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and Hongjing Han*

Reproductive Medical Center, Department of Obstetrics and Gynecology, Peking University People’s
Hospital, Beijing, China

Studies have shown that letrozole cotreatment can improve clinical outcomes
in high and poor responders in GnRH-antagonist protocol. However, whether
letrozole is also beneficial to normal responders is not known. To investigate
the clinical value of letrozole cotreatment during ovarian stimulation in vitro
fertilization for normal ovarian reserve patients who were treated with the
GnRH antagonist protocol, we conducted a retrospective study that based
data from 1 January to 31 December 2017 for all IVF-ICSI GnRH-antagonist
protocols. A total of 252 women who aged <40 years, FSH <10 IU/L on
day 3 and antral follicle counting (AFC) >6 were included in the analysis (96
in the letrozole group and 156 in the no-letrozole group). The cumulative
live-birth rate was calculated as the first live birth achieved after all cycles
having an embryo transfer (cycles using fresh embryos and frozen—-thawed
embryos) among both groups. The initial gonadotropin (Gn) dosage and total
Gn dosage were significantly lower and the number of days of Gn treatment
was significantly fewer in the letrozole group than the non-letrozole group
(p < 0.05). There were also significant between-group differences in luteinizing
hormone, estradiol, and progesterone concentrations; and the number of
metaphase Il oocytes on the day of human chorionic gonadotropin treatment
(p < 0.05). There was a significant difference in the implantation rate between
the two groups that the letrozole group higher than the non-letrozole group
(39.79 vs. 27.96%, p = 0.006), but there was no significant difference in
the cumulative live-birth rate. The combination of letrozole with a GnRH
antagonist may have no effect on the clinical pregnancy rate or cumulative
live-birth rate in patients with a normal ovarian reserve. However, letrozole may
increase the rate of embryo implantation and may reduce the requirement for
exogenous gonadotrophins and, consequently, the cost of an IVF treatment
cycle. In addition, the decreased estradiol level in the ovarian simulation by
letrozole supports letrozole can be a safe solution for fertility preservation in
estrogen-related cancer patients.

cumulative live-birth rate, letrozole, GnRH antagonist, normal responder, ovary
stimulation
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Introduction

Letrozole, a third-generation aromatase inhibitor, binds the
heme group of cytochrome p450, blocks the conversion of
androstenedione to estrone and testosterone to estradiol (E2),
and significantly reduces circulating estrogen concentrations,
without affecting estrogen receptors in peripheral tissues (1).
Letrozole induces a >86% decrease in the plasma estrone
concentration and a >67% reduction in the circulating E2
concentration after 14 days of administration. It was first
administered orally to postmenopausal patients with advanced
breast cancer in 1996 to reduce the amount of estrogen
produced by peripheral androgen aromatization (2, 3). The
characteristics of letrozole, with its oral route of administration,
low cost, relatively short half-life, and absence of antiestrogenic
effects, make it a promising drug for ovulation induction.
In 2,000, letrozole was first used to induce ovulation in
anovulatory women with polycystic ovary syndrome (PCOS).
It successfully induced ovarian follicle development but did not
affect endometrial thickness (4). Thereafter, letrozole was widely
used for intrauterine insemination and in various protocols of
ovarian stimulation for in vitro fertilization/intracytoplasmic
sperm injection (IVF/ICSI) for hyper-responders and poor
responders. In a retrospective analysis of hyper-responders
receiving an IVF GnRH antagonist protocol, the average E2
concentration and the E2 concentration of a single follicle on
the day of human chorionic gonadotropin (hCG) treatment
were significantly lower in the letrozole group (n = 93) than
the non-letrozole group (n = 86). However, the incidence of
ovarian hyperstimulation syndrome was significantly lower in
the letrozole group (3.20 vs. 5.80%, p = 0.000) than the non-
letrozole group (5, 6). Thus, letrozole is used as the first-line
ovulation stimulation drug for patients with PCOS (7). For
poor responders, a retrospective cohort study showed that the
number of oocytes retrieved was significantly higher in the
letrozole group than the non-letrozole group (5.30 £ 2.0 vs.
4.30 £ 1.90, p = 0.020), while the total dose was significantly
lower and the number of days of recombinant human follicle
stimulating hormone (FSH) administration were significantly
fewer in the letrozole group (4). Furthermore, a recent meta-
analysis of 31 studies showed that the live-birth rate in poor
responders significantly increased by 7% after letrozole co-
treatment (8). However, the effects of letrozole co-treatment
on pregnancy outcomes for normal responders undergoing
IVE are not clear. In addition, previous studies have not
focused on the cumulative live-birth rate, which provides an
all-inclusive success rate for assisted reproductive technology
(ART) (9).

