use ofFSH
women with PCOS. for COH requires intensive monitoring. Other important con-

In both FSH-only and letrozole plus FSH treatment cycles, cerns with FSH treatment include the high cost of the- medi-
positive feedback ofE2 on LH production and the start ofLH cation and the need for parenteral administration. Most of the
surge occurred about 3 days before the day of hCG adminis- above-mentioned drawbacks and concerns are dependent on
tration. In FSH-only cycles, the rise in LH levels leading to the the amount of FSH administered for COH, and the risk
endogenous LH surge was blunted for 2 days before the increases with higher doses.
significant escalation on the last day before hCG was admin- Another important concern in COH-IUI cycles is the fairly
istered. However, in letrozole plus FSH cycles, LH levels high cancellation rate. Besides its economic impact, IUI cycle
started to rise significantly 2 days before the day of hCG cancellation is usually associated with significant frustration and
administration. disappointment both in the infertile couple and in health care

providers. The two major reasons for IU1 cancellations include
DISCUSSI ON over-response with formation of several mature follicles and

In the present study, we found that the addition of an aro- poor response with formation of an inadequate number of
matase inhibitor during controlled ovarian hyporstimulation mature follicles. In the first case, completion of the IUL cycle
(COH) and IUL significantly reduced the dose ofFSH required is associated with the risk of high-order multiple gestation and
for optimum ovarian stimulation. There was a significant re- its potential disastrous outcome both on the maternal and fetal
duction in IUI cancellations, especially in women with PCOS. sides. In the case ofpoor response, completion ofthe IU1 cycle
Compared to FSH-only treatment, a similar number ofovarian is associated with unacceptably low pregnancy rates and sig-
follicles greater than 16 mm were obtained with less than 50% nificant economic loss due to the cost ofprocessing semen and
of the FSH dose when an aromatase inhibitor was added. insemination.
These benefits were achieved along with a similar or better For these reasons, low-dose FSH stimulation protocols have
clinical pregnancy rate compared to FSH alone in ovulatory been recommended for COH-IUI cycles.41'42 However, al-
infertility and PCOS patients, respectively. though this approach seems to be logical, in practice there is a

Stimulating endogenous gonadotropin production to allow high rate of inadequate response in some patients and disap-
the use of lower doses of exogenous FSH for COH-IUI has pointingly low pregnancy rates together with high cancellation
typically been used with CC in conjunction with exogenous rates.43-4 Other protocols to increase pregnancy rates with
FSH.28-31 Unfortunately, the successful reduction in FSH dose COH and IUL include increasing the dose of FSH46'; using
required for optimum COH with the addition of CC was not cotreatment with F,,47 growth hormone,48 or birth control
associated with promising pregnancy rates, possibly due to the pills;49) and using gonadotropin-releasing hormone (GnRH)
antiestrogenic effects of CC particularly at the level of the agonists in different protocols)'1 Unfortunately, all of these
endometrium3t-33 and cervix, 43f as well as other possible strategies have met with only limited success and no single
targets:3-( method has proved to be significantly superior. Moreover, the

Applying FSH alone for COH is associated with issues such increased complexity and cost of such approaches have pre-
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Figure 2. Relationship between E2 and LH levels along the follicular phase in women with PCOS and ovulatory infertility who received A)
FSH-only and B) letrozole plus FSH treatment. Data include levels from completed IUI cycles. Letrozole plus FSH treatment cycles were
associated with significantly lower E2 levels, and LH levels were higher; the levels of both E2 and LH seemed to be within more physiologic
ranges when compared to FSH-only cycles. Clos-ed circles, E2 in PCOS patients; open circles, LH in PCOS patients; closed triangles, E2 in ovulatory
patients; open tinangles, LH in ovulatory patients.

vented their wide application in patients undergoing COH- We also believe that aromatase inhibitors also act locally in
IUI, except in low responders. the ovary to increase follicular sensitivitinyto FSH. This may

In twhelt99 wheel th hyphtotes thatlt fuit mightresu omccumulatio of intraovarian androgens, because
be possible to mimic the action of CC, without depletion of conversion of androgen substrate to estrogen is blocked by
estrogen receptors (ER), by administration of an aromatase aromatase inhibition. Recent data support a stimulatory role
inhibitor in the early part of the menstrual cycle. We hypoth- for androgens in early follicular growth in primatesl8 Testos-
esized that the result of blocking estrogen production from all terone was found to augment follicular FSH receptor expres-
sources by inhibiting aromatization would release the hypo- sion in primates, suggesting that androgens promote follicular
thalamic/pituitary axis from estrogenic negative feedback, growth and estrogen biosynthesis indirectly by amplifying FSH
thereby increasing endogenous gonadotropin secretion and effects.59e6t In addition, androgen accumulation in the follicle
resulting in stimulation of ovarian follicles. The selective non- may stimulate insulin-like growth factor I (IGF-I), along with
steroidal aromatase inhibitors have a relatively short half-life other endocrine and paracrine factors, which may synergpze
(-40 hours) compared to CC, and would be ideal for this with FSH to promote folliculogenesis.d61-64 It is likely that
purpose because they are eliminated from the body rapid- women with PCOS already have a relative aromatase defi-
ly.5thr In addition, we expected no adverse effects on estrogen ciency in the ovary leading to increased intra-ovarian andro-
target tissues, since no estrogen receptor down- regulation gens.6566 The increased androgen levels likely lead to the
occurs in contrast to the estrogen receptor depletion observed multiple small follicles responsible for the polycystic morphol-
in CC-treated cycles. ogy of the ovaries in these women. The androgens, as de-

In women with PCOS, relative oversuppression of FSH scribed above, may also increase FSH receptors, making these
may be the result of excessive androgen produced from the PCOS ovaries exquisitely sensitive to an increase in FSH either
ovary being converted to estrogen by aromatization in the through exogenous administration of gonadotropins (hence
brain. The aromatase inhibitors suppress estrogen production the high risk of OHSS) or through endogenous increases in
in both the ovaries and the brain. In the case of PCOS, FSH as a result of decreased central estrogen feedback induced
therefore, aromatase inhibitors should result in a robust in- by aromatase inhibition. In the latter case, we postulate that a
crease in FSH release and subsequent follicle stimulation and relatively small rise in FSH, because of a normal inhibin!
ovulation. We speculate that the actual FSH release is likely estrogen feedback loop as described above, leads to single or
blunted by the high levels of circulating inhibin found in low multiple follicle development, th avoidin the occur-
PCOS patientsg-oe that would noteby aromatase rence of OHSS.
inhibition. In addition, because aromatase inhibition does not In FSH-only treatment cycles, Es levels were observed to
antagonize ER in the brain, the initiation of follicle growth rise steadily during the follicular phase with a significant esca-
leads to increasing concentrations of both E2 and inhibin -y6'r7lation in the late-follicular phase. On the other hand, in
This would result in a normal secondary feedback loop that letrozole plus FSH cycles, EH levels decreased during the early
limits FSH response to aromatase inhibition, thereby avoiding follicular phase and then began to increase slowly during the
the risk of high multiple ovulation and OHSS. mid-follicular phase to reach a maximum level on the day of
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