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Objective: To evaluate the safety profile and the number of usable blastocysts on day 5 and on day 6 after treatment with an individ-
ualized dosing regimen of a follitropin delta and highly purified human menopausal gonadotropin (HP-hMG) for controlled ovarian
stimulation.
Design: Multicenter, open label, exploratory study.
Setting: Reproductive medicine clinics.
Patient(s): A total of 110 patients (aged 18–40 years).
Intervention(s): Follitropin delta coadministered with HP-hMG, with follitropin delta dose fixed according to an established algorithm
and HP-hMG dose at 75 IU when the follitropin delta starting dosage was <12 mg; 150 IU when follitropin delta dosage was 12 mg and
weight<100 kg, and 225 IUwhen follitropin delta dosagewas 12mg andweightR100 kg (dosage adjustments confined to HP-hMGonly).
Main OutcomeMeasure(s): Mean number of good-quality blastocysts obtained at day 5 and day 6 as well as the proportion of women
with ovarian hyperstimulation syndrome (OHSS).
Result(s): A cohort study was compared with the follitropin delta group from the Evidence-based Stimulation Trial with Human
Recombinant Follicle-Stimulating Hormone in Europe and Rest of World 1 (ESTHER-1) study. Even when stratified by age, a
statistically significantly higher mean in the number of oocytes retrieved and number of good-quality blastocysts was observed in
this study compared with the ESTHER-1 trial in which follitropin delta was used alone. The rate of patients triggered with a
gonadotropin-releasing hormone agonist was statistically significantly higher in our Menopur and Rekovelle Combined Study
(MARCS) cohort (43%) when compared with the rates reported in the follitropin delta cohort in the ESTHER-1 study (2.3%).
Incidence of any grade of OHSS was 9.3% in the present study compared to 2.6% in follitropin delta group from ESTHER-1 trial. No
cases of moderate or severe OHSS were observed in our study compared with 1.4% in the follitropin delta group of ESTHER-1.
Conclusion(s): Optimizing the ovarian response during in vitro fertilization employing a mixed protocol of individualized dosing of
follitropin delta and HP-hMG resulted in a statistically significant number of usable blastocysts on days 5 and 6 with an increased risk of
mild OHSS, which did not require medical intervention or hospitalization.
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T he ovarian response to stimulation with exogenous go-
nadotropins during in vitro fertilization (IVF) is a key
factor affecting the success of the procedure (1, 2).

However, standardizing an effective and safe ovarian stimu-
lation dosage has been difficult due to the substantial hetero-
geneity in patients’ ovarian response to the same dose of
gonadotropin. The limited prognostic value of patient charac-
teristics—including age, follicle-stimulating hormone (FSH),
and antral follicle count (AFC)—and their inconsistent associ-
ation with ovarian response to gonadotropins, as well as the
lack of validated dosing algorithms (3, 4), further complicate
the matter.

Advances in translational research such as genomics,
proteomics, or metabolomics have shown how the patient’s
genetic and phenotypic profile can affect disease presentation
and progression as well as response to treatment. This has led
to the introduction of personalized medicine, whereby treat-
ment regimens are adjusted according to the patient’s profile
to optimize the effectiveness and safety of the treatment (5).

Follitropin delta is a novel recombinant human FSH that
is uniquely expressed in a human fetal retinal cell line by re-
combinant DNA technology. The amino acid sequences of the
two FSH subunits a and b are identical to the endogenous hu-
man FSH sequences. Its mechanism of action is mediated by
binding to the FSH receptors present in the ovary which trig-
gers intracellular mechanisms that initiate several hormone
and cellular events responsible for regulating the maturation
of Graafian follicles and granulosa cell estrogen production
(6). The major difference between follitropin alfa and follitro-
pin delta is the difference in their glycosylation profile. Folli-
tropin delta has a higher proportion of tri- and tetra-sialylated
glycans than follitropin alfa and also has both a2,3- and
a2,6-linked sialic acid whereas follitropin alfa only has
a2,3-linked sialic acid (7). These differences drive follitropin
delta to present higher exposure and lower serum clearance.
Consequently, follitropin delta induces a higher ovarian
response in humans than follitropin alfa when administered
at equal doses of biological activity in international units
(IU) (8). Also a recent observation that a daily dose of 10 mg
of follitropin delta is equivalent to the conventional dose of
150 IU/day of follitropin alfa indicates that follitropin delta
provides a higher ovarian response in humans when adminis-
tered not only at equal units of biological activity (7) but also
at the samemicrogramweight dose (9). Its dosage can be indi-
vidualized based on a validated algorithm that is a function of
the patient’s basal antim€ullerian hormone (AMH) level and
body weight (Supplemental Table 1, available online).

The Evidence-based Stimulation Trial with Human Re-
combinant Follicle-Stimulating Hormone in Europe and
Rest of World 1 (ESTHER-1) trial was a noninferiority, ran-
domized, clinical trial that compared an individualized fixed
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dosage of follitropin delta determined by an algorithm based
upon each woman’s AMH and body weight with a conven-
tional adjustable follitropin alfa dosage in patients undergo-
ing their first IVF treatment. The results of the study
demonstrated that despite the lack of dose adjustment an
individualized follitropin delta dosage was noninferior to
conventional follitropin alfa stimulation with respect to
ongoing pregnancy rate and ongoing implantation rate.
However, the incidence of ovarian hyperstimulation syn-
drome (OHSS) and the measures taken to prevent OHSS
were statistically significantly lower in the patients treated
with the personalized dose regimen (10).

