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Co-treatment with letrozole during ovarian
stimulation for IVF/ICSI: a systematic review
and meta-analysis
BIOGRAPHY

Nathalie Søderhamn Bülow, MD, has been working at the Fertility Clinic at Copenhagen
University Hospital, Rigshospitalet, since October 2019 after completing specialist training
in obstetrics and gynaecology. Her PhD focuses on the clinical use of letrozole in IVF.
Nathalie Søderhamn Bülow1,*,#, Marianne Dreyer Holt2,*, Sven
Olaf Skouby3, Kathrine Birch Petersen4, Anne Lis Mikkelsen Englund2,
Anja Pinborg1, Nicholas Stephen Macklon2,5

KEY MESSAGE

Co-treatment with letrozole during ovarian stimulation for IVF and intracytoplasmic sperm injection may
benefit poor responders by increasing live birth rate. Currently, evidence is insufficient to support a
recommendation of co-treatment with letrozole in normal or high responders, and further good-quality studies
are required.
ABSTRACT

Letrozole reduces serum oestradiol by inhibiting the aromatase enzyme and has growing clinical indications in
fertility. The available evidence of letrozole's role in ovarian stimulation for IVF and intracytoplasmic sperm injection
(ICSI) and clinical outcomes was assessed. Medline, Cochrane, and ClinicalTrials.gov databases were systematically
searched up until August 2021, including 31 studies (n = 16 randomized controlled trials [RCTs]; n = 15 observational
studies). Live birth rate (LBR) in poor responders significantly increased by 7% (95% CI, 1% to 13%, P = 0.03) with
letrozole co-treatment. Concomitantly, the gonadotrophin consumption was significantly reduced, without decreasing
the number of retrieved oocytes. In normal responders, number of oocytes increased with 1.8 oocytes (95% CI 0.35
to 3.27, P = 0.01) with letrozole co-treatment. No significant effect on LBR, clinical pregnancy rate (CPR), or ovarian
hyperstimulation syndrome rate was demonstrated. Only two studies reported on high responders and revealed no
effect on LBR or CPR. Overall, the endometrium thickness was slightly affected, where as the, miscarriage rate and
cancellation rate were unaffected by letrozole co-treatment. None of the included studies reported on neonatal
outcomes. The quality of evidence was high or moderate in the RCTs and low in the observational studies. In
conclusion, poor responders may benefit from co-treatment with letrozole during ovarian stimulation for IVF, whereas
letrozole for normal and high responders requires further investigation with larger, high-quality studies.
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INTRODUCTION

L

etrozole reduces circulating
oestrogens by reversibly inhibiting
the aromatization of androgens
to oestrogens in the granulosa
cells in the ovaries, without affecting
oestrogen receptors in the peripheral
tissue (Bossche et al., 1994; Buzdar et al.,
2002).
These pharmacological actions led to its
early adoption as a chemotherapeutic
agent in oestradiol receptor-positive
breast tumours, and, for the past 20
years, it has assumed an increasing role
in the treatment of subfertility. Casper
and Mitwally (2001) first proposed
letrozole as an ovulation induction agent
with the rationale that, by suppressing
oestradiol, it will diminish the negative
feedback on the hypothalamic–pituitary
axis and enhance endogenous FSH
release. A few years later, however,
its emerging clinical use and further
investigation of its applications were
largely abandoned after the presentation
of data linking letrozole fertility treatment
to locomotor disabilities and congenital
cardiovascular anomalies in offspring
(Biljan et al., 2005). This study, however,
was later discredited because of several
methodological flaws and was never
published in a peer-reviewed journal. The
concerns have since been alleviated by
larger, well-conducted studies showing
no such association (Pundir et al.,
2020). The role of letrozole has further
developed and is now recommended
by the European Society of Human
Reproduction and Embryology and the
international guideline consensus group
as the first-line ovulation induction
agent for anovulatory infertility, including
patients with polycystic ovary syndrome
(PCOS), despite its use still awaiting
approval by local medical authorities
(Teede et al., 2018; Gadalla et al., 2020).
The efficient anti-oestrogenic action
has made letrozole an established
co-treatment in ovarian stimulation for
fertility preservation in breast cancer
patients, where the supra-physiological
oestrogen levels are suppressed to
avoid stimulating tumour growth (Reddy
and Oktay, 2012). In recent years, the
interest in co-treatment with letrozole
during ovarian stimulation for IVF has
grown in fertility patients, with the aim
of normalizing the disrupted endocrine
milieu created by the multiple follicle
development (Macklon et al., 2006).

The supra-physiological levels of
oestrogen in IVF have previously been
shown to be suppressed to physiological
levels with letrozole co-treatment
(Oktay et al., 2006); this reduces the
negative feedback at the hypothalamic–
pituitary axis and increase endogenous
gonadotrophin production. It has also
been demonstrated that co-treatment
with letrozole increases the precursor
androgens that may serve to upregulate
FSH receptors. These two factors present
a rationale for the use of co-treatment
with letrozole in poor ovarian responders
(POR) (Weil et al., 1999; Nielsen et al.,
2011; Lossl et al., 2020).
Moreover, it has been hypothesized
that restricting supra-physiological
levels of oestrogen may reduce the risk
of ovarian hyperstimulation syndrome
(OHSS). Published data are conflicting
on co-treatment with letrozole during
ovarian stimulation in the follicular phase,
but a recent systematic review shows a
reduction in moderate to severe OHSS
in high responders, when using letrozole
in the luteal phase (Zhao et al., 2020).
The suppression of oestrogen
levels during stimulation may affect
endometrial receptivity by reducing
the embryo–endometrial asynchrony,
thereby affecting implantation and
miscarriage rates (van der Gaast
et al., 2002; Bourgain and Devroey,
2003; Ma et al., 2003; Horcajadas
et al., 2008; Boomsma et al., 2010;
Sunkara et al., 2014). The prevention
of supra-physiological oestrogen may
also contribute to an earlier recovery of
the pituitary suppression in the luteal
phase, thus accounting for the need to
provide luteal hormonal support in IVF
cycles (Beckers et al., 2003). Conversely,
disrupting the endocrine milieu could
have detrimental effects on reproductive
functions and clinical outcomes, and
most published studies have been
underpowered to detect these.
The evidence supporting the role of
letrozole, as an ovulation induction
agent, has recently been assessed in
a Cochrane systematic review (Franik
et al., 2018). No systematic review and
meta-analysis, however, has investigated
the efficacy of co-treatment with
letrozole in IVF and intracytoplasmic
sperm injection (ICSI) regardless of
the expected response. This systematic
assessment aims to synthesize the
evidence of co-treatment with letrozole

on reproductive outcomes during ovarian
stimulation for fresh IVF/ICSI cycles.

MATERIALS AND METHODS
This systematic review and metaanalysis was conducted and reported
according to the PRISMA guidelines
and was registered on 25 June 2020
at PROSPERO, no: CRD42020194333
before the literature search was initiated
(Shamseer et al., 2015). The study
protocol is accessible at https://www.
crd.york.ac.uk/prospero/display_record.
php?ID=CRD42020194333.
Search strategy
A systematic search was conducted
with the help from a research librarian
in PubMed/MEDLINE database with the
string (aromatase inhibitor OR letrozole)
AND (IVF OR infertility OR subfertility OR
fertility), and at the Cochrane Library with:
(letrozole). No limits or restrictions were
applied to the searches and all published
articles were screened for eligibility. To
avoid publication bias, published protocols
were searched in ClinicalTrials.gov with
the string (condition: IVF OR ICSI OR
ovarian stimulation; other terms: letrozole)
with no limits. All authors with presumably
ended unpublished trials were invited
to share data if contact information
was provided and relevant studies were
included. A thorough reference check
was made in all included studies using the
‘snowballing method’ (Greenhalgh and
Peacock, 2005). In all relevant systematic
reviews, eligible studies from the reference
list were included. The last systematic
search was conducted on 18 August 2021.
Selection of studies
The search results were imported into
Covidence® and duplicates removed.
Covidence® is an online software
programme designed to manage studies
in systematic reviews with screening and
data extraction. Title, summaries and
abstracts were screened for eligibility.
NSB and MDH screened all summaries
and abstracts independently and relevant
studies were included for full-text
screening. Any disagreements were
resolved by discussion or by consulting
with an additional reviewer(s).
The full-text screening was carried out
independently by NSB and MDH. Any
doubts or discrepancies were resolved in
the study group with at least one other
author. The criteria for inclusion were as
follows: co-treatment with letrozole in
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FIGURE 1 PRISMA 2020 flow diagram.

