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Abstract
Purpose The purpose of this study was to identify trends in
gonadotropin therapy in patients undergoing in vitro fertiliza-
tion (IVF) treatment worldwide.
Methods Retrospective evaluation utilizing the results of a
Web-based survey, IVF-Worldwide (www.IVF-worldwide.
com) was performed.
Results Three hundred fourteen centers performing a total
of 218,300 annual IVF cycles were evaluated.
R e s p o n d e n t s r e p r e s e n t i n g 6 2 . 2% o f c y c l e s
(n = 135,800) did not believe there was a difference
between urinary and recombinant gonadotropins in terms
of efficacy and live birth rate. Of the respondents, 67.3%
(n = 146,800) reported no difference between recombi-
nant and urinary formulations in terms of short-term
safety and risk of ovarian hyperstimulation syndrome.

In terms of long-term safety using human urinary gonad-
otropins, 50.6% (n = 110,400) of respondents believe
there are potential long-term risks including prion dis-
ease. For 95.3% of units (n = 208,000), the clinician
was the decision maker determining which specific go-
nadotropins are used for IVF. Of the units, 62.6%
(n = 136,700) identified efficacy as the most important
factor in deciding which gonadotropin to prescribe.
While most (67.3%, n = 146,800) were aware of new
biosimilar recombinant FSH products entering the mar-
ket, 92% (n = 201,000) reported they would like more
information. A fraction of respondents (25.6%,
n = 55,900) reported having experience with these new
products, and of these, 80.3% (n = 46,200) reported that
they were similar in efficacy as previously used gonad-
otropins in a similar patient group.
Conclusions Respondents representing the majority of
centers do not believe a difference exists between uri-
nary and recombinant gonadotropins with respect to ef-
ficacy and live birth rates. While many are aware of
new biosimilar recombinant FSH products entering the
market, over 90% desire more information on these
products.
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Introduction

Gonadotropin therapy is critical to ovulation induction
protocols to stimulate the ovaries for in vitro fertilization
(IVF). Medications in this class function similarly to two
hormones produced by the pituitary gland: luteinizing
hormone (LH) and follicle-stimulating hormone (FSH)
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[1, 2]. Research underlying the current gonadotropin prep-
arations used for contemporary IVF has spanned for at
least five decades [3]. Gonadotropin manufacturing has
evolved from the extraction of purified gonadotropins
from urine to the application of recombinant techniques
to yield a variety of preparations for ovarian stimulation.
Currently, multiple gonadotropin formulations are avail-
able worldwide and in use for IVF treatment [2].

Historically, gonadotropin preparations have been pu-
rified from animals, cadavers, and FSH developed in
1983 [4]. Eventually, DNA technology was used to de-
velop recombinant FSH (rFSH) from Chinese hamster
ovary cells [5, 6]. Newer-generation recombinant and
pure synthetic molecules remain a focus of new research
[2]. Data regarding long-term effects of these medica-
tions are limited, specifically those linking the risk of
prion disease transmission to human urinary preparations
[7]. The risk of ovarian hyperstimulation syndrome
(OHSS) continues to be an area of interest [3].
Numerous studies have tried to establish whether there
is any clinical difference in terms of efficacy or safety
among these modalities [1, 8–10]. Ovarian stimulation
typically involves administration of human FSH derived
from either urinary sources or recombinant techniques
and/or human menopausal gonadotropin (hMG), which
is derived from postmenopausal urine and has both LH
and FSH activities [3, 11].

Biosimilars are biological medicinal drugs produced by
DNA technology, similar to an originator biological com-
pound [12, 13]. Recently, the impending patent expiration
of widely used recombinant FSH products incited phar-
maceutical interest in FSH biosimilars. Two FSH
biosimilars were recently approved for IVF marketing in
Europe by the European Medicines Agency (EMA).
While these agents are also available in other regions such
as China, India, and Latin America, they are not yet avail-
able in the USA. Two newly marketed FSH biosimilars
include the follitropin α biosimilar XM17 (Ovaleap, Teva
Pharma B.V., Utrecht, The Netherlands) and another fol-
litropin α biosimilar (Bemfola, Finox Biotech AG,
Burgdorf, Switzerland) [5].

IVF-Worldwide (www.IVF-Worldwide.com) is a
comprehensive IVF-focused website for physicians, em-
bryologists, nurses, and social workers. It allows members
to locate IVF centers anywhere in the world to communi-
cate directly, facilitating the sharing of ideas and discus-
sion of treatment and medication regimens. This non-
commercial, non-profit website has an advisory panel of
52 leaders in the fertility field and routinely performs

surveys focusing on various aspects of assisted reproduc-
tive technologies (ART).

The purpose of this Web-based survey was to identify
trends in gonadotropin therapy performed worldwide and
to correlate these results with the current evidence-based
literature. Given the variety of medical options available,
medication choices depend on the clinical context, cost,
convenience, and provider preference. This information
may prove useful to providers seeking guidance in using
various gonadotropin preparations for optimizing fertility
treatment protocols.

Materials and methods

A 19-item survey entitled BThe use of gonadotropins
and biosimilars in ART treated cycles^ was compiled
and posted on the IVF-Worldwide website from 9
March 9, 2015 to April 30, 2015. Please refer to the
questions stems in Appendix Table 1. Survey questions
focused on various aspects of preference of urinary ver-
sus recombinant gonadotropin formulations and attitudes
and experiences regarding recombinant biosimilars.
Additional questions involved GnRH agonist protocols
and use of the GnRH agonist trigger. This study was
determined to be exempted from the institutional review
board approval by the Johns Hopkins University School
of Medicine.