In humans, FSH and luteinizing hormone (LH) work in
concert to stimulate folliculogenesis and ovulation. They
are used for controlled ovarian stimulation (COS) to increase
the number of oocytes produced in IVF. Determination of a
stimulation protocol and FSH dosage is generally established
by the physician on the basis of the patient’s age, bodyweight,
and ovarian reserve profile. Although in vitro and animal
models provide evidence of hormone-specific mechanisms
of action, the choice of the optimal gonadotropin combina-
tion to be used in COS is not well standardized and is highly
subjective, depending on the clinician’s decision (11).

The effect of adding LH during COS has been widely stud-
ied. Some improvements have been reported in assisted repro-
duction outcomes, especially in patients with decreased
ovarian reserve or in patients with inadequate response in a
previous cycle (12). Both LH and human chorionic gonado-
tropin (hCG) act on the same receptor, activating different
signal transduction pathways. Human chorionic gonado-
tropin is thought to enhance angiogenesis, becoming crucial
in follicular development. Studies have shown that supple-
mentation with highly purified human menopausal gonado-
tropin (HP-hMG), which contains hCG-driven LH
bioactivity, generates a significant increase in proapoptotic
cell gene expression in the stratum granulosum layer, which
suggests a lead role in the developmental competence of the
oocyte (13).

Owing to this, the FSH-LH combination concept, also
referred to as ‘‘mixed’’ protocols (concomitant hMG and
FSH), has been widely used for ovarian stimulation for over
a decade. Indeed, COS protocols that use both HP-hMG (a
source of both FSH- and hCG-driven LH activity) and FSH,
also known as ‘‘blended’’ protocols, are commonly used in
an attempt to obtain better-quality oocytes and embryos
and thus higher pregnancy rates compared with the use of re-
combinant FSH alone. The Menopur Mixed Protocol
(COMBINE) trial compared the fertilization rate between a
combination of HP-hMG (Menopur) and FSH (Bravelle) mixed
in the same syringe with Menopur alone with no difference
found between the arms (14). However, to date no data exist
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on combining an hMG preparation with follitropin delta, the
new recombinant FSH.

Our current study, the Menopur and Rekovelle Combined
Study (MARCS), explored a new regimen that takes into
consideration each patient’s weight and AMH concentration
to determine the suitable doses of gonadotropins for COS.
This novel approach is beneficial for patients because it in-
creases the number of mature oocytes and good-quality blas-
tocysts without compromising the patient’s safety. The
primary end point of this study was the number of usable
blastocysts available on days 5 and 6 of embryo culture.
The secondary end points were the ovarian response, embry-
ology, and safety of this personalized regimen.

MATERIALS AND METHODS
Design

This was a multicenter, open-label, single–cohort with
external (synthetic) control study assessing the efficacy and
safety of a personalized dosage of follitropin delta in combi-
nation with HP-hMG. Patients were enrolled at four research
sites in Canada. The study protocol was approved by local reg-
ulatory authorities as well as independent ethics committees.
The study was performed in accordance with the principles of
the Declaration of Helsinki, the International Conference on
Harmonization Guidelines for Good Clinical Practice, and
local regulatory requirements. All participants provided writ-
ten and informed consent before undergoing any study-
related procedures.
Participants

Women enrolled in the study were between 18 and 40 years of
age, had a confirmed diagnosis of infertility (including stage
I/II endometriosis and tubal factor infertility), and were un-
dergoing their first IVF/intracytoplasmic sperm injection
(ICSI) cycle. Additional inclusion criteria were regular men-
strual cycles of 24 to 35 days, presence of both ovaries, use
of ejaculated sperm (fresh or frozen) for insemination, and
an early follicular phase FSH serum concentration of <10
IU/L. The main exclusion criteria were stage III/IV endometri-
osis, high risk for OHSS (AMHR35 pmol/L), history of recur-
rent miscarriages (defined as R3 consecutive pregnancy
losses), and use of hormone treatment (except for thyroid
medication) during the last menstrual cycle before enroll-
ment. The study medication was provided to the participants.
Procedures

All patients participating in the study were treated with a
fixed personalized daily subcutaneous dose of follitropin
delta, determined by an established algorithm based on
body weight and serum AMH level (Supplemental Table 1).
All AMH measurements were performed at a central labora-
tory (CReATe Fertility Centre) using the automated Elecsys
AMH immunoassay (Roche), and were determined within
the last 12 months before the start of ovarian stimulation (15).

Two separate syringes were used to coadminister HP-
hMG with follitropin-delta to all patients at personalized
doses according to the patient’s body weight and the
VOL. 115 NO. 4 / APRIL 2021
calculated dose of follitropin delta. More specifically, the
initial dose of HP-hMG was 75 IU when the follitropin delta
dosage was <12 mg; 150 IU when the follitropin delta dosage
was 12 mg and body weight was <100 kg; and 225 IU when
the follitropin delta dosage was 12 mg and body weight was
R100 kg.

