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Abstract
Purpose  Empirical treatment options for unexplained infertility treatment include controlled ovarian stimulation (COS) with 
clomiphene citrate, letrozole or gonadotropins followed by intrauterine insemination (IUI). Achieving consistent multifol-
licular development with letrozole generally requires addition of gonadotropins. However, the cost and discomfort of injec-
tions remains a drawback of this regimen. Therefore, there is a need for evolving newer cost-effective regimens for COS/IUI 
using orally administered drugs like letrozole.
Methods  Sixty couples with unexplained infertility (on standard infertility investigations) visiting the infertility clinic at 
a tertiary centre in North India were randomized into two groups. Group A COS was done by step-up protocol of letrozole 
from day 2 or 3 of menstrual cycle, starting with 2.5 mg and increased by 2.5 mg per day for next 3 days (2.5 mg, 5 mg, 7.5 
mg, 10 mg). Group B COS was done with combination of letrozole and hMG (human menopausal gonadotropin). Starting 
from day 2 or 3 of menses, tablet letrozole 2.5 mg twice a day was given for 5 days. Intramuscular injection of hMG 150 
IU was given every alternate day starting from day 7 and titrated according to the response. HCG was given when leading 
follicle was 17 mm and IUI done 36 h after HCG.
Results  Twenty-eight couples in letrozole step-up group (group A) and 30 couples in letrozole plus hMG group (group B), 
completed follow up for 44 and 55 cycles, respectively. Mean numbers of follicle ≥ 16 mm in both groups were comparable: 
1.74 (± 0.83) in group A and 1.94 (± 0.68) in group B (p = 0.178). Ovulation rate of 90.9% (40/44) was achieved in group 
A, whereas it was 100% (55/55) in group B (p = 0.022), although there was no significant difference in clinical pregnancy 
rate per patient, which was 3/28 (10.7%) in group A versus 5/30 (16.67%) in group B (p = 0.707). The mean (SD) cost of 
medicines was significantly lower in group A Rs. 345.00 (00) compared to group B Rs. 2148.64 (515.67) [p < 0.0001]. There 
was one case each of hyperstimulation and multiple pregnancies in group B, while none in group A.
Conclusion  It is possible to achieve multifollicular development with use of novel letrozole step-up protocol, even without 
addition of gonadotropins, at significantly lower cost.
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Introduction

In the absence of an identifiable anomaly, treatment of 
unexplained infertility has been largely empirical. Treat-
ment regimens include expectant management, controlled 
ovarian stimulation (COS), intrauterine insemination (IUI), 
COS with IUI, and assisted reproduction [1]. Patients 
with unexplained infertility are expected to have normal 
ovulation, i.e. release of oocyte from one dominant folli-
cle per cycle. Therefore, increasing the number of oocytes 
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(superovulation) for fertilization is expected to increase 
chances of conception in these patients and forms the basis 
of most of the treatment strategies for unexplained infertil-
ity [2]. Deciding the optimal strategy involves consideration 
of age, treatment efficacy, side effects like multiple preg-
nancy and cost effectiveness. Apart from in vitro fertilization 
(IVF), highest pregnancy rate per cycle (up to 27%) has been 
reported with combination of gonadotropin therapy and IUI 
[3]. However, the discomfort and expense of injectable ther-
apy remain a deterrent to this treatment arm and efforts to 
find alternatives with comparable efficacy are still ongoing.

Letrozole is one such candidate oral drugs. Although the 
use in infertility treatment is as yet off label, it has certain 
advantages over clomiphene, like no negative effects on 
endometrium and cervical mucus [4]. Conventional regi-
mens of letrozole generally lead to monofollicular devel-
opment and therefore find limited use in superovulation 
[4]. For the purpose of superovulation, i.e. multifollicular 
growth, gonadotropins need to be added to letrozole [5]. 
Modification of regimes of oral letrozole like extended 
letrozole and letrozole step-up protocol is being explored to 
increase the chances of superovulation, without requirement 
of gonadotropins [6, 7].

We undertook this randomized study, to compare the effi-
cacy of letrozole plus gonadotropin regimen with letrozole 
step-up regimen for COS and IUI in patients with unex-
plained infertility, with an aim to find less expensive and 
painless alternative to gonadotropins.

Materials and methods

This randomized controlled trial was conducted in the 
infertility clinic of a tertiary centre in northern India, over 
a period of 3 months. Ethical clearance for the study was 
obtained from Institute ethical committee (IEC No. INT/
IEC/2018/000168). Standard infertility investigations 
included endometrial biopsy for histopathology and acid 
fast bacilli smear and culture, to rule out genital tuberculo-
sis, baseline ultrasound to rule out structural pathologies of 
uterus and ovaries like endometriomas or polycystic ovaries 
and confirmation of tubal patency by HSG (hysterosalpingo-
graphy) or laparoscopy. If no cause was identified after com-
plete standard fertility investigations, a diagnosis of unex-
plained infertility was made. Over a period of 6 months, 780 
newly registered cases of infertility were screened. Out of 
these, 65 patients with unexplained infertility were evaluated 
for inclusion in the study. Two patients refused to give con-
sent (opted for pure gonadotropin stimulation); one patient 
opted for in vitro fertilization, one was excluded due to cyst 
on baseline ultrasound, while one patient’s husband refused 
for intrauterine insemination.

Detailed history was taken again, including coital his-
tory, menstrual history (to rule out ovulatory dysfunction), 
obstetric history, and past medical history for chronic illness 
or malignancy. General physical, systemic, abdominal, and 
local examination of the female partner, including weight, 
height, and BMI were noted. Husband’s semen analysis was 
interpreted according to the World Health Organization 2010 
criteria [8]. Baseline transvaginal ultrasound was done on 
day 2 or 3 for antral follicle count in both ovaries (antral fol-
licles were identified as 2–10 mm size range of well-defined 
anechoic cysts with smooth margins and absence of internal 
septations or nodularity). Baseline serum anti-mullerian hor-
mone and day 3 serum follicle-stimulating hormone (FSH) 
were measured as additional indicators of ovarian reserve.

Totally 60 patients meeting the eligibility criteria were 
randomized by block randomization with block size of four, 
30 in each group. Two patients from group A were excluded 
after randomization, as they did not come for follow up. 
Patients were explained about the rationale and mechanism 
of action of the drugs and especially about the off label use 
of letrozole for the purpose of ovulation induction. Study 
group A: controlled ovarian stimulation was done by letro-
zole step-up regimen. Starting from day 2 or 3 of menses, 
with a dose of 2.5 mg, daily increments of 2.5 mg were 
made for total of 4 days. For example, if COS was started 
on day 2, the day 2 dose was 2.5 mg, day 3 was 5 mg, day 
4 was 7.5 mg, and day 5 dose was 10 mg (Total cumulative 
dose 25 mg).

Study group B: controlled ovarian stimulation was done 
with combination of letrozole and human menopausal gon-
adotropin (hMG). Starting from day 2 or 3 of menses, tablet 
letrozole 2.5 mg twice a day was given for 5 days. Intramus-
cular injection of hMG 150 IU was given every alternate day 
starting from day 7.

Patients in both groups were monitored by transvaginal 
ultrasonography, alternate day starting from day 11, till the 
leading follicle reached a size of > 17 mm (average of diam-
eter measured in three dimensions). Intramuscular injection 
of highly purified human chorionic gonadotropin (5000 IU) 
was administered to trigger ovulation. IUI was done 36 h 
later.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics ver. 23.0 software (IBM Co., Armonk, NY, USA) and 
Microsoft Excel 2007 (Microsoft, Redmond, WA, USA). 
Discrete categorical data were represented in the form of 
either a number or a percentage. The normality of quantita-
tive data was checked by QQ plot and Shaprio–Wilk test 
of normality. Continuous data, normally distributed, were 
reported in the form of its mean and standard deviation and 
when it was skewed it was written in the form of its median 
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and inter-quartile range, as per the requirement. Student’s 
t-test was used for comparing means for normally distrib-
uted data. Proportions were compared using Chi-squared or 
Fisher’s exact test, depending on their applicability for the 
two groups. All the statistical tests were two-sided and were 
performed at a significance level of p < 0.05.

Results

A total of 44 COS and IUI cycles were carried out in 28 
couples of group A, whereas 55 cycles were given to 30 
couples of group B. Baseline characteristics like age, body 
mass index (BMI), fertility history, and semen parameters 
were comparable between the two groups and are detailed 
in Table 1.

Median serum AMH level in group A was 2.14 
(1.41–2.90), whereas it was 3.45 (2.15–4.25) in group B 
and showed significant difference between the two groups 

(p = 0.005). Other than serum AMH levels, other markers of 
ovarian reserve like antral follicle count and baseline serum 
FSH were not significantly different between the two groups 
(p > 0.05), as shown in Table 2.

