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ABSTRACT
Purpose To analyze the cycle outcomes and the incidence of
ovarian hyperstimulation syndrome (OHSS), when oocyte
maturation was triggered by gonadotropin-releasing hormone
agonist (GnRHa) versus human chorionic gonadotropin (hCG)
in breast cancer patients undergoing fertility preservation.
Methods One hundred twenty-nine women aged≤45 years,
diagnosed with stage≤3 breast cancer, with normal ovarian
reserve who desired fertility preservation were included in the
retrospective cohort study. Ovarian stimulation was achieved
utilizing letrozole and gonadotropins. Oocyte maturation was
triggered with GnRHa or hCG. Baseline AMH levels, number
of oocytes, maturation and fertilization rates, number of em-
bryos, and the incidence of OHSS was recorded.
Results The serum AMH levels were similar between GnRHa
and hCG groups (2.7±1.9 vs. 2.1±1.8; p=0.327). There
was one case of mild or moderate OHSS in the GnRHa
group compared to 12 in the hCG group (2.1 % vs. 14.4 %,
p=0.032). The maturation and fertilization rates, and the
number of cryopreserved embryos were significantly higher
in the GnRHa group.

Conclusions GnRHa trigger improved cycle outcomes as evi-
denced by the number of mature oocytes and cryopreserved
embryos, while significantly reducing the risk of OHSS in
breast cancer patients undergoing fertility preservation.
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Introduction

Breast cancer is the most common malignancy diagnosed in
women worldwide. Early detection and improvements in
screening have increased the number of premenopausal women
diagnosed with breast cancer, while advances in treatment op-
tions have contributed to declining breast cancer mortality rates
[1, 2]. With increasing numbers of breast cancer survivors,
quality of life issues such as the delayed effects of cancer
treatments and fertility preservation have gained prominence
[3–6]. Embryo andmature oocyte cryopreservation are currently
the most established techniques for fertility preservation [7, 8].

Since women with breast cancer typically have a window
of approximately 6 weeks between surgery and the initiation
of adjuvant chemotherapy, it is feasible to undergo controlled
ovarian stimulation (COS) [9–11]. The supraphysiologic es-
trogen (E2) levels resulting from traditional stimulation pro-
tocols have precluded most oncologists and breast cancer
patients from pursuing fertility preservation, fearing the high
estrogenic state can promote cancer growth or recurrence [12,
13]. In an effort to mitigate the potential effects of elevated E2
levels, novel ovarian stimulation protocols utilizing aromatase
inhibitors have been developed [14–16]. In one study, the risk
of breast cancer recurrence in women who underwent COS
utilizing aromatase inhibitors was similar to the control group
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who declined fertility preservation after 2 years of follow-up
[17].

In the original aromatase inhibitor protocol, final oocyte
maturation was triggered with hCG [18]. Accumulating evi-
dence suggests hCG administration increases the risk of de-
veloping ovarian hyperstimulation syndrome (OHSS), a seri-
ous complication of COS. Given its longer half-life as com-
pared to endogenous luteinizing hormone (LH), hCG induces
a prolonged luteotropic effect, potentiating the recruitment of
multiples follicles and resulting in supraphysiologic E2 levels
[19, 20]. Recent data suggests the risk of OHSS may be
reduced by utilizing GnRH agonist triggers [21, 22].

In our previously published pilot data of 74 breast cancer
patients undergoing fertility preservation, we found reduced
estrogen exposure and risk of OHSS when final oocyte mat-
uration was triggered by GnRHa as compared to hCG [23].
The aims of our current study are to expand our previously
published pilot data by further studying the ovarian reserve
prior to initiating treatment and investigating the risk of OHSS
following GnRH agonist trigger versus hCG trigger for final
oocyte maturation in breast cancer patients undergoing fertil-
ity preservation.

Materials and methods

The study was approved by the New York Medical College
Institutional Review Board and was registered at
clinicaltrials.gov (NCT00504699). The study subjects were
referred by their oncologists to discuss fertility preservation
prior to initiating adjuvant chemotherapy between 2006 and
2011. The inclusion criterion were: histologically proven breast
cancer, age 18–45 years, no prior exposure to chemotherapy, no
prior infertility, the absence of hypothalamic dysfunction and
adequate ovarian reserve as defined by the following baseline
(cycle day 2 or 3) parameters: FSH level≤13mIU/mL, estradiol
level≤75 pg/mL. Exclusion criteria included advanced stage
breast cancer defined as greater than Stage IIIB, previous
history of infertility or ovarian surgery. The study was conduct-
ed in 2013 and the retrospective data were generated through
secondary analysis of a previously collected database investi-
gating the long-term effects of controlled ovarian stimulation in
women diagnosed with breast cancer undergoing fertility pres-
ervation cycles with letrozole between 2006–2011.

