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leukaemia (C91–95), and all sites combined excluding 
non-melanoma skin cancer (C00–97, except C44).

We calculated age-standardised incidence and mortality 
rates (ASR) per 100 000 people per year at the global and 
country level using the World Standard Population as 
proposed by Segi11 and modified by Doll and colleagues.12 
Case fatality, a measure of the severity of a disease, was 
approximated by dividing the mortality ASR by the 
incidence ASR (M:I). To document key patterns in 
the cancer burden, we draw comparisons between 
low-income and middle-income countries (LMICs) and 
high-income countries (HICs). Furthermore, we present 
the results by geographical region, using 19 UN-defined 
geographical sub-regions, and development level, using 
the Human Development Index (HDI; low [least 
developed], medium, high, and very high [most 
developed]; appendix p 1);13 the HDI is a socioeconomic 
development indicator comprising life expectancy, 
education, and gross national income. All analyses were 
undertaken using Stata 13.1 statistical software. 

Role of the funding source
The funder had no role in the study design, collection, 
analysis or interpretation of the data, or writing of the 
report. JF had full access to all raw data used in the 
study. The corresponding author had full access to all 
clean data and the final responsibility to submit for 
publication.

Results
975 396 new cancer cases and 358 392 cancer-associated 
deaths were estimated to have occurred among 
20–39 year-olds worldwide in 2012, with the disease 
more frequent among women (male:female ratios of 
0·5 for incidence and 0·8 for mortality; tables 1 and 2). 
The incidence ASR was 43·3 new cancer cases per 
100 000 people per year and mortality ASR was 
15·9 cancer-associated deaths per 100 000 people per 
year. The annual burden was markedly higher among 
young adults relative to children and adolescents 
(0–19 year-olds) at approximately four times greater in 

Both sexes Men Women

New cases % ASR New cases % ASR New cases % ASR

All cancers except non-melanoma skin cancer 975 396 100·0% 43·3 342 721 100·0% 30·1 632 675 100·0% 57·0

Breast 191 105 19·6% 8·4 ·· ·· ·· 191 105 30·2% 17·0

Cervix uteri 110 749 11·4% 4·9 ·· ·· ·· 110 749 17·5% 9·9

Thyroid 78 568 8·1% 3·5 15 681 4·6% 1·4 62 887 9·9% 5·7

Leukaemia 49 293 5·1% 2·2 28 020 8·2% 2·5 21 273 3·4% 2·0

Colorectal 41 117 4·2% 1·8 21 055 6·1% 1·8 20 062 3·2% 1·8

Liver 40 720 4·2% 1·8 31 767 9·3% 2·8 8953 1·4% 0·8

Brain and CNS 40 363 4·1% 1·8 22 822 6·7% 2·0 17 541 2·8% 1·6

Non-Hodgkin lymphoma 40 212 4·1% 1·8 23 746 6·9% 2·1 16 466 2·6% 1·5

Testis 30 580 3·1% 1·4 30 580 8·9% 2·7 ·· ·· ··

Ovary 29 262 3·0% 1·3 ·· ·· ·· 29 262 4·6% 2·6

Stomach 25 768 2·6% 1·1 13 276 3·9% 1·2 12 492 2·0% 1·1

Melanoma of skin 25 248 2·6% 1·1 9553 2·8% 0·8 15 695 2·5% 1·4

Lip or oral cavity 23 041 2·4% 1·0 14 634 4·3% 1·3 8407 1·3% 0·8

Hodgkin’s lymphoma 22 973 2·4% 1·1 12 426 3·6% 1·1 10 547 1·7% 1·0

Lung 22 512 2·3% 1·0 13 080 3·8% 1·1 9432 1·5% 0·9

Kaposi’s sarcoma 20 153 2·1% 0·9 12 741 3·7% 1·1 7412 1·2% 0·7

Corpus uteri 15 391 1·6% 0·7 ·· ·· ·· 15 391 2·4% 1·4

Nasopharynx 14 437 1·5% 0·6 9391 2·7% 0·8 5046 0·8% 0·5

Kidney 13 041 1·3% 0·6 7501 2·2% 0·7 5540 0·9% 0·5

Esophagus 8587 0·9% 0·4 5268 1·5% 0·5 3319 0·5% 0·3

Bladder 7164 0·7% 0·3 4715 1·4% 0·4 2449 0·4% 0·2

Other pharynx 5548 0·6% 0·2 3613 1·1% 0·3 1935 0·3% 0·2

Pancreas 5142 0·5% 0·2 2753 0·8% 0·2 2389 0·4% 0·2

Gallbladder 3835 0·4% 0·2 1377 0·4% 0·1 2458 0·4% 0·2

Larynx 3380 0·3% 0·2 2474 0·7% 0·2 906 0·1% 0·1

Multiple myeloma 2213 0·2% 0·1 1396 0·4% 0·1 817 0·1% 0·1

Prostate 1030 0·1% 0·1 1030 0·3% 0·1 ·· ·· ··

ASR=age-standardised rate. 

Table 1: Estimated new cancer cases and ASR per 100 000 people per year and by sex, for all cancers combined and 27 cancer types, among 
20–39 year-olds worldwide in 2012

See Online for appendix
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became pregnant earlier seemed to be the result of selection
bias rather than a true protective effect of early pregnancy.

Out of 188 patients with completed pregnancy, 64 (34.0%)
had available information on breastfeeding. As compared with
matched women from the nonpregnant cohort, no difference in
DFS was observed in patients who breastfed their newborns
(HR¼ 0.70, 95% CI¼ 0.26 to 1.94, P ¼ .50) or in those who did not
(HR¼ 1.44, 95% CI¼ 0.77 to 2.69, P ¼ .25) (Supplementary Figure
1C, available online), with no statistically significant heterogen-
ity observed (Pinteraction ¼ .24). Exploratory subgroup analyses in
patients with ER-positive disease in the pregnant cohort did not
suggest any impact of adjuvant therapy on DFS (Supplementary
Table 1, available online).

This report provides long-term results of the largest study to
date addressing the safety of pregnancy according to ER status.
In addition, we provide for the first time subgroup analyses
showing the lack of apparent detrimental effect of breastfeeding
and type of adjuvant therapy on patients’ outcomes. These
results reinforce the notion that pregnancy should not be dis-
couraged after breast cancer, even in women with history of ER-
positive disease.

Timing of subsequent pregnancy remains a challenging
question to address in clinical practice. Previously, two studies
showed a trend toward increased risk of recurrence in patients
conceiving within six and 12 months after diagnosis (6,7). Our
study, which included nearly three times the number of preg-
nant patients, showed that the timing of pregnancy does not
appear to have a major impact on outcomes. These findings
suggest that an individualized approach should be adopted tak-
ing into account parameters including patient’s age, risk of re-
currence, adjuvant therapy, and ovarian reserve. This is of
particular relevance for ER-positive patients in whom the need
for five to 10 years of adjuvant endocrine therapy may substan-
tially reduce their chance of conception (8). In clinical practice,
several of these women are offered temporary interruption of
endocrine therapy to allow pregnancy (9). Addressing the safety
of such an approach in patients who have received 18 to
30 months of endocrine therapy is the subject of the ongoing
IBCSG-BIG-NABCG POSITIVE study (NCT02308085) (9).

Physicians’ and patients’ fear toward a possible detrimental
effect of pregnancy after breast cancer might partially explain
the high rate of induced abortion observed in our study
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Figure 1. Survival outcomes in the pregnant and nonpregnant cohorts. A) Disease-free survival in estrogen receptor–positive breast cancer patients (n¼686).
B) Disease-free survival in estrogen receptor–negative breast cancer patients (n¼521). C) Overall survival in estrogen receptor–positive breast cancer patients (n¼686).
D) Overall survival in estrogen receptor–negative breast cancer patients (n¼521).
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became pregnant earlier seemed to be the result of selection
bias rather than a true protective effect of early pregnancy.

Out of 188 patients with completed pregnancy, 64 (34.0%)
had available information on breastfeeding. As compared with
matched women from the nonpregnant cohort, no difference in
DFS was observed in patients who breastfed their newborns
(HR¼ 0.70, 95% CI¼ 0.26 to 1.94, P ¼ .50) or in those who did not
(HR¼ 1.44, 95% CI¼ 0.77 to 2.69, P ¼ .25) (Supplementary Figure
1C, available online), with no statistically significant heterogen-
ity observed (Pinteraction ¼ .24). Exploratory subgroup analyses in
patients with ER-positive disease in the pregnant cohort did not
suggest any impact of adjuvant therapy on DFS (Supplementary
Table 1, available online).

This report provides long-term results of the largest study to
date addressing the safety of pregnancy according to ER status.
In addition, we provide for the first time subgroup analyses
showing the lack of apparent detrimental effect of breastfeeding
and type of adjuvant therapy on patients’ outcomes. These
results reinforce the notion that pregnancy should not be dis-
couraged after breast cancer, even in women with history of ER-
positive disease.

Timing of subsequent pregnancy remains a challenging
question to address in clinical practice. Previously, two studies
showed a trend toward increased risk of recurrence in patients
conceiving within six and 12 months after diagnosis (6,7). Our
study, which included nearly three times the number of preg-
nant patients, showed that the timing of pregnancy does not
appear to have a major impact on outcomes. These findings
suggest that an individualized approach should be adopted tak-
ing into account parameters including patient’s age, risk of re-
currence, adjuvant therapy, and ovarian reserve. This is of
particular relevance for ER-positive patients in whom the need
for five to 10 years of adjuvant endocrine therapy may substan-
tially reduce their chance of conception (8). In clinical practice,
several of these women are offered temporary interruption of
endocrine therapy to allow pregnancy (9). Addressing the safety
of such an approach in patients who have received 18 to
30 months of endocrine therapy is the subject of the ongoing
IBCSG-BIG-NABCG POSITIVE study (NCT02308085) (9).

Physicians’ and patients’ fear toward a possible detrimental
effect of pregnancy after breast cancer might partially explain
the high rate of induced abortion observed in our study
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Figure 1. Survival outcomes in the pregnant and nonpregnant cohorts. A) Disease-free survival in estrogen receptor–positive breast cancer patients (n¼686).
B) Disease-free survival in estrogen receptor–negative breast cancer patients (n¼521). C) Overall survival in estrogen receptor–positive breast cancer patients (n¼686).
D) Overall survival in estrogen receptor–negative breast cancer patients (n¼521).
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AMENORRHEA/INFERTILITY AFTER BREAST CANCER TREATMENT
associated with the highest risk), and the use of
endocrine therapy (particularly for the need to a
prolonged treatment duration) [17&,21].

The risk of treatment-induced amenorrhea
rangesbetween 26%in womenyounger than 35 years
to 77% in those older than 40 [20]. Anthracycline-
based and taxane-based chemotherapy is standard of
care also for young breast cancer patients [1&&]. As
confirmed by recent studies, these regimens are
associated with an intermediate risk of treatment-
induced amenorrhea ranging between 40% and
60% [20]; there is no apparent different gonadotoxic
effect between the standard or dose-dense schedule
of administration [22]. Tamoxifen in addition
to chemotherapy significantly increases the risk
of developing treatment-induced amenorrhea
[adjusted odds ratio (OR) 1.90; 95% confidence inter-
vals (CI), 1.45–2.48] [20].

Very limited data are available with the use of
targeted agents. According to the results of a small
retrospective study, the addition of trastuzumab to
standard chemotherapy did not increase the like-
lihood of developing treatment-induced amenor-
rhea (OR 0.60; 95% CI, 0.22–1.61) [23]. A recent
analysis within the APT phase II study showed that a
treatment with weekly paclitaxel and trastuzumab
(i.e. without anthracyclines and cyclophospha-
mide) is associated with a low incidence (28%;
95% CI, 18–41%) of treatment-induced amenorrhea
[24]. So far, no data are available on the potential
gonadotoxicity of the other anti-HER2 agents nor
about several other targeted therapies currently
under clinical development also in the early settings
(Table 1) [17&,21,25].

Treatment-induced amenorrhea is not always
associated with infertility and on the other hand
menstrual function recovery does not imply fertility
restoration [26]. Anti-Mullerian hormone (AMH) is
considered a more appropriate marker of ovarian
reserve with a potential utility in predicting the risk
of treatment-induced infertility in women who are
candidates for chemotherapy, including patients
with breast cancer [27]. However, the available data
to estimate the risk of gonadotoxicity associated
with the use of the different anticancer therapies
by using AMH values are still very limited [28].

Is embryo/oocyte cryopreservation the first
option to be proposed to patients with
breast cancer interested in fertility
preservation?
Embryo/oocyte cryopreservation are standard fertil-
ity-preserving procedures in female cancer patients
[1&&,14–16,17&]. These are the strategies with the
most reliable results in terms of pregnancy rate

following the procedure in infertile nononcologic
women. The success of embryo/oocyte cryopreser-
vation is strongly dependent on the patient’s age at
the time of the procedure [29]. According to the
2012 European Society of Human Reproduction and
Embryology, the live-birth rates with their use range
between more than 22% for women younger than
34 years and less than 10% for those older than
40 years [30].

To date, the available data on the success of
embryo/oocyte cryopreservation in breast cancer
patients are limited. The largest series is a single-
center prospective cohort study of 131 women with
early-stage breast cancer who underwent controlled
ovarian stimulation (including letrozole as part of the
protocol) for embryo cryopreservation [31]. Among
these patients, 33 breast cancer survivors returned to
the fertility clinic and underwent 40 attempts to
embryo transfer (either to their own uterus or via a
gestational carrier). A total of 18 pregnancies and
25 healthy babies were reported. The live-birth rate
(18/40¼45%) was similar to that of infertile non-
oncologic women of a similar age [31].

The results of this study suggest the efficacy
of embryo/oocyte cryopreservation also in young

Table 1. Risk of treatment-induced amenorrhea in breast
cancer patients undergoing systemic anticancer therapies

Degree of risk Type of anticancer treatment

High risk (> 80%) CMF, CEF, CAF, TAC " 6 cycles
in women # 40 years

Intermediate risk
(40–60%)

CMF, CEF, CAF, TAC " 6 cycles
in women of 30–39 years

-AC " 4 cycles in women # 40 years
-FEC " 6 cycles
-ddFEC " 6 cycles
-AC " 4 cycles ! T " 4 cycles
-EC or FEC " 4 cycles ! P " 4 cycles
-ddEC or ddFEC " 4 cycles !

ddP " 4 cycles

Low risk (< 20%) CMF, CEF, CAF, TAC " 6 cycles
in women $ 30 years

-AC " 4 cycles in women $ 40 years

Very low or no risk Methotreaxte
-Fluorouracil
-Tamoxifen
-Trastuzumab (?)

Unknown risk Targeted agents: pertuzumab, lapatinib,
T-DM1, bevacizumab, everolimus,
CDK4/6 inhibitors, PARP inhibitors

AC, doxorubicin/cyclophosphamide; CAF, cyclophosphamide/doxorubicin/
fluorouracil; CEF, cyclophosphamide/epirubicin/fluorouracil; CMF,
cyclophosphamide/methotrexate/fluorouracil; dd, dose-dense; EC,
epirubicin/cyclophosphamide; FEC, fluorouracil/epirubicin/
cyclophosphamide; P, paclitaxel; T, docetaxel; TAC, docetaxel/doxorubicin/
cyclophosphamide.
Modified from the originals [17&,21,25].

Fertility and pregnancy issues in breast cancer patients Lambertini et al.
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20.3 pmol/L as the cutoff. In this case sensitivity is 100%,
but specificity falls to 55%.

4. Discussion

The risk of ovarian failure following chemotherapy
has previously been best predicted by the woman’s
age.3 Prospective data show substantial differences in
the prevalence of amenorrhoea in women with breast
cancer, with 70% of women aged 40 and over having
amenorrhoea after chemotherapy versus only 10% of
those under 35,4 with comparable data provided by
many similar studies. For some women, loss of ovarian
function with chemotherapy is a concern, particularly
when the benefit of the therapy may be modest. There
are also emerging therapies with lower rates of amenor-
rhoea, though their efficacy remains unclear31 The abil-
ity to predict more accurately that risk for an individual
woman is of increasing importance as their chances of
survival continue to improve and with societal changes
in age at childbirth. This will impact on the need to pur-
sue fertility preservation strategies in some cases,33,34

and may influence decisions on treatment regimens.
The data presented here support the value of pre-

treatment measurement of AMH, but not other hor-
monal markers of the ovarian reserve, as an
individualised predictor of the risk of amenorrhoea

following chemotherapy for eBC. This study thus con-
firms and validates our previous similar findings27 and
we have combined the two datasets to provide a classifi-
cation mosaic. Our data confirm that age is a valuable
predictor of ovarian function after chemotherapy for
eBC: as an individual predictor, it performs very well
(using a cut-off of 38.6 years). The key change in ovarian
function with age is the steady decline in the size of the
non-growing follicle pool, with the menopause occur-
ring when the pool falls below a threshold to be able
to support sufficient growing follicles to result in regular
ovulation.10 Thus accurate measurement of the follicle
pool is the key to assessment of individualisation of
the impact of chemotherapy on the ovary. Serum
AMH reflects both non-growing and growing ovarian
follicle pools15 and declines with age.35 AMH predicts
both time to, and age at, natural menopause,14 with
age an important covariate. Several studies have shown
a reduction in AMH in some childhood cancer survivors
and following cancer treatment in adult-
hood,18,21,23,24,36–38 three studies have addressed the
question of whether pretreatment AMH and other
markers of the ovarian reserve can predict post-chemo-
therapy ovarian failure. We found that AMH, but not
inhibin B, predicted long-term (4–5 year) ovarian func-
tion in women with early breast cancer,27 and others
found that both AMH and inhibin B were lower in
women with chemotherapy-associated amenorrhoea
(CRA) at 1 year after chemotherapy for early breast
cancer.26 However in a smaller study pre-chemotherapy
AMH did not differ between those women who did or
did not develop CRA,28 although the ascertainment of
menses in that study was very limited.

