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Introduction: Fine-tuning of injectable gonadotropin doses during ovulation
induction (Ol) or ovarian stimulation (OS) treatment cycles with the aim of using
doses low enough to minimize the risk of excessive ovarian response while
maintaining optimal efficacy may be facilitated by using an adjustable-dose pen
injector. We examined the incidence and magnitude of individualized
gonadotropin dose adjustments made during cycles of Ol or OS, followed by
either timed intercourse or intrauterine insemination, with or without oral
medications, and assessed the relationship between patient characteristics and
dosing changes using real-world evidence.

Methods: This was an observational, retrospective cohort study using electronic
medical records from a large US database of fertility centers. Data from patients
who had undergone a first recombinant human follicle stimulating hormone alfa
(r-nFSH-alfa/follitropin alfa) treated OI/OS cycle followed by timed intercourse
or intrauterine insemination between 2015 and 2016 were included. Percentages
of OI/OS cycles involving r-hFSH-alfa dose adjustments (in increments of
+12.5 IU or greater) with or without oral medications (clomiphene citrate or
letrozole) were analyzed.

Results: Of 2,832 OI/OS cycles involving r-hFSH-alfa administration, 74.6%
included combination treatment with orals; 25.4% involved r-hFSH-alfa alone.
As expected, the starting dose of r-hFSH-alfa was lower for cycles that used
r-hFSH-alfa with orals than r-hFSH-alfa only cycles (mean [SD]: 74.2 [39.31] vs
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139.3 [115.10] V). Dose changes occurred in 13.7% of r-hFSH-alfa with orals
versus 43.9% of r-hFSH-alfa only cycles. Dose adjustment magnitudes ranged
from +12.5 IU to +450 IU. The smallest adjustment magnitudes (+12.5 IlU and +25
IU) were used frequently and more often for dose increases than for dose
decreases. For r-hFSH-alfa with orals and r-hFSH-alfa only cycles, the smallest
adjustments were used in 53.5% and 64.5% of cycles with dose increases and in
35.7% and 46.8% of cycles with dose decreases, respectively.

Discussion: In OI/OS cycles followed by timed intercourse or intrauterine
insemination, r-hFSH-alfa dose adjustments were frequent. In cycles that
included orals, r-hFSH-alfa starting doses were lower and dose changes were
fewer than with r-hFSH-alfa alone. Smaller dose adjustments facilitate
individualized treatment with the goal of reducing the risks of multiple

gestation, cycle cancellation, and ovarian hyperstimulation syndrome.

KEYWORDS

follitropin alfa, gonadotropin dose adjustments, individualized dosing, ovarian
stimulation, ovulation induction, fertility treatment

Introduction

Ovulation induction (OI), a therapy that promotes the
development of a single mature follicle and is followed by timed
intercourse or intrauterine insemination (IUI), is widely used as a
low-cost, less-invasive alternative to in vitro fertilization (IVF) for
women with anovulatory subfertility or polycystic ovary syndrome
(PCOS) (1-3). In contrast, ovarian stimulation (OS) is used for
couples with unexplained infertility, endometriosis, or mild male
factor infertility (1-5). OS aims to stimulate multiple mature
follicles and can be followed by timed intercourse, IUI, or IVF. It
should be noted that the analysis reported here was based on data
collected prior to the 2017 harmonization of OI and OS definitions
(6); therefore, data collection did not distinguish between OI
and OS.

Currently, the balance of several randomized trials supports
starting assisted reproduction with a more conservative treatment
regimen of OS-IUI before moving to IVF for the treatment of
unexplained infertility or mild male infertility in heterosexual
couples (7). While OI/OS-IUI provides a less costly and less
invasive alternative to IVF, multiple gestation rates and high risks
of ovarian hyperstimulation syndrome are areas of concern.
Independent of the stimulating drugs used, close monitoring of
follicle development is considered of vital importance, and
intracycle treatment adjustments might be required to avoid cycle
cancellation or other undesired outcomes (7, 8).

Commonly used medications for OS or OI include oral agents
such as antiestrogens (clomiphene citrate [CC]) or aromatase
inhibitors (letrozole), and injectable gonadotropins (follicle
stimulating hormone [FSH]), alone or in combination (3). CC is
usually applied as first-line treatment for OI in anovulatory patients
with PCOS, although letrozole may result in better pregnancy
outcomes in this group (9). CC, available clinically since the early
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1960s, is still frequently used for OS or OI although the mode of
action has not been fully elucidated. Costs are low and side effects
are mild, but at the expense of limited efficacy (3, 10) and increased
multiple birth rates over the general population (10). Overall
ovulation rates of ~60% to 70% with live birth rates of ~20% to
40% have been reported for women who started CC treatment (10).
In patients with unexplained infertility, either CC or letrozole with
IUI are considered to be similarly efficacious (3).

