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Abstract

Purpose To explore the efficacy and safety of individualized follitropin delta dosing, based on serum anti-Mdllerian
hormone (AMH) concentration and bodyweight, in a long gonadotropin-releasing hormone (GnRH) agonist protocol.

Methods Clinical outcomes after one treatment cycle are reported in women with AMH: 5-35 pmol/L. Oocytes
were inseminated by intracytoplasmic sperm injection, blastocyst transfer was on Day 5 and remaining blastocysts
were cryopreserved. Data collection included live births and neonatal health follow-up for all fresh/frozen transfers
performed within one year after treatment allocation.

Results In total, 104 women started stimulation, of whom 101 had oocyte recovery and 92 had blastocyst transfer.
The average daily dose of follitropin delta was 11.0+ 1.6 ug and the duration of stimulation was 10.3+ 1.6 days. The
mean number of oocytes was 12.5+6.4, the mean number of blastocysts was 5.1 +3.4, and 85% had at least one
good-quality blastocyst. Following mostly single blastocyst transfer (95%), the ongoing pregnancy rate was 43%, the
live-birth rate was 43%, and the cumulative live-birth rate was 58% per started stimulation. There were 6 cases of early
OHSS (5.8%) graded as mild (n=3) and moderate (n=3) and 6 cases of late OHSS (5.8%) graded as moderate (n=3)
and severe (n=3).

Conclusion In this first evaluation of the individualized follitropin delta dosing in a long GnRH agonist protocol, the
cumulative live-birth rate was high. A randomized trial comparing follitropin delta in a long GnRH agonist protocol
versus in a GnRH antagonist protocol should provide further insight into the efficacy and safety of this treatment
option.
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Introduction

Gonadotropin Releasing Hormone (GnRH) agonists have
been used for many years and are still applied for the pre-
vention of premature luteinizing hormone (LH) surges
in patients undergoing ovarian stimulation (OS) prior to
Assisted Reproductive Technologies (ART). Before the
development of GnRH antagonists for this indication,
a long GnRH agonist protocol with conventional fol-
licle stimulating hormone (FSH) dosing was the standard
therapy for in vitro fertilization (IVF) patients undergoing
OS. Such protocol requires at least 10 days of treatment
to obtain pituitary desensitization and FSH stimulation
may induce a higher ovarian response and a higher risk
of ovarian hyperstimulation syndrome (OHSS) than with
GnRH antagonist protocols [1]. Since the development of
the GnRH antagonists for the prevention of premature
LH surges, most patients are treated with a GnRH antag-
onist protocol which is short, simple and convenient for
the patient [2]. Randomized clinical trials have dem-
onstrated that the GnRH antagonist protocol recruits a
smaller number of follicles with lower serum oestradiol
and, therefore, the risk of OHSS following triggering of
final follicular maturation with human choriogonado-
tropin (hCQG) is lower [3]. Moreover, in high responders
the risk of OHSS can be largely mitigated by triggering
final follicular maturation with a GnRH agonist instead of
hCG [4].

OS protocols have improved over recent years by step-
ping away from conventional dosing and focusing on
the individual needs of each patient. Follitropin delta,
a novel recombinant FSH (rFSH) preparation, has been
developed with an individualized dosing regimen based
on each woman’s serum anti-Miillerian hormone (AMH)
concentration and bodyweight. This dosing regimen is
to guide clinicians to achieve an ovarian response that
can minimize the risk of OHSS without compromising
efficacy. The dosing algorithm was built upon the phar-
macokinetic/ pharmacodynamic data of a Phase 2 dose-
response trial in IVF patients using a GnRH antagonist
protocol [5, 6]. Subsequently, the dosing algorithm was
prospectively tested and validated in several compara-
tive trials using a GnRH antagonist protocol [7-9]. These
studies demonstrated the efficacy of individualized fol-
litropin delta dosing compared with conventional rFSH
treatment with respect to ongoing implantation/preg-
nancy rate and live births. Individualized follitropin delta
dosing was additionally shown to provide a reduction
in iatrogenic complications and a reduction in the need
for preventive interventions of OHSS [10]. In the most
recent completed Pan-Asia trial, OS with individualized
follitropin delta dosing resulted in significantly higher
live birth rate and a significantly lower incidence of
early ovarian hyperstimulation syndrome (OHSS) and/
or preventive interventions compared with conventional
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follitropin alfa dosing [9]. This improved clinical outcome
pertained most to the younger IVF patients included in
this Pan-Asia trial who benefitted most from this individ-
ualized dosing regimen, as their AMH was relatively high
and their bodyweight relatively low.

