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of high dose of gonadotrophins in order to 
get more number of eggs from otherwise 
normal healthy wife. To cut down the cost, 
low dose or mild stimulation protocol have 
been popularized all over the world in last 
few years. Use of aromatase inhibitors along 
with low doses of gonadotrophins have 
been an effective means of mild stimulation 
protocols for IVF cycles.

Aromatase inhibitor had always been 
focused as an effective means of ovulation 
induction in the management of infertility. [1- 4] 
Letrozole, a highly selective, nonsteroidal 
aromatase inhibitor, could successfully 

IntroductIon

Intracytoplasmic sperm injection (ICSI) 
has revolutionized the treatment of male 
infertility and enabled men to become 
biological father despite severe testicular 
damage or obstruction. In today’s scenario, 
almost 18-20% in vitro fertilization (IVF) 
cycles are done for severe male factor in 
every center. While IVF-ICSI had always 
been proved to be costly treatment, most 
couples have opted for artificial insemination 
donor (AID) as cheaper means especially 
in poorer segment of our country. The 
additional expenditure is mainly due to use 
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AbstrAct

INtrODUctION: Letrozole, a selective aromatase inhibitor, reduces the total dose of 
gonadotrophin required for inducing follicular maturation. We evaluated if incorporation 
of letrozole could be an effective alternative for low-cost in vitro fertilization (IVF) protocol 
particularly in intracytoplasmic sperm injection (ICSI) cycles where male factor infertility is 
the sole indication for IVF. MAtErIALs AND MEtHODs: It is a randomized controlled 
single-blind trial. 94 women with history of severe male factor infertility were selected.  
42 women (study group) received letrozole, 5 mg daily from day 3-7 and recombinant 
FSH (rFSH) 75IU/day from day 5 continuously till hCG injection. 52 women (control 
group) underwent continuous stimulation by rFSH (150-225IU/day) from day 2. GnRH-
antagonist (Inj. Orgalutran 0.25 ml sub-cutaneous) was started at maximum follicle size of 
14 in both groups. Ovulation was triggered by 10,000IU of hCG followed by IVF-ET. Main 
outcome measures were total dose of rFSH (IU/cycle), terminal E2 (pg/ml), number of 
mature follicles, number of oocyte retrieved, transferable embryo, endometrial thickness, 
pregnancy rate and mean expenditure. Statistical analysis is done by using SPSS11. 
rEsULts: As compared to control group (1756 ± 75IU), the study group i.e., Let-rFSH 
received (625 ± 98IU) significantly lower (P = 0.0001) total dose of rFSH. Terminal 
E2 was significantly lower (P = 0.0001) in study group than control (830 ± 36 vs.  
1076 ± 41 pg/ml) with significant increment in endometrial thickness (P = 0.0008) in 
study group, (9.1 ± 0.32 vs. 8.7 ± 0.69) which maintained an improved pregnancy rate 
though nonsignificant. The risk of hyperstimulation had significantly (P = 0.01) reduced 
in study group than control (0 vs. 7).Treatment outcome in all other aspects including 
pregnancy rate were statistically comparable. Per cycle mean expenditure was reduced 
by 34% in study group than control. cONcLUsION: Adjunctive use of letrozole may be 
an effective mean of low-cost IVF therapy.
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induce ovulation in women with polycystic ovary syndrome 
(PCOS)[5] including even those who were resistant to 
clomiphene citrate.[6] Several studies demonstrated that 
addition of letrozole improved ovarian response to FSH and 
reduced gonadotrophin dose required for COH in women 
with unexplained infertility[1,3] and in poor responder.[7] 
A significant reduction in the total dose of gonadotrophins 
was found when aromatase inhibitor was added in COH 
cycles.[8] Most recently, Verpoest et al., in a pilot study 
demonstrated that administration of letrozole increases 
LH concentration which can be taken care of by adding 
antagonist from day 6 and thus preventing premature 
LH surge and simultaneously increases endogenous FSH 
concentration which contribute to normal implantation and 
follicular response without having negative antiestrogenic 
effect.[9] These reports prompted us to hypothesize that 
adjunctive use of letrozole in COH + GnRH-antagonist 
protocol would minimize the gonadotrophin dose, and 
consequently the cost, of an IVF-ICSI treatment cycle and 
will help to prevent OHSS particularly in women where 
male factor is the sole indication going for IVF treatment. 
The present investigation is an endeavor to evaluate the 
potential of letrozole– gonadotrophin combination therapy 
as a low-cost stimulation protocol in male factor infertility.

