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Abstract
Purpose To determine whether concomitant tamoxifen 20 mg with gonadotropins (tamoxifen-gonadotropin) versus letrozole
5 mg with gonadotropins (letrozole-gonadotropin) affects mature oocyte yield.
Methods Open-label, single-institution, randomized trial. Inclusion criteria included the following: females, ages 18–44 years old, with
new diagnosis of non-metastatic breast cancer, who were undergoing fertility preservation with either oocyte or embryo cryopreser-
vation. Those with estrogen-receptor-positive (ER+) breast cancer were randomized to tamoxifen-gonadotropin or letrozole-gonado-
tropin. Another group with estrogen-receptor-negative (ER−) breast cancer was recruited, as a prospectively collected comparison arm
who took neither letrozole nor tamoxifen (gonadotropin only). The primary outcome was the number of mature oocytes obtained from
the cycle. The randomized groups were powered to detect a difference of three or more mature oocytes.
Results Forty-five patients were randomized to tamoxifen-gonadotropin and fifty-one to letrozole-gonadotropin. Thirty-eight
patients completed gonadotropin only. Age, antral follicle count, and body mass index were similar between the randomized
groups. Our primary outcome of mature oocyte yield was similar between the tamoxifen-gonadotropin and letrozole-
gonadotropin groups (12±8.6 vs. 11.6±7.5, p=0.81, 95%CI of difference =−2.9 to 3.7). In a pre-specified secondary comparison,
mature oocyte yield was also similar with tamoxifen-gonadotropin or letrozole-gonadotropin versus gonadotropin only (12±8.6
vs. 11.6±7.5 vs. 12.4±7.2). There were no serious adverse events in any of the groups.
Conclusions Tamoxifen-gonadotropin and letrozole-gonadotropin produced a similar number of mature oocytes.
Women who received either tamoxifen-gonadotropin or letrozole-gonadotropin had a similar number of oocytes to
the gonadotropin-only group.
Trial registration NCT03011684 (retrospectively registered 1/5/2017, after 9% enrolled)

Keywords Fertility preservation . Breast cancer . Tamoxifen . Letrozole . Ovarian stimulation

* Joseph Letourneau
Joseph.letourneau@hsc.utah.edu

1 Department of Obstetrics, Gynecology and Reproductive Sciences,
University of California, San Francisco School of Medicine, San
Francisco, CA, USA

2 Department of Obstetrics and Gynecology, University of Utah School
of Medicine, Salt Lake City, UT, USA

3 Utah Center for Reproductive Medicine, 675 Arapeen Drive, Suite
205, Salt Lake City, UT 84108, USA

4 Seattle Reproductive Medicine, Seattle, WA, USA

5 Department of Epidemiology and Biostatistics, University of
California, San Francisco, San Francisco, CA, USA

6 Hematology and Oncology, California Pacific Medical Center
Research Institute, San Francisco, CA, USA

7 Department of Medicine, University of California, San Francisco
School of Medicine, San Francisco, CA, USA

https://doi.org/10.1007/s10815-021-02273-3

/ Published online: 26 July 2021

Journal of Assisted Reproduction and Genetics (2021) 38:2455–2463

http://crossmark.crossref.org/dialog/?doi=10.1007/s10815-021-02273-3&domain=pdf
http://orcid.org/0000-0001-9966-5851
mailto:Joseph.letourneau@hsc.utah.edu


Introduction

Oocyte and embryo cryopreservation are accepted standard
treatments for fertility preservation prior to breast cancer treat-
ment [1]. However, the use of injectable gonadotropins in
ovarian stimulation can induce estradiol levels up to ten times
higher than physiologic levels [2–4]. While there have never
been data to demonstrate a decrease in disease-free survival
from estrogen-receptor-positive (ER+) breast cancer after
ovarian stimulation, this elevation in estrogen levels has
caused concern for oncology providers and patients diagnosed
with ER+ breast cancer [5]. Over two decades ago, natural
cycle in vitro fertilization (IVF) cycle was initially proposed
as the safest approach to fertility preservation with ER+ breast
cancer. While estradiol is not artificially elevated in natural
cycle IVF, such cycles only yield a maximum of one oocyte.

Increasing the number of oocytes or embryos in storage can
meaningfully boost the patients’ chance of future pregnancy
after cryopreservation [6]. Novel approaches to safely
obtaining more than one oocyte for cryopreservation in pa-
tients diagnosed with ER+ breast cancer have been intro-
duced, over time. For example, ovarian stimulation with ta-
moxifen alone was shown to obtain twice as many mature
eggs and embryos as natural cycle IVF [6]. Oktay and col-
leagues subsequently demonstrated that letrozole-
gonadotropins might produce more oocytes or embryos than
tamoxifen-gonadotropins and proposed that letrozole theoreti-
cally may be safer, due to lower estrogen levels [7, 8]. Meirow
and colleagues then showed that tamoxifen-gonadotropins is
also a safe and effective means of ovarian hyperstimulation in
the setting of breast cancer.[3] These prior studies with
letrozole and tamoxifen were often small, non-randomized,
and employed concomitant use of lower injectable gonadotro-
pin regimens than are commonly used today.[3, 8] The choice
to use letrozole-gonadotropins or tamoxifen-gonadotropins
during ovarian stimulation for breast cancer is presently largely
guided by regional practice patterns.

Letrozole, an aromatase inhibitor, and tamoxifen, a selec-
tive estrogen receptor modulator (SERM), have different
mechanisms of action. These differing mechanisms of action,
at the level of the hypothalamus and pituitary or the ovarian
follicle, have the potential to differentially affect fertility pres-
ervation outcomes. Within the follicle, aromatase inhibitors
would be expected to lower estrogen and create a large accu-
mulation of intra-follicular androgens, whereas SERMS like
tamoxifen would not. Intra-follicular estrogen could be instru-
mental to follicular growth and oocyte development in ani-
mals [9]. Increased intra-follicular androgens can enhance ear-
ly follicular growth but may also lead to increased follicular
atresia [2, 10]. Clinically, a 2014 randomized trial of letrozole
versus a SERM (clomiphene) for ovulation induction demon-
strated that letrozole led to increased rates of both ovulation
and live birth in women with polycystic ovary syndrome [10].

Conversely, the AMIGOS Trial of letrozole versus clomi-
phene for ovulation induction in the treatment of unexplained
infertility showed similar rates of clinical pregnancy and live
between the letrozole and clomiphene [11].

While tamoxifen and letrozole are both commonly used in
ovarian stimulation in the setting of breast cancer, it is not
clear if either helps to optimize oocyte yield, particularly in
the setting of random-start ovarian stimulation [2]. We under-
took the TAmoxifen or Letrozole in Estrogen Sensitive tu-
mors (TALES) Trial to assess the impact of tamoxifen-
gonadotropin and tamoxifen-gonadotropin on mature oocyte
yield.

Materials and methods

We performed a randomized clinical trial. All study proce-
dures were approved by the University of California, San
Francisco (UCSF) Committee on Human Research.

Study overview and design

We conducted a randomized controlled trial of concomitant
administration of tamoxifen-gonadotropins versus letrozole-
gonadotropins during our standard ovarian stimulation proto-
col for patients undergoing oocyte or embryo cryopreserva-
tion. We also included an additional comparison arm of pa-
tients with ER− breast cancer who were undergoing
gonadotropin-only stimulation. Our primary outcome was
mature oocyte yield within a single cycle of ovarian
stimulation.

The consulting physician identified patients eligible for the
study at the initial fertility preservation consult visit. The pros-
pect of their future fertility, following 2–5 years of refraining
from conceiving owing to adjuvant endocrine treatment (if
applicable), was discussed with the patient. A proposed ovar-
ian stimulation protocol with gonadotropins was discussed
with the patient in the consultation office. If ER+, we then
invited them to participate in our randomized study to take
either tamoxifen-gonadotropin or letrozole-gonadotropin.
Written, informed consent for study participation was obtain-
ed by the recruiting physician after the patient chose to under-
go oocyte or embryo cryopreservation.

The doses of medication to which patients with ER+ tu-
mors were randomized were as follows: the standard dose of
gonadotropin plus tamoxifen (20 mg per day) or standard dose
of gonadotropin plus letrozole (starting dose 5 mg per day).
The doses of tamoxifen and letrozole were chosen based on a
review of common doses reported in the literature and based
on discussion with our breast cancer research review board [3,
8]. Patients with ER− tumors were consented to study partic-
ipation prior to ovarian stimulation, but took neither tamoxi-
fen nor letrozole during their stimulation.
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Ovarian stimulation protocol

In both the ER+ and ER− groups, ovarian stimulation was
performed with a random-start GnRH antagonist protocol
[2]. The starting dose and adjustment of gonadotropins were
based on the clinic’s standard of care. The initial dosage of
gonadotropins (Follistim, Merck; Gonal-F, EMD-Serono;
and/or Menopur, Ferring) was determined by the patient’s
age, body mass index (BMI), and ovarian reserve, as estimat-
ed by antral follicle count (AFC) (which was measured on the
day of initial consultation). During the cycle, gonadotropin
dosages were adjusted as needed, based on follicle count/
size and estradiol levels (in the tamoxifen-gonadotropin and
gonadotropin-only groups), to maximize response and mini-
mizing the risk of ovarian hyperstimulation syndrome
(OHSS). GnRH antagonist (0.25mg ganirelix acetate,
Organon; or 0.25 mg cetrotide, EMD-Serono) was adminis-
tered daily to prevent premature ovulation when the lead fol-
licle measured ≥12-mm mean diameter.

Estradiol level was assessed at every clinic visit during
ovarian stimulation. For patients with estrogen-sensitive
breast cancer, 5 mg letrozole was administered daily begin-
ning with the start of ovarian stimulation and letrozole was
titrated up to as much as 10 mg per day with the goal of
maintaining estradiol levels close to that observed during
mono-follicular development in natural cycles ( <500 pg/
mL). At the time of design of the TALES Trial, the titration
of letrozole above 5 mg daily dose was believed to be likely to
be able to keep estradiol levels below the typical physiologic
peak of 500 pg/mL. The final dose of letrozole and tamoxifen
was taken the evening of trigger injection [12]. Doses of ta-
moxifen were kept at 20 mg daily and were not titrated, as per
the breast protection protocol previously used by Meirow and
colleagues [3].

Final oocyte maturation was induced with sliding-scale
hCG (1500 to 10,000 IU subcutaneously) or GnRH agonist
(4 mg leuprolide acetate subcutaneously) trigger injection de-
pending upon size of the follicular cohort and perceived risk
of OHSS. The trigger injection in the tamoxifen-gonadotropin
(ER+) and gonadotropin-alone (ER−) groups was adminis-
tered when the largest follicle attained a mean two-
dimensional diameter of 18 mm with the general cohort of
follicles >13 mm. If letrozole was used, the criterion for trig-
ger was a follicle reaching a mean diameter of 20 mm with a
general cohort of follicles >13 mm, based on prior work by
Oktay et al. that supported larger follicle size at trigger with
letrozole [7].

Oocyte retrieval was performed under transvaginal ultra-
sound guidance, 36 h after trigger shot administration.
Cumulus cells were stripped 2–3 h after retrieval and oocyte
cryopreservation was performed by vitrification, according to
the laboratory standard at the time. For patients desiring em-
bryo cryopreservation, ICSI was performed with ejaculated

sperm in meiosis II oocytes in a similar time frame.
Embryos were cryopreserved on either day 3 or day 5, de-
pending upon the quality and quantity of embryos in a given
cohort.

Study population and eligibility requirements

From June 2016 to September 2020, women 18 to 44 years of
age with a new diagnosis of non-metastatic breast cancer who
had not yet undergone chemotherapy and who planned to
undergo ovarian stimulation for fertility preservation with ei-
ther oocyte or embryo cryopreservation were approached
about joining the study during their initial fertility preservation
consult. Eligibility criteria included the following: new breast
cancer diagnosis; had not yet begun chemotherapy; planned to
undergo ovarian stimulation and oocyte retrieval prior to can-
cer treatment. Exclusions included the following: chemother-
apy had already commenced or been completed; history of
recurrent breast cancer; stage IV breast cancer at diagnosis;
if patient’s oncologist advised against the trial; any significant
concurrent disease, illness, or psychiatric disorder that would
have compromised patient safety or compliance and interfere
with consent, study participation, follow-up, or interpretation
of study results. We did not make any modifications to the
enrollment criteria, once the study began.