The use of injectable gonadotropins in OS or OI cycles and
recombinant human follicle-stimulating hormone (r-hFSH-alfa), as
well as their associated risk/benefit equations, are a consistent topic
of controversy, particularly when discussing appropriate patient
selection. The American Society for Reproductive Medicine do not
recommend the use of gonadotropins for OS-IUT in unexplained
fertility, alone or in combination with oral medications (3).
However, in women with unexplained infertility, anovulatory
subfertility, or PCOS, where oral agents are unsuccessful in
inducing ovulation, the use of individualized low-dose injectable
gonadotropins might represent a successful approach (11). In
addition, a systematic review of randomized controlled trials
comparing OS-IUI methods in couples with unexplained fertility
reported that use of gonadotropins for OS increased the live birth
rate compared to the oral OS medications CC or letrozole (12).

In October 2013, the first version of Gonal-f® RFE Redi—ject®—
a prefilled, preassembled, disposable pen injector—was registered in
the US for the injection of follitropin alfa as a part of infertility
treatment. An updated pen injector was approved by the FDA
in 2017, featuring several elements designed to support
prescribers and users, starting with a recommended minimal dose
of 37.5 IU/mL with the ability to titrate between approved doses in
+12.5 IU increments. This new pen has undergone extensive testing
to ensure it optimizes safety and efficacy for delivering multiple
injections through a wide range of small dose adjustments, which is
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important for fine-tuning OS or OI and/or artificial reproductive
technology (13).

Studies on OS for IVF have shown that, on more than one
occasion during OS treatment with gonadotropins, the starting dose
of recombinant human follicle-stimulating hormone (r-hFSH-alfa)
had to be adjusted to meet the goal of optimizing outcomes while
minimizing the risk of excessive ovarian response (1, 11). The
appropriate starting dose for a particular patient can be determined
based on clinical characteristics, including age, weight, relevant
diagnoses, and ovarian reserve biomarkers (1, 14-16). Dosing may
then be adjusted during the cycle or in subsequent cycles depending
on patient response. The approach of individualizing gonadotropin
doses in OS for IVF is common in clinical practice across the US
and occurs more often in younger versus older patients (17), and
has demonstrated comparable efficacy and increased safety
compared with conventional fixed dosing (14). However, there is
a lack of corresponding data on gonadotropin dose adjustments in
OI/OS for timed intercourse or IUL

Optimization of gonadotropin starting doses and dose
adjustments occurred in 40.7% of cycles during OS for assisted
reproductive technology, according to one report of real-world data
(17), and in up to 45% of patients during OS for IVF, according to a
recent systematic review of clinical studies (1). However,
the prevalence and magnitude of dose adjustments in OI/OS
for timed intercourse or IUI, and the clinical characteristics
and demographics of patients undergoing OI/OS for timed
intercourse or IUI with gonadotropins receiving dose adjustments
have not, to the best of our knowledge, been assessed in real-
world databases.

While convincing evidence of superiority of an individualized
approach is expected to come from large, randomized trials
comparing outcomes, the rationale for individualized dosing
versus a one-size-fits-all strategy may need retrospective analyses
of real-world data or large observational studies (18). In this
context, real-world data from electronic medical records (EMRs)
accumulated during routine clinical practice can provide valuable
insight into clinical treatment practices.

This observational study assessed real-world data on r-hFSH-alfa
dosing when included in the treatment regimen with and without oral
agents. Treatment with a pen device allows dosing for OI/OS cycles to
be fine-tuned with small dose-adjustment magnitudes. The goal of
this analysis was to describe the real-world prevalence and magnitude
of individualized gonadotropin dose adjustments (increases and/or
decreases) made during OI/OS cycles in routine clinical practice, as
well as to assess any association between patient characteristics and
dosing changes.

Materials and methods

This was a nonrandomized, observational, retrospective cohort
study with secondary analyses of data from a large US database,
including 39 fertility centers (IntegraMed America, Inc). As noted
above, the database did not distinguish between OI and OS. The
total dataset included 78,958 treatment-naive patients whose initial
treatment was categorized into three types: OI/OS with oral
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medications, with or without IUI; OI/OS with gonadotropins,
with or without oral medication, and with or without IUL; or IVF.
Initial treatment was OI/OS with gonadotropins, with or without
oral medication, and with or without IUI, in 18,015 patients
(22.8%). This subanalysis dataset included only data from patients
who underwent their first r-hFSH-alfa-treated OI/OS cycle using an
r-hFSH-alfa injection device from 2015 to 2016, with or without
oral medication, and with or without IUI Treatment cycles for IVF
were not included. The 2015 start date for this subanalysis was
selected to ensure that only patients using the updated device were
included, as all earlier versions of the device had expired by this
date. The updated r-hFSH-alfa injection device, Gonal-f® RFF
Redi-ject® pen (follitropin alfa injection, EMD Serono, Inc.,
Rockland, MA, USA), allowed doses to be adjusted in +12.5 TU
increments when administered subcutaneously.

Data source

The data were obtained from a large, real-world, EMR database
and consisted of de-identified patient-level and cycle-level clinical
and laboratory data for female patients who underwent fertility
treatment in the US between January 1, 2015 and December 31,
2016. The data were collected from a network of 15 practices all
using the same standardized EMR system; the practices comprised
39 clinics with 153 locations across the US and included patients
from all 50 states. Ethics Committee/Institutional Review Board
approval was not required as this analysis was based on data from a
de-identified EMR database.

Patient population

The dataset included 1,737 patients (or 2,832 treatment cycles)
receiving r-hFSH-alfa administration. The analyses included
treatment cycles identified as OI/OS, with or without the IUI
component, which used subcutaneous gonadotropin injections,
concomitant with or without oral medications (CC or letrozole).

Dose adjustment was defined as a change in r-hFSH-alfa dose
after the start of OI/OS and was assessed during the treatment
course, regardless of whether or how other medications were
used in combination with r-hFSH-alfa during the same cycle. If
r-hFSH-alfa treatment was combined with other drugs, dose
adjustments of drugs other than r-hFSH-alfa were not considered.
Patients’ baseline characteristics were analyzed and dosing
characteristics per cycle were summarized by both daily dosing
patterns and whether oral medications were used during OI/OS.
The first cycle per patient was considered as the baseline; therefore,
patient baseline characteristics were summarized by dosing pattern
using their first cycle data only. For analysis of cycle-level dosing
patterns, all cycles for a patient were included.

Data collected included age, antral follicle count (AFC),
anti-Miillerian hormone (AMH) level, baseline diagnosis, Day 3
follicle stimulating hormone (FSH) levels for OI/OS cycles without
oral medications, and treatment dose adjustments (in frequency
and magnitude as +IU).
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Statistical analyses

Continuous variables were summarized using descriptive
statistics (number, mean, standard deviation [SD]). Categorical
variables were summarized by number and percentages.

P-values were calculated using two-sample t-tests to compare
starting dose and total dose of r-hFSH-alfa used in cycles that
included orals versus cycles with r-hFSH-alfa alone. Due to the large
sample size and to account for the multiple comparisons, all other
P-values were considered significant at the two-sided o = 0.01 level.
Analyses were completed using SAS software (version 9.4, Cary,
North Carolina, USA).

Results

A total of 2,832 treatment cycles involving r-hFSH-alfa
administration (with or without oral medications) in 1,737
patients were included in the analysis.

Baseline data are presented by medications used (Table 1);
1,211 patients received r-hFSH-alfa with oral medications and
526 patients received r-hFSH-alfa without concomitant
oral medication.

10.3389/fendo.2023.1195632

Of the total 2,832 OI/OS cycles that involved r-hFSH-alfa
administration, 2,490 (87.9%) cycles used IUIL. Combination
treatment with orals was included in 2,112 (74.6%) cycles,
whereas 720 (25.4%) used r-hFSH-alfa only. The (mean [SD])
starting dose of r-hFSH-alfa was lower for cycles that included
orals (74.2 TU [39.3]) compared with r-hFSH-alfa only cycles
(139.3 TU [115.1]) (p<0.0001, Figure 1). The (mean [SD]) total
dose of r-hFSH-alfa was also lower for cycles that used r-hFSH-alfa
with orals (370.2 TU [285.7]) compared with r-hFSH-alfa only
cycles (1300.0 TU [1104.9]) (p<0.0001, Figure 1).

Patients in the r-hFSH-alfa with orals group had a lower mean
age, were more likely to have a normal AFC, and were more likely to
have normal or high AMH levels than those in the r-hFSH-alfa only
group (Table 1). Patients in the r-hFSH-alfa with orals group were
also less likely than those in the r-hFSH-alfa only group to have a
primary infertility diagnosis of diminished ovarian reserve (DOR;
11.7% vs 26.0%), and more likely to have a primary infertility
diagnosis of other/unknown (50.1% vs 30.8%).