Quality assurance methods

Minimization of duplicate reports from a unit as well as
possible false data was achieved via a computerized soft-
ware program that assessed the consistency of four param-
eters from self-reported data of the unit surveyed with
existing data of units registered on the IVF-Worldwide
website. These parameters included the name of the unit,
name of the unit director, country, and e-mail address.
These checkpoints were in place to prevent duplicate re-
sponses from a center from more than one clinician and
prevent more than one response from a given center. At
least three of the parameters from the survey had to match
archived data on the website in order for the reporting
site’s data to be included as part of the study.

Statistical analysis

The analysis was based on the number of IVF cycles
reported by the unit and not on the number of units in
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the study. Thus, the relative proportion of answers reflects
the total proportion of IVF cycles represented rather than
the proportion of individual respondents to the survey
questions. The survey was structured as a sequence of
multiple choice questions, in which respondents could se-
lect a single answer. For example, for a question with four
possible answers (a, b, c, and d), results were calculated
by using the following formulas as described in previous-
ly reported research from the IVF-Worldwide network
[14]:

%“a” ¼ ∑Number of cycles of units who answered“a”

∑Number of cycles of all the units
� 100

%“b” ¼ ∑Number of cycles of units who answered“b”

∑Number of cycles of all the units
� 100

%“c” ¼ ∑Number of cycles of units who answered“c”

∑Number of cycles of all the units
� 100

%“d” ¼ ∑Number of cycles of units who answered“d”

∑Number of cycles of all the units
� 100

Results

A total of 314 IVF centers from 73 countries responded to
the survey and met the computerized system’s quality as-
surance standards. Overall, respondents reported on
218,300 IVF cycles performed annually. International rep-
resentation of the cycles was diverse: 44.4% European
(n = 97,000), 24.8% Asian (n = 54,100), 7.1% North
American (n = 15,400), 10.9% South American
(n = 23,900), 7.7% African (n = 16,700), and 5.1% from
Australia and New Zealand (n = 11,200). The ten most
represented countries included Spain (n = 23,700), India
(n = 15,300), the USA (n = 15,000), the UK (n = 12,600),
Turkey (n = 13,000), Australia (n = 10,900), Germany
(n = 8500), Israel (n = 8200), Brazil (n = 8200), and
Italy (n = 8100).

When asked whether urinary and recombinant gonado-
tropins differed in terms of efficacy and live birth rate,
respondents representing the majority of cycles (62.2%,
n = 135,800) did not believe a difference existed.
Among remaining respondents, 26.7% (n = 58,300) be-
lieve that recombinant formulations are more efficacious,
7.7% (n = 16,700) felt urinary preparations were more
efficacious, and 3.4% (n = 7500) did not know.
Likewise, most felt recombinant and urinary formulations
did not differ in terms of safety and risk of OHSS (67.3%,
n = 146,800) while 21.3% (n = 46,500) believed

recombinant formulations are safer, 9.2% (n = 20,000) felt
urinary preparations were safer, and the remainder (2.3%,
n = 5000) did not know. In terms of long-term safety
issues associated with the use of human urinary gonado-
tropins, just over half of all respondents (50.6%,
n = 110,400) believe there are potential long-term risks
such as prion disease. Of the respondents, 38.8%
(n = 84,700) reported they did not think there were
long-term safety risks and 10.6% (n = 23,200) responded
that they did not know.

For 95.3% of units (n = 208,000), the clinician was
named as the most important decision maker in determin-
ing which gonadotropins are used for IVF. Only a few
listed the hospital (2.9%, n = 6300) or other (1.8%,
n = 4000) in making this decision. Efficacy was selected
as the most important factor in deciding which gonado-
tropin to prescribe in 62.6% (n = 136,700) of units.
Other factors selected less often included the following:
price (13.6%, n = 29,600), range of doses available
(8.8%, n = 19,300), safety (6.4%, n = 14,000), delivery
system (5.1%, n = 11,100), and patient preference (3.5%,
n = 7600). Half of respondents (50.3%, n = 109,800)
reported that they prescribed mostly recombinant gonad-
otropins to IVF patients while 27.6% (n = 60,300) pre-
scribe an equal proportion of the two types of product.
Fewer (13.7%, n = 29,900) prescribe mostly urinary for-
mulations, only urinary formulations (2.7%, n = 5900),
or only recombinant formulations (5.5%, n = 11,900).
When asked which drugs were less expensive in their
respective countries, the majority of respondents
(74.5%, n = 162,600) indicated that the urinary formula-
tions were least expensive. A smaller percentage (21.4%,
n = 46,800) reported that they cost the same, only 2.6%
(n = 5700) reported recombinant formulations were less
expensive, and 1.5% (n = 3200) reported they did not
know the cost.

When asked if they were aware of new biosimilar rFSH
products entering the market soon, 73.8% (n = 161,200)
of respondents were aware and 26.2% (n = 57,100) were
not. An overwhelming majority of respondents (92.1%,
n = 201,000) reported they would like more information
about these products and 7.9% (n = 17,300) denied want-
ing to learn more. A small fraction of respondents (25.6%,
n = 55,900) reported having experience with these new
products and the majority reported having no experience
(74.4%, n = 162,400). Of those who reported experience
with biosimilar rFSH products, 80.3% (n = 46,200) re-
ported that they were similar in efficacy as previously
used gonadotropins in a similar patient group. Much less,
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11.0% (n = 6300) reported that they were less efficacious
and 8.7% (n = 5000) reported that they were more
efficacious.

A subset of seven questions addressed general IVF
medication and protocol practