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ABSTRACT
Objective: Patients submitted to oncological fertili-

ty preservation with letrozole and gonadotropins seem to 
present a higher rate of immature oocytes and lower fertil-
ization rates in comparison to infertile patients submitted 
to IVF cycles with gonadotropins. The aim of this study 
was to evaluate the influence of letrozole on oocyte mor-
phology in patients with breast cancer submitted to fertility 
preservation.

Methods: Retrospective analysis performed at a pub-
lic tertiary hospital in São Paulo, Brazil. The oocytes were 
retrieved from patients with breast cancer undergoing fer-
tility preservation (n=69), and from infertile women un-
dergoing in vitro fertilization (n=92). We evaluated 750 
oocytes obtained from breast cancer patients submitted to 
ovarian stimulation with letrozole and gonadotropins, and 
699 oocytes from patients without breast cancer submit-
ted to ovarian stimulation for in vitro fertilization with go-
nadotropins only due to male factor infertility. The mature 
oocytes retrieved were analyzed for the presence of re-
fractile bodies, ooplasm color and regularity, central gran-
ulation degree, cortical granules, zona pellucida staining 
and regularity, perivitelline space, presence of vacuoles or 
abnormal smooth-surfaced endoplasmic reticle and oocyte 
retraction.

Results: There was a higher incidence of alterations 
in oocyte morphology in the letrozole group when com-
pared to the control group: increased perivitelline space 
(p=0.007), irregular zona pellucida (p<0.001), refractile 
bodies (p<0.001), dark ooplasm (p<0.001), granular oo-
plasm (p<0.001), irregular ooplasm (p<0.001) and dense 
central granulation (p<0.001).

Conclusion: Letrozole is a risk factor for worse oocyte 
morphology. However, the clinical impact of ovarian stim-
ulation protocol with combined use of gonadotropins and 
letrozole for fertility preservation remains unclear in this 
setting. These data underline the importance of establish-
ing the predictive potential of morphological dimorphisms 
of human oocytes in IVF outcomes.
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INTRODUCTION
Breast cancer is the leading worldwide cause of death 

by cancer in women, accounting for 30% of malignancies 
in the United States. Recent advances in screening and di-
agnostic methods as well as treatment options have led to 
a survival rate increase up to 91% over five years in devel-
oped countries (American Cancer Society, 2017; Akram et 
al., 2017). Among all women diagnosed with breast cancer 

in the United States in 2017, about 4% were under 40 
years of age (American Cancer Society, 2017).

The high incidence and survival rate of breast cancer in 
women of childbearing age has led to a considerable con-
cern about fertility preservation treatments. The increased 
life expectancy of breast cancer patients is attributed to 
adjuvant treatment with chemotherapeutic agents and 
hormone therapy (Orvieto, 2015). However, the associa-
tion of adjuvant treatments has a great impact on ovarian 
function. Although ovarian failure is not always defined af-
ter chemotherapy treatment, many young women evolve 
to subfertility or infertility (Sonmezer & Oktay, 2006). In 
this context, the importance of fertility programs is a rising 
priority in order to improve the quality of life of these pa-
tients. It is important to emphasize that ovarian stimulation 
in these patients does not delay the start of chemotherapy 
treatment (Reddy & Oktay, 2012). Moreover, it does not 
seem to be a risk factor for cancer recurrence (Azim et al., 
2008; Cakmak et al., 2013). Thus, cryopreservation of oo-
cytes or embryos are currently the first choice techniques 
to preserve fertility of patients with breast cancer who will 
undergo chemotherapy, and the protocol with letrozole is 
usually applied in patients with hormone-dependent tu-
mors (Kasum et al., 2015).

Letrozole is an aromatase inhibitor (AI) developed in 
the 1990´s, as an adjuvant in women with positive estro-
gen-receptor metastatic breast cancer, as it blocks cata-
lytic conversion of androstenedione to estrone, and tes-
tosterone to estradiol (Rodriguez-Wallberg & Oktay, 2010; 
Halászová et al., 2017; Rodgers et al., 2017). As a se-
lective and reversible AI, it inhibits proliferation of estro-
gen-dependent breast cancer cells, promoting reduction of 
tumor recurrence and higher disease-free survival rates 
when administered as long-term adjuvant therapy (Rodg-
ers et al., 2017; ACOG, 2016; Dahhan et al., 2017; Taylan 
& Oktay, 2017).

Letrozole has also been safely and effectively applied as 
an ovulation inducer agent in assisted reproduction cycles, 
due to a reduction in serum estradiol levels that causes 
the negative feedback and stimulates pituitary production 
of gonadotropins (Oktay et al., 2005; Casper & Mitwal-
ly, 2006). It is widely known that successful outcomes of 
in vitro fertilization (IVF) are directly influenced by the 
presence of both nuclear meiotic division and adequate 
cytoplasmic parameters to ensure optimal conditions for 
subsequent development (Alpha Scientists in Reproductive 
Medicine & ESHRE Special Interest Group of Embryology, 
2011; Liu et al., 2017). Since nuclear maturity alone is 
not enough to establish oocyte aspects, there are different 
morphological, cellular and molecular parameters to eval-
uate oocyte quality (Liu et al., 2017; Rienzi et al., 2012; 
Gilchrist et al., 2016). Considering morphological evalua-
tion, an ideal mature oocyte should have a spherical struc-
ture enclosed by a uniform zona pellucida, with a uniform 
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translucent cytoplasm, free of inclusions and a single 
sized-appropriate polar body, with adequate zona pellucida 
thickness and proper perivitelline space (Alpha Scientists 
in Reproductive Medicine & ESHRE Special Interest Group 
of Embryology, 2011; Rienzi et al., 2012).