Dose adjustments

Overall, dose changes occurred in 13.7% of cycles with r-hFSH-alfa
with orals versus 43.9% of r-hFSH-alfa—only cycles (Figure 2A).

TABLE 1 Patient baseline characteristics stratified by use of oral medications with r-hFSH-alfa for Ol/OS.

Patient r-hFSH-alfa with orals r-hFSH-alfa without orals
characteristics
Total Constant dose Dose changes Total Constant dose Dose changes
(n=1,211) (n=1,033) (n=178) (GELYLS) (n=282) (n=244)
Age, years, mean (SD) 34.8 (4.9) 35.0 (4.8) 334 (4.9) 35.9 (5.0) 36.3 (4.9) 353 (5.2)
AFC, mean (SD) 16.1 (9.4) 15.6 (8.9) 19.1 (11.5) 16.6 (10.6) 15.4 (10.3) 18.5 (10.8)
AFC >12 (normal), n (%) 457 (37.7) 380 (36.8) 77 (43.3) 150 (28.5) 79 (28.0) 71 (29.1)
AMH, ng/mL, mean (SD) 3.6 (4.8) 32 (4.0) 58 (7.7) 3.6 (6.3) 2.5 (3.8) 4.9 (8.2)
AMH 1.5-4.0 ng/mL 340 (28.1) 303 (29.3) 37 (208) 86 (16.3) 44 (15.6) 12(172)
(normal), n (%)
:1;/3? >4.0 ng/mL (high), 314 (25.9) 245 (23.7) 69 (38.8) 92 (17.5) 37 (13.1) 55 (22.5)
Primary Infertility Diagnosis*
Ovulatory disorders/
PCOS, 1 (%) 182 (15.0) 133 (12.9) 49 (27.5) 91 (17.3) 35 (12.4) 56 (23.0)
Unexplained, n (%) 159 (13.1) 136 (13.2) 23 (12.9) 80 (15.2) 44 (15.6) 36 (14.8)
DOR, n (%) 142 (11.7) 125 (12.1) 17 (9.6) 137 (26.0) 87 (30.9) 50 (20.5)
Male infertility, n (%) 68 (5.6) 59 (5.7) 9 (5.1) 30 (5.7) 19 (6.7) 11 (4.5)
Endometriosis, n (%) 24 (2.0) 21 (2.0) 3(1.7) 11 (2.1) 6(2.1) 5(2.0)
Nonhydrosalpinx tubal 18 (15) 16 (15) 2(11) 13 (2.5) 8 (2.8) 5(2.0)
disease, n (%)
Uterine factor 11 (0.9) 8 (0.8) 3(1.7) 2(0.4) 2(0.7) 0
Other/unknown, % 607 (50.1) 535 (51.8) 72 (40.4) 162 (30.8) 81 (28.7) 81 (33.2)

*The database used did not distinguish between OI and OS. However, based on current definitions, OI cycles took place in all women with ovulatory disorders/PCOS, and OS took place in all others.
AFC, antral follicle count; AMH, anti-Miillerian hormone; DOR, diminished ovarian reserve; OI, ovulation induction; OS, ovarian stimulation; PCOS, polycystic ovary syndrome; r-hFSH,
recombinant human follicle-stimulating hormone; SD, standard deviation.
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Dose adjustments were particularly common among patients with
ovulatory disorders/PCOS who received r-hFSH-alfa without orals
(occurring in 61.5% of these patients).

Of the cycles with dose changes, most included one dose
change, with a single dose adjustment occurring in 9.8% and
27.1% of cycles with and without orals, respectively. Cycles with
four or more dose adjustments were rare, comprising 0.4% and
2.6% of cycles with and without orals, respectively (Figure 2B). In
cycles with dose adjustments, dose increases were slightly more
common than decreases: increases occurred in 58.8% of dose-
adjusted cycles with orals and 68.7% of those without orals, while
decreases occurred in 58.1% of dose-adjusted cycles with orals and
54.1% of those without orals. Dose increases and decreases within
the same cycle occurred in 17.0% and 22.8% of dose-adjusted cycles
with and without orals, respectively (Figure 2A).

The magnitude of dose adjustments ranged from +12.5 IU to
+450 TU. The smallest dose-adjustment magnitudes ( £12.5 IU and
+25 TU) were used frequently: 45.3% of dose-adjusted cycles with
orals and 55.1% of those without orals (Figure 3A). The smallest
dose-adjustment magnitudes were used more often for dose increases
(53.5% and 64.5% of dose-adjusted cycles with and without orals,
respectively) than for dose decreases (35.7% and 46.8% of dose-
adjusted cycles with and without orals, respectively; Figure 3B).