the follicular phase with gonadotrophins
started simultaneously with letrozole,
during gonadotrophin ovarian stimulation
or sequentially with gonadotrophins.
Stimulation with gonadotrophins should
be started 24 h after cessation of letrozole
at the latest. Studies with random start
ovarian stimulation, luteal phase ovarian
stimulation, or both, were excluded.
Studies investigating fertility preservation
were excluded, as the primary outcomes
for this study would not be available. To
ensure comparable high-quality outcomes
of the review, only randomized controlled
trials, case-control studies, cohort studies
and observational studies with matched
controls were included. Cases, caseseries, abstracts without full text, reviews,
opinions, and letters to the editor were
excluded. Systematic reviews were
screened for references, but not included

for data extraction. Studies in languages
other than English were excluded.
All included studies were printed in
two hard copies for individual data
extraction, assessment of bias and quality
of evidence. The selection process
is reported in the PRISMA flow chart
(FIGURE 1). Further explanation of the
excluded full-text studies is presented in
Supplementary Table 1.
Data extraction and outcome
measures
The following were extracted
independently by two authors.
Continuous outcomes were measured
in mean and SD and dichotomous
outcomes in proportions. Primary
outcomes were as follows: LBR, defined
as a live birth after gestational age 22

weeks; ongoing pregnancy rate (OPR),
defined as a pregnancy older than
gestational age 12 weeks with fetal
heartbeat visualized on ultrasound
scan; CPR, defined as a pregnancy
approximately gestational age 5–7 weeks
with fetal heartbeat or gestational sac
visualized on ultrasound scan; and
miscarriage rate, defined as pregnancy
loss after gestational age 5–22 weeks.
Secondary outcomes included the
number of oocytes retrieved, total dose
of FSH, length of ovarian stimulation in
days, endometrial thickness on the day
of oocyte trigger, cancellation rate per
started cycle and neonatal outcome.
If any doubts or questions were raised
about the data presented, or if data were
presented as median instead of mean,
the corresponding author of the relevant
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article was contacted by e-mail to obtain
mean and SD of continuous outcomes
or proportion of dichotomous outcomes.
If contact information was not valid, a
search on Google, a relevant university,
hospital, or Facebook was conducted
until a valid email address was found.
If contact was not established or the
correct data were not available, the study
was excluded from the meta-analysis with
the specific outcomes.
Assessment of bias
The risk of bias of the included randomized
controlled trials (RCTs) was assessed
and reported according to ‘Cochrane
collaboration's tool for assessing the risk of
bias in randomized trials’, as recommended
by the Cochrane Handbook for Systematic
Reviews of interventions (Cumpston et al.,
2019). The assessed bias consisted of the
following: selection bias (random sequence
generation); allocation concealment;
performance bias (blinding of participants
and personnel); detection bias (blinding
of outcome assessors); attrition bias
(incomplete outcome data); reporting
bias (selective outcome reporting); other
potential sources of bias; and overall bias.
Bias was classified as low, high or unclear
risk of bias.
The assessment of the risk of bias for
observational studies was conducted
using the Robins-I tool as low, moderate,
serious, critical, or no information (Sterne
et al., 2016). The following domains were
applied: confounding bias; selection
bias; intervention bias; deviations from
intended interventions; information bias
(missing data); outcomes; selection of
reported results; and overall risk of bias.
To compare bias in RCTs and
observational studies, critical and serious
were grouped as ‘serious’, moderate or
no information as ‘unclear’ and low as
‘low’. The overall risk of bias was assessed
on the primary outcome. A standard
operating procedure was described using
the Robin-I tool before assessing the
bias to ensure consistent assessment.
All bias assessments were conducted
independently by two authors and, in
case of discrepancy, it was discussed until
agreement. The risk-of-bias assessments
are presented next to the Forest plots
and in Supplementary Table 2.
Assessing the overall quality of
evidence
The overall quality of evidence was
assessed using the GRADE criteria and

was conducted independently by two
authors and discussed until agreement
was reached (Schünemann et al., 2014).
Four levels of quality were assessed:
high, moderate, low or very low quality.
Randomized controlled trials were graded
as high quality but downgraded to a
moderate level of evidence if high risk
of bias was found. Observational studies
were graded as a low grade of quality
and downgraded to very low if containing
two or more areas with high risk of bias
and upgraded to moderate quality if no
high risk of bias was found. In the case of
disagreement, the quality assessment was
discussed until agreement was reached.
The assessments of overall quality of
evidence are presented in Supplementary
Table 2.
Data synthesis and statistics
Dichotomous variables were analysed
using the Mantel–Haenszel method,
reporting the risk differences with
95% confidence interval. Continuous
variables were analysed with the inverse
variance method and expressed as
mean difference with a 95% confidence
interval. Heterogeneity across studies
was evaluated using Forest plots and I2
statistics (Higgins, 2003). The randomeffect model was applied because of
expected high heterogeneity within the
studies. Funnel plots for each outcome
were used to detect publication bias.
Subgroup analyses on expected poor,
normal, and high responders were
carried out for CPR, number of oocytes
retrieved, total FSH consumption, and
days of ovarian stimulation. Poor, normal,
and high responders were categorized
according to the classification used in the
specific studies.
Sensitivity analyses were carried out
to increase the homogeneity of the
studies and decrease the bias in the
studies included. Only high-quality
studies (overall low risk to moderate risk
of bias) and studies comparing similar
stimulation protocols were included.
They were carried out for the following
outcomes: CPR, number of oocytes
retrieved, and FSH consumption. Review
Manager, Version 5.4. (The Cochrane
Collaboration, 2020) was used for
statistical analyses.

RESULTS
The literature search yielded 1126 studies
after removing duplicates, of which

1046 were excluded based on summary
or abstract. Data were retrieved from
one of seven studies registered at
ClinicalTrials.gov. This study was later
published (Bülow et al., 2021); therefore,
all included studies are peer-reviewed.
All remaining reports were retrieved,
hence a total of 80 studies were included
for full-text screening, of which 49
studies were excluded. The reasons
for exclusion of the full-text articles are
reported in Supplementary Table 1. This
systematic review and meta-analysis
included 31 studies, shown in the
PRISMA flow diagram (FIGURE 1), 16 RCTs
and 15 retrospective or prospective
observational studies with appropriate
control groups.
Most of the studies included in the
meta-analysis addressed the use of
letrozole in POR (n = 20) (Goswami
et al., 2004; Garcia-Velasco et al., 2005;
Schoolcraft et al., 2008; Ozmen et al.,
2009; Davar et al., 2010; Elassar et al.,
2011; Lee et al., 2011, 2014; Mohsen and
El Din, 2013; Cenksoy et al., 2014; Lazer
et al., 2014; Yucel et al., 2014; Nabati
et al., 2015; Bastu et al., 2016; Ebrahimi
et al., 2017; Yu et al., 2018; Moini
et al., 2019; Liu et al., 2020; Shapira
et al., 2020; Khojah et al., 2021). Ten
studies investigated expected normal
responders (Verpoest et al., 2006;
Mukherjee et al., 2012; Yasa et al., 2013;
Haas et al., 2017, 2018; Siristatidis et al.,
2017; Eftekhar and Saeed, 2020; Kim
et al., 2020; Shapira et al., 2020; Bülow
et al., 2021), whereas only two studies
included high responders (D'Amato
et al., 2018; Yang et al., 2019). The
number of patients in the studies ranged
from 12 to 534. In one study (Shapira
et al., 2020), the same patients (n = 12)
participated as control group and within
6 months in a subsequent cycle in the
intervention group. Data were published
from 13 different countries from 2004
to 2021, and 22 of the studies were
published within the last 10 years. The
characteristics of the included studies are
presented in TABLE 1.
Expected responses to ovarian stimulation
were defined in the included studies
by the authors as poor, normal or high
responders. Poor ovarian response was
categorized according to the Bologna
criteria two or more of three of the
following: advanced maternal age (≥40
years) or any other risk factor for POR; a
previous POR (three oocytes or fewer with
a conventional stimulation protocol); an

No

No

Ebrahimi et al. RCT
(2017), Iran

Ecemis et al.
(2015), Turkey

Poor respond- Age <42 years; two or more previous
ers
IVF cycles with FSH ≥300 IU that
99 (47 + 52)
yielded fewer than five oocytes or
a previous cycle cancellation due to
three or fewer follicles ≥15 mm in
diameter, after 10 days of stimulation.
No prior ovarian surgery or exposure
to chemotherapy or radiotherapy

No

Retrospective cohort

Elassar et al.
2011, USA

Age 18–40 years; cycle day 3; FSH
<15 IU/l

Yes,
Normal
Age 18–40 years; AFC >7; AMH
no response responders
1.1–3.5 ng/ml
100 (50 + 50)

Normal
responders
320
(105 + 215)

I: CD2 letrozole 5 mg (5 days) + CD5
450 IU FSH and 150 IU HMG; C:
pre-treatment with oestradiol and agonist + CD2, antagonist 450 IU FSH and
150 IU HMG

I: CD2 letrozole 5 mg until trigger day
+150 IU FSH; C: same protocol without
letrozole

I: CD 2 letrozole 5 mg (5 days) +
150–225 IU FSH; C: same protocol
without letrozole

Poor respond- 2/3 Bologna criteria; poor ovarian re- I: CD3 letrozole 2.5 mg/day (5 days) +
ers
sponse in previous cycle: one or more 225 IU FSH adjusted; C: same protocol
70 (35 + 35)
previous failed IVF/ICSI cycles with
without letrozole
conventional long-agonist protocol
and fewer than four mature oocytes.

Eftekhar et al. RCT
(2020), Iran

Retrospective cohort

No

RCT

Davar et al.
(2010), Iran

I: CD2 letrozole 2.5 mg/day (5 days) +
150 IU HMG; C: same protocol without
letrozole

I: CD3 letrozole 2.5 mg/day (5 days) +
450 IU FSH; C: pre-treatment 7 days
OCP and agonist + 450 IU FSH

I: CD2/3 letrozole 5 mg/day (5 days)
+ 150 U FSH; C: same protocol without
letrozole

Poor respond- One or more failed IVF cycles with
Pre-treatment 21 days of OCP; I: letroers
three or fewer follicles ≤16 mm and/or zole 5 mg/day (5 days); 300–450 IU FSH
94 (45 + 49)
oestradiol on trigger day ≤500 pg/ml. or HMG; C: agonist + 300–450 IU FSH

Yes,
High respond- Non-obese women with PCOS and
no response ers
mild protocol with letrozole and
125 (80 + 45) HMG or standard IVF with HMG and
received metformin 1200–2000 mg/
day in the preceding 3–6 months

AMH 8–32 pmol/l; regular menstrual
cycle; BMI <35; not PCOS

Poor respond- BMI ≤30; AMH <1.1 ng/ml and/
ers
or three or fewer oocytes; primary
153 (70 + 83) infertility

Normal
responders
159 (80 + 79)

D'Amato et al. Retrospec(2018), Italy
tive
cohort

Yes, data
included

Ovarian stimulation protocol

Fertilization
transfer day after
oocyte retrieval
(number of embryos)

IVF/ICSI
day 3
(NA)

IVF/ICSI
day 2/3
(NA)

ICSI
day 3/5
(NA)

ICSI
day 2/3
(NA)

IVF/ICSI
day 2/3
(NA)

IVF/ICSI
day 3/5
(NA)

ICSI
day 3/5
(1/2)

IVF/ICSI
day2/3/5
(1)

Poor respond- 2/3 Bologna criteria; age: 18–42 years; I: CD2/3 letrozole 5 mg/day (5 days) + 75 ICSI
ers
cycle: 25–34 days, BMI: 19.3–28.9; no IU FSH + 75 IU HMG; C: 150 IU
day 3
64 (33 + 31)
metabolic or endocrine disorders;
FSH + 150 IU HMG
(1/2)
normal hormones; HSG/hysteroscopy

Yes

RCT

Bulow et al.
(2021),
Denmark

No

Cenksoy et al. Retrospec(2014), Turkey tive cohort

RCT

Bastu et al.
(2016), USA

Publication, Study type Authors
Population, Inclusion criteria
Country of
contacted n (letroorigin
zole + control)

TABLE 1 CHARACTERISTICS OF THE INCLUDED STUDIES

CPR, OPR,
miscarriage
rate/cycle,
OR, FSH,
days

Endo

CPR, OR,
FSH, endo

CPR, OR,
FSH, endo

CPR, OR,
FSH, endo

CPR

CPR, OR,
FSH, endo,

CPR, OHSS

CPR, OR,
FSH, endo

Measured
outcomes

Moderate
⊕⊕⊕

GRADE

NA

NA

NA

NA

NA

NA

NA

(continued on next page)

Very low ⊕

Low ⊕⊕

Very low ⊕

High ⊕⊕⊕⊕

Moderate
⊕⊕⊕

Very low ⊕

Very low ⊕

European Union, High ⊕⊕⊕⊕
Interreg V ÖKS
and Ferring Pharmaceuticals and
Roche Diagnostics

NA

Funding
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No

No

No

Prospective
cohort

Haas et al.
Retrospec(2017), Canada tive cohort

Retrospective cohort

Retrospective cohort

Retro-spective cohort

Retrospective cohort

RCT

Haas et al.
(2018), Canada

Khojah
et al. (2021),
Canada

Kim et al.
(2020), Korea

Lazer et al.
(2014), Canada

Lee et al.
(2014), Korea

Lee et al.
(2011), China

Age ≤42 years; AFC ≥4

Not specified; not PCOS or fulfilling
Bologna criteria

IVF day 2
(NA)

I: CD3 letrozole 5 mg/day until trigger + NA; day NA
FSH flexible; C: FSH ± 75 IU as matched (NA)
intervention

I: CD3 letrozole 5 mg/day until trigNA; day NA
ger + FSH and from day of leading folli- (NA)
cle ≥13 mm or oestradiol levels exceeded
1200 pmol/l supplemented with HMG
or LH;
C: same protocol without letrozole

I: CD 3 letrozole 2.5 mg/day (5 days);
75 IU FSH only on CD 3 and 8; C: agonist + 300 IU FSH adjusted

NA
day 3
(NA)

Fertilization
transfer day after
oocyte retrieval
(number of embryos)

I: CD2 letrozole 2.5 mg/day (5 days) +
150 IU HMG for 3 days and thereafter
150–225 IU HMG; C: same protocol
without letrozole

I: CD2 letrozole 2.5 mg (5 days) + CD7
225 IU HMG, day after letrozole was
stopped; C: CD3 225 IU HMG

Poor respond- Age 20–39 years; Bologna criteria and I: CD2 letrozole 2.5 mg (5 days) +
ers
menstrual cycle: 24–35 days; BMI:
225 IU recombinant human FSH; C:
103 (46 + 57) 18–25 kg/m2
same protocol without letrozole

Poor respond- Bologna criteria and
ers
AMH ≤8 pmol/l and/or
141 (70+71)
AFC ≤5; only first IVF cycle

Endometriosis diagnosed by biopsy at I: CD3 letrozole 5 mg/day until trigger +
endometrioma surgery or endometri- FSH flexible or FSH and LH;
oma seen on ultrasound;
C: same protocol without letrozole
baseline mean AMH 18 pmol/l

IVF
day 2
(1/2)

IVF/ICSI
day 3
(1–4)

NA; day 3
(NA)

NA;
day 3
(NA)

Poor respond- Age <42 years; regular menstruation I: CD3 letrozole 20 mg/day until trigIVF/ICSI day 3 (1/2)
ers
cycle; and one to two previous IVF cy- ger + HMG 150 IU flexible up to 300 IU;
309 (62 + 247) cles with zero to two mature follicles C: FSH 300–450 IU

Normal
responders
174 (87 + 87)

Normal
responders
26 (13 + 13)

Poor respond- Age ≥35 years; one to three previous
ers
failed IVF owing to poor ovarian
38 (13 + 25)
response

Yes,
Poor respond- Fewer than four oocytes in a previous
data
ers
failed IVF cycles or AFC <5.
received on 53 (26 + 27)
CPR and
number of
oocytes

No

No

Ovarian stimulation protocol

Poor respond- One previous cancelled
I: CD NA letrozole 2.5 mg +
ers
IVF attempt (long protocol) with
225 IU FSH +150 HMG adjusted; C:
147 (71 + 76)
four or fewer follicles at oocyte
same protocol without letrozole
retrieval and/or oestradiol ≤500 pg/ml
and FSH <12 IU/l

Yes,
Normal
no response responders
64 (38 + 26)

No

RCT

Goswami
et al. (2004),
India

No

Prospective
cohort

Garcia-Velasco et al.
(2005), Spain

Publication, Study type Authors
Population, Inclusion criteria
Country of
contacted n (letroorigin
zole + control)

TABLE 1 (continued)

NA

SNUBH research
fund

NA

NA

NA

NA

NA

Funding

LBT, OPR,
miscarriage
rate/cycle,
OR, FSH

Hong Kong
OG
Trust fund

LBR, CPR,
NA
OPR, miscarriage rate/
cycle, OR,
FSH

LBR, CPR,
OR, FSH

CRP, FSH,
endo

CRP, FSH,
days, endo

OPR, OR,
FSH

OPR, OHSS,
OR, FSH

CPR, OR,
FSH, endo

CPR, miscarriage rate/
cycle, OR,
FSH, endo

Measured
outcomes

High ⊕⊕⊕⊕

Moderate
⊕⊕⊕

Very low ⊕

Very low ⊕

Very low ⊕

Very low ⊕

Very low ⊕

High ⊕⊕⊕⊕

Very low ⊕

GRADE
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No

Yes,
Poor respond- Age >41 years or
I: CD3 letrozole 2.5 mg (5 days) + CD3
IVF/ICSI
no response ers
CD2 FSH >10 IU/ml or
300 IU FSH + 150 IU HMG; C: pre-treat- day 3/5
534 (179 + 355) AFC <6 or previous cycle cancellation; ment: 14–21 days of OCP, 3 days after
(NA)
previous poor response to ovarian
OCP start agonist; 5 days after OCP, FSH
stimulation (peak oestradiol <500 pg/ml300 IU and
and/or fewer than six oocytes retrieved) HMG 150 IU per day.

RCT

RCT

Retrospective No
cohort

Nabati et al.
(2015), Iran

Özmen et al. RCT
(2009), Turkey

Prospective
cohort

Mukherjee
et al. (2012),
India

Schoolcraft
et al. (2008),
USA

Shapira et al.
(2020), Israel

Verpoest et al. RCT
(2006),
Belgium

No

RCT

No

No

No

Age 25–35 years; partner with
azoospermia needing TESA; normal
endocrinology; thyroid; prolactin;
gonadotrophins

Normal responder
20 (10 + 10)

Poor and
suboptimal
responders
24 (24 + 24)

Age <39 years; subfertility >1 year;
I: CD2 letrozole 2.5 mg (5 days) + CD2
regular menstrual cycle; basal FSH <15 150 IU FSH; C: same protocol without
IU/l; first or second IVF/ICSI; not WHOletrozole
ovulation disorder

Treated within a 1-year period;
I: CD2–3 letrozole 5 mg until trigpoor (one to three oocytes) or subop- ger + 300–450 recombinant FSH; C:
timal (four to nine oocytes) response same protocol without letrozole
to treatment; subsequent cycle same
patients with letrozole.

Poor respond- Previous cycle fewer than four oocytes I: CD3 letrozole 5 mg (5 days) +
ers
or previous cycle cancellation owing to CD5 450 IU FSH; C: same protocol
70 (35 + 35)
low oestradiol on CD6 or trigger day. without letrozole

NA; day 3/5
(NA)

IVF; NA
(NA)

ICSI day 3
(NA)

ICSI day 1
(1–3)

I: CD3 letrozole 5 mg (5 days) +
ICSI day 2
CD5 75 IU FSH; C: CD2 150–225 IU FSH (2)

I: CD2/3 letrozole 5 mg (5 days) + CD2/3 ICSI day 2/3
150 IU FSH and 150 IU HMG adjusted;
(NA)
C: same protocol without letrozole

Poor respond- Age >40 years; previous cycle three or I: CD3 letrozole 10 mg (5 days) + CD3
ers
fewer oocytes; cycle day 3: FSH 15–110 450 IU FSH; C: pre-treatment: OCP
123 (62 + 61) mIU/m and oestradiol <1500 pg/m
3 days after OCP start agonist + 5 days
after OCP: 450 IU FSH, adjusted

Normal responders
94 (42 + 52)

Poor respond- 2/3 Bologna criteria: three or fewer
ers
oocytes retrieved; ≥40 years/other
160 (80 + 80) risk factor for POR; AFC fewer than
five to seven follicles; AMH <0.5–1.1
ng/ml;
BMI <30 kg/m2

Poor respond- Regular cycle; BMI <30 AND
I: CD2 letrozole 5 mg (5 days) + CD7 150 ICSI day 2/3
ers
one or more cycles with four or fewer IU HMG; C: agonist + 300 IU HMG
(NA)
60 (30 + 30) oocytes and 300 FSH

Moini et al.
(2019), Iran

No

IVF/ICSI day 3
(1/2)

RCT

Age ≥40 years and/or other risk factor I: CD3 letrozole 5 mg (5 days) + CD4
for POR
and 6: 150 IU FSH; CD8 150 FSH until
Previous cycle with ≤6 oocytes
trigger; C: agonist protocol
AFC<7 or AMH<1.1ng/ml
CD start: NA; 300 IU FSH until trigger
Bologna criteria

Mohsen et al.
(2013), Egypt

Yes,
Poor responddata
ers
received on 191 (97 + 94)
FSH

Fertilization
transfer day after
oocyte retrieval
(number of embryos)

RCT

Ovarian stimulation protocol

Liu et al.
(2020), China

Publication, Study type Authors
Population, Inclusion criteria
Country of
contacted n (letroorigin
zole + control)

TABLE 1 (continued)
Funding

NA

NA

Moderate
⊕⊕⊕

High ⊕⊕⊕⊕

Moderate
⊕⊕⊕

Moderate
⊕⊕⊕

GRADE

NA

CPR, OR, FSH NA

FSH, OR, days No funding

OR, FSH

CPR, OR, FSH, NA
endo

(continued on next page)

Moderate
⊕⊕⊕

Very low ⊕

Very low ⊕

Moderate
⊕⊕⊕

CPR, OR, FSH, Mazandaran Uni- Low ⊕⊕
Endo
versity
of medical sciences

CPR, miscar- NA
riage rate/
cycle; OHSS,
OR, FSH, endo

CPR, OR,
FSH, endo

CPR, OR,
FSH, endo

LBR, CPR,
NA
OPR, miscarriage rate/
cycle, OR,
FSH

Measured
outcomes
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Prospective
cohort

Yasa et al.
(2013), Turkey

No

No

IVF/ICSI day 3
(1–3)

Age ≤40 years; first IVF cycle; BMI
I: CD2 letrozole 2.5 mg (5 days) +
IVF day 3
≤30; ≥2 years of infertility; male factor; CD 3 150–225 IU, flexible; C: same proto- (1–3)
unexplained; ovarian factor; or tubop- col without letrozole
eritoneal factor infertility

Poor respond- Age ≤42 years; AFC ≤8; AMH ≤1.5 ng/ I: CD3 letrozole 5 mg (5 days) +
ers
ml; FSH ≥15; BMI <23; tubal factor or HMG 75 IU from CD8; C: HMG 150 IU,
112 (52 + 60) male factor
adjusted

Normal responders
50 (25 + 25)

NA

No

Funding

Very low ⊕

Moderate
⊕⊕⊕

GRADE

OR, FSH

NA

Very low ⊕

LBR, CPR, OR, Natural Science
Low ⊕⊕
FSH, days,
Foundation of
endo
China; Zhejiang
Provincial Natural
Science Foundation;
Wenzhou Science
and Technology
Bureau Foundation

CPR, OPR,
OHSS, OR,
FSH, endo

LBR, CPR,
miscarriage
rate/cycle

Measured
outcomes

OR, number of oocytes retrieved; RCT, randomized controlled trial; POR, poor ovarian response; TESA, testicular sperm extraction; WHO, World Health Organization.

rate/cycle;

human menopausal gonadotrophin; HSG, hysterosalpingography; ICSI, intracytoplasmic sperm injection; NA, not applicable; OCP, oral contraceptives pills; OHSS, ovarian hyperstimulation syndrome/cycle; OPR, ongoing pregnancy

I, Intervention; C, control; CD, cycle day in the menstrual cycle; CPR, clinical pregnancy rate/cycle; days, days of stimulation with gonadotrophins; endo, endometrium thickness (mm) at trigger day; LBR, Live birth rate/cycle; HMG,

Antagonist protocols are used unless otherwise stated.

