UCSF

UC San Francisco Previously Published Works

Title
Hormone concentrations of dominant follicles in the TALES randomized controlled trial
comparing letrozole with tamoxifen.

Permalink
https://escholarship.org/uc/item/1j27975g

Journal
Journal of Assisted Reproduction and Genetics, 39(11)

Authors

Wang, Ange
Letourneau, Joseph
Juarez-Hernandez, Flor

Publication Date
2022-11-01

DOI
10.1007/s10815-022-02626-6

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/1j27g75p
https://escholarship.org/uc/item/1j27g75p#author
https://escholarship.org
http://www.cdlib.org/

Journal of Assisted Reproduction and Genetics (2022) 39:2617-2624
https://doi.org/10.1007/510815-022-02626-6

ASSISTED REPRODUCTION TECHNOLOGIES q

Check for
updates

Hormone concentrations of dominant follicles in the TALES
randomized controlled trial comparing letrozole with tamoxifen

Ange Wang'® . Joseph M. Letourneau? - Flor Juarez-Hernandez' - Mary Kathryn Abel’ - Evelyn Mok-Lin' -
Mitchell P. Rosen'

Received: 20 June 2022 / Accepted: 21 September 2022 / Published online: 4 October 2022
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract

Background In this secondary analysis of the TAmoxifen or Letrozole in Estrogen Sensitive tumors (TALES) trial, we aimed
to investigate if concurrent administration of letrozole vs. tamoxifen vs. no added treatment affects hormonal composition
and size of stimulated ovarian follicles.

Methods TALES is a randomized controlled trial of IVF stimulation for estrogen receptor (ER)—positive breast cancer
patients stimulated with gonadotropins and administered concurrent tamoxifen 20 mg or letrozole 5 mg. We analyzed estradiol
(E2), testosterone (T), progesterone (P4), follicle stimulating hormone (FSH), luteinizing hormone (LH), and anti-Mullerian
hormone (AMH). We used ANOVA/Kruskal-Wallis, logistic, and linear regression models to examine differences in follicular
hormone levels, size, and mature oocyte yield between trial arm.

Results We included data from total 246 follicles (94 letrozole, 82 tamoxifen, and 70 control) from 123 unique participants.
E2 was lower (letrozole 187.4, tamoxifen 1026.0, control 821.5 ng/mL, p<0.01) and T was higher (letrozole 2489, tamoxifen
571, and control 504 ng/mL, p <0.03) in the letrozole group compared to tamoxifen and control groups, while other hormone
levels and follicle size were similar across groups. There were no significant differences in hormone concentrations within
the follicle between tamoxifen and control arms. On multivariate logistic regression, there was no significant association of
mature oocyte yield by follicle size, hormone levels, or trial arm.

Conclusions Concurrent administration of letrozole with gonadotropins affects follicular E2 and T concentrations compared
to tamoxifen/control. Tamoxifen was not associated with any differences in hormone concentrations within the follicle.
Mature oocyte yield was similar across groups.

Keywords Letrozole - Tamoxifen - Follicular fluid - Fertility preservation - Estradiol - Testosterone

Introduction reactive oxygen species, antioxidants, and polysaccharides; a

complex set of interactions occurs between these numerous

Prior literature has suggested that follicular fluid hormonal
milieu may affect oocyte yield and quality [1-3]. The
developing ovarian follicle contains a number of compounds
including steroid hormones, polypeptide hormones, proteins,

These data were presented in part as a poster presentation at ASRM
2021 in Baltimore, MD.
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substances to nourish a developing oocyte during the
follicular phase leading up to ovulation [4-7]. Follicular
fluid can also serve as a non-invasive method to assess the
environment of the oocyte during in vitro fertilization (IVF)
cycles, as this fluid is aspirated at the time of egg retrieval
[6, 8]. Literature suggests that the follicular fluid hormonal
content may be linked to embryo and pregnancy outcomes
in natural conception as well as assisted reproductive
technologies (ART) [2, 9-11].

Several studies have reported that higher follicular fluid
estradiol (E2) levels are correlated with a variety of IVF
outcomes, including fertilization, embryo development,
and pregnancy rates [2, 8, 10, 11]. Follicular fluid
progesterone (P4) levels have also been linked to IVF
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outcomes such as fertilization, as described by a systematic
review of 13 studies [9]. Additionally, other follicular
hormones including anti-Mullerian hormone (AMH),
follicle stimulating hormone (FSH), luteinizing hormone
(LH), and testosterone (T) have also been associated with
IVF outcomes [12-15]. However, despite these reports, not
all studies have found associations between follicular fluid
hormone content and fertilization or pregnancy outcomes,
with some reporting null associations [1, 15, 16]. The
overall literature on follicular fluid hormonal content
and IVF outcomes is limited; existing studies contain
considerable limitations including small sample sizes,
heterogenous hormone assays, and older data.

Letrozole is an aromatase inhibitor and tamoxifen is an
estrogen (E2) receptor modulator that can be concurrently
administered during ovarian stimulation in cases where
there is theoretical concern about high E2 levels caused
by exogeneous gonadotropins. Such cases may include
hormone receptor-positive malignancy, transgender
patients, history of venous thromboembolism, or
symptomatic endometriosis. Though the mechanisms
of the two medications are different (letrozole as an
aromatase inhibitor and tamoxifen as a selective estrogen
receptor modulator), both have been used in ART
protocols with similar stimulation outcomes to controls
[17-19]. There are limited studies on the effect of these
compounds on follicular fluid hormonal content [20-23].

