What is the best regimen for clomiphene failures?
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Clomiphene citrate (CC) is the most commonly used treatment for the induction and augmentation of ovulation. CC is a selective estrogen receptor modulator (SERM) that combines two isomers that have antiestrogenic and weak estrogenic activity. At the level of the hypothalamus and pituitary, CC depletes estrogen receptors (ER) thereby interrupting the estrogen negative feedback loop and resulting in an increased serum concentration of FSH, which stimulated ovarian follicle development. Because the isomers of CC have a long tissue half life (up to 2 weeks), prolonged depletion of ER in the hypothalamus and pituitary can occur. Therefore, as ovarian follicles are stimulated and begin to grow, estrogen levels increase but fail to inhibit FSH secretion because of the prolonged ER antagonism. The result is a high rate of multiple ovulation and a multiple pregnancy rate between 8% and 20%. In addition, clinical data reveal a discrepancy between ovulation and conception rates during CC treatment, and a higher than expected incidence of miscarriage in conception cycles. These observations have been attributed to the peripheral anti-estrogenic mechanism of action of CC that involves long-lasting ER depletion in estrogen target tissues such as the endometrium and cervix. 

In addition to the antiestrogenic effects of CC, some patients with polycystic ovary syndrome (PCOS) fail to ovulate with CC at doses as high as 200 mg per day. Many of these women are obese or have significant insulin resistance. In these CC failures, an insulin-sensitizing agent like metformin, or rosiglitazone may be successful in promoting spontaneous ovulation or in improving ovulation induction with CC. Alternative treatment for CC failures is the use of FSH injections, although care has to be taken to prevent overstimulation, especially in PCOS patients in whom multiple follicles are poised to be stimulated.

We recently proposed another alternative to CC involving the use of aromatase inhibitors for ovulation induction. Letrozole and arimidex belong to a new group of potent, non-steroidal, selective, reversible aromatase inhibitors, developed for postmenopausal breast cancer therapy. A third aromatase inhibitor, exemestane is a steroidal suicide inhibitor of the enzyme, also with a short half-life (24 hours). Aromatase inhibitors prevent the action of cytochrome P45019 (CYP-19) or aromatase which catalyses the terminal step in the conversion of androgen to estrogen. As a result, estrogen concentrations in both blood and tissues are decreased as much as into the post-menopausal range. We hypothesized that it may be possible to mimic the central action of CC without depletion of estrogen receptors, by administration of an aromatase inhibitor in the early part of the menstrual cycle. The reduction of estrogen would decrease the negative feedback on FSH, resulting in increased FSH and subsequent stimulation of follicle development. Because of the much shorter half-life (two days) and absence of estrogen receptor depletion, as follicles grow and produce estrogen, normal negative feedback on FSH would be resumed resulting in a decreased secretion rate and selection of a single dominant follicle as in a normal ovulatory cycle. We also anticipated that aromatase inhibitors would avoid the peripheral antiestrogenic effects associated with CC on the endometrium and cervical mucous.

In an initial proof of principle study, we reported the success of aromatase inhibition in inducing ovulation in anovulatory women with PCOS and augmenting ovulation in ovulatory women. We observed what appeared to be normal follicle development, normal endometrial development and low serum estrogen concentrations in the physiologic range by the time of ovulation. In a second proof of principle study, we added an aromatase inhibitor to FSH injections for controlled ovarian stimulation in women undergoing intrauterine insemination (IUI). It is recognized that CC will reduce the dose of FSH required for follicle recruitment and multiple ovulation in assisted reproductive technologies. We showed that letrozole combined with FSH, also resulted in a significant reduction (greater than 50% decreased compared to FSH alone) in the FSH dose needed for controlled ovarian hyperstimulation. We saw the same endometrial thickness and the same pregnancy rate compared to FSH alone, but serum estrogen concentrations per mature follicle were decreased by about 50% on the day of hCG administration. In contrast, although CC added to FSH also decreased the dose of FSH required by about 50%, there was a significant decrease in endometrial thickness on the day of hCG, and a significantly decreased pregnancy rate in the CC plus FSH group (11% vs 22% for FSH alone). WE concluded that aromatase inhibitors could improve ovarian sensitivity to FSH and may result in improvement in ovarian response to FSH in poor responders. We subsequently showed that this was indeed the case in a group of 8 poor responders to FSH who were undergoing IUI. Compared to 2 prior cycles of FSH only treatment in each patient, a third cycle of letrozole plus FSH resulted in a doubling of the number of preovulatory follicles (to a mean of 3.5 per patient) and a reduction of the FSH dose required by more than 50%. 

The improved response to FSH may be acting through two different mechanisms. First, there is a possible synergism between increased endogenous FSH stimulated by reducing estrogen negative feedback centrally. In addition, we believe that aromatase inhibitors may also act locally in the ovary to increase follicular sensitivity to FSH. This may result from accumulation of intraovarian androgens, since conversion of androgen to estrogen is blocked by aromatase inhibition. Recent data support a stimulatory role for androgens in early follicular growth in primates. Testosterone was found to augment follicular FSH receptor expression in primates suggesting that androgens promote follicular growth and estrogen biosynthesis indirectly by amplifying FSH effects. 

This increased sensitivity to FSH of ovarian follicles exposed to testosterone may be part of the mechanism of PCOS. It is likely that women with PCOS already have a relative aromatase deficiency in the ovary leading to increased intraovarian androgens. The increased androgen levels likely lead to the multiple small follicles responsible for the polycystic morphology of the ovaries in these women. The androgens, as described above, may also increase FSH receptors making these PCOS ovaries exquisitely sensitive to an increase in FSH either through exogenous administration of gonadotropins (hence the high risk of OHSS), or through endogenous increases in FSH as a result of decreased central estrogen feedback induced by aromatase inhibition. 

In all of the clinical studies described above, we administered an aromatase inhibitor as a daily dose from day 3 to day 7 of the menstrual cycle. Based on the pharmacokinetics of the new aromatase inhibitors (almost 100% bioavailability after oral administration, the approximately 2 day half-life and no accumulation or significant metabolite accumulation), we hypothesized that the drugs may lend themselves to use as a single dose administration, a potentially more convenient method of administering an aromatase inhibitor for ovulation induction. We calculated that significantly higher concentrations of the aromatase inhibitor could be achieved early in the menstrual cycle with faster clearance later in the menstrual cycle with the administration of a high single dose of the aromatase inhibitor on cycle day 3. We compared a single 20 mg dose of letrozole administered during 20 cycles of ovulation induction or augmentation, with the standard 5 day regimen of 2.5 mg daily in a historical control group of 120 cycles. We found that the single dose regimen of administration resulted in similar follicular stimulation, similar endometrial thickness and similar pregnancy rates compared with the 5-day regimen. We concluded, therefore, that single-dose administration of an aromatase inhibitor is comparable to a multiple-dose regimen for ovarian stimulation with the potential advantage of increased convenience, which may improve patient compliance, and potentially increased safety due to more rapid clearance from the body. .

These preliminary data provide evidence of efficacy of aromatase inhibitors for induction, or augmentation, of ovulation. In fact, the aromatase inhibitor, letrozole, has proved to be at least as effective as CC for ovulation induction in women with PCOS, with a higher clinical pregnancy rate and a lower risk of multiple pregnancy. Although ovulation induction is an “off-label” use for aromatase inhibitors and they must still be considered experimental for this purpose, we believe they represent new value for ovulation induction. We predict that if current randomized controlled trials confirm an improved pregnancy rate compared to CC, aromatase inhibitors will ultimately replace CC as first line therapy for anovulatory women.
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