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Abstract

Purpose To assess the effects of letrozole or tamoxifen coadministration on fertility preservation treatment outcomes.

Methods Retrospective cohort study of 118 breast cancer patients undergoing fertility preservation treatment between 2008 and
2018. Patients who received letrozole (n = 36) or tamoxifen (n = 30) were compared to controls (7 = 52) who underwent standard
ovarian stimulation protocols. The primary outcome measures included the number of retrieved oocytes, mature oocytes (MII),
fertilization, and top-quality embryo rates. The secondary outcome measures included duration of stimulation, gonadotropin dose
and peak estradiol level.

Results The number of oocytes retrieved, MII oocytes, fertilization rate, duration of stimulation, or gonadotropin dose were
similar in the letrozole and tamoxifen groups, compared to controls. Top-quality embryo rate was lower in the tamoxifen group
compared to controls (25% vs 39.4%, respectively, P = 0.034). The abnormal fertilization rate was higher in the letrozole group
compared to controls (7.8% vs 3.60%, respectively, P=0.015). A stepwise logistic regression analysis revealed that letrozole and
peak estradiol were significantly associated with abnormal fertilization (OR 11.94; 95% CI12.35-60.4, P =0.003 for letrozole and
OR 1.075; 95% CI 1.024-1.12, P = 0.004 per 100 unit change in estradiol).

Conclusions There may be a negative effect of letrozole or tamoxifen on fertilization and embryo quality, in fertility preservation

cycles. Further studies are needed to confirm these findings.
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Introduction

Breast cancer is the most common malignancy in women of
reproductive age [1]. Mortality rates have declined since 1990,
more prominently in the younger age group, and primarily due
to early detection and widespread application of adjuvant che-
motherapy and endocrine therapies [2, 3]. Nevertheless, the
gonadotoxic damage of chemotherapeutic agents and their
detrimental effect on the ovarian reserve persists as a major
concern, resulting in a large proportion of breast cancer
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patients of reproductive age facing future infertility [4, 5].
The most notorious and commonly used chemotherapies are
the cyclophosphamide-based regimens, taxane-based regi-
mens, and anthracycline/epirubicin-based regimens, were all
shown to cause the highest rate of chemotherapy induced
amenorrhea (CIA) [6, 7].

Ovarian stimulation for oocyte or embryo cryopreservation is
currently the preferred and most established method for fertility
preservation in breast cancer patients [8—11]. The main concern
with controlled ovarian hyperstimulation (COH) in these patients
is the secretion of supraphysiologic serum estrogen levels that
might be as high as 10-fold greater than that of a natural cycle
[12, 13]. The association between breast cancer cells proliferation
and accelerated cancer aggressiveness in women with estrogen
receptor positive tumors, is not clear [14—-16]. In aim of reducing
exposure to potentially harmful estradiol (E2) levels, modifica-
tions to COH protocols were developed, incorporating either
selective estrogen receptor modulators (SERMS, most common-
ly, tamoxifen) or an aromatase inhibitor (letrozole) [17, 18].
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Tamoxifen, a nonsteroidal triphenylethylene antiestrogen,
competes with estrogen for binding sites in the estrogen re-
ceptor (ER) in target tissues, such as breast cancer cells.
Tamoxifen was first used as an ovulation-induction agent
[19] and later for breast cancer treatment and prophylaxis
[20-22]. Given as adjuvant therapy, it effectively reduces
breast cancer recurrence and improves long-term survival in
premenopausal patients with an ER-positive tumor [23].
Oktay et al. [17] were the first to describe a protocol for breast
cancer patients which combines its two properties as an ovar-
ian stimulator and an antineoplastic agent; they also showed
the feasibility of using tamoxifen in combination with FSH to
cryopreserve more oocytes or embryos [18].