The present data confirm our previous finding that in
women with eBC, AMH is lower before treatment
(approximately fourfold on average) in women who
developed amenorrhoea after chemotherapy. Other bio-
chemical markers of the ovarian reserve (FSH and inhi-
bin B) showed no such predictive ability. Women with
amenorrhoea were also older although regression analy-
sis (including age, FSH and inhibin Bas recognised
markers of the ovarian reserve) showed that at 2 years,
only AMH was significantly and independently related
to amenorrhoea. In the combined dataset, both AMH
and age were confirmed to be predictive, with AMH
slightly more so. Overall four different analytic methods
confirmed the value of AMH with three also confirming
the value of age, and from this we developed a classifica-
tion mosaic. This was optimised to maximise both sensi-
tivity and specificity, but can be adapted to the clinical
scenario e.g. whether maximal sensitivity or specificity
is the most important outcome.

A strength of this study is its prospective design, thus
avoiding recall bias with careful ascertainment of men-
strual function. A limitation is that all patients had
eBC, thus its generalisability to other diseases and

Fig. 5. Classification mosaic chart for ongoing menses (M) or
chemotherapy-related amenorrhoea (A) using serum anti-Müllerian
hormone (AMH) and chronological age as predictor variables. The
primary cutoff values are both for AMH, with below 3.8 pmol/L
predicting amenorrhoea and above 20.3 pmol/L predicting ongoing
menses. Between these AMH levels there is an age threshold at
38.6 years, above which amenorrhoea is predicted and below which
ongoing menses are predicted. The classification schema has sensitivity
98.2% (one of 55 subjects known to have developed amenorrhoea
misclassified as having ongoing menses) and specificity 80.0% (four of
20 subjects with known ongoing menses misclassified as amen-
orrhoeic). After 10-fold cross-validation this schema represents the
optimal compromise between good fit to the data used to construct it,
and low estimated error when used as a predictive model.

R.A. Anderson et al. / European Journal of Cancer 49 (2013) 3404–3411 3409



FERTILITY CONCERNS IN YOUNG BC PATIENTS

Young women (< 40 years) are preoccupied by their future fertility

09.12.19
Letourneau, Cancer 2012



GUIDELINES

Key Recommendations

ESMO 
2013

Young women desiring future fertility should be counselled on available fertility preserving options 
before starting anti-cancer treatment. Counselling should be implemented soon after diagnosis to allow
prompt referral to fertility specialists.

St Gallen
2015

The Panel considered that fertility preservation by ovarian tissue or oocyte conservation should be
offered upon request for patients aged <40.

Expert 
Meeting 
2016

All patients with potential interest in keeping their fertility should be referred to fertility unit for 
adequate determination of risk of infertility, chances of future conception and how to proactively
preserve it

BCY2 2016 All young women should be referred for special counseling/consultation if interested in fertility
preservation prior to commencement of any therapy.

NCCN 2016 All premenopausal patients should be informed about the potential impact of chemotherapy on 
fertility and asked about their desire for potential future pregnancies. Patients who may desire future
pregnancies should be referred for fertility specialists before chemotherapy and/or endocrine therapy.

ASCO 2018 Health care providers caring for adult and pediatric patients with cancer should address the possibility 
of infertility as earlier as possible before treatment starts. Health care providers should refer the 
patients with an interest in fertility preservation to reproductive specialists.



FERTILITY PRESERVATION OPTIONS

Lambertini et al. Rev Inves Clin. 2017;69:103-13 

Oncofertility counseling

Breast cancer in young women

Cryopreservation of ovarian tissue 

– Safety of pregnancy in cancer survivors
– Risk of treatment-related POF and infertility
– Assessment of baseline ovarian function
– Strategies for preservation of fertility and/or ovarian function

Interest in ovarian 
function and/or 

fertility preservation

YES
(in ovarian function preservation only)

YES
(in fertility [± ovarian function] preservation)

Temporary ovarian suppression
with GnRHa during CT

Embryo/oocyte cryopreservation

+
+

No time for and/or 
contraindications to COH

Temporary ovarian suppression
with GnRHa during CT

108

REV INVES CLIN. 2017;69:103-13

Letrozole-associated controlled ovarian 
hyperstimulation 

In the protocol developed by Oktay, et al., letrozole-
associated COH cycles were initiated either in a 
“standard” or “random-start” protocol according to 
the patient’s menstrual cycle phase and the urgency 
to start chemotherapy41,42. In the “standard” proto-
col, letrozole was initiated on the second or third 
day of menstruation, followed two days later by 
gonadotropin administration. A GnRHa was admin-
istered as soon as one follicle reached 14 mm or 
estradiol levels rose to 250 pg/ml, to avoid prema-
ture luteinization. In the “random start” protocol, 
letrozole, gonadotropins, and GnRHa were initiated 
at the same time throughout COH until ovulation 
triggering37.

pregnancies. The success of embryo cryopreservation 
is strongly dependent on the patient’s age at the time 
of oocyte retrieval and fertilization37. Using this pro-
cedure, the live birth rates according to the 2012 
European Society of Human Reproduction and Embry-
ology (ESHRE) were 22.7% for patients younger than 
34 years, 18.1% for women aged 35-39, and less 
than 10% for women older than 40 years38. In expe-
rienced centers, similar results can be obtained after 
oocyte cryopreservation39,40.

In breast cancer patients, COH protocols have been 
adjusted in order to avoid the possible detrimental 
impact of high estradiol levels on cancer cell prolif-
eration using concomitant administration of letrozole 
(an aromatase inhibitor)41,42 or tamoxifen (an estro-
gen receptor modulator)43-45. 

Figure 1. Oncofertility counseling and indications for the different strategies for fertility preservation in young breast cancer 
patients. COH: controlled ovarian hyperstimulation; CT: chemotherapy; GnRHa: gonadotropin-releasing hormone agonists; 
POF: premature ovarian failure.
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CASE REPORT

Random-start controlled ovarian hyperstimulation for

emergency fertility preservation in letrozole cycles

Murat S€onmezer, M.D., a,b Ilgın T€urkç€uo"glu, M.D., cU"gur Coşkun, M.D.,d and Kutluk Oktay, M.D. e

a
In Vitro Fertilization Unit, Department of Obstetrics and Gynecology, School of Medicine, and b

Center for Research on Human

Reproduction, Ankara University, Ankara, Turkey; c
Department of Obstetrics and Gynecology, School of Medicine, Inonu

University, Malatya, Turkey; d
Department of Medical Oncology, School of Medicine, Gazi University, Ankara, Turkey; and

e
Division of Reproductive Medicine and Infertility, Department of Obstetrics and Gynecology, New York Medical College,

Valhalla, and Institute for Fertility Preservation, New York, New York

Objective: To report an emergency approach of random-start controlled ovarian hyperstimulation (COH) in the late

follicular or luteal phase of the menstrual cycle for embryo cryopreservation in patients with cancer.

Design: Case series.Setting: Academic tertiary referral centers.

Patient(s): Three patients with a diagnosis of breast cancer requiring emergency fertility preservation in the late

follicular or luteal phase of the menstrual cycle.

Intervention(s): After baseline pelvic ultrasound and hormonal evaluation, random-start COH was commenced

immediately on menstrual cycle days 11, 14, or 17 with use of letrozole 2.5 mg/d and recombinant FSH 150 to

300 IU/d. Gonadotropin-releasing hormone antagonist was administered to prevent ovulation in all cases.

Ovulation was triggered with either 250 mg of recombinant hCG or 10,000 IU of urinary hCG.

Main Outcome Measure(s): Number of oocytes harvested, maturity and fertilization rates, number of embryos

frozen.
Result(s): Nine to 17 oocytes were harvested, resulting in the freezing of seven to 10 embryos with the mean

maturity and fertilization rates of 58.8% to 77.7% and 69.2% to 87.5%, respectively.

Conclusion(s): In an emergent setting, ovarian stimulation can be started at a random cycle date for the purpose of

fertility preservation without compromising fertilization rates in letrozole cycles. (Fertil Steril! 2011;95:

2125.e9–e11. "2011 by American Society for Reproductive Medicine.)

Key Words: Breast cancer, emergency fertility preservation, embryo freezing, letrozole

As the concept of fertility preservation becomes widely accepted,

increasing numbers of patients with cancer are being referred by

cancer specialists, hematologists, and other medical and surgical

specialties to IVF centers (1). Various fertility preservation options

are now available ranging from well-established techniques such as

embryo cryopreservation to more experimental novel technologies

including ovarian tissue cryopreservation. When appropriate,

embryo cryopreservation is the most preferred method because of

its high success rates (2). However, in the conventional approach,

approximately 2 weeks of ovulation induction is required from the

beginning of the menstrual cycle. This could mean up to 6 weeks

of delay in starting cancer treatments depending on where in the

cycle the patient presented.
The importance of early referral to fertility preservation cannot be

understated. Patients referred earlier in the process had less delay in

chemotherapy and were able to cryopreserve larger numbers of

oocytes and embryos (3). Currently, if there is insufficient time for

ovarian stimulation, these women typically are offered more exper-

imental approaches such as ovarian tissue cryopreservation, as well

as in vitro maturation (4, 5). Recent evidence indicates that there are

multiple major follicle recruitment waves during a normal menstrual

cycle, and hence the concept of a narrow window of opportunity for

follicle recruitment may not be accurate (5). Given the current avail-

ability of GnRH antagonists, the utility of these multiple recruitment

waves throughout the menstrual cycle can be feasible especially in

the fertility preservation setting where endometrial development is

irrelevant. On the basis of this reasoning, we tried a new approach

of a random-start controlled ovarian hyperstimulation (COH) in

three patients with breast cancer who had a need for emergency fer-

tility preservation. This case series reports the preliminary findings

of this new approach.
CASE REPORTSThree patients aged 26, 26, and 29 years with breast cancer were re-

ferred for fertility preservation. The diagnosis was invasive ductal

cancer in two patients and mixed invasive lobular and ductal cancer

in the other. All patients were scheduled to undergo four to six cycles

of cyclophosphamide-based cytotoxic therapy, and because of a late

referral in the process patients did not have sufficient time towait for
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Letrozole Reduces Estrogen and Gonadotropin Exposure

in Women with Breast Cancer Undergoing Ovarian

Stimulation before Chemotherapy

Kutluk Oktay, Ariel Hourvitz, Gulnaz Sahin, Ozgur Oktem, Bradley Safro, Aylin Cil, and Heejung Bang

Fertility Preservation Program (K.O., A.H., G.S., O.O., B.S., A.C.), Center for Reproductive Medicine and Infertility, and

Department of Public Health (H.B.), Division of Biostatistics and Epidemiology, Weill Medical College of Cornell University,

New York, New York 10021Context: Women with breast cancer are not typically offered embryo

or oocyte cryopreservation to preserve their fertility before chemo-

therapy because of the potential risks associated with high estrogen

levels arising from ovarian stimulation.

Objective: We aimed to determine whether the combination of an

aromatase inhibitor with gonadotropin treatment in breast cancer

patients produces comparable results to standard in vitro fertilization

(IVF), without a significant increase in estradiol levels and delay in

the initiation of chemotherapy.

Patients and Methods: Stages I-IIIA breast cancer patients (n ! 47)

received 5 mg/d letrozole and 150–300 IU FSH to cryopreserve em-

bryos or oocytes. Age-matched retrospective controls (n ! 56) were

selected from women who underwent IVF for tubal disease.

Results: Whereas letrozole and FSH stimulation resulted in signif-

icantly lower peak estradiol levels (mean " SD 483.4 " 278.9 vs.

1464.6 " 644.9 pg/ml; P # 0.001) and 44% reduction in gonadotropin

requirement, compared with controls, the length of stimulation, num-

ber of embryos obtained, and fertilization rates were similar. The

human chorionic gonadotropin administration criteria had to be ad-

justed to 20 mm after letrozole stimulation, compared with 17–18 mm

in the controls. The mean delay from surgery to cryopreservation was

38.6 d, with 81% of all patients completing their IVF cycles within 8

wk of surgery.Conclusion: Ovarian stimulation with letrozole and FSH appears to

be a cost-effective alternative for fertility preservation in breast can-

cer patients with reduced estrogen exposure, compared with standard

IVF. If patients are referred promptly, they may undergo embryo or

oocyte cryopreservation without a delay in chemotherapy. (J Clin

Endocrinol Metab 91: 3885–3890, 2006)

INVASIVE BREAST CANCER is the most common neo-

plasm encountered during reproductive ages making up

one third of all cancers seen in young women (1, 2). More

than 15% of all new breast cancer diagnosis occurs under the

age of 40 yr (3–6). The majority of these women are given a

combination chemotherapy, which includes gonadotoxic

agents such as cyclophosphamide. As a result, a significant

proportion of cancer survivors suffer from premature ovar-

ian failure and infertility. Most cancer patients would like to

preserve their fertility, especially if they have not completed

child-bearing (7). Embryo cryopreservation is the most es-

tablished method of fertility preservation, but it requires

approximately 2 wk of ovarian stimulation from the begin-

ning of menses. Whereas that time may not be available for

many other invasive cancer types, in breast cancer, there is

typically a 6- to 8-wk hiatus between surgery and chemo-

therapy, allowing sufficient time for undergoing ovarian

stimulation for fertility preservation purposes. However, be-

cause of the potential risks associated with high estrogen

levels, women with active breast cancer have typically not

been offered this option.
Aromatase, an enzyme of the cytochrome P-450 super-

family and the product of the CYP19 gene, catalyzes the

reaction that converts androgenic substances to estrogens in

many tissues, including granulosa cells of ovarian follicles

(8). Letrozole is a potent and highly selective third-genera-

tion aromatase inhibitor that was developed in the early

1990s. It competitively inhibits the activity of aromatase en-

zyme and has a half-life of approximately 48 h (8). Because

of its potent long-lasting suppression in the plasma levels of

estradiol (E2), this drug has recently been claimed to be

superior to tamoxifen in the treatment of advanced-stage

postmenopausal breast cancer (9–11).

Recent reports have also shown that aromatase inhibitors

can be used as ovulation induction agents. In cycling bonnet

monkeys, letrozole resulted in the formation of multiple

follicles (12). Clinical studies in which letrozole was typically

administered at doses of 2.5–5 mg for 5 d have also shown

its benefit in ovulation induction alone or in combination

with FSH. These studies also showed that peak E2 levels were

lower when letrozole, alone or in combination with FSH, was

compared with stimulation with FSH or clomiphene. More-

over, E2 levels have been found to be even lower than those

seen in natural cycle when patients were stimulated with

letrozole (13).

First Published Online August 1, 2006

Abbreviations: E2, Estradiol; hCG, human chorionic gonadotropin;

ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization.
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Fertility
Preservation in Breast Cancer Patients: A

Prospective Controlled Comparison of Ovarian

Stimulation With Tamoxifen and Letrozole for

Embryo Cryopreservation

Kutluk Oktay, Erkan Buyuk, Natalie Libertella, Munire Akar, and Zev Rosenwaks

A B S T R A C T

Purpose

To develop safe ovarian stimulation methods to perform in vitro fertilization (IVF) in breast cancer

patients who wish to preserve their fertility
via embryo cryopreservation before chemotherapy.

Patients and Methods

Sixty women (age range, 24 to 43 years) with breast cancer were prospectively studied.

Twenty-nine patients underwent 33 ovarian stimulation cycles with either tamoxifen 60 mg/d

alone (Tam-IVF) or in combination with low-dose follicle-stimulating hormone (TamFSH-IVF)

or letrozole 5 mg in combination with FSH (Letrozole-IVF). After IVF, all resultant embryos

were cryopreserved to preserve fertility. Recurrence rates were compared with controls

(n ! 31) who elected not to undergo IVF.

Results

Compared with Tam-IVF, both TamFSH-IVF and Letrozole-IVF patients had greater numbers

of follicles (2 " 0.3 v 6 " 1 and 7.8 " 0.9, respectively; P # .0001), mature oocytes (1.5 "

0.3 v 5.1 " 1.1 and 8.5 " 1.6, respectively; P # .001), and embryos (1.3 " 0.2 v 3.8 " 0.8

and 5.3 " 0.8, respectively; P # .001). Peak estradiol (E2) levels were lower with

Letrozole-IVF and Tam-IVF compared with TamFSH-IVF. After 554 " 31 days (range, 153 to

1,441 days) of follow-up, cancer recurrence rate was similar between IVF and control

patients (three of 29 v three of 31 patients, respectively; hazard ratio, 1.5; 95% CI, 0.29 to

7.4), and this estimate was not affected by cancer stage.

Conclusion

The combination of low-dose FSH with tamoxifen (TamFSH-IVF) or letrozole (Letrozole-IVF)

results in higher embryo yield compared with Tam-IVF. Recurrence rates do not seem to be

increased, but the letrozole protocol may be preferred because it results in lower peak E2
levels.

J Clin Oncol 23:4347-4353. © 2005 by American Society of Clinical Oncology

INTRODUCTION

Breast cancer is the leading cancer in women

of reproductive age. In the United States alone,

25% of all women diagnosed with breast can-

cer are premenopausal, and 15% are under the

age of 45 years.
1-4 Breast cancer is commonly

treated with surgery followed 4 to 6 weeks later

by combination chemotherapy. Most combi-

nation chemotherapy regimens include the al-

kylating agent cyclophosphamide, which is

known to cause a significant loss in ovarian

follicle reserve.3 This diminishment in ovarian

reserve results in premature ovarian failure

and infertility
with serious consequences to

the quality of life. One study showed that the

likelihood of ovarian failure within 1 year of

receiving cyclophosphamide, methotrexate,

and fluorouracil or doxorubicin and cyclo-

phosphamide increases with age and is 78%

and 38%, respectively, for a 40-year-old breast

cancer patient.
3 Because each course of

From The Center for Reproductive

Medicine and Infertility, Joan and

Sanford I. Weill Medical College of

Cornell University, New York, NY.

Submitted May 10, 2004; accepted

October 27, 2004.