The majority of MII oocytes retrieved after controlled 
ovarian stimulation protocols displays one or more dis-
crepancies in this described morphological criteria, called 
oocyte dimorphisms (Rienzi et al., 2012; Figueira et al., 
2010; Sousa et al., 2016). Previous studies revealed that 
outcomes from ovarian stimulation are not impaired by a 
breast cancer diagnosis, showing similar numbers of to-
tal oocytes, MII oocytes and total gonadotrophin dose 
required (Quinn et al., 2017). Nevertheless, previous re-
searches comparing oocytes retrieved from breast cancer 
patients who received co-administration of letrozole and 
gonadotropins to oocytes retrieved from infertile patients 
who received a standard protocol with gonadotropins 
showed a higher rate of immature oocytes and lower rate 
of fertilization among the letrozole group, which highlights 
a possible deleterious effect of letrozole on oocyte maturity 
(Johnson et al., 2013). Regarding the lack of evidence on 
which stimulation protocol should be used in women with 
breast cancer and the growing demand for fertility preser-
vation, a large prospective trial is being carried out in order 
to provide the answers about the effects of various stim-
ulation protocols in women with breast cancer (Dahhan et 
al., 2017). Since there are no published studies regarding 
oocyte quality on patients undergoing ovarian stimulation 
protocol with letrozole, the aim of this study was to evalu-
ate the influence of letrozole on oocyte morphological pa-
rameters in patients with breast cancer submitted to fer-
tility preservation.

MATERIALS AND METHODS
Study design
A retrospective analysis was performed at a Women’s 

Health Reference Center - Hospital Pérola Byington, a 
public tertiary hospital in São Paulo, Brazil, through chart 
analysis and medical records. The sample size was calcu-
lated by the Power Sample program, based on the study of 
Johnson et al. (2013), assuming type I errors of 5% and 
sample power of 80%. Considering the element of study as 
evaluated oocytes, the estimated sample size was at least 
84 elements in the study group and 112 elements in the 
control group. The purpose of this study was to determine 
if co-administration of letrozole in conventional ovarian 
stimulation protocol is associated with oocyte morpholog-
ical parameter changes in the setting of breast cancer pa-
tients undergoing fertility preservation.

Patients
All women with a recent diagnosis of breast cancer and 

age < 40 years who underwent ovarian stimulation for fer-
tility preservation between 2015 and 2016 were included 
in this study (n=69), corresponding to 750 oocytes (study 
elements). The exclusion criteria were: initiation of che-
motherapy prior to ovarian stimulation, age ≥ 40 years, 
cryopreservation of oocytes due to other types of neo-
plasms and previous surgery and/or pelvic radiotherapy. 
Patients submitted to controlled ovarian stimulation for in 
vitro fertilization due to infertility related to male factors 
and not affected by cancer were defined as controls, and 
the selection of patients was performed through age pair-
ing (n=92), in order to obtain a similar proportion of 699 
oocytes (study elements).

Controlled ovarian stimulation and oocyte 
retrieval (Figures 1 and 2)

Controlled ovarian stimulation for fertility preservation 
in patients with breast cancer was performed in a ran-
dom-start protocol, as proposed by our group in a pre-
vious study (Cavagna et al., 2018), by using letrozole 5 
mg/day orally in combination with recombinant or urinary 
follicle stimulating hormone (FSH) 150-300 IU/day subcu-
taneously, associated or not with luteinizing hormone (LH), 
according to ovarian reserve and patient’s age, in order to 
optimize the ovarian response of these patients. Pituitary 
blockade was obtained with GnRH antagonist (cetrorelix 
acetate or ganirelix acetate 0.25 mg/day) subcutaneously 
in the presence of at least one follicle with ≥ 14 mm diam-
eter. Follicular growth was monitored using transvaginal 
ultrasound examination until two or more follicles achieved 
a diameter ≥ 18 mm. GnRH agonist (triptorelin acetate 0.2 
mg) was administered subcutaneously to trigger final fol-
licular maturation. Oocytes were collected 36 hours after 
triggering through transvaginal ultrasound-guided oocyte 
pick-up.

In the control group, ovarian stimulation was also per-
formed with recombinant or urinary FSH subcutaneously, 
associated or not with LH in doses varying between 150-
300 IU/day, according to ovarian reserve and the patient’s 
age. Similarly, pituitary suppression was obtained with 
GnRH antagonist (cetrorelix acetate or ganirelix acetate 
0.25 mg/day) subcutaneously in the presence of at least 
one follicle ≥ 14 mm diameter. Human chorionic gonado-
trophin (hCG) 5,000 IU was administered subcutaneously 
to trigger final follicular maturation, in the presence of two 
or more follicles with a mean diameter ≥ 18 mm. Oocytes 
were collected 36 hours after triggering through transvag-
inal ultrasound-guided oocyte pick-up.

Oocyte morphology assessment
We kept the retrieved oocytes in culture medi-

um (Irvine Scientific®), supplemented with 10% pro-
tein and covered with mineral oil (Irvine Scientific®) 
at 37ºC and 6% CO2 for 2 hours before removal of the 
cumulus cells. The surrounding cumulus cells were re-
moved through exposure to a HEPES-buffered medium 

Figure 1. Ovarian stimulation protocol in the letrozole 
group

Figure 2. Ovarian stimulation protocol in the control group
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[N-(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid] 
containing hyaluronidase (80 IU/mL, Irvine Scientific®); 
and any remaining cumulus cells were mechanically re-
moved by gently pipetting with a hand-drawn Pasteur pi-
pette (Humagen Fertility Diagnostics, VA). We assessed 
oocyte morphology using an inverted Nikon® microscope 
under 400X magnification. The oocyte morphology eval-
uation was performed according to the parameters es-
tablished in the Istanbul Consensus (Alpha Scientists in 
Reproductive Medicine & ESHRE Special Interest Group 
of Embryology, 2011), by qualified and trained embryol-
ogists. We assessed the following oocyte abnormalities: 
cytoplasmic staining and granularity; vacuoles in the oo-
plasm; refractile bodies in the ooplasm; perivitelline space 
dimorphisms; cortical granules; zona pellucida (ZP) al-
terations; endoplasmic reticle aggregations and oocyte 
shape dimorphisms. Oocytes that had released the first 
polar body were considered mature and were used for 
vitrification (letrozole group) or ICSI (control group). We 
evaluated the morphological parameters of 750 oocytes in 
the letrozole group and compared to 699 oocytes from the 
control group.