Outcome measures

The primary outcome to be compared was mature oocyte yield
in the tamoxifen-gonadotropin versus letrozole-gonadotropin
group. Mature oocyte yield was defined as the number of
meiosis II oocytes seen 2 to 3 h after oocyte retrieval during
cumulus stripping. Some patients underwent more than one
cycle of ovarian stimulation, so outcomes were only measured
in the first cycle after informed consent was obtained. A sec-
ondary comparison of this primary outcome was mature oo-
cyte yield in the groups receiving tamoxifen-gonadotropin
(ER+) versus letrozole-gonadotropin (ER+) versus gonado-
tropins alone (ER−). Our other a priori secondary outcomes
in the TALES Trial included the following: comparison of
follicular fluid hormone levels, assessment of embryo quality
(if applicable), and comparison of clinical pregnancy rates
when cryopreserved tissue is eventually utilized among pa-
tients from the assigned stimulation regimens. These latter
outcomes are either outside the focus of this manuscript, or
remote from the present time, and so were not included in this
analysis. Adverse events were defined as any side effects that
resulted in discontinuation of study medication. Serious ad-
verse events (SAEs) were defined as events that were fatal/
immediately life-threatening or required inpatient
hospitalization.
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Sample size

Forty-four subjects in each group in our primary comparison
(tamoxifen-gonadotropin versus letrozole-gonadotropin) were
required to obtain 80% statistical power to demonstrate a clin-
ically meaningful absolute difference of three mature oocytes,
assuming a standard deviation of five mature oocytes per cy-
cle with the use of an unpaired t-test with a two-sided signif-
icance level of 0.05. A difference of three mature oocytes was
chosen as this number of oocytes could commonly lead to an
additional embryo transfer in the future. For our power calcu-
lation, we used ten for the expected mean number of oocytes
in the tamoxifen group, with the desired effect size of three
[3]. The sample size was increased to 48 per arm for an ex-
pected dropout of 10%. We also planned to also enroll an
additional approximately 44 patients with ER− breast cancer,
to be used for our secondary comparison.

Randomization and allocation concealment

Randomization occurred in an unrestricted 1:1 ratio to receive
either standard dose of gonadotropin plus tamoxifen (20 mg
per day) or standard dose of gonadotropin plus letrozole
(starting dose 5 mg per day). A computer-generated random-
izer was used to determine study drug exposure after patients
agreed to undergo ovarian stimulation and after informedwrit-
ten consent to participate in the study was obtained by the
recruiting physician.

The treating physician and the patient could not be blinded
to the study drug, for the following reasons: the suppressive
effect of letrozole on estradiol; the absence of such an effect
with tamoxifen; the standard need to counsel patients in our
stimulation protocol about the progress of their stimulation
cycle (based on their estradiol response). The embryologists
who were counting mature oocytes were, importantly, blinded
to the study drug.

Given the possibility of differential allocation to the study
groups with our unrestricted (non-block randomized) ap-
proach, our recruitment for the study was to be considered
complete once 44 patients completed ovarian stimulation in
each of the randomization arms. Due to resource limitations,
we planned to continue to recruit ER− patients in the compar-
ison arm until the randomization arms of the study completed
enrollment, and then stop the recruitment in the ER− group, at
that point. With an approximate 2:1 ratio of patients with ER+
:ER− breast cancer having presented to our clinic in the past,
we estimated we would have approximately 44 patients in the
ER− group, at the end of the study.

Statistical analysis

Statistical analysis was performed using Stata version 15
(Stata Corp., College Station, TX). To compare cycle and

background characteristics between the two randomized pa-
tient groups in our primary aim, univariate analyses were per-
formed. Characteristics of interest included the following: pa-
tient age, antral follicle count, body mass index (BMI), total
gonadotropin dose, number of stimulation days, maximal es-
tradiol level, trigger shot type, number of retrieved oocytes,
number of mature oocytes, and plan for oocyte versus embryo
cryopreservation. Continuous data are reported as means ±
standard deviation (SD) and dichotomous or categorical out-
come data are reported as percentages, as appropriate. In order
to best understand the effects of tamoxifen and letrozole on
ovarian stimulation outcomes, we performed a per-protocol
data analysis. For continuous data, the two-sample t-test was
used when data were normally distributed and the Wilcoxon
two-sample test when distribution was skewed. For continu-
ous data involving comparison of three groups, one-way
ANOVAwas used and the Kruskal-Wallis test was used when
distribution was skewed. For variables in the ANOVA with p
<0.05, a post hoc Bonferroni test was performed to provide
estimates of the difference between each predictor variable,
with adjustment for multiple comparisons. For categorical da-
ta, the chi-square test was used. A post hoc linear regression
was performed to assess the impact of age on oocyte yield,
once it was discovered that the average age of patients in our
ER− comparison arm was significantly lower than the
tamoxifen-gonadotropin group. All tests were two-tailed,
and p-values <0.05 were considered statistically significant.
For the primary outcome of mature oocyte yield, the 95%
confidence interval of the observed difference between groups
was also reported.

Trial registration, approval, and safety monitoring

This study was reviewed and approved by our institutional
review board (15-17818). Since the study was performed on
patients with cancer, the study was also approved by our in-
stitution’s cancer center review board and cancer disease-
specific site (breast) review board. The cancer review board
provided active oversight of the study, including at least an
annual assessment of recruitment and adverse events. The trial
was registered at ClinicalTrials.gov (NCT03011684). An
independent safety monitoring board was assembled and a
priori study stoppage criteria had been if mature oocyte yield
was 50% higher in one of the groups at half-way point of
attainment of recruitment goal.

The first patient was enrolled on July 21, 2016. By omis-
sion, this study was registered after the study start date on
ClinicalTrials.gov on January 5, 2017. The trial was
approved by three local review boards at our university and
was not changed from the time of first enrollment to study
completion. Between the beginning of enrollment and
ClinicalTrials.gov registration, there were six patients
enrolled in the letrozole group and six patients in the
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tamoxifen group. During this time period, there were no
patients enrolled in the ER-negative group, though this group
was included a priori from the outset of the study.

Results

Characteristics of the participants

A total of 137 patients (ages 21 to 43 years old) were initially
enrolled in the study (ER+, n=98; ER−, n=39) and study com-
pletion and attrition is detailed in Figure 1. After randomiza-
tion, two patients (one in the tamoxifen arm and one in the
letrozole arm) decided to not pursue ovarian stimulation due
to financial or logistical reasons related to their cancer care.
These patients were not included in the analysis. One patient
in the tamoxifen group experienced cycle cancelation on day 5
of ovarian stimulation, at which time she had a single lead
follicle of 17 mm. Her cycle was canceled due to unifollicular
development. She was counted in the study as having had zero

oocytes retrieved and zero mature oocytes and her outcome
data were included in the primary and secondary comparisons.

The randomized groups in our study were similar for base-
line antral follicle count, body mass index, and race/ethnicity
(Table 1). However, there was a statistically significant differ-
ence in age between the three groups, as determined by one-
way ANOVA (F(2,130=4.61, p=0.01). A Bonferroni post hoc
test revealed that age was significantly higher in the
tamoxifen-gonadotropin group than the gonadotropin-only
group (35.4±0.8 vs. 32.5±0.6, p=0.01). The mean age for the
tamoxifen-gonadotropin was 1.7 years less than the letrozole-
gonadotropin group, though this difference was not statistical-
ly significant (35.4±0.8 vs. 33.7±0.6, p=0.18). Lastly, age was
not statistically significantly different for letrozole-
gonadotropin versus gonadotropin alone (33.7±0.6 vs. 32.5
±0.6, p=0.64).

In vitro fertilization cycle characteristics

In vitro fertilization (IVF) cycle parameters, including total
doses of gonadotropins, duration of stimulation, and trigger

Fig. 1 Study flow diagram. Patients in the estrogen-receptor-positive
group (ER+) were randomized to letrozole or tamoxifen and were ana-
lyzed according to completion of the protocol. Patients in the estrogen-

receptor-negative group (ER−) did not receive a study intervention and
were included as a secondary comparison group (without letrozole or
tamoxifen)
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shot type, were similar between the three groups (Table 2).
While the letrozole-gonadotropin protocol required trigger at
larger lead follicle sizes, the letrozole follicles may have

developed at a faster rate, as the average length of stimulation
was similar across the treatment groups. The one significant
difference in IVF parameters was peak estradiol levels, which

Table 1 Characteristics of study participants

Randomized groups p-value (comparing
randomized groups)

Comparison group p-value (comparing
all 3 groups)