Authors’ disclosures of potential con-

flicts of interest are found at the end of

this article.

Address reprint requests to Kutluk

Oktay, MD, The Center for Reproduc-

tive Medicine and Infertility, Depart-

ment of Obstetrics and Gynecology,

Joan and Sanford I. Weill Medical

College of Cornell University, 505 E

70th St, HT-340, New York, NY 10021;

e-mail: kuo9001@med.cornell.edu.

© 2005 by American Society of Clinical

Oncology

0732-183X/05/2319-4347/$20.00

DOI: 10.1200/JCO.2005.05.037

JOURNAL OF CLINICAL ONCOLOGY

O R I G I N A L R E P O R T

VOLUME
23

! NUMBER
19

! JULY
1

2005

4347

Downloaded from jco.ascopubs.org on March 8, 2016. For personal use only. No other uses without permission.

Copyright © 2005 American Society of Clinical Oncology. All rights reserved.

Does higher starting dose of FSH stimulation with letrozole

improve fertility preservation outcomes in women with breast

cancer?
Sanghoon Lee, M.D.a,b and Kutluk Oktay, M.D.a,c

aDepartment of Obstetrics and Gynecology, Laboratory of Molecular Reproduction and Fertility

Preservation, New York Medical College, Valhalla, New York

bDivision of Gynecologic Oncology, Department of Obstetrics and Gynecology, Korea University

College of Medicine, Seoul, South Korea
cInnovation Institute for Fertility Preservation, Rye and NY, NY

Abstract
Objective—To evaluate the efficacy of ovarian stimulation with higher doses of gonadotropins

in fertility preservation (FP) cycles with the intention to maximize the likelihood of future

pregnancies.
Design—Retrospective (secondary analysis).

Setting—Academic medical centers.Patient(s)—Low-dose (LD, 150 IU; n = 34) versus high-dose (HD, >150 IU; n = 117) FSH start

in 151 patients with breast cancer (BCa) undergoing ovarian stimulation for embryo

cryopreservation with letrozole (LE) before cancer treatment.

Intervention(s)—None.Main Outcome Measure(s)—FP cycle outcomes.
Result(s)—Mean total FSH dose (2,037 ± 679 IU vs. 1,128 ± 381 IU) and FSH level on trigger

day (21.1 ± 8.9 vs. 10.6 ± 4.5 mIU/mL) were higher in the HD group, confirming the receipt of

higher-dose FSH. There was no difference in other patient characteristics. Despite the larger

number of follicles >17 mm in diameter in the HD group (5.0 ± 2.0 vs. 3.4 ± 1.4), neither peak E2

(498.0 ± 377.5 vs. 397.9 ± 320.3), number of oocytes (13.3 ± 8.7 vs. 12.3 ± 8.0), nor number of

embryos (6.3 ± 4.7 vs. 5.4 ± 3.8) were significantly different from the LD group. Of those

undergoing frozen embryo transfer (ET), live birth rate (LBR)/ET trended higher in the LD (9/15)

compared with HD (2/11) group, with 2.1 ± 0.8 vs. 1.9 ± 0.3 embryos transferred, respectively.

Conclusion(s)—Higher-dose FSH stimulation in LE cycles does not improve outcomes and

may be associated with lower LBR. Our findings may support minimal stimulation in young

noninfertile women with BCa.

Copyright ©2012 American Society for Reproductive Medicine, Published by Elsevier Inc.
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A B S T R A C T

Purpose
Because of the accompanying increase in estrogen levels, safety of performing in vitro fertiliza-
tion (IVF) in women with breast cancer is unknown. Our goal was to determine the effect of
controlled ovarian stimulation (COS) using a combination of letrozole with standard fertility
medications on disease-free survival in women undergoing embryo or oocyte cryopreservation
before adjuvant chemotherapy.

Patients and Methods
A total of 215 women with breast cancer were prospectively evaluated for fertility preservation
before adjuvant chemotherapy. Of those, 79 elected to undergo COS with letrozole and
gonadotropins for embryo or oocyte cryopreservation. The remaining 136 patients underwent no
fertility-preserving procedure and served as controls.

Results
Study and control groups were similar at enrollment except for a trend for higher estrogen-
receptor positivity in the COS group (P ! .08). Time between surgery and chemotherapy was
longer for IVF patients (45.08 v 33.46 days; P " .01). Peak estradiol levels ranged from 58.4 to
1,166 pg/mL (mean, 405.94 # 256.64 pg/mL or 1,486.76 # 942.13 pmol/L) in COS patients. The
median follow-up after chemotherapy was 23.4 months (range, 7.5 to 63.6 months) in the COS
group and 33.05 months (range, 4.5 to 63.6) in the control group. The hazard ratio for recurrence
after IVF was 0.56 (95% CI, 0.17 to 1.9), and the survival was not compromised compared with
controls (P ! .36).

Conclusion
Ovarian stimulation with gonadotropins and letrozole for the purpose of fertility preservation is
unlikely to cause substantially increased recurrence risk. Further research, including longer-term
follow-up is needed to confirm these findings.

J Clin Oncol 26:2630-2635. © 2008 by American Society of Clinical Oncology

INTRODUCTION

It is estimated that invasive breast cancer will have
affected approximately 178,000 women in the
United States in the year 2007,1 of whom approxi-
mately 22% are expected to be younger than 50 years
of age.2 Worldwide, 240,000 women are diagnosed
with breast cancer before the age of 44 years, accord-
ing to GLOBOCAN database.3 The majority of these
women will receive adjuvant or neoadjuvant chem-
otherapy,4 which has a potential significant impact
on future fertility.

The use of adjuvant/neoadjuvant chemothera-
py is commonly associated with amenorrhea and
marked reduction of ovarian reserve depending on
the patient’s age, class of the agents, and dose.5-10

This diminution in ovarian reserve is compounded

by the need to delay pregnancy while undergoing
hormonal treatment (tamoxifen with or without
gonadotropin-releasing hormone [GnRH] ago-
nists) for 5 years or longer in estrogen receptor–
positive diseases.

The 5-year survival in all stages of breast cancer
has reached 89% in the United States.11 As a result of
the high survival rates and the increased emphasis
on the quality of the life of the survivor, fertility
preservation is gaining importance. As stressed in
the recent clinical guidelines by the American Soci-
ety of Clinical Oncology, all cancer patients with
interest in future fertility should be referred for con-
sideration of fertility preservation.12

Both embryo and oocyte cryopreservation
require controlled ovarian stimulation (COS).
Whereas embryo cryopreservation is an established
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exogenous LH activity that might prevent luteolysis.
Compared with cancer patients stimulated through-
out the follicular phase (n¼28), the luteal phase
group (n¼12) had a similar number of aspirated
oocytes and metaphase II oocytes as well as

comparable fertilization rates [11]. In the same
study, it was also shown that in several patients
whose ovarian stimulation started in late follicular
phase, the oocyte recovery and normal fertilization
was possible.
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FIGURE 1. Controlled ovarian stimulation protocols in patients with cancer. (A) In conventional (early follicular phase start)
antagonist protocol, ovarian stimulation starts with menses and GnRH antagonist is initiated to prevent premature LH surge
when the lead follicle reaches 12 mm. (B) In luteal halt protocol, administration of GnRH antagonist in the luteal phase
induces corpus luteum regression, menses ensues 2–4 days later and ovarian stimulation is initiated earlier than awaiting
spontaneous menses. If the patient with cancer presents in the late follicular phase, (C) ovarian stimulation without GnRH
antagonist can be started if the follicle cohort following the lead follicle is smaller than 12 mm and stays smaller than
12 mm before a spontaneous LH surge. After the LH surge, GnRH antagonist is started when the secondary follicle cohort
reaches 12 mm to prevent premature secondary LH surge. (D) If the follicle cohort following the lead follicle reaches
12 mm before the spontaneous LH surge, pituitary suppression with GnRH antagonist is initiated and continued until
triggering final oocyte maturation. If the patient with cancer presents in the late follicular phase, (E) ovulation can be
induced with hCG or GnRH agonist when the dominant follicle reaches 18 mm in diameter and ovarian stimulation is
started in 2–3 days in luteal phase. If the patient with cancer presents in the luteal phase, (F) ovarian stimulation can be
started in the absence of GnRH antagonist and GnRH antagonist administration is initiated later in the cycle, when the
follicle cohort reached 12 mm to prevent premature secondary LH surge. GnRH, gonadotropin-releasing hormone; hCG,
human chorionic gonadotropin.
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THE BROVALE TRIAL

Prospective non randomized study (end 2012)
Objectives:
- Primary endpoint:  Oocyte maturation rate
- Secondary endpoints: Follicular biomarkers related to oocyte quality

Study group (Let-COH)
• Breast cancer (ER pos/ER neg)
• Age 18 - 41 years
• Non metastatic disease
Exclusion criteria:
• Basal FSH ≥ 20IU/L

Control group (cCOH)
• Male/ tubal/ idiopathic Infertility
• Age 18 - 41 years
• 1st or 2nd ICSI cycle
Exclusion criteria:
• AMH < 0.5 or > 6.5 ng/ml
• Severe endometriosis

à High progesterone levels during luteal phase



HORMONAL PROFILE FOLLOWING LETCOH: PROGESTERONE LEVELS

n=21
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double-transgenic approach, resulted in side branching 
and alveologenesis74. Similarly, ectopic RANKL expres-
sion in Pgr−/− mammary epithelium by means of a retro-
viral approach, rescued the Pgr−/− phenotype, indicating 
that RANKL is a crucial mediator of PR signalling func-
tion. Immunohistochemistry shows RANKL is present 
at the cell membrane, but whether it impinges on the 
neighbouring cells in this membrane-bound form or 
is secreted is unclear. Of clinical relevance, soluble 
RANKL administered intravenously can elicit prolifera-
tion in the mammary epithelium, and systemic admin-
istration of its decoy receptor osteoprotegerin (OPG) 
can inhibit proliferation35.

Mammary stem cells. FACS experiments combined with 
cleared fat pad reconstitution assays revealed that high 
expression of integrin α6 and integrin β1 enriches for 
cells with basal characteristics that are able to reconsti-
tute ductal trees in mammary fat pads devoid of endo-
genous epithelium. This led to the definition of these 
cells as mammary stem cells. Cells lacking these markers 

have luminal characteristics and fail to reconstitute 
ductal trees in cleared fat pads. Instead, they give rise 
to cystic structures58. Both oestrogens and progesterone 
were implicated in mammary stem cell activation on the 
basis of an increase in the number of integrin α6+ cells 
after hormone stimulation of ovariectomized mice75,76. 
RANKL was implicated in this hormone-induced stem 
cell expansion on the basis of the decreased in vitro clo-
nogenic capacity of integrin β1+ CD24+ cells harvested 
from mammary glands after in vivo treatment with an 
antibody against RANKL76. Furthermore, genetic abla-
tion of the RANKL receptor RANK abrogated a two-
fold increase in the integrin α6+ compartment induced 
by progestin treatment77, suggesting that RANKL may  
activate the stem cells as a paracrine factor.

Conversely, recent lineage-tracing experiments have 
provided evidence that the totipotent stem cell func-
tion may be provoked by the particular experimental 
conditions and may not be relevant to normal physio-
logical homeostasis. Indeed, luminally and myoepitheli-
ally restricted progenitors are sufficient to maintain the 
postnatal gland78,79. This raises the question of whether 
RANKL or the other paracrine factors such as WNT4 
and amphiregulin may function selectively on one or the 
other types of lineage-restricted progenitors.

Other biological functions and factors. Along with cell 
proliferation and the expansion of the progenitor cells, 
other biological processes are required to prepare the 
gland for copious milk production after the birth of pups 
in the mouse model. A large amount of ECM needs to 
be restructured in the process, and angiogenesis is 
required to feed new ducts and to subsequently bring 
in the nutrients that are necessary for milk production. 
Different types of immune cells help to build most of 
the transient structures required for lactation, and sub-
sequently help to destroy them and clear away the cel-
lular debris. Various matrix metalloproteinases (MMPs) 
and the associated tissue inhibitors of metalloprotein-
ases (TIMPs) have been implicated80 but how they are 
linked to hormonal pathways remains to be elucidated. 
A complex interplay between multiple cell types is to 
be expected. Powerful in vivo imaging approaches have 
shown us some of the activities of macrophages in the 
mammary gland81 and promise to provide novel insights 
in the future.

Genetic evidence has been provided that WNT4 
is an important mediator of PR signalling. In the 
absence of WNT4 from the mammary epithelium, 
side branching is delayed. Ectopic expression of its 
cousin WNT1 can rescue side branching by a par-
acrine mechanism in the absence of PR signalling56. 
Similarly, inhibitor of DNA binding 4 (ID4), a basic 
helix–loop–helix (bHLH) protein that is predomi-
nantly expressed in the myo epithelium is induced 
by progesterone, and its deletion in the mammary 
epithelium blocks side branching82. Calcitonin and 
amphiregulin have also been identified as in vivo pro-
gesterone targets83. Deletion of amphi regulin revealed 
a role for oestrogen-induced proliferation during 
pubertal ductal elongation53. This early phenotype 

Figure 5 | Models of cell-intrinsic and paracrine mechanisms of progesterone-
induced cell proliferation in the mouse mammary epithelium. A hormone receptor 
(HR)+ cell is indicated by a grey nucleus. Progesterone elicits proliferation of HR+ cells by a 
cell-intrinsic, cyclin D1-dependent mechanism (part a). The hormone also induces the 
expression of receptor activator of nuclear factor-κB (NF-κB) ligand (RANKL) secretion, 
which triggers the proliferation of adjacent HR– cells (part b). Luminal and basal cells can 
be separated by fluorescence-activated cell sorting on the basis of high cell surface 
expression of CD24 or integrin β1 and integrin α6, respectively. The luminal (CD24hi) cell 
population can be divided into HR+ and HR– cells on the basis of the presence or absence 
of stem cell antigen 1 (SCA1). ER, oestrogen receptor; PR, progesterone receptor.
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double-transgenic approach, resulted in side branching 
and alveologenesis74. Similarly, ectopic RANKL expres-
sion in Pgr−/− mammary epithelium by means of a retro-
viral approach, rescued the Pgr−/− phenotype, indicating 
that RANKL is a crucial mediator of PR signalling func-
tion. Immunohistochemistry shows RANKL is present 
at the cell membrane, but whether it impinges on the 
neighbouring cells in this membrane-bound form or 
is secreted is unclear. Of clinical relevance, soluble 
RANKL administered intravenously can elicit prolifera-
tion in the mammary epithelium, and systemic admin-
istration of its decoy receptor osteoprotegerin (OPG) 
can inhibit proliferation35.

Mammary stem cells. FACS experiments combined with 
cleared fat pad reconstitution assays revealed that high 
expression of integrin α6 and integrin β1 enriches for 
cells with basal characteristics that are able to reconsti-
tute ductal trees in mammary fat pads devoid of endo-
genous epithelium. This led to the definition of these 
cells as mammary stem cells. Cells lacking these markers 

have luminal characteristics and fail to reconstitute 
ductal trees in cleared fat pads. Instead, they give rise 
to cystic structures58. Both oestrogens and progesterone 
were implicated in mammary stem cell activation on the 
basis of an increase in the number of integrin α6+ cells 
after hormone stimulation of ovariectomized mice75,76. 
RANKL was implicated in this hormone-induced stem 
cell expansion on the basis of the decreased in vitro clo-
nogenic capacity of integrin β1+ CD24+ cells harvested 
from mammary glands after in vivo treatment with an 
antibody against RANKL76. Furthermore, genetic abla-
tion of the RANKL receptor RANK abrogated a two-
fold increase in the integrin α6+ compartment induced 
by progestin treatment77, suggesting that RANKL may  
activate the stem cells as a paracrine factor.

Conversely, recent lineage-tracing experiments have 
provided evidence that the totipotent stem cell func-
tion may be provoked by the particular experimental 
conditions and may not be relevant to normal physio-
logical homeostasis. Indeed, luminally and myoepitheli-
ally restricted progenitors are sufficient to maintain the 
postnatal gland78,79. This raises the question of whether 
RANKL or the other paracrine factors such as WNT4 
and amphiregulin may function selectively on one or the 
other types of lineage-restricted progenitors.

Other biological functions and factors. Along with cell 
proliferation and the expansion of the progenitor cells, 
other biological processes are required to prepare the 
gland for copious milk production after the birth of pups 
in the mouse model. A large amount of ECM needs to 
be restructured in the process, and angiogenesis is 
required to feed new ducts and to subsequently bring 
in the nutrients that are necessary for milk production. 
Different types of immune cells help to build most of 
the transient structures required for lactation, and sub-
sequently help to destroy them and clear away the cel-
lular debris. Various matrix metalloproteinases (MMPs) 
and the associated tissue inhibitors of metalloprotein-
ases (TIMPs) have been implicated80 but how they are 
linked to hormonal pathways remains to be elucidated. 
A complex interplay between multiple cell types is to 
be expected. Powerful in vivo imaging approaches have 
shown us some of the activities of macrophages in the 
mammary gland81 and promise to provide novel insights 
in the future.

Genetic evidence has been provided that WNT4 
is an important mediator of PR signalling. In the 
absence of WNT4 from the mammary epithelium, 
side branching is delayed. Ectopic expression of its 
cousin WNT1 can rescue side branching by a par-
acrine mechanism in the absence of PR signalling56. 
Similarly, inhibitor of DNA binding 4 (ID4), a basic 
helix–loop–helix (bHLH) protein that is predomi-
nantly expressed in the myo epithelium is induced 
by progesterone, and its deletion in the mammary 
epithelium blocks side branching82. Calcitonin and 
amphiregulin have also been identified as in vivo pro-
gesterone targets83. Deletion of amphi regulin revealed 
a role for oestrogen-induced proliferation during 
pubertal ductal elongation53. This early phenotype 

Figure 5 | Models of cell-intrinsic and paracrine mechanisms of progesterone-
induced cell proliferation in the mouse mammary epithelium. A hormone receptor 
(HR)+ cell is indicated by a grey nucleus. Progesterone elicits proliferation of HR+ cells by a 
cell-intrinsic, cyclin D1-dependent mechanism (part a). The hormone also induces the 
expression of receptor activator of nuclear factor-κB (NF-κB) ligand (RANKL) secretion, 
which triggers the proliferation of adjacent HR– cells (part b). Luminal and basal cells can 
be separated by fluorescence-activated cell sorting on the basis of high cell surface 
expression of CD24 or integrin β1 and integrin α6, respectively. The luminal (CD24hi) cell 
population can be divided into HR+ and HR– cells on the basis of the presence or absence 
of stem cell antigen 1 (SCA1). ER, oestrogen receptor; PR, progesterone receptor.
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The effect of each of these variables was not significantly
different in the FP group compared with the controls.

Impact of BRCA mutation status on overall
recurrence risks

Among the study participants, 188 underwent BRCA
mutation screening test (47 BRCA positive, 127 BRCA

negative, and 14 unverified results). Among the 47 sub-
jects with BRCA mutations (28 BRCA1, 18 BRCA2,
and 1 both BRCA1 and BRCA2), 26 pursued FP treat-
ment using COSTLES and 21 did not. The FP group was
more likely to have tumor size !2 cm compared with
controls (P " .02) (Table 2). In the FP group, the mean
gonadotropin dose used for ovarian stimulation was

Figure 2. Survival analysis by Kaplan-Meier. A, Relapse-free survival in FP and control groups (log rank, P " .61). B, Relapse-free survival in BRCA
mutation-positive patients pursuing and not pursuing COSTLES (log rank, P " .57). C, Relapse-free survival in women with ER-positive and ER-
negative breast cancer (log rank, P " .75). D, Relapse-free survival in pre- and postsurgery groups (log rank, P " .44).

Table 2. Comparison of Tumor and Cycle Characteristics of Women With BRCA Gene Mutations

BRCA-Positive COSTLES
FP, %, or Mean ! SD
(n " 26)

BRCA-Positive Control,
%, or Mean ! SD
(n " 21) P Value

Age at cancer diagnosis, y 31.8 # 3.8 33.8 # 3.3 .08
BMI, kg/m2 22.0 # 2.5 20.5 # 2.1 .23
Tumor size, cm .02

!2 65 58
!2 35 42

Lymphovascular space invasion 38 43 .85
ER positive 43 53 .55
Progesterone receptor positive 38 50 .49
HER-2/neu positive 15 30 .33
Adjuvant tamoxifen use 75 57 .46
Length of follow-up, y 4.7 # 2.7 6.9 # 4.3 .06

Abbreviation: BMI, body mass index.

doi: 10.1210/jc.2015-3878 press.endocrine.org/journal/jcem 1367

FP n=120, control n=217 

Kim and Oktay, 2016
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Fertility Preservation Before Breast Cancer Treatment Appears 
Unlikely to Affect Disease-Free Survival at a Median Follow-Up 

of 43 Months After Fertility-Preservation Consultation
Joseph M. Letourneau, MD 1,2; Kaitlyn Wald, MD1; Nikita Sinha, MD1,3; Flor Juarez-Hernandez, BS1; Eve Harris, BA1; 

Marcelle I. Cedars, MD1; Charles E. McCulloch, PhD1; Milana Dolezal, MD4; A. Jo Chien, MD 5; and Mitchell P. Rosen, MD1

BACKGROUND: The objective of this study was to determine whether fertility preservation (FP) with oocyte/embryo cryopreservation 

is associated with differences in disease-free survival (DFS). METHODS: This retrospective study included patients aged 18 to 45 who 

were diagnosed with invasive breast cancer between 2007 and 2017 and were seen for FP consultation at a university fertility center 

before cancer treatment. The primary endpoint, DFS, was defined as the time from FP consultation until patients developed a locore-

gional recurrence, distant metastasis, a contralateral breast tumor, or a new primary malignancy. DFS was compared for FP versus no FP 

using Kaplan-Meier survival estimates and Cox proportional-hazard regression analysis. RESULTS: The study included 329 women, with 

207 (63%) in the FP group and 122 (37%) in the no FP group. Patients who underwent FP had more aggressive initial disease profiles 

than those in the no FP group. In addition, they were younger (35 vs 37 years; P = .009), more often had stage II or III disease (67% vs 

55%; P = .03), and had higher rates of requiring chemotherapy (77% vs 65%; P = .01). Over a median follow-up of 43 months, the rates of 

DFS were similar among patients in the FP group and the no FP group (93% vs 94%, respectively; hazard ratio [HR] 0.7; 95% CI, 0.3-1.7). 

Positive ER status (79% vs 83%; P = .38), neoadjuvant chemotherapy (41% vs 48%; P = .32), ER-positive DFS (HR, 0.4; 95% CI, 0.1-1.6), 

and neoadjuvant chemotherapy DFS (HR, 1.4; 95% CI, 0.2-9.1) were similar in the FP and no FP groups, respectively. CONCLUSIONS: At 

a median follow-up of 43 months, FP appears unlikely to affect DFS, even in the setting of tumors with positive ER status or treatment 

with neoadjuvant chemotherapy (in which the tumor remains in situ during FP). Cancer 2019;0:1-9. © 2019 American Cancer Society. 

KEYWORDS: breast cancer, embryo cryopreservation, fertility preservation, oocyte cryopreservation, safety.

INTRODUCTION
Infertility as a result of cancer treatment can have a profound impact on the quality of life of reproductive-age survivors.1 
Fertility preservation (FP) techniques like oocyte or embryo cryopreservation have been associated with improved long-
term quality of life.2 Although the benefits of FP are becoming increasingly accepted, the safety of FP for women with 
breast cancer could be more fully explored. The ovarian stimulation process for oocyte/embryo cryopreservation takes 
about 14 days, and serum estradiol levels may reach levels from 10 to 20 times higher than those achieved during the nat-
ural menstrual cycle.3 Because of concern about the mitogenic activity of estrogen toward breast cancer cells, medications 
such as tamoxifen or aromatase inhibitors are often used during ovarian stimulation for FP.4,5

FP for women diagnosed with breast cancer has been widely used for nearly 2 decades.3,5-7 Historically, the safety 
of FP with breast cancer has been supported inferentially. Estrogen levels in pregnancy have been noted to be 100-fold 
higher than in the normal menstrual cycle and, consequently, from 5-fold to 10-fold higher than during ovarian stimula-
tion. The levels of estrogen are also elevated over many months, whereas, in ovarian stimulation, they are elevated during 
approximately 7 of 14 days of ovarian stimulation. Thus, the observation that pregnancy after treatment for breast cancer 
appears to be safe has been used to support the safety of FP.8,9

Recently, the safety of ovarian stimulation in the setting of breast cancer has been more directly evaluated. Six stud-
ies, encompassing a total of 477 women who underwent ovarian stimulation, reported similar rates of breast cancer recur-
rence and mortality after FP versus no FP.5,7,10-12 Although these studies have contributed very important data, they are 
limited by their observational nature, small patient numbers, lack of information about breast tumor and treatment type, 
older ovarian stimulation techniques, and relatively short duration of follow-up.13 It is unlikely that there will be higher 
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Baseline Characteristics: FP Versus No FP
The baseline characteristics of patients who underwent 
FP were suggestive of more aggressive disease (Table 1). 
Ovarian stimulation characteristics of FP cycles are dis-
played in Table 2. FP patients were younger in mean age 
at diagnosis (35 ± 5 years vs 37 ± 6 years; P = .01). Those 
who underwent FP were more likely to require chemo-
therapy (77% vs 65%; P = .01) and were more likely to 
have greater than stage I disease (66% vs 53%; P = .02) 
than those who did not undergo FP. There was also a 
trend toward more high-grade cancers (grade 3) in the FP 
group (47% vs 36%; P = .053).

Cancer treatment was otherwise similar between 
the 2 groups. Just under one-half of the women in 
the FP and no FP groups were treated for cancer at an  
academic medical center (42% vs 48%, respectively; 
P = .26). Similar numbers in the FP and no FP groups 
chose unilateral lumpectomy (as opposed to mastectomy; 
47% lumpectomies in the FP group vs 51% in the no 
FP group; P = .49), and the percentage in the FP group 
versus the no FP group who elected for contralateral pro-
phylactic mastectomies also was similar (27% vs 27%; 
P = .96). The percentage in the FP and no FP groups 

that received radiation was identical (65% vs 65%; 
P = .99). A similar percentage of women who underwent 
chemotherapy in the FP and no FP groups did so in the 
neoadjuvant setting (41% vs 48%, respectively; P = .32).

Although FP patients had more aggressive disease 
(eg, higher stage at diagnosis, younger age at diagnosis), 
overall, FP was not associated with a decrease in DFS. 
Over a median follow-up of 43 months, 22 patients de-
veloped a DFS endpoint: locoregional recurrence (n = 9), 
distant metastasis (n = 12), contralateral breast tumor 
(n = 1), or new primary malignancy (n = 0) (Table 3). 
Overall, Kaplan-Meier DFS estimates for the FP and no 
FP groups appeared to be similar (Fig. 2). Univariable 
Cox hazard ratios (HRs) for DFS during our median 
43-month study period were similar among those under-
going FP versus no FP (93% vs 94%, respectively; HR, 
0.7; 95% CI, 0.3-1.7) (Table 4). This relation remained 
similar, even after controlling for age at diagnosis, cancer 
stage, cancer grade, and whether or not chemotherapy 
was given (HR, 0.7; 95% CI, 0.2-2.0). The P value for 
tumor size was also <.2, but tumor size was omitted from 
the multivariable Cox regression model because it is col-
linear with cancer stage.

Figure 1. The total study population and follow-up rates are illustrated. In total, 354 women were seen for fertility-preservation (FP) 
consultation during the study period (2007-2017), and 329 women who had stage I to III breast cancer were included in the study. 
Two-thirds underwent FP, and one-third did not.
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Outcome After Ovarian Stimulation With ER-
Positive Disease or Tumor in Situ
After controlling for age at diagnosis, cancer stage, can-
cer grade, and chemotherapy exposure (yes/no), patients 
with ER-positive tumors who underwent FP had rates of 
DFS similar to those who did not undergo FP (DFS: HR, 
0.4; 95% CI, 0.1-1.6). Those who underwent FP in the 
setting of neoadjuvant chemotherapy had similar rates 
of DFS to those who did not after adjustment for age at  
diagnosis, cancer stage, and cancer grade (DFS: HR, 1.4; 
95% CI, 0.2-9.1).

DISCUSSION
This is the largest study to date from a single FP center 
to examine the safety of ovarian stimulation in the set-
ting of newly diagnosed breast cancer. With hundreds of  
patients and over a median follow-up of 43 months (range, 
2-131 months), FP was not associated with decreased 
DFS. And it is important to note that FP did not appear 
to increase risk even among women with ER-positive  
tumors and among those who underwent FP before neoad-
juvant chemotherapy, while their tumor remained in situ.

The results of this study appear likely to be gener-
alizable. Young women are more likely to present with 
more advanced stages of breast cancer because of diag-
nostic delays and more aggressive pathology.15,19 In our 
study, the majority of women who were seen for FP con-
sult had stage II or higher disease. There were also rel-
atively high proportions of women with HER2-positive 
and ER-negative histology in our study, proportions that 
were similar to those reported in other large studies that 
included women of reproductive age.20,21

The DFS event rates of 6% to 7% after FP and 
no FP in our study were similar to those seen in prior 
studies that examined recurrence after FP. Meirow et al 
followed 27 women who underwent FP over a period of 
3 to10 years and noted a 6% rate of recurrence.5 Ben-
Haroush et al noted a recurrence rate of 8% among 23 
women who underwent FP and who were followed for 
20 to 52 months. Interestingly, 1 group noted a similar 
risk of recurrence (9%) without the use of estrogen-mod-
ulating medications.11,12 Finally, Rodriguez-Wallberg and 
colleagues recently published a registry-based study of 
378 women with newly diagnosed breast cancer over the 
past 20 years in which similar rates of recurrence also were 
seen among those who did and did not undergo FP. In 
that study, 188 patients underwent FP, although 21% of 
these underwent FP without ovarian stimulation (natural 
cycle in vitro fertilization).22

Prior studies of the safety of FP in the setting of 
newly diagnosed breast cancer did not evaluate the safety 
of FP in the neoadjuvant treatment setting, in which the 
tumor remains in situ during FP. In our study, nearly 

TABLE 1. Comparison of Patients Who Underwent 
Fertility Preservation Versus No Fertility 
Preservation

Variable FP, n = 207 No FP, n = 122 P

Age at FP consult (y) 35 ± 5 37 ± 6 .01
Primary tumor size, %      

<20 mm 52 62 .19
21-50 mm 44 34  
>50 mm 5 4  

Lymph node-positive, % 43 38 .36
Stage, %      

I 34 47 .07
II 53 42  
III 11 10  

Tumor grade, %      
1 15 17 .15
2 38 47  
3 47 36  

BRCA-positive, % 12 10 .63
ER-positive, % 79 83 .38
HER2-positive, % 31 25 .28
Lumpectomy, % 47 51 .49
Bilateral mastectomy, % 27 27 .96
Received chemotherapy, % 77 65 .01
Neoadjuvant chemotherapy, % 41 48 .32
Received radiation therapy, % 65 65 .99
Cancer treatment in university 

hospital, %
42 48 .26

Adjuvant hormone therapy 
(among ER-positive), %

     

Tamoxifen 85 85 .98
Letrozole plus ovarian 

suppression
15 15  

Abbreviations: ER, estrogen receptor; FP, fertility preservation; HER2, human 
epidermal growth factor receptor 2.

TABLE 2. Ovarian Stimulation Cycle 
Characteristicsa 

Ovarian Stimulation Cycle Characteristics
Average 

Outcome ± SD

Antral follicle count 14 ± 9
Duration of ovarian stimulation, d 12 ± 2
Total dose of gonadotropins, IU 2522 ± 975
Peak estradiol during stimulation, ER-negative 

tumors, pg/mL
2538 ± 1746

Peak estradiol during stimulation, ER-positive  
tumors, treated with letrozole during ovarian  
stimulation, pg/mL

692 ± 401

Peak estradiol during stimulation, ER-positive 
tumors, treated with tamoxifen during ovarian 
stimulation, pg/mL

3018 ± 2016

Follicles >10 mm at time of oocyte collection 17 ± 11
No. of oocytes collected 19 ± 12
Mature oocytes, % 86
2PN fertilized/2PN mature oocyte, % 76

Abbreviations: 2PN, 2 pronuclei (ie, normally fertilized); IU, international units.
aIn total, 116 women froze eggs, and 109 created embryos. Data are listed as 
the mean ± SD unless otherwise indicated.
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one-half of the patients underwent FP with a tumor in 
situ, and the DFS rates still were not changed, further 
supporting the finding that FP is unlikely to worsen 
breast cancer outcomes, particularly in the first several 
years after diagnosis. The levels of gonadotropins in our 
study were higher than those typically used in prior FP 
safety studies, supporting a likely lack of risk, even with 
dose escalation from natural cycle in vitro fertilization, to 
minimal ovarian stimulation with low-dose to high-dose 
gonadotropins (such as those used in our study).5-7

It is possible that data supporting the safety of FP 
could be confounded by women with more aggressive 

cancer being less likely to be advised to undergo FP. 
However, many of the prior FP safety studies did not 
display detailed baseline cancer characteristics. We have 
demonstrated that patients who chose to undergo FP 
were similar to those who did not in terms of disease and 
treatment type. With rare exceptions, we recommended 
consideration of FP (oocyte or embryo cryopreservation) 
to each patient. In fact, since those who underwent FP 
were 2 years younger at diagnosis and were more likely 
to have greater than stage I disease, one could argue that 
women who underwent FP had a slightly more aggressive 
pattern of disease at presentation.

Figure 2. Kaplan-Meier disease-free survival (DFS) estimates are illustrated for all patients with invasive breast cancer who did and 
did not undergo fertility preservation (FP). (A) The pattern of DFS was similar over time, even after controlling for cancer stage, 
hormone receptor status, and treatment type (FP vs no FP; Cox proportional-hazard ratio [HR], 0.7; 95% CI, 0.3-1.7). (B) The number 
of patients who were followed for a minimum period is shown. For instance, 218 women in the FP group were followed for at least  
0 to 24 months, and 31 women in the no FP group were followed for at least 72 to 96 months. DFS events (recurrences or mortalities) 
that occurred in a given period also are listed. For instance, 4 women had events in the first 0 to 24 months in the FP group, whereas 
1 woman had DFS events in the period from 72 to 96 months in the no FP group. Most patients were followed for at least 43 months.
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There are several strengths and limitations to our 
study. The study is relatively large in size and is limited to 
a single institution for fertility care. However, despite the 
relatively large size, the study is only powered to detect 
relatively large differences in DFS, so smaller differences 
could still exist and have not been detected by this study. 
In addition, heterogeneity did exist among the referring 
oncology clinics where referrals come from within our 
academic institution, as well as 4 other large commu-
nity cancer centers. Although we did examine some of 
the most predictive factors for DFS in reproductive-age 
women, such as hormone receptor status, HER2 status, 
lymph node positivity, and chemotherapy (on a yes/no 
basis), there were several important factors that went 
unmeasured. For instance, we were unable to record the 
exact chemotherapy regimen and/or dose, as this infor-
mation was not consistently available. We did capture 
BRCA status in most patients, but we did not calculate 
their Gail Model Risk Score or include information about 
other cancer-predisposition genes. Different chemother-
apy regimens, including the combination of chemothera-
peutics and whether or not the course is dose-dense, may 
have differing effects.23,24 We also did not collect data to 
assess whether the patients in the neoadjuvant chemo-
therapy group had a complete or incomplete pathologic 
clinical response to their chemotherapy. There may have 
been differences in patient compliance with adjuvant  
endocrine therapy, which we did not measure in this study 
because it is difficult to capture.19 Changing standards of 
antiestrogen treatments and duration of therapy in the 
ER-positive/PR-positive premenopausal breast popula-
tion, which evolved nationally during our study period 
and were not directly measured in this study, may have 
been an unmeasured source of bias. We also did not assess 
referral bias because we do not know which reproduc-
tive-age patients in our referral network were not seen for 

FP consultation. However, as stated above, our study was 
similar on important disease metrics (lymph node status, 
receptors status, stage, etc) to those generally reported 
in the literature for reproductive-age women with breast 
cancer. We offered the option of medical treatment with 
concomitant GnRHa during chemotherapy. However, we 
did not have a reliable means of following which patients 
in the FP and no FP groups received GnRHa during 
chemotherapy. Thus, we defined FP by the American 
Society of Clinical Oncology standard of accepted treat-
ment types, including oocyte or embryo cryopreservation. 
Finally, an important strength of our study is that we had 
similar follow-up time in both of our groups, minimizing 
the chance of detection bias affecting results.

Our study demonstrates that it is unlikely that 
FP increases cancer progression in the first several years  
after treatment. The “Folkman effect” describes a “double- 
hump” or typical bimodal pattern of breast cancer recur-
rence, with a first peak at about 1 to 2 years. The first 
peak may be because of increased angiogenesis to the 
tumor bed after surgery. A second peak typically starts 
around 5 years after breast cancer surgery and can last  
out to 15 to 20 years. The second peak may be because of 
the natural course of tumor growth.25,26 Premenopausal 
patients have been shown to have an initial mortality 
wave covering about 6 years, with maximum height at 
the fourth year, followed by a peak 8 years after sur-
gery, whereas postmenopausal patients showed an early 
high-mortality surge peaking at the third year, followed 
by a modest increase at the eighth year.18 Although most 
high-risk recurrences in reproductive-age women occur 
during the time period covered by our study, it is possible 
that a delayed second peak could present and that this 
peak may depend on a different set of biologic circum-
stances than the first. We look forward to the results of 
other long-term follow-up studies, including the PREFER 
(PREgnancy and FERtility) study by Lambertini et al, in 
which patients with newly diagnosed breast cancer will be 
followed for up to 15 years after FP.27

Conclusion
Over a median follow-up of 43 months, FP with egg or 
embryo cryopreservation appears unlikely to be associated 
with a difference in DFS among women with breast can-
cer. Even among women who undergo FP in the neoadju-
vant treatment setting, in which the tumor remains intact 
during FP, FP appears likely to be safe. This report adds to 
an important body of observational data, but more data 
points and longer periods of observation are warranted.

TABLE 4. Overall Median Follow-Up and Disease-
Free Survival: Fertility Preservation Versus No 
Fertility Preservation

Variable
FP, 

n = 207
No FP, 

n = 122 Statistical Output

Follow-up: Median 
(range), moa 

42 (2-114) 46 (10-131) P = .09

DFS during study 
period, %

93 94 HR, 0.7  
[95% CI. 0.3-1.7]

Abbreviations: DFS, disease-free survival; FP, fertility preservation; HR,  
hazard ratio.
aOver a median follow-up of nearly 4 years, the percentage of women who 
experienced DFS was similar among those who underwent FP and those who 
did not.
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EFFICIENCY OF LET-COH: OOCYTE MATURATION RATE

09.12.19 Oktay 2006

leading follicles at hCG was higher with letrozole!FSH. By
the segmented regression analysis, the highest maturity rates
were obtained at the 20.4-mm cutoff point for the two leading
follicle measurements for letrozole-FSH (Fig. 1A). The re-
gression model with one change point gave the best model
fit with Akaike information criteria " 310.13, compared with
no or multiple change points models. A strong linear asso-
ciation between follicle size and the maturity rate (!̂ " 10 #

3.8, where !̂ denotes the estimated regression parameter #
se) is seen before the change point, whereas a slightly de-
creasing or plateau pattern (!̂ " $2.3 # 2.7) was observed
after the change point. The slope parameter after the break
was not significantly differentiable from zero slope. We re-
peated the same analysis for the fertilization rate outcome.
Positive linearity held up to the change point around 19.5
mm, and the slope became flat after that, where the respec-
tive slope estimates correspond to 19 # 6 and 2.6 # 2.3 (Fig.
1B). Again, a 95% confidence interval for the slope after the
change point includes zero value.

Despite these differences, total number of oocytes and
embryos obtained and fertilization rates were similar be-
tween the two groups. Endometrial thickness was signifi-
cantly lower in the letrozole!FSH group, but the mean val-
ues remained within a clinically accepted range (17). The
latter finding was consistent with the findings from previous
studies in which letrozole was used for ovulation induction
in noncancer patients (18). A lower percentage of patients
underwent ICSI in the control group, compared with
letrozole!FSH (57.1 vs. 100%, P % 0.001), but when com-
parison was limited to ICSI cycles, the results did not change
(data not shown).

Forty-seven cycles were initiated in the letrozole!FSH
group. Of the 47, 42 cycles went to oocyte retrieval. Four
cycles were canceled due to poor response, and one was
discontinued because of a superficial thrombophlebitis in a

TABLE 2. Comparison of various characteristics between
letrozole!FSH and control groups

Letrozole!FSHa Controlb P value

Age at IVF (yr) 36.4 # 3.6 36.9 # 3.9 0.44
Baseline FSH 7.1 # 3.1 4.2 # 2.0 %0.001
E2 at hCG 483.4 # 278.9 1464 # 644.9 %0.001
Endometrial thickness 8.7 # 2.8 10.9 # 2.5 %0.001
Follicle no. & 17 4.0 # 1.7 2.7 # 1.2 %0.001
Peak follicle size (mm) 21.3 # 2.6 18.7 # 1.5 %0.001
Total oocytes (n) 12.4 # 7.0 11.1 # 5.5 0.43
Mature oocytes (n) 8.7 # 4.8 9.7 # 5.1 0.43
Mature oocytes (%) 73.2 # 22.9 86.3 # 12.7 0.003
No. of 2 pn zygotes 6.6 # 4.0 6.9 # 4.1 0.73
Fertilization rate 74.1 # 24.0 73.2 # 21.5 0.71
No. of days stimulated 11.7 # 2.3 12.2 # 1.5 0.09
Total FSH dose 1317.8 # 578.2 2382.5 # 1062.8 %0.001

Data represent mean # SD. pn, Pronuclei.
a Forty-seven patients, 47 initiated IVF cycles resulting in 42 re-

trievals.
b Fifty-six patients, 56 initiated IVF cycles resulting in 55 retriev-

als.

FIG. 1. Segmented regression analysis to determine the optimal hCG administration criteria for maturity rate (A) and fertilization rate (B).
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leading follicles at hCG was higher with letrozole!FSH. By
the segmented regression analysis, the highest maturity rates
were obtained at the 20.4-mm cutoff point for the two leading
follicle measurements for letrozole-FSH (Fig. 1A). The re-
gression model with one change point gave the best model
fit with Akaike information criteria " 310.13, compared with
no or multiple change points models. A strong linear asso-
ciation between follicle size and the maturity rate (!̂ " 10 #

3.8, where !̂ denotes the estimated regression parameter #
se) is seen before the change point, whereas a slightly de-
creasing or plateau pattern (!̂ " $2.3 # 2.7) was observed
after the change point. The slope parameter after the break
was not significantly differentiable from zero slope. We re-
peated the same analysis for the fertilization rate outcome.
Positive linearity held up to the change point around 19.5
mm, and the slope became flat after that, where the respec-
tive slope estimates correspond to 19 # 6 and 2.6 # 2.3 (Fig.
1B). Again, a 95% confidence interval for the slope after the
change point includes zero value.

Despite these differences, total number of oocytes and
embryos obtained and fertilization rates were similar be-
tween the two groups. Endometrial thickness was signifi-
cantly lower in the letrozole!FSH group, but the mean val-
ues remained within a clinically accepted range (17). The
latter finding was consistent with the findings from previous
studies in which letrozole was used for ovulation induction
in noncancer patients (18). A lower percentage of patients
underwent ICSI in the control group, compared with
letrozole!FSH (57.1 vs. 100%, P % 0.001), but when com-
parison was limited to ICSI cycles, the results did not change
(data not shown).

Forty-seven cycles were initiated in the letrozole!FSH
group. Of the 47, 42 cycles went to oocyte retrieval. Four
cycles were canceled due to poor response, and one was
discontinued because of a superficial thrombophlebitis in a

TABLE 2. Comparison of various characteristics between
letrozole!FSH and control groups

Letrozole!FSHa Controlb P value

Age at IVF (yr) 36.4 # 3.6 36.9 # 3.9 0.44
Baseline FSH 7.1 # 3.1 4.2 # 2.0 %0.001
E2 at hCG 483.4 # 278.9 1464 # 644.9 %0.001
Endometrial thickness 8.7 # 2.8 10.9 # 2.5 %0.001
Follicle no. & 17 4.0 # 1.7 2.7 # 1.2 %0.001
Peak follicle size (mm) 21.3 # 2.6 18.7 # 1.5 %0.001
Total oocytes (n) 12.4 # 7.0 11.1 # 5.5 0.43
Mature oocytes (n) 8.7 # 4.8 9.7 # 5.1 0.43
Mature oocytes (%) 73.2 # 22.9 86.3 # 12.7 0.003
No. of 2 pn zygotes 6.6 # 4.0 6.9 # 4.1 0.73
Fertilization rate 74.1 # 24.0 73.2 # 21.5 0.71
No. of days stimulated 11.7 # 2.3 12.2 # 1.5 0.09
Total FSH dose 1317.8 # 578.2 2382.5 # 1062.8 %0.001

Data represent mean # SD. pn, Pronuclei.
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OOCYTE MATURATION RATE : CONTROVERSIES

Revelli 2013; Quinn 2017 

oocytes for fertility preservation. The patients’ basal characteris-
tics are shown in Table 1.

When the breast cancer was ERþ (50 patients), Letrozole was
added to Gn, and the LeþGn protocol was used; on the contrary,
when the cancer was ER– (25 patients), only gonadotropins
(Gn-only protocol) were administered. The latter patients were
used as a control group to assess the effects of Letrozole on COH.

Ovarian stimulation regimens

The ovarian LeþGn stimulation (50 COH cycles) was accom-
plished with an antagonist protocol as described by Oktay,
starting always in the early follicular phase [8,15]. The Gn-only
stimulation regimen (25 cycles) was performed administering
subcutaneous Gn (recombinant FSH or hMG) from cycle day 2
with an antagonist protocol or with a long GnRH agonists
protocol. The Gn starting dose was chosen for each patient on the
basis of the following clinical characteristics: age, body mass
index, basal (day 3) FSH level, anti-Mullerian hormone level,
antral follicle count, and was then adjusted according to ovarian
response. Recombinant FSH (rec-FSH; Gonal F, Merck-Serono,
Geneva, Switzerland, or Puregon, MSD, Whitehouse Station, NJ)
was used in most stimulation cycles (82% in the LeþGn group
and 92% in the Gn-only group, respectively), whereas human
menopausal gonadotropins (hMG; Ferring, Darmstadt, Germany)
were used in 18% of cycles in the LeþGn group and in 8% of
cycles in the Gn-only group.

Ovarian stimulation was monitored by serial transvaginal
ultrasound (US) examinations coupled to serum E2 measurements
starting on stimulation day 5–8. When appropriate according
to ovarian US and E2 levels, 10 000IU of hCG (Gonasi HP, IBSA,
Lugano, Switzerland) were administered, and oocyte pick-up

(OPU) was performed 35–37 hours later under US guidance.
The retrieved oocytes were immediately observed to assess
nuclear maturity, and metaphase II eggs were cryostored; the
slow-freezing or the vitrification techniques [16] were used in
70% and 30% of cases, respectively.

End points and statistics

The primary end-points of this study were: (a) the number
of mature, cryopreservable oocytes, and (b) E2 levels during
stimulation. Secondary end-points were the following: proportion
of canceled cycles, total amount of administered Gn, stimulation
length, E2/retrieved and E2/cryopreserved oocyte ratios.

The Chi square test statistics was used to compare categorical
covariates, and continuity correction was used to account for
small expected observations. The mean levels of the studied
covariates were tested by means of the Student t test or the Welch
test, according to the results of Levene’s test for equality of
variance. Differences were considered statistically significant at a
p50.05.

Results

The two groups of patients did not significantly differ for any
of the basal clinical characteristics (Table 1).

Overall, 4 cycles out of 75 were canceled before OPU, 1 in
the LeþGn group and 3 in the Gn-only group; however, only
1 cycle in the Gn-only group was cancelled for inadequate
ovarian response (Table 2), whereas the others were stopped for
sudden health problems that forced to anticipate the oncological
treatment, unrelated to the stimulation itself.

The starting Gn dose and the total dose of administered Gn
were significantly lower in the LeþGn than in the Gn-only group
(Table 2). The number of developing follicles was similar with
both protocols, but the number of oocytes retrieved was border-
line significant in favor of Gn-only regimen, and the number of
mature oocytes available for cryopreservation (6.6" 3.5 versus
8" 5; p¼ 0.038) was significantly higher in the Gn-only group
(Table 2).

The anti-estrogenic effect of Letrozole resulted in significantly
lower E2 levels at all checkpoints during stimulation (Figure 1).
The peak E2 level the day of hCG administration (D-hCG) was
approximately one-third in the LeþGn group than in the Gn-only
group (Table 2).

Discussion

The property of stimulating follicular recruitment and growth
while keeping low E2 levels renders Letrozole particularly
interesting for young women with E2-sensitive malignancies
(e.g. endometrial and ERþ breast cancers) wishing to preserve

Table 2. Ovarian stimulation outcome. Data are expressed as mean and 95% Confidence Interval (95% CI).

Le-Gn group (N¼ 50) Gn-only group (N¼ 25) p

Canceled cycles (n (%) 1 (2%) 3 (12%) ns
Gn starting dose (IU/day) 180 (168–193) 218 (185–252) 0.045
Total amount of Gn (IU) 1725 (1462–1988) 2322 (1877–2767) 0.021
Length of stimulation (days) 10.6 (9.84–11.36) 10.4 (9.32–11.48) ns
Peak estradiol level (pg/ml) 446 (320–572) 1553 (1108–1998) 0.001
Follicles510 mm at hCG 2.49 (1.65–3.33) 1.86 (0.52–3.20) 0.421
Follicles 11–13 mm at hCG 2.60 (1.92–3.28) 2.95 (1.56–4.34) 0.622
Follicles 14–15 mm at hCG 2.76 (2.09–3.43) 2.67 (1.40–4.94) 0.896
Follicles416 at hCG 5.60 (4.45–6.75) 6.27 (2.77–9.77) 0.530
Retrieved oocytes at OPU 7.60 (6.26–8.94) 10.50 (7.37–13.63) 0.05
Mature (MII) oocytes 6.6 (3.99–17.19) 8 (5.75–10.25) 0.038
E2/retrieved oocyte (pg/ml) 76 (51.8–119.0) 228 (118–238) 0.015
E2/cryopreserved oocyte (pg/ml) 92 (67.2–116.8) 237 (125–349) 0.026

Table 1. Patients’ clinical characteristics. Data are expressed as
mean" SD.

Le-Gn
(n¼ 50)

Gn-only
(n¼ 25) p

Age (years) 34.4" 5.2 35.1" 4.9 ns
Patients aged $38 yrs (%) 26 36 ns
Patients with children (%) 7.5 5.2 ns
Patients with previous infertility (%) 5.8 11.5 ns
Patients with previous ovarian

surgery (%)
6.8 8.6 ns

Smokers (%) 19 5.2 ns
BMI 21.8" 3 20" 1.9 ns
Basal FSH (IU/L) 7.3" 2.7 7.8" 3 ns
AMH (ng/ml) 3.9" 2.6 4.1" 3 ns
Antral Follicle Count (AFC) 10" 5.5 12" 9.9 ns

AMH: anti-mullerian hormone; BMI: body mass index; FSH: follicle-
stimulating hormone.
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ER+ vs ER- BC
- Similar baseline characteristics
- ER+ BC: Antagonist Let-COH
- ER-: Antagonist or long agonist COH
- hCG trigger “when appropriate”

Use of letrozole in breast cancer patients
with estrogen-sensitive disease does not
affect ovarian stimulation outcomes
Breast cancer patients with estrogen-sensitive tumors were adminis-
tered an aromatase inhibitor, letrozole, daily to maintain low estrogen
levels during ovarian stimulation. Patients who used letrozole had long-
er ovarian stimulation cycles compared to women undergoing elective
fertility preservation but had similar cycle length cycles to cancer
patients not using letrozole (Table III). Breast cancer patients (both
letrozole and no letrozole groups) used higher daily doses of gonado-
tropins (Table III). Patients who used letrozole had more follicles
measuring ≥13 mm on the day of trigger injection and lower peak
estradiol levels compared to women undergoing elective fertility pres-
ervation (Table III). While patients using letrozole had higher numbers
of total oocytes retrieved compared to the elective fertility preserva-
tion group, there was no difference in the number of MII oocytes or
the mature oocyte yield (MII/AFC) . The maturity rate (MII/total
oocytes) was lower in breast cancer patients using letrozole compared
to those undergoing elective cryopreservation, but similar to breast

cancer patients without letrozole use (Table IV). Breast cancer
patients using letrozole had a similar fertilization rate compared to can-
cer patients without letrozole (0.76 ± 0.02 vs 0.85 ± 0.02). For
patients with estrogen-sensitive tumors, it is our center’s practice to
uptitrate the dose of letrozole with the goal of maintaining estradiol
levels close to that observed during mono-follicular development in
natural cycles (<500 pg/mL). Given the finding of decreased maturity
rate in our cancer population using letrozole, we sought to determine
whether letrozole uptitration affected cycle outcome. In an analysis
controlled for age and BMI, there was no significant difference in
maturity or fertilization rates based upon the maximum letrozole dose
(Supplementary Table SIII).

Discussion
We demonstrate that patients with newly diagnosed breast cancer do
not have compromised ovarian reserve. Additionally, we show that
these patients have a similar response to ovarian stimulation with
equivalent ovarian stimulation outcomes to patients undergoing

.............................................................................................................................................................................................

Table III Cycle characteristics by group.

Outcome variable Elective Cryopreservation
(n= 398)

Breast Cancer with
letrozole (n = 151)

Breast Cancer without
letrozole (n = 40)

P-valuea

Days of stimulation 9.7 ± 0.1 10.3 ± 0.2b 10.1 ± 0.3 0.001

Daily dose gonadotropin (IU) 210 ± 4 237 ± 6b 238 ± 13c <0.001

Follicles ≥13 mm at trigger 11.7 ± 0.4 15.1 ± 0.7b 12.5 ± 1.3 0.004

Peak estradiol (pg/mL) 2842 ± 93 709 ± 34b,d 2472 ± 245 <0.001

aANCOVA; age and BMI as co-variates.
bP < 0.001 for comparison with elective cryopreservation.
cP < 0.05 for comparison with elective cryopreservation.
dP < 0.001 for comparison with cancer without letrozole.
Data presented as mean (estimate) ± SE.

.............................................................................................................................................................................................

Table IV Outcomes by group for those who proceeded to retrieval.

Outcome variable Elective cryopreservation
(n= 361)a

Breast Cancer with
letrozole (n = 144)a

Breast Cancer without
letrozole (n = 38)a

P-valueb

Oocytes retrieved 17.0 ± 0.5 20.1 ± 1.1c 16.6 ± 1.2 <0.001

MII oocytes retrieved 13.2 ± 0.4 14.1 ± 0.8 12.2 ± 1.0 0.019d

MII/total oocytes 0.77 ± 0.01 0.71 ± 0.01c 0.74 ± 0.02 0.050

MII/AFC 0.93 ± 0.03 1.01 ± 0.06 1.10 ± 0.14 NS

MII/follicle ≥ 13 mm 1.03 ± 0.02 0.94 ± 0.03 0.96 ± 0.05 NS

≤6 oocytes retrieved (n, %) 45, 12.5% 15, 10.4% 6, 15.8% NSe

2PN/MII (ICSI, n = 84) – 0.76 ± 0.02 0.82 ± 0.02 NS

an = total number of subjects who proceeded to retrieval for each group.
bANCOVA; age, BMI and total gonadotropin dose as co-variates unless otherwise indicated.
cP < 0.001 for comparison with elective cryopreservation.
dPairwise comparisons between groups: NS.
eChi-squared.
Data presented as mean (estimate) ± SE.
AFC: Antral Follicle Count, MII: Metaphase II (mature).

571Ovarian response in breast cancer patients

ER+ BC vs ER- vs EFP
- hCG or GnRHa trigger 

à18mm (cCOH) 
à 20mm (Let-COH)

- Similar maturation rate as non 
Let-COH in ER- BC



BROVALE TRIAL: SIMILAR MATURATION RATES BETWEEN BREAST
CANCER AND INFERTILE PATIENTS

Unpublished data

hCG TRIGGER P

Let-COH Control

Patients (n) 21 38

Age 33 (27-35) 32.5 (28-34) 0.947

BMI (kg/m2) 21.7 (19.7-
23.4)

21.8 
(20.4-28.8) 0.166

AMH (ng/ml) 1 (0.54-4.3) 2.3 (1.3-3.2) 0.115

Gn doses (IU) 1812 
(947-2700)

1568 
(1350-2006) 0.363

E2 level at 
trigger  (pg/ml)

174 
(84-454)

1465 
(998-2004) <0.001

Oocytes 
retrieved (n) 6.5 (3-9.7) 6 (5-9) 0.541

Mature oocytes 
(n) 5 (2-7.7) 5 (4-8) 0.433

Maturation rate 
(%)

82.9 
(67.3-100)

85.7 
(75-100) 0.521

GnRHa TRIGGER P

Let-COH Control

29 32

32.5 (29-35) 32 (30.34.7) 0.710

22 
(19.4-26.6)

22.3 
(19.8-23.8) 0.894

2.2 (1.4-4) 4 (2.9-5.9) 0.003

2400 
(1912-3600)

1350 
(1200-1518) <0.001

317 
(168-469)

2387 
(1864-2826) <0.001

8 (4.5-14) 11 (8.2-15.7) 0.042

6 (3-11) 8.5 (5-14.5) 0.037

85.7
(66.6-100)

89.1 
(75.4-98.6) 0.816
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Letrozole-associated controlled ovarian
hyperstimulation in breast cancer patients
versus conventional controlled ovarian
hyperstimulation in infertile patients:
assessment of oocyte quality related
biomarkers
Oranite Goldrat1,2* , Geraldine Van Den Steen2, Eric Gonzalez-Merino1, Julie Dechène2, Christine Gervy3,
Anne Delbaere1, Fabienne Devreker1, Viviane De Maertelaer4 and Isabelle Demeestere1,2

Abstract

Background: Fertility preservation (FP) protocols in case of breast cancer (BC) include mature oocyte cryopreservation
following letrozole associated controlled ovarian hyperstimulation (Let-COH). To date, the impact of Let-COH on the
follicular microenvironment has been poorly investigated, although a high androgen/estrogen ratio was previously
associated with low oocyte quality.

Methods: In this prospective study, follicular fluid (FF) steroid levels (estradiol, testosterone, progesterone) and cumulus
cell (CC) gene expression related to oocyte quality (HAS2, PTGS2, GREM1) were compared between 23 BC patients
undergoing Let-COH for FP and 24 infertile patients undergoing conventional COH without letrozole. All patients
underwent an antagonist COH cycle, and ovulation was triggered with hCG or GnRHa in both groups.

Results: FF estradiol levels were significantly lower while testosterone levels were significantly higher in the study group
compared to controls irrespective of the trigger method. However, estradiol levels increased significantly with GnRHa
triggering compared to hCG in the study group (median = 194.5 (95.4–438) vs 64.4 (43.8–152.4) ng/ml, respectively, p < 0.
001), but not in the control group (median = 335.5 (177.5–466.7) vs 354 (179–511) ng/ml, respectively). After hCG trigger,
Cumulus cell (CC) gene expression was lower in the study group compared to the control group, and difference was
significant for PTGS2. Conversely, CC gene expression of PTGS2 and GREM1 was significantly higher in the study group
compared to controls when ovulation was triggered with GnRHa.

Conclusions: Let-COH triggered with hCG may negatively impact oocyte quality. However, ovulation triggering with
GnRHa may improve the oocyte microenvironment and cumulus cell genes expression in Let-COH, suggesting a positive
impact on oocyte quality in breast cancer patients.
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Oocyte quality markers:
- HAS2
- PTGS2
- GREM1

Follicular steroid levels
- Estradiol
- Testosterone
- Progesterone

Let-COH BC patients
(n=23)

cCOH Infertile patients
(n=24)

• All patients were stimulated with rFSH in an antagonist cycle 
• Analysis according to ovulation trigger



hCG TRIGGER IN LET-COH MIGHT INDUCE A SUBOPTIMAL
FOLLICULAR MICROENVIRONMENT

27

hCG Trigger

Let-COH
(n=25)

Control
(n=31) P

E2 levels
(ng/ml)

64.4 
(43-152)

354
(179-511) <0.001

T levels
(ng/ml)

16 
(9.95-31.5)

2 
(1.5-2.7) <0.001

P levels
(ug/ml)

12
(4.15-16.7)

8.1 
(6.7-13.2) 0.338

Groups

Control (n=29)

Let-COH (n=30)
p<0.05

Goldrat et al. RBE 2019



GnRHa-TRIGGER IN LET-COH MAY BE FAVORABLE FOR OOCYTE 
DEVELOPMENTAL COMPETENCE

GnRHa Trigger

Let-COH
(n=41)

Control
(n=42)

P

E2 levels
(ng/ml)

194.5
(95.4-438)

335.5 
(177.5-466) 0.011

T levels
(ng/ml)

17 
(14-30)

1.98 
(1.3-2.8) <0.001

P levels
(ug/ml)

8
(6-11.4)

7.3 
(5.8-9.2) 0.074

****

**: p < 0.001

Groups

Control (n=53)

Let-COH (n=59)

Goldrat et al. RBE 2019



EFFICIENCY OF LETCOH IN BRCA MUTATION

Turan et al. 2017; Lambertini et al. 2017

Given its confirmed association with lower response to
ovarian stimulation, we therefore included BRCA mutation
status in our final model for logistic regression. After adjusting
for age, BMI, baseline FSH level, and BRCA mutation status,
LF protocol still resulted in higher number of total oocytes
(95% CI: 1.9-3.6; P ¼ .002), mature oocyte (95% CI: 0.3-
1.4; P ¼ .028), and embryo yield (95% CI: 0.7-1.4; P ¼
.015) compared to FA protocol (Table 3).

Discussion

In this study, we compared a short antagonist protocol with
letrozole (LF) to a similar protocol without the co-treatment
of letrozole (FA) in patients with cancer and found that LF
protocol resulted in higher number of oocytes and embryos
obtained. After adjusting for various confounders including the
BRCA mutation status, total number of retrieved oocytes and
obtained embryos were still higher in the LF group.

A biological rationale exists for the possible augmentative
benefit of aromatase inhibitors in ovarian stimulation. Previous
studies demonstrated that ovarian stimulation with letrozole
increases intraovarian androgen concentrations and improves

response to ovarian stimulation.26,27 Androgens serve as a sub-
strate for E2 production and promote the growth of small fol-
licles and the proliferation of granulosa and theca cells to
augment follicular sensitivity to FSH.26,27 Intraovarian andro-
gens have also been shown to have a profound supportive
impact on mouse preantral follicles in vitro.28 Furthermore,
aromatase inhibitor treatment augments preantral and small
antral follicle growth in vitro.18 In the present study, adminis-
tration of letrozole from cycle day 2 may have resulted in a
more supportive androgenic environment for small follicles by
increasing their gonadotropin sensitivity and reducing the ten-
dency for atresia.

To our knowledge, our study is the only large study compar-
ing an antagonist protocol with or without letrozole cotreat-
ment in a cancer population. In a pilot study comparing
ovarian stimulation with aromatase inhibitors in patients with
breast cancer (n ¼ 9) to standard ovarian stimulation in
nonhormone-dependent patients with cancer (n ¼ 10), the total
number of oocytes retrieved was not significantly different
between the groups.29 However, the small number of patients
did not provide the statistical power to compare the cycle
outcomes.

The patients in the 2 study arms were treated with identical
short antagonist protocols with the difference being the use of
letrozole in women with breast cancer. In addition, the trigger
was performed at a 2 mm larger end point based on our earlier
work.20 The length of ovarian stimulation with the LF protocol
is similar to standard protocols and the difference in the follicle
size at the time of trigger appears to be due to the fact that
letrozole results in the earlier formation of antral space.20,23

Hence when we use a trigger criteria with larger follicle size
with letrozole, the physiological state of the lead follicles
appears to be more similar to those stimulated with standard
protocols. In fact, we have shown that when trigger criteria for
standard protocols are used for letrozole cycles, this results in a
higher immaturity and lower fertilization rates.20 This fact may
explain why some ovulation induction studies, which used
identical trigger criteria for all groups, may have observed
lower success with letrozole.30

Our study has several strengths and weaknesses. Although
we compared the letrozole protocol in patients with breast
cancer to standard protocols in tubal factor infertility patients
in previous studies, this study accomplished the same

Table 2. Impact of BRCA Mutations on Response to Ovarian Stimulation With Letrozole-FSH Protocol.

Variables and Outcomes BRCA negative or untested (n ¼ 97) BRCA positive (n ¼ 21) P Value Adjusted P Valuea (95% CI)

Age 33.2 (3.2) 32.7 (2.4) .680
BMI, kg/m2 22.1 (3.1) 23.5 (5.2) .695
No. of total oocytes 16.4 (7.7) 11.0 (8.0) .015 .002 ("10.6 to "2.5)
No. of mature oocytes 10.6 (5.1) 7.4 (5.7) .047 .008 ("7.2 to "1.1)
Fertilization rate, % 79.3 (16.4) 74.0 (24.8) .277 .053 ("20.1 to 0.2)
No. of embryos frozen 8.2 (4.7) 5.1 (4.4) .013 .003 ("7.1 to "1.5)

Abbreviations: BMI, body mass index; CI, confidence interval; SD, standard deviation.
aAdjusted for age and body mass index. Starting and total gonadotropin use did not differ between the groups. Results were given as mean (SD). A P value#.05 was
considered statistically significant.

Table 3. Comparison of Letrozole-FSH to FSH-only Protocol in
Fertility Preservation Patients.a

Cycle
outcomes

LF
(n ¼ 118)

FA
(n ¼ 24)

P
Value

Adjusted P
Valueb (95% CI)

No. of total
oocytes

15.6 (7.9) 10.2 (7.8) .004 .002 (1.9 to 3.6)

No. of mature
oocytes

10.4 (5.1) 7.8 (3.5) .044 .028 (0.3 to 1.4)

Fertilization
rate, %

78.0 (18.6) 87.5 (14.6) .107 .489 ("14.4 to 6.9)

No. of embryos
frozenc

7.7 (5.3) 5.3 (2.7) .043 .015 (0.7 to 1.4)

Abbreviations: CI, confidence interval; FA, rFSH alone; FSH, follicle-stimulating
hormone, SD, standard deviation.
aResults were given as mean (SD). A P value #.05 was considered statistically
significant.
bAdjusted for age, body mass index, baseline follicle-stimulating hormone (FSH)
level and BRCA status.
cNinety-five women in the LF and 18 in the FA group underwent embryo
cryopreservation while others underwent oocyte cryopreservation.
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excluded, our study confirmed that embryo/oocyte cryopreserva-
tion is feasible and remains the first fertility preservation option
to be discussed also in BRCA-mutated breast cancer patients.
Appropriate counseling is particularly important in these patients
as the chemotherapy-induced ovarian damage might be also
more pronounced [5].

Although still experimental, ovarian tissue cryopreservation is
an effective technique for fertility preservation that may be pro-
posed to selected breast cancer patients such as those who cannot
delay anticancer treatments or with contraindications to con-
trolled ovarian stimulation [2]. Our study including 19 BRCA-
mutated breast cancer patients is the largest series reporting the

Table 1. Oocyte cryopreservation in the BRCA-positive and BRCA-negative cohorts

BRCA-positive cohort (N 5 10, 34.5%) BRCA-negative
cohort
(N 5 19, 65.5%)

P valuesa

(BRCA-positive
versus
BRCA-negative)

BRCA1-positive
(N 5 5, 50.0%)

BRCA2-positive
(N 5 5, 50.0%)

BRCA-positive
cohort
(N 5 10, 100%)

Total FSH dose (IU), median (IQR) 2775 (2700–2850) 2775 (1800–3000) 2775 (1800–3000) 2025 (1575–2425) 0.085
Type of stimulation, N (%)

Follicular 3 (60.0) 3 (60.0) 6 (60.0) 11 (57.9) 1.000
Random 2 (40.0) 2 (40.0) 4 (40.0) 8 (42.1)

Stimulation days, median (IQR) 11 (10–11) 12 (12–12) 11.5 (10–12) 9 (8–11) 0.110
E2 at trigger (pmol/l), median (IQR) 419 (95–442) 187 (159–238) 213 (95–442) 200 (92–615) 0.909
P at trigger (pmol/l), median (IQR) 1.37 (0.81–1.76) 0.45 (0.45–1.50) 1.09 (0.45–1.76) 0.84 (0.59–1.40) 0.854
Number of oocytes, median (IQR) 7 (3–7) 6 (3–7) 6.5 (3–7) 9 (5–13) 0.145
Number of mature oocytes, median (IQR) 7 (3–7) 4 (2–5) 4.5 (2–7) 7 (5–9) 0.299
Maturation rate, median (IQR) 1.0 (1.0–1.0) 0.7 (0.7–0.7) 0.8 (0.7–1.0) 0.9 (0.7–1.0) 0.888
Number of cryopreserved oocytes, median (IQR) 5 (2–7) 3 (2–4) 3.5 (2–7) 6 (4–12) 0.121
Poor response rate, N (%) 2 (40.0) 2 (40.0) 4 (40.0) 2 (11.1) 0.147

aCalculated excluding the unknown values.
FSH, follicle-stimulating hormone; IQR, interquartile range; E2, estradiol; P, progesterone.

Table 2. Ovarian tissue cryopreservation in the BRCA-positive and BRCA-negative cohorts

BRCA-positive cohort (N 5 19, 26.4%) BRCA-negative
cohort
(N 5 53, 73.6%)

P valuesa

(BRCA-positive
versus
BRCA-negative)

BRCA1-positive
(N 5 14, 73.7%)

BRCA2-positive
(N 5 5, 26.3%)

BRCA-positive
cohort
(N 5 19, 100%)

Type of surgery, N (%)
Unilateral 3 (21.4) 0 (0.0) 3 (15.8) 4 (7.6) 0.371
Bilateral 11 (78.6) 5 (100) 16 (84.2) 49 (92.4)

Fragments, median (IQR) 17 (13–20) 25 (20–28) 17 (13–23) 18 (14–22) 0.913
Follicle densityb, median (IQR) 5 (3–6) 4 (3–12) 4.5 (3–7) 6 (4–10) 0.318

Not evaluated, N (%) 1 (7.1) 0 (0.0) 1 (5.3) 3 (5.7)
Number of oocytes, median (IQR) 3 (0–8) 1 (0–3) 2 (0–8) 2 (1–6) 0.682

Not collected, N (%) 7 (50) 0 (0.0) 7 (36.8) 18 (34.0)
Number of oocytes per fragment, median (IQR) 0.08 (0–0.24) 0.08 (0.03–0.20) 0.08 (0–0.24) 0.14 (0.06–0.29) 0.193

Not evaluated, N (%) 8 (57.1) 1 (20.0) 9 (47.4) 28 (52.8)
Number of oocytes per mm2, median (IQR) 0.24 (0–1.10) 0.37 (0.90–0.78) 0.33 (0–1.00) 0.78 (0.20–1.20) 0.153

Not evaluated, N (%) 8 (57.1) 1 (20.0) 9 (47.4) 28 (52.8)
Number of cryopreserved oocytes, median (IQR) 1 (0–1) 1 (0–2) 1 (0–1) 0 (0–1) 0.422

Not collected, N (%) 7 (50.0) 0 (0.0) 7 (36.8) 18 (34.0)

aCalculated excluding the unknown values.
bNumber of follicles per mm2.
IQR, interquartile range.
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EFFICIENCY OF TAM-COH IN BRCA MUTATION

two-sample t test or the two-sample Wilcoxon test was used,
as appropriate. For categorical variables the c2 test or Fisher
exact test was performed. All tests were two-tailed, and P
values < .05 were considered statistically significant.