Letrozole and gonadotrophin doses are per day unless otherwise stated.

Yucel et al.
Retrospective Yes,
Poor respond- 2/3 Bologna criteria; ≥40 years; three I: pre-treatment oestradiol for 2 weeks,
ICSI day 3
(2014), Turkey cohort
no response ers
or fewer oocytes retrieved/cycle cancel-added progesterone for 2 weeks; 4 days (NA)
121 (42 + 79) lation; AFC <6; AMH <0.5–1.1 ng/ml
pause start letrozole 2.5 mg (5 days); 2
days after letrozole + FSH 200IU + HMG
150 IU; C: OCP for 21 days, 2 days pause
start similar stimulation and agonist the
following day

Yu et al. (2018), RCT
China

I: agonist, CD NA letrozole 2.5 mg;
ICSI day 3
100–225 IU FSH; C: same protocol with- (1/2)
out letrozole

Yes,
High respond- Age 21–35 years; AFC 15–23; first or
no response ers
second IVF cycle; BMI 18–28 kg/m2
130 (65 + 65)

RCT

Yang et al.
(2019),
China

Fertilization
transfer day after
oocyte retrieval
(number of embryos)

Ovarian stimulation protocol

Publication, Study type Authors
Population, Inclusion criteria
Country of
contacted n (letroorigin
zole + control)

TABLE 1 (continued)
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FIGURE 2 Live birth rate. Risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection bias); (C) allocation

concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome assessment (detection bias);
(F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) non-randomized controlled trial (RCT): bias
due to confounding; (J) non-RCT: bias in selection of participants in the study; (K) non-RCT: bias in the classification of intervention; (L) non-RCT:
bias due to deviation from intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT: bias in the measurements of outcomes;
(O) non-RCT: bias in the selection of reported results.

abnormal ovarian reserve test (antral follicle
count [AFC]), fewer than five to seven
follicles, or anti-Müllerian hormone 3.6–7.9
pmol/l (Ferraretti et al., 2011). Expected
normal responders to ovarian stimulation
is lacking a precise definition, but ovarian
reserve tests with either anti-Müllerian
hormone or AFC are recognized as the
best predictors of ovarian response (Broer
et al., 2013a; 2013b). Hence, in one study
with no statement of expected response
(Mukherjee et al., 2012), the following
criteria for expected normal response were
used: regular menstrual cycle between 21
and 35 days, AFC between 7 and 15 or FSH
less than 15 in the early follicular phase.
Participants from one study (Shapira
et al., 2020), with a previous response
of four to nine oocytes in a conventional
stimulation protocol, was categorized
as expected normal responders. The
definition of high responders in the studies
was AFC above 15 or PCOS according to
the Rotterdam revised 2003 criteria (two
out of three): oligoovulation, anovulation,
or both; clinical, biochemical signs of
hyperandrogenism, or both; polycystic
ovaries; and exclusion of other causes
(Rotterdam ESHRE/ASRM-Sponsored
PCOS consensus workshop group, 2004)
(TABLE 1).
Risk of bias assessment and quality of
evidence
Among the 16 included RCTs, four
studies had an overall low risk of bias, 10
studies had a moderate risk of bias, and

two studies had an overall high risk of
bias. The quality of evidence of the RCTs
was graded as high, moderate, and low in
five, eight and three studies, respectively.
Of the 15 observational studies, only one
had a moderate overall risk of bias and
14 studies had an overall serious risk or
critical of bias.
The 15 observational studies generally
had a high risk of bias and very low
quality of evidence, and only one study
qualified as having a moderate risk of
bias and moderate quality of evidence.
The risk of bias assessment and grading
of the quality of evidence can be
viewed in detail next to the Forest plots
(FIGURE 2–FIGURE 12) and in Supplementary
Table 2. To reveal any potential risk
of publication bias, a funnel plot was
created for each outcome. No high
risk of publication bias was revealed in
the funnel plots for each outcome; see
funnel plots (Supplementary Figure 1).
Systematic reviews screened
Systematic reviews of co-treatment with
letrozole in IVF/ICSI, but with different
protocols, scopes and restrictions, were
identified (Requena et al., 2008; Sunkara
et al., 2011; Bosdou et al., 2012; Song
et al., 2014; Jeve and Bhandari, 2016;
Bechtejew et al., 2017; Kamath et al.,
2017; Zhang et al., 2020; Zhao et al.,
2020; Montoya-Botero et al., 2021;
Qin, 2021). All references included in
the previous systematic reviews were

screened for missing studies for possible
inclusion. The screening did not identify
any further studies.
Live birth rate
Analyses of six studies that reported
LBR, including 656 women, showed
no significant effect of letrozole cotreatment on LBR, with a risk difference
of 0.04 (95% CI –0.05 to 0.12, I2 = 46%,
P = 0.39). The overall quality of evidence
was low to high according to GRADE
(Supplementary Table 2).
Subgroup analysis with five studies
(n = 526) of POR reported LBR and
revealed a significant effect favouring
letrozole with a risk difference of 0.07
(95% CI 0.01 to 0.13, I2 = 0%, P = 0.03;
low to high quality of evidence).
Only one study reported LBR in high
responders (n = 130 women), and it
showed no significant effect of letrozole
(risk difference = –0.14, 95% CI –0.30
to 0.03, P = 0.10; moderate quality
of evidence). No studies of normal
responders reported LBR (FIGURE 2).
Ongoing pregnancy rate
Seven studies, including 622 women,
were included in this meta-analysis, which
showed no overall effect of letrozole with
a risk difference of 0.03 (95% CI –0.03
to 0.09); I2 = 0%, P = 0.32). The overall
quality of evidence was low to high
according to GRADE (Supplementary
Table 2).
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FIGURE 3 Ongoing pregnancy rate. Risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection bias); (C) allocation

concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome assessment (detection bias);
(F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) non-RCT: bias due to confounding; (J) nonRCT: bias in selection of participants in the study; (K) non-RCT: bias in the classification of intervention; (L) non-RCT: bias due to deviation from
intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT: bias in the measurements of outcomes; (O) non-RCT: bias in the
selection of reported results.

The subgroup analysis of POR (four
studies; n = 372 women, risk difference
0.05 (95% CI –0.03 to 0.13, I2 = 0%,
P = 0.23) as well as normal responders
(three studies; n = 250 women, risk
difference 0.01 (95% CI –0.07 to
0.09, I2 = 0%, P = 0.82), revealed
no significant effect of letrozole cotreatment on OPR. No studies with high
responders reported OPR (FIGURE 3).
Clinical pregnancy rate
Twenty-five studies, including 2800
women, provided data on CPR. No
significant effect of letrozole was found,
and pooled estimate and risk difference
was 0.02 (95% CI –0.02 to 0.06,
I2 = 43%, P = 0.39). A relatively high
degree of heterogeneity was observed
among the studies (FIGURE 4). The overall
quality of evidence was low to high
according to GRADE (Supplementary
Table 2).
The subgroup analysis of POR (17 studies;
n = 1913 women) showed a risk difference
of 0.03 (95% CI –0.01 to 0.08, I2 = 35%,
P = 0.14, low to high level of quality) with
consistently high heterogeneity. In the
normal-responders (six studies; n = 657
women, risk difference –0.05 (95% CI
–0.13 to 0.03], I2 = 14%, P = 0.21; low to
high level of quality) and high responders
(two studies; n = 230 women, risk
difference of 0.02 (95% CI –0.03 to 0.35,
I2 = 84%, P = 0.89; low to moderate level
of quality).