MaterIals and Methods

Patients and treatment
This randomized single blind controlled trial was done at 
ART unit of Institute of Reproductive Medicine Kolkata, 
India from January 2009 to December 2010. Approval by 
the Research Ethics Board of the Institute was obtained for 
the use of letrozole for ovarian stimulation and subsequent 
induction of IVF.

A total of 94 women between 25 and 35 years of age 
without any demonstrable cause of infertility, whose 
husbands were suffering from azoospermia were chosen 
for IVF-ICSI following TESA. All women were euthyroid, 
normogonadotropic, normoprolactinemic, without PCOS 
and endometriosis.

They were randomized by sealed envelope into two groups, 
viz., Group A includes 42 women who received Letrozole 
(Letroz, Sun Pharmaceuticals, Mumbai, India) 5 mg daily 
from D3 to D7 along with recombinant FSH 75IU (Inj. 
Gonal F, Merck Serono, Switzerland) from D5 onward 
till trigger by hCG and Group B includes continuous 
recombinant FSH 150- 225IU from day 2. TVS folliculometry 
performed after 5 days of stimulation and subsequent 
dosage of gonadotrophins were adjusted accordingly. 
Women in both the groups received antagonist 0.25 ml S/C 
(Inj. Orgalutran, MSD, India) when lead follicle become 14 
mm till trigger by hCG. Trigger by hCG 10.000 IU (Pregnyl, 

MSD, India) when lead follicle become 18 mm in both 
groups. Serum E2, LH, P4 measured on day of starting of 
stimulation, day of initiation of antagonist and day of trigger. 
Oocytes were retrieved by transvaginal ultrasonography, 
34–36 h after HCG administration. The retrieved oocytes 
were denuded and their qualities were assessed. Matured 
MII oocytes were fertilized by ICSI with spermatozoa of the 
husband retrieved by TESA. Two embryos were transferred 
in each group at 40–42 hours following insemination at 
4–6 cell cleavage stages. All patients received 600 mg 
micronized progesterone (Utrogestan; Laboratories Besins 
International, Paris, France) intravaginally daily until a 
pregnancy test was performed, and if the test was positive, 
progesterone treatment was continued up to 12 gestational 
weeks. Clinical pregnancy was defined when an ultrasound 
scan, performed 5 weeks after embryo transfer, revealed the 
presence of a viable fetus.

Immunoassay of hormones
Serum levels of LH and FSH were measured by a two-
site chemiluminescent sandwich immunoassay system 
(ACS:180; Bayer Diagnostics Corporation, Tarrytown, 
NY, USA). All samples were assayed in duplicate. The LH 
and FSH values were expressed in terms of the reference 
standards (WHO 2nd IS 94/632 and WHO 2nd IS 80/552, 
respectively). Assay sensitivity for FSH was 0.3 mIU/ml 
and for LH was 0.07 mIU/ml. E2 levels were assayed by 
fully automated enzyme-linked fluorescence assay system 
(Vidas; bioMerieux, Marcy l’E´ toile, France). The minimum 
detection limit was 9 pg/ml. The intra- and interassay 
coefficients of variation were 3.46% and 4.82% for FSH, 4.4% 
and 5.6% for LH and 4.2% and 5.2% for E2, respectively. The 
primary outcome measure was comparative evaluation of 
pregnancy outcome, while additional measures included 
total dose of rFSH administered, the number of mature 
follicles, the levels of terminal E2, number of oocytes 
retrieved, endometrial thickness and transferable embryos.

statistics
Statistical comparisons were performed using Student’s 
t-test and Fisher Exact test by SPSS 11 software as applicable. 
P < 0.05 was considered to be statistically significant.

result analysIs

All patients were euthyroid and normoprolactinaemic, and 
both groups were comparable with respect to all baseline 
clinical characteristics [Table 1].

The composite results on treatment outcome are summarized 
in Tables 2 and 3. According to the set criteria, all patients 
got GnRH antagonist as flexible protocol when dominant 
follicle diameter reaches 14 mm. Compared with the control 
i.e., continuous rFSH group, the study i.e. Letrozole + rFSH 
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group had an, 64% reduction of (P = 0.0001) total dose 
of rFSH requirement (Let-rFSH 625 ± 98 IU/cycle versus 
continuous rFSH 1756 ± 75 IU/cycle), and had significantly 
(P = 0.0001) decreased levels of terminal E2 (Let-rFSH 830 ± 
36 pg/ml versus continuous rFSH 1076 ± 41 pg/ml). However, 
the two groups did not differ significantly with respect to 
the numbers of matured follicles (Let-rFSH 6 ± 0.46 versus 
continuous rFSH 6 ± 0.41), the numbers of retrieved oocytes 
(Let-rFSH 4.6 ± 2.5 versus continuous rFSH 4.9 ± 2.3) and 
numbers of transferable embryo (Let-rFSH 3.5 ± 1.6 versus 
continuous rFSH 3.7 ± 1.7). Endometrial thickness (mm), 
on day of hCG, was significantly (P = 0.0008) increased in 
study i.e. Letrozole + rFSH group (Let-rFSH 9.1 ± 0.32 versus 
continuous rFSH 8.7 ± 0.69) as also the LH level (P = 0.001) 
on day of initiation of antagonist (Let-rFSH 4.4 ± 2.1 versus 
continuous rFSH 3 ± 1.9). There was no case of drop-out 
from either of the groups. The pregnancy rate (Let-FSH 
36% versus continuous rFSH 33%) though increased in 
study group but remain statistically indifferent than control. 
Similarly miscarriage rate (Let-FSH 19% versus continuous 
rFSH 25%) and multiple pregnancy rate /stimulated 
cycle (Let-FSH 7% versus continuous rFSH 17%) though 
decreased but remained statistically indifferent. The study 
group i.e., Let - rFSH had significantly (P = 0.01) reduced 
the risk of incidence of hyperstimulation compared with 
the control group (Let-FSH nil versus continuous rFSH 7). 

Average cost per cycle was reduced by 34% in Let-FSH 
group in comparison to continuous rFSH group [Figure 1]. 
Treatment with letrozole was well-tolerated, with no 
apparent side effects.

dIscussIon

The success of aromatase inhibition by letrozole in inducing 
ovulation in anovulatory women with PCOS [5] and 
augmenting ovulation in ovulatory women in unexplained 
infertility[6] has been reported previously. It has also been 
shown that when letrozole is used with FSH, a significant 
reduction occurs in the FSH dose needed for COH.[8] The 
successful use of letrozole in increasing ovarian sensitivity 
to gonadotrophins by increasing intra-ovarian androgen in 
low responders[10] prompted us to evaluate the potential role 
of letrozole–FSH combination in achieving successful IVF 
outcome in women with normal ovarian response where 
azoospermia was the sole indication go..in,,g for IVF-ICSI.