Statistical analysis
 We calculated the mean and standard deviation for 

quantitative variables, frequency and percentage for 
qualitative variables. We used the Mann-Whitney test for 
comparison between the groups in relation to quantitative 
features. We used the Chi-square test to assess the asso-
ciation between the frequencies of categorical features. We 
ran an analysis to estimate the odds ratio (OR) and 95% 
confidence interval (CI), considering the group of letrozole 
to constitute a response compared with the control group 
as a reference (OR 1.0) to observe the possible associa-
tions between letrozole use (dependent variable) and the 
morphological oocyte parameters (independent variables). 
The statistical tests were bilateral, and we used a 5% sig-
nificance level. We used the IBM SPSS (Statistical Package 
for Social Sciences) program, 23.0 version for the statis-
tical analysis.

Ethical considerations
 We did not obtain an informed written consent, ac-

cording to Resolution 446/2012 from the National Health 
Council. The study was approved by the Research Ethics 
Committee of the Women’s Health Reference Center - Hos-
pital Pérola Byington (number 888.972, 04/05/2017).

RESULTS
We evaluated 750 oocytes obtained from 69 breast can-

cer patients submitted to ovarian stimulation with letrozole 
and gonadotropins for fertility preservation. In the control 
group, we analyzed 699 oocytes from 92 patients with-
out breast cancer submitted to ovarian stimulation with 
only gonadotropins for IVF. The groups were similar re-
garding mean age (33.1±7.1 years for the control group 
versus 31.5±4.1 years for the letrozole group, p=0.210); 
the total FSH dose (2197.8±875.1IU control group ver-
sus 2061.5±1207.1 letrozole group, p=0.704); total num-
ber of oocytes retrieved (10.3±6.1 control group versus 
12.1±7.9 letrozole group, p=0.222); and number of MII 
oocytes retrieved (7.6±4.8 control group versus 9.4±6.6 
letrozole group, p=0.303) (Table 1).

Regarding oocyte morphological parameters, we found 
a higher incidence of oocyte dimorphisms in the letrozole 
group, when compared to the control group: increased 
perivitelline space (p=0.007), irregular zona pellucida 
(p<0.001), refractile bodies (p<0.001), dark ooplasm 
(p<0.001), granular ooplasm (p<0.001), irregular oo-
plasm (p<0.001) and dense central granulation (p<0.001). 

Table 1. Comparison of in vitro fertilization cycle 
parameters between the letrozole group (n=69 patients) 
and the control group (n=92 patients)

Variables Letrozole Control p 
value*

Age (years) 31.5±4.1 33.1±7.1 0.210

Total FSH 
dose (IU) 2061.5±1207.1 2197.8±875.1 0.704

Follicles 14-
17 mm (n) 5.8±3.85 5.5±3.2 0.762

Follicles 
≥18 mm 
(n)

5.4±3.4 5.3±3.4 0.946

Retrieved 
oocytes (n) 12.1±7.9 10.2±6.1 0.222

Retrieved 
MII oocytes 
(n)

9.4±6.6 7.6±4.8 0.303

Values are expressed as mean ± SD (Standard deviation).
* Significantly different if p<0.05 (Mann-Whitney test)

Other alterations were higher in the control group: cortical 
granules (p<0.001), zona pellucida with altered staining 
(p<0.001) and smooth-surfaced endoplasmic reticulum 
aggregates (p<0.001). There was no statistical difference 
between the groups in relation to the parameters: retrac-
tion (p=0.254) and vacuoles (p=0.974) (Table 2).

Table 3 depicts the association of risk for oocyte di-
morphisms in patients submitted to co-administration of 
letrozole and gonadotropins compared to control patients 
undergoing conventional stimulation protocol with gonado-
tropins. The risk of dimorphisms was higher in the letrozole 
group when compared to the control group (as reference, 
OR 1.0) in most of the morphological oocytes parameters 
evaluated (Table 3).

DISCUSSION
The major concern associated with conventional con-

trolled ovarian stimulation is the supra-physiological cir-
culating estrogen levels due to the development of large 
numbers of follicles. Hence, modifications to standard 
stimulation protocols have been made in an attempt to 
reduce any detrimental aspect associated with raised se-
rum estradiol levels regarding the risk of cancer recurrence 
(Rodgers et al., 2017; Taylan & Oktay, 2017). 

Some previous studies have demonstrated that a letro-
zole plus gonadotropin protocol is effective for safely induc-
ing patients with breast tumor before initiating adjuvant 
chemotherapy (Cavagna et al., 2018), without increasing 
rates of its recurrence and without decreasing oocyte yield. 
Nonetheless, fertility preservation should always be initi-
ated in agreement with the patient’s oncologist (Reddy & 
Oktay, 2012; Rodriguez-Wallberg & Oktay, 2010; Rodgers 
et al., 2017; Taylan & Oktay, 2017; Ben-Haroush et al., 
2011; Checa Vizcaino et al., 2012; Keskin et al., 2014).

During an IVF cycle, daily doses of FSH gonadotropin 
are used to induce multi-follicular development. Usually, 
the dose of gonadotrophin used is associated with the num-
ber of eggs retrieved; however, the response of individual 
women is variable (Lensen et al., 2018). In the present 
study, letrozole was used in combination with FSH associ-
ated or not with LH in doses varying between 150-300 IU/
day according to ovarian reserve and patient’s age. Similar 
to our findings, Turan et al. (2013) showed no difference 
on number of oocytes retrieved and MII retrieved applying 
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Table 2. Comparison of morphological oocyte parameters between the letrozole group (n=750 oocytes) and the control 
group (n=699 oocytes)

Parameters Letrozole Control p value*

Cortical Granules < 0.001

No 604 (80.5) 292 (41.8)

Yes 146 (19.5) 407 (58.2)

Increased Perivitelline Space 0.007

No 490 (65.3) 503 (72.0)

Yes 260 (34.7) 196 (28.0)

ZP altered staining < 0.001

No 743 (99.1) 657 (94.0)

Yes 7 (0.9) 42 (6.0)

Irregular ZP < 0.001

No 641 (85.5) 668 (95.6)

Yes 109 (14.5) 31 (4.4)

Refractile Bodies < 0.001

No 344 (45.9) 385 (55.1)

Yes 406 (54.1) 314 (44.9)

Dark Ooplasm < 0.001

No 522 (69.6) 587 (84.0)

Yes 228 (30.4) 112 (16.0)

Granular Ooplasm < 0.001

No 418 (55.7) 481 (68.8)

Yes 332 (44.3) 218 (31.2)

Irregular Ooplasm < 0.001

No 625 (83.3) 685 (98.0)

Yes 125 (16.7) 14 (2.0)

Dense Central Granulation 0.001

No 687 (91.6) 670 (95.6)

Yes 63 (8.4) 29 (4.1)

Retraction 0.254

No 696 (92.8) 659 (94.3)

Yes 54 (7.2) 40 (5.7)

Vacuoles 0.974

No 717 (95.6) 668 (95.6)

Yes 33 (4.4) 31 (4.4)

Smooth ER aggregates < 0.001

No 749 (99.9) 681 (97.4)

Yes 1 (0.1) 18 (2.6)

Values are expressed as number (%).ZP, Zona Pellucida;ER, Endoplasmic Reticule.
* Significantly different if p<0.05 (Chi-Square test) 

FSH daily injections of 150-300 IU/day. Previous studies 
displayed a higher number of total oocytes retrieved and 
total number of MII oocytes with letrozole compared to 
the standard protocol (Cakmak et al., 2013; Dahhan et al., 
2017). However, other researchers showed lower oocyte 
maturity rates in breast cancer patients using letrozole 
compared to IVF patients not affected by cancer (Quinn et 
al., 2017; Johnson et al., 2013; Kim et al., 2015). We have 
seen more MII oocytes in the letrozole group (9.4±6.6), 

than in the control group (7.6±4.8), but this difference 
was not statistically significant.

In our study, follicular maturation trigger was performed 
with GnRH agonist in the letrozole group. GnRH agonist 
trigger for final oocyte maturation is particularly import-
ant in cancer patients, in order to decrease the post-trig-
ger estradiol exposure as well as ovarian hyperstimulation 
syndrome risk compared to an hCG trigger. This syndrome 
could not only result in a delay in cancer treatment but 
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Table 3. Association of oocyte dimorphisms risk with 
letrozole group compared to control group (as reference, 
OR 1.0)

Parameters OR CI 95% p 
value*

Increased Perivitelline 
Space 1.4 1.1 - 1.7 0.007

Irregular ZP 3.7 2.4 - 5.5 < 0.001

Refractile Bodies 1.4 1.2 - 1.8 < 0.001

Dark Ooplasm 2.3 1.8 - 2.9 < 0.001

Granular Ooplasm 1.7 1.4 - 2.2 < 0.001

Irregular Ooplasm 9.8 5.6 - 17.2 < 0.001

Dense Central 
Granulation 2.1 1.3 - 3.3 < 0.001

OR, Odds Ratio; CI, confidence interval;ZP, Zona 
pellucida;ER, Endoplasmic Reticle.
* Significantly different if p<0.05 (Logistic regression)

also amplify the baseline risk for coagulopathy and other 
cancer-related morbidities (Turan et al., 2013; Kim et al., 
2015; Oktay et al., 2010). Besides this, GnRH agonist trig-
ger usually results in a greater mature (MII) oocyte yield 
without a reduction in clinical pregnancy or live birth rates 
in cryopreservation cycles (Rodriguez-Wallberg & Oktay, 
2010; Rodgers et al., 2017; Oktay et al., 2010; Pereira 
et al., 2017). The most recent studies showed no differ-
ences between these two protocols concerning number of 
retrieved oocytes (Turan et al., 2013; Kim et al., 2015). 
There is no evidence of a difference in live birth rate or on-
going pregnancy rate between frozen-thawed cycles with 
hCG or GnRH agonist, suggesting that oocyte, embryo 
quality and morphological characteristics are similar with 
hCG or GnRH agonist trigger (Orvieto, 2015; Youssef et al., 
2014). Similarly, to these studies, we found no difference 
regarding MII oocytes retrieved between GnRH agonist 
trigger (letrozole group) and HCG trigger (control group).

As far as we know, this is the first study to evaluate 
the influence of letrozole on oocyte morphology in breast 
cancer patients. The administration of letrozole is a risk 
factor for worse oocyte morphological parameters in gen-
eral, particularly intracytoplasmic effects regarding granu-
lar ooplasm.

High quality MII oocytes should have a homogeneous 
cytoplasm, without inclusions and refractile bodies, with 
a small perivitelline space comprising a non-fragmented 
polar body and a colorless and clear zona pellucida (Rienzi 
et al., 2011; 2012). Events such as fertilization, early em-
bryo development and implantation are directly influenced 
by the normality of nuclear and cytoplasmic oocyte matu-
ration during the preovulatory period (Alpha Scientists in 
Reproductive Medicine & ESHRE Special Interest Group of 
Embryology, 2011; Liu et al., 2017). Oocyte quality de-
pends on the nuclear and mitochondrial genome, but also 
on the follicular microenvironment and ovarian conditions, 
which affect gene transcription and translation processes, 
and consequently cytoplasmic maturity (Alpha Scientists 
in Reproductive Medicine & ESHRE Special Interest Group 
of Embryology, 2011; Rienzi et al., 2012; Gilchrist et al., 
2016). Oocyte dimorphisms are classified into cytoplasmic 
(granules and/or cytoplasmic inclusions) and extra-cyto-
plasmic (anomalies in oocyte shape, zona pellucida, peri-
vitelline space and polar body) (Rienzi et al., 2012). In our 
study, oocytes from the letrozole group revealed signifi-
cantly more dimorphisms than the control group, includ-
ing some extra-cytoplasmic alterations in zona pellucida 

and in perivitelline space. In the control group, the zona 
pellucida showed significantly more altered staining (6% 
versus 0.9%). However, the letrozole group displayed 
higher frequency of irregular zona pellucida (14.5%) com-
pared to controls (4.4%), but these alterations could be 
patient-specific, due to the secretion and patterning prob-
lems of the glycoprotein matrix (Alpha Scientists in Re-
productive Medicine & ESHRE Special Interest Group of 
Embryology, 2011; Rienzi et al., 2012). These morpholog-
ical aspects should be considered only as phenotypic al-
terations due to oocyte heterogeneity (Rienzi et al., 2011; 
2012; Setti et al., 2011). Concerning perivitelline space, 
the letrozole group showed 34.7% of abnormal oocytes, 
versus 28% in the control group. A large perivitelline space 
could be related to lower fertilization rate and lower em-
bryo quality, or over-mature oocytes (Rienzi et al., 2012). 
According to the Istanbul Consensus (Alpha Scientists in 
Reproductive Medicine & ESHRE Special Interest Group of 
Embryology, 2011), regarding extra-cytoplasmic dimor-
phisms, inclusions in the perivitelline space is abnormal, 
but there was no associated evidence to support any spe-
cific prognosis (Alpha Scientists in Reproductive Medicine & 
ESHRE Special Interest Group of Embryology, 2011; Rienzi 
et al., 2012; Figueira et al., 2010). 

Concerning intracytoplasmic abnormalities, the agree-
ment is that homogeneous cytoplasm is expected, and 
that non-homogeneous cytoplasm is of unknown biolog-
ical significance, and based on current evidence, slightly 
heterogeneous cytoplasm may represent normal variability 
among retrieved oocytes rather than being a developmen-
tal abnormality (Alpha Scientists in Reproductive Medicine 
& ESHRE Special Interest Group of Embryology, 2011; 
Rienzi et al., 2012).

Small of 5-10 mm vacuoles in diameter, that are flu-
id-filled but transparent, are unlikely to have a biological 
consequence, whereas large vacuoles (14 mm) are associ-
ated with fertilization failure (Alpha Scientists in Reproduc-
tive Medicine & ESHRE Special Interest Group of Embryol-
ogy, 2011; Figueira et al., 2010). Although the presence 
of granular vacuoles in oocytes was associated with a 
higher rate of female karyotype abnormalities, the trans-
fer of embryos derived from oocytes with granular vacu-
oles was associated with higher abortion rates and poor 
clinical outcomes (Sousa et al., 2016). Among intracyto-
plasmic dimorphisms, smooth endoplasmic reticulum ag-
gregates were considered the most severe abnormality of 
MII oocytes due the reported outcomes, such as reduced 
fertilization and clinical pregnancy rates, early fetal demise 
and imprinting disorders in newborns (Rienzi et al., 2011; 
2012; Shaw-Jackson et al., 2016). These aggregates can 
be identified as translucent vacuole-like structures in the 
cytoplasm by phase contrast microscopy (Alpha Scientists 
in Reproductive Medicine & ESHRE Special Interest Group 
of Embryology, 2011; Shaw-Jackson et al., 2016).

Moreover, some intracytoplasmic dimorphisms as re-
fractile bodies were more frequently seen in the letrozole 
group than in the control group (54.1% versus 44.9%), as 
well as dark ooplasm (30.4% versus 16%), granular oo-
plasm (44.3% versus 31.2%), irregular ooplasm (16.7% 
versus 2%) and dense central granulation (8.4% versus 
4.1%). Dark zona pellucida was previously associated with 
lower fertilization, lower implantation and lower pregnancy 
rates (Shi et al., 2014).

While clustering is easily detectable, "granularity" is 
only seen with optical microscopy modulation, and it is 
probably that slightly heterogeneous cytoplasm may only 
represent normal variability (Rienzi et al., 2011; Setti et 
al., 2011). Different degrees of cytoplasmic granularity 
may have diverse outcomes. It seems that oocyte cyto-
plasmic granularity improves normal fertilization (Rienzi et 
al., 2012; Figueira et al., 2010). However, a dense central 
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granulation is a severe cytoplasmic dimorphism and one 
should do an oocyte quality evaluation, since it may im-
pair embryo development and implantation potential (Al-
pha Scientists in Reproductive Medicine & ESHRE Special 
Interest Group of Embryology, 2011; Ashrafi et al., 2015; 
Setti et al., 2011).