A sensitivity analysis of CPR, aimed
at increasing the homogeneity of the
studies, was conducted. It revealed
an increased risk difference for POR
favouring letrozole of 0.08 (95% CI 0.01
to 0.15, I2 = 0%, P = 0.03) (FIGURE 5). Only
two studies in the normal and one study
in the high responder group fulfilled
the criteria as a study of high-quality of
evidence. Neither analysis showed any
significant effect of letrozole.
Miscarriage rate
Seven studies reported miscarriage rates
and included 743 women (FIGURE 6). No
difference was noted in the overall effect
(risk difference = 0.00, 95% CI –0.05
to 0.0, I2 = 40%, P = 0.93). The quality
of evidence varied from low to high. The
subgroup analysis of POR (five studies;
n = 519 women, risk difference = –0.01,
95% CI –0.07 to 0.08, I2 = 58%,
P = 0.85; low to high quality of evidence),
normal responders (one study; n = 94
women; moderate quality of evidence),
and high responders (one study; n = 130
women; moderate quality of evidence)
showed similar miscarriages rates in all
subgroups.
Number of oocytes retrieved
A total of 26 studies with 3091 women
displayed data regarding the number of
oocytes retrieved for the meta-analysis
(FIGURE 7). No significant difference was
observed in the overall effect with a
mean difference of 0.09 (95% CI –0.41

to 0.60, I2 = 89%, P = 0.72). A high
degree of heterogeneity was present
among the studies, whereas the overall
quality of evidence was low to high
according to GRADE (Supplementary
Table 2).
The subgroup analysis for POR, including
2287 women, had a mean difference of
–0.27 (95% CI –0.82 to 0.28, I2 = 91%,
P = 0.33; low to high quality of evidence).
In the normal responders (eight studies;
n = 804 women; low to moderate quality
of evidence), there was a significant
difference favouring the letrozole group
with a mean difference of 1.81 (95% CI
0.35 to 3.27, I2 = 69%, P = 0.01). No
included studies of high responders
reported number of oocytes retrieved.
The sensitivity analysis of number of
oocytes retrieved revealed no effect of
letrozole for POR with a mean difference
of 0.16 (95% CI –0.59, to .92, I2 = 79%,
P = 0.67) and continued to show a high
degree of heterogeneity (Supplementary
Figure 2). Only one study in the normal
responder group fulfilled the criteria for
studies of high quality of evidence, which
did not show any significant effect of
letrozole.
Total FSH consumption
A total of 27 studies, including 3364
women, which showed an overall
significant reduction of the total FSH
consumption with a mean difference of
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FIGURE 4 Clinical pregnancy rate. Risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection bias); (C) allocation

concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome assessment (detection bias);
(F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) non-randomized controlled trial (RCT): bias
due to confounding; (J) non-RCT: bias in selection of participants in the study; (K) non-RCT: bias in the classification of intervention; (L) non-RCT:
bias due to deviation from intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT: bias in the measurements of outcomes;
(O) non-RCT: bias in the selection of reported results.

1066.64 IU in total FSH consumption
after co-treatment with letrozole (95%
CI –1556.20 to –577.08, I2 = 100%, P
< 0.0001) (FIGURE 8). A high degree of
heterogeneity, however, was observed
among the studies, whereas the overall
quality of evidence was low to high
according to GRADE (Supplementary
Table 2).
The significant effect of letrozole was
also present in the POR (20 studies;
n = 2596 women), in which the total
FSH consumption was decreased, with
a mean difference of 1383.37 IU (95%
CI –2128.26 to –638.49, I2 = 100%,
P = 0.0003). No significant difference
was observed in normal responders
(eight studies; n = 768 women, mean

difference = –252.13 IU (95% CI –768.16
to 263.89, I2 = 96%, P = 0.34), low
to moderate quality of evidence). No
included studies provided data on
the total FSH consumption for high
responders.
In the sensitivity analysis of the total
FSH consumption, five studies of POR,
including 456 women, were included.
A decrease of total FSH consumption
favouring letrozole was confirmed with
a mean difference of –506.72 (95% CI
–803.27 to –210.16, I2 = 91%, P < 0.001)
(Supplementary Figure 3). Only one
study in the normal responder group
fulfilled the criteria for studies of high
quality of evidence, which did not show
any effect of letrozole.

Days of stimulation with FSH
A total of 21 studies, including 2882
women, showed an overall significant
effect favouring letrozole with a mean
difference of –0.85 days (95% CI
–1.23, to –0.47, I2 = 89%, P < 0.0001)
(FIGURE 9). A high degree of heterogeneity
was observed among the studies,
whereas the overall quality of evidence
was low to high according to GRADE
(Supplementary Table 2).
The significant decrease in days of
stimulation with FSH was also present in
the subgroup analysis of POR (16 studies;
n = 2228 women; low to high quality of
evidence), which revealed a reduction of
1.10 days in the letrozole group (95% CI
–1.54 to –0.66, I2 = 90%, P < 0.00001).
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FIGURE 5 Clinical pregnancy rate (high-quality studies). Risk of bias legend. (A) All studies: overall bias; (B) random sequence generation

(selection bias); (C) allocation concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of
outcome assessment (detection bias); (F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) nonrandomized controlled trial (RCT): bias due to confounding; (J) non-RCT: bias in selection of participants in the study; (K) non-RCT: bias in the
classification of intervention; (L) non-RCT: bias due to deviation from intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT:
bias in the measurements of outcomes; (O) non-RCT: bias in the selection of reported results.

FIGURE 6 Miscarriage rate: risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection bias); (C) allocation

concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome assessment (detection bias);
(F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) non-randomized controlled trial (RCT): bias
due to confounding; (J) non-RCT: bias in selection of participants in the study; (K) non-RCT: bias in the classification of intervention; (L) non-RCT:
bias due to deviation from intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT: bias in the measurements of outcomes;
(O) non-RCT: bias in the selection of reported results.
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FIGURE 7 Number of oocytes retrieved: risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection bias); (C)

allocation concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome assessment
(detection bias); (F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) non-RCT: bias due to
confounding; (J) non-randomized controlled trial (RCT): bias in selection of participants in the study; (K) non-RCT: bias in the classification of
intervention; (L) non-RCT: bias due to deviation from intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT: bias in the
measurements of outcomes; (O) non-RCT: bias in the selection of reported results.

No difference was observed for normal
responders (six studies; n = 654 women,
mean difference = –0.09 days, 95% CI
–0.75 to 0.57, I2 = 75%, P = 0.80; all
very low quality of evidence). No studies
with high responders reported days of
stimulation.

group with a mean difference of –0.54
mm (95% CI –0.99 to –0.08, I2 = 94%,
P = 0.02) (FIGURE 11). A high degree of
heterogeneity was observed among the
studies, whereas the overall quality of
evidence was low to high according to
GRADE (Supplementary Table 2).

Ovarian hyperstimulation syndrome
rate
Three studies, including 303 women (all
normal responders) were included in this
meta-analysis (FIGURE 10). A non-significant
tendency was observed towards a
reduction of OHSS risk favouring
letrozole with a risk difference of –0.06
(95% CI –0.14 to 0.03, I2 = 68%,
P = 0.19). The quality of evidence ranged
from low to high according to GRADE
(Supplementary Table 2).

The subgroup analysis of POR (10
studies; n = 1224 women; mean
difference = –0.52 mm (95% CI
–1.18 to 0.14, I2 = 94%, P = 0.12; low
to high quality of evidence) showed
similar endometrial thickness in both
groups. Similar findings were obtained
in the subgroup of normal responders
(five studies; n = 628 women; low to
moderate quality of evidence) (mean
difference = –0.58 mm, 95% CI –1.36 to
–0.20, I2 = 91%, P = 0.14).

