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Abstract 
Background: Polycystic ovary syndrome (PCOS) is a common cause of ano-
vulatory infertility. The therapeutic strategies for clomiphene citrate (CC)- 
resistant patients include the addition of corticosteroids, extended duration of 
clomiphene, gonadotrophin therapy, laparoscopic ovarian drilling, in vitro 
fertilization or the use of aromatase inhibitors recently. Letrozole decreases 
estrogen levels in the body, so it releases the hypothalamus and/or pituitary 
gland from the negative feedback of estrogen. This increases levels of gona-
dotrophins, which stimulates follicular growth. Objectives: To evaluate the 
role of letrozole alone and simultaneous use of letrozole and clomiphene ci-
trate (CC) for ovulation induction in patients with clomiphene citrate-resistant 
PCOS (CCR-PCOS). Patients and Methods: This open-label randomised 
controlled study was conducted in the Department of Obstetrics and Gyne-
cology, Faculty of Medicine, Zagazig University, Egypt during the period 
from February 2018 to June 2019. The study included 60 CCR-PCOS patients 
who were randomly allocated by independent personnel into two arms: group 
A (letrozole alone) or B (letrozole + CC). In either group, monitoring the 
mean follicular diameter and endometrial thickness in the days 10, 12, and 14 
of the cycle by transvaginal ultrasound and Measurement of serum Progeste-
rone (ng/ml) 7 days after the expected time of ovulation. Results: We inves-
tigated various clinical and sonographic factors that may predict the outcome 
of the method of induction of ovulation in CCR-PCOS with no significant af-
fection for the results. There was a non-significant difference between the 
studied groups regarding ovulation and pregnancy per cycle or per patient. 
Conclusion: Letrozole alone or simultaneous use of letrozole and CC offers a 
good second-line option for induction of ovulation in CCR-PCOS patients. 
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However, the combination of CC and letrozole did not add any benefit over 
the use of letrozole alone regards ovulation rate, follicular volume, endome-
trial thickness, pregnancy rate and live birth rate. 
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1. Introduction 

Polycystic ovary syndrome (PCOS) is a common cause of infertility that affects 
4% - 8% of reproductive-age females [1]. Diagnosis of PCOS is very important 
for proper management. In literature, Rotterdam criteria are widely used for di-
agnosis and focus on polycystic ovarian morphology on ultrasound, a history of 
ovulatory disorders (oligo-anovulation), and clinical/biochemical signs of hyper-
androgenism requiring two of three features after exclusion of other endocrino-
pathies [2]. 

Clomiphene citrate (CC) is still holding its place for ovulation induction being 
simple, safe, cheap and effective [3] [4]. However, clomiphene-resistance, i.e., 
failure to ovulate after receiving 150 mg/day for at least three cycles for five days 
per cycle affects 15% - 40% of patients with PCOS [5]. Factors involved in CC 
resistance include increased body mass index, Insulin resistance, and hyperan-
drogenemia; Also, a hereditary predisposition plays a role [6]. 

Gonadotrophin induced ovulation or laparoscopic ovarian drilling (LOD) 
usually used as a second-line management of patients with CC resistant [7]. 
However, they carry many drawbacks; gonadotrophinstherapy is expensive, re-
quires appropriate monitoring and associated with significantly increased risk 
for ovarian hyperstimulation syndrome (OHSS) and multiple pregnancy [8]. 
While LOD needs general anesthesia and carries a risk of postoperative adhe-
sions [9].  

Many tissues including the ovary (in premenopausal women), fat, muscle, 
breast and liver contain aromatase enzyme which controls the final step in es-
trogen synthesis, It is responsible for aromatization of androstenedione and tes-
tosterone into estrone and estradiol, respectively. This process can be inhibited 
by administration of a third-generation aromatase inhibitor such as letrozole 
by >99% [10].  

Letrozole has become the first line drug for induction of ovulation in PCOS 
patients [11]. It decreases estrogen levels in the body, so it releases the hypotha-
lamus and/or pituitary gland from the negative feedback of estrogen. This result 
in increased levels of endogenous follicle-stimulating hormone (FSH) and lutei-
nizing hormone (LH), which stimulates follicular growth [12].  

Several studies compared between letrozole and CC in PCOS, and few studies 
compared combination of letrozole and CC versus letrozole alone in PCOS [13] 
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[14]. However no study compared between them in clomiphene-resistant PCOS 
(CCR-PCOS). 

The aim of this prospective randomized study was to evaluate the role of le-
trozole alone and simultaneous use of letrozole and clomiphene citrate (CC) in 
induction of ovulation in patients with clomiphene-resistant PCOS (CCR- 
PCOS).  