Discussion

According to our findings, individualized r-hFSH-alfa dose
adjustments were more prevalent during treatment cycles without

A
r-hFSH with orals
Any 13.7% of cycles H Ay
= + 58.8% of cycles with adjustment
q‘:, - 58.1% of cycles with adjustment m-
% +/- 17.0% of cycles with adjustment o-
S . a
= r-hFSH without orals |-
©
& Any 43.9% of cycles
8 + 68.7% of cycles with adjustment
- 54.1% of cycles with adjustment
+/- 22.8% of cycles with adjustment

0

10 20 30 40 50
Cycles (%)

FIGURE 2

Proportion of

oral medications than during treatment cycles with oral
medications. In this real-world setting, dose adjustments were
used in OI/OS cycles in patients with varying characteristics, and
they were particularly common in patients with ovulatory
disorders/PCOS.

These observations suggest that the use of small dose-adjustment
magnitudes may facilitate individualized treatment, which could
help in reducing risks for patients with more favorable prognoses
(e.g., good ovarian reserves) undergoing a “low and slow” step-up
OI/OS protocol for timed intercourse or IUL Appropriate and
individualized dosing during OI/OS for timed intercourse or IUI
might help to mitigate risks such as those associated with ovarian
multi-follicular response leading to multiple gestation or
hyperstimulation syndrome (19), while preserving any advantage
related to pregnancy rates (3).

In the present study, dose adjustments occurred in
almost half of r-hFSH-alfa only cycles (43.9% of cycles
included dose changes). In contrast, cycles with r-hFSH-alfa with
orals had a more constant dosing approach (only 13.7% of
cycles included dose changes). This finding is in line with clinical
reasoning, as patients who received orals in addition to r-hFSH-alfa
for OI/OS may have had a potentially better prognosis (i.e., better
ovarian reserve and response) as they were more likely to be
younger, have a normal AFC, and were less likely to have a
primary diagnosis of DOR. Additionally, r-hFSH-alfa starting
doses were lower and dose changes were fewer in OI/OS cycles
that also included orals than in those who received r-hFSH-

alfa only.

B
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§
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L)

©

>

(&)

Number of dose changes

(A) Proportion of OI/OS cycles with and without oral medications that included r-hFSH-alfa dose changes and (B) Number of r-hFSH-alfa dose
changes in OI/OS cycles with and without oral medications. +, cycles including a dose increase; -, cycles including a dose decrease; +/-, cycles
including both a dose increase and a dose decrease; Any, cycles including any dose increase or decrease; Ol, ovulation induction; OS, ovarian

stimulation; r-hFSH, recombinant human follicle-stimulating hormone
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adjustment that used the smallest adjustment magnitudes (+12.5 and +25 IU) for dose increases and decreases. (A) Where there were multiple dose
changes in a single cycle, only the smallest dose-adjustment magnitude used is shown. (B) Cycles using +12.5 and +25 U dose adjustments may
have included multiple dose changes, i.e., included dose adjustments of higher magnitudes, as well as adjustments of +12.5 and +25 IU. IU,
international units; OI, ovulation induction; OS, ovarian stimulation; r-hFSH, recombinant human follicle-stimulating hormone.

Our findings showed that dose adjustments were less common in
patients with a diagnosis of unexplained infertility or DOR, compared
with ovulatory disorders/PCOS. This could potentially be explained
by a higher starting dose, reflecting a more aggressive initial
treatment, which may not allow much flexibility for dose
adjustments. Alternatively, it may be challenging to monitor OI/OS
for dose adjustments in patients with poor ovarian response/reserve.

It is important to highlight that this analysis included only first
treatment cycles with gonadotropins (with or without oral
medications), independent of diagnosis, which reflected clinical
practice at the time of data collection. Any cycle initiated/intended
for IVF was not included in this analysis. For women with PCOS who
are anovulatory with no other infertility factors, gonadotropins are
recommended as second-line pharmacological agents to be used
following failure of first-line oral therapy for OI (20). One must
therefore consider why patients with PCOS in this dataset received
gonadotropins in their first cycle. One potential explanation is that
these patients could have undergone OI with oral medications before
reaching a fertility clinic, for example, with a general obstetrician-
gynecologist. Additionally, it has been recommended that
gonadotropins could be considered as first-line treatment, with
ultrasound monitoring, following counselling on cost and potential
risk of multiple pregnancy, in women with PCOS who are
anovulatory and have no other infertility factors (20).

In the present study, approximately two-thirds of patients with
unexplained infertility who underwent a first treatment cycle with
r-hFSH-alfa received concomitant oral medications, while one-third
received r-hFSH-alfa only. A systematic review of randomized
controlled trials comparing OS-IUI methods in couples with
unexplained fertility reported that use of gonadotropins for OS
increased the live birth rate compared to the oral OS medications
CC or letrozole (12). Treatment paradigms for unexplained infertility
have typically involved OS with oral medications, then OS with
gonadotropins, followed by IVF for those unsuccessful in achieving
pregnancy with OS (3). It should be remembered that this analysis is
based on real-world data collected from an existing database and
represents clinical practice from previous years.

Frontiers in Endocrinology

Dose adjustments in OS or OI cycles, whether for IUT or IVF, aim
to induce sufficient ovarian response to better obtain optimal outcomes
for live birth, while avoiding the risks of multifollicular ovulation, cycle
cancellation, and/or ovarian hyperstimulation syndrome (8, 14, 19).
Achieving the balance between the desired efficacy and necessary safety
may require small dose increases, decreases, or both based on careful
monitoring of ovarian response (12, 21, 22).

The present study found that dose increases were slightly more
common than decreases, particularly in cycles with r-hFSH-alfa
only, and a subset of cycles included both increases and decreases.
Where cycles included both an increase and decrease, this was likely
due to concerns about potential side effects of an increased dose.
Although dose-adjustment magnitudes ranged from *12.5 IU to
+450 IU, the smallest magnitudes ( +12.5 IU and +25 IU) were used
in approximately half of the dose adjustments recorded, both for
cycles with orals and those with r-hFSH-alfa only. The assessment
of small dose-adjustment magnitudes was possible because of the
capabilities of the updated Gonal-f® RFF Redi-ject®.

The capability of the Gonal-f® RFF Redi-ject® to make
small-magnitude dose-adjustments is in line with the American
Society of Reproductive Medicine Practice Committee opinion
from 2020 (19), where the recommended approach for
gonadotropin regimens for OI in anovulatory women is to begin
with a low dose of gonadotropin—typically 37.5-75 IU/day— in the
first dose-finding cycle and increase the dose in small increments
after seven days or more if no follicle >10 mm in size has developed.
In subsequent cycles, treatment generally begins at the threshold of
response that has been previously determined. Although 7-12 total
days of treatment is typical, longer durations of treatment may be
required. Once a mature follicle has developed, exogenous human
chorionic gonadotropin is administered to stimulate ovulation.

The limitations of this study include a relatively small sample
size and the descriptive nature of the study design, which did not
include clinical outcomes that could help to understand the impact
of the observed dosing changes. Other data that were not accessible
for analysis in the database include the length of r-hFSH-alfa
treatment and the starting day of r-hFSH-alfa in the overall
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treatment cycle for OI/OS cycles with orals. Nonetheless, this work
reflects clinical practice and can be used to complement the results
from randomized controlled studies. As much as possible, the
combination of data from large observational studies and data
from prospective controlled trials are still necessary to identify the
optimal regimen of stimulation for OI/OS cycles.

In conclusion, in OI/OS cycles, r-hFSH-alfa dose adjustments in
a real-world setting are frequent. In cycles treated with r-hFSH-alfa
concomitant with oral medication (CC or letrozole), r-hFSH-alfa
starting and total doses were lower and dose changes were fewer
than with r-hFSH-alfa alone. Smaller dose-adjustment magnitudes
facilitate individualized treatment with the goal of reducing
the risks of multiple gestation, cycle cancellation, and ovarian
hyperstimulation syndrome.

Data availability statement

The data analyzed in this study is subject to the following licenses/
restrictions: The proprietary database used for this study was made
available to EMD Serono, Inc., Rockland, MA, USA through a license
that limits dissemination of the data, thus they have not been made
publicly available. Requests to access these datasets should be directed
to Krys Modrzejewski, krys.modrzejewski@emdserono.com.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements.

Author contributions

MM, TD’H, BH, AC, SB, FC, and AM conceived and designed the
study. AM, SB, and GB collected the data. BH conducted the analyses. All
authors contributed to the article and approved the submitted version.