Following the development of the individualized folli-
tropin delta dosing in a GnRH antagonist protocol, it was
questioned whether this specific dosing algorithm could
also be applied in a long GnRH agonist protocol. The
long GnRH agonist protocol is still applied frequently
for selected indications such as low responders. In some
large IVF clinics, the long GnRH agonist may be pre-
ferred to manage patients in cohorts during stimulation
and to avoid oocyte recoveries during the weekend [11].
The most recent meta-analysis showed that long GnRH
agonist protocols did not result in a higher live birth rate
than the GnRH antagonist protocols among general IVF
populations, but came with a higher risk of OHSS, which
is in agreement with the higher ovarian response follow-
ing a long agonist protocol [1, 12]. The first application of
follitropin delta in a long GnRH agonist protocol was in
a prospective Phase 2 dose-range trial of choriogonado-
tropin (CG) beta in which potential high responders were
excluded [13]. Here, we report on the cumulative live
birth rate of 104 patients in the control (placebo) group
from the Phase 2 trial who underwent one treatment
cycle with individualized follitropin delta (without CG
beta) in a long GnRH agonist protocol.

Materials and methods

Study design and participants

This is a subset analysis including all 104 patients par-
ticipating in a European Phase 2 dose-range trial and
treated with individualized follitropin delta dosing plus
placebo in a long GnRH agonist protocol as previously
described [13]. The trial was approved by the local regu-
latory authorities and the independent ethics committees
covering all participating centres, and was performed in
accordance with the principles of the Declaration of Hel-
sinki, the International Conference on Harmonization
Guidelines for Good Clinical Practice, and local regula-
tory requirements.

Women (30-42 years) who were undergoing their
first or second IVF/intracytoplasmic sperm injection
(ICSI) cycle due to unexplained infertility, tubal infertil-
ity, endometriosis Stage I/1I, or with partners diagnosed
with male factor infertility, were eligible for the trial.
Additional main inclusion criteria were body mass index
17.5-32.0 kg/m?, regular menstrual cycles of 24—35 days
and AMH levels at screening of 5.0-35.0 pmol/L as mea-
sured by Elecsys®” AMH Plus Immunoassay (Roche, Swit-
zerland) at a central laboratory.
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Ovarian stimulation in a long GnRH agonist protocol
Women started treatment with subcutaneous triptorelin
acetate 0.1 mg/day (Gonapeptyl®, Ferring Pharmaceu-
ticals, Switzerland) during the mid-luteal phase of their
menstrual cycle. In total, 104 pituitary down-regulated
women were allocated to the placebo group (i.e., were
given placebo instead of choriogonadotropin beta) and
received an individualized fixed daily dose of follitro-
pin delta, determined on the basis of their AMH level
at screening and their bodyweight at stimulation Day 1.
During stimulation, subjects were monitored by trans-
vaginal ultrasound on stimulation Days 1 and 6 and
thereafter at least every second day. Triggering of final
follicular maturation was done as soon as =3 follicles
with a diameter of 217 mm were observed. If there were
<25 follicles with a diameter>12 mm, a single dose of
rhCG 250 pg (Ovitrelle®, Merck Europe, Netherlands)
was administered, but if there were >25 follicles with a
diameter>12 mm, the cycle had to be cancelled per pro-
tocol. Oocyte retrieval took place 362 h after triggering,
the maturity of each oocyte was assessed and each meta-
phase II oocyte was inseminated by ICSI. All inseminated
oocytes were incubated in an EmbryoScope® (Vitrolife,
Sweden) for time-lapse monitoring and embryo develop-
ment was recorded up to the day of transfer.

Assessment of blastocyst quality on Day 5 after oocyte
retrieval was done locally and centrally and consisted of
assessment of three parameters: blastocyst expansion
and hatching status (Grade 1-6), blastocyst inner cell
mass grading (Grade A-D), and trophectoderm grading
(Grade A-D) [14]. Blastocysts were scored by using the
system of Gardner D and Schoolcraft W [15], with the
addition of Category D for scoring inner cell mass and
trophectoderm. For all subjects, fresh blastocyst trans-
fer was performed on Day 5 after oocyte retrieval. Single
blastocyst transfer was mandatory for subjects<37 years.
In subjects =38 years, the transfer policy was dependent
on the quality of the available blastocysts, i.e., single blas-
tocyst transfer if they had at least one good-quality blas-
tocyst, and transfer of maximum 2 blastocysts if they had
no good quality blastocysts. Remaining blastocysts were
cryopreserved and transferred within 1 year after treat-
ment allocation.