Endometrium thickness
Fifteen studies, including 1852 women,
were included in this meta-analysis. An
overall significant thinner endometrium
thickness was revealed in the letrozole

Cancellation rate
Eleven studies reported on cancellation
rate, including 1322 women, and no
effect of letrozole on the cancellation
rate was demonstrated. There was an

overall risk difference of 0.03 (95%
CI –0.09, 0.15, I2 = 84%, P = 0.64)
(FIGURE 12). The overall quality of evidence
was low to moderate according to
GRADE (Supplementary Table 2).
The subgroup analysis showed similar
results for the POR with a risk difference
of 0.03 (95% CI –0.10 to 0.16, I2 = 86%,
P = 0.63), and only one study of normal
responders provided data on cancellation
rate. No studies of high responders
reported cancellation rate.
Neonatal outcomes
None of the included studies reported
any neonatal outcomes.

DISCUSSION
To the best of our knowledge, this
systematic review and meta-analysis is the
first study to assess the effect of letrozole
co-treatment in ovarian stimulation for
IVF/ICSI in expected normal responders
and the largest study to assess the effect of
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FIGURE 8 FSH consumption (IU). Risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection bias); (C) allocation

concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome assessment (detection bias);
(F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) non-randomized controlled trial (RCT): bias
due to confounding; (J) non-RCT: bias in selection of participants in the study; (K) non-RCT: bias in the classification of intervention; (L) non-RCT:
bias due to deviation from intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT: bias in the measurements of outcomes;
(O) non-RCT: bias in the selection of reported results.

FIGURE 9 Length of FSH stimulation in days. Risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection bias);

(C) allocation concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome assessment
(detection bias); (F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (J) non-randomized
controlled trial (RCT): bias due to confounding; (K) non-RCT: bias in selection of participants in the study; (L) non-RCT: bias in the classification
of intervention; (M) non-RCT: bias due to deviation from intended interventions; (N) non-RCT: bias due to missing data; (O) non-RCT: bias in the
measurements of outcomes; (P) non-RCT: bias in the selection of reported results.
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FIGURE 10 Ovarian hyperstimulation syndrome. Risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection bias);

(C) allocation concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome assessment
(detection bias); (F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) non-randomized
controlled trial (RCT): bias due to confounding; (J) non-RCT: bias in selection of participants in the study; (K) non-RCT: bias in the classification
of intervention; (L) non-RCT: bias due to deviation from intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT: bias in the
measurements of outcomes; (O) non-RCT: bias in the selection of reported results.

POR and high responders. A total of 3952
women were included in this analysis.
Effect of letrozole co-treatment in
poor responders
Most published studies of co-treatment
with letrozole during ovarian stimulation
for IVF/ICSI assessed the number
of retrieved oocytes and pregnancy
rates in POR. In this patient group, the
pooled estimate of LBR was significantly
increased from 15% to 22% with
letrozole co-treatment. No significant
difference was present for CPR.
The included studies, however, were
heterogeneous in primary outcome and
choice of protocol (antagonist/agonist),

a different starting dose of FSH, and
trigger criteria. In the sensitivity analyses,
only comprising studies using the same
protocol with similar gonadotrophin
starting dose and excluding studies with
serious risk of bias, the pooled estimate
for CPR was significantly increased
from 15% to 23% with letrozole cotreatment. The definition of CPR differed
among the included studies, with only
one study in the high-quality group
(Lee et al., 2014) accepting CPR as the
presence of a gestational sac. Omitting
it from the meta-analysis maintained
the significant increase in CPR. Only a
few studies reported OPR, showing an
overall increase of 5%, although it did

not reach statistical significance, whereas
miscarriage rates were similar regardless
of letrozole treatment.
The first RCT of letrozole as co-treatment
in ovarian stimulation (Goswami et al.,
2004) focused on lowering the FSH
consumption to reduce the cost. This
meta-analysis confirms the finding with
a significantly lower mean difference of
1398 IU FSH consumption, and 1 day
less of stimulation with the same average
number of oocytes retrieved when using
letrozole.
The effect of letrozole on CPR may
be explained by the effect on the

FIGURE 11 Endometrial thickness at trigger day (mm). Risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection

bias); (C) allocation concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome
assessment (detection bias); (F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) nonrandomized controlled trial (RCT): bias due to confounding; (J) non-RCT: bias in selection of participants in the study; (K) non-RCT: bias in the
classification of intervention; (L) non-RCT: bias due to deviation from intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT:
bias in the measurements of outcomes; (O) non-RCT: bias in the selection of reported results.
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FIGURE 12 Cancellation rate. Risk of bias legend. (A) All studies: overall bias; (B) random sequence generation (selection bias); (C) allocation

concealment (selection bias); (D) blinding of participants and personnel (performance bias); (E) blinding of outcome assessment (detection bias);
(F) incomplete outcome data (attrition bias); (G) selective reporting (reporting bias); (H) other bias; (I) non-randomized controlled trial (RCT): bias
due to confounding; (J) non-RCT: bias in selection of participants in the study; (K) non-RCT: bias in the classification of intervention; (L) non-RCT:
bias due to deviation from intended interventions; (M) non-RCT: bias due to missing data; (N) non-RCT: bias in the measurements of outcomes;
(O) non-RCT: bias in the selection of reported results.

endometrium, as letrozole normalizes
oestradiol levels during stimulation,
which could optimize the window of
implantation by reducing the embryoendometrium asynchrony. The included
data revealed a non significant diference
in endometrial thicknees at trigger day.
An the small difference of only 0.52mm
indicates that difference of only 0.13
mm indicates that the beneficiary effect
lies in the function of the endometrium
rather than crude thickness. It has been
hypothesized that adding letrozole to
stimulation protocols could reduce the
number of cancelled cycles. This is not,
however, supported by current research.
The meta-analysis for PORs showed an
increased CPR, fewer days of stimulation
and reduced total FSH consumption with
letrozole co-treatment during ovarian
stimulation.
Effect of letrozole co-treatment in
normal responders
Published research investigating letrozole
co-treatment among normal responders
is scarce. No studies have reported on
LBR, and only three studies of low-quality
evidence have been published on OPR.
Clinical pregnancy rate is reported in

six studies in low to high quality, and the
meta-analyses for both outcomes show
no difference between the letrozole and
placebo groups.

to investigate whether the blastocyst
formation would be higher as well,
which may lead to a higher cumulative
pregnancy rate per cycle.

The concept of adding letrozole to
ovarian stimulation could increase the
number of oocytes retrieved by two
different mechanisms. Letrozole changes
the balance between the sex-steroids by
inhibiting the conversion of androgens
to oestrogens. Intraovarian androgens,
therefore, rise, which is believed
to increase the FSH receptors and
promote initial recruitment of follicles
(Lossl et al., 2020). Oestrogen levels
are reduced, thereby reducing negative
feedback on the pituitary–hypothalamic
axis and enhancing endogenous
gonadotrophin production. This may
affect the recruitment of follicles both
through enhanced serum levels of
gonadotrophins and because of the
endogenous acidic isoform of FSH, which
is lacking in the recombinant exogenous
FSH (Andersen, 2017). The number of
oocytes was increased by 1.8 oocytes per
cycle in the letrozole group with similar
FSH consumption. With the promising
high pregnancy rates from frozen–
thawed embryos, it would be interesting