The original TAmoxifen or Letrozole in Estrogen
Sensitive tumors (TALES) trial was a randomized
controlled trial (RCT) of non-metastatic breast cancer
patients that compared ovarian stimulation outcomes
for concurrent letrozole versus tamoxifen during
gonadotropin stimulation (with a control group of
estrogen receptor (ER)—negative patients) [24]. TALES
found that ovarian stimulation outcomes were similar
across all groups in terms of number of mature oocytes
as the primary outcome, as well as total oocytes, total
mature follicles, and oocyte maturity rate. In this
secondary analysis of the TALES RCT, we aimed to
investigate if concurrent administration of letrozole vs
tamoxifen (with no added treatment as an ER negative
control) affects hormonal composition, size, and maturity
of stimulated ovarian dominant follicles. Given studies
suggesting a linkage between follicular fluid content of
certain hormones and oocyte competence, we focused
on the following six follicular fluid hormones in our
analysis: E2, T, P4, FSH, LH, and AMH. We hypothesized
that follicular fluid E2 would be significantly lower
and follicular fluid T would be significantly higher in
the letrozole group due to the mechanism of aromatase
inhibitor, while other follicular fluid hormones would not
necessarily be different between groups.

@ Springer

Methods

This is a secondary analysis of a subset of the TALES
RCT of IVF stimulation outcomes for non-metastatic ER-
positive breast cancer patients [24]. We compared the fol-
lowing hormones: E2, T, P4, FSH, LH, and AMH for a
large subset of patients in the TALES trial who had fol-
licular fluid information available. The hormones stud-
ied were chosen based on literature suggesting possible
effect on follicular/oocyte development, as described in
the “Introduction” section. The primary outcome of the
secondary analysis was hormonal concentrations of the
ovarian follicles. Secondary outcomes included follicle
size and oocyte maturity of these dominant follicles. The
TALES trial protocols have been previously discussed and
will be summarized in our manuscript. The trial registra-
tion, approval, and safety monitoring have been previously
described in the original TALES manuscript as well [24].
This trial was approved by the University of California,
San Francisco (UCSF) Committee on Human Research.

Study overview and design (original TALES trial)

The original TALES trial was a randomized controlled
trial of concurrent administration of tamoxifen versus
letrozole with gonadotropins for ER-positive breast can-
cer patients undergoing controlled ovarian stimulation.
Patients were randomized to concurrent administration
of tamoxifen 20 mg or letrozole 5 mg (with no added
treatment for ER-negative control group), along with the
standard gonadotropin dose selected by the overseeing
physician depending on patient and cycle characteristics.
The TALES trial also included a third control arm of gon-
adotropin only for ER-negative breast cancer patients [24].
The primary outcome of the TALES trial was number of
mature oocytes during one ovarian stimulation cycle. The
primary outcome of the original TALES trial was the num-
ber of mature metaphase II (MII) oocytes in the trial arms.

Study population and inclusion/exclusion criteria

The study population included women 18-44 years of age
with a new diagnosis of non-metastatic breast cancer who
planned to undergo ovarian stimulation for the purposes
of fertility preservation. Patients were excluded if they
had previously undergone chemotherapy, had recurrent
breast cancer, stage IV breast cancer at diagnosis, oncolo-
gist concerns about participation, or any other significant
disease, illness, or psychiatric disorder that would have
interfered with patient safety or participation in the study.
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Patients with cancer were enrolled at their initial fertility
preservation consult at a single academic center from June
2016 to September 2020.

Ovarian stimulation and follicular fluid analysis
protocol

All cycles utilized a random-start GnRH antagonist protocol,
with the initial dosage of gonadotropins (Follistim, Merick;
Gonal-F, EMD-Serono; and/or Menopur, Ferring) selected
by the overseeing physician based on the patient’s age, body
mass index (BMI), and ovarian reserve as determined by
antral follicle count or and/or AMH hormone level. GnRH
antagonist (0.25 mg ganirelix acetate, Organon; or 0.25 mg
cetrotide, EMD-Seron) was administered when lead follicle
reached > =12 mm to prevent premature ovulation of the
cohort. Gonadotropin dose was titrated as each monitoring
appointment by the overseeing physician based on growth
of follicles; for the tamoxifen and control groups, serum E2
level was also used to titrate gonadotropin dose. Medica-
tions were titrated with the goal to maximize mature oocyte
yield while minimizing risk of ovarian hyperstimulation
syndrome.

For patients randomized to letrozole or tamoxifen,
the medication was administered starting the first day of
gonadotropin stimulation and the last dose was taken on the
day of trigger. The tamoxifen 20 mg dose was not changed
during the course of stimulation in accordance with prior
literature [17], while letrozole was titrated up to 10 mg/
day in some patients to keep E2 levels below a typical
physiologic peak of 500 pg/mL which may have theoretical
benefit. Serum E2 levels were assayed at each monitoring
appointment and used to help titrate gonadotropin dose for
tamoxifen and control arms as described above.

