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Context: Assisted reproductive technology (ART) cycle cancelation rates are increased among over-
weight and obese women; however, the reasons for this are not completely clear. Premature
luteinization due to inadequate endogenous gonadotropin suppression is a possibility for this
higher risk of cancellation.

Objective: The objective of the study was to investigate the impact of female obesity on the
pharmacokinetics of cetrorelix (GnRH antagonist).

Design: This was an interventional study.

Setting: The study was conducted at a university clinical and translational research center.

Participants: Regularly menstruating obese (n � 10) and normal-weight (n � 10) women partici-
pated in the study.

Interventions: A frequent blood sampling study was performed after a GnRH antagonist was
administered, followed by recombinant LH.

Main Outcomes Measured: Pharmacokinetics of cetrorelix in obese vs normal weight women were
measured.

Results: Five of the obese women (50%) and none of the normal-weight women had a rebound
of LH (defined as �50% increase in LH level from nadir) over the 14-hour postdose observation
period. The obese group had a significantly decreased distributional half-life of cetrorelix com-
pared with the normal-weight group (8.1 � 1.6 vs 12.7 � 6.2 hours, P � .02). The obese group
exhibited increased clearance of cetrorelix compared with the normal-weight group (25.8 � 6.8 vs
20.1 � 8.3 L/h, P � .058).

Conclusions: The altered pharmacokinetics of cetrorelix in obese women may lead to premature
ovulation during ART, and this could be one of the mechanisms that results in increased cycle
cancelation in this group of women. In accordance with the higher gonadotropin requirements for
obese women undergoing ART, weight-based dosing of GnRH antagonists may be required. (J Clin
Endocrinol Metab 99: E871–E875, 2014)

Assisted reproductive technology (ART) cycle cancel-
lation rates are increased among overweight and

obese women (1); however, the reasons for this are not
completely clear. According to the definitions used by the

Society for Assisted Reproductive Technology (2), cycles
can be cancelled due to poor response to exogenous go-
nadotropins (1) or to excessive gonadotropin response (2).
Failure to obtain any viable embryos due to poor oocyte
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yield or failure of embryo development can also result in
cycle cancellation (3, 4). Inadequate suppression of endoge-
nous gonadotropins can result in premature ovulation and
can also result in cycle cancellation (2). Although premature
LH surge and ovulation have been described as a reason for
poor oocyte yield during ovarian stimulation for GnRH an-
tagonist ART cycles (5), no attempt was made to investigate
the mechanisms involved in these responses.

Although poor response to exogenous gonadotropins is
the most common reason for ART cycle cancellation in
overweight and obese women (1), a significant portion of
cancelled cycles in this group are unexplained. In one
study of 1239 women undergoing in vitro fertilization
(IVF), including 79 who were morbidly obese, the mor-
bidly obese women were noted to have a higher cancella-
tion rate than normal weight women, in some cases due to
a poor response to exogenous gonadotropin stimulation
(6). However, when a portion of these women underwent
a subsequent cycle at a higher starting dose of gonadotro-
pin, cancellation rates remained high (6). In another study
of 3457 IVF cycles, women with a body mass index (BMI)
greater than 30 kg/m2 had a cancellation rate that was 3
times higher than women with a normal BMI (7). Of these
cancelled cycles, one third had an unspecified reason for
cancellation (7).

Although obese women undergoing ART require higher
dosesofgonadotropins thannormal-weightwomen(1,3,8),
there are no published recommendations for weight-based
dosing of GnRH antagonists, used to prevent premature
ovulation (9).

Cetrorelix is a GnRH antagonist used to prevent prema-
ture LH surge and ovulation during ART (10) and is avail-
able in two dosing regimens: 0.25 mg daily dosing or 3 mg,
lasting 4 days (reviewed in Reference 11). Compared with
ART protocols using GnRH agonists, use of GnRH antag-
onists topreventprematureovulation inARTresults inover-
all equivalent pregnancy rates and significantly lower risk of
ovarianhyperstimulationsyndrome(9).Theaimofthisanal-
ysis was to investigate whether female obesity altered the
pharmacokinetics of cetrorelix in a manner that could put
obese women at risk for premature ovulation.