Since last Cochrane review (2009), GnRH antagonist 
protocol was proved to be a short and simple protocol 
with good clinical outcome with significant reduction in 
incidence of severe ovarian hyperstimulation syndrome and 
amount of gonadotrophins requirement.[11] We planned to 
collaborate letrozole-FSH with antagonist protocol to get 

Table 1: Baseline characteristics of infertile women randomly subjected to two different groups for COH + GnRH 
antagonist protocol: Group A received letrozole + rFSH, group B received rFSH (mean ± SD)
Patients characteristics Group A (Letroz + rFSH) (n = 42) Group B (rFSH continuous) (n = 52)
Age (years) 28 ± 4.8 29 ± 4.8
BMI (kg/m2) 24 ± 4.2 23 ± 3.8
FSH (mIU/ml) 5.9 ± 1.6 5.7 ± 1.6
LH (mIU/ml) 5.2 ± 2.0 5.1 ± 2.6
E2 (pg/ml) 6.2 ± 1.2 6.1 ± 1.2
All patients were euthyroid and normoprolactinaemic

Table 2: Treatment outcomes in patients treated with letrozole + rFSH (Group A) and rFSH protocol (Group B)
Group A (Letroz + rFSH) (n =42) Group B (rFSH continuous) (n = 52) P values

Total amount of gonadotrophin (IU) 625 ± 98 1756 ± 75 0.0001
LH (day of initiation of antagonist) mIU/ml 4.4 ± 2.1 3.0 ± 1.9 0.001
P4 (same day) ng/ml 1.1 ± 0.57 0.97 ± 0.28 0.15
Terminal E2 (pg/ml) 830 ± 36 1076 ± 41 0.0001
No. of mature follicle (>14 mm) 6 ± 0.46 6.0 ± 0.41 1.0
No. of mature oocyte 4.6 ± 2.5 4.9 ± 2.3 0.55
No. of grad 1 embryos 3.5 ± 1.6 3.7 ± 1.7 0.56
ET on day of hCG (mm) 9.1 ± 0.32 8.7 ± 0.69 0.0008
Values calculated as mean ± SD. The two-tailed P-value was calculated by Students ‘t’ test. NS = not significant

Table 3: Treatment outcomes in patients treated with letrozole + rFSH (Group A) and rFSH protocol (Group B)
Group A (Letrozole + rFSH) (n = 42) Group B (rFSH continuous) (n = 52) P values

Pregnancy rate 36% (15/42) 33% (17/52) 0.82
Multiple pregnancy 7% (1/14) 17% (3/17) 0.61
Miscarriage rate 19% (8/42) 25% (13/52) 0.62
OHSS Nil 7 (5 = Mild, 2 = moderate) 0.01
Values calculated as mean ± SD. The two-tailed P-value was calculated by Fisher exact test. NS = Not significant

[Downloaded free from http://www.jhrsonline.org on Friday, November 22, 2013, IP: 14.99.32.91]  ||  Click here to download free Android application for this journal

https://market.android.com/details?id=comm.app.medknow


173

Mukherjee, et al.: Letrozole in low cost ICSI protocol for male factor

Journal of Human Reproductive Sciences / Volume 5 / Issue 2 / May - Aug 2012

maximum benefit in reducing gonadotrophin dose and 
incidence of OHSS.

It is of particular importance to note that despite 64% 
reduction of total dose of rFSH in the Let-rFSH group, 
which entailed significant reduction of the cost of treatment, 
the outcomes in all major aspects including pregnancy 
rate were comparable between the groups. This part well 
corroborated with studies done by Mitwally and Casper, 
between 2002 to 2004[1,2,8] where they achieved at about 
45-55% reduction of gonadotrophin requirement in COH 
cycles. Our observation on significant reduction of terminal 
E2 level also well corroborate with contemporary pilot 
studies done by Verpoest et al.,[9] and Garcia-Velasco et al.[10] 
These findings were consistent with the hypothesis that 
aromatase inhibitors, by blocking androgen conversion, 
increases intraovarian androgen and FSH receptors gene 
expression[12,13] which leads to increased FSH sensitivity to 
exogenously administered FSH or stimulate insulin-like 
growth factor-I, which may act in synergy with FSH.[14,15] 
Also because of selective inhibition of aromatase, letrozole 
significantly inhibits the overall production of estrogens, 
which was reflected in the decreased levels of terminal 
E2 in the Let-FSH group. Consequent withdrawal of the 
negative feedback effects of estrogens may allow the 
pituitary to produce more endogenous FSH. All these effects 
have phenomenal importance in the letrozole-mediated 
promotion of follicular maturation.