Therefore, the present study was performed to investigate
whether letrozole co-treatment could improve the cumulative
live-birth rate for normal responders to GnRH antagonist
treatment during IVF/ICSI cycles.
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Materials and methods

Ethical approval of the study protocol

This study was approved by the Reproductive Ethics
Committee of the Peking University Peoples’ Hospital (Beijing,
China). All treatments were administered in accordance with the
Declaration of Helsinki, 1964 and its later amendments.

Study design

In this retrospective study, medical records from January
1 to December 31, 2017 were reviewed for all IVE/ICSI cycles
involving a GnRH antagonist protocol at the Reproductive
Center of Peking University Peoples’ Hospital.

Inclusion criteria

Women were included in the study if they: (i) were aged
<40 years; (ii) had an FSH concentration <10 IU/L on day 3
of the menstruation; and (iii) had an antral follicle count (AFC)
>6. To evaluate the effect of letrozole on the cumulative live-
birth rate, only women who achieved their first live birth or
had used all of the fresh and frozen embryos acquired from a
GnRH-antagonist-stimulated cycle were included.

Exclusion criteria

Women were excluded from the study if they: (i) had
occult ovarian failure (FSH concentration >10 IU/L on
day 3 of the menstruation); (ii) had received clomiphene
to stimulate ovulation; or (iii) had an endocrine disorder
(PCOS, diabetes mellitus, thyroid dysfunction, congenital
adrenal hyperplasia, hyperprolactinemia, or Cushing syndrome)
or a uterine anomaly confirmed by hysterosalpingography
or hysteroscopy; (iiii) have suffering from autoimmune
diseases diagnosed by specialist physician (systemic lupus
erythematosus, dermatomyositis, connective tissue disease etc.).
One thousand and twenty-one patients who received a GnRH
antagonist protocol for IVF/ICSI and had cumulative pregnancy
outcomes and 252 patients with a normal response to GnRH
antagonist treatment were included in the analysis.

Protocols for ovarian stimulation

All participants received a flexible protocol involving a
GnRH antagonist for controlled ovarian hyperstimulation
(COH). None of the participants received an oral contraceptive
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pill before commencing the IVF cycle. Ovarian stimulation
with recombinant FSH (150-225 IU daily; Gonal-F; Merck
Serono, Coinsins, Switzerland) began on day 2 of the menstrual
cycle and continued for 3 consecutive days. The starting dose
was determined using the patients’ age, ovarian reserve, body
mass index (BMI), and previous response to COH. On the
initiation day (D2), 5mg of letrozole (Furui; Jiangsu Hengrui
Medicine, Lianyungang, China) was administered daily for 5
consecutive days. The recombinant FSH dose was then adjusted
according to the serum E2 concentration and follicular growth,
as monitored by serial transvaginal ultrasound. Administration
of the GnRH antagonist (0.25mg of ganirelix or cetrorelix
administered at 10a.m. daily) was initiated based on a flexible
protocol (in general, when the lead follicle was 13-14 mm in
diameter) and continued until the day of hCG administration.
When >2 leading follicles had reached 18 mm in diameter,
final oocyte maturation was triggered by the administration of
250 mg of recombinant hCG (Ovidrel; Merck Serono, Geneva,
Switzerland) alone, which was equivalent to ~6,500 IU of hCG
according to the manufacturer’s data, or 0.2 mg of triptorelin
(Ferring International Center, SaintPrex, Switzerland) plus
2,000 TU of hCG (Livzon, Zhuhai, China). Oocyte retrieval
was performed by transvaginal ultrasonography 35-37h later.
ICSI was performed for patients experiencing severe male-
factor infertility.

Embryo culture

Fertilization (i.e., the appearance of two distinct pronuclei
and two polar bodies) was assessed 16-18 h after insemination.
The embryo culture and embryo evaluation criteria were
referred to the published research in our center (10).