A multivariate logistic and linear regression model was
applied to the data to evaluate the effect of BRCA mutation
status on poor response rate (fewer than four oocytes per
cycle) and oocyte yield, respectively. On the basis of clinical
relevance, the possible contribution of potential cofounders,
including number of stimulation days and stimulation
dosage, were included in the models. We used the receiver
operating characteristic technique to find an optimal cutoff
for the stimulation days and dosage that will best differentiate
between low and higher ovarian response. This cutoff point
was chosen to have the highest sensitivity and specificity
rates.

RESULTS
A total of 62 BRCA mutation carriers aged 25–40 years met
the study's inclusion criteria and were included in the study.
Of the included carriers, 43 had a mutation in the BRCA1
gene, 17 had a mutation in the BRCA2 gene, and 1 had mu-
tations in both genes. In 1 additional carrier, definite informa-
tion regarding the involved mutated gene (BRCA1 or BRCA2)
was not available. BRCAmutation carriers were matched with
62 controls as previously described. Among all patients
included, 42 were fertility preservation breast cancer (21
BRCA mutation carriers, 21 matched controls) patients, and
82 were PGD non-cancer patients (41 BRCA mutation
carriers, 41 matched controls). Indications for PGD among
the 41 non-cancer controls were as follows: CFTR mutation,
connexin mutation, neisidioblastosis, Duchenne muscular
dystrophy, familial dysautonomia, glycogen storage disease,
Leigh syndrome, osteogenesis imperfecta, Alport syndrome,
osteopetrosis, balanced translocation, Sanjad Sakati syn-
drome, albinism, germ cell mosaicism, male BRCA mutation,
male familial adenomatous polyposis, male Von-Hipple-
Lindau disease, male retinoblastoma, male autosomal
dominant polycystic kidney disease, male neurofibromatosis
type 1, and elective gender selection.

Sixty-eight included patients (54.84%) were treated with
the long GnRH suppressive protocol, whereas the remaining
patients were administrated with the GnRH antagonist proto-
col. Of the 42 breast cancer patients included, 19 were coad-
ministrated tamoxifen throughout the conventional
stimulation protocol, with no effects on COH results (27).
BRCA-positive breast cancer patients were less frequently
cotreated with tamoxifen compared with BRCA-negative
breast cancer patients (19.05% vs. 71.43%, P< .01). Cotreat-
ment with tamoxifen had no effect on total stimulation
dose required. Patients treated with tamoxifen had an average
stimulation dose of 2,056 IU, compared with 2,325 IU in
patients not cotreated with tamoxifen (P¼ .74).

Table 1 presents characteristics and COH course of BRCA
mutation carriers and controls. A univariate analysis indi-
cated that BRCA mutation carriers and controls were similar
in terms of duration of stimulation, total stimulation dose,
and peak E2 levels. No cycle cancellations were documented
in each of the study groups. Owing to timing circumstances
in the case of emergent cycles performed for cancer patients,
day-3 FSH levels were available only for non-cancer patients
and were proved to be similar among carriers and controls. As
for cycle outcomes (Table 1), there was no significant differ-
ence in number of retrieved oocytes, nor there was any differ-
ence in poor response rates between the two groups. A total of
nine patients demonstrated a low ovarian response, five of
whom were observed in the carrier group and four in the con-
trol group (8.06% vs. 6.45%, P¼ .73). Average age of poor
responders within the two groups was 34.8 and 35.75 years,
respectively. Six of the poor responders were fertility preser-
vation patients, and three were PGD patients.

Number of resultant zygotes and fertilization rates were
also similar between carriers and controls (Table 1). Among
the 82 non-cancer PGD patients, 69 underwent fresh embryo
transfer. The clinical pregnancy rate among BRCA mutation
carriers was 33.33% (11 of 33), compared with 22.22% (8 of
36) among noncarriers (P¼ .44). A similar analysis for COH
characteristics and outcomes performed for BRCA1 mutation
carriers only and their matched controls also revealed compa-
rable cycle characteristics and COH outcomes between
carriers and controls.

TABLE 1

Patient characteristics, COH course, and results in BRCA mutation carriers and matched controls.

Characteristic BRCAD (n [ 62) Non-carriers (n [ 62) P value

Age (y) 31.92 " 3.61 (25–40) 32.09 " 3.54 (24–40) .78
Day-3 FSH (mIU/mL)a 7.2 " 2.24 (2.4–12.1) 7.25 " 2.82 (3.4–17) 1
Day-3 E2 (pmol/L)a 157.3 " 72.1 (37–305) 165.1 " 71.23 (70–294) .67
Total stimulation dose (IU)b 2,482 " 1,658 (747–9,000) 2,658 " 1,399 (1,125–7,200) .23
Stimulation days 10.16 " 2.21 (5–16) 10.36 " 1.51 (6–14) .13
Maximum E2 (pmol/L) 7,625 " 4,383 (540–17,020) 7,986 " 4,429 (1,073–17,000) .65
Oocyte yield 13.75 " 7.6 (1–35) 14.75 " 8.8 (3–38) .49
Poor response rate (%) 8.06 6.45 1
Zygotes 8.06 " 5.73 (0–26) 9.65 " 6.45 (1–26) .84
Fertilization rate 0.69 " 0.21 (0–1) 0.64 " 0.2 (0–1) .3
Note: Values are mean " SD unless otherwise noted. For continuous parameters, numbers in parentheses represent range of outcomes.
a Data presented for non-cancer patients only.
b Data were available for 70% of patients.
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chemotherapy regimen. The prospect of their future fertility,
following 2–5 years of refraining from conceiving owing to
adjuvant endocrine treatment, was also discussed.

Prospective enrollment was conducted for all consecutive
patients who requested fertility preservation and were
admitted to our ART unit for IVF and embryo freezing. The
age of each patient and partner, and parameters related to
breast cancer–hormone receptor positive staining and BRCA
mutation carrier status were recorded. In all patients, COH
for IVF consisted of only 2 protocols, either the long
gonadotropin-releasing hormone–agonist (GnRH-a)-sup-
pressive protocol or the multiple-dose GnRH-antagonist
protocol. The selection of type of COH protocol used was at
the discretion of the treating physician and was largely
dependent on the patient's characteristics and the time sched-
ules of their future cancer treatment.

In both protocols, tamoxifen 20 mg/day was added to the
treatment for patients who were ER positive; patients who
were ER negative had COH without tamoxifen. When ER sta-
tus was unknown when the fertility-preservation cycle was
initiated, tamoxifen was added according to clinical judg-
ment. Tamoxifen was added to COH protocol after initiation
of gonadotropin stimulation and throughout the COH proto-
col. Gonadotropins were administered in variable doses,
depending on patient age and ovarian reserve status, and
were further adjusted according to serum E2 levels and
vaginal ultrasound measurements of follicular diameter ob-
tained every 2 or 3 days (Fig. 1A). Routine IVF or intracyto-
plasmic sperm injection was performed following ovum
pick-up, as appropriate.

Data on infertility treatment–related variables were
collected from the files. When patients underwent >1 IVF
cycle, only the first cycle was evaluated, to prevent bias
caused by cycle repetitions. Oncological follow-up records
of patients' health, disease recurrence, and deaths following
the IVF fertility-preservation study were extracted. Time of
follow-up after IVF was up to 10 years.

Statistical Analysis
Statistical analysis was performed using the SAS 9.2, TS
level 2M3 for Unix package. To compare cycle characteris-
tics between 2 patient groups, a univariate analysis was
done. Cycle characteristics of interest included: patient
age, BRCA mutation status, number of stimulation days,
maximal E2 level, number of retrieved oocytes, and number
of stored embryos. For continuous data, the two-sample t
test was used if a normal distribution was likely, and the
Wilcoxon two-sample test was used when distribution
was skewed. For categorical data, the chi-square test or
Fisher's exact test were performed. All tests were two tailed,
and P values < .05 were considered statistically significant.
A multivariate linear regression model was applied to the
data to identify the effect of tamoxifen administration on
the number of oocytes retrieved. The following covariates
were included in the model: patient age in years (<28,
28–37, R37); protocol (long GnRH-a suppressive protocol,
multiple-dose GnRH-antagonist protocol); and BRCA
mutation status (þ, ", unknown).

RESULTS
Group 1: E2 Blood Levels in Young Breast Cancer
Patients Treated with Tamoxifen
Of 200 files of patients age<51 years that were evaluated, 46
patients met the study's inclusion criteria and had proven
functional ovaries when tamoxifen was administered.
Patients' mean age was 40.5 years (range: 29–51 years), and
24 patients had had previous chemotherapy. Characteristics
regarding diagnosis, staging, and treatment modalities are
presented in Supplemental Table 1. All patients underwent
curative breast surgery; the indications for tamoxifen admin-
istration were adjuvant therapy after the local treatment; 24
patients were treated with tamoxifen after chemotherapy.

FIGURE 1

Co-administration of tamoxifen to COH protocols used for IVF in
breast cancer patients. (A) Long luteal GnRH-a (1), and antagonist
protocol (2), were used in the study; short GnRH-a protocol was
not. (B) The outcome of fertility-preservation cycles in breast cancer
patients. COH protocols with or without tamoxifen. Figure shows
values # standard deviation.
Meirow. Safe, effective IVF in breast cancer. Fertil Steril 2014.
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administrated or not regardless the hormonal status. The two
populations showed comparable baseline characteristics and
criteria for ovulation triggering were similar in both groups. As
a result, the lower oocyte maturation rates observed after COSTLES,
and the subsequent reduced number of mature eggs cryopreserved
may be exclusively explained by letrozole use. Such a letrozole-
induced effect during COS has already been hypothesized [6,8,9].
Therefore, Oktay et al., suggested to delay ovulation triggering in
COSTLES protocols when follicles reach at least 20 mm in diameter
instead of 18 mm with standard protocols [6]. Nevertheless, recent
series failed to observe improved oocyte maturation rates when
these new criteria were applied [8,9].

Actually, there is a lack of data regarding the competence of
oocytes recovered after COSTLES. Oktay et al., published
preliminary reassuring results in 33 women, showing comparable
pregnancy rates to those expected in a non-cancer patients
undergoing IVF [26]. Very recently, Cobo et al., found similar
oocyte survival and live birth rates after FP performed using
either conventional antagonist protocol or antagonist with
letrozole protocol [27]. However, our findings regarding the
reduced number of oocytes vitrified following COSTLES may
represent an important concern. Similar results were previously
reported by Revelli et al. [8] and more recently by Cobo et al. [27].
Indeed, the number of frozen oocytes remains a crucial issue in
women seeking FP since it is directly correlated with the chances
of live birth [27,28]. Nevertheless, the theoretic safety of
COSTLES protocol, confirmed by an absence of increased
recurrence risk in BC during the 5 years after diagnosis [29],
account for its frequent use worldwide in candidates for FP in BC
patients [7].

Conclusion

The present findings indicate that COSTLES protocol may be
associated with decreased oocyte maturation rates when com-
pared with conventional antagonist protocol. As a result, the final
number of mature oocyte vitrified is reduced, which might limit
the future chances of live birth. The reason for such an effect
remains unclear but the low intrafollicular estradiol levels might
be at play. Evidence indicates that the use of letrozole during
ovarian stimulation is safe. However, data are lacking to consider
standard antagonist protocol unsafe, even in patients suffering
from estrogen-sensitive tumors. Further investigations are needed
to better understand the potential effect of AIs administration
during ovarian stimulation and confirm the competence of oocytes
vitrified following COSTLES protocol.
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Table 2
COS characteristics and outcomes.

Conventional antagonist protocol COSTLES p
n = 83 n = 94

Random start (%) 41.5 % 47% 0.6
Starting dose of gonadodropins (IU)a 287.5 ! 93.2 301 ! 99.0 0.3
Total dose of gonadotropins (IU)a 2970 ! 1368 3168 ! 1784 0.4
Duration of stimulation (days)a 10.2 ! 2.0 10.0 ! 2.2 0.6
Serum E2 levels on dOT (pg/ml)a 1651 ! 1235 427 ! 332 <0.0001
No of follicles " 16  mm on dOT 5.7 ! 3.9 5.4 ! 3.7 0.5
No of follicles 12  – 15  mm on dOT 6.5 ! 5.5 5.8 ! 4.6 0.3
No of oocytes recovered (n)a 13.1 ! 10.0 12.2 ! 8.3 0.5
No of metaphase II oocytes (n) a 10.3 ! 8.5 7.8 ! 5.3 <0.001
Maturity rate (%) 77.4 ! 19.3 64.9 ! 22.8 <0.001
FORT* (%)a 34.7 ! 20.6 33.4 ! 25.4 0.7

SD: standard deviation.
FORT: follicular output rate: No of Follicles > 16 mm on dOT x 100 / No of antral follicles on d0.
Maturation rate: MII/oocytes retrieved.
dOT: day of triggering.

a Mean ! SD.
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A B S T R A C T

Objectives: Oocyte and/or embryo vitrification after controlled ovarian stimulation (COS) represents the
most established method of fertility preservation (FP) before cancer treatment. However, traditional COS
regimens are associated with supraphysiologic serum estradiol and are therefore not recommended in
estrogen-sensitive diseases such as breast cancer (BC). To protect the patients from the potential
deleterious effects of elevated estrogen levels during COS for FP, protocols using aromatase inhibitors
(letrozole) were developed. The present study aims at investigating whether COS with letrozole
supplementation (COSTLES) modifies ovarian response in BC patients.
Study design: One hundred and seventy-seven BC patients candidates for FP using oocyte and/or embryo
vitrification following COS referred to our center between July 2013 and December 2016 were included in
this retrospective case-control study. 94 patients underwent COSTLES while 83 had standard GnRH
antagonist protocol. The number of oocytes retrieved, oocyte maturation rates, number of oocytes
vitrified and follicle responsiveness to FSH assessed by the Follicular Output Rate (FORT) were assessed.
Results: Women in both groups were comparable in terms of age and ovarian reserve tests leading to a
similar number of oocyte recovered (13.1 !10.0 vs. 12.2 ! 8.0 oocytes, respectively, NS). However, oocyte
maturation rates were significantly lower in COSTLES compared to standard protocol (64.9 ! 22.8 vs.
77.4 !19.3%, p < 0.001). As a result, the number of mature oocyte vitrified was lower in COSTLES group
(7.8 ! 5.3 vs. 10.3 ! 8.5 oocytes, p < 0.001 respectively)
Conclusion: Despite similar response to exogenous FSH, BC patients having undergone COSTLES show
reduced oocyte maturation rates in comparison with those having received standard stimulation
regimen.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Breast cancer (BC) represents one of the most frequent
malignancy diagnosed in women of reproductive age [1]. Recent
advances in diagnostic and therapeutic strategies have significant-
ly improved BC prognosis [1]. However, most of cases will require
systemic gonadotoxic chemotherapy, and sometimes anti-hor-
monal therapy that will preclude any pregnancy during the course
of treatment. Therefore, these women have an increased risk of

destruction of their follicular stockpile, as a result of both
gonadotoxic therapy and the natural ovarian aging occurring
during the treatment period, resulting in a dramatic reduction of
the fertility potential [2]. The question of fertility preservation (FP)
in young cancer patients has become a major issue in the care-
personalized path. Indeed, many FP techniques have been
developed to enable cancer survivors to improve their possibility
of becoming genetic parents after healing [3]. Despite improve-
ments in ovarian tissue cryopreservation, the vitrification of
fertilized or unfertilized oocytes recovered after controlled ovarian
stimulation (COS) before cancer therapy still represents the most
established and efficient method for preserving female fertility [3].
However, traditional COS regimens induce a 10–20-fold increase in* Corresponding author.
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Overall, patients in the COSTLES or conventional protocol
groups were comparable in terms of age and markers of the ovarian
follicular status assessed by AFC and AMH (Table 1).

COS characteristics and outcomes

As expected, serum E2 levels on dOT were significantly lower in
COSTLES group. The mean number of eggs recovered as well as
FORT values did not differ between COSTLES and conventional
antagonist protocol groups. Interestingly, oocyte maturation rates
((MII/oocytes recovered) X 100) were altered in COSTLES group in
comparison with conventional antagonist protocol group
(64.9 ! 22.8 vs. 77.4 !19.3%, respectively, p < 0.001) leading to a
significantly decreased number of MII oocytes (7.8 ! 5.3 vs.
10.3 ! 8.5 oocytes, respectively, p < 0.001) (Table 2).

Discussion

The present investigation aimed to analyze whether letrozole
supplementation to conventional GnRH antagonist protocol
impacts COS outcomes in BC candidates for FP. Since AIs inhibit
androgens conversion to estrogens [13], the resulting variations in
these steroid concentrations within the follicle after letrozole
administration [14] might influence the ovarian response to
recombinant FSH and/or oocyte quality. The central finding of our
study is the AIs-related alteration in oocyte maturation rates,
leading to a lower number of matured eggs cryopreserved when
compared with conventional GnRH antagonist protocol. However,
others cycle characteristics, such as the duration of ovarian
stimulation, total amount of gonadotropins or follicles responsive-
ness to exogenous FSH (assessed by the FORT) were similar
between COSTLES and conventional antagonist protocol groups.