Among intracytoplasmic dimorphisms, smooth en-
doplasmic reticulum aggregates are the most severe 
abnormality of MII oocytes (Rienzi et al., 2011; 2012; 
Shaw-Jackson et al., 2016). In the control group, there 
was smooth endoplasmic reticulum in 2.5% of retrieved 
oocytes, versus 0.1% in the letrozole group. Previous 
studies recommend that one should not use oocytes with 
this feature for injection (Alpha Scientists in Reproductive 
Medicine & ESHRE Special Interest Group of Embryology, 
2011; Rienzi et al., 2011; Shaw-Jackson et al., 2016). Nev-
ertheless, studies that are more recent could not find an 
adverse effect on embryological, clinical or neonatal data 
for oocytes with smooth endoplasmic reticulum aggre-
gates, since more than 20 children were born from oocytes 
with this abnormality. Moreover, the exclusion of these oo-
cytes from ICSI cycles causes an increased frequency of 
transfer cancellation (Ashrafi et al., 2015; Shaw-Jackson 
et al., 2014; 2016; Restelli et al., 2015).

As mentioned above, evaluation of oocytes’ morpho-
logical parameters revealed that the letrozole group had 
more dimorphisms than the control group. In this study, 
we did not analyze fertilization or embryo development, as 
oocytes from breast cancer patients were vitrified, but the 
probability of a normal fertilization is reduced by the pres-
ence of those alterations (Alpha Scientists in Reproductive 
Medicine & ESHRE Special Interest Group of Embryology, 
2011; Setti et al., 2011). Based on our results, letrozole is 
a risk factor for worse oocyte morphology. Nevertheless, 
some potential biases of this paper must be cited as dif-
ferences in stimulation protocols, different trigger for final 
follicular maturation and the breast cancer itself. However, 
clinical impact of co-administering letrozole and gonad-
otropins for fertility preservation remains unclear in this 
setting. These data underline the importance of determin-
ing predictive potential of human oocytes morphological 
parameters and dimorphisms in IVF outcomes.

CONCLUSIONS
The co-administration of letrozole is a risk factor for 

worse oocyte morphology, considering higher incidence 
of dimorphisms as increased perivitelline space, irregu-
lar zona pellucida, refractile bodies and dark and granular 
ooplasm. Although the clinical impact remains unclear in 
this setting, these findings highlights the importance of ob-
serving and determining the predictive potential of human 
oocyte dimorphisms in IVF outcomes.

List of abbreviations (in order of appearance):
 1. AI: aromatase inhibitor
 2. IVF: in vitro fertilization
 3. FSH: follicle stimulating hormone
 4. LH: luteinizing hormone
 5. GnRH: gonadotropin releasing hormone
 6. hCG: human chorionic gonadotrophin
 7. OR: odds ratio 8. CI: 95% confidence interval

Competing interests: The authors declare that 
they have no competing interests.

Corresponding author:
Ludmila Bercaire
Human Reproduction Department
Women’s Health Reference Center - Hospital Pérola 
Byington
São Paulo, Brazil.
E-mail: lud.bercaire@gmail.com

REFERENCES

ACOG - American College of Obstetricians and Gynecolo-
gists. Committee Opinion No. 663: Aromatase Inhibitors in 
Gynecologic Practice. Obstet Gynecol. 2016;127:e170-4. 
PMID: 27214191 DOI: 10.1097/AOG.0000000000001484

Akram M, Iqbal M, Daniyal M, Khan AU. Awareness and 
current knowledge of breast cancer. Biol Res. 2017;50:33. 
PMID: 28969709 DOI: 10.1186/s40659-017-0140-9

Alpha Scientists in Reproductive Medicine; ESHRE Spe-
cial Interest Group of Embryology. The Istanbul consen-
sus workshop on embryo assessment: proceedings of an 
expert meeting. Hum Reprod. 2011;26:1270-83. PMID: 
21502182 DOI: 10.1093/humrep/der037

American Cancer Society. Breast Cancer Facts & Figures 
2017-2018. Atlanta: American Cancer Society; 2017. 

Ashrafi M, Karimian L, Eftekhari-Yazdi P, Hasani F, Arabipoor A, 
Bahmanabadi A, Akhond MR. Effect of oocyte dysmorphisms 
on intracytoplasmic sperm injection cycle outcomes in normal 
ovarian responders. J Obstet Gynaecol Res. 2015;41:1912-
20. PMID: 26419975 DOI: 10.1111/jog.12818

Azim AA, Costantini-Ferrando M, Oktay K. Safety of fertil-
ity preservation by ovarian stimulation with letrozole and 
gonadotropins in patients with breast cancer: a prospec-
tive controlled study. J Clin Oncol. 2008;26:2630-5. PMID: 
18509175 DOI: 10.1200/JCO.2007.14.8700

Ben-Haroush A, Farhi J, Ben-Aharon I, Sapir O, Pinkas H, 
Fisch B. High yield of oocytes without an increase in circu-
lating estradiol levels in breast cancer patients treated with 
follicle-stimulating hormone and aromatase inhibitor in 
standard gonadotropin-releasing hormone analogue pro-
tocols. Isr Med Assoc J. 2011;13:753-6. PMID: 22332446

Cakmak H, Katz A, Cedars MI, Rosen MP. Effective meth-
od for emergency fertility preservation: random-start con-
trolled ovarian stimulation. Fertil Steril. 2013;100:1673-80. 
PMID: 23987516 DOI: 10.1016/j.fertnstert.2013.07.1992

Casper RF, Mitwally MF. Review: aromatase inhibitors for 
ovulation induction. J Clin Endocrinol Metab. 2006;91:760-
71. PMID: 16384846 DOI: 10.1210/jc.2005-1923