Gonadotropin therapy was initiated on day 2 of the men-
strual cycle. A gonadotropin-releasing hormone (GnRH)
antagonist was initiated on day 6 of stimulation and
continued throughout the remainder of stimulation. The
response to stimulation was monitored via serum estradiol
(E2) levels and vaginal sonography. Any adjustment in stim-
ulation was confined to HP-hMG and was allowed only start-
ing from day 6 of stimulation. The HP-hMG dose could be
adjusted up or down according to the E2 level on day 6 of
stimulation regardless of follicular development, with 225
IU as the maximum daily dose. The HP-hMG dose adjust-
ments were done according to the schedule described in
Supplemental Table 2 (available online).

Triggering of final follicular maturation was performed
when R3 follicles reached 17 mm in diameter. The choice
of the triggering medication was based on serum E2 levels
before trigger: hCG 5,000–10,000 IU if E2 <10,000 pmol/L;
and GnRH agonist 0.2 mg (triptorelin acetate, Decapeptyl;
Ferring Pharmaceuticals) if E2 R 10,000 pmol/L. In case of
excessive response, defined as serum levels of E2 R15,000
pmol/L on the day of trigger or R20 follicles of R12 mm, a
freeze-all strategy was employed. In the case of poor follicular
development, defined as <3 follicles of R17 mm reached by
day 20, the cycle was cancelled.

Oocyte retrieval was scheduled 36 � 2 hours after trig-
gering of final follicular maturation. Oocytes were insemi-
nated by IVF or ICSI (on a case-by-case basis) using
ejaculated sperm from a partner or donor. All embryos were
cultured up to day 5 or 6. All fresh embryo transfers were per-
formed on day 5 of culture, and all were single-embryo trans-
fers. Surplus blastocysts were cryopreserved for future use
when the grade was 3BB or higher according to the Gardner
classification (16). Daily intramuscular progesterone was pre-
scribed for luteal phase support. Adverse events were recorded
from the time of signing the informed consent until the end of
the study, defined as day-6 blastocyst formation. If any
adverse event was reported during the study visits, follow-
up calls were done by the research team until the resolution
of the adverse event.
Outcomes

The primary end point of the study was the number of good-
quality (>3BB) blastocysts, also referred to as ‘‘usable blasto-
cysts,’’ at day 5 or 6. The secondary end points were the
ovarian response, embryology, and safety of the personalized
regimen. Ovarian response and embryology included dura-
tion of stimulation, total doses of follitropin delta, percentage
of patients with dose adjustments, percentage of patients trig-
gered with GnRH agonist, the mean number of mature oo-
cytes obtained, the mean number of embryos on day 3, and
the percentage of day-3 embryos that evolved into a usable
blastocysts on day 5 or 6, defined as the attrition rate between
993



ORIGINAL ARTICLE: ASSISTED REPRODUCTION
day-3 embryos and blastocysts. Safety was assessed by eval-
uating the incidence and severity of early and late onset mod-
erate to severe OHSS, classified according to Golan’s system
(Supplemental Table 5, available online) (17).
Statistical methods

This study employed a single-cohort, open-label design with
an external (synthetic) control as a comparator. The patients
enrolled in the ESTHER-1 trial who were treated with person-
alized doses of follitropin delta were used as the comparators.
The primary end point analysis was based on the comparison
of the mean number of good-quality usable blastocysts on
days 5 and 6 using Student’s t-test for independent samples.
The same method was used to compare MARCS and the
ESTHER-1 follitropin delta cohort with respect to the second-
ary end points.

Patient demographics and baseline characteristics were
reported for the patients enrolled in MARCS and those
enrolled in the follitropin delta arm of the ESTHER-1 trial.
Between-cohort differences with respect to patient demo-
graphics and baseline characteristics were assessed for statis-
tical significance with appropriate bivariate statistics.
Baseline variables, for which statistically significant differ-
ences were observed between the MARCS study and the
ESTHER-1 follitropin delta cohort, were considered as poten-
tial confounders. The associations of potential confounders
with the primary end point—specifically the number of
good-quality usable blastocysts at day 5 or 6—were assessed
with linear regression for continuous scale confounders and
analysis of variance (ANOVA) for categorical confounders.
As a sensitivity analysis, confounders for which a statistically
significant association was detected with the primary end
point were included as independent variables in a multivar-
iate linear regression model used to adjust the differences be-
tween the MARCS study and the ESTHER-1 follitropin delta
cohort with respect to the primary end point.

The effect of age on treatment efficacy was assessed by
the differences in the mean number of good-quality usable
blastocysts at days 5 and 6 between patients classified in
the following age groups: 18.0–34.9, 35.0–36.9, and 37.0–
40.0 years old. We used ANOVA to assess the difference be-
tween the different age cohorts with respect to the primary
end point.

A required sample size of 150 patients for the current
study was based on an expected effect size of 25%, pooled
standard deviation of 2.2, statistical significance of 5% (a–
0.05), and a power of 80%. Even if 47 patients were excluded
for protocol deviations, the sample size was still large enough
to show statistically significant differences in terms of num-
ber of good-quality usable blastocysts.
RESULTS
Comparison between MARCS and ESTHER-1

Baseline Characteristics. The study was conducted between
May 2018 and February 2019, and included women aged 18–
40 years undergoing their first IVF-ICSI cycle. Patients were
enrolled from four different centers; two centers enrolled 50
994
patients each, one center enrolled 10 patients, and another
center enrolled 47 patients. However, the 47 patients enrolled
from one center were excluded from the analysis because of
the statistically significantly high losses to follow-up and
several incidents of noncompliance with the dose regimen
proposed in the MARCS study. The demographic and baseline
characteristics profile of these 47 patients was similar to the
profile of the remaining 110 patients who were included in
the final analysis.