When the lead follicle reached approximately 18 mm (for
the tamoxifen/control groups) or 20 mm (for the letrozole
group) and when the general cohort was > 13 mm, oocyte
maturation was induced with sliding scale hCG (1500 to
10,000 IU subcutaneously) and/or 4 mg leuprolide acetate
subcutaneously. Transvaginal oocyte retrieval was performed
36 h after administration of trigger. At the time of transvagi-
nal oocyte retrieval, the visually appearing largest follicle
on each side was aspirated in two separate collection tubes,
and the collection tube was then switched to aspirate the
remainder of follicles on both sides. Switching the collection
tube after aspiration of the largest follicle helped ensure no
contamination from other follicles. The volume of aspirated
largest follicle fluid was then recorded, and the sample was
stored. The rationale for comparing the 2 dominant follicles
was based on the fact that we wanted to aspirate the visually
appearing largest follicle on each side and flush each follicle
in its own tubes. After retrieval, cumulus cells were stripped
from oocytes at 2-3 h and cryopreservation was performed

of either mature oocytes or embryos (D3/D5), depending on
patient preference and overall cohort quality.

Before running samples, follicular fluid assays were cali-
brated to known standards and validated by serial dilution.
The following hormone concentrations were quantified in
batch and duplicate and measured with commercially avail-
able automated chemiluminescent immunoassays on the
Roche cobas e411: E2, P4, T, FSH, LH, and AMH. As pre-
viously described, these hormones were selected, guided by
published literature, because of either their possible or estab-
lished association with the outcome of interest or to each
other. Each test was run with three controls of low, medium,
and high concentrations. Dilutions were performed before
measurement of E2 (1:1,000) and P4 (1:1,000), depend-
ing on the calibration range. The intraassay coefficient of
variations were E2 (24)%, P4 (26)%, and T(8)%. High or
low results were repeated with appropriate dilution. The
published serum data for Roche intraassay coefficient of
variations for our range of concentrations are E2 (4.6)%, P4
2.1)%, T(1.5)%, LH(0.8)%, FSH (1.8)%, and AMH(1.4)%.

Statistical analysis

We used t-tests, ANOVA, and Kruskal-Wallis tests to
compare follicular fluid concentrations of the six hormones
of interest for the bilateral dominant follicles in each cycle.
Because the data regarding follicular fluid was not normally
distributed, a non-parametric Kruskal-Wallis approach was
used to display the primary outcome. Comparisons were first
made for the randomized arms of letrozole versus tamoxifen,
and then across the three arms including the control arm.
Based on results of the initial analysis and the mechanism
of the estrogen modulator studied, a secondary analysis was
done to compare the tamoxifen and control arms. Follicular
fluid hormone concentrations were the primary outcome of
our analysis.

We also used t-test and ANOVA to examine differences
in follicle size (calculated from follicular volume assuming
a spherical shape) and Fisher’s exact test to compare mature
oocyte yield among dominant follicles across groups. We then
used logistic regression to examine the relationship between
these follicular fluid concentrations and mature oocyte yield
and linear regression to study relationship between hormone
levels and follicle size between trial arms. Multivariate
analyses were performed to include all parameters of interest
for dominant follicles (trial arm, follicles size, FSH, LH, E2,
P4, T, AMH). Demographic and ovarian reserve factors were
not included in the multivariate analysis due to the randomized
controlled trial format. We analyzed each follicle individually
(even those from the same patient) given difference in sizes,
in order to investigate hormonal concentration, in accordance
with prior literature on folliclular fluid correlations [25]. As
this was a secondary exploratory analysis with investigation

@ Springer



2620

Journal of Assisted Reproduction and Genetics (2022) 39:2617-2624

of multiple outcomes (with uncertain effect size expectations
given its exploratory nature), a post-hoc power analysis was
not calculated; however, we included all of the follicles we had
access to from the TALES trial. The original TALES trial found
that the type of trigger and oocyte maturity was similar in both
groups, so the effect of the trigger was not further investigated
in our analysis as we were performing a secondary analysis of
the original RCT. All tests were 2-sided with significance at
the alpha=0.05 level. Data analysis was performed in STATA
version 16 (Stata Corp, College Station, TX).

Results

This analysis included data from total 246 follicles from
123 unique participants (47 letrozole, 41 tamoxifen, 35 con-
trol). This study was a subset of the original TALES trial of
137 patients (which included 51 letrozole, 45 tamoxifen, 38
control), as 14 patients in the TALES trial did not have fol-
licular fluid available for analysis. Baseline characteristics
are displayed in Table 1. As seen in the original TALES

Table 1 Baseline characteristics by trial arm

trial, age was significantly different between the groups, with
the tamoxifen group having a higher average age of 35.8
(SD 4.9) years, compared to 33.9 (SD 4.4) for the letro-
zole group and 32.2 (SD 3.4) for the control group. The
groups were similarly distributed in terms of BMI, baseline
antral follicle count, and the percentage undergoing oocyte
cryopreservation (68% for letrozole, 69% for tamoxifen, and
76% for control, with the remainder undergoing embryo
cryopreservation).

In terms of cycle characteristics, the three trial arms
were also similar in terms of total gonadotropin dose,
number of stimulation days, and number of mature oocytes
for the cohort. The peak serum E2 level during stimulation
was significantly different across groups with the lowest
value observed in the letrozole group (letrozole 643.4,
tamoxifen 3164.8, control 2621.2 pg/mL, p <0.001). Peak
serum E2 was also significantly higher in the tamoxifen
group compared to control (p =0.04).