Embryo transfer

Fresh embryos were transferred 3 days after oocyte retrieval.
In frozen-thawed embryo transfer (FET) cycles, the embryos
were transferred in natural cycles or in hormonal replacement
cycles. Women who failed to ovulate were given estradiol
valerate (Progynova ; 3mg, p.o., b.d; Bayer, Leverkusen,
Germany) from days 2 to 3 of the menstrual cycle. Progesterone
(60 mg, once-daily intramuscular injection) was administered
when the thickness of the endometrium was >8 mm. One or two
embryos were transferred depending on embryo quality and the

patient’s age.
Support during the luteal phase

For fresh embryo transfer cycles, support during the luteal
phase comprised daily intramuscular injection of 40 mg of
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progesterone in oil (Xianju, Taizhou, China) along with oral
supplementation with 30 mg of dydrogesterone (Duphaston;
Abbot Biologicals, Olst, the Netherlands), starting on the day
of oocyte retrieval. For FET cycles, intramuscular injection of
60mg of progesterone in oil (Xianju) was performed from
the day of endometrial transformation. The serum p-hCG
concentration was measured 14 days after embryo transfer, and
a value >5 IU/mL was considered to denote clinical pregnancy.
Luteal support continued until 10 weeks of pregnancy.

Outcome variables

The primary outcome measure was the cumulative live-
birth rate, which was calculated as the number of women who
achieved their first live birth (>28 weeks of gestation) in fresh
embryo transfer cycles or in subsequent FET cycles divided
by the number of patients in the two groups. The number of
oocytes retrieved; the number of metaphase II (MII) oocytes;
and the rates of fertilization, implantation, clinical pregnancy,
and miscarriage were also analyzed. The definitions of these
metrics are described in our previous article (10).

Statistical analyses

Data analyses were performed using SPSS 24.0 (IBM,
Armonk, NY, USA). The Shapiro-Wilk test was used to
determine the normality of the data distribution. Based
on the results of this determination, parametric tests were
performed. Continuous variables are presented as the mean
=+ standard deviation and were compared using Students ¢-
test or the Mann-Whitney U-test. Categorical variables are
presented as frequencies and percentages. A chi-square test
was used for comparisons between groups. p < 0.05 was
considered significant.

Results

Two hundred and fifty-two women met the inclusion criteria
and were included in the analysis (96 in the letrozole group
and 156 in the non-letrozole group). The baseline age; body
mass; BMI; number of years of infertility; basic FSH, luteinizing
hormone (LH), and E2 concentrations; AFC; and demographic
characteristics did not differ significantly between the groups
(Table 1). The initial Gn dosage and total Gn dosage were
significantly lower and the number of days of Gn treatment were
significantly fewer in the letrozole group than the non-letrozole
group (p < 0.05), as shown in Table 1. The E2 concentration
on the day of hCG administration was significantly lower in
the letrozole group than the non-letrozole group (1,523.84 +
1,050.53 vs. 2,743.89 + 1,332.06, p < 0.0001), while the LH
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TABLE 1 Baseline patient characteristics for the two groups.

Letrozole Non-letrozole P
(n=96) (n=156)

Age (years) 32.89 £3.76 32,56 £3.71 0.507
Body mass (kg) 59.37 £ 8.39 58.54 + 8.18 0.435
BMI (kg/m?) 22.59 4+ 2.96 22314288 0.466
Duration of infertility (years) 3.40 +2.46 3.77 £ 3.06 0.320
FSH (IU/L) at day 3 7.50 £ 1.66 7.22+£1.58 0.174
LH (IU/L) at day 3 420+£2.44 4.14+3.18 0.867
E2 (IU/L) at day 3 41.57 £25.31 62.74+£171.24 0.230
AFC 11.31 +4.41 11.58 £ 4.07 0.628
Cause of infertility

Male factor 26 (27.08%) 37 (23.72%) 0.110
Tubal factor 37 (38.54%) 55 (35.26%) 0.123
Ovulation dysfunction 3(3.13%) 6 (3.85%) 0.205
Endometriosis 7 (7.29%) 9 (5.77%) 0.079
Combined 18 (18.75%) 42 (26.92%) 0.242
Unexplained 5(5.21%) 7 (4.49%) 0.105
Fertilization

IVF 54 (56.25%) 91 (58.33%) 0.159
ICSI 42 (43.75%) 65 (41.67%) 0.135

Values are the mean =+ standard deviation or percentage. BMI, body mass index; FSH,
follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; AFC, antral follicle
count; IVE, in vitro fertilization; ICSI, intracytoplasmic sperm injection.

and progesterone concentrations were higher in the letrozole
group (Table 1). However, the endometrial thickness on the day
of hCG administration was similar between the two groups.
In terms of the outcomes of ovulation induction, the number
of MII oocytes was higher in the letrozole group than the
non-letrozole group (8.97 & 4.22 vs. 7.74 £ 3.94, p = 0.022),
but the numbers of two-pronuclear embryos, blastocysts, and
high-quality embryos were similar between the two groups
(Table 2).