Materials and Methods

Participants
Regularly menstruating obese (n � 10) and normal-weight

(n � 10) women were recruited from the community through
campus-wide advertisements. Inclusion criteria were as follows:
1) age 18–40 years at the time of study; 2) obese (�30 kg/m2) or
normal (18–25 kg/m2) BMI; 3) history of regular menses every
25–40 days; and 4) normal baseline prolactin, TSH, and blood
count. Participants were excluded if they had a chronic disease or
used medication known to affect reproductive hormones, used

exogenous sex steroids within the last 3 months, exercised more
than 4 hours weekly, or were attempting pregnancy. All partic-
ipants had a baseline physical examination by study personnel
and underwent all blood tests at the Clinical and Translational
Research Center of the University of Colorado School of Med-
icine’s Clinical and Translational Sciences Institute.

The study was approved by the Colorado Multiple Institu-
tional Review Board, and signed informed consent was obtained
from each participant prior to participation.

Protocol
The participants underwent a luteal phase frequent blood

sampling study investigating LH and FSH luteal phase dynamics,
reported separately (12). The frequent blood sampling study was
scheduled 6–10 days after a commercially available urinary LH
kit indicated that an ovulatory LH surge was about to occur. The
presence of a corpus luteum was confirmed in all participants by
ultrasound on the day of their frequent sampling study.

This analysis focuses on the following: GnRH antagonist (ce-
trorelix 3 mg sc, Cetrotide; EMD Serono) was given at midnight
and the participants slept undisturbed in the inpatient Clinical
and Translational Research Center of the University of Colorado
School of Medicine’s Clinical and Translational Sciences Institute.
At 8:00 AM the following morning, a 6-hour frequent blood sam-
pling study (blood drawn every 10 min) was commenced. Intrave-
nous administration of a physiological dose of recombinant LH
(lutropin-� 12.5 IU, Luveris; EMD Serono) was given after the first
blooddrawof themorning.RecombinantLHwasgiven toevaluate
the pharmacokinetics of exogenous LH in obese vs normal-weight
ovulatory women and is reported separately (12).

Assays
Cetrorelix was measured in serum samples at 8, 10 and 14

hours after the administration using HPLC-tandem mass spec-
trometry (Applied Biosystems by Prolytic GmbH). Intraassay
coefficient of variation (CV) ranged from 1.59% to 3.21%, and
the interassay CV ranged from 1.94% to 3.94%. The assay’s
limit of detection is 0.065 ng/mL.

LHwasmeasuredwithanimmunofluorometricassay(DELFIA;
PerkinElmer) that has been used previously in the authors’ lab-
oratory (13). The LH intraassay CV ranged from 2.86% to
4.05%, and the interassay CV ranged from 2.62% to 4.68%.

Data analysis
Calculation of pharmacokinetic variables was performed by

noncompartmental analysis with Phoenix WinNonlin (Phar-
sight Corp; version 6.2.1). Groups were compared using t tests
or Mann-Whitney tests as appropriate using SAS software (ver-
sion 9.2 � 64 platform). Results of statistical analysis are re-
ported as mean � SD if a t test was used and as median (25th
percentile, 75th percentile) if a Mann-Whitney test was used. P �
.05 was considered statistically significant. This is a secondary
analysis of a study investigating FSH and LH dynamics in the
luteal phase of the menstrual cycle (12). The original analysis was
powered for the outcome of LH pulsatility (12).

Results

The demographic information for the study groups are
presented in Table 1. By design, the obese women had a
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significantly higher BMI than the normal-weight women
(Table 1). The groups did not differ in terms of race and
ethnicity, with most participants being Caucasian and
non-Hispanic (Table 1). The obese women were signifi-
cantly older than the normal-weight women (Table 1).
Ovarian reserve parameters (FSH, anti-müllerian hor-
mone, and antral follicle count) did not differ between the
groups (Table 1). Menstrual cycle interval was similar be-
tween the groups (obese group 31.6 � 4.2 vs normal
weight group 29.6 � 3.4 d, P � .4).

The composite mean LH values for each group are seen
in Figure 1. Five of the obese women (50%) had rebound
of LH (defined as �50% increase in LH level from nadir)
over the 14-hour postdose observation period, with a per-
cent range of 68%–498%. None of the normal-weight
women had a rebound in LH. The obese women with LH
rebound were compared with the obese women with no
LH rebound, and no differences were identified with re-
spect to age, BMI, waist and hip circumference, anti-mül-
lerian hormone, or visceral fat.

The obese group had a significantly decreased distri-
butional half-life of cetrorelix compared with the normal-
weight group (8.1 � 1.6 vs 12.7 � 6.2 h, P � .02) (Figure
2A). It is important to note that the calculated half-life
presented here does not represent the elimination half-life
of cetrorelix because the data available for calculation
were limited and did not extend beyond 14 hours. The
obese group exhibited increased clearance of cetrorelix
(although not significantly so) compared with the normal-
weight group (25.8 � 6.8 vs 20.1 � 8.3 L/h, P � .058)
(Figure 2B). The groups did not differ with respect to area
under the curve (AUC) (obese: 69.4 � 19.6, normal
weight: 70.9 � 15.2 h/ng�mL, P � .8) (Figure 2C) or vol-
ume of distribution (obese: 297.6 � 71.5, normal weight:
318.2 � 77.7 L, P � .5). No differences were seen between
the obese women with LH rebound compared with the
obese women with no LH rebound when comparing dis-
tributional half-life of cetrorelix (rebound 7.6 � 1.4 vs no
rebound 8.7 � 1.9 h, P � .09) or clearance of cetrorelix
(rebound 27.8 � 6.4 vs no rebound 20.1 � 9.7 L/h, P �

Figure 1. Composite mean LH values after suppression with GnRH antagonist and administration of recombinant LH (rLH) in the normal-weight
(gray) and obese (black) groups.

Table 1. Demographic Information

Obese
(n � 10)

Normal Weight
(n � 10) P Value

Age, y 32.5 � 4.7a 27.3 � 2.6 .006
Race .08

Caucasian 4 (40)b 9 (90)
African

American
3 (30) 0 (0)

Other/not
reported

3 (30) 1 (10)

Ethnicity 1.0
Hispanic 1 (10) 2 (20)
Non-Hispanic 9 (90) 8 (80)

BMI, kg/m2 34.3 (31.8, 38.9)c 22.3 (21.1, 22.8) �.001
FSH, U/L 3.8 (2, 4.2) 3.3 (3, 4.9) .7
Anti-Müllerian

hormone,
ng/dL

1.6 (0.6, 6.2) 5.4 (1.8, 10.3) .1

Antral follicle
count

16.5 (12, 41.4) 23 (15.7, 50.7) .2

a Mean � SD.
b Frequency (percentage).
c Median (25th percentile, 75th percentile).
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.2). Age was not a significant covariate for half-life, clear-
ance, or volume of distribution.

There were significant correlations between BMI, ce-
trorelix clearance, and half-life (Table 2). There was not a
significant correlation between BMI and volume of dis-
tribution (Table 2).

Discussion

Obese women have a significantly decreased distributional
half-life and an increased clearance of cetrorelix compared
with the normal-weight women. Nearly half of the obese
women that we studied had premature recovery of LH after
GnRH antagonist suppression, less than 14 hours after

cetrorelix administration. This is re-
markable in that a single sc dose of
3 mg of cetrorelix is expected to sup-
press LH for 96 hours (14). The phase
1trial forcetrorelix illustrated thatLH
levels return to baseline after a median
of 100 hours (4.2 d) with a range of
39–401 hours (15). The altered phar-
macokinetics of the GnRH antagonist
that we observed in obese women may
help explain their increased ART can-
celation rate.

