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ABSTRACT

Background: Recombinant human follitropin
alfa (r-hFSH) is used for ovarian stimulation as
part of medically assisted reproduction. There is

a risk for ovarian hyperstimulation syndrome
(OHSS) with r-hFSH treatment, and an increased
risk for thromboembolic events in the presence
of pregnancy with OHSS.
Objectives: To report the frequency of OHSS
and thromboembolism with originator fol-
litropin alfa (GONAL-f) based on the Global
Safety Database of Merck KGaA, Darmstadt,
Germany and a systematic review of published
data.
Data Sources: Reports of OHSS and throm-
boembolism were obtained from the Global
Safety Database of Merck KGaA, Darmstadt,
Germany from 20 October 1995 to 19 October
2018. The systematic review was based on
MEDLINE and Embase searches from inception
to 19 October 2018.
Study Eligibility Criteria: Patients receiving
GONAL-f for ovulation induction or ART, with a
starting dose within the range included in the
prescribing information and providing infor-
mation on the occurrence of OHSS and/or
thromboembolism.
Study Appraisal and Synthesis Matches: In the
Global Safety Database of Merck KGaA, Darm-
stadt, Germany there were an estimated
16,525,975 treatment cycles since 20 October
1995; 1110 reported cases of OHSS and 80
reported cases of thromboembolic events (re-
porting rates 6.7 and 0.48 per 100,000 treat-
ment cycles, respectively). The systematic
review identified 45 studies (5186 patients
exposed to GONAL-f; 5240 treatment cycles).
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There were 272 reports of OHSS (5190 [5.19%]
per 100,000 treatment cycles), including 10
cases of severe OHSS (191 [0.19%] per 100,000
treatment cycles).
Limitations: There may be the potential for
under-reporting of safety outcomes in the lit-
erature, and under-reporting is a well-known
phenomenon in spontaneous reporting
databases.
Conclusion and Implications of Key Find-
ings: Our analyses demonstrate low rates of
OHSS and thromboembolism with GONAL-f.

Keywords: GONAL-f; Ovarian hyperstimu-
lation syndrome; r-hFSH; Safety; Thromboem-
bolism; Women’s health

Key Summary Points

More than 20 years of internal data show
that the adverse drug reaction reporting
rates for every 100,000 treatments started
is 6.7 (0.007%) for ovarian
hyperstimulation syndrome (OHSS) and
0.48 (0.0005%) for thromboembolic
events.

In the published literature, the adverse
drug reaction rates for every 100,000
treatments started are 5190 (5.19%) for
OHSS and 191 (0.191%) for
thromboembolism.

Of the 1110 OHSS cases reported in the
Global Safety Database of Merck KGaA,
Darmstadt, Germany, 130 were classified
as severe; of the 272 OHSS cases retrieved
from the systematic review searches, 10
cases were classified as severe.

Treatment with GONAL-f results in low
rates of thromboembolism and OHSS.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12967055.

INTRODUCTION

Recombinant human follitropin alfa (r-hFSH) is
indicated for the treatment of women with
anovulation and for ovarian stimulation as part
of assisted reproductive technologies (ART)
(Table 1) [1–3]. It is also indicated for the stim-
ulation of spermatogenesis in men with con-
genital or acquired hypogonadotropic
hypogonadism in combination with human
chorionic gonadotropin (hCG); however, this
review focusses on data for use in women only.

The prescribing information for r-hFSH sug-
gests that the starting dose should commonly
be 75–150 IU daily for the treatment of women
with anovulation and 150–225 IU daily for
ovarian stimulation as part of ART [1–3]. The
starting dose of r-hFSH is individualized
according to patient characteristics and
biomarkers [including age, smoking status,
serum anti-Müllerian hormone (AMH) level,
antral follicle count (AFC) and previous
response to treatment] with the aim of opti-
mizing safety and efficacy. The prescribing
information also indicates that to ensure safe
use of r-hFSH, ovarian response should be
monitored on a regular basis (by ultrasound and
measurement of serum oestradiol levels). This is
because, owing to its mechanism of action and
the aim of ovulation induction and controlled
ovarian stimulation, there is a risk for ovarian
hyperstimulation syndrome (OHSS) [4–6]. To
mitigate the risk of OHSS and maximize the
probability of a safe, fresh embryo transfer after
ovarian stimulation for ART treatment in
patients with potential/expected ovarian hyper-
response, a starting dose of less than 150 IU of
r-hFSH has been recommended [7–11], based on
patient characteristics and biomarkers [12–15].
Individualization of the starting dose can be
calculated using a nomogram developed on the
basis of a woman’s age and two markers of
ovarian reserve (AMH or AFC and FSH) [7, 16] or
other nomograms that include factors such as
body mass index (BMI) [9] or additional ultra-
sound markers [11]. For example, to avoid cycle
cancellation or freeze-all cycles due to excessive
ovarian response and related OHSS risk, in
expected high responders younger than
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35 years old presenting with an AMH of 7.7 ng/
mL the r-hFSH starting dose calculated using
the existing nomograms would be either
100–112.5 IU [7], 75–100 IU [9] or 100–125 IU
[11], all of which are lower, as recommended
before [8, 13], than a standard dose of 150 IU
[14]. There is also a risk for thromboembolic
events, which is increased in the presence of
pregnancy and OHSS. Recent reports of the
occurrence of OHSS and thromboembolism in
different populations have reported rates of less
than 0.5% [4], meaning these adverse events
(AEs), although important, occur rarely during
ovarian stimulation with r-hFSH [4, 17, 18].

Other AEs mentioned in the prescribing
information for r-hFSH include, multiple preg-
nancy, pregnancy loss, ectopic pregnancy,
reproductive system neoplasms and congenital
newborn malformation; however, these do not
directly relate to the mechanism of action of
r-hFSH [1–3]. To reduce the risk of any adverse
drug reactions (ADRs) or to avoid a cycle with
no oocytes retrieved, the dose may be adjusted
during treatment based on this regular
monitoring.

Originator r-hFSH (GONAL-f�; Merck KGaA,
Darmstadt, Germany) was the first r-hFSH pro-
duct on the market, receiving approval from the
European Medicines Agency (EMA) on 20
October 1995 [19], and is now available in more
than 120 countries, including the USA, where it
is marketed as GONAL-f RFF� (EMD Serono).
With more than 20 years of use in clinical
practice, GONAL-f has a large amount of avail-
able data, providing a good overview of its
safety. It is important that post-marketing safety
data are monitored and available in the public
domain to enable clinicians and patients to
evaluate potential treatment risks. The

provision of all available data is especially
important as a considerable amount of safety
data in the scientific literature are from ran-
domized controlled trials (RCTs), which may
not reflect actual real-world clinical practice,
owing to limitations including those related to
their strict inclusion and exclusion criteria and
short duration of follow-up.

The current manuscript presents the report-
ing rates of OHSS and thromboembolism with
GONAL-f�. To be as comprehensive as possible,
internal and external sources of information
were used for this review. This should enable
the assessment of the benefit–risk balance of
this drug in routine clinical practice.

METHODS

The frequency of reports of ADRs was evaluated
in both the Global Safety Database of Merck
KGaA, Darmstadt, Germany (Adverse Reaction
Information System global, ARISg; ArisGlobal,
Coral Gables, FL, USA) and through systematic
review of the scientific literature to collect
safety data on GONAL-f. These two approaches
were selected because they should provide two
different, but complementary, perspectives of
the safety of GONAL-f: the overall view using all
of the data collected by Merck KGaA, Darm-
stadt, Germany and the view that would be
obtained by a person reading the literature.
Owing to the different nature of the data, the
search of the Global Safety Database of Merck
KGaA, Darmstadt, Germany and the systematic
review of the literature were conducted and will
be presented separately. This article is based on
previously conducted studies and does not

Table 1 Indication for prescribing of r-hFSH in women (Merck KGaA, Darmstadt, Germany 2018)

Treatment of anovulation (including polycystic ovarian syndrome) in women who have been unresponsive to

clomiphene citrate treatment

Stimulation of multifollicular development in women undergoing ovarian stimulation as part of treatment with assisted

reproductive technologies (ART)

In association with luteinizing hormone (LH) for follicular stimulation in women with severe LH and FSH deficiency
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contain any studies with human participants or
animals performed by any of the authors.

Global Safety Database of Merck KGaA,
Darmstadt, Germany Search

The Global Safety Database of Merck KGaA,
Darmstadt, Germany comprises data for ADRs
from clinical trials, non-interventional studies,
market research, patient or healthcare provider
surveys, patient support programs sponsored by
Merck KGaA, Darmstadt, Germany, EMD Ser-
ono or its affiliates or investigators, sponta-
neous post-marketing reports and surveillance
of the published literature. The literature search
strategy covers, amongst others, the following
aspects: adverse effects in general, toxicity,
poisoning; drug addiction/misuse/abuse/dop-
ing; drug overdose; medication error/adminis-
tration error; lack of efficacy; drug interaction;
and off-label use. Surveillance of the scientific
literature is performed on a weekly basis to
supplement the safety database with relevant
literature that reports important identified and
potential risks (MEDLINE and Embase databases
were searched comprehensively using various
compilations of free text search terms, includ-
ing active ingredients and respective brand
names, and index terms, controlled terms from
the database thesauri) (Appendix 1 in the elec-
tronic supplementary material).

Reports of OHSS and thromboembolism
were obtained from the Global Safety Database
of Merck KGaA, Darmstadt, Germany from 20
October 1995 to 19 October 2018. The database
search was conducted using Medical Dictionary
for Regulatory Activities (MedDRA�) ver-
sion 21.0 [20] Preferred Term (PT) 10033266—
Ovarian hyperstimulation syndrome and the
Standardized MedDRA Query (SMQ)
20000081—Embolic and thromboembolic
events. There were no exclusion criteria for the
search of the Global Safety Database of Merck
KGaA, Darmstadt, Germany. Although OHSS
can be reported as mild, moderate or severe,
severity is often not reported and only overall
OHSS is therefore reported.

Reporting rates were calculated by dividing
the number of cases reported by the estimated

number of treatment cycles that occurred since
the product’s international birth date (IBD; 20
October 1995). The reporting rate could not be
based on the number of patients exposed to
r-hFSH, owing to only data on number of units
sold being available, and not number of
patients exposed to r-hFSH. It is difficult to
estimate the number of treated women from the
sales volume, as the dose and duration of
treatment are adjusted according to patient’s
response to the treatment and thus may vary
from one patient to another. Each treatment
cycle is generally viewed as an independent
cycle as treatment modifications are often made
in subsequent cycles according to the ovarian
response to gonadotropin stimulation in previ-
ous treatment cycles. Therefore, the treatment
cycle is considered to be the most relevant
denominator for calculating the patient’s
exposure. The number of ovarian stimulation
treatment cycles was calculated from the esti-
mated average r-hFSH use per treatment cycle
and the sales data.

Statistical analyses of reporting rates are
descriptive as quantitative analyses of these data
were not feasible as the database includes a
population of uncertain size.

Systematic Literature Search

MEDLINE and Embase were systematically
searched from inception of the databases to 19
October 2018 for interventional and non-inter-
ventional clinical studies using GONAL-f. While
the search terms used for the Global Safety
Database of Merck KGaA, Darmstadt, Germany
were specifically chosen for the reporting of
AEs, the search terms in the systematic review
were ‘GONAL-f’ and ‘r-hFSH’ and their variants.
‘‘GONAL-f’’ OR ‘‘GONALf’’ OR ‘‘GONAL f’’ OR
‘‘follitropin alfa’’ OR ‘‘SJ-0021’’ OR SJ0021 OR ‘‘SJ
0021’’ OR ‘‘recombinant follicle stimulating
hormone’’ OR ‘‘recombinant follicle-stimulating
hormone’’ OR ‘‘recombinant human follicle
stimulating hormone’’ OR ‘‘recombinant
human follicle-stimulating hormone’’ OR ‘‘re-
combinant-human follicle-stimulating hor-
mone’’ OR hFSH OR rhFSH OR ‘‘r-hFSH’’ OR ‘‘rh-
FSH’’ OR ‘‘r-h-FSH’’.
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Searches were limited to titles and abstracts
and were filtered for studies in humans and in
the English language. Editorials, commentaries,
reviews (including narrative reviews, systematic
reviews and meta-analyses), lectures, letters to
the editor and case series and reports were
excluded, as these were anticipated to have
been included in the Global Safety Database of
Merck KGaA, Darmstadt, Germany. The refer-
ence lists of any meta-analyses identified were
reviewed to identify any additional references
that should also be considered but were missed
during the search.

The inclusion criteria for studies were
women with infertility receiving GONAL-f for
ovulation induction or ART, with a starting dose
within the range included in the prescribing
information and providing information on the
occurrence of OHSS and/or thromboembolism.

Abstracts were initially reviewed by a medi-
cal writer (AJ) to remove duplicates and
abstracts explicitly not meeting the inclusion
criteria. Subsequently, two review authors
(TDH, JH) independently reviewed the remain-
ing abstracts for relevant studies for inclusion
based upon the criteria described earlier. As
safety is frequently not reported in abstracts, a
cautious approach was taken to abstract
screening; manuscripts that might be expected
to describe safety were not excluded at this
point, rather they were retained for full-text
screening. The same two authors (TDH, JH)
then reviewed the full text of the remaining
references to identify relevant studies. Discrep-
ancies were resolved by adjudication (SL).

Data were extracted using a standard form
developed by discussion with all authors (Ap-
pendix 2 in the electronic supplementary
material). Data extraction was conducted by AJ
and DM, and to ensure data accuracy, quality
control of data extraction was repeated for a
random selection of references (n = 15) by JH
and checked against the data from AJ/DM. Data
on the following outcomes were extracted:

• Occurrence of OHSS overall and by grade,
when reported (mild, moderate, severe, crit-
ical). The grade was based on the diagnosis
provided within each study, with the study’s
definition for each grade of OHSS used.

• Occurrence of thromboembolism.

The Cochrane Collaboration’s qualitative
checklist to assess the methodological quality of
the included studies was independently com-
pleted by each reviewer to assess risk of bias
[21]. Conflicts were adjudicated by discussion
between AJ and DM, with resolution of any
remaining conflicts by JH.

RESULTS

Global Safety Database of Merck KGaA,
Darmstadt, Germany Search

Overall, an estimated 16,525,975 treatment
cycles were conducted between the IBD of 20
October 1995 and 19 October 2018. It was
estimated that the mean dose of GONAL-f
administered per treatment cycle to each
woman was 1875 IU, based on clinical trial data
of Merck KGaA, Darmstadt, Germany.

There were 1110 reported cases of OHSS in
the database and 80 reported cases of throm-
boembolic events; 29 of the thromboembolic
events were reported to be accompanied by
OHSS. Of the 1110 OHSS cases, severity was
unknown or not reported in 562 (50.1%) cases.
Furthermore, 146 (13%) were reported to be
mild, 269 (24%) were reported to be moderate
and 130 (11.7%) were reported to be severe; this
includes eight cases with life-threatening OHSS.
In addition to the 130 severe cases, three fatal
cases of OHSS were reported: one literature case
and two cases reported by healthcare profes-
sionals. Causality was reported as possible in
one case and not reported in the other two
cases. One fatal case had a thromboembolic
event in combination with OHSS. The source of
the reports from the Global Safety Database of
Merck KGaA, Darmstadt, Germany are shown in
Table 2. The reporting rates for OHSS and
thromboembolism were 6.7 per 100,000 (1110/
16,525,975) treatment cycles (ca. 0.007%) and
0.48 (80/16,525,975) per 100,000 treatment
cycles (0.0005%), respectively.
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Systematic Literature Search

Of 2243 publications initially identified, 45
unique articles were deemed eligible for inclu-
sion in the analysis (Fig. 1) [22–66]. These
reported data from 36 RCTs, eight non-ran-
domized studies based on primary data and one
non-randomized study based on secondary use
of data. In total, data for 5186 patients receiving
5240 treatment cycles of ovarian stimulation
with GONAL-f were included. In 4.4% (2/45) of
studies OHSS was assessed as a primary outcome,
in 17.8% (8/45) as a secondary outcome and in
71.1% (32/45) as a safety or other outcome
(three studies did not specify OHSS as an out-
come). In total, 73.3% (33/45) of the studies
classified OHSS according to severity; however,
the classification system or the parameters used
to classify OHSS were only reported in 45.5%
(15/33) of those studies. Overall 272 reported
cases of OHSS (reporting rate 5190 per 100,000
treatment cycles; 5.19%) including 10 cases of
severe OHSS (3.7% of all 272 OHSS case repor-
ted; reporting rate 191 per 100,000 treatment
cycles; 0.19%) were identified (Table 3). There
were no fatal cases of OHSS and no reports of
thromboembolism were identified (Table 3).

Risk of Bias

The risk of bias was assessed as high, low or
unclear/unreported in seven categories (random
sequence generation, allocation concealment,
blinding of participants, blinding of outcome

assessments, incomplete outcome data, selec-
tive reporting and other biases). Only five
studies were judged to be free of bias in all of the
categories [24, 25, 41, 55, 65]. Bias was mostly
reported for allocation concealment, blinding
of participants and blinding of outcome assess-
ment (Fig. 2). However, the safety outcomes
reported in these articles were deemed to be
important and were taken into account. Overall
the risk of bias was low and none of the selected
studies were excluded owing to the level of bias.

DISCUSSION

This manuscript reports the frequency of OHSS
and thromboembolism with GONAL-f in both
the Global Safety Database of Merck KGaA,
Darmstadt, Germany and in the published sci-
entific literature. GONAL-f has a long history of
usage; overall, there were an estimated 18 mil-
lion treatment cycles conducted between the
IBD of 20 October 1995 and 19 October 2019.
This is the first cumulative report of these safety
events specifically for a single gonadotropin
preparation. There have been other analyses,
including real-world studies, evaluating the
frequency of OHSS and thromboembolism;
however, the majority of previous published
reports described pooled data for several gona-
dotropins, rather than for a single preparation.
It is important to analyse data for all gonado-
tropin preparations separately (e.g. originator
r-hFSH alfa and its biosimilars, as well as for
r-hFSH beta and delta), as differences have been

Table 2 Source of cases or OHSS or thromboembolism recorded in the Global Safety Database of Merck KGaA,
Darmstadt, Germany

Source OHSS Thromboembolism

With OHSS Without OHSS Overall

Health authority 364 13 17 30

Scientific literature 90 7 6 13

Clinical trial 422 0 4 4

Spontaneous (HCP) 170 8 17 25

Spontaneous (Cons) 64 1 7 8

Overall 1110 29 51 80
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observed with regard to biochemical properties,
in vitro activity, pharmacokinetics, pharmaco-
dynamics and reproductive outcomes observed
in clinical trials [1–3, 67–69]. In addition, other
external safety databases such as the Uppsala
Monitoring Center Vigibase and the FDA
Adverse Event Reporting System (FAERS), also
do not differentiate between GONAL-f and
other gonadotropin preparations, and do not
provide the data on the total number of cycles
or the number of patients treated, which makes
it impossible to calculate frequency rates.

A large retrospective chart review conducted
in 2010 (using data from 2004 onwards) repor-
ted on 22,665 cycles using r-hFSH (GONAL-f or
Puregon) for the indications licensed in the
summary of product characteristics [70]. OHSS
(any severity) was identified in 3812/20,144
(18.9%) cycles and hospitalization due to OHSS
(grade not specified) was reported in 215/20,144
(1.1%) cycles. A Cochrane review covering the
period from inception to 2017, including 20
trials of 6088 women treated with r-hFSH,
reported OHSS rates of 2.5% for moderate or

Fig. 1 PRISMA diagram. OHSS ovarian hyperstimulation syndrome, PD pharmacodynamic, PK pharmacokinetic
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severe OHSS and 0.8% for severe OHSS for
patients treated with standard dose FSH
(150 IU), with rates between 0.8% and 2.5%
reported for patients for whom the dose was
adjusted according to the results of ovarian
reserve tests [71]. However, the studies included
in the Cochrane review were heterogeneous and
the evidence quality of these studies ranged
from low to moderate and was potentially sub-
ject to bias. The evidence from older studies
indicates that OHSS is predominantly mild to
moderate, with mild cases occurring in an esti-
mated 20–33% of ART fertility treatment cycles;
moderate in 3% to 6% treatment cycles and
severe in 0.2–5.0% of assisted conception cycles
[72–78]. However, because the classification of
OHSS has changed over time, any comparisons
of the occurrence of OHSS in older and more
recent studies should be interpreted with cau-
tion. Furthermore, there has been a steady
decline of OHSS rates with the refinement of
ovarian stimulation protocols with the use of
gonadotropin-releasing hormone (GnRH)
antagonist to prevent a premature LH surge [79]
and use of a GnRH agonist to trigger final
oocyte maturation [80], which might reflect
more in recent studies.