Ovarian reserve assessment

Serum anti- müllerian hormone (AMH) was measured in
serum obtained on cycle day 2 or 3, immediately prior to
initiating ovarian stimulation. The results were not available
to the investigators at the time of ovarian stimulation and did
not factor into FSH dosing. The frozen serum was assayed by
quantitative three-step sandwich type immunoassay.

Stimulation protocol

In the original aromatase inhibitor-gonadotropin protocol, an
hCG trigger was utilized for final oocyte maturation. Over time
the protocol was transitioned to a GnRHa trigger with the aim
of reducing OHSS risks and further reducing post-hCG rise in
E2 levels; therefore, this is a comparison of the initial hCG
trigger with the later GnRHa trigger [15, 23]. All other aspects
of the aromatase inhibitor-gonadotropin protocol remained the
same (Fig. 1). Briefly, 5 mg of letrozole (Femara, Novartis
Oncology, East Hanover, NJ) was administered on cycle day
2. Daily injections of recombinant FSH (Follistim, Organon,
West Orange, NJ or Gonal-F, Serono, Rockville, MD) were
added 2 days later. The initial dose of recombinant FSH ranged
from 150 to 300 IU/day.Monitoring of ovarian response during
stimulation consisted of hormonal levels and transvaginal ul-
trasound every 1–2 days until the day of oocyte retrieval. To
prevent a premature surge of LH, a GnRH antagonist (Ganirelix
250 μg/d, Organon, West Orange, NJ) was administered when
E2 levels exceeded 250 pg/mL or when the lead follicle reached
14 mm in diameter. When at least two follicles reached at least
19–20 mm in diameter, oocyte maturation was triggered with
either hCG (Ovidrel, EMD Serono, Rockland, MA) or
leuprolide acetate 1 mg (Lupron, Ferring Pharmaceuticals,
Parsippany, NJ). Transvaginal oocyte retrieval was performed
approximately 34–36 h later. Subsequently, IVF with
intracytoplasmic sperm injection was performed and the em-
bryos were cryopreserved at the 2-pronuclear stage. For women
without partners, oocyte cryopreservation was performed.
Letrozole 5 mg was restarted on the day of retrieval and
continued until E2 levels fell below 50 pg/ml [14].

Outcome measures

Parameters examined per treatment cycle included: total go-
nadotropin dose, length of ovarian stimulation, total oocyte
number, maturation rate, total mature oocyte number, fertili-
zation rate, number of pronuclear stage embryos frozen, pre-
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Fig. 1 Protocol using GnRHa vs. hCG trigger for final oocyte maturation
in fertility preservation cycles for women diagnosed with breast cancer
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trigger estradiol levels, and rates of OHSS. The signs and
symptoms of OHSS were assessed in all patients 1 week after
the procedure, at the time of the routine return visit, or earlier if
the patient developed any symptoms. The evaluation
consisted of a symptom assessment, physician examination,
transvaginal ultrasound, and blood sampling. OHSS was clas-
sified based on standard criteria. Briefly, mild hyperstimula-
tion was defined as abdominal distension or discomfort in the
setting of bilateral ovarian enlargement up to 12 cm.Moderate
hyperstimulation was defined as features of mild OHSS in the
setting of sonographic evidence of ascites. Severe hyperstim-
ulation was defined as features of moderate OHSS plus clin-
ical evidence of ascites or hydrothorax or difficulty in breath-
ing, change in blood volume, hemoconcentration, coagulation
abnormalities and diminished renal function [24].

Statistical analysis

Statistical analysis was performed using the Statistical Pack-
age for the Social Sciences (release 15.0; SPSS Inc., Chicago,
IL). Continuous data were analyzed by student t test. The
variables were investigated using visual (histograms, proba-
bility plots) and analytical methods (Kolmogorov Simirnov/
Shapiro-Wilks test) to determine whether or not they were
normally distributed. Chi-square and Fischer’s exact test was
used to compare proportions of different groups. Data were
presented as mean ± standard deviation. A p-value less than
0.05 was considered statistically significant.

Results

One hundred twenty-nine women met inclusion criteria and
returned for follow-up of which 46 women were in the
GnRHa group and 83 women were in the hCG group. The
mean age, body mass index and ovarian reserve assessment as
determined by baseline FSH, E2, AMH and antral follicle

count (AFC) were similar between both groups (Table 1).
AMH levels were unavailable in approximately one third of
patients, 16 in the GnRHa group and 29 in the hCG group.
The total dose of gonadotropin, mean length of stimulation,
and peak pre-trigger E2 levels were also similar between the
two groups (Table 2).

