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Ab s t r ac t​
Androgens are converted to estrogens by the enzyme called aromatase. This process called aromatization is inhibited by a group of drugs 
called aromatase inhibitors (AIs). Letrozole is a nonsteroidal inhibitor that reversibly binds aromatase. Decrease in circulating estradiol level 
leads to release of negative feedback at hypothalamus pituitary level, thereby increasing follicle stimulating hormone (FSH) secretion resulting 
in stimulation of growth of ovarian follicles. Letrozole is well tolerated and is used in different protocols of ovarian stimulation. The extended 
spectrum of uses includes addition with gonadotrophins in poor responders, ovarian hyperstimulation syndrome (OHSS) prevention, fertility 
preservation in cancer patients. Due to its wide range of use, easy availability, affordability and good tolerability, Letrozole has emerged as a 
first line drug for ovulation induction.
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In t r o d u c t i o n​
Estrogen is the steroid hormone indispensable for normal female 
physiology and reproduction. Estrogens are mainly produced in the 
ovary in a woman of reproductive age. Also, a small part of estrogen 
is released from the placental syncytiotrophoblasts, adipose tissue, 
brain, and skin fibroblasts.1 The three naturally produced estrogens 
in women’s body are estrone, estradiol, and estriol. Out of these, 
estradiol is the main form of estrogen in women in the reproductive 
age group. Aromatase enzyme has a crucial role during estrogen 
synthesis from androgens.2 The human aromatase enzyme is a 
member of the cytochrome P450 family and is expressed by the 
CYP19A1 gene located on chromosome 15q21.2.3,4

Androstenedione and testosterone are converted to estrogens 
by the enzyme aromatase. This process is called aromatization and 
is inhibited by aromatase inhibitors (AIs). As in the ovary, aromatase 
enzyme is available in different tissues, such as, adipose tissue, brain, 
liver, muscle, skin, bone, uterus, and breast tissue. In the late 1970s, 
AI was recognized as an agent with potential for use in hormone-
dependent breast cancer as an alternative to adrenalectomy.5

Le t r o zo l e: Ch e m i c al  St r u c t u r e​
It is chemically described as 4,4′-(1H-1,2,4-Triazol-1-ylmethylene)
dibenzonitrile. Letrozole is a light yellowish crystalline powder, 
odorless, slightly soluble in ethanol, and insoluble in water. Its 
molecular weight is 285.31, the empirical formula is C17H11N5, and 
a melting point range of 184 to 185°C. Letrozole is available as 2.5 
mg tablets for oral administration.6

The structural formula of letrozole is given in Figure 1.

Ge n e r at i o n s o f Ar o m ata s e In h i b i to r s​
Three generations of AIs have been developed. The first-generation 
(aminoglutethimide) and second-generation AIs (e.g., fadrozole 
and vorozole) were less selective and decreased aldosterone and 
cortisol production as well in addition to aromatase. Both were 
poorly tolerated and had limited clinical efficacy.7 Third-generation 
AIs were later developed which were found to be highly selective for 

the enzyme aromatase and are fairly well tolerated. Currently, three 
third-generation AIs are approved for use in the United States. Both 
anastrozole and letrozole are non-steroidal inhibitors that reversibly 
bind aromatase. Exemestane is a steroidal AI that irreversibly binds 
the aromatase enzyme. All AIs reduce systemic estrogen levels by 
as much as 98%8 (Table 1).

Me c h a n i s m o f Ac t i o n​
Various mechanisms of action of letrozole for use in ovarian 
stimulation have been described.
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Fig. 1: Chemical structure of letrozole
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•	 Reduction of circulating estradiol levels leading to release of 
inhibition of the hypothalamic–pituitary axis from estrogenic 
negative feedback, therefore follicle stimulating hormone (FSH) 
secretion is increased, resulting in stimulating effect on the 
growth of ovarian follicles.9

•	 Aromatase inhibitors do not antagonize estrogen receptors 
in the brain and, therefore, the central feedback mechanism 
remains intact. The initiation of follicle growth accompanied 
by increasing concentrations of estrogens results in a normal 
negative feedback loop that limits FSH response and atresia of 
small follicles, generally leading to mono-ovulation.

•	 Peripheral mechanism of action: There is an increase of 
intraovarian androgen levels secondary to aromatase inhibition. 
This transient androgenic environment augments follicular 
sensitivity to FSH. The concept of androgens enhancing early 
follicular growth is becoming increasingly important.10

Recent data show that there is a role of androgens in early 
follicular developments by directly augmenting FSH receptors and 
indirectly by stimulating insulin-like growth factor (IGF)-I; FSH and 
IGF-I act synergistically to promote follicular growth.11–13

Ph a r m aco k i n e t i c s a n d Ph a r m aco dyn a m i c s​
Following the oral administration of a single dose of letrozole 
2.5 mg in tablet form to healthy subjects, the drug is completely 
and rapidly absorbed from the gastrointestinal tract, reaching 
maximum plasma concentrations about 1 hour after single dosing. 
Absorption is not significantly affected by food. Letrozole is rapidly 
and extensively distributed into peripheral tissues. A daily dose of 
2.5 mg achieves an apparent stable distribution volume of 1.9 L/
kg. In plasma, 60% of letrozole is weakly bound to proteins, mostly 
albumin. The major route of elimination is hepatic metabolism 
to a pharmacologically inactive carbinol metabolite. The drug is 
excreted mainly through the kidneys. After administration of 2.5 
mg, 14C-radiolabeled letrozole, 90% of radiolabeled letrozole is 
recovered in urine and only 4% in feces. Of letrozole recovered in 
urine, 65% corresponds to the glucuronide conjugate of carbinol, 
9% to two unidentified metabolites, and 5% to unchanged letrozole. 
The terminal elimination half-life of letrozole is around 45 hours and 
steady-state plasma concentration after daily once 2.5 mg dose 
is reached in 2–6 weeks. There is no change of pharmacokinetic 
parameters according to age. In patients with renal insufficiency or 
patients with mild to moderate liver dysfunction, dose adjustment 
of letrozole is not required. Side effects from letrozole are 
uncommon and related to estrogen insufficiency.14

Indications for Aromatase Inhibitors in the Induction 
of Ovulation
Aromatase inhibitors could be used alone for the induction 
of ovulation or as an adjuvant in conjunction with exogenous 
gonadotrophins to improve the outcome of ovulation induction. A 
major advantage of an AI when used alone is the ability to achieve 
mono-follicular ovulation in anovulatory infertility, especially 

women with a polycystic ovarian disease as a result of the intact 
estrogen negative feedback loop. Aromatase inhibitors could also 
be used with gonadotrophin injections to increase the number of 
follicles that develop in already ovulating women or controlled 
ovarian stimulation for in vitro fertilization (IVF). To summarize, 
AIs when used alone should result in a predictable response with 
the development of one or two mature follicles and a significantly 
reduced risk for ovarian hyperstimulation syndrome (OHSS) and 
multiple gestations. To achieve multiple ovulation, the addition of 
gonadotrophins to AIs is necessary.10

Optimal Dose of AIs for Repeated Administration
The optimal or ideal dose of each AI is not yet clear. In most of the 
studies done to date, the dose of letrozole (2.5 mg) or anastrozole 
(1.0 mg) used for the treatment of postmenopausal women with 
breast cancer has been used and studied for ovulation induction 
as well. Biljan et al. in a randomized study compared letrozole 2.5 
and 5.0 mg in women with unexplained infertility and suggested 
that with a higher dose we might end up getting more follicles. 
However, the sample size was not large enough to attain the desired 
significance.15 Healey et al. used a dose of 5.0 mg of letrozole along 
with FSH in an overlapping fashion for superovulation in women 
undergoing intrauterine insemination (IUI).16 Based on the current 
knowledge, it can be deduced that the optimal dose of letrozole for 
a 5-day course of treatment is between 2.5 and 5.0 mg, with higher 
doses resulting in longer aromatase inhibition and also causes lower 
estrogen levels, insufficient for normal endometrial development 
required around the time of ovulation. Although cumulative 
pregnancy rate (CPR) was considerably higher in patients resistant 
to clomiphene, the pregnancy rate was not significantly different 
between the 2.5, 5, and 7.5 mg groups. Few complications like 
multiple pregnancies, irregular bleeding, and ovarian cyst, however, 
were higher with increased dosage.17

Different Regimens of Letrozole
The currently recommended dosage is 2.5–5 mg/day for 5 days 
from day 3–7 of the periods,18–20 or as a single higher dose of 20 
mg on day 3 of the periods.21 An extended regimen for 10 days 
has also been evaluated.22 The monitoring usually starts on day 
7–8 of menses. In a review, letrozole could give an ovulation rate 
of 70–84% and a pregnancy rate of 20–27% per cycle in polycystic 
ovarian syndrome (PCOS) women resistant to clomiphene citrate.23 
There were more follicles noted and a higher clinical pregnancy 
rate was reported in the longer regimen in which letrozole was 
given in a dose of 2.5 mg daily for 10 days when compared with 
the standard regimen in which letrozole was given 5 mg daily for 5 
days.22 Another study comparing letrozole 2.5 mg/day from cycle 
day 1–9 (211 cycles) to clomiphene citrate 100 mg/day from day 3–7 
(210 cycles) in women undergoing IUI, concluded that there was 
no significant difference between the number of mature follicles. 
Serum estradiol levels were significantly higher in the clomiphene 
citrate group but the endometrial thickness was significantly greater 
in the extended letrozole group. Conception rate per cycle and CPR 
were significantly greater in the extended letrozole group (18.96 vs 
11.43% and 37.73 vs 22.86%, respectively).24

A relatively newer step-up protocol consisting of one, two, 
three, and four tablets of letrozole (2.5 mg) daily on menstrual cycle 
days 2, 3, 4, and 5, respectively, is now well used and evaluated. In 
contrast to the monofollicular development associated with single 
and multiple fixed-dose regimens, the step-up letrozole protocol 
was associated with multifollicular development. To prevent 

Table 1: Generations of aromatase inhibitors

Nonsteroidal Steroidal
First generation Aminoglutethimide
Second generation Fadrozole Formestane
Third generation Letrozole, anastrozole Exemestane
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rising estrogen from suppressing the FSH present endogenously, 
and thereby to extend the window of elevated endogenous 
gonadotropins, more aromatase inhibition is needed, which is 
accomplished by increasing the dose of the AIs.25

Later, the use of letrozole was extended by the addition 
of gonadotrophins. A better number of follicles and improved 
endometrial thickness resulted in higher pregnancy rates in 
letrozole–HMG protocol group when compared to the letrozole 
alone group in unexplained infertility.26 Another study reported 
the concomitant use of letrozole with gonadotropins for ovarian 
stimulation in normal responders and concluded that the IVF cycles 
of patients treated with letrozole resulted in more mature oocytes 
and more blastocysts without any increased risk of OHSS reported.27

Recently, many studies have demonstrated the potential benefit 
of letrozole use in IVF cycles especially in women with breast cancer 
going through IVF for fertility preservation.28–31

Comparison of Letrozole to Other Aromatase 
Inhibitors and with Clomiphene Citrate
Other AIs have also been compared with letrozole. In a prospective 
study, 22 PCOS women were assigned to letrozole (2.5 mg/day for 
5 days) and 18 to anastrozole (1 mg/day for 5 days). Letrozole was 
associated with a significantly higher ovulation rate (84.4 vs 60.0%) 
and pregnancy rate (27.0 vs 16.6%) than anastrozole.32

As already described previously, in a review, letrozole gave 
an ovulation rate of 70–84% and a pregnancy rate of 20–27% per 
cycle in clomiphene-resistant PCOS women.23 Both single dose 
and split-dose regimens achieved similar clinical pregnancy rates.21 
More follicles developed and higher clinical pregnancy rates were 
reported in the extended letrozole regimen (2.5 mg daily for 10 
days) when compared with the standard regimen (5 mg daily for 
5 days).22

Comparison with other oral ovulogens: A meta-analysis of four 
prospective randomized studies20,33–35 revealed that the overall 
effects of letrozole when compared to clomiphene citrate were 
neither significant for ovulatory cycles (OR = 1.17; 95%), nor for 
pregnancy rate per cycle (OR = 1.47; 95%) or for pregnancy rate 
per patient (OR = 1.37; 95%).9 In a Cochrane review on different 
ovarian stimulation protocols in IUI cycles, five studies comparing 
CC with letrozole found that there is no significant difference in the 
pregnancy rate (OR 1.2; 95% CI 0.64–2.1).36