There are internationally recognised classifi-
cations for OHSS, which have been updated
several times over the years. The first OHSS

classification was proposed in 1967 dividing
OHSS into three categories (mild, moderate and
severe) and with two degrees of severity for each
category [81]. This was subsequently amended
to include an additional category (‘critical’) and
subcategories (grades A–C for severe OHSS)
[81, 82]. More recently a new classification sys-
tem has been proposed in which OHSS is clas-
sified as either ‘self-limited’ or ‘with significant
comorbidities’ to simplify reporting [81]. The
International Committee for Monitoring Assis-
ted Reproductive Technologies (ICMART)
defined OHSS as mild, moderate or severe,
according to the degree of abdominal disten-
tion, ovarian enlargement and respiratory,
haemodynamic and metabolic complications.
The committee also included a distinct defini-
tion of severe OHSS in the glossary: ‘a systemic
response as a result of ovarian stimulation
interventions that is characterized by severe
abdominal discomfort and/or other symptoms
of ascites, hemoconcentration (Hct[ 45) and/
or other serious biochemical abnormalities
requiring hospitalization for observation and/or
for medical intervention (paracentesis, other)’
[15]. These historic changes in definitions make
it difficult to compare OHSS risk over time.

The OHSS reporting rate in our systematic
review is higher than in the analysis of the
Global Safety Database of Merck KGaA, Darm-
stadt, Germany. Firstly, this may be because the
reports of OHSS and thromboembolism were
obtained from the Global Safety Database of
Merck KGaA, Darmstadt, Germany from 20
October 1995 onwards and, although awareness
of AE reporting has increased during the past
decade, the period covered by the database also
includes a period when there was less awareness
of AE reporting. The extent of under-reporting
of ADRs to spontaneous reporting systems and
the differences among different types of ADRs
up to April 2004 were addressed in a systematic
review by Hazell and Shakir [83]. In this sys-
tematic review, the median under-reporting rate
across 37 studies in 12 countries was 94% (in-
terquartile range 82–98%), providing evidence
of significant and widespread under-reporting

Table 3 Frequency of OHSS and thromboembolism in
the systematic literature search (regardless of study design)

Number of patients exposed to GONAL-f 5186

Number of treatment cycles 5240

OHSS (as classified in the original publication)

Overall 272

Mild 43

Moderate 75

Severe 10

Required hospitalization 17

Fatal 0

Thromboembolism 0

cFig. 2 Risk of bias assessment
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of ADRs to spontaneous reporting systems,
including serious or severe ADRs, during the
first decade covered by our database. These
under-reporting rates come from well-devel-
oped countries where a pharmacovigilance sys-
tem is reasonably established, and under-
reporting of ADRs in spontaneous databases for
products that have been on the market for a
long time and have well-known ADR profiles
(such as GONAL-f) is recognised [83]. The
reporting of AEs to GONAL-f in countries with
less-developed pharmacovigilance systems may
also contribute to the under-reporting. In
addition, in the search strategy used in this
analysis, only the PTs of OHSS were selected,
meaning that cases which reported individual
symptoms suggestive of mild OHSS (mild
abdominal swelling, discomfort and nausea)
may not be included. Further, the low reporting
rate in the Global Safety Database of Merck
KGaA, Darmstadt, Germany may relate to the
reporting of only more serious cases of OHSS,
with mild OHSS less frequently reported.
Indeed, the proportion of severe OHSS cases
reported out of all OHSS cases reported was
about three times higher (11.7%) in the Global
Safety Database of Merck KGaA, Darmstadt,
Germany when compared to the systematic
review (3.7%). We hypothesize that some OHSS
cases occurring in daily practice may not be
considered as ‘‘serious enough’’ to be reported in
the post-marketing setting [84], whereas they
would be captured systematically in a typical
phase III RCT evaluating efficacy and safety. In
some of these RCTs, OHSS might have been an
adverse event of special interest (AESI), ensuring
that serious and non-serious AEs will be col-
lected and reported in an expedited manner.
The selection criteria used for our systematic
review favoured clinical trials, which are likely
to have included proactive and enhanced
monitoring for ADRs (often specified in study
protocols and clinical research files). However,
the reporting rate in our systematic review was
within the range observed in other studies
(which also included a mixture of study
designs) [71–74].