Thirty-three women underwent fresh embryo transfer in
the letrozole group compared with 64 women in the non-
letrozole group. A higher abortion rate after fresh embryo
transfer cycles was observed in the letrozole group, although
this difference was not significant (20.00 vs. 4.65%, p = 0.058;
Table 3). The implantation, clinical pregnancy, and live-birth
rates after fresh embryo transfer cycles were similar between
the two groups (Table 3). Further, the cumulative pregnancy
outcomes of the two groups were assessed. The implantation
rate was significantly higher in the letrozole group than the
non-letrozole group (39.79 vs. 27.96%, p = 0.006). However,
there was no significant difference in the abortion, cumulative
pregnancy, or cumulative live-birth rates between the two
groups (Table 4).
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Discussion

In this study, we investigated the effect of letrozole co-
treatment on the cumulative live-birth rate among normal
responders to a GnRH antagonist IVF protocol. The results
demonstrated that although letrozole co-treatment did not affect
the cumulative live-birth rate of normal responders (72.92
vs. 71.15%, p = 0.71), the number of oocytes retrieved was
significantly higher (8.97 & 4.22 vs. 7.74 £ 3.94, p = 0.022) in
the letrozole group than the non-letrozole group.

The E2 concentration on the day of hCG administration
was significantly lower in the letrozole group than the non-
letrozole group. In addition, the initial dose of Gn, the
total dose of Gn, and the duration of stimulation were also
significantly reduced in the letrozole group compared to the
non-letrozole group. Patients in the letrozole group were
administered 5mg of letrozole daily for 5 days from the day
that ovarian stimulation was initiated. The E2 concentration on
the day of hCG administration was 44% lower in the letrozole
group (1,523.84 £ 1,050.53 IU) than the non-letrozole group
(2,743.89 + 1,332.06 IU). This result was similar to the results
of a double-blinded, placebo-controlled, randomized study of
letrozole or placebo interventions during ovarian stimulation
for IVF treatment, which showed that daily administration of
5mg of letrozole significantly suppressed E2 concentrations in
the follicular phase by 58% (11). This was very important for
the patients with estrogen-related malignancies such as breast
cancer and endometrial cancer (12). During these patients
ovarian stimulation for oocyte or embryo freezing should be
typically avoided, because exposure to the supraphysiological
estrogen levels may not be safe. But the results in the present
study showed that letrozole could significantly reduce the peak
estradiol level in the ovarian stimulation without affecting the
cumulative live birth. Thus, it was recommended that letrozole
can be a safe solution for fertility preservation in estrogen-
related cancer patients (13). Compared to d-chiro-inositol,
which modulates the activity of aromatase by reducing the
corresponding gene expression to suppressed E2 concentrations
(14), letrozol inhibits the enzyme activity by blocking the
active site (15). As a synthetic third-generation aromatase
inhibitor that specifically blocks the conversion of androgen to
estrogen (16), letrozole may cause a temporary accumulation
of intraovarian androgens. It has been shown that androgens
promote the initiation of primordial follicle growth and increase
the number of growing preantral and small antral follicles
in the ovaries (17, 18). In addition, androgen accumulation
in the follicle may stimulate insulin-like growth factor, which
may synergize with FSH to promote folliculogenesis (19), IGF2
addition increased follicle survival rates, diameters and inhibin
B production, as well as granulosa cell proliferation (20). Thus,
letrozole increases ovarian sensitivity to gonadotropins, which
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TABLE 2 Comparison between letrozole and non-letrozole groups: characteristics of ovarian stimulation.

Letrozole (n = 96)

Initial dose of gonadotropin (IU)

Total dose of gonadotropins (IU)

Duration of stimulation (d)

Endometrial thickness (mm) on trigger day

E2 concentration (ng/mL) on trigger day

LH concentration (ng/mL) on trigger day 4.78 £4.33
Progesterone concentration (ng/mL) on trigger day 1.45£0.73
No. of oocytes retrieved 11.31 +4.19
No. of MII oocytes 8.97 +£4.22
Fertilization rate (%) 81.54 +18.12
No. of 2PN embryos 7.02+3.42
No. of embryos available 244 +1.08
No. of high-quality embryos 123 £1.16
No. of blastocysts 1.99 £ 1.96

180.08 £ 57.99
1,951.95 & 639.42
9.19 £ 1.50
9.56 £2.27
1,523.84 £ 1,050.53

Non-letrozole (n = 156) P
221.63 + 52.13 <0.0001
2,197.60 + 636.87 0.003
9.69 = 1.59 0.013
9.59 + 2.43 0.919
2,743.89 + 1,332.06 <0.0001
238+ 1.79 <0.0001
1.17 £ 0.69 0.003
11.23 4+ 4.32 0.883
7.74 + 3.94 0.022
84.56 + 16.46 0.175
7.49 + 345 0.297
228+ 1.09 0.273
119+ 1.16 0.775
2,04+ 1.91 0.845

E2, estrogen; LH, luteinizing hormone; MII, metaphase IT; 2PN, two-pronuclear.