The phase 1 trial included 48
healthy premenopausal women who
received cetrorelix on cycle day 8,
with 12 participants receiving a
3-mg dose (15). The analysis is not
broken down by weight, but the
mean weight for the entire study
population was 66.1 kg (145 lb)
(15). Using the average female height
in the United States of 1.62 m (16),
the average BMI in the phase 1 study
population was 25 kg/m2. Despite
the expected 96-hour duration of
the LH suppression (15), our study
found that half of the obese partici-
pants had premature recovery of LH
after GnRH antagonist suppression
less than 14 hours after the cetrorelix

dose was administered. This premature escape from sup-
pression in a subset of obese women is a novel finding and
raises concern that some obese women may need weight-
based dosing of GnRH antagonists to prevent premature
ovulation. Weight-based dosing is required for a variety of
medications (17), including some used in ART.

This premature recovery of LH after GnRH antagonist
suppression after cetrorelix was an unexpected finding
and was noted as part of a study investigating FSH and LH
dynamics in the luteal phase [reported separately (12)] and
was powered accordingly for the former study. Therefore,
the limitations of this study include small sample size and
nonideal pharmacokinetic sampling times. Our relatively
small sample of 20 women adds significantly to the exist-
ing literature on the pharmacokinetics of cetrorelix be-
cause the phase 1 trial of cetrorelix (15) included only 12
participants, presumably all of average weight, who re-
ceived a 3-mg dose. This preliminary analysis suggests that
obese women may have altered cetrorelix pharmacokinet-
ics, and further investigation with a specifically designed
trial is warranted. An additional area of concern is the
difference in age between the normal-weight and obese

A

C

B

Figure 2. Cetrorelix pharmacokinetic parameters in normal-weight and obese patients. A,
Whisker plot showing individual half-life values for each participant in the normal-weight (left)
and obese (right) groups. The half-life of cetrorelix is significantly decreased in the obese group
compared with the normal-weight group (P � .02). B, Whisker plot showing the individual
clearance values for each participant in the normal-weight (left) and obese (right) groups. The
clearance of cetrorelix is increased in the obese group compared with the normal-weight group
(P � .058). C, Whisker plot showing the individual AUC values for each participant in the
normal-weight (left) and obese (right) groups. The AUC of cetrorelix does not differ significantly
between the obese group and the normal-weight group (P � .43). Cl_F_Obs, Clearance.

Table 2. Correlation Between BMI and GnRH
Antagonist Clearance, GnRH Antagonist Half-Life, and
GnRH Antagonist Volume of Distribution

BMI, kg/m2
Clearance,
L/h Half-Life, h

Volume of
Distribution, L

R 0.43 �0.44 �0.12
P value .03 .03 .3
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group. Age was not a significant covariate for the phar-
macokinetic variables in our study. Additionally, the known
age-related pharmacokinetic changes that may be applicable
to our data are slower drug elimination and decreased renal
drug excretion (one route for cetrorelix excretion) with
increasing age (18). If age did impact our data, our results
would be even more significant because the older group
(obese women) had a significantly decreased half-life and
a (nonsignificantly) increased clearance.

The findings of this study may be highly relevant to
ART protocols because obese women had significantly
increased clearance of certrorelix compared with the nor-
mal-weight women, resulting in a premature recovery of
LH after GnRH antagonist suppression less than 14 hours
after administration. This is clinically important because
GnRH antagonists (including cetrorelix) are commonly
used in ART protocols, and assumptions about the dura-
tion of effectiveness of a single dose of cetrorelix may be
overestimated for obese women. More than one third of
reproductive-age women in the United States are obese
(19), and overweight and obese women make up a large
percentage of those undergoing ART (1). The altered
pharmacokinetics of cetrorelix in obese women may lead
to premature ovulation, and this could be one of the mech-
anisms that results in increased cycle cancelation in this
group of women. In accordance with the higher gonado-
tropin requirements for obese women undergoing ART,
weight-based dosing of GnRH antagonists may be required.
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