Table 2 displays the values of follicular fluid concentrations
of the six hormones of interest across the three trial arms.
E2 was lower (letrozole 187.4, tamoxifen 1026.0, control

Letrozole Tamoxifen p-value (letrozole  Control p-value (all groups)
vs tamoxifen)

Number 94 82 70

Age 339 4.4) 35.8(4.9) 0.006 322 (3.4) <0.001
BMI 23.7 (4.3) 243 (5.5) 0.39 23.8 (6.4) 0.72
AFC 15.0 (8.3) 15.8 (13.1) 0.63 13.8 (5.9) 0.45
Percentage egg cryo (vs embryo cryo) 64% (68%) 55% (69%) 0.93 52% (76%) 0.46
Total gonadotropin dose (IU) 2298 (693) 2394 (1098) 0.49 2475 (1024) 0.49
Number of stimulation days 10.3 (1.3) 10.0 (1.5) 0.26 10.0 (1.7) 0.46
Peak serum E2 (pg/mL) 643.4 (304.2) 3164.8 (1772.9) <0.001 2621.2 (1448.5) <0.001
Number MIIs in cohort 11.5 (7.5) 12.2 (8.9) 0.58 12.5 (6.7) 0.71

Legend: Mean (standard deviation) for all values except for percentage egg cryopreservation. Significant p-values denoted in bold

BMI body mass index, AFC antral follicle count, /U international units

Table 2 Follicular fluid hormonal concentrations, size, and oocyte maturity by trial arm

Follicular fluid hormone Letrozole Tamoxifen p-value Control p-value (all groups)
(letrozole vs
tamoxifen)
FSH (mIU/L) 100 (46, 161) 135 (70, 176) 0.54 120 (58, 186) 0.12
LH (mIU/L) 118 (69, 159) 122 (69, 166) 0.79 89 (42, 145) 0.13
AMH (ng/mL) 71 (43, 115) 76 (40, 124) 0.60 74.5 (47, 138) 0.71
P4 (ng/mL) 27,455 (17,575, 42.720) 34,935 (22,830, 41,795) 0.22 33,353 (20,150, 42,188) 0.47
E2 (ng/mL) 187.4 (95.7, 369.4) 1026.0 (459.1, 1496.0) <0.001 821.5 (424.6, 1363.8) <0.001
T (ng/mL) 2489 (142, 4845) 571 (346, 900) 0.017 504 (333, 846) 0.03
Follicle size 20.0 (2.6) 19.1 (3.2) 0.93 20.0 3.4) 0.11
MIIs retrieved 52 (55%) 39 (56%) 0.18 37 (45%) 0.33

Legend: Values are displayed as median (IQR) for all hormones, except mean (SD) for follicle size and number for mature egg. Dominant fol-
licles only were included in the analysis. Significant p-values denoted in bold
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821.5 ng/mL, p<0.01) and T was higher (letrozole 2489,
tamoxifen 571, and control 504 ng/mL, p<0.03) in the
letrozole group compared to tamoxifen and control groups,
while other hormone levels and follicle size were similar
across groups. There were no significant differences between
tamoxifen and control arms. The values of follicular fluid
FSH, LH, AMH, and P4 concentrations were statistically
similar, both between randomized groups and across all three
trial arms. On a secondary comparison between tamoxifen
and control arms, we found that all follicular fluid hormones
(including E2 and T) were similar between the two groups.

The mature oocyte yield was similar between randomized
groups and overall (including control group). We also found
(Table 3) there was no significant association of odds of
mature oocyte for a given follicle size, hormone levels, or
trial arm (p>0.05 for all parameters studied). In addition,
there was no significant association of lead follicle size at the
time of retrieval with hormone levels or trial arm (p>0.05
for all parameters) (Table 4).

Table 3 Logistic multivariate regression for odds of mature oocyte

Parameter OR 95% CI P-value
Arm

Letrozole Reference

Control 1.79 0.68 to 4.70 0.24

Tamoxifen 1.72 0.62t0 4.71 0.30
Follicle size 1.04 0.96to0 1.14 0.34
FSH 1.00 1.00 to 1.00 0.97
LH 1.00 1.00 to 1.01 0.89
E2 1.00 1.00 to 1.00 0.09
P4 1.00 1.00 to 1.00 0.42
Testosterone 1.00 0.99 to 1.00 0.49
AMH 1.00 0.99 to 1.01 0.76

Legend: Multivariate analysis adjusted for all parameters displayed.
Dominant follicles only were included in the analysis

Table 4 Linear multivariate regression for follicle size

Parameter Coefficient 95% CI p-value
Arm

Letrozole Reference

Control —-1.03 —2.411t00.35 0.14

Tamoxifen —-0.33 —-1.79to0 1.12 0.65
FSH —0.003 —0.01 to 0.003 0.37
LH —0.004 —0.01 to 0.004 0.30
E2 0.00 —0.00 to 0.00 0.62
P4 0.00 —0.00 to 0.00 0.81
Testosterone 0.00 —0.00 to 0.00 0.92
AMH —0.003 —0.01t0 0.01 0.52

Legend: Multivariate analysis adjusted for all parameters displayed.
Dominant follicles only were included in the analysis

Discussion

In summary, for a cohort of non-metastatic breast cancer
patients undergoing gonadotropin stimulation with concurrent
letrozole, tamoxifen, or no added medication, we found that the
follicular fluid hormonal milieu was similar for the hormones
studied (FSH, LH, AMH, P4), with the exception of E2
(significantly lower in the letrozole group for both follicular
fluid and serum hormonal levels) and T (significantly higher
in the letrozole group). These relationships were found both
between randomized groups, as well as across all three trial
arms. Additionally, we confirmed in this subgroup of the
original TALES trial that despite this difference in follicular
fluid E2, there were no differences across groups in terms
of stimulation outcomes like gonadotropin use, duration of
ovarian stimulation, and mature oocyte yield. Tamoxifen and
control groups had similar follicular hormonal profiles and
stimulation results across all parameters studied, which has not
been previously reported in literature.