Pre-implantation genetic diagnosis/pre-implantation
genetic screening was prohibited by the trial protocol.
Vaginal progesterone tablets 100 mg (Lutinus®, Ferring,
Switzerland) three times daily were provided for luteal
phase support from the day after oocyte retrieval until
the ongoing pregnancy visit. A serum BhCG test was
performed 13-15 days after transfer, clinical pregnancy
was confirmed by transvaginal ultrasound 5-6 weeks
after transfer, and ongoing pregnancy was confirmed by
transvaginal or abdominal ultrasound 10-11 weeks after
transfer. The safety endpoints included OHSS, which was
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reported based on categorization of mild, moderate or
severe OHSS by Golan’s classification system [16].

Follow-up of cryopreserved embryos and neonatal health
Women initiating cryopreserved cycles were part of the
follow-up trial. This interval was extended for approxi-
mately 3 months to compensate for a temporary deferral
of cryopreserved cycles during the COVID-19 pandemic.
A maximum of 2 blastocysts could be transferred in a
cryopreserved cycle. Data gathered included positive
BhCG test, clinical pregnancy, vital pregnancy, ongoing
pregnancy as well as live birth rate. All pregnant women
were followed until delivery to gather data on neonatal
health, including minor/major congenital anomalies, at
birth and 4 weeks after birth. Congenital malformation
was adjudicated into major or minor in accordance with
the EMA guideline (2005) [17].

Statistical analysis

Pregnancy and live birth data were described using sum-
mary statistics and graphical illustrations. The cumula-
tive live birth rate was calculated as the percentage of
women starting stimulation who had one live born neo-
nate. Pregnancy and live birth rates per cryopreserved
transfer were calculated based on all the cryotransfers
that were performed and therefore the same women
could contribute data from more than one transfer. Rates
per transfer were also estimated using a mixed-effects
model, adjusting for repeated transfers within the same
women, but since the variance component in this model
was estimated close to zero the adjusted estimates were
identical to the observed rates.

Results
Disposition and baseline characteristics
In total, 104 women were downregulated in a long GnRH
agonist protocol of daily triptorelin 0.1 mg and started
stimulation with individualized follitropin delta dosing.
Their mean age and bodyweight were 35.6+3.2 years
and 64.119.1 kg, respectively (Table 1). In total, 57.7%
of women had an AMH <15 pmol/l and 42.3% of women
had an AMH2>15 pmol/L. The proportion of women
with primary infertility was 56.7% and the mean duration
of infertility was 33.2+21.9 months. The most common
primary reasons for infertility were unexplained infertil-
ity (58.7%) and infertility related to male factor (28.9%).
All women who started daily triptorelin treatment were
successfully downregulated after 2 weeks without cyst
formation. The total duration of GnRH agonist treatment
was 25.51+2.8 days. Of the 104 women who started stim-
ulation, 3 women had oocyte collection cancelled (two
women with too low ovarian response and one woman
with a skin rash). In total, 101 women underwent oocyte
retrieval (97%), 92 women (88%) had fresh blastocyst
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Table 1 Demographics and baseline characteristics

Patient characteristic N=104
Age (years), mean+SD 356+32
Bodyweight (kg), mean+SD 64.1+9.1
Body mass index (kg/mz), mean+SD 236+3.1
Body mass index category, n (%)
<185 kg/m? 3(29)
>185 kg/m? and < 25.0 kg/m? 73(702)
>25.0 kg/m? and <30.0 kg/m? 23(22.1)
>30.0 kg/m? 5(4.8)
AMH (pmol/L), mean+SD 148+6.9
Primary infertility, n (%) 59 (56.7)
Duration of infertility (months), mean +SD 33.2+219
Primary reason(s) for infertility, n (%)
Unexplained infertility 61 (58.7)
Tubal infertility 11(10.6)
Male factor 30(289)
Other 1(1.0)
Missing 1(1.0)

transfer which included 87 single transfers and 5 double
transfers. Twenty-two women had one cryotransfer, ten
women had two, four women had three, and one woman
had four cryotransfers. Therefore, in total thirty-seven
women had between 1 and 4 cryotransfers and the total
number of cryotransfers was 58 (56 single transfers and 2
double transfers).