Letrozole is a third-generation aromatase inhibitor. It is
potent and highly selective, and competitively binds to the
active site of the enzyme. Letrozole significantly reduces plas-
ma estrogen levels [24, 25]. Given as first-line endocrine ther-
apy, it is superior to tamoxifen for advanced-stage postmeno-
pausal breast cancer [26, 27]. It is also used off-label as an
ovulation-induction agent in the treatment of patients with
anovulatory infertility [28, 29]. It reduces peak E2 serum
levels when used in COH cycles, levels of 381-829 pg/ml
were reportedly attained when letrozole was initiated on days
2-3 of cycle, compared to 1464—1744 pg/ml in cycles without
letrozole [9, 30-32].

To date, only a few studies examined the effect of these
agents on fertility preservation treatment. The objective of this
study is to explore the effect of the coadministration of
letrozole or tamoxifen with a standard stimulation protocol
on treatment outcomes, specifically, the number and quality
of oocytes and embryos.

Materials and methods
Study population

This is a retrospective cohort study. All patients were recruited
from the reproductive center of a university-affiliated medical
center. We searched the medical records of women undergo-
ing medical fertility preservation treatment in the IVF Unit of
Lis Maternity Hospital between 2008 and 2018. The inclusion
criteria were a histologically confirmed diagnosis of breast
cancer or being a carrier of the BRCAT1 or the BRCA 2 gene.
The exclusion criteria were age younger than 18 years or older
than 42 years, having undergone chemotherapy or pelvic ra-
diation, or a history of ovarian surgery with a possible effect
on the ovarian reserve.

Patient data cycle parameters

Patient demographics, baseline hormonal profile, cycle pa-
rameters, and embryo status were retrieved from our

@ Springer

electronic database. Treatment outcomes (the number of re-
trieved oocytes, the number of mature oocytes [MII], and the
fertilization and top-quality embryo rates) were compared be-
tween the patients that received standard protocol for con-
trolled ovarian stimulations (controls) and those of the two
study groups, one comprised of women who received
letrozole 5 mg (letrozole group) and those who received
20 mg of tamoxifen (tamoxifen group), each in addition to a
standard stimulation protocol. The choice of fertility preserva-
tion protocol was based on the receptor status of the tumor and
treating physician choice in accordance with patient prefer-
ence. Letrozole has been administered in fertility preservation
cycles in our IVF unit since 2012.

Controlled ovarian hyperstimulation and oocyte or
embryo cryopreservation

COH was performed by means of one of the three standard
protocols: (i) short gonadotropin-releasing hormone (GnRH)
agonist, (ii) fixed GnRH antagonist, and (iii) midluteal long
GnRH agonist. Patients were treated with 5 mg of an aroma-
tase inhibitor daily (Letrozole, Femara, Novartis, NJ, USA)
[16] or tamoxifen 20 mg/day starting on day one of stimula-
tion [33, 34]. As per our center’s protocol for women with
breast cancer, FSH was administered at a starting dose of
225 TU/D and a maximal dose of 450 IU/D. Ovulation was
triggered by 250 mg of human recombinant chorionic gonad-
otropin (hCG) 250 mg (Choriogonadotropin alfa, Ovitrelle,
Merck Serono Italy) or 0.2 mg of a GnRH agonist
(Triptorelin, Ferring Pharmaceuticals Switzerland) when at
least two follicles reached a mean diameter of 17 mm.
Oocyte retrieval by an ultrasound-guided transvaginal ap-
proach was scheduled to take place 36-38 h later, and the
patients were offered oocyte or embryo cryopreservation ac-
cording to the couple’s status and preferences. Carriers of
BRCA 1/2 were offered intracytoplasmic sperm injection
(ICSI) to allow future pregestational diagnosis (PGD). It has
been common practice in our IVF unit since 2012 to perform
ICSI for all fertility preservation cancer patients in order to
allow the possibility for future PGD [35]. For ICSI cycles,
cumulus stripping was performed 2-3 h after oocyte retrieval
in order to examine oocyte maturation. Metaphase 11 (MII)
oocytes were vitrified or inseminated by ICSI. Oocyte—
cumulus complexes of women undergoing IVF cycles were
inseminated with 100,000/ml motile spermatozoa per insem-
ination dish that contained 3—5 oocytes. Fertilization was con-
firmed 16-18 h after insemination by the appearance of two
distinct pronuclei (2PN) and two polar bodies. Oocytes were
cryopreserved by vitrification; embryos were cryopreserved
by slow freezing on day 2 or 3 until 2013 and by vitrification
after that. Embryos were graded according to the Society for
Assisted Reproductive Technology (SART) classification.
Top-quality embryos were defined as having four symmetrical
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cells at day 2 or 8 symmetrical cells at day three, and frag-
mentation of 0-10% [36, 37].