In a recent randomized trial, comparing clomiphene and 
letrozole with gonadotrophins, endometrial thickness was found 
to be higher at the time of ovulation trigger in the letrozole group. 
Chemical and clinical pregnancy rates were much higher in the 
letrozole group.37

Al-Fozan et al. compared the effect of clomiphene and letrozole 
in women undergoing superovulation. No difference in pregnancy 
rates or endometrial thickness was found between the letrozole and 
the CC groups in this study. But miscarriage rate was interestingly 
found to be higher in the CC group. The reason is not very clear.38 
Fatemi’s research suggested less multiple gestations with letrozole, 
but more studies on larger numbers of multiple-gestation cases 
with letrozole are needed to confirm these findings.39 Other studies 
showed significantly lower estradiol levels in the letrozole group 
than in the clomiphene citrate group and more follicles developed 
in cycles stimulated with clomiphene citrate from the third to the 
seventh day of the cycle than in the letrozole group. The estrogen 
levels in women on AIs were found to be 2–3 times lower than those 
undergoing stimulation with CC; however, endometrial thickness 
was greater in the AI group.40,41

Ban on Letrozole: A Serious Question Mark on Its 
Safety Profile
The year 2005, saw a major setback to the use of wonder drug, 
letrozole for ovulation induction. Dr Marinko Biljan who hails from 
Montreal had presented an oral abstract at the American Society 
of Reproductive Medicine (ASRM) annual meeting held in 2005, 
reporting congenital anomalies in 150 babies born to infertile 
women offered letrozole for the induction of ovulation.42 There 
was a deep concern raised by this abstract submitted for the ASRM 
meeting though it was never published. Data from studies done 
later revealed that the alert of a higher risk of congenital cardiac and 
skeletal malformations in the newborns conceived after treatment 
with the letrozole, was never reproduced in any of the studies.43 
Since then, many larger multicentric studies with better design 
have been published comparing the safety of letrozole and CC in 
the infertile group and also compared to the general population. 
It is postulated that as the half-life of letrozole is approximately 45 
hours, it is cleared from the body completely by the time embryo 
implants, as compared to clomiphene citrate which remains in the 
body for a longer duration due to its longer half-life of 5–7 days. 
Letrozole is eliminated as an inactive carbinol metabolite mainly 
through the kidneys. Thus, the exposure to the drug predates the 
critical period of fetal development, casting doubt on the biological 
plausibility of teratogenicity with the use of letrozole for ovulation 
induction. Five years after the suspension of manufacture, sale, and 
distribution of the controversial drug letrozole, citing potential fetal 
side-effects, the Union Health Ministry’s highest decision-making 
technical body on drugs has recommended lifting the ban and 
allowing the medicine to be used for administering in infertile 
women to help them conceive.

This move was followed by a recommendation by a scientific 
panel of the Indian Council for Medical Research (ICMR), which after 
conducting a detailed scientific study found that the benefits of the 
drug outweigh side-effects when used in infertile women.

Currently, two large randomized multicentric studies by the 
National Institute of Child Health and Human Development (NICHD) 
are ongoing, the results of which are awaited. These could provide 
definitive data for pregnancy outcomes with CC and letrozole.

One study, Pregnancy in Polycystic Ovary Syndrome-II 
(PPCOS-II), is a randomized controlled trial comparing CC with 
letrozole for ovulation induction in PCOS patients.44 They propose 
to enroll 750 women, across different centers. The primary outcome 
measure of the study would be the cumulative live birth rate (LBR).

Another study named Assessment of Multiple Intra Uterine 
Gestations from ovarian stimulation (AMIGOS) trial includes 240 
women and aims to determine multiple pregnancy rates from OI 
and IUI and is a double-blinded study comparing CC or aromatase 
use.45 Cumulative and multiple pregnancy rates will be calculated. 
This trial is hoped to answer the issue of whether letrozole 
actually has a lower chance of multiple pregnancies, compared to 
clomiphene citrate or gonadotropins.