Letrozole is a potent and highly selective third-generation AI
that competitively inhibits the activity of the aromatase, an
enzyme of the cytochrome P-450 super family and the product of
the CYP19 gene. The AI-induced reduction in estrogen production
and circulating E2, account for the use of these molecules as
adjuvant hormonal treatment in advanced-stage postmenopausal
BC [15]. Moreover, AIs have been used successfully to induce
ovulation in women with polycystic ovary syndrome [16]. More
recently, letrozole has been used to suppress E2 production in
women with BC undergoing COS before chemotherapy [6,17]. This
strategy of ovarian stimulation enables a follicular maturation
while maintaining serum E2 levels close to the normal ranges
[5,18]. Therefore, COSTLES protocol now represents the preferred
option for most of oncofertility specialists in case of estrogen-
sensitive diseases [7,19], even though robust data to support an
actual oncologic risk related to conventional stimulation protocol
is lacking [20].

COSTLES was first proposed by Oktay et al., in a prospective non
randomized trial aiming to evaluate different COS protocols for BC
candidates for FP [5]. This preliminary study reported a better
oocyte yield with the letrozole-gonadotropin protocol when
compared with Tamoxifen-alone and Tamoxifen-gonadotropin.

However, only 11 patients underwent COSTLES protocol [5].
Following these encouraging results, the same team conducted a
retrospective study comparing the efficacy of letrozole supple-
mentation to exogenous gonadotropin in 47 BC patients with a
standard long IVF protocol performed in 56 non-cancer infertile
women [6]. Results were similar between both groups. Neverthe-
less, the study design implied important biases, in particular in
terms of populations (BC vs. infertile patients) and protocols used
(antagonist + letrozole vs. long protocol without letrozole), limiting
the interpretation of the data. More recent investigations
comparing standard antagonist and COSTLES among patients
included in a FP program, reported conflicting results [8,9,21–24].
Domingo et al., found a significantly lower oocyte yield in patients
with hormone-dependent cancers having undergone COSTLES
when compared with those with non-hormone-dependent can-
cers or with age matched infertile women [23]. They explained
their results by a possible detrimental impact of the oncologic
status. However, a direct effect of the COSTLES protocol itself might
also be at play. Other authors failed to find any difference in COS
outcomes between COSTLES for BC patients and standard
antagonist protocols used in non-estrogen sensitive diseases
[22], but the small sample size may limit the interpretation of
these results. In addition, COSTLES in BC patients is associated with
more mature oocytes retrieved and lower E2 levels in comparison
with conventional antagonist protocol used for elective oocyte
cryopreservation [21].

Since a specific impact of the type of malignancy on COS
outcomes cannot be excluded [25], further studies investigated the
results of protocols using or not letrozole in a homogenous
population of BC patients [8]. Revelli et al., reported a 40% lower
number of mature oocytes in women having undergone COSTLES.
However, the use of hMG instead of recFSH as well as the lower
starting dose in the COSTLES group may be confounders. More
recently, Quinn et al., compared COS outcomes between women
with recent BC diagnosis and women seeking elective FP [9].
Overall, BC status did not impact the results of ovarian stimulation.
In a sub analysis, these authors evaluated COS characteristics in BC
patients according to letrozole supplementation in all women with
HD tumors. Apart from lower E2 peak levels on the day of ovulation
triggering in women having received letrozole, all stimulation
characteristics and outcomes remained comparable. Interestingly,
letrozole use was associated with decreased oocyte maturity rates
(MII/total oocytes retrieved) in comparison with standard proto-
cols for elective FP even though mature oocyte yields (MII/AFC)
were comparable. However, the excellent mature oocyte rate, near
100% in each group is extremely surprising and makes the results
difficult to interpret and to generalize. Moreover, the lack of
comparison between baseline characteristics among BC patients
having received letrozole or not, as well as different triggering
criteria in COSTLES do not allow to draw reliable conclusions on the
potential effects of AIs on ovarian stimulation outcomes.

The present investigation was conducted to compare COSTLES
and conventional GnRH antagonist protocols in a homogenous
cohort of young women, all suffering from BC. Letrozole was

Table 1
Patients’ characteristics.

Conventional antagonist protocol COSTLES p
n = 83 n = 94

Age (years) a 33.6 ! 3.3 33.5 ! 4.5 0.8
BMI (kg/m2)a 23.5 ! 4.4 22.1 ! 3.8 0.03
No of antral follicle on d0  (n)a 19.2 ! 13.0 19.5 ! 12.3 0.9
Serum Anti-Müllerian hormone levels (ng/ml)a 3.0 ! 3.1 2.7 ! 3.2 0.5

SD: standard deviation.
a mean ! SD.
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Young BC patients <41y
Undergoing COH for FP

Between 2012-2017
(N=134)

LetCOH
(n=58)

cCOH
(n=76)Excluded (n=16):

- AMH<0.5 ng/ml (n=7)
- AMH > 8 ng/ml) (n=1)
- Withdrawal (n=3)
- COH failure (n=2)
- Missing data (n=1)
- Benign tumor (n=1)
- Metastatic (n=1)

Excluded (n=18):
- AMH<0.5 ng/ml (n=2)
- AMH > 8 ng/ml) (n=10)
- Withdrawal (n=2)
- COH failure (n=2)
- Missing data (n=2)

LetCOH (n=42) cCOH (n=58)

Goldrat et al. Poster ISFP 2019



LETROZOLE OR NO LETROZOLE?

LetCOH
n= 48

cCOH
n = 63 p

Baseline AMH, ng/mL 2.68 (1.94) 2.95 (1.81) 0.377

Timing stimulation
Standard, n (%)
Random-start, n (%)

22 (45.9)
26 (54.1)

41 (65.1)
22 (34.9)

0.057

Stimulation days
mean (SD) 9.72 (2.55) 10.73 (2.15) 0.213

Total FSH dose (IU)  mean (SD)
2329 (942) 3070 (1198) 0.002

E2 at trigger (pg/mL) mean (SD)
385 (273) 1504 (1100) <0.001

Total number of oocytes, mean (SD) 9.2 (5.6) 10.5 (6.5) 0.433

Number of mature oocytes, mean (SD)
7.45 (5.06) 6.9 (5.23) 0.445

Maturity rate, %, mean (SD)
0.79 (0.22) 0.64 (0.26) 0.001

Goldrat et al. Poster ISFP 2019
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Figure 1: Study design STIM-trial 

 

R= randomization 
rFSH= recombinant follicle stimulating hormone 
OPU= ovum pick up 
^ = Blood sample for peak E2 
* = blood sample for AMH  
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STIM Trial  (2014)
Mullcentre randomized study

Inclusion:
BC palents 18-43y

• 3 COH protocols
à 53♀ in each group



TO CONCLUDE…

§ Young BC patients may be interested in FP 
§ Options should be discussed as early as possible

§ Several possibilities
§ Let-COH seems safe
§ But controversies remain…

§ Oocyte yield and quality?
§ Short exposure to steroids? 
§ Let-COH or cCOH or Tam-COH?

To be continued …  
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expression levels were normalized to the geometric mean
of the housekeeping genes and fold increases were calcu-
lated using the 2∆∆CT method.

Statistics
Statistical analyses were performed using SPSS 23 (IBM,
Brussels, Belgium) on Mac OS X. Mann-Whitney or
Student’s t-tests were performed where appropriate.
Considering some patients in the study group underwent
2 cycles of Let-COH, and the number of samples per
patient was variable in both groups, we performed a
Two-way ANOVA with group as a fixed factor and
patients as a nested within group random factor to test
statistical dependencies of samples using the NCSS 10
Statistical Software 2015 LLC. Kaysville, Utah, USA,
ncss.com/software/ncss). All tests were two-tailed and a
P-value of less than 0.05 was considered statistically
significant.

Results
Biomarkers data were analyzed separately for hCG and
GnRHa triggers, as follicular microenvironment differs
according to ovulation trigger method [28–30]. Patient
and cycle characteristics are shown in Table 1.

FF endocrine profile assessment
We assessed the effect of letrozole on steroid levels in
the FF to indirectly evaluate its impact on oocyte com-
petence. To avoid potential bias related to differences in
follicular size, only FFs of similar volumes were analyzed
in both groups (3.4 ± 1.4 vs 3.2 ± 1ml per follicle, p =
0.533). Additionally, after exclusion of contaminated
samples, a total of 73 FF samples from 18 control
patients, and 66 FF samples from 16 BC patients per-
forming 18 and 20 cycles respectively, were eligible for
the FF analysis. First, we confirmed that no difference

was observed in FF steroid levels between “standard”
and “random start” protocols in the study group, in both
ovulation trigger methods (unpublished data). Steroid
levels were then compared between study and control
groups.
Estradiol levels were significantly lower in the study

compared to the control group, while testosterone levels
were significantly higher (Fig. 1a, b). Progesterone levels
were comparable between groups (Fig. 1c). Using a
nested two-way ANOVA analysis, we confirmed there
was no group effect regarding FF volume. However, we
observed a significant effect of both patient and group
factors for hormonal levels (p < 0.001). Interestingly, es-
tradiol levels increased significantly after GnRHa trigger
compared to hCG trigger in the study group (median =
194.5 (95.4–438) vs 64.4 (43.8–152.4) ng/ml, respect-
ively, p < 0.001) but not in the control group (median =
335.5 (177.5–466.7) vs 354 (179–511) ng/ml, respect-
ively) (Fig. 1a).

CC gene expression related to oocyte competence
A total of 19 controls (82 CC samples) and 22 BC pa-
tients (89 CC samples) performing 19 and 24 cycles re-
spectively, were eligible for the CC analysis. To validate
the analysis, we first confirmed that the expression of
genes was lower in CC from unfertilized oocytes or low
quality embryos compared to CC from mature oocytes
resulting in top quality embryos in our control group.
However, the difference reached significance only for
HAS2 and PTGS2 after GnRHa trigger (Additional file 2:
Figure S1).
In the hCG-trigger, expression of HAS2 and PTGS2

was lower in the study group (n = 8 Let-COH) compared
to the control group (n = 10 COH), but the difference
reached statistical significance only for PTGS2 (p =
0.015) (Fig. 2a). Conversely, when GnRHa was used as
the trigger, HAS2 expression was comparable between
groups (n = 16 Let-COH and 9 COH), but expression of
PTGS2 and GREM1 was significantly higher in the study
compared to the control group (p < 0.001 for both genes)
(Fig. 2b). As for FF hormonal levels, nested Two-way
ANOVA analysis showed an effect of both patient and
group factors (p < 0.05).

Discussion
While hundreds of BC patients have cryopreserved eggs
using Let-COH, to date, only two studies have reported
specific outcomes of nearly 100 frozen embryo transfers.
Success rates were similar to that of the general infertile
population after frozen embryo transfer, with implant-
ation and live birth rates per transfer reaching 39.7 to
40.7% and 32.3 to 45%, respectively [18, 31]. A recent
study on infertile patients undergoing IVF confirmed the
similar cumulative pregnancy rates between Let-COH

Table 1 Patients and cycle characteristics
Study group Control Group P value

N patients 23 24

N cycles 27 24

Age (years) 30.4 ± 3.8 30.8 ± 3.9 0.71

AMH (ng/dl) 2.7 ± 2.1 3.1 ± 1.7 0.32

N stimulation days 9.9 ± 2.6 9.7 ± 1.3 0.8

Total dose of FSH used 2280 ± 1027 1629 ± 624 0.004

E2 level at triggering (pg/ml) 315 ± 225 2144 ± 915 < 0.001

Triggering methods (cycles) 0.22

hCG 9 12

GnRHa 18 12

Number of oocytes collected 9.5 ± 5.1 10.9 ± 6.8 0.4

Maturation rate 0.83 ± 0.19 0.87 ± 0.14 0.34

Goldrat et al. Reproductive Biology and Endocrinology            (2019) 17:3 Page 4 of 9
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Letrozole-associated controlled ovarian
hyperstimulation in breast cancer patients
versus conventional controlled ovarian
hyperstimulation in infertile patients:
assessment of oocyte quality related
biomarkers
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Abstract

Background: Fertility preservation (FP) protocols in case of breast cancer (BC) include mature oocyte cryopreservation
following letrozole associated controlled ovarian hyperstimulation (Let-COH). To date, the impact of Let-COH on the
follicular microenvironment has been poorly investigated, although a high androgen/estrogen ratio was previously
associated with low oocyte quality.

Methods: In this prospective study, follicular fluid (FF) steroid levels (estradiol, testosterone, progesterone) and cumulus
cell (CC) gene expression related to oocyte quality (HAS2, PTGS2, GREM1) were compared between 23 BC patients
undergoing Let-COH for FP and 24 infertile patients undergoing conventional COH without letrozole. All patients
underwent an antagonist COH cycle, and ovulation was triggered with hCG or GnRHa in both groups.

Results: FF estradiol levels were significantly lower while testosterone levels were significantly higher in the study group
compared to controls irrespective of the trigger method. However, estradiol levels increased significantly with GnRHa
triggering compared to hCG in the study group (median = 194.5 (95.4–438) vs 64.4 (43.8–152.4) ng/ml, respectively, p < 0.
001), but not in the control group (median = 335.5 (177.5–466.7) vs 354 (179–511) ng/ml, respectively). After hCG trigger,
Cumulus cell (CC) gene expression was lower in the study group compared to the control group, and difference was
significant for PTGS2. Conversely, CC gene expression of PTGS2 and GREM1 was significantly higher in the study group
compared to controls when ovulation was triggered with GnRHa.

Conclusions: Let-COH triggered with hCG may negatively impact oocyte quality. However, ovulation triggering with
GnRHa may improve the oocyte microenvironment and cumulus cell genes expression in Let-COH, suggesting a positive
impact on oocyte quality in breast cancer patients.
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PREGNANCY AFTER BC IN ERASME

§ Of the patients desiring a child
§ 4 conceived spontaneously
§ 1 IVF (ongoing pregnancy)
§ 4 cuurently trying to conceive

§ 10 returned for their oocytes/embryos
¨ 4 babies
¨ 2 miscarriages
¨ 3 failures (2 BRCA 1&2)
¨ One failure after 1st atempt, ongoing
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BREAST CANCER IS HORMONE DEPENDENT
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TRENDS in Molecular Medicine 

Figure 2. Mammary gland structure, epithelial cell hierarchy, and hormone-dependent intercellular signaling pathways. (A) The mammary gland consists of luminal and basal cell
compartments that are separated from the surrounding stromal tissue by a basement membrane. Differentiated milk-producing luminal cells face the ductal lumen and are closely
associated with contractile basal myoepithelial cells that serve in milk ejection. The entire epithelium is surrounded by a basement membrane and by stromal cells. (B) In the adult
gland, differentiated luminal and basal myoepithelial cells develop from corresponding progenitor cells. Differentiated luminal cells comprise estrogen- and progesterone
receptor-positive cells that relay the effects of estrogen and progesterone to other mammary epithelial cell types [8,35]. Differentiated myoepithelial cells constitute the contractile
units of the mammary gland active in milk ejection. Luminal and basal progenitor cells are precursors of differentiated luminal and basal myoepithelial cells. Several biomarkers
have been identified that distinguish the different mammary epithelial cell subpopulations. In mice, keratin 18 (KRT18) labels luminal cells, whereas keratin 14 (KRT14) labels basal
cells. Similarly, CD24 expression discriminates between luminal and basal cells. SCA1 expression characterizes luminal hormone-sensing cells, whereas CD49f expression is a
property of basal stem/progenitor cells. (C) Estrogen binds to ERa in luminal epithelial cells and activates the expression of the EGF family member AREG. AREG is active in
paracrine signaling, binding to EGFRs in stromal cells and inducing the stromal release of FGFs. Stromal FGFs are thought to stimulate basal stem cells to proliferate, ultimately
leading to ductal growth [40]. (D) Progesterone binds to PRs in luminal epithelial cells and activates the expression and secretion of the Wnt ligand Wnt4. Progesterone-stimulated
Wnt4 acts on basal mammary stem and/or progenitor cells, promoting their proliferation and leading to tertiary side branching and lobuloalveogenesis. Abbreviations: CD24,
cluster of differentiation 24 or heat stable antigen CD24; SCA1, stem cell antigen1; CD49f, a6-integrin; KRT, keratin; ER, estrogen receptor; ERa, estrogen receptor alpha; PR,
progesterone receptor; AREG, amphiregulin; EGF(R), epidermal growth factor (receptor); FGF(R), fibroblast growth factor (receptor); FZD, frizzled receptor; Wnt, int/Wingless.
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its activity in order to produce a more estrogenic environment. They also have an 

autocrine action limiting their own AR production by TCs.  

A recent study carried out on ovarian tissue collected for fertility preservation showed 

that FSHR gene expression in GCs of antral follicles was significantly correlated to 

AR expression and androgen concentrations in the follicular fluid (FF). These results 

suggest an impact of androgens on GC responsiveness to FSH39. In contrast to 

preantral and small antral follicles that are predominantly “androgenic” (low FSHR 

and aromatase activity in GC), the milieu becomes more “estrogenic” during the late 

antral follicular stage. At this stage, FSH stimulates the expression of LHCGR in the 

GC. This receptor can bind its natural ligand, LH, as well as exogenous human 

chorionic gonadotropin (hCG). This leads to the luteinization of some GCs, and 

progesterone synthesis by the GCs is then started during the follicular phase and its 

small increase promotes an FSH surge in the pre-ovulatory stage.  

 

 
Figure 6: Steroidogenesis, the “2cells-2gonadotropins system” (P450scc: Cholesterol 
side chain cleavage Cytochrome P450; 3BHSD: 3- beta hydroxy-steroid 
dehydrogenase; P450c17: Steroid 17-alpha hydroxylase/ 17,20 Lyase; 17BHSD: 17- 
beta hydroxy-steroid dehydrogenase; P450arom: Aromatase; DHEA: 
dehydroepiandrosterone; A: androgens) 
 

 