Ovarian stimulation outcomes

The meantstandard deviation duration of stimulation
was 10.3£1.6 days, the assigned follitropin delta dose was
11.0+1.6 pg (range: 6.33-12 pg) and 64% received the
maximum approved dose of 12 pg. At the end of stimula-
tion, the mean number of follicles>12 mm was 12.7+5.3
and the mean number of follicles>17 mm was 5.2+2.4
with mean levels of serum oestradiol and progesterone
of 5959 pmol/L and 1.34 nmol/L, respectively. The mean
total number of oocytes and MII oocytes was 12.5+6.4
and 9.715.2, respectively, whereas the fertilization rate
was 76.2%. The mean number of blastocysts, good-qual-
ity blastocyst and cryopreserved blastocysts was 5.1+3.4,
3.74£3.0 and 3.3%3.0, respectively, and 85% of women
who started stimulation had at least one good quality
blastocyst at Day 5 or 6.

Pregnancy outcomes

In total, there were 45 ongoing pregnancies following
fresh blastocyst transfer. After fresh transfer, the posi-
tive PhCG rate was 50.0%, the vital pregnancy rate was
43.3%, and the ongoing pregnancy rate was 43.3% per
started cycle and 48.9% per transfer. In addition, 15 ongo-
ing pregnancies were established in cryopreserved cycles
and the ongoing pregnancy rate per cryopreserved trans-
fer was 25.9% resulting in a final cumulative ongoing
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pregnancy rate of 57.7%. There were 16 early pregnancy
losses between the positive PhCG test and ongoing preg-
nancy for fresh (eight losses) and cryopreserved (eight
losses) transfers.

Live births

None of the established ongoing pregnancies were lost
prior to birth and all pregnancies resulted in live-born
singletons. Figure 1 illustrates the timepoint (days after
randomization) for all fresh and cryopreserved transfers
and all live births from fresh and cryopreserved transfers.
Figure 2 shows the cumulative live birth rate versus time,
starting at the first day of stimulation. Following fresh
blastocyst transfer, 43.3% of women had live birth and
following cryopreserved transfers the live birth rate fur-
ther increased to 57.7%.

OHSS

There were in total 12 women (11.5%) with OHSS com-
prising 6 women with early onset OHSS and 6 pregnant
women with late onset OHSS. Women with early onset
had either mild OHSS (n=3) or moderate OHSS (n=3)
whereas women with late onset OHSS had moderate
OHSS (n=3) or severe OHSS (n=3), the latter includ-
ing 2 hospitalizations. The 6 women with early onset
OHSS were treated with doses of 10.33-12 pg/daily
and their AMH ranged between 15 and 20 pmol/L (2 of
these women received follitropin delta 12 pg/day and 4
received lower daily doses). Three women with mild
OHSS did not develop ascites and 3 women with moder-
ate OHSS showed ascites on ultrasound (3.5-19.2 cm?)
without related clinical symptoms. The three women
with early onset mild OHSS underwent fresh blastocyst
transfer each resulting in a live birth.

Infant follow-up

At birth there were 6 congenital malformations noted
in 3 out of 60 singletons. All infants with malformations
were from fresh blastocyst transfers. These included one
major malformation (feet deformation) and 5 minor
malformations (haemangioma, congenital cerebral cyst,
hypospadias, atrial septal defect and patent ductus arte-
riosus). No additional congenital malformations were
detected during the first 4 weeks after birth.

Discussion

This is the first report on the cumulative live birth rate
following one stimulation cycle with individualized folli-
tropin delta in a long GnRH agonist protocol. This suc-
cess rate (57.7%) is high considering that women with
AMH>35 nmol/L were excluded from the trial and that
the overall cumulative live birth rate after up to three
stimulation cycles with individualized follitropin delta in
a GnRH antagonist protocol was 60.3% [18]. Overall, the
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pregnancy and neonatal outcomes from fresh and frozen
cycles in this cohort of 104 women supports the efficacy
of individualized follitropin delta dosing algorithm when
used in a long GnRH agonist protocol.

The individualized dosing regimen of follitropin delta,
which is based on a patient's AMH and bodyweight,
has been developed in a GnRH antagonist protocol and
applies a fixed daily dose during stimulation without dose
adjustments. The follitropin delta dose is calculated for
each individual patient and overall, less FSH is required
to reach the same triggering criteria compared with
conventional FSH dosing. Considering the FSH thresh-
old/window concept of follicle development [19], it was
uncertain whether individualized, fixed dosing of follitro-
pin delta dosing would sustain multiple follicular devel-
opment in all down-regulated patients equally well, but
actually only 3 out of 104 patients who started stimula-
tion were cancelled prior to oocyte recovery.

When it comes to OS prior to IVF or ICS], intra-cycle
dose adjustments have been reported in up to 45% of

ART cycle [20]. Research with individualized, fixed dos-
ing of follitropin delta in comparison to conventional
dosing including dose adjustments during stimulation of
follitropin alfa has proven that the starting dose is most
important [7]. Thus, once the optimal follitropin delta
dose for a specific patient is selected, there is no need to
adjust the dose during stimulation which simplifies treat-
ment both in GnRH antagonist and long GnRH agonist
cycles. This is in good agreement with previous findings
that increasing the dose during stimulation does not lead
to more oocytes [21, 22] making the starting dose critical
for the ultimate ovarian response during that cycle.

In the current study, the average number of oocytes
(12.5) and the number of good-quality blastocysts (3.7)
tended to be higher than in previous follitropin delta tri-
als using a GnRH antagonist protocol in which women
with AMH >35 pmol/L were not excluded [7-9]. In fresh
cycles, most of the transferred blastocysts were of Grade
5AA or 5AB, whereas in cryopreserved cycles most of
the transferred blastocysts were of Grade 5BB and 4BB.



Sanchez et al. Reproductive Biology and Endocrinology

80
75
70
65
60
55
50
45 Fresh cycle rate: 43.3%
40
35
30
25

Cumulative live birth rate (%)

20
15

10

0 40 80

(2023) 21:45

Page 6 of 8

Cumulative rate: 57.7%
p—

120 160 200 240 280 320 360 400 440 480 520 560 600 640 680

Day from start of stimulation

Fig. 2 Cumulative live birth rate versus time from start of stimulation. Following fresh blastocyst transfer, 43.3% of women had live birth and following
cryopreserved transfers the live birth rate further increased to 57.7% (both at birth and 4 weeks after birth)

This can partly explain the higher pregnancy rates for
fresh transfers compared with cryotransfers. Another
explanation is that cryotransfers were mainly performed
in women that already had a fresh transfer without preg-
nancy, and therefore these women had a lower probabil-
ity of achieving pregnancy. There was a clear association
between the blastocyst quality score and the implanta-
tion rate, supporting that the recovery of high-quality
blastocysts in this study contributed to the high cumula-
tive pregnancy rate [23, 24].

One of the main disadvantages of a long GnRH ago-
nist protocol is the higher risk of OHSS [1, 12] as well as
the impossibility of triggering final follicular maturation
with a GnRH agonist instead of administration of hCG
[4]. Regardless of these well-documented findings, a long
GnRH agonist protocol is still applied in certain Euro-
pean countries, and in China where the GnRH antago-
nist was introduced much later [25]. In this cohort of 104
women, there were in total 6 cases of mild to moderate
OHSS with early onset and 6 pregnant women with late

OHSS, the latter including 2 hospitalizations. This OHSS
incidence appears higher than in a previous GnRH antag-
onist trial of individualized follitropin delta using the
same OHSS classification [7]; however, any reliable com-
parison should be based on a randomized trial comparing
the incidence of OHSS in a long GnRH agonist with that
in a GnRH antagonist protocol and such trial has been
recently completed (NCT03809429). Obviously, the risk
of OHSS is directly related to the ovarian response [26,
27], but may be mitigated in a long GnRH agonist pro-
tocol by excluding potential high responders (e.g. those
with AMH>35 pmol/L) who benefit more from indi-
vidualized follitropin delta treatment in a GnRH antago-
nist protocol [28]. In contrast, one may hypothesize that
low to normal responders (e.g. those with AMH<15
pmol/L) treated with individualized follitropin delta in a
long GnRH agonist protocol may have a higher ovarian
response than in a GnRH antagonist protocol, whereas
the risk of OHSS may not be increased due to the indi-
vidualized FSH dosing.
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In conclusion, this first report on individualized, fixed,
follitropin delta dosing in a long GnRH protocol showed
adequate OS without the risk of cancellation due to too
high ovarian response which supports the correctly cho-
sen upper AMH limit of 35 pmol/L in this trial. As in the
GnRH antagonist protocol, individualized dosing of fol-
litropin delta brings a new treatment option with poten-
tial advantages over conventional dosing in a long GnRH
agonist protocol, but those need to be documented in
further clinical research.
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