Studies have found that the hormonal content of follicular
fluid may be linked to pregnancy outcomes, both in natural
conception and with ART. A systematic review of 13 studies
found that follicular fluid P4 levels were significantly higher
in normal fertilization than in failed fertilization for both
conventional IVF and ICSI cycles, though varied P4 meas-
urement methods were used by the included studies [9]. A
study of 64 follicles from women who failed to conceive
after IVF and 33 follicles of women who conceived after
IVF found that higher follicular fluid E2 levels correlated
with successful fertilization and enhanced cleavage rate of
oocytes [8]. Another older study of 19 prevoulatory oocytes
found that follicular fluid E2 and P4 were both markers of
oocyte quality based on increased fertilization, cleavage, and
pregnancy rates within a certain band of E2 and P4 follicular
fluid levels [2]. Other studies have also suggested that fol-
licular fluid E2 levels may be correlated with IVF outcomes,
including oocyte yield, pregnancy outcomes, and oxidative
stress [10, 11]. Our study only found changes in follicular
fluid levels of E2 and T (with the use of aromatase inhibitor
compared to estrogen receptor modulator), without a differ-
ence in other follicular fluid values.

Follicular fluid also contains AMH, which is a glycopro-
tein secreted by the granulosa cells and is a commonly used
serum marker of ovarian reserve [26-28]. AMH has been
studied as a follicular fluid marker, as animal and human
studies have both shown that atretic follicles fail to secrete
AMH [29-31]. Several small studies have found that fertili-
zation, embryo development, and pregnancy outcomes may
be linked to follicular AMH levels [12—14]. Studies have
also found differences in follicular fluid hormonal content
for PCOS patients, with one study of 42 patients reporting
significantly increased AMH and decreased FSH levels in
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follicular fluid (from both small and large follicles) of PCOS
patients; this study also reported that follicular AMH levels
were significantly lower in patients who began a pregnancy
[15]. Our study found no differences between follicular fluid
concentrations of AMH between the three study groups, sug-
gesting that the use of estrogen modulators does not affect
this hormone. These results are helpful for counseling given
possible linkage of follicular AMH to study outcomes,
though more research is needed to validate these results and
the linkage to longer-term outcomes.

It has been suggested the hormonal milieu of follicular
fluid differs in natural cycles compared to gonadotropin
stimulated IVF, suggesting that exogeneous gonadotropin
stimulation affects the relative hormonal content of follicular
fluid [16]. However, not all studies have found relationship
between follicular fluid hormonal content and oocyte com-
petence. A study of 206 follicles of 35 women undergoing
controlled ovarian stimulation reported that follicular fluid
steroid hormone content was correlated with follicular size,
but not oocyte maturation/ability to fertilize [1]. The previ-
ously referenced study of 42 patients found no significant
differences in follicular E2, androstenedione, hCG, and
P4 levels between PCOS and non-PCOS patients (despite
reporting differences in follicular AMH and FSH); there
were also no differences in these levels between patients
who did and did not achieve a pregnancy [15]. Our study
did not find differences in follicular fluid AMH, FSH, LH,
or P4 in gonadotropin-stimulated cycles, which suggests that
E2 modulators do not disrupt these other follicular fluid hor-
mones in IVF cycles.

With regards to estrogen modulators, letrozole inhibits the
conversion of androgen to E2 as an aromatase inhibitor, which
causes decreases in serum E2 levels. Studies on letrozole
when used with gonadotropins for fertility preservation have
shown no long-term increased cancer risk [17, 19, 32-35].
Tamoxifen has a different mechanism as a selective estrogen
receptor modulator and does not strongly impact serum E2
levels due to its action at the receptor level. These compounds
may be expected to have similar activity on follicular fluid
as compared to serum levels, though follicular fluid impact
by these medications has limited studies. A prospective
study of 23 breast cancer patients treatment with letrozole
during ovarian stimulation (compared with 24 infertile
patients) found that the letrozole group had significantly
lower follicular E2 and higher T levels (similar to our study),
though embryo outcomes were not reported [20]. A pilot
study of 147 low-responder patients found that treatment
with letrozole 2.5 mg with a high-dose FSH/HMG-antagonist
regimen had significantly higher levels of follicular fluid T
and androstenedione in the letrozole group, and that letrozole-
treated patients had similar oocytes retrieved with higher
implantation rates [21]. An RCT showed that letrozole with
gonadotropins (compared to gonadotropins alone) had no