Cavagna F, Pontes A, Cavagna M, Dzik A, Donadio NF, Por-
tela R, Nagai MT, Gebrim LH. Specific protocols of con-
trolled ovarian stimulation for oocyte cryopreservation 
in breast cancer patients. Curr Oncol. 2018;25:e527-32. 
PMID: 30607119 DOI: 10.3747/co.25.3889

Checa Vizcaino MA, Corchado AR, Cuadri ME, Comadran 
MG, Brassesco M, Carreras R. The effects of letrozole on 
ovarian stimulation for fertility preservation in cancer-af-
fected women. Reprod Biomed Online. 2012;24:606-10. 
PMID: 22503276 DOI: 10.1016/j.rbmo.2012.02.020

Dahhan T, Balkenende EME, Beerendonk CCM, Fleischer K, 
Stoop D, Bos AME, Lambalk CB, Schats R, van Golde RJT, 
Schipper I, Louwé LA, Cantineau AEP, Smeenk JMJ, de Bru-
in JP, Reddy N, Kopeika Y, van der Veen F, van Wely M, Linn 
SC, Goddijn M. Stimulation of the ovaries in women with 
breast cancer undergoing fertility preservation: Alternative 
versus standard stimulation protocols; the study protocol 
of the STIM-trial. Contemp Clin Trials. 2017;61:96-100. 
PMID: 28710053 DOI: 10.1016/j.cct.2017.07.009



263Letrozole and oocyte morphology in breast cancer - Bercaire, LM.

JBRA Assist. Reprod. | v.24 | nº3 | Apr-May-Jun/ 2020

Figueira RSS, Braga DPAF, Semião-Francisco L, Madaschi 
C, Iaconelli A Jr, Borges E Jr. Metaphase II human oocyte 
morphology: contributing factors and effects on fertiliza-
tion potential and embryo developmental ability in ICSI cy-
cles. Fertil Steril. 2010;94:1115-7. PMID: 20045105 DOI: 
10.1016/j.fertnstert.2009.11.039

Gilchrist RB, Luciano AM, Richani D, Zeng HT, Wang X, 
Vos MD, Sugimura S, Smitz J, Richard FJ, Thompson JG. 
Oocyte maturation and quality: role of cyclic nucleotides. 
Reproduction. 2016;152:R143-57. PMID: 27422885 DOI: 
10.1530/REP-15-0606

Halászová N, Crha I, Huser M, Weinberger V, Žáková J, 
Ješeta M, Lousová E, Filipinská E, Ventruba P. Fertility 
preserving methods in women with breast cancer before 
gonadotoxic therapy. Ceska Gynekol. 2017;82:287-92. 
PMID: 28925272

Johnson LN, Dillon KE, Sammel MD, Efymow BL, Mainigi 
MA, Dokras A, Gracia CR. Response to ovarian stimulation 
in patients facing gonadotoxic therapy. Reprod Biomed On-
line. 2013;26:337-44. PMID: 23415997 DOI: 10.1016/j.
rbmo.2013.01.003

Kasum M, von Wolff M, Franulić D, Čehić E, Klepac-Pulanić T, 
Orešković S, Juras J. Fertility preservation options in breast 
cancer patients. Gynecol Endocrinol. 2015;31:846-51. 
PMID: 26370157 DOI: 10.3109/09513590.2015.1081684

Keskin U, Ercan CM, Yilmaz A, Babacan A, Korkmaz C, 
Duru NK, Ergun A. Random-start controlled ovarian hyper-
stimulation with letrozole for fertility preservation in can-
cer patients: case series and review of literature. J Pak Med 
Assoc. 2014;64:830-2. PMID: 25255597

Kim JH, Kim SK, Lee HJ, Lee JR, Jee BC, Suh CS, Kim SH. 
Efficacy of random-start controlled ovarian stimulation in 
cancer patients. J Korean Med Sci. 2015;30:290-5. PMID: 
25729252 DOI: 10.3346/jkms.2015.30.3.290

Lensen SF, Wilkinson J, Leijdekkers JA, La Marca A, Mol 
BWJ, Marjoribanks J, Torrance H, Broekmans FJ. Indi-
vidualised gonadotropin dose selection using markers of 
ovarian reserve for women undergoing IVF/ICSI. Cochrane 
Database Syst Rev. 2018;2:CD012693. PMID: 29388198 
DOI: 10.1002/14651858.CD012693.pub2

Liu L, Cai J, Li P, Jiang X, Ren J. Clinical outcome of cy-
cles with oocyte degeneration after intracytoplasmic sperm 
injection. Syst Biol Reprod Med. 2017;63:113-9. PMID: 
28151020 DOI: 10.1080/19396368.2016.1272648

Oktay K, Buyuk E, Libertella N, Akar M, Rosenwaks Z. Fer-
tility preservation in breast cancer patients: a prospective 
controlled comparison of ovarian stimulation with tamox-
ifen and letrozole for embryo cryopreservation. J Clin On-
col. 2005;23:4347-53. PMID: 15824416 DOI: 10.1200/
JCO.2005.05.037

Oktay K, Türkçüoğlu I, Rodriguez-Wallberg KA. GnRH ago-
nist trigger for women with breast cancer undergoing fer-
tility preservation by aromatase inhibitor/FSH stimulation. 
Reprod Biomed Online. 2010;20:783-8. PMID: 20382080 
DOI: 10.1016/j.rbmo.2010.03.004

Orvieto R. Triggering final follicular maturation--hCG, 
GnRH-agonist or both, when and to whom? J Ovarian Res. 
2015;8:60. PMID: 27448022 DOI: 10.1186/s13048-015-
0187-6

Pereira N, Kelly AG, Stone LD, Witzke JD, Lekovich JP, Elias 
RT, Schattman GL, Rosenwaks Z. Gonadotropin-releasing 
hormone agonist trigger increases the number of oocytes 
and embryos available for cryopreservation in cancer pa-
tients undergoing ovarian stimulation for fertility preserva-
tion. Fertil Steril. 2017;108:532-8. PMID: 28865552 DOI: 
10.1016/j.fertnstert.2017.06.027

Quinn MM, Cakmak H, Letourneau JM, Cedars MI, Rosen 
MP. Response to ovarian stimulation is not impacted by 
a breast cancer diagnosis. Hum Reprod. 2017;32:568-74. 
PMID: 28122888 DOI: 10.1093/humrep/dew355

Reddy J, Oktay K. Ovarian stimulation and fertility pres-
ervation with the use of aromatase inhibitors in women 
with breast cancer. Fertil Steril. 2012;98:1363-9. PMID: 
23058686 DOI: 10.1016/j.fertnstert.2012.09.022

Restelli L, Delle Noci S, Mangiarini A, Ferrari S, Somigli-
ana E, Paffoni A. The impact of Alpha/ESHRE consensus 
regarding oocytes with aggregates of smooth endoplasmic 
reticulum (SERa) on in vitro fertilization outcome. J Assist 
Reprod Genet. 2015;32:1629-35. PMID: 26431954 DOI: 
10.1007/s10815-015-0583-2

Rienzi L, Vajta G, Ubaldi F. Predictive value of oocyte 
morphology in human IVF: a systematic review of the 
literature. Hum Reprod Update. 2011;17:34-45. PMID: 
20639518 DOI: 10.1093/humupd/dmq029

Rienzi L, Balaban B, Ebner T, Mandelbaum J. The oo-
cyte. Hum Reprod. 2012;27:i2-21. PMID: 22811312 DOI: 
10.1093/humrep/des200

Rodgers RJ, Reid GD, Koch J, Deans R, Ledger WL, Fried-
lander M, Gilchrist RB, Walters KA, Abbott JA. The safety 
and efficacy of controlled ovarian hyperstimulation for fer-
tility preservation in women with early breast cancer: a 
systematic review. Hum Reprod. 2017;32:1033-45. PMID: 
28333356 DOI: 10.1093/humrep/dex027

Rodriguez-Wallberg KA, Oktay K. Fertility preserva-
tion in women with breast cancer. Clin Obstet Gyne-
col. 2010;53:753-62. PMID: 21048442 DOI: 10.1097/
GRF.0b013e3181f96e00

Setti AS, Figueira RC, Braga DP, Colturato SS, Iaconelli A Jr, 
Borges E Jr. Relationship between oocyte abnormal morphol-
ogy and intracytoplasmic sperm injection outcomes: a me-
ta-analysis. Eur J Obstet Gynecol Reprod Biol. 2011;159:364-
70. PMID: 21824710 DOI: 10.1016/j.ejogrb.2011.07.031

Shaw-Jackson C, Van Beirs N, Thomas AL, Rozenberg S, 
Autin C. Can healthy babies originate from oocytes with 
smooth endoplasmic reticulum aggregates? A system-
atic mini-review. Hum Reprod. 2014;29:1380-6. PMID: 
24812315 DOI: 10.1093/humrep/deu101

Shaw-Jackson C, Thomas AL, Van Beirs N, Ameye L, Col-
in J, Bertrand E, Becker B, Rozenberg S, Autin C. Oo-
cytes affected by smooth endoplasmic reticulum aggre-
gates: to discard or not to discard? Arch Gynecol Obstet. 
2016;294:175-84. PMID: 26983832 DOI: 10.1007/
s00404-016-4066-1

Shi W, Xu B, Wu LM, Jin RT, Luan HB, Luo LH, Zhu Q, Johans-
son L, Liu YS, Tong XH. Oocytes with a dark zona pellucida 
demonstrate lower fertilization, implantation and clinical preg-
nancy rates in IVF/ICSI cycles. PLoS One. 2014;9:e89409. 
PMID: 24586757 DOI: 10.1371/journal.pone.0089409



264Original article

JBRA Assist. Reprod. | v.24 | nº3 | Apr-May-Jun/ 2020

Sonmezer M, Oktay K. Fertility preservation in young 
women undergoing breast cancer therapy. Oncologist. 
2006;11:422-34. PMID: 16720842 DOI: 10.1634/theon-
cologist.11-5-422

Sousa M, Cunha M, Silva J, Oliveira E, Pinho MJ, Almeida C, 
Sá R, da Silva JT, Oliveira C, Barros A. Ultrastructural and 
cytogenetic analyses of mature human oocyte dysmor-
phisms with respect to clinical outcomes. J Assist Reprod 
Genet. 2016;33:1041-57. PMID: 27221476 DOI: 10.1007/
s10815-016-0739-8

Taylan E, Oktay KH. Current state and controversies in fer-
tility preservation in women with breast cancer. World J 
Clin Oncol. 2017;8:241-8. PMID: 28638793 DOI: 10.5306/
wjco.v8.i3.241

Turan V, Bedoschi G, Moy F, Oktay K. Safety and feasi-
bility of performing two consecutive ovarian stimulation 
cycles with the use of letrozole-gonadotropin protocol for 
fertility preservation in breast cancer patients. Fertil Steril. 
2013;100:1681-5.e1. PMID: 24055050 DOI: 10.1016/j.
fertnstert.2013.08.030

Youssef MA, Van der Veen F, Al-Inany HG, Mochtar MH, 
Griesinger G, Nagi Mohesen M, Aboulfoutouh I, van Wely 
M. Gonadotropin-releasing hormone agonist versus HCG 
for oocyte triggering in antagonist-assisted reproduc-
tive technology. Cochrane Database Syst Rev. 2014;(10)
CD008046. PMID: 25358904 DOI: 10.1002/14651858.
CD008046.pub4