The results in Table 1 show that no differences were
observed in the mean age of the patients enrolled in the cur-
rent study and patients enrolled in the ESTHER-1 follitropin
delta group (P¼ .076). However, a statistically significantly
higher proportion of patients between 38 and 40 years was
found (P¼ .013). When compared with the ESTHER-1 follitro-
pin delta cohort, the MARCS study patients also had a lower
mean AMH (P< .001) and lower proportion of male factor
related infertility (P< .001) but a higher mean body weight
(P< .001). There were no differences between the MARCS
study and the ESTHER-1 follitropin delta cohort with respect
to the proportion of patients with primary infertility, duration
since infertility diagnosis, mean AFC, and median FSH at
baseline.

Primary end point. The results of the primary efficacy ana-
lyses are summarized in Table 2. The mean and standard de-
viation in the number of good-quality usable blastocysts at
days 5 to 6 was 4.9 (�3.9) for the MARCS study compared
with 2.0 (�2.2) for the ESTHER-1 follitropin delta cohort
(P< .001).

Bivariate analyses showed that among the variables for
which a significant difference was observed between the
MARCS study and ESTHER-1 follitropin delta cohort, only
patient age (P¼ .025) and AMH (P< .001) were also associated
with the number of good-quality usable blastocysts at days 5
and 6 and thus should be considered as potential confounders.
Antral follicle count was also statistically significantly asso-
ciated (P< .001) with the number of good-quality blastocysts
at days 5 and 6 and was included in the adjusted analyses
because the difference between the studies for this variable
was clinically important (Supplemental Table 3, available on-
line). Therefore, the sensitivity analysis was based on a multi-
variate model that included patient’s age, AFC, and AMH as
covariates to adjust for the difference between the MARCS
study and ESTHER-1 follitropin delta cohort with respect to
the primary end point (Supplemental Table 4, available
online).

After adjusting for potential confounders, as previously
described, the difference between the studies remained statis-
tically significant. In fact, the adjusted difference was higher
than that observed in the unadjusted analyses (Table 2).

Secondary end points. Table 2 shows that the MARCS study
patients had a longer duration of stimulation (P< .001), a
higher total dose of follitropin delta (P< .001), a higher pro-
portion requiring triggering with GnRH agonist (P< .001), a
higher number of oocytes retrieved (P< .001), a higher num-
ber of metaphase II (MII) oocytes (P< .001), a higher number
of embryos on day 3 (P< .001), and higher attrition rates be-
tween day-3 embryos and blastocysts (P< .001). The rate of
VOL. 115 NO. 4 / APRIL 2021



TABLE 1

Demographics and baseline characteristics by cohort.

Characteristic

Cohort P value

MARCS (n [ 110) ESTHER-1 (n [ 665)a MARCS vs. ESTHER-1a

Age (y) 34.05 � 3.47 33.4 � 3.9 .076
Age group (y)

<35 55 (50.0%) 394 (59.2%) .013
35–37 24 (21.8%) 161 (24.2%)
38–40 31 (28.2%) 110 (16.5%)

Body weight (kg) 71.65 � 14.6 64.7 � 10.7 < .0001
Primary infertility 80 (72.7%) 470 (70.7%) .667
Reason for infertility

Unexplained 52 (47.3%) 281 (42.3%) < .001
Male factor 26 (23.6%) 268 (40.3%)
Female factorb 18 (16.4%) 114 (17.1%)
Mixed 14 (12.7%) NA
Other 0 2 (0.3%)

Infertility duration (y) 2.94 � 1.97 2.94 � 2.03 .999
AFC, 2–10 mm (n) 16.1 � 16.1 14.7 � 6.9 .371
AMH (pmol/L) 13.6 (9–20.5) 16.3 (9–24.8)d < .001
AMH (ng/mL) 1.9 (1.26–2.87) 2.28 (1.26–3.47) < .001
FSHc 7.31 (6.25–8.37) 7.5 (6.2–9.2) NS
Note: Values are mean� standard deviation or number and percentage unless otherwise indicated. AFC¼ antral follicle count; AMH¼ antim€ullerian hormone; ESTHER-1¼ Evidence-based Stim-
ulation Trial with Human Recombinant Follicle-Stimulating Hormone in Europe and Rest of World 1; FSH¼ follicle-stimulating hormone; MARCS¼Menopur and Rekovelle Combined Study; NA¼
not available (ESTHER-1 recorded all reasons for infertility, and ‘‘mixed’’ was not an option); NS ¼ not statistically significant.
a Personalized follitropin delta dose (ESTHER-1).
b The sum of tubal factor infertility and endometriosis in the ESTHER-1 study are considered a unique category, ‘‘female factor,’’ in MARCS study in terms of reason for infertility.
c Median (interquartile range).
d Data from clinical trial report.

Bissonnette. Follitropin delta mixed protocol for IVF. Fertil Steril 2020.

TABLE 2

Primary and secondary end points by cohort.