The total number of oocytes was similar between the two
groups, however the maturation rate (77.3±18.5 % vs. 67.6±
21.9 %, p=0.007) and the number of mature oocytes (10.5±
5.1 vs. 7.7±5.3, p=0.002) were significantly higher in the
GnRHa group when compared to the hCG group. The fertil-
ization rate (82.6±15.9 % vs. 75.2±22.9 %; p=0.041) and the
number of cryopreserved embryos (7.7±4.2 vs. 5.4±3.8, p=
0.002) were also significantly higher in the GnRHa group
when compared to the hCG group (Table 2). The majority of
patients underwent embryo cryopreservation compared to
oocyte cryopreservation. Specifically, 37 in the GnRHa group
and 69 in the hCG underwent embryo cryopreservation.

There were a total of 13 cases of mild or moderate OHSS in
the study, one in the GnRHa group (1/46, 2.1 %) and 12 in the
hCG group (8/83, 9.6 %) (Table 2). The only case of OHSS in
the GnRHa was classified as mild. In the hCG group, 50 % of
patients were classified as having moderate OHSS. There
were no cases of severe OHSS in either group.

Discussion

In our study, we found GnRHawas effective in triggering final
oocyte maturation as hCG in women with breast cancer un-
dergoing fertility preservation using an aromatase inhibitor-
gonadotropin protocol. Furthermore, there was a significant
reduction in the rate of OHSS in the GnRHa group compared
to the hCG group. Our current study builds on our pilot data
and adds to the growing body of literature supporting the
potential use of GnRHa triggers in certain high risk popula-
tions [23, 25]. Although we do not have the sufficient data on
pregnancy outcomes at the present time, our preliminary
analysis does not suggest a difference in pregnancy rates
between the two triggers.

Although our study is the largest to date in breast cancer
patients to test the efficacy of GnRHa triggers in fertility
preservation cycles, the success of this approach has also been
demonstrated in earlier studies, in particular in oocyte donor
programs [25–27]. In a prospective randomized trial investi-
gating oocyte triggering agents in donor cycles, oocyte donors
were randomized to receive either GnRHa or hCG. There was
no difference in the number of oocytes retrieved, fertilization
rate, embryo quality, implantation or pregnancy rates between
the two groups; however, the rate of OHSS was significantly
lower in the GnRHa group as compared to the hCG group
[25]. In a retrospective cohort study of 1,171 oocyte donors
undergoing 2,077 cycles, donors were triggered with either

Table 1 Demographic characteristics and ovarian reserve assessment in
breast cancer patients triggered with GnRHa vs. hCG

Characteristic GnRHa (N=46) hCG (N=83) P-value

Age (years) 37.9±4.9 39.2±3.8 0.078

Body Mass Index (kg/m2) 22.5±3.2 22.4±3.4 0.894

Baseline AMH (ng/ml)a 2.7±1.9 2.1±1.8 0.327

Baseline FSH (mIU/ml) 8.9±4.5 8.5±3.8 0.587

Baseline estradiol (pg/ml) 46.0±37.9 49.3±38.7 0.624

Baseline antral follicle count 9.7±5.5 9.2±4.9 0.636

Values for continuous variables are mean ± SD. A p-value less than 0.05
was considered statistically significant
a AMH levels were unavailable in 16 women the GnRHa group and 29
women in the hCG group
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GnRHa or hCG at the discretion of the treating physician.
There was no difference in the number of oocytes retrieved,
proportion of mature oocytes, and implantation or pregnancy
rates between the two groups, while the rate of moderate or
severe OHSS was significantly lower in the GnRHa group
[27].

In a prospective randomized trial evaluating the effects of a
GnRHa trigger on cycle outcomes in a non-cancer infertility
population, the number of mature oocytes retrieved was sig-
nificantly higher in the GnRHa group compared to the hCG
group, which is consistent with our findings and those of
Acevedo et al. [25, 28]. Erb et al. noted a significantly higher
number of quality embryos in the GnRHa group than in the
hCG group in a retrospective donor oocyte study [26]. A
potential explanation for this observation is that GnRHa trig-
ger a more physiologic approach, similar to that of the natural
mid-cycle surge. Since hCG has a much longer half-life than
LH, it can theoretically induce over-luteinization of recruited
follicles and subsequently affect their quantity and or quality.
GnRHa on the other hand induce an endogenous rise in both
LH and FSH due to an initial flare effect, which appears to be
more physiologic [29].