Statistical analysis

We used the Shapiro—Wilk test to evaluate data distribution. A
parametric test was used for normally distributed data and a
nonparametric test (Wilcoxon test) for skewed data.
Categorical variables were compared using Fisher’s exact test
when appropriate. Descriptive statistics were given as median
(interquartile range, IQR) for skewed data or mean =+ standard
deviation (SD). Due to the small sample size, cycles with
coadministration of letrozole or tamoxifen were compared to
the controls. However, since the data on the effects of tamox-
ifen versus letrozole is very limited, the differences in cycle
outcomes between these cycles were also analyzed and are
presented in the supplementary material. Based on the results
of the univariate analysis, we searched for parameters that
were independently associated with abnormal fertilization
for which we applied a stepwise multiple logistic regression
model adjusted for age, IVF/ICSI, duration of stimulation,
administration of letrozole or tamoxifen, and total gonadotro-
pins dose. A P value < 0.05 was considered significant. All
statistical analyses were performed with JMP 14 for
Macintosh.

Results

The final analysis included the records of 118 breast cancer
patients undergoing COH for fertility preservation between
2008 and 2018. Thirty-six patients received letrozole
(letrozole group), and 30 received tamoxifen (tamoxifen
group) in addition to the stimulation protocol. The remaining
52 patients undergoing COH without coadministration of
letrozole or tamoxifen comprised the control group.
Amongst the control group, 4 patients were healthy BRCA
carrier patients undergoing fertility preservation treatment.
For most cancer patients, BRCA carrier status was unknown
since they were referred for an urgent fertility preservation
cycle. The mean ages of the patients in the study and control
groups were similar, and the other patient demographics and
stimulation protocol parameters are presented in Table 1.

A subgroup analysis for 2012-2018 (when letrozole and
PGD were routinely implemented in our IVF unit) revealed
that the ICSI rate was comparable for the letrozole and control
groups (96% and 95%, respectively, P =1). A GnRH agonist
trigger was more commonly used in the letrozole group (86%)
compared to the control and tamoxifen groups (33%) (P <
0.001) (Table 1).

GnRH antagonist protocol was most frequently used in all
3 study groups, due to the very small number of cycles with
GnRH agonist downregulation a statistical analysis could not

be applied. Nevertheless, cycle parameters including the num-
ber of oocytes retrieved and mature oocyte rate were calculat-
ed and were found to be within the range of the group. There
were no differences in the number of retrieved oocytes, the
number of mature oocytes (MII), and the fertilization rates
between the letrozole and tamoxifen groups compared to the
controls (Table 2). However, the rate of top-quality embryos
was lower in the tamoxifen group compared to the controls
(25% vs 39.4%, respectively, P = 0.034), but not in the
letrozole group compared to the controls (37.9% vs 39.4%,
respectively, P = 0.808).

The duration of stimulation and the total amount of gonad-
otropin were comparable between the groups (Table 2). The
rate of abnormal fertilization (1PN/3PN) was significantly
higher in the letrozole group (7.8% vs 3.60% for the letrozole
vs controls, P = 0.015). These results were further supported
by a subgroup analysis of ICSI cycles, which yielded similar
high rates of abnormal fertilization (1PN/3PN) in the letrozole
group compared to the controls (7.7% vs 2.5%, respectively, P
=0.009). Additionally, the rates of abnormal fertilization were
higher in the letrozole group compared to the controls when
cycles with GnRH analog triggering were analyzed separately
(8.4% vs 2.3%, respectively, P = 0.003). Cycles with coad-
ministration of tamoxifen had a significantly lower rate of top-
quality embryos with similar abnormal fertilization rate when
compared to the letrozole group (Supplemental table I).