@ Springer

effect on premature P4 rise but increased serum P4 levels
in the mid-luteal phase, though follicular fluid levels were
not studied [36]. The literature on tamoxifen is even more
limited as this is a less commonly used medication in
infertility protocols. An older study of 34 patients undergoing
laparoscopic follicle aspiration compared 19 women given
80 mg tamoxifen 4 h prior to trigger with 15 controls (though
not given concurrently during stimulation) [22]. This study
found similar fertilization rates between the tamoxifen and
control group, as well as similar follicular fluid E2, P4, and
androstenedione concentrations. Studies have also examined
the use of aromatase inhibitors in sequential or priming
protocols, rather than concurrent administration, with a small
randomized controlled trial of sequential letrozole with hMG
in 53 patients, finding that the letrozole group had higher
follicular fluid concentrations of T, androstenedione, FSH,
and AMH with lower miscarriage rates [23]. Prior studies
using aromatase inhibitors for androgen priming in the setting
of diminished ovarian reserve found increased follicular T but
no improvement in pregnancy outcomes [37, 38]. The overall
literature on letrozole/tamoxifen effects on follicular fluid is
extremely limited with small sample sizes.

Our study showed that concurrent administration of
tamoxifen results in similar follicular fluid hormone concen-
trations with control, while letrozole affects both follicular
fluid E2 and T without creating differences in other follicular
fluid hormone changes. This result was not unexpected given
the mechanism of letrozole, though our study is the first to
confirm this finding in a randomized trial format for concur-
rent administration of gonadotropins with estrogen modula-
tors. Despite these differences in follicular fluid E2 and T
levels, no change in mature oocyte yield was found between
the groups. We also found that on multivariate regression
analysis, follicle size and maturity were not related to fol-
licular fluid hormonal levels for the largest follicles in the
cohort. Our findings suggest that decreased E2 level and
increased T level in the follicular fluid via an aromatase
inhibitor mechanism do not affect oocyte maturity; how-
ever, it is possible (as suggested by existing literature) that
these follicular fluid hormone levels may be linked to oocyte
competence in natural or IVF cycles where estrogen modula-
tors are not used.

Strengths and limitations

Strengths of our study include relatively large sample size,
novelty of the subject matter, detailed information on six dif-
ferent follicular fluid hormone levels, secondary analysis of
arandomized controlled trial, and completion of the study at
a single academic center which allowed for use of consistent
hormone assays. However, our study had a number of limita-
tions. Our analysis was limited to breast cancer patients only,
which may limit generalizability to other populations such as
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non-cancer patients who may have reason to use E2 modula-
tors during ovarian stimulation (including for endometriosis,
transgender patients, or those with venous thromboembo-
lism). This study was also a secondary analysis; as such, the
outcomes studied were not part of the original outcomes of
the TALES trial, and the original TALES trial was powered
to detect a set of different outcomes. Additionally, while
the sample size is relatively large for a fertility preservation
study focused on cancer patients, this is still relatively small
for studies of the overall fertility preservation population.
We also studied only the largest follicle on either side of the
cohort, and it is possible that different types of relationships
would be found among follicles that are smaller, particularly
below the threshold of maturity. Additional limitations of
the original TALES trial have been previously described in
literature, some of which are relevant to this study (including
inability to blind physicians and patients to treatment arm,
lack of information on cancer genes which may affect ovar-
ian reserve, and the fact that we were not able to study the
important outcomes of disease recurrence/progressive and
live birth) [24]. Our study does not currently have follow-
up to allow examination of embryo or pregnancy outcomes.
However, the TALES trial is still ongoing, and this is an area
of future investigation.

Conclusion

In conclusion, concurrent administration of letrozole
with gonadotropins decreases follicular E2 and increases
T concentrations compared to tamoxifen/control. In our
study, tamoxifen follicular fluid hormone concentrations are
statistically similar to control. Mature oocyte yield is similar
across groups regardless of these differences in follicular
fluid. These results are useful for counseling ER-positive
breast cancer patients, as well as other patients who may
use either type of estrogen modulators during ovarian
stimulation, though more study is needed into longer-term
pregnancy and cancer outcomes. Areas for future study
include investigation of this question in a larger sample
size/non-fertility preservation patients, variation of follicular
fluid hormonal profile with a larger range of follicular
sizes, and the study of additional hormones, cytokines, and
immune modulators in follicular fluid with and without
concurrent administration of estrogen modulators.

Acknowledgements We acknowledge all patients in the TALES trial
and thank them for their participation and dedication to research, as
well as the research staff at the UCSF Center for Reproductive Health.

Author contribution MR, JL, and AW were involved in study
conception and design. AW performed the data analysis. MR, AW, FJH,
and MKA performed data interpretation. AW wrote the initial draft of
the manuscript. All authors contributed to additional data interpretation
and final approval of the manuscript.

Declarations

IRB: This study has obtained IRB approval through University of
California, San Francisco.

Conflict of interest The authors declare no competing interests.

References

1. Wen X, Li D, Tozer AJ, Docherty SM, Iles RK. Estradiol, proges-
terone, testosterone profiles in human follicular fluid and cultured
granulosa cells from luteinized pre-ovulatory follicles. Reprod
Biol Endocrinol. 2010;8:117.

2. Kreiner D, Liu HC, Itskovitz J, Veeck L, Rosenwaks Z. Follicu-
lar fluid estradiol and progesterone are markers of preovulatory
oocyte quality. Fertil Steril. 1987;48:991-4.

3. Bomsel-Helmreich O, Gougeon A, Thebault A, Saltarelli D, Mil-
grom E, Frydman R, et al. Healthy and atretic human follicles in
the preovulatory phase: differences in evolution of follicular mor-
phology and steroid content of follicular fluid. J Clin Endocrinol
Metab. 1979;48:686-94.

4. Gomez E, Tarin JJ, Pellicer A. Oocyte maturation in humans: the role
of gonadotropins and growth factors. Fertil Steril. 1993;60:40-6.

5. Wen X, Tozer AJ, Li D, Docherty SM, Al-Shawaf T, Iles RK.
Human granulosa-lutein cell in vitro production of progesterone,
inhibin A, inhibin B, and activin A are dependent on follicular size
and not the presence of the oocyte. Fertil Steril. 2008;89:1406—13.

6. Appasamy M, Jauniaux E, Serhal P, Al-Qahtani A, Groome NP,
Muttukrishna S. Evaluation of the relationship between follicular
fluid oxidative stress, ovarian hormones, and response to gonado-
tropin stimulation. Fertil Steril. 2008;89:912-21.

7. Brzezinski A, Seibel MM, Lynch HJ, Deng MH, Wurtman RJ.
Melatonin in human preovulatory follicular fluid. J Clin Endo-
crinol Metab. 1987;64:865-7.

8. Botero-Ruiz W, Laufer N, DeCherney AH, Polan ML, Haseltine
FP, Behrman HR. The relationship between follicular fluid ster-
oid concentration and successful fertilization of human oocytes
in vitro. Fertil Steril. 1984;41:820-6.

9. Nagy B, Poto L, Farkas N, Koppan M, Varnagy A, Kovacs K,
et al. Follicular fluid progesterone concentration is associated
with fertilization outcome after IVF: a systematic review and
meta-analysis. Reprod Biomed Online. 2019;38:871-82.

10. Lv Y, Du S, Huang X, Hao C. Follicular fluid estradiol is an
improved predictor of in vitro fertilization/intracytoplasmic
sperm injection and embryo transfer outcomes. Exp Ther Med.
2020;20:131.

11. Pizarro BM, Cordeiro A, Reginatto MW, Campos SPC, Man-
cebo ACA, Areas PCF, et al. Estradiol and progesterone levels
are related to redox status in the follicular fluid during in vitro
fertilization. J Endocr Soc. 2020;4:bvaa064.

12. Fanchin R, Mendez Lozano DH, Frydman N, Gougeon A, di
Clemente N, Frydman R, et al. Anti-Mullerian hormone con-
centrations in the follicular fluid of the preovulatory follicle are
predictive of the implantation potential of the ensuing embryo
obtained by in vitro fertilization. J Clin Endocrinol Metab.
2007;92:1796-802.

13. O’Brien Y, Wingfield M, O’Shea LC. Anti-Mullerian hormone
and progesterone levels in human follicular fluid are predictors of
embryonic development. Reprod Biol Endocrinol. 2019;17:47.

14. Takahashi C, Fujito A, Kazuka M, Sugiyama R, Ito H, Isaka
K. Anti-Mullerian hormone substance from follicular fluid is
positively associated with success in oocyte fertilization during
in vitro fertilization. Fertil Steril. 2008;89:586-91.

@ Springer



2624

Journal of Assisted Reproduction and Genetics (2022) 39:2617-2624

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Desforges-Bullet V, Gallo C, Lefebvre C, Pigny P, Dewailly
D, Catteau-Jonard S. Increased anti-Mullerian hormone and
decreased FSH levels in follicular fluid obtained in women with
polycystic ovaries at the time of follicle puncture for in vitro
fertilization. Fertil Steril. 2010;94:198-204.

von Wolff M, Kollmann Z, Fluck CE, Stute P, Marti U, Weiss
B, et al. Gonadotrophin stimulation for in vitro fertilization sig-
nificantly alters the hormone milieu in follicular fluid: a com-
parative study between natural cycle IVF and conventional IVF.
Hum Reprod. 2014;29:1049-57.

Oktay K, Buyuk E, Libertella N, Akar M, Rosenwaks Z. Fertility
preservation in breast cancer patients: a prospective controlled
comparison of ovarian stimulation with tamoxifen and letrozole
for embryo cryopreservation. J Clin Oncol. 2005;23:4347-53.
Oktay K, Buyuk E, Davis O, Yermakova I, Veeck L, Rosen-
waks Z. Fertility preservation in breast cancer patients: IVF
and embryo cryopreservation after ovarian stimulation with
tamoxifen. Hum Reprod. 2003;18:90-5.

Oktay K. Further evidence on the safety and success of
ovarian stimulation with letrozole and tamoxifen in breast
cancer patients undergoing in vitro fertilization to cryopre-
serve their embryos for fertility preservation. J Clin Oncol.
2005;23:3858-9.

Goldrat O, Van Den Steen G, Gonzalez-Merino E, Dechene
J, Gervy C, Delbaere A, et al. Letrozole-associated controlled
ovarian hyperstimulation in breast cancer patients versus
conventional controlled ovarian hyperstimulation in infertile
patients: assessment of oocyte quality related biomarkers.
Reprod Biol Endocrinol. 2019;17:3.