2. Patients and Methods 

This open-label randomised controlled study was conducted in the Department 
of Obstetrics and Gynecology, Faculty of Medicine, Zagazig University, Egypt 
during the period from February 2018 to June 2019. The study included 60 
women with infertility secondary to PCOS according to ESHRE/ASRM (Rotter-
dam criteria) 2003 [15] and after exclusion of other endocrinopathies. Patients 
with at least two of the following; clinical and/or biochemical hyperandrogen-
ism, oligo-ovulation or anovulation, polycystic ovaries by sonography (ovarian 
volume more than 10 ml with multiple small cysts; more than 12 follicle each 
one 2 - 9 mm in diameter), with previously documented anovulation by transva-
ginal ultrasound follicular monitoring while taking clomiphene citrate in a dose 
of 150 mg/day (clomiphene citrate resistant). 

Other inclusion criteria were age between 18 to 35 years with Body Mass In-
dex (BMI) not more than 35 kg/m2, free of any medical disease and not receiving 
medications in the last 3 months apart from clomiphene citrate. 

Patients with other causes of infertility, gross ovarian pathology diagnosed by 
ultrasound, previous tubal or ovarian surgery or LOD were excluded from the 
study. 

The study proposal was approved by the Institutional Review Board of Faculty 
of Medicine, Zagazig University. Written informed consent was taken from all 
participants after the explanation of drugs used in the study with their side ef-
fects. Full history taking, general, abdominal and local examination, abdominal 
and transvaginal ultrasound and other investigations could be done to fulfill the 
inclusion and exclusion criteria. 

Basal ultrasound imaging was performed on the second day of the cycle (CD2) 
to assess the mean follicular diameter and endometrial thickness. 

Serum levels of LH, FSH, and free testosterone were measured in the early fol-
licular phase (CD2). 

In order to detect a clinically meaningful 33% absolute difference in ovulation 
rate between treatment groups to achieve 80% statistical power, thirty patients 
were required for each group assuming a 50% ovulation rate for letrozole group 
by the use of the Pearson chi-square test with a two-sided significance level of 
0.05. 

The patients were randomly allocated in a ratio of 1:1 using online software 
(http://www.randomization.com) by independent personnel into study arms; 
group A (letrozole alone) or B (letrozole + CC). Once allocated, the treatment 
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was revealed to both the investigator and the patient.  
Initially, withdrawal bleeding was achieved (if the patient was amenorrhoic) 

using progesterone tablets for 10 days before stimulation cycles. 
Group A: letrozole group, Stimulation using 5 mg of letrozole oral tablets 

daily from day 2 of the cycle for 5 days and then followed up for ovulation and 
pregnancy if occurred and this repeated for up to the next 6 months. 

Group B: letrozole + CC group, Patients received 100 mg CC plus 5 mg of le-
trozole daily starting on cycle day 2 for 5 days and then followed up for ovula-
tion and pregnancy if occurred and this repeated for up to the next 6 months. 

Actually, those who did not ovulate following 6 successive cycles of letrozole 
with or without CC at the same dose had been considered not responsive and 
were counseled for further lines of treatment.  

The study compared different variables between both groups such as the ef-
fects of drugs on follicular growth and endometrial thickness through monitor-
ing by transvaginal ultrasound for the mean follicular diameter and endometrial 
thickness in the days 10, 12, and 14 of the cycle. HCG in a dose of 10.000 IU was 
given when one follicle reached at least 18 mm. Patients then advised having in-
tercourse 24 - 36 hours after hCG injection. Compared variables include ovula-
tion rate through stigmata of ovulation on transvaginal ultrasound and by mea-
suring serum progesterone level (ng/ml) one week after the expected time of 
ovulation. 

Both groups are compared regarding biochemical pregnancy which was con-
sidered when serum B-hCG ≥ 50 mIU/ml in the absence of menstruation two 
weeks after the expected time of ovulation. Meanwhile, the sonographic evidence 
for intrauterine gestational sac at 6 weeks of gestation was considered criteria to 
define a clinical pregnancy. Lastly live birth rates were compared through follow 
up all pregnant participants till delivery. 

3. Statistical Analysis 

This study data are presented as mean ± SD for continuous variables. The fre-
quency and percentage were used for the categorical ones. Comparisons between 
quantitative variables were done using an independent sample T-test. For com-
paring the categorical data chi-squared test was performed. SPSS 17.0 (SPSS, 
Chicago, IL, USA) was used in the statistical analysis. Statistical significance was 
considered at p < 0.05. 

4. Results 

Both groups are comparable regarding socio-demographic and clinical characte-
ristics with mean age 25.65 ± 6.09 years in group A, and 25.46 ± 4.6 years in 
group B. and period of infertility 3.57 ± 1.14 years in group A, and 3.93 ± 1.63 
years in group B. Also baseline investigations were comparable and ovarian vo-
lume on baseline ultrasound with Antral follicle count (AFC) 16.43 ± 3.8 in 
Group A and 18.10 ± 4.02 in Group B. 

https://doi.org/10.4236/ojog.2019.911149


M. A. Ibrahem 
 

 

DOI: 10.4236/ojog.2019.911149 1536 Open Journal of Obstetrics and Gynecology 
 

There were non-significant differences between the studied groups regard-
ing; Age, Period of infertility, LH level, FSH level, LH/FSH ratio, testosterone 
level, Right and left ovarian volume and antral follicle count (AFC) (p > 0.05) 
(Table 1).  

There was no significant difference between studied groups regarding follicu-
lar diameter in cycle day 10 (CD10), which became slightly higher in group B in 
cycle day 14 (p = 0.049). As regard endometrial thickness; there was no signifi-
cant difference between studied groups (Table 2). 

Progesterone measured seven days after the expected time of ovulation was 
greater in women who received letrozole and CC than those who received letro-
zole alone (14.92 ± 8.09 ng/ml versus 8.03 ± 6.64 ng/ml respectively) (p = 
0.0004). 

In the first cycle of treatment, there were non-significant differences between 
the studied groups regarding ultrasound stigmata of ovulation, biochemical and 
clinical pregnancy rates (Table 3). 

Ovulation, pregnancy and live birth rates per total cycle of treatment were al-
most equal in studied groups (Table 4).  

The number of patients who had ovulation in group A was 22; all of them ex-
cept one occurred in the first 3 cycles of treatment while in group B 21 patients 
had ovulation during the first 3 cycles of treatment, and non-responded after 
that (Table 5). 
 
Table 1. Patients’ characteristics in the studied groups. 

 Letrozole Letrozole + CC p 

Age (years) 25.65 ± 6.09 25.46 ± 4.6 0.87 

Period of infertility (years) 3.57 ± 1.14 3.93 ± 1.63 0.35 

FSH (mIU/ml) 5.43 ± 1.68 5.41 ± 1.84 0.96 

LH (mIU/ml) 8.95 ± 2.58 8.34 ± 2.41 0.39 

LH/FSH ratio 1.79 ± 0.74 1.73 ± 0.76 0.72 

Testosterone (ng/ml) 0.66 ± .18 0.59 ± .22 0.15 

BMI (kg/m2) 28.23 ± 3.06 28.10 ± 4.4 0.87 

Right ovarian volume (mm3) 12.27 ± 2.24 12.8 ± 3.36 0.41 

Left ovarian volume (mm3) 12.18 ± 1.96 12.3 ± 2.86 0.85 

Antral follicle count (AFC) 16.43 ± 3.8 18.10 ± 4.02 0.11 

 
Table 2. Patients’ follow up cycles (folliculometry and endometrial thickness). 

 Letrozole Letrozole + CC p 

CD10 follicular size (mm) 10.62 ± 2.01 11.35 ± 2.85 0.29 

CD 14 follicular size (mm) 17.65 ± 3.94 19.47 ± 2.63 0.049* 

CD2 Endometrial thickness (mm) 4.94 ± 1.88 4.53 ± 0.88 0.13 

Endometrial thickness (mm) in  
day of hCG injection 

9.09 ± 2.64 8.94 ± 3.48 0.85 

Progesterone CD21-23 (ng/ml) 8.03 ± 6.64 14.92 ± 8.09 0.0004** 
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Table 3. Ultrasound stigmata of ovulation, biochemical and clinical pregnancy rates in 1st 
cycle of treatment. 

 
Letrozole  
(N = 30) 

Letrozole + CC 
(N = 30) 

p 

Stigmata of ovulation 19 (63.3%) 19 (63.3%) - 

Biochemical pregnancy 4 (13.3%) 6 (20%) 0.47 

Clinical pregnancy 3 (10.0%) 2 (6.7%) 0.64 

 
Table 4. Ovulation, pregnancy and live birth rates per total cycles of treatment. 

 
Letrozole 
(N = 94) 

Letrozole + CC 
(N = 93) 

p 

Ovulation 65 (69.1%) 65 (69.8%) 0.91 

Pregnancy 12 (12.8%) 11 (11.9%) 0.84 

Live birth 8 (8.8%) 7 (7.5%) 0.8 

 
Table 5. Number of cycles passed to achieve ovulation per each patient. 