A stepwise logistic regression analysis adjusted for cycle
parameters (i.e., letrozole, tamoxifen, maximal E2, duration of
stimulation, maximal gonadotropin dose, IVF, ICSI, GnRH
agonist trigger) revealed that letrozole and maximal E2 were
the only parameters significantly associated with abnormal
fertilization (Table 3).

Discussion

Our study aimed to explore the possible adverse effects of
coadministration of tamoxifen or letrozole with a standard
stimulation protocol on the outcomes of fertility preservation
treatment among women who had a histologically confirmed
diagnosis of breast cancer or were carriers of the BRCA1 or
the BRCA2 gene. No differences were found in oocyte yield,
fertilization rate, or the number of cryopreserved oocytes and
embryos when either the aromatase inhibitor or the selective
estrogen receptor modulator was added. However, the rate of
top-quality embryos was lower in cycles that included the
coadministration of tamoxifen, and the rate of abnormal fer-
tilization was higher in cycles that included the coadministra-
tion of letrozole.

In this study, the numbers of oocytes retrieved and frozen
embryos in cycles with coadministration of letrozole, tamox-
ifen, or controls are comparable to previous reports in breast
cancer patients (on average 8—16 oocytes collected and 56
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Table 1 Patient demographics

and stimulation protocol Variable Control Letrozole P value (letrozole ~ Tamoxifen P value (tamoxifen
parameters (n=52) (n=36) vs control) (n=30) vs control)

Age (years) 345+45 343+44  0.834 345 +438 0.989

Cancer type

IDC 28 (54%) 27 (75%) 0.048 17 (56.7%) 0.822

DCIS 3 (5.8%) 1(2.7%) 0.642 1(3.3%) 1

Other 5(9.6%) 2 (5.6%) 0.565 1 (3.3%) 1

Unknown 16 (30.7%) 6 (16.7%) 0.2101 11 (36.7%) 0.631

Receptors

ER+ 8 (16%) 25 (69%) <0.001 21 (70%) <0.001

Protocol

Antagonist 43 (83%) 33 (92%) 0.345 28 (93%) 0.313

Long agonist 3 (6%) 3 (8%) 0.685 2 (7%) 1

Short agonist 6 (11%) 0 0.077 0 0.081

Trigger of ovulation

GnRHa 17 (33%) 31 (86%) < 0.001 10 (33%) 1

Procedure

Embryo freezing 38 (73%) 29 (81%) 0.458 23 (77%) 0.797

ICSI 28 (74%) 28 (96%) 0.018 17 (74%) 1

Oocyte freezing 12 (23%) 7 (19%) 0.795 6 (20%) 0.790

Embryo + oocyte 3 (6%) 6 (17%) 0.151 4 (13%) 0.253
freezing

IDC Intraductal carcinoma; DCIS ductal carcinoma in situ; other (i.e., invasive lobular carcinoma, metaplastic
breast cancer). ER estrogen receptors; GnRHa gonadotropin-releasing hormone agonists; /CS/ intracytoplasmic

sperm injection

Data presented as mean (+ standard deviation)

cryopreserved embryos) [9, 16, 18, 32, 33, 38, 39].
Furthermore, cycle outcomes in the controls, who had under-
gone conventional COH cycle, were similar to the control
group in other studies who underwent IVF for noncancer in-
dication [30]. Whether or not letrozole negatively effects oo-
cyte yield remains a matter of controversy in the literature,
with some in agreement with those of the current study by
not detecting any differences in total or mature oocyte yield
[31, 40], and others showing a small but statistically signifi-
cant decrease in mature oocyte yield [30, 32, 41]. A recent
metaanalysis by Bonardi et al. [42] showed that the addition of
letrozole does not have a negative effect on the number of
mature oocytes collected nor on other cycle parameters in-
cluding maturation and fertilization rates, total gonadotropin
dose, and the length of the stimulation. A secondary analysis
including breast cancer patients only reached similar results
[42].

According to our knowledge, this is the first report showing
negative effect of letrozole and tamoxifen on fertilization and
top-quality embryo rate.