Tamoxifen-
gonadotropin (ER+)
(n=44)

Letrozole-
gonadotropin (ER+)
(n=50)

Gonadotropin only
(ER−) (n=38)

Age (years) 35.4 ± 5 33.7 ± 4.4 0.18 32.5 ± 3.6 0.01

Ethnicity (%) 0.33 0.49
Caucasian 27% 39% 29%

Asian American 23% 11% 14%

African American 7% 2% 0%

Latina or Hispanic
American

7% 2% 6%

Native American 0% 0% 0%

Other 18% 14% 17%

Unknown/decline
to answer

18% 32% 34%

BMI 23.6 ± 4.2 24.5 ± 5.5 0.37 23.9 ± 6.2 0.71

Antral follicle count 15.9 ± 12.8 15.2 ± 8.3 0.74 13.7 ± 6.6 0.59

Plan to freeze embryos (vs.
oocytes) (yes/no)

26% 31% 0.67 26% 0.81

Continuous variables are reported as mean ± SD

Table 2 In vitro fertilization cycle characteristics

Randomized groups p-value (comparing
randomized groups)

Comparison
group

p-value
(comparing all
3 groups)Tamoxifen-gonadotropin

(ER+) (n=44)
Letrozole-gonadotropin
(ER+) (n=50)

Gonadotropin
only (ER−)
(n=38)

Total dose of gonadotropins
(international units)

2234 ± 858 2283 ± 689 0.51 2447 ± 979 0.49

Duration of ovarian stimulation
(days)

9.8 ± 1.5 10.2 ± 1.3 0.1 10 ± 1.7 0.31

Mature-size follicles at trigger (
>=13 mm)

13.6 ± 7.8 13.7 ± 8.3 0.94 12 ± 5.5 0.51

Peak estradiol level (pg/mL) 3101 ± 1797 642 ± 299 <0.001* 2589 ± 1438 <0.001*

Trigger shot HCG only (vs.
combination trigger)

77% 78% 0.88 84% 0.78

Cycles with poor ovarian response
( <4 oocytes) (%)

5% 4% 0.9 8% 0.69

Total number of oocytes retrieved 16.9 ± 10.9 16.8 ± 9 0.99 16.7 ± 8.4 0.99

Oocyte maturity rate (%) 72% 68% 0.46 75% 0.31

Number of mature oocytes
cryopreserved

12 ± 8.6 11.6 ± 7.5 0.81 12.4 ± 7.2 0.89

Continuous variables are reported as mean ± SD

Oocyte maturity rate was calculated as mature oocytes collected/total number of oocytes retrieved

*Peak estradiol levels were much lower in the letrozole group, by design. After ANOVA, a Bonferroni post hoc test revealed that peak estradiol was
significantly different in each of the pairwise comparisons of tamoxifen-gonadotropin, letrozole-gonadotropin, and gonadotropin alone (p <0.001 in all
comparisons)
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were much lower in the letrozole group, by design. However,
despite titrating doses of letrozole above 5 mg, peak estradiol
levels did exceed 500 pg/mL.

Primary and secondary comparisons

Tamoxifen-gonadotropin and letrozole-gonadotropin yielded
similar mean numbers of mature oocytes (12±8.6 vs. 11.6
±7.5, p=0.81, 95%CI of difference =−2.9 to 3.7; Table 2). In
the secondary comparison, letrozole-gonadotropin (ER+) or
tamoxifen-gonadotropin (ER+) versus gonadotropin only
(ER−) also yielded similar mean mature oocyte yields:
tamoxifen-gonadotropin versus gonadotropin only appeared
similar for mature oocyte yield (12±8.6 vs. 12.4±7.2,
p=0.81, 95%CI of difference =−3.9 to 3.1); letrozole-
gonadotropin versus gonadotropin only also appeared similar
for mature oocyte yield (11.6±7.5 vs. 12.4±7.2, p=0.61,
95%CI of difference =−4 to 2.3). Total numbers of oocytes
retrieved, oocyte maturity rates, and proportion of cycles with
poor ovarian response were also similar between the three
groups (Table 2).

Since age was discovered to be different between the
tamoxifen-gonadotropin and gonadotropin-only groups, a
post hoc sensitivity analysis was performed by including
study group (tamoxifen-gonadotropin, letrozole-gonadotro-
pin, and gonadotropin alone) and age in a general linear model
to predict mature oocyte yield. Overall, the three arms of the
study continued to appear clinically similar for mature oocyte
yield, after adjustment for age: tamoxifen-gonadotropin ver-
sus letrozole-gonadotropin (estimated difference: 1.8 mature
oocytes, p=0.22, 95%CI−1.1 to 4.8); tamoxifen-gonadotropin
versus gonadotropin alone (estimated difference: 1.9 mature
oocytes, p=0.24, 95%CI−1.3 to 4.8); letrozole-gonadotropin
versus gonadotropin only (estimated difference: 0.1 mature
oocytes, p=0.96, 95%CI−2.9 to 3.1).

Adverse events

No serious adverse events related to the treatments occurred
during the study, including no unplanned hospitalizations dur-
ing the study for any of the three groups. Though we did not
collect a specific a priori list of side effects during treatment,
our patients did undergo very close monitoring during the 2
weeks of the study, with frequent (every 1 to 3 days) visits for
ultrasounds. No one stopped their medications due to self-
report of concerns about side effects.

Discussion

When performing ovarian stimulation for fertility preservation
for newly diagnosed ER+ breast cancer, tamoxifen-
gonadotropin and letrozole-gonadotropin produce similar

mature oocyte yields. Additionally, tamoxifen-gonadotropin
and letrozole-gonadotropin also appear to produce similar ma-
ture oocyte yields to gonadotropin alone.

Our primary finding was that tamoxifen-gonadotropin and
letrozole-gonadotropin produce similar mature oocyte yields.
This observation is concordant with prior, non-randomized
studies. Oktay and colleagues performed one of the only pub-
lished trials to date that compared letrozole and tamoxifen in
fertility preservation cycles [8]. In this smaller, prospective
trial (n=60), with doses of gonadotropins that were lower than
are generally used today, tamoxifen 60mg daily plus FSH 150
international units (IU) and letrozole 5 mg daily plus FSH
150 IU did not show a significant difference in oocyte yield.
However, the tamoxifen-gonadotropin group had a higher
baseline FSH—suggesting lower starting ovarian reserve. In
our study, baseline age and antral follicle count were similar
between the tamoxifen and letrozole groups, supporting the
interpretation that neither medicine, in a well-powered study,
appears to substantially alter mature oocyte yield. The conclu-
sion that mature oocyte yields are similar is further supported
by another recent trial of tamoxifen-gonadotropin versus
letrozole-gonadotropin from Europe (reported at the 2019
American Society of Reproductive Medicine Conference,
not yet published) [13].

Despite differing mechanisms of action, we also observed
that tamoxifen-gonadotropin and letrozole-gonadotropin like-
ly produce similar mature oocyte yields to gonadotropin
alone. This observation is also consistent with prior studies.
Meirow and colleagues previously demonstrated similar oo-
cyte yields with tamoxifen-gonadotropin versus gonadotropin
alone [3]. Several non-randomized studies have compared
letrozole-gonadotropin in ER+ breast cancer patients to go-
nadotropin alone and reported results similar to our study
[14]. Oktay et al. compared ER+ patients using letrozole-
gonadotropin to patients with tubal factor infertility (without
cancer) using gonadotropin alone [7]. Similar mature oocyte
yield was observed in both groups. In Revelli’s retrospective
study of 50 patients with ER+ disease exposed to letrozole-
gonadotropin versus 25 ER− disease exposed to gonadotropin
alone, letrozole-gonadotropin was associated with one to two
fewer oocytes per cycle [14]. Our data did not show a differ-
ence in letrozole-gonadotropin or tamoxifen-gonadotropin
versus gonadotropin alone, though we may have been under-
powered to detect such a difference.

While we highlighted the potential cancer safety benefit of
concomitant use of tamoxifen and letrozole in the setting of
ER+ disease, our current study is not powered to investigate the
long-term impact of their use on cancer outcomes. Prior observa-
tional studies have suggested that fertility preservation with con-
comitant use of letrozole and gonadotropins does not increase the
risk of cancer recurrence [5, 15]. It is worth noting that, after the
conclusion of this trial, there remains a lack of evidence to sup-
port doses of letrozole above 5 mg being able to reliably keep
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estradiol levels below 500 pg/mL, particularly among women
with higher numbers of follicles developing [16, 17].

Well-powered, randomized studies that assess whether ta-
moxifen or letrozole is associated with differences in long-
term cancer or obstetrical outcomes are still needed. Mature
oocytes are a proxy measure for the desired outcome of a
healthy baby. Outcomes like implantation rate and live birth
rate were not a focus of this report but would be of interest to
study in the future. Patients undergoing fertility preservation
for breast cancer take a median of 5 years to utilize their
cryopreserved oocytes and embryos, so such outcomes are
unlikely to be available from a randomized trial for some time
[18]. In the interim, the choice of tamoxifen-gonadotropin or
letrozole-gonadotropin could reasonably be dictated by the
following: patient preference regarding side effect profiles,
regional practice patterns, simplicity of stimulation protocol,
and/or ease or cost of obtaining either medication. In our
study, we did not give letrozole or tamoxifen to women with
ER− breast cancer, though it is reasonable to do so, as many
tumors diagnosed as clinically ER− may still express a small
number of estrogen receptors [19].

Increasingly, fertility centers are becoming interested in
whether letrozole-gonadotropin might perform better than go-
nadotropins alone, in the infertility setting [20]. Based on our
data, it appears that letrozole-gonadotropin and tamoxifen-
gonadotropin are unlikely to have a clinically significant differ-
ence in oocyte yield versus gonadotropins alone, at least among
patients with breast cancer. There is an ongoing randomized trial
of letrozole-gonadotropins versus gonadotropin alone during
ovarian stimulation for infertility (NCT02912988), which is ex-
pected to provide more robust data about the use of concomitant
letrozole (or not) during ovarian stimulation for infertility. Lastly,
there may be non-oncologic circumstances in which one might
infer a possible clinical benefit of lower estrogen levels, such as
in the setting of endometriosis or a history of provoked throm-
boembolism [21].

Study strengths and limitations

This study has several strengths. The most apparent strength is
the randomization between the tamoxifen-gonadotropin and
letrozole-gonadotropin groups. We also had a high number of
eligible patients enroll in the study, so the results are likely
representative of the breadth of patients who would typically
undergo ovarian stimulation prior to breast cancer at a fertility
clinic. While this study was performed at a university referral
center, many of the patients in our study were initially referred
from community oncology clinics. We did also have a very
low rate of dropout or loss to follow-up in our study. This
likely reflects the motivation of patients to complete their fer-
tility preservation cycle prior to cancer treatment, as has been
seen in other fertility preservation trials [22].

Our study has some limitations worth noting. As discussed
above, we did not study the important outcomes of healthy
childbirth or cancer recurrence, though they would be inter-
esting areas of future research. Another limitation is that par-
ticipants and study physicians were not blinded to the treat-
ment allocation. Given that study physicians are making ac-
tive decisions about ovarian stimulation dosing adjustments
and triggering decisions after allocation is revealed to them,
this could be a source of bias. We did use a standard protocol
for medication dosing and trigger shot criteria, to help mini-
mize performance bias. In addition, physicians performing the
oocyte retrieval reviewed the patient’s chart beforehand (in-
cluding the estradiol levels), so they could not be adequately
blinded. However, we were able to blind our embryologists to
study allocation. Another potential limitation is that we did not
collect information about cancer predisposition genes, which
may affect ovarian reserve [23]. However, our chosen ovarian
reserve marker (antral follicle count) was similar between all
of the groups in our study. Lastly, we used a dose of tamoxifen
(20 mg) that has been used in prior studies to protect the breast
from excess estrogen [3]. However, the ovarian stimulation
dose of tamoxifen could be considered to be as high as 40 to
60 mg daily, as has been used by Oktay and colleagues [8]. It
is possible that a higher dose of concomitant tamoxifen may
have led to a higher response with the tamoxifen group.

Conclusion

Letrozole and tamoxifen, the most commonly used additions
to attempt to maintain safety in ovarian stimulation for ER+
breast cancer, appear to produce similar mature oocyte yields
during ovarian stimulation. Also, though their mechanisms of
action would suggest that tamoxifen-gonadotropin and
letrozole-gonadotropin may result in differing mature oocyte
yields from gonadotropins alone, we saw similar mature oo-
cyte yields in all three approaches in this study.
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