References

1. Fatemi H, Bilger W, Denis D, Griesinger G, La Marca A, Longobardi S, et al. Dose
adjustment of follicle-stimulating hormone (FSH) during ovarian stimulation as part of
medically-assisted reproduction in clinical studies: a systematic review covering 10
years (2007-2017). Reprod Biol Endocrinol (2021) 19:68. doi: 10.1186/s12958-021-
00744-x

2. Kim D, Child T, Farquhar C. Intrauterine insemination: a UK survey on the
adherence to NICE clinical guidelines by fertility clinics. BMJ Open (2015) 5:¢007588.
doi: 10.1136/bmjopen-2015-007588

3. Practice Committee of the American Society for Reproductive Medicine.
Evidence-based treatments for couples with unexplained infertility: a guideline. Fertil
Steril (2020) 113:305-22. doi: 10.1016/j.fertnstert.2019.10.014

4. Huang S, Wang R, Li R, Wang H, Qiao J, Mol BWJ. Ovarian stimulation
in infertile women treated with the use of intrauterine insemination: a

Frontiers in Endocrinology

10.3389/fendo.2023.1195632

Funding

The authors declare that this study received funding from
EMD Serono, Inc.,, Rockland, MA, USA. The funder had the
following involvement with the study: all authors, including those
currently or previously employed by EMD Serono, Inc., Rockland,
MA, USA, were involved in all aspects of the publication, including
agreement on study design, collection, analysis, interpretation of
data, the writing of this article, and the decision to submit it
for publication.

Acknowledgments

The authors would like to thank Jennifer Steeber, PhD,
Brooke Bouza, PhD, and Roxanne Dyer, MSc of Caudex, New
York City, NY, USA and Oxford, UK (supported by EMD Serono,
Inc., Rockland, MA, USA) for their assistance in preparing
this manuscript.

Conflict of interest

FC and AC are employed by EMD Serono, Inc., Rockland,
MA, USA. BH and MM were employed by EMD Serono, Inc.,
Rockland, MA, USA during some or all of the work leading to this
manuscript. TD’H is employed by Merck Healthcare KGaA,
Darmstadt, Germany.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

cohort study from China. Fertil Steril (2018) 109:872-8. doi: 10.1016/j.fertnstert.
2018.01.008

5. Becker CM, Bokor A, Heikinheimo O, Horne A, Jansen F, Kiesel L, et al. ESHRE
guideline: endometriosis. Hum Reprod Open (2022) hoac009. doi: 10.1093/hropen/hoac009

6. Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de Mouzon J, Sokol R,
et al. The international glossary on infertility and fertility care, 2017. Fertil Steril (2017)
108:393-406. doi: 10.1016/j.fertnstert.2017.06.005

7. Cohlen B, Bijkerk A, van der Poel S, Ombelet W. TUT: review and systematic
assessment of the evidence that supports global recommendations. Hum Reprod
Update (2018) 24:300-19. doi: 10.1093/humupd/dmx041

8. Bergh C, Kamath MS, Wang R, Lensen S. Strategies to reduce multiple
pregnancies during medically assisted reproduction. Fertil Steril (2020) 114:673-9.
doi: 10.1016/j.fertnstert.2020.07.022

frontiersin.org


https://doi.org/10.1186/s12958-021-00744-x
https://doi.org/10.1186/s12958-021-00744-x
https://doi.org/10.1136/bmjopen-2015-007588
https://doi.org/10.1016/j.fertnstert.2019.10.014
https://doi.org/10.1016/j.fertnstert.2018.01.008
https://doi.org/10.1016/j.fertnstert.2018.01.008
https://doi.org/10.1093/hropen/hoac009
https://doi.org/10.1016/j.fertnstert.2017.06.005
https://doi.org/10.1093/humupd/dmx041
https://doi.org/10.1016/j.fertnstert.2020.07.022
https://doi.org/10.3389/fendo.2023.1195632
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Martini et al.

9. Legro RS, Brzyski RG, Diamond MP, Coutifaris C, Schlaff WD, Casson P, et al.
Letrozole versus clomiphene for infertility in the polycystic ovary syndrome. New Engl ]
Med (2014) 371:119-29. doi: 10.1056/NEJMoal313517

10. Fauser B. Patient-tailored ovarian stimulation for in vitro fertilization. Fertil
Steril (2017) 108:585-91. doi: 10.1016/j.fertnstert.2017.08.016

11. Nyboe Andersen A, Nelson SM, Fauser BC, Garcia-Velasco JA, Klein BM, Arce JC.
and ESTHER-1 study group, Individualized versus conventional ovarian stimulation for in
vitro fertilization: a multicenter, randomized, controlled, assessor-blinded, phase 3
noninferiority trial. Fertil Steril (2017) 107:387-396 e4. doi: 10.1016/j.fertnstert.2016.10.033

12. Wessel JA, Danhof NA, van Eekelen R, Diamond MP, Legro RS, Peeraer K, et al.
Ovarian stimulation strategies for intrauterine insemination in couples with
unexplained infertility: a systematic review and individual participant data meta-
analysis. Hum Reprod Update (2022) 28:733-46. doi: 10.1093/humupd/dmac021