Ultrasonographic findings, including number and size of 
dominant follicles and endometrial thickness, on the day 
of hCG trigger are summarized in Table 3. Ovulation rate 
was 90.9% (40/44) in group A and 100% (55/55) in group 
B (p = 0.022). However, 14.5% (8/55) cycles in group B 
required more than two HMG injections for achieving ade-
quate size of dominant follicle. In group A, development 
of more than one dominant follicle (≥ 16 mm) was seen 
in 68.1% (30/44) cycles, whereas in group B, it was seen 
in 72.7% (40/55) cycles and the difference was not statisti-
cally significant (p = 0.211). Comparison of pregnancy rates 
between the two groups is shown in Table 4.

The mean cost of medicines was significantly less at Rs. 
345.00 (00) in group A, compared to Rs. 2148.64 (515.67) 
in group B (p < 0.0001).

Table 1   Baseline characteristics 
of the study population

# Data presented as proportions: Chi Square Test
Mean (SD) for rest of the variables : t-Test

Variable Group A (n = 28) Group B (n = 30) p value

Age (years) 29.21 (3.14) 30.8 (3.19) 0.062
BMI (kg/m2) 23.86 (3.3) 22.7 (3.1) 0.196
Fertility history
 Duration of infertility (years) 5.50 (3.02) 6.33 (3.14) 0.308
 Type of infertility#

 Primary secondary
19/28 (67.8%)
9/28 (32.2%)

21/30 (70%)
9/30 (30%)

0.860

Semen analysis [mean (SD)]
 Sperm concentration (million/ml) 62.00 (18.64) 72.30 (24.00) 0.075
 %Motility (total) 60.11 (10.30) 61.30 (10.89) 0.675

Table 2   Baseline hormone 
analysis and parameters of 
ovarian reserve

* Median (IQR): Mann- Whitney U test

Variable Group A (n = 28) Group B (n = 30) p value

Hormone analysis—mean (SD)
 Serum TSH (uIU/ml) 2.43 (0.82) 2.76 (1.11) 0.199
 Serum prolactin (ng/ml) 14.19 (6.65) 13.72 (5.67) 0.773
 Serum FSH (day 3) (mIU/ml) 5.63 (1.84) 5.26 (1.33) 0.383
 Serum AMH* [median (IQR)] 2.14 (1.41–2.90) 3.45 (2.15–4.25) 0.005

Baseline ultrasonographic findings—mean (SD)
Antral follicle count 10.25 (2.52) 11.43 (2.18) 0.062

Table 3   Comparison of 
ultrasonography findings on the 
day of hCG trigger [mean (SD)]

Variable Group A (n = 28) Group B (n-30) p value

Mean number of dominant follicles (≥ 16 mm) 1.74 (0.83) 1.94 (0.68) 0.178
Mean size of the dominant follicle (mm) 18.65 (2.16) 18.60 (2.24) 0.859
Mean mid-cycle endometrial thickness (mm) 8.18 (1.80) 8.07 (1.26) 0.721
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There was one case of hyperstimulation (more than 3 
follicles ≥ 16 mm) in letrozole plus hMG group, whereas 
none in group A. In this case, hCG trigger was withheld and 
patient did not develop signs or symptoms of ovarian hyper-
stimulation syndrome. Two patients in group B complained 
about significant pain at injection site (requiring analgesics). 
None of the patients in either group reported hypoestrogenic 
symptoms. Cyst formation was noted in one patient of group 
A, whereas it was seen in two patients in group B. Only one 
multiple pregnancy (twin conception) was seen in group B, 
whereas all conceptions were singletons in group A.

Discussion

Gonadotropin use in COS/IUI is riddled with problems 
of expense, cold storage, painful injections, risk of ovar-
ian hyperstimulation syndrome, and multiple pregnancies 
[9, 10]. Therefore, much research has been concentrated on 
finding alternative regimens, with oral dosing, potentially 
reducing cost and side effects, with comparable pregnancy 
outcomes, especially in low resource countries.

Traditionally letrozole has been associated with mono-
follicular development. Various modifications of letrozole 
regimen have been tried to ensure continued FSH availabil-
ity, even after the selection of dominant follicle, thus result-
ing in multifollicular development. This can be achieved by 
sequential addition of gonadotropins or extended letrozole 
or letrozole step-up protocol [5, 6, 11, 12]. This is the first 
study reporting direct comparison between letrozole step-
up regimen against letrozole plus sequential gonadotropin 
regimen.

Multifollicular development

In the letrozole step-up group, multifollicular development 
was achieved in more than 2/3 cycles, i.e. 68.1% with a mean 
number of follicles on day of trigger, being 1.74 (± 0.83). 
Previously Mitwally et al. have reported mean of 2.2 (± 1.5) 
follicles, whereas Galal et al. found a mean number of 1.5 
(± 0.7) follicles in their randomized study [7, 13]. Our study 

results were comparable to previous studies using letrozole 
step-up protocol.

In the other group, using letrozole and gonadotropin com-
bination, we found multifollicular development in 72.7% 
cycles with a mean number of follicles calculated to be 1.94 
(± 0.68). Our results were nearly similar to that of a large 
prospective randomized trial by Pourali et al. in which they 
found that mean number of follicles ≥ 16 mm, per cycle was 
2.28 (± 0.1) in the group of patients receiving combination 
of letrozole and FSH [11].

The above results reiterate that it is possible to achieve 
multifollicular growth by modifying dosing of letrozole, 
even without addition of gonadotropins.

Endometrial thickness

The mean mid-cycle endometrial thickness was 8.18 mm 
(± 1.8) in group A and 8.07 (± 1.26) in group B (p = 0.721). 
Although it is slightly lower than the mean endometrial 
thickness reported by Mitwally i.e. 9.8 (± 2.1) mm, when 
using letrozole step-up regimen, it is still higher than the 
conventional cutoff of 8 mm [7]. Pourali et al. had reported a 
mean endometrial thickness of 8.99 (± 0.65) mm with com-
bined protocol.

Ovulation and pregnancy rates

Ovulation rate was 90.9% with letrozole step-up protocol, 
with only four non-ovulatory cycles. Previous studies by 
Mitwally and Galal have not reported the non-response rates. 
Our study found a clinical pregnancy rate (per patient) of 
10.7% in letrozole step-up group and 16.67% in the com-
bination group, whereas if calculated per cycle, these rates 
were 6.8% and 9.1%, respectively. Overall, these were lower 
compared to those reported in earlier studies. Mitwally 
et al. have reported 27.3% per cycle, while Galal et al. have 
reported 16% with letrozole step-up [7, 13]. Pourali et al. 
have reported a clinical pregnancy rate of 26.51% with letro-
zole and hMG combination [11]. In a large randomized trial, 
Diamond et al. have reported a clinical pregnancy in 22.4% 
of cycles with conventional letrozole dosing, without any 
modification or adjuvant gonadotropins [9]. Possible expla-
nations could be lesser number of patients in our study and 
relatively younger age group of patients in other studies. 
For example, in Galal’s study [13], mean age was 26.3 years 
compared to 29.21 years in our study. Overall duration of 
infertility in our study was also more than 5 years, which in 
itself is a poor prognostic factor [14].

Adverse events

Ovarian hyperstimulation syndrome was not seen in either 
group, although one patient in letrozole plus gonadotropins 

Table 4   Comparison between pregnancy rates in the two groups

Group A (n = 28) (%) Group B (n = 30) (%) p value

Clinical 
pregnancy 
rate per 
cycle

3/44 (6.8) 5/55 (9.1) 0.730

Clinical 
pregnancy 
rate per 
patient

3/28 (10.7) 5/30 (16.67) 0.707
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group had four dominant follicles. No patients complained 
about hypoestrogenic symptoms like hot flashes, vaginal 
dryness in any group. Previous studies have not reported 
adverse effects with letrozole step-up protocol per se, 
although studies reporting conventional 5 mg /day dosing 
have reported hot flashes in 16.8% patients [9]. Significant 
pain at injection site was reported by two patients in group 
B (6.67%). A large study by Diamond et al. has reported up 
to 10.8% incidence of injection site reactions, when using 
gonadotropin COS in 297 patients [9].

Cost of medication (for COS)

The cost of medication is significantly different between the 
two groups. As there is out of pocket cost (especially with 
poor or no insurance coverage) which is recurring for these 
couples, the letrozole step-up regimen scores over combina-
tion of gonadotropin and letrozole.

Strengths and limitations

Our study is the first randomized trial which compares 
letrozole step-up regimen with letrozole plus gonadotropins 
for superovulation in women with unexplained infertility 
planned for COS/IUI. Small sample size was a limitation of 
our study. Two observers did the ultrasound instead of one 
(due to logistic reasons) and the lack of blinding could have 
introduced bias.

Future direction

Prospective RCT with larger number of patients and ade-
quate blinding can be planned for establishing a definite ben-
efit of this orally administered regimen (Letrozole step-up 
protocol), entailing lesser cost and discomfort to the patient.

Conclusion

In patients with unexplained infertility, undergoing con-
trolled ovarian stimulation and intrauterine insemination, 
it is possible to achieve multifollicular development with 
use of letrozole step-up protocol, without addition of gon-
adotropins. Multifollicular development rates, mean endo-
metrial thickness, clinical pregnancy rates are comparable 
with lesser side effects and cost, thus eliminating the need 
for injectable medication. Further randomized controlled 
studies with larger sample size can be executed to validate 
the above findings.
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