TABLE 3 Reproductive outcomes of fresh-embryo transfer cycles in
the study group.

Letrozole = Non-letrozole P
(n=33) (n=64)
Implantation rate 38.37% (33/86) 32.51% (53/163) 0.355
Clinical-pregnancy rate per ET  75.75% (25/33) 67.18% (43/64) 0.382
Abortion rate 20.00% (5/25) 4.65% (2/43) 0.058
Live-birth rate per ET 60.60% (20/33) 60.06% (41/64) 0.738

ET, embryo transfer.

TABLE 4 Cumulative reproductive outcomes in the study groups.

Letrozole Non-letrozole P

(n=96) (n=156)
Implantation rate 39.76% (103/259) 27.96% (111/397)  0.006
Clinical-pregnancy rate per ET  71.85% (69/96) 70.51% (110/156)  0.817
Abortion rate 17.39% (12/69) 10.91% (12/110)  0.215
Cumulative live-birth rate 72.92% (70/96) 71.15% (111/156)  0.714

ET, embryo transfer.

may have contributed to the decrease in the total Gn dose and
the duration of stimulation in the letrozole group in the present
study. The results of our study were consistent with those of
other studies investigating the effect of letrozole during IVF
treatment. A retrospective study including 303 women revealed
a reduction of 1.10 days of the duration of stimulation in the
letrozole group compared to the non-letrozole group (8).
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It was also found that the LH and progesterone
concentrations on the day of hCG administration were
higher in the letrozole group than the non-letrozole group.
Increased endogenous production of LH has previously
been described as a result of decreased E2 feedback from
the hypothalamic-pituitary axis (21, 22). The higher LH
concentrations observed in the luteal phase after letrozole
co-treatment increase progesterone concentrations in patients
treated with letrozole, but this does not continue into the luteal
phase (23).

We used the cumulative live-birth rate as the primary
outcome for the first time to evaluate the effect of letrozole
on GnRH antagonist treatment. The cumulative birth rate
has been shown to provide an all-inclusive success rate for
ART (10)and was described in detail in our previous study
(10). In the present study, all patients were followed up for
3 years. The cumulative live-birth rate was similar in the
letrozole (72.92%, 70/96) and non-letrozole (71.15%, 111/156)
groups (Table 4). To comprehensively understand the effect
of letrozole on pregnancy outcomes, we further explored the
outcomes of FET cycles. Thirty-three patients underwent FET
cycles in the letrozole group, and 64 patients underwent FET
cycles in the non-letrozole group. In FET cycles, the live-
birth rate was similar between the two groups. However, a
significantly higher abortion rate was observed in the letrozole
group than the non-letrozole group (20.0 vs. 4.65%, p =
0.058). The higher abortion rate may be due to imbalanced
endocrine hormone concentrations in the luteal phase induced
by letrozole treatment. It has previously been shown that the
E2 concentration decreases and the progesterone concentration
increases in the luteal phase after letrozole co-treatment (11).
The altered balance between E2 and progesterone in the luteal
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phase, as seen in the present study, may have a favorable
effect on the endometrium and implantation window and may
reduce the need for exogenously administered progesterone
to sustain endometrial development (11). However, given the
cost of letrozole and Gn and the total Gn dosage in the
two groups, letrozole co-treatment as part of an IVF GnRH
antagonist protocol may effectively reduce the economic burden
on patients, which is of great significance in health economics.

The strengths of our study were: (i) a large patient cohort;
(ii) a long follow-up period; and (iii) the use of the cumulative
live-birth rate as the primary outcome in the two groups,
which provided an all-inclusive success rate for ART. The main
limitations of our study were its retrospective design, its non-
originality, and the possibility of selection bias.

Conclusion

In conclusion, the combination of letrozole and a GnRH
antagonist regimen for ovulation induction did not affect
the cumulative live-birth rate in patients with a normal
ovarian reserve, but it increased the number of oocytes
retrieved, decreased the E2 concentration on the day of hCG
administration, and decreased the total Gn consumption.
The decreased E2 level in the ovarian simulation supports
letrozole can be a safe solution for fertility preservation in
estrogen-related cancer patients. The lower requirement
for exogenous gonadotrophins consequently reduces the
economic burden on patients, which is of great significance in
health economics.
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