 
Letrozole 
(n = 30) 

Letrozole + CC 
(n = 30) 

p 

<3 cycles 21 (70.0%) 21 (70.0%) 

0.58 >3 cycles 1 (3.3%) 0 (0%) 

No ovulation 8 (26.7%) 9 (30.0%) 

5. Discussion 

Ovulation induction in women with PCOS who presented with CC resistant re-
mains a major challenge in gynecologic endocrinology. Gonadotrophin therapy 
or ovarian drilling is the usual second-line treatment in CC resistant. However, 
they carry many drawbacks; letrozole can be used instead with lower cost and 
lower risk of complications. In addition both CC and letrozole have a different 
mechanism of actions this makes letrozole a promising agent for treatment in 
those patients either alone or in combination with CC that may provide com-
plementary effects. 

Although several studies compared the effect of letrozole and CC in PCOS, 
And few studies compared combination of letrozole and CC versus letrozole 
alone in PCOS [13] [14]. However no study compared between them in clomi-
phene-resistant PCOS (CCR-PCOS). 

In this clinical study, we compared the effect of letrozole alone versus letro-
zole plus CC in 60 patients with CCR-PCOS (30 in each group). Both groups 
were comparable regarding; Age, Period of infertility, LH level, FSH level, LH/FSH 
ratio, testosterone level, Right and left ovarian volume and antral follicle count 
(AFC) to minimize any possible bias in patients’ selection. 

Although CC has antiestogenic effects on endometrial thickness, when com-
bined with letrozole in this study there was no significant difference in endome-
trial thickness at time of ovulation when compared with letrozole alone. 
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There was a marked improvement in ovulation rate in patients with CCR- 
PCOS after administration of either letrozole alone or letrozole + CC; the ovula-
tion rate in the first cycle of treatment was matched in both groups (19 patient in 
each; 63.3%). Most of the patients had ovulation during the first 3 cycles of 
treatment in both groups. 

The overall ovulation rate per total cycles of treatment was 69.1% in group A 
and 69.8% in group B. Pregnancy rate and live birth rate per total cycles of 
treatment in group A were 12.8% and 8.8% respectively. While in group B preg-
nancy and live birth rates were 11.9% and 7.5% respectively.  

These results were in accordance with Kamath et al. [16], who studied the ef-
fect of letrozole versus placebo in CCR-PCOS patients, letrozole was better than 
placebo for ovulation rate per patient (6 of 18, 33.33% versus none of 18, 0%, p = 
0.006). However, no difference in pregnancy rate per patient (1 of 18, 5.55% 
versus none of 18, 0%, p = 0.324) or live birth rate per patient (1 of 18, 5.55% 
versus none of 18, 0%, p = 0.324) [16]. 

In addition, Chen and Zhang in 2016 compared the effect of CC + HMG, Le-
trozole + HMG and Letrozole + CC in patients with CCR-PCOS and found that 
combination of Letrozole + CC could achieve 30.77% ovulation rate. But when 
both are combined with HMG, the ovulation rate was significantly higher than 
LE + HMG and CC + HMG, with lower risk of multiple pregnancy and OHSS 
[17]. 

Elnashar et al., studied the effect of letrozole on 44 patients with CCR-PCOS, 
and found that ovulation occurred 54.6% of patients, pregnancy occurred in 25% 
of patients and the mean endometrial thickness was 10.2 mm [18]. 

Rezk et al., compare the effect of letrozole alone versus combination of clo-
miphene citrate and metformin in CCR-PCOS patients and found higher ovula-
tion and clinical pregnancy rate with letrozole alone with unexpectedly higher 
multiple pregnancy rate [19]. 

Justice et al., in 2013 studied the effect of simultaneous clomiphene citrate and 
letrozole therapy for ovulation induction in CCR-PCOS and concluded that it 
can be considered for ovulation induction in patients who are resistant to sin-
gle-agent therapy prior to proceeding to gonadotropins therapy [20]. Also, Mejia 
et al. [13] found a higher ovulation rate with simultaneous clomiphene citrate 
and letrozole therapy when compared with of letrozole alone (77% vs. 43%). 

However, we found that simultaneous use of letrozole and CC did not add any 
benefit over letrozole alone in CCR-PCOS patients in terms of ovulation rate, 
follicular volume, pregnancy rate and live birth rate.  

This study has some limitations, after randomization the investigator and pa-
tient were not blinded to the treatment therefore subjected to biases. However, 
Measurement of serum Progesterone levels 7 days after the expected time of 
ovulation would minimize any bias occured from a lack of blinding. 

The present study offered a cost-effective and reasonable tool to obtain ovula-
tory data on managing CCR-PCOS patients. 
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6. Conclusion 

Letrozole alone or simultaneous use of letrozole and CC offers a good second- 
line option for ovulation induction in patients with CCR-PCOS. However, the 
combination of CC and letrozole did not add any benefit over the use of letro-
zole alone regards ovulation rate, follicular volume, endometrial thickness, preg-
nancy rate and live birth rate. 
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