Characteristic

Cohort P value

MARCS (n [ 110)a ESTHER-1 (n [ 665)b MARCS vs. ESTHER-1b

Primary end points
Good-quality usable

blastocysts at day 5–6c
4.9 � 3.9d 2.0 � 2.2 < .001

Sensitivity analysis
Good-quality usable

blastocysts at day 5–6
5.39 � 2.0d 2.0 � 2.2 < .001

Secondary end points
Duration of stimulation (d) 11.33 � 1.29e 8.9 � 1.9 < .001
Follitropin delta total

dose (mg)
123.72 � 21.75e 90.0 � 25.3 < .001

Women with investigator-
requested gonadotropin
dose adjustments

67 (39.1%) 221 (33.2%)f < .001

Poor response leading to cycle
cancellation

3 (2.7%) 25 (3.8%) .289

Triggering with GnRH agonist 46 (43%)e 10 (1.5%) < .001
Oocytes retrieved CCOO 14.55 � 7.58e 10.0 � 5.6 < .001
Mature oocytes retrieved (MII) 11.28 � 5.76e 7.4 � 4.3g < .001
Embryos on day 3 8.30 � 5.05d 5.4 � 3.7 < .001
Attrition rates between day 3

and blastocyst
59.03%d 37.03% < .001

Note: Values aremean� standard deviation or number and percentage unless otherwise indicated. CCOO¼ cumulus oophorous; ESTHER-1¼ Evidence-based Stimulation Trial with Human rFSH in
Europe and Rest of World 1; GnRH ¼ gonadotropin-releasing hormone; MARCS ¼ Menopur and Rekovelle Combined Study; MII ¼ metaphase II.
a Where N is the number of participants taken into account for each variable differs in the cases noted by d and e).
b ESTHER-1 (P) group with personalized follitropin delta dose.
c Observed/unadjusted estimates.
d N ¼ 106 patients. Four patients did not obtain usable embryo on day 5 or 6 (see Supplemental Fig. 1).
e N ¼ 107 patients. Three patients obtained a poor response leading to cycle cancellation.
f Although an adjustment was requested by an investigator, no adjustment was done in the ESTHER-1 (P) group as per protocol.
g Data from clinical trial report.

Bissonnette. Follitropin delta mixed protocol for IVF. Fertil Steril 2020.
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patients triggered with a GnRH agonist was statistically
significantly higher in the MARCS study (43%) when
compared with the rate reported in the ESTHER-1 follitropin
delta cohort (2.3%) (P< .001).

The incidence of any grade OHSS in the MARCS study
was 9.3% compared with 2.6% in the ESTHER-1 cohort
treated with individualized follitropin delta dosing
(P¼ .001). No cases of moderate or severe OHSS (0) were
observed in the present study compared with 1.4% in the
ESTHER-1 follitropin delta cohort (P¼ .21).
Comparison between age groups

Baseline Characteristics. The results summarized in Table 3
show that the patients in the 18.0- to 34.9-year-old age group
had a statistically significantly lower mean body weight
(P¼ .047), a higher mean AFC (P< .001), and a higher mean
AMH (P¼ .006) when compared with the older age group pa-
tients. An inverse linear relationship was observed between
increasing age and AFC (b ¼ �1.228, P< .001).

Primary end point. Patients in the younger age group had a
statistically significantly higher mean number of good-
quality usable blastocysts at day 5–6 (P¼ .006). However, af-
ter adjusting for AMH and AFC, the differences between the
age groups, although clinically important, were no longer sta-
tistically significant (P¼ .244) (Table 4). The mean number of
good-quality usable blastocysts at days 5 and 6 in all age
groups of the MARCS study was statistically significantly
higher than that reported in the ESTHER–1 follitropin delta
cohort (P< .001) (Table 2). The results of multivariate linear
regression analysis showed that the most important factor
contributing to the between–age-group difference with
respect to the number of good-quality usable blastocysts at
TABLE 3

Distribution data: demographics and baseline characteristics by age grou

Characteristics

A

18.0–34.9 35.0–36.9

N (%) 55 (50%) 24 (22%)
Body weight (kg) 68.45 � 12.06 76.88 � 16.19
Infertility history

Primary 43 (78.2%) 17 (70.8%)
Secondary 12 (21.8%) 7 (29.2%)

Reason for infertility
Unexplained 22 (40%) 13 (54.17%)
Male factor 17 (30.91%) 5 (20.83%)
Female factor 11 (20%) 2 (8.33%)
Mixed 5 (9.09%) 4 (16.67%)

Duration of infertility (y) 2.65 � 1.58 2.79 � 1.74
AFC, 2–10 mm 19.65 � 8.78 14.32 � 9.50
Endocrine profile

AMH (pmol/L) 17.71 � 8.76 12.76 � 8.28
AMH (ng/mL) 2.48 � 1.23 1.78 � 1.16
FSH 6.72 � 1.48 8.48 � 11.27
E2 (pg/mL) 1,759 � 1,133 1,391 � 907
E2 (ng/mL) 479 � 309 379 � 247

Note: Values aremean� standard deviation or number and percentage as applicable. AFC¼ antral fo

Bissonnette. Follitropin delta mixed protocol for IVF. Fertil Steril 2020.
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days 5 and 6 was the number of oocytes and MII oocytes
(Supplemental Table 3).
Secondary end points

When compared with the older patients, patients in the
younger age group received a lower mean dose of follitropin
delta (P¼ .054) and HP-hMG (P¼ .002) and had a higher mean
number of oocytes retrieved (P< .001), a higher mean number
of MII oocytes (P¼ .003), and a higher mean number of em-
bryos reaching day 3 of development (P¼ .009) (Table 4).
There was a difference with respect to the type of trigger
medication with a higher proportion of GnRH-agonist used
in the younger age group and a higher proportion of hCG
10,000 IU used in the older age group (P¼ .024).
Safety

The incidence of OHSS was low and similar for all age groups
in the MARCS study, although the younger age group had a
higher rate of grade 1 OHSS compared with the older groups
(11.1% vs. 7.4%, respectively), but the difference was not sta-
tistically significant (P¼ .507). The freeze-all strategy with
frozen embryo transfer was applied in 63.6% of patients in
the MARCS study. No statistically significant differences be-
tween the age groups were observed (P¼ .164) (Table 4).