Ovarian hyperstimulation syndrome is an
iatrogenic and occasional fatal event and
is associated with high oestradiol levels,
which is why letrozole may reduce the
incidence (Aboulghar, 2003; Haas et al.,
2018). Interestingly, a trend was observed
towards fewer women experiencing
OHSS among letrozole users in expected
normal responders in the three studies,
which were all using the same antagonist
protocol and 10,000 IU HCG for
triggering final oocyte maturation. The
dose of letrozole, however, varied from
2.5–5 mg, and the number of stimulation
days with letrozole varied from 5 days
to all days of stimulation. The missing
data regarding this outcome is explained
by using the freeze-all strategy to avoid
fresh embryo transfer in patients at risk
for OHSS. As OHSS is a rare event in
ovarian stimulation, a high number of
patients is required to reveal a significant
outcome and the pooled estimate with
303 women is still insufficient. A more
profound effect of letrozole on OHSS
may be seen if continuing letrozole in the
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luteal phase. A recent systematic review
demonstrated a decrease of moderate
and severe OHSS in high-risk women,
but no significant effect on early or mild
OHSS (Zhao et al., 2020).
Effect of letrozole treatment in high
responders
Only two studies of letrozole in high
responders, with a total of 255 women,
were included, which found opposing
effects of letrozole on CPR. The RCT
with the highest quality of evidence
reported a tendency towards a decrease
in CPR and LBR in the letrozole group.
The miscarriage rate was similar in both
groups. The studies did not include data
on FSH consumption, stimulation length,
number of oocytes retrieved or, most
importantly, OHSS and cancellation risk.
The hypothesis of using letrozole in high
responders to reduce exogenous FSH
and oestradiol levels, thereby decreasing
the risk of OHSS, as well as optimizing
the endometrium for implantation in
the fresh cycle remains unanswered by
published research.
Endometrium thickness
In contrast to clomiphene citrate,
letrozole does not block oestrogen
receptors in the reproductive tract,
which is why it is not believed to have
any direct effect on the endometrium.
Although co-treatment with letrozole
resembles oestrogen levels in the natural
cycle, concerns have been raised about
creating a suboptimal endometrium for
implantation. The endometrial thickness
on ultrasound scans remains a crude but
acknowledged indicator of receptivity in
IVF as it is correlated to the pregnancy
rate and LBR (Kasius et al., 2014) To
increase the validity of the analysis,
three studies were excluded, as the day
of measuring endometrial thickness was
not reported (Goswami et al., 2004;
Garcia-Velasco et al., 2005; Davar
et al., 2010). The pooled analysis of
endometrial thickness at trigger day
showed a significant, but not clinically
relevant, reduction of only 0.5 mm
in the letrozole group compared with
controls. This difference was not present
in the subgroup analyses. Furthermore,
mean values in all studies lie within the
earlier reported optimal range at trigger
day (Simeonov et al., 2020); hence, no
signs of a negative effect of letrozole
were found on the endometrium. It has
been proposed that, by suppressing
oestradiol levels during ovarian
stimulation, letrozole possibly has a

beneficial effect on the endometrial
receptivity, but data supporting this are
lacking at present.
Cancellation rate
A large proportion of the included
studies reported cancellation rates,
albeit with different and often illdefined criteria, making a valid metaanalysis difficult for this outcome. The
crude data, however, suggest that
the cancellation rate is unaffected
by co-treatment with letrozole. The
hypothesis supporting better early
follicle recruitment (Lossl et al., 2020),
which may reduce the cancellation rate,
could not be supported or rejected by
this review. Further, larger good-quality
studies are needed.
Neonatal outcomes
A gap in the research on neonatal
outcomes after letrozole co-treatment in
IVF/ICSI was identified, as none of the
included studies reported on this. Any
potential effect of letrozole on offspring
has to be extrapolated from studies
of ovulation induction. The extensive
reporting after this treatment has been
summarized in a recent review, which
confirms no increase in the rate of
congenital malformations or pregnancy
loss (Pundir et al., 2020). These data
are reassuring, although the use of
co-treatment with letrozole in ovarian
stimulation for IVF/ICSI differs in dose
and duration; hence, attention on the
neonatal outcomes in the future is still
warranted.
Efficacy of letrozole
Letrozole has previously been shown
to reduce serum oestradiol levels in
a dose-dependent manner (He et al.,
2014). In the present study, significant
suppression of oestradiol at trigger day
was demonstrated in seven out of 11
studies using 2.5 mg letrozole per day,
as well as in most of the studies (11/13)
using 5-mg letrozole per day, and in
the two studies using 10 mg or 20 mg
letrozole per day. In the studies (n = 6)
(Garcia-Velasco et al., 2005; Verpoest
et al., 2006; Mohsen and El-Din, 2013;
Yucel et al., 2014; Ebrahimi et al., 2017;
Moini et al., 2019), without significantly
reduced oestradiol levels, no association
was found between oestradiol level,
number of oocytes or expected ovarian
response. Three of the included studies
did not report oestradiol levels at trigger
day (Lee et al., 2011; Bastu et al., 2016).
A stimulation protocol with a minimum
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of 5 mg letrozole per day for at least
5 days seems appropriate to ensure a
significant suppression of oestradiol in
most of the women. Larger high-quality
studies, however, are needed to explore
the appropriate dose of co-treatment
with letrozole without detrimental effect
on the clinical outcome.
Strengths and limitations
The present systematic review and
meta-analyses was conducted according
to the PRISMA statement, thereby
ensuring high methodological quality.
As the review was not restricted to
RCTs, a total of 3952 women were
included in the different meta-analyses.
To the best of our knowledge, this is
the largest systematic review on the
reproductive outcome of co-treatment
with letrozole for IVF. The quality of the
evidence was evaluated consistently with
GRADE, and, to ensure high validity of
the meta-analyses, a sensitivity analysis
using only studies with high-quality
evidence was conducted. The presents
study has some limitations that need
to be addressed. The heterogeneity
was high overall and included different
study types, different patient groups,
different stimulation protocols with
different doses, and the timing of
FSH and letrozole. Heterogeneity was
expected and managed by predefined
subgroup analyses, sensitivity analyses
where appropriate, and by using the
random effect model. Selection bias
could potentially have been introduced
because of the English or Scandinavian
language restrictions, although very
few studies did not fulfil these criteria.
Publication bias was assessed through a
systematic approach. The responsible
researchers of all unpublished studies
registered on clinicaltrials.gov were
contacted if contact details were
public. Not all responded or were in
the process of publishing. Funnel plots
were made for all outcomes, and none
revealed any suspicion of publication bias
(Supplementary Figure 1). Nevertheless,
the present systematic review and
meta-analysis summarizes the current
published research on co-treatment with
letrozole for IVF and should be valuable
to the clinician.
Future research
More high-quality studies are needed
to assess the effect of co-treatment
with letrozole for expected normal and
high responders, as more evidence is
needed before reaching any clinical
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recommendations. Furthermore, a
dose-response study of co-treatment
with letrozole would be of great value to
determine if letrozole can be increased
and if it is more effective in higher
doses without detrimental effects on the
endometrium or the oocytes. The risk
of OHSS may be reduced by continuing
letrozole co-treatment in the luteal
phase, but large studies are required
to assess this rare event. To further
elaborate on the effect of letrozole
on embryos and their quality, studies
assessing cumulative LBR from one cycle,
including the frozen embryo transfers,
would provide interesting insight. The
LBR was increased in POR, but the true
clinical effect should be confirmed in an
RCT with LBR as the primary outcome in
similar protocols in POR. The substantial
heterogeneity among the studies
warrants an individual participant data
meta-analysis. The identified gap in the
literature concerning neonatal outcomes
after co-treatment with letrozole in
ovarian stimulation should be closed
with a large register study. The risk of
OHSS was only reported in three studies
of normal responders and no studies of
high responders; hence, a prospective
study of high and normal responders may
render information of this rare event.
In conclusion, the present systematic
review and meta-analyses indicates that
POR may benefit from co-treatment
with letrozole during ovarian stimulation
for IVF/ICSI, as this subgroup had
significantly higher LBR and CPR, and
a similar number of oocytes retrieved,
whereas the total FSH consumption and
days of stimulation were significantly
decreased. The effect of letrozole
suppressing oestradiol levels at trigger
day was most consistently achieved
using an antagonist protocol with 5 mg
letrozole a day for a minimum of 5 days.
Normal responders gained almost two
oocytes more per cycle in the letrozole
group but had no other significant effect
of letrozole in any other outcomes.
Only a few studies of high responders
were included in the present study, and
they showed no significant effect of
letrozole on LBR, CPR and miscarriage
rate, and no data on other outcomes
were available. On the basis of current
research, no evidence is available to
recommend co-treatment with letrozole
in expected normal or high responders
to improve the clinical outcome. More
well-designed good-quality studies,
however, are needed.
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