The median total FSH dose in this cohort was higher than
previously reported [30, 32, 43]; this can result from a higher
FSH starting dose and longer stimulation. It was previously
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reported that the ovarian stimulation phase lasts 9 to 12 days;
the median duration found in this study is within the upper
limits of this range [9, 30, 32, 43]. Estradiol level as expected
in women who received tamoxifen was comparable to controls
and higher than in women with letrozole. Estradiol levels in the
tamoxifen group was in accordance with the study of Meirow
et al. [33]; however, others reported lower mean E2 that can be
explained by a different stimulation protocol [17, 18].

It has been suggested that BRCA mutation may reduce the
reproductive performance in women carriers. Animal models
showed accelerated follicle loss and reduced ovarian reserve
[44]; these findings were supported by lower AMH levels in
carriers of BRCA1 mutation and earlier age of menopause
[45-49]. Though differences in the outcomes of fertility pres-
ervation cycles may be affected by the BRCA carrier status,
the negative effects of BRCA mutation on ovarian aging are
still debatable [50, 51]. It was first reported by Shapira et al.
[52] that BRCA carriers had comparable ovarian reserve and
response to stimulation, compared to noncarriers [52, 53].
Comparable results were demonstrated not only for healthy
carriers but for cancer patients as well [46].

ICSI and GnRH agonist triggering were used more frequent-
ly in our letrozole group. Both the routine implementation of
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Table2  Cycle parameters and outcomes of tamoxifen and letrozole groups compared to controls

Variable Controls (n = 50) Tamoxifen (n = 30) P value* Letrozole (n = 36) P value**
Duration of stimulation, days 11 (9.75-12) 10 (9-11.25) 0.173 11 (9.75-12) 0.823
Total dose of gonadotropins, [U 3000 (2506.25-3600) 2700 (2100-3318.75) 0.121 3300 (2821-3993.75) 0.165
Maximal E2, pg/ml 1556.5 (947.75-2284) 1610 (857.5-2570.25) 0.944 630 (308-988) < 0.001
Oocytes retrieved, n 10.5 (6-18) 12 (7.5-18.5) 0.390 12 (8-20.25) 0.136
Cryopreserved embryos, n 5@3-7.5) 7 (2-10) 0.398 5 (3-12.5) 0.529
Mature (MII) oocyte rate 81.5% (396/486) 78.6% (264/336) 0.327 79% (468/592) 0.357
Immature oocyte (GV) rate 10.7% (52/486) 15.5% (52/336) 0.054 13.7% (81/592) 0.163
Fertilization (2PN) rate 79% (287/363) 73.8% (180/244) 0.141 77% (264/344) 0.469
Abnormal fertilization (1PN/3PN) rate 3.6% (13/363) 7% (17/244) 0.084 7.8% (27/344) 0.015
Top-quality embryo rate 39.4% (41/104) 25% (23/92) 0.034 37.9% (85/224) 0.808

*P value for tamoxifen versus controls
*#*P value for Letrozole versus controls

Data presented as median (interquartile range)

Top-quality embryos are defined as four symmetrical cells at day two or eight symmetrical cells at day three with less than 10% fragmentation

Top quality embryo rate is determined by the number of top-quality embryos/number of cleavage-stage embryos

Abnormal fertilization (1PN/3PN) rate is determined by the number of oocytes with abnormal fertilization/number of mature oocytes

E2 serum estradiol level; MII metaphase 2 oocytes; GV germinal vesicle; PN pronuclei

letrozole in our IVF unit for fertility preservation cycles in
breast cancer patients and the routine practice of ICSI to allow
future PGD for women found to be carriers of a mutation caus-
ing familial cancer were initiated in 2012. Nevertheless, the
results were similar when ICSI cycles and GnRH agonist trig-
ger were analyzed separately. Furthermore, a stepwise logistic
regression analysis adjusted for cycle parameters, including
ICSI and trigger used, found that letrozole and higher maximal
E2 were the only significant parameters that negatively affected
fertilization.