Garcia-Velasco JA, Moreno L, Pacheco A, Guillen A, Duque L,
Requena A, et al. The aromatase inhibitor letrozole increases the
concentration of intraovarian androgens and improves in vitro
fertilization outcome in low responder patients: a pilot study.
Fertil Steril. 2005;84:82-7.

Fisk NM, Templeton AA, Papadopoulos GC, Matlin SA, Wu
ZY. Lack of effect of high-dose antioestrogen on the matura-
tion and in-vitro fertilization of human oocytes. Hum Reprod.
1989;4:584-7.

Lee VC, Chan CC, Ng EH, Yeung WS, Ho PC. Sequential use
of letrozole and gonadotrophin in women with poor ovarian
reserve: a randomized controlled trial. Reprod Biomed Online.
2011;23:380-8.

Letourneau J, Juarez-Hernandez F, Wald K, Ribeiro S, Wang
A, McCulloch CE, et al. Concomitant tamoxifen or letrozole for
optimal oocyte yield during fertility preservation for breast can-
cer: the TAmoxifen or Letrozole in Estrogen Sensitive tumors
(TALES) randomized clinical trial. J Assist Reprod Genet.
2021;38:2455-63.

Shapiro BS, Rasouli MA, Verma K, Raman A, Garner FC, Agu-
irre M, et al. The effect of ovarian follicle size on oocyte and
embryology outcomes. Fertil Steril. 2022;117:1170-6.

Vigier B, Picard JY, Tran D, Legeai L, Josso N. Production of
anti-Mullerian hormone: another homology between Sertoli and
granulosa cells. Endocrinology. 1984;114:1315-20.
Eldar-Geva T, Ben-Chetrit A, Spitz IM, Rabinowitz R, Markow-
itz E, Mimoni T, et al. Dynamic assays of inhibin B, anti-Mul-
lerian hormone and estradiol following FSH stimulation and
ovarian ultrasonography as predictors of IVF outcome. Hum
Reprod. 2005;20:3178-83.

@ Springer

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

de Vet A, Laven JS, de Jong FH, Themmen AP, Fauser BC.
Antimullerian hormone serum levels: a putative marker for
ovarian aging. Fertil Steril. 2002;77:357-62.

Baarends WM, Uilenbroek JT, Kramer P, Hoogerbrugge JW, van
Leeuwen EC, Themmen AP, et al. Anti-mullerian hormone and
anti-mullerian hormone type II receptor messenger ribonucleic
acid expression in rat ovaries during postnatal development,
the estrous cycle, and gonadotropin-induced follicle growth.
Endocrinology. 1995;136:4951-62.

Weenen C, Laven JS, Von Bergh AR, Cranfield M, Groome NP,
Visser JA, et al. Anti-Mullerian hormone expression pattern in
the human ovary: potential implications for initial and cyclic
follicle recruitment. Mol Hum Reprod. 2004;10:77-83.
Bezard J, Vigier B, Tran D, Mauleon P, Josso N. Immunocyto-
chemical study of anti-Mullerian hormone in sheep ovarian fol-
licles during fetal and post-natal development. J Reprod Fertil.
1987;80:509-16.

Azim AA, Costantini-Ferrando M, Oktay K. Safety of fertility
preservation by ovarian stimulation with letrozole and gonado-
tropins in patients with breast cancer: a prospective controlled
study. J Clin Oncol. 2008;26:2630-5.

Kim J, Turan V, Oktay K. Long-term safety of letrozole and gon-
adotropin stimulation for fertility preservation in women with
breast cancer. J Clin Endocrinol Metab. 2016;101:1364-71.
Turan V, Bedoschi G, Emirdar V, Moy F, Oktay K. Ovarian
stimulation in patients with cancer: impact of letrozole and
BRCA mutations on fertility preservation cycle outcomes.
Reprod Sci. 2018;25:26-32.

Turan V, Bedoschi G, Moy F, Oktay K. Safety and feasibility of
performing two consecutive ovarian stimulation cycles with the
use of letrozole-gonadotropin protocol for fertility preservation
in breast cancer patients. Fertil Steril. 2013;100:1681-5 el.
Bulow NS, Skouby SO, Warzecha AK, Udengaard H, Andersen
CY, Holt MD, et al. Impact of letrozole co-treatment during
ovarian stimulation with gonadotrophins for IVF: a multicen-
tre, randomized, double-blinded placebo-controlled trial. Hum
Reprod. 2022;37:309-21.

Lossl K, Andersen CY, Loft A, Freiesleben NL, Bangsboll S,
Andersen AN. Short-term androgen priming by use of aro-
matase inhibitor and hCG before controlled ovarian stimu-
lation for IVF A randomized controlled trial. Hum Reprod.
2008;23:1820-9.

Lossl K, Andersen AN, Loft A, Freiesleben NL, Bangsboll
S, Andersen CY. Androgen priming using aromatase inhibi-
tor and hCG during early-follicular-phase GnRH antagonist
down-regulation in modified antagonist protocols. Hum Reprod.
2006;21:2593-600.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.



	Hormone concentrations of dominant follicles in the TALES randomized controlled trial comparing letrozole with tamoxifen
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study overview and design (original TALES trial)
	Study population and inclusionexclusion criteria
	Ovarian stimulation and follicular fluid analysis protocol
	Statistical analysis

	Results
	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements 
	References