In a recent meta-analysis of GnRH antagonist fresh-
autologous IVF cycles, women triggered with GnRHa had
significantly lower pregnancy and live birth rates compared to
women triggered with hCG, although the rate OHSS was
significantly lower in the GnRHa group [30]. This finding
suggests that GnRHa trigger may contribute to a luteal phase
defect resulting in lower implantation and pregnancy rates
[31]. However when adequate luteal phase hormonal support
was provided, pregnancy rates significantly improved and
were consistent with those triggered by hCG [32]. In a pro-
spective observation study comparing GnRHa to hCG for
final oocyte maturation, there was no difference in live birth
rate after the transfer of frozen-thawed embryos [33]. Since
the goal of fertility preservation cycles is to maximize the
number of high quality embryos and oocytes available for
cryopreservation and future conception, the immediate issue
of implantation and pregnancy rates may not directly relevant.

OHSS is a serious complication of COS and mea-
sures should be taken to avoid it in cancer patients
because it may delay or even complicate the initiation
of life-saving adjuvant treatment. Cancer patients in
general are hypercoagulable and OHSS in that setting
we presume may be even more thrombogenic. Since
cancer patients presenting for fertility preservation typi-
cally have a limited window, it is important to balance
the risk of OHSS with optimizing the number of re-
trieved high quality oocytes and embryos. Predicting
which patients are at risk for developing OHSS can be
challenging, and several parameters have been investi-
gated such as elevated E2 levels and the number of
follicles recruited [34]. However, the use of aromatase
inhibitors may limit the predictive value of E2 levels
given their profound suppression in fertility preservation
cycles [16]. Despite the significantly lower absolute
peak E2 levels, OHSS was still diagnosed in 13 of the
129 participants in our study. This suggests that elevated E2
levels are not the only contributing factor to the pathogenesis
of OHSS. Furthermore, alternative parameters are needed to
better identify women at risk for OHSS, particularly in fertility
preservations cycles using aromatase inhibitors. It may be
prudent to use the rate of rise of E2s levels rather than the
absolute value in combination with follicular pattern to accu-
rately identify at risk patients.

One limitation of our study is that it was not a randomized
trial. Despite the lack of prospective randomization, the two
groups were very similar and did not differ by age, body mass
index or initial markers of ovarian reserve. It was a secondary
analysis of a database of women with breast cancer presenting
for consultation of fertility preservations options. Thus, the
study cohort may have an over-representation of healthier
women. In addition, fertility preservation options are not
universally covered by insurance; therefore, the women who
elected to proceed with embryo or oocyte cryopreservation
may be different from those women who declined. The rela-
tively small sample size precludes use from making broad
generalization regarding the optimal triggering agent.

Table 2 Cycle outcomes in
breast cancer patients triggered
with GnRHa vs. hCG

Values for continuous variables
are mean ± SD. A p-value less
than 0.05 was considered statisti-
cally significant
a Embryo cryopreservation oc-
curred in 37 women in the
GnRHa group and 69 women in
the hCG group

Outcome GnRHa (N=46) hCG (N=83) P-value

Ovarian stimulation length (days) 10.1±1.0 10.5±1.8 0.121

Total gonadotropin dose (IU) 1982.0±902.2 1858.0±668.3 0.376

Peak estradiol pre-trigger (pg/ml) 564.8±313.2 529.7±400.6 0.589

Number of oocytes retrieved 14.1±6.6 12.4±8.6 0.218

Oocyte maturation rate (%) 77.3±18.5 67.6±21.9 0.007

Number of mature oocytes 10.5±5.1 7.7±5.3 0.002

Fertilization rate (%) 82.6±15.9 75.2±22.9 0.041

Number of cryopreserved embryosa 7.7±4.2 5.4±73.8 0.002

Mild or moderate OHSS (%) 1/46 (2.1 %) 12/83 (14.4 %) 0.032
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Conclusion

In conclusion, our study is the largest to date to demonstrate
that the risk of OHSS can be significantly reduced with the
administration of a GnRHa trigger compared to hCG, without
adversely affecting cycle outcomes in breast cancer patients
undergoing COS utilizing aromatase inhibitors. Given that
cancer patients presenting for fertility preservation often only
have time for one cycle, it is important to balance the risk of
OHSS with optimizing the number of high quality oocytes
and embryos. Since E2 levels are suppressed in aromatase
inhibitor cycles, alternative predictors are needed to accurately
identify patients at risk of OHSS. Larger studies and data on
pregnancy outcomes will be needed to verify the safely and
efficacy our approach.
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