DISCUSSION
The results of this study show that ovarian stimulation in IVF-
ICSI cycles using a mixed protocol of follitropin delta and HP-
hMG results in a statistically significantly higher number of
good-quality usable blastocysts at days 5 and 6 when
compared with cycles where follitropin delta was used as a
monotherapy. Our finding is consistent with the results of a
recent meta-analysis that showed that the number of mature
p.

ge group (y)

P value37.0–40.0 Total

31 (28%) 110 (100%)
73.26 � 16.42 71.65 � 14.61 .047

20 (64.5%) 80 (72.7%) .382
11 (35%) 30 (27.3%)

17 (54.84%) 52 (47.3%) .360
4 (12.9%) 26 (23.6%)
5 (16.13%) 18 (16.4%)
5 (16.13%) 14 (12.7%)
3.55 � 2.59 2.94 � 1.97 .119
11.42 � 6.39 16.1 � 9.02 < .001

12.16 � 8.22 15.07 � 8.84 .006
1.7 � 1.15 2.11 � 1.24 .006
7.45 � 3.23 7.31 � 5.59 .437

1,563 � 1,061 1,624 � 1,068 .348
426 � 289 442 � 291 .348

llicle count; AMH¼ antim€ullerian hormone; E2¼ estradiol; FSH¼ follicle-stimulating hormone.
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TABLE 4

Primary and secondary end points distributed by age group.

Characteristics

Age group (y)

P value18.0–34.9 35.0–36.9 37.0–40.0 Total

N (%) 55 (50%) 24 (22%) 31 (28%) 110 (100%)a

No. of good-quality
blastocysts

Day 5–6 (unadjusted) 6.08 � 4.23 4.22 � 3.49 3.45 � 2.84 4.91 � 3.87c .006
Day 5–6 (adjusted)b 5.36 � 0.49 4.03 � 0.72 4.24 � 0.62 NA .244

Secondary end points
Follitropin delta dose/d 10.48 � 2.06 11.35 � 1.69 11.38 � 1.7 10.92 � 1.92d .054
HP-hMG dose/d 120 � 39.79 146.88 � 41.25 147.58 � 36.14 133.64 � 41.12d .002
Days of stimulation 11.23 � 1.12 11.57 � 1.50 11.32 � 1.42 11.33 � 1.29d .581
No. of follicles

<15 mma 11.58 � 9.64 6.87 � 7.10 4.33 � 4.81 8.51 � 8.56d < .001
R15 mma 10.72 � 5.38 7.57 � 3.27 7.77 � 3.69 9.20 � 4.76d .004

Endometrium thickness
(mm)

11.18 � 2.11 11.11 � 2.56 10.54 � 2.04 11.05 � 2.24d .296

E2 at day 6 of stimulation 1,760 � 1,134 1392 � 907 1,563 � 1,060 1,624 � 1,068d .348
pg/mL 479 � 309 379 � 247 426 � 289 442 � 291

Final E2 11,090 � 5,278 9,742 � 5,970 8,952 � 4,558 10,181 � 5,276d .183
pg/mL 3,021 � 1,438 2,654 � 1,626 2,438 � 1,242 2,773 � 1,437

HP-hMG dose adjustment
No change 33 (60%) 17 (70.83%) 17 (54.84%) 67 (60.9%) .410
225 IU 13 (23.64%) 7 (29.17%) 11 (35.48%) 31 (28.2%)
150 IU 3 (5.45%) 0 (0) 0 (0) 3 (2.7%)
75 IU 2 (3.64%) 0 (0) 2 (6.45%) 4 (3.6%)
37.5 IU 4 (7.27%) 0 (0) 1 (3.23%) 5 (4.5%)

Withdrawal of HP-hMG 0 (0) 0 (0) 0 (0) 0 (0)
Trigger medication

Decapeptyl 0.2 mg 29 (54.72%) 6 (26.09%) 11 (35.48%) 46 (43%) .024
hCG 5,000 IU 15 (28.30%) 5 (21.74%) 8 (25.81%) 28 (26.2%)
hCG 10,000 IU 9 (16.98%) 12 (52.17%) 12 (38.71%) 33 (30.8%)

No. of CCOO 17.79 � 8.23 12.39 � 5.11 10.61 � 5.32 14.55 � 7.58d < .001
No. of oocytes (MII) 13.13 � 6.24 10.17 � 5.02 8.94 � 4.34 11.28 � 5.76d .003
No. of embryos at day 3 9.66 � 5.48 7.96 � 4.51 6.23 � 3.92 8.30 � 5.05c .009
Attrition rates between

day 3 and blastocyst
62.94% 53.02% 55.37% 59.16%c .411

Safety outcomes
OHSSb

None 48 (88.89%) 21 (91.30%) 29 (93.55%) 98 (90.7%) .771
Mild grade 1 6 (11.11%) 2 (8.70%) 2 (6.45%) 10 (9.3%)
Mild grade 2 0 (0) 0 (0) 0 (0) 0 (0)

Transfer typeb

No transfer (no
blastocysts
available)

0 (0) 2 (8.70%) 2 (6.45%) 4 (3.7%) .164

Fresh embryo transfer 17 (32.08%) 10 (43.48%) 8 (25.81%) 34 (32.7%)
Freeze all 36 (67.92%) 11 (47.83%) 21 (67.74%) 68 (63.6%)

Note: Values are mean � standard deviation or number and percentage unless otherwise indicated. CCOO ¼ cumulus oophorous; E2 ¼ estradiol; HP-hMG ¼ highly purified human menopausal
gonadotropin; MII ¼ metaphase II; OHSS ¼ ovarian hyperstimulation syndrome.
a N ¼ The number of participants taken into account for each variable differs in the cases marked with c and d.
b Least square mean � standard error of the mean, adjusted for antral follicle count, and antim€ullerian hormone level.
c N ¼ 106 patients. Four patients did not obtain usable embryo on day 5 or 6 (see Supplemental Fig. 1).
d N ¼ 107 patients. Three patients obtained a poor response leading to cycle cancellation.
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oocytes and embryos as well as implantation rate are higher
when HP-hMG is used in combination with recombinant
FSH instead of recombinant FSH alone (13). However, another
recent publication comparing the use of recombinant FSH
alone versus in combination with HP-hMG, found no statisti-
cally significant differences in the number of MII oocytes or
embryos obtained between the two groups; however, a statis-
tically significant difference in implantation rates in favor of
the use of combination regimen was still observed (18).
Another retrospective cohort study also concluded that add-
ing HP-hMG to recombinant FSH may not improve the
VOL. 115 NO. 4 / APRIL 2021
embryo profile (19). The inconsistent results observed in these
studies indicate that more research is needed to elucidate the
potential benefits of the mixed protocols.

Our study also has some limitations. Given its exploratory
nature, we have focused on the number of good-quality us-
able blastocysts at days 5 and 6 instead of implantation and
pregnancy rates. The use of a historical control group instead
of a control obtained by randomization is another disadvan-
tage. Even though the eligibility criteria of both studies were
quite similar, we still found differences in the baseline charac-
teristics: in MARCS, patients were older and presented with
997
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higher BMI and lower AMH. To address this limitation, we
have used a sensitivity analysis to account for potential co-
founders as suggested by some investigators (20). Another
constraint of using an external (synthetic) control study
design is the fact that inclusion and exclusion criteria cannot
be modified. This has prevented us from evaluating the safety
of our dosing regimen in patients at high risk of OHSS (with
AMH R35 pmol/L).

As with every treatment, the risks of employing more
aggressive protocols must be balanced against the efficacy
benefits. Safety concerns regarding OHSS must be considered
seriously when gonadotropin combinations (mixed protocols)
are employed (21-23)

Data have shown a relationship between the number of
oocytes retrieved and live-birth rates. Beyond 15 oocytes
there appears to be no increase in live-birth rates (1, 2),
but the risk of OHSS increases exponentially (1). Moreover,
when 15 or more oocytes are retrieved, an increase in
abdominal discomfort as determined by visual analogue
scale assessments is observed in most patients. In the present
study, 17.79 � 8.23 oocytes were obtained in the 18.0–34.9
years group; 12.39 � 5.11 in the 35.0–36.9 years group, and
10.61 � 5.32 in 37.0–40.0 years group. The youngest group
seemed to respond excessively to the combined treatment.
However, patients over 35 years of age seemed to reach
the desired response. This observation is in agreement
with the fact that fertility declines in mid-30s partially
due to the associated decline in ovarian reserve and in
part to the degradation of oocyte quality (24). These results
suggest that women aged older than 35 years would experi-
ence the greatest benefit in terms of oocytes retrieved from
the combined dosing protocol assessed in the current study.
They also suggest that a refinement in the HP-hMG dosing
and the impact of the patient’s age deserve further
evaluation.

The follitropin delta total dose and the duration of stim-
ulation in the MARCS study were statistically significantly
higher than those reported in the ESTHER-1 follitropin delta
cohort. These observed differences could be explained by
the differences in the baseline characteristics, such as the
increased mean body weight of the patients in the MARCS
study; pharmacokinetic data have demonstrated that the fol-
litropin delta serum FSH level is inversely related to the body
weight and directly related to the follitropin delta dose. It is
believed that this association is due to the fact that follitropin
delta is distributed within the extracellular fluid space.
Hence, the volume of distribution of follitropin delta
increases with the increase in body weight, which must be
considered when dosing follitropin delta to optimize the
ovarian response (10).

As this was an exploratory study, adjustments in the
medication regimen were expected, so it is remarkable that
no change in HP-hMG dosage was required for over 60% of
patients. Furthermore, no HP-hMG dose reductions were
required in the patients between 35 and 36 years of age, indi-
cating that the proposed combined regimen seems suitable for
this age group.