Our observation about LH level, which was significantly 
(P = 0.001) increased in study i.e., Let-FSH group on 
day of initiation of antagonist corroborate well with 
study done by Verpoest et al.[9] which was efficiently 
controlled by antagonist administration. Mean endometrial 
thickness (mm), on day of hCG, which was significantly  
(P = 0.0008) increased in study group also correlates 

well with the observation of Verpoest et al.[9] And that 
contribute to normal implantation without having negative 
antioestrogenic effect. However, numbers of matured 
follicles, retrieved oocytes and transferable embryos were 
not statistically different between study and control group in 
this study. These findings does not match with the findings 
of Garcia-Velasco et al.,[10] where they found a higher number 
of retrieved oocytes in Letrozole group. The difference could 
have been due to their chosen category of patients who 
were only poor responders. In our study, we took normo-
responders in both arms that could have been the reason to 
get almost equal number of eggs in both groups.

While comparing for the primary outcomes pregnancy 
rate and miscarriage rate were comparable between two 
groups. Though pregnancy rate was increased in study 
(Let-FSH) group (36%) than control (33%) but it remained 
statistically indifferent. Similarly miscarriage rate though 
decreased (19%) in study group than control (25%) also 
remained insignificant statistically. These findings were 
quite similar with other studies like Mitwally and Casper 
(2005)[16] where they compared pregnancy outcome in AI 
cycles with letrozole as ovulation induction agent and 
studies by Verpoest et al.[9] where pilot study done in IVF 
cycles with letrozole. But we seriously differ with findings 
of Ganesh et al.,[17] who have shown significant increment 
in pregnancy rate following letrozole in IUI cycles. This 
difference could have been due to selection of patients. 
As they took only PCOS patients, letrozole could have 
worked better. And also total numbers of patients were 
more in that study while we had relatively small sample 
size. Reduction of multiple pregnancy rates (7%) in study 
group than control (17%) also does not show significant 
difference. Although it shows similarity with results of 
Mitwally and Casper (2005)’s work[16] but they used letrozole 
for ovulation induction and our work was on IVF-ICSI 
where two embryos were transferred in every patients. 
This could have been a circumstantial event as well. Our 
observation on significant (P = 0.01) reduction of incidence 
of hyperstimulation in study group correlates well with less 
terminal E2 level and use of antagonists.[18,19] Our average 
cost per cycle was reduced by 34% in study (Let-FSH) 
group which was corroborated be a previous work done 
by Sharma et al.,[20] in a comparative study in IUI cycles.

This prospective study, designed to evaluate the efficacy 
of Let-FSH as a low-cost IVF protocol, involved an 
average number of patients; however, the results have 
been encouraging. We have been successful in reaching 
our objective to modify an expensive conventional 
downregulated IVF protocol into one in which the cost 
was reduced to a larger extent, without compromising the 
rate of success.

Figure 1: Mean expenditure per stimulated cycle till transfer in 
between two different groups for COH + GnRH antagonist protocol: 
Group A received letrozole + rFSH, group B received rFSH [Average 
cost per cycle was reduced by 34% in Let-FSH group in comparison to 
continuous rFSH group (Let-FSH group Rs 48173/- versus continuous 
rFSH group Rs 73411/-)].
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conclusIons

Adjunctive use of letrozole with gonadotrophin, especially 
in women where male factor infertility is the sole indication 
going for IVF-ICSI treatment, may be an effective mean 
of low-cost IVF therapy. It not only offers a cost-saving 
stimulation protocol but also reduces unnecessary side 
effects like OHSS and multiple pregnancies yet maintain a 
descent success rate. Although, we need more RCTs to come 
to a conclusion on regular use of such combined protocol.
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