Adv e r s e Ef f e c ts
Letrozole is usually a very well-tolerated drug. Common side effects 
include hot flashes (11%), nausea (7%), fatigue (5%), hair loss, and 
vaginal bleeding, which occur more frequently in breast cancer 
patients than in women treated for ovulation induction. This is due 
to differences in the duration of treatment.14

The multiple pregnancy rate is more as compared to natural 
conceptions. In a recent randomized controlled trial (RCT),46 on the 
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pregnancy outcome after CC or letrozole treatment, the chance 
of twin pregnancies of letrozole was comparable to that of CC 
(8.3 vs 9.1%). There was also a case report of a triplet pregnancy 
resulting from ovulation induction in a PCOS woman resistant to CC 
treatment.47 The teratogenic effects of letrozole are well described 
in animal studies.48,49 Letrozole is an FDA Category D drug and is 
contraindicated during pregnancy.6

OHSS Prevention: A Newer Angle for the Use of 
Letrozole
Letrozole is effective in reducing body weight, ovarian weight, 
vasoactive peptides, and vascular endothelial growth factor (VEGF) 
expression in OHSS and maybe a new treatment modality for 
preventing and controlling OHSS.50

In a study, a total of 88 patients were randomly divided into a 
control group not receiving letrozole, and groups treated with 2.5, 5, 
or 7.5 mg of letrozole post oocyte retrieval. From the fifth day after 
human chorionic gonadotropin (HCG) trigger, the level of VEGF was 
found to increase in the control group, but decrease in the letrozole 
groups in a dose-dependent manner. The difference between the 
two groups was statistically significant (p < 0.001). The incidence 
of moderate and severe OHSS was lower in the 7.5 mg group than 
in the control group (p < 0.05).51 Whether letrozole might reduce 
the risk of OHSS by reducing estrogen levels is controversial. He 
et al. demonstrated a decrease in the levels of VEGF which was 
dose-dependent, with increasing doses of letrozole administered 
in the luteal phase post oocyte retrieval.51 The findings suggest 
that letrozole could result in decreasing the risk of OHSS, although 
it is still doubtful if the effect on VEGF and PEDF secretion is a 
direct action of letrozole or an indirect effect due to reduction in 
estradiol levels.

Another randomized controlled study that aimed at comparing 
the efficacy of letrozole to aspirin for primary prevention of early 
OHSS showed that there was a lower incidence of OHSS in women 
receiving letrozole compared to aspirin.30 The lower incidence 
of OHSS was not correlated to lower levels of VEGF in blood. It 
was hypothesized by the authors that the mechanism might 
be independent of VEGF but may be due to the induction of a 
luteolytic effect and an estradiol decline which reduced the risk 
of early onset OHSS.

Is There Any Effect of Letrozole on Endo Receptivity?
Integrin expression, which is a marker of endometrial receptivity, 
is less in women with IVF failure.52 Miller et al. examined the effect 
of letrozole on integrin expression as a marker of endometrial 
receptivity. They found that a lack of endometrial integrin 
expression was associated with a poor prognosis for IVF because of 
poorer endometrial receptivity and that the results were improved 
with letrozole co-treatment.53

Extension of Use of Letrozole for Women with Poor 
Ovarian Reserve: What is the Rationale?
There have been newer studies on treating normoresponders 
with gonadotropins and letrozole during ovarian stimulation 
to improve response to FSH by increasing the intrafollicular 
androgen concentration and to reduce the circulating estrogen 
concentrations27 (Table 2).

Because the dose of gonadotropins and the cost is significantly 
lower when letrozole is added, such an approach may be a realistic 
and cost-effective approach for women with poor ovarian reserve. 

Nonetheless, the results need to be reproduced by large well-
designed trials.

Co n c lu s i o n​
Current evidence supports the use of AIs as a safe solution for 
fertility preservation in cancer patients before chemotherapy. 
Letrozole plays a definitive role in women with clomiphene failure 
or resistance. Currently, available data comparing clomiphene and 
letrozole as first-line therapy for ovulation induction for women 
with anovulation is conflicting in nature and equivocal. For women 
with PCOS, letrozole has undoubtedly emerged as a wonder drug 
as it takes care of both clomiphene-resistant women and also for 
those who tend to have multifollicular response to clomiphene or 
gonadotrophins. Although letrozole may also have a role in the 
management of poor responder patients, results are based on few 
pieces of evidence and need to be reproduced in well-designed 
larger studies in the future, whereas its use in normoresponders 
requires even more intensive research for various indications. Its 
role in vitro fertilization (IVG) with gonadotrophins cannot be 
undermined. Also, newer indications warranting the use of letrozole 
for the prevention of life-threatening complication called OHSS are 
being increasingly accepted and welcomed.
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