We hypothesized that the lower rate of top-quality embryos
associated with tamoxifen and the high rate of abnormal fer-
tilization rate associated with letrozole in our study may be
explained by interference in follicular hormonal balance
caused by these agents. This theory has some basis in the

results of animal model studies. Moor et al. (1980) altered
follicular steroid secretion in bovine oocytes by using enzyme
inhibitors and exogenous steroid supplementation and found
these alterations were associated with fertilization
abnormalities [54]. They observed that inhibiting steroidogen-
esis by adding the aromatase inhibitor, aminoglutethimide,
hindered normal pronuclear development. Moreover, higher
percentages of oocytes were penetrated by more than one
spermatozoon, and the development of the male pronuclei
was abnormal as well. In a study on rats, tamoxifen enhanced
follicle-stimulating hormone (FSH)—stimulated aromatase ac-
tivity in granulosa cells, causing increased follicular estrogen
levels. It also inhibited FSH-stimulated production of proges-
terone and 20x-hydroxy-4-pregnen-3-one [55]. Tamoxifen
also prevented the induction of luteinizing hormone receptors

Table 3 Odds ratio and 95%

confidence intervals for predictors Cycle parameters Odds ratio 95% confidence interval P value

of abnormal fertilization
Letrozole 11.94 2.35-60.4 0.003
Maximal E2 (pg/ml)* 1.075 1.024-1.12 0.004
IVF/ICSI 0.26 0.06-1.06 0.060
Tamoxifen 3.04 0.8-11.48 0.100
Duration of stimulation (days) 1.19 0.93-1.52 0.158
GnRH agonist trigger 2.12 0.64-7.06 0.218

“Per 100 unit change in E2 serum level

A stepwise logistic regression was also adjusted for age and total dose of gonadotropins that did not enter the final

analysis

IVF in vitro fertilization; /CSI intracytoplasmic sperm injection; GnRH gonadotropins releasing hormone
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in granulosa cells [56]. Letrozole caused a significant increase
in testosterone and androstenedione and also increased lutein-
izing hormone plasma levels and the expression of Cypl7al
mRNA, a key enzyme in the regulation of androgen biosyn-
thesis [57]. The effects of letrozole on embryo quality were
described in a number of studies by Lossl et al. [5859]. In the
first report from this group, the short-term use of an aromatase
inhibitor and hCG prior to COH increased local and
intraovarian levels of androgens with higher numbers of
good-quality embryos [58]. In a later work, the same group
failed to demonstrate that the administration of an aromatase
inhibitor and hCG before controlled ovarian stimulation for
IVF/ICSI improved the number of top-quality embryos [59].
To the best of our knowledge, no studies have examined either
embryo quality or the rate of abnormal fertilization associated
with the coadministration of tamoxifen with a standard stim-
ulation protocol.

The main limitation of our study is in its retrospective nature,
small numbers and heterogeneity of the stimulation protocols.
There is very limited data comparing coadministration of
letrozole to tamoxifen in fertility preservation cycles; however,
a model analyzing the differences among the 3 groups would
lack statistical power to determine such a difference. These re-
sults are presented in the supplementary material and future stud-
ies are required to confirm these findings. Furthermore, we did
not have baseline parameters of ovarian reserve, such as day 3
follicle-stimulating hormone, since most of the study patients
were referred for emergency fertility preservation. In addition,
antiMiillerian hormone values could not be analyzed since they
are not part of the routine tests covered by our national
healthcare. The strengths of this study are that our control group
included exclusively breast cancer patients, unlike other studies
in which the controls included women with noncancer-related
indication for IVF or other cancer types, thus eliminating a pos-
sible bias of the systemic effects of different cancer types [41].
Finally, previous studies did not examine embryo quality or ab-
normal fertilization rates.

In conclusion, coadministration of tamoxifen or letrozole with
a standard stimulation protocol did not affect oocyte and embryo
yield. However, tamoxifen was associated with lower rates of
top-quality embryos, and letrozole was associated with higher
rates of abnormal fertilization. These findings should be viewed
cautiously when implicated in clinical practice, due to the rela-
tively small study groups. Further studies are needed in order to
clarify these effects on treatment outcomes.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10815-020-02030-y.
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