The proportion of patients triggered with GnRH agonist
was statistically significantly higher in the MARCS study
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(43%) when compared with that reported in the ESTHER-1
follitropin delta cohort (2.3%). The exploratory nature of
our study established a threshold of 10,000 pmol/L of E2,
beyond which a GnRH agonist trigger was used instead of
hCG and could explain this finding. As a result, a low num-
ber of fresh transfers was performed in MARCS study
(32.7%). It is logical to expect that the combination of two
gonadotropins may stimulate a higher ovarian response,
especially in younger patients and those patients with
higher AMH levels. The increased number of oocytes inevi-
tably entails an increase in abdominal distension and
discomfort during treatment, but the present study shows
that no other adverse events such as nausea or diarrhea
were reported.

The strength of this study is that it is the first study to
report using a combination (mixed protocol) of follitropin
delta and HP-hMG that shows an increased number of
good-quality blastocysts in patients over 35 years old with
an increase in the risk of only mild OHSS, which has not
required medical intervention or hospitalization.

The findings of this study have important implications. It
has shown that the number of good-quality, usable blasto-
cysts obtained by day 5 or 6 of embryo culture can be statis-
tically significantly increased by using this mixed protocol
without compromising safety. This is most obvious in the
R35-year-old patients. The number of usable embryos be-
comes a very important criteria especially in areas where there
is inadequate or no funding for IVF.

Further refinement in the HP-hMG dosing is necessary
and should lead to a reduction in undesired effects without
jeopardizing the benefits of the mixed protocol. Also,
research using a randomized cohort design is necessary to
determine whether the results from our study can be extrap-
olated to other populations, such as women older than 40
years. In addition, this mixed protocol must be compared
with other mixed protocols using other recombinant FSH
preparations in a study that also evaluates pregnancy and
live-birth rates.
CONCLUSION
Optimizing ovarian response in IVF by employing a mixed
protocol of individualized dosing of both follitropin delta
and HP-hMG results in a statistically significant increase in
the number of good-quality usable blastocysts on day 5 or
6 with an increased risk of only mild OHSS, which has not
required medical intervention or hospitalization. The sub-
group of 35- to 36-year-old and 37- to 40-year-old patients
are the ones that appear to benefit the most from the applica-
tion of this combination regimen, although refinement in the
HP-hMG dosage selection could result in improvement in the
patients younger than 35 years as well. More research needs
to be done to corroborate our findings in other patient
populations.
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ORIGINAL ARTICLE: ASSISTED REPRODUCTION
Estimulaci�on ov�arica individualizada para fecundaci�on in vitro: un estudio multic�entrico, abierto, exploratorio con un protocolo combi-
nado de folitropina delta y gonadotropina menop�ausica humana altamente purificada.

Objetivo: Evaluar el perfil de seguridad y el n�umero de blastocistos utilizables en día 5 y día 6 tras el tratamiento con un r�egimen de
dosis individualizadas de folitropina delta y gonadotropina menop�ausica humana altamente purificada (HP-hMG) para estimulaci�on
ov�arica.

Dise~no: Estudio multic�entrico, abierto, exploratorio.

Entorno: Clínica de medicina reproductiva.

Paciente(s): Un total de 110 pacientes (edades 18-40 a~nos).

Intervenci�on(es): Folitropina delta coadministrada con HP-hMG, con la dosis de folitropina delta fijada seg�un un algoritmo estable-
cido y la de HP-hMG en 75 IU cuando la dosis de folitropina delta fue<12 ug; 150 IU cuando la dosis de folitropina delta fue 12 ug y el
peso < 100kg y 225 IU cuando la dosis de folitropina delta fue 12ug y el peso R 100 kg (ajustes de dosis confinados a la HP-HMG).

Medida(s) de Resultado(s) Principal(es): Media de blastocistos de buena calidad obtenidos en día 5 y día 6, así como la proporci�on de
mujeres con síndrome de hiperestimulaci�on ov�arica (OHSS).

Resultado(s): Un estudio de cohortes fue comparado con el grupo de folitropina delta del estudio Evidence-based Stimulation Trial
with Human Recombinant Follicle-Stimulating Hormone in Europe and Rest of World 1 (ESTHER-1). Incluso tras estratificar por
edad, una media mayor estadísticamente significativa de n�umero de ovocitos obtenidos y n�umero de blastocistos de buena calidad
se observ�o en este estudio comparado con el ensayo ESTHER-1 en el que se us�o s�olo folitropina delta. La tasa de pacientes en las
que se desencaden�o la ovulaci�on con un agonista de hormona liberadora de gonadotropina fue estadísticamente significativamente
mayor en la cohorte de nuestro estudio Menopur and Rekovelle Combined Study (MARCS) (43%) comparada con las tasas comunicadas
en la cohorte de folitropina delta el el estudio ESTHER-1 (2.3%). La incidencia de OHSS de cualquier grado fue de 9.3% en el presente
estudio, comparada con 2.6% en el grupo de folitropina delta del ensayo ESTHER-1. No se observ�o ning�un caso de OHSS moderado o
severo en nuestro estudio, comparado con 1.4% en el grupo de folitropina delta del ESTHER-1.

Conclusi�on: La optimizaci�on de la respuesta ov�arica durante la fecundaci�on in vitro mediante un protocolo combinado de dosificaci�on
individualizada de folitropina delta y HP-hMG result�o en un n�umero estadísticamente significativo de blastocistos utilizables en días 5 y
6 con un mayor riesgo de OHSS leve, que no requiri�o intervenci�on m�edica ni hospitalizaci�on.
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