Finally, the characteristics of the patients
included in clinical trials may not fully reflect
those seen in clinical practice, as it is well

established that only 37% of patients treated in
the real world would be eligible for inclusion in
randomized clinical trials [85].

With the exception of pharmaceutical com-
pany-sponsored trials, OHSS is rarely reported as
a primary (4.4% of studies included in our sys-
tematic review) or even secondary (17.8% of
studies) endpoint, and there is a lack of trans-
parency and a high degree of variability/
heterogeneity on how OHSS was assessed and
defined in clinical trials. Indeed, only 45.5% of
the studies that we assessed used a classification
system specifying which parameters were used
to classify OHSS. Broad summary statements
often used in publications, such as ‘‘the product
was generally safe’’ or ‘‘it was well tolerated’’ do
not provide clinically meaningful information
and should be avoided [86]. Furthermore, there
is no consistent guidance provided by health
authorities, journals or scientific communities
on the reporting of fertility-related AEs and
ADRs in publications; therefore, there is a need
for a unified system for the reporting of safety
outcomes in fertility studies. A task force has
therefore been set up within Merck KGaA,
Darmstadt, Germany to assess the way safety
outcomes are reported in fertility trials and to
develop guidance that can be used in future
publications. The guidance will include a com-
prehensive checklist of safety parameters that
should be assessed and reported in fertility-re-
lated studies. Generally reporting of OHSS and
other safety results in fertility publications
should be in line with the clinical study proto-
col and the clinical study report.

There are a number of potential limitations
to the analyses reported in this manuscript. The
data range from 1995 to 2018 and, as previously
stated, owing to changes in clinical practice, the
overall data provided might not fully reflect
what is observed in current practice. Our
understanding of OHSS has increased in recent
years, and the risk can now be greatly reduced
with appropriate treatment selection: individu-
alized choice of gonadotropin type and starting
dose; dose adjustment based on hormonal and
ultrasound monitoring during ovarian stimula-
tion; choice of ovulation trigger; choice
between embryo transfer in fresh stimulation
cycle or delayed embryo transfer after
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cryopreservation of all oocytes/embryos. For
this reason, data from older studies and analyses
are unlikely to provide an accurate representa-
tion of OHSS risk at the current time. Ovarian
stimulation should be monitored via ultrasound
and serum oestradiol levels, and if multiple
immature follicles or high serum oestradiol
levels are observed the dose can be reduced, a
coasting strategy (i.e. stopping gonadotropin
treatment until serum oestradiol levels return to
normal levels) employed or the cycle cancelled,
depending upon the perceived risk by the
treating physician/healthcare professional [82].
Current guidance is that women at high risk for
a high ovarian response and related OHSS risk
should be identified before treatment is started,
so that an appropriate treatment strategy can be
selected to mitigate the risk. Risk factors for
OHSS include the presence of polycystic ovarian
syndrome, a prior history of OHSS, low body
weight and younger age (less than 30 years old)
[87, 88]. Biomarkers may also be used to identify
patients at risk for OHSS, including AFC, AMH,
day 3 FSH and inhibin B [87, 89]. If the patient
wishes to have a maximal probability for a fresh
embryo transfer, while avoiding both cycle
cancellation and freeze-all due to high risk for
moderate-severe OHSS, the number of oocytes
should be limited to around 15, with a maxi-
mum of 20, oocytes. In order to achieve this,
the r-hFSH starting dose should be individual-
ized on the basis of existing normograms that
include patient age, AFC, AMH [7, 16] and
potentially other factors, such as BMI [9] or
additional ultrasound markers [11], rather than
adopting a ‘‘one-size-fits-all’’ dosing [90] such as
100 IU [10] or 150 IU [14]. This strategy will
typically result in r-hFSH starting doses lower
than 150 IU, as recommended before [8, 13, 90],
varying between 75 and 125 IU, as shown in the
example provided in the ‘‘Introduction’’. In
addition, GnRH antagonists should be used, as
they enable gonadotropins to be used for a
shorter duration and are known to reduce the
OHSS risk [8, 12].

Gonadotropin dose adjustment using small
dose changes (12.5–25 IU), in combination with
combined ultrasound and hormonal monitor-
ing, during ovarian stimulation is needed to
adjust for both a lower or higher than expected

ovarian response [8]. In case of an increased risk
for OHSS, a GnRH agonist and/or low-dose hCG
can be used to trigger ovulation, followed by, if
possible (and in line with patient preference), a
fresh embryo transfer or (if high risk for OHSS)
cryopreservation of all embryos (freeze all) fol-
lowed by embryo transfer in subsequent frozen
embryo transfer cycles.

Furthermore, the definitions for classification
of OHSS and thromboembolism have changed
during the time period that was evaluated. The
cases reported in the Global Safety Database of
Merck KGaA, Darmstadt, Germany were either
submitted voluntarily or obtained from the lit-
erature. Case reports were excluded from the
systemic literature search, which helped to
avoid duplication. There may, however, be some
duplication, in the sense that we cannot rule out
that some cases included in the systematic
review were also reported as individual cases in
the Global Safety Database of Merck KGaA,
Darmstadt, Germany. We anticipate that any
overlap, if present, will be small and would
increase the incidence of OHSS in the Global
Safety Database of Merck KGaA, Darmstadt,
Germany, resulting in an overestimate of the
OHSS risk in this database. Although the two
analyses are complementary, the reported out-
comes should be considered separately to avoid
overestimation of the frequency of OHSS. The
number of treatment cycles in the post-market-
ing setting was estimated from sales data, and
the number of treatment cycles per patient was
not available because of variability between
the units used per patient. The number of
treatment cycles was therefore used as an alter-
native, which is generally an accepted phar-
maco-epidemiological approach [91] and, in our
experience, one that is accepted by health
authorities when companies submit product-
specific Periodic Benefit Risk Evaluation Reports.
In the systematic review of clinical studies, the
number of patients treated was available, how-
ever, not presented to keep the consistency in
reporting between the literature review and the
review of Global Safety Database of Merck KGaA,
Darmstadt, Germany. In the systematic review,
the publications included a mixture of study
designs, which included different durations of
follow-up and monitoring for ADRs. There may
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be the potential for under-reporting, as most of
the studies were powered for efficacy rather than
safety, and sometimes safety events are com-
bined or not reported in primary publications.
The systematic review only included studies
which stated the starting dose and where this
dose was within the range stated in the pre-
scribing information; this resulted in the inclu-
sion of a greater number of RCTs than studies
with other designs. The severity of OHSS was
based upon the diagnosis in the publication and
there was heterogeneity in the definitions used.

CONCLUSION

GONAL-f, marketed as GONAL-f RFF in the USA
and GONAL-f in rest of the world, has been used
for more than 20 years, with low reporting rates
of OHSS [ca. 0.007% in the analysis of the
Global Safety Database of Merck KGaA, Darm-
stadt, Germany, and a frequency of 5.19%
(severe OHSS with a frequency of 0.19%) in the
systematic review of the scientific literature]
and thromboembolism (0.0005% in the Global
Safety Database of Merck KGaA, Darmstadt,
Germany analysis and 0.0% in the systematic
review of the scientific literature). Of the 1110
OHSS cases reported in the Global Safety
Database of Merck KGaA, Darmstadt, Germany,
130 (11.7%) were classified as severe; of the 272
OHSS cases retrieved from the systematic review
searches, 10 (3.7%) were classified as severe,
suggesting, unsurprisingly, a tendency for
selectively reporting cases of severe OHSS in the
Global Safety Database of Merck KGaA, Darm-
stadt, Germany. Overall, adverse effects from
the use of GONAL-f are infrequent and reported
rarely, though there is a need for consistent
reporting in order to evaluate the true impact of
this treatment.
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