13. Mahony M, Dwyer A, Barkume R, Strochlic A, Jeannerot F, Studeli T. US human
factors engineering evaluation of an updated follitropin alfa pen injector (GONAL-f®
RFF Redi-ject®) and instructions for use. Expert Opin Drug Delivery (2018) 15:5-15.
doi: 10.1080/17425247.2018.1402886

14. Lensen SF, Wilkinson J, Leijdekkers JA, La Marca A, Mol BWJ, Marjoribanks J,
et al. Individualised gonadotropin dose selection using markers of ovarian reserve for
women undergoing in vitro fertilisation plus intracytoplasmic sperm injection (IVF/
ICSI). Cochrane Database Syst Rev (2018) 2:CD012693. doi: 10.1002/
14651858.CD012693.pub2

15. Oudshoorn SC, van Tilborg TC, Eijkemans MJC, Oosterhuis GJE, Friederich J,
van Hooff MHA, et al. and OPTIMIST study group, Individualized versus standard
FSH dosing in women starting IVF/ICSI: an RCT. Part 2: the predicted hyper
responder. Hum Reprod (2017) 32:2506-14. doi: 10.1093/humrep/dex319

Frontiers in Endocrinology

08

10.3389/fendo.2023.1195632

16. La Marca A, Sunkara SK. Individualization of controlled ovarian stimulation in
IVF using ovarian reserve markers: from theory to practice. Hum Reprod Update (2014)
20:124-40. doi: 10.1093/humupd/dmt037

17. Mahony MC, Hayward B, Mottla GL, Richter KS, Beall S, Ball GD, et al.
Recombinant human follicle-stimulating hormone alfa dose adjustment in US clinical
practice: an observational, retrospective analysis of a real-world electronic medical
records database. Front Endocrinol (2021) 12:742089. doi: 10.3389/fend0.2021.742089

18. Mol BW, Bossuyt PM, Sunkara SK, Garcia Velasco JA, Venetis C, Sakkas D, et al.
Personalized ovarian stimulation for assisted reproductive technology: study design
considerations to move from hype to added value for patients. Fertil Steril (2018)
109:968-79. doi: 10.1016/j.fertnstert.2018.04.037

19. Practice Committees of the American Society for Reproductive Medicine and
Society for Reproductive Endocrinology and Infertility. Use of exogenous
gonadotropins for ovulation induction in anovulatory women: a committee opinion.
Fertil Steril (2020) 113:66-70. doi: 10.1016/j.fertnstert.2019.09.020

20. Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, et al.
Recommendations from the international evidence-based guideline for the
assessment and management of polycystic ovary syndrome. Fertil Steril (2018)
110:364-79. doi: 10.1016/j.fertnstert.2018.05.004

21. Stoev S, Getov I, Timeva T, Naseva EK, Lebanova H, Petkova B. Study of clinical
experience with different approaches to controlled ovarian hyperstimulation: a focus on
safety and efficacy. Eur ] Hosp Pharm (2021) 28:33-7. doi: 10.1136/ejhpharm-2019-
001870

22. Barishansky SJ, Hutchinson AP, Lawson AK, Pavone ME. The parent trap: desire
for multifetal gestation among patients treated for infertility. J Assist Reprod Genet
(2022) 39:1399-407. doi: 10.1007/s10815-022-02508-x

frontiersin.org


https://doi.org/10.1056/NEJMoa1313517
https://doi.org/10.1016/j.fertnstert.2017.08.016
https://doi.org/10.1016/j.fertnstert.2016.10.033
https://doi.org/10.1093/humupd/dmac021
https://doi.org/10.1080/17425247.2018.1402886
https://doi.org/10.1002/14651858.CD012693.pub2
https://doi.org/10.1002/14651858.CD012693.pub2
https://doi.org/10.1093/humrep/dex319
https://doi.org/10.1093/humupd/dmt037
https://doi.org/10.3389/fendo.2021.742089
https://doi.org/10.1016/j.fertnstert.2018.04.037
https://doi.org/10.1016/j.fertnstert.2019.09.020
https://doi.org/10.1016/j.fertnstert.2018.05.004
https://doi.org/10.1136/ejhpharm-2019-001870
https://doi.org/10.1136/ejhpharm-2019-001870
https://doi.org/10.1007/s10815-022-02508-x
https://doi.org/10.3389/fendo.2023.1195632
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Fine-tuning the dose of recombinant human follicle-stimulating hormone alfa to individualize treatment in ovulation induction and ovarian stimulation cycles: a real-world database analysis
	Introduction
	Materials and methods
	Data source
	Patient population
	Statistical analyses

	Results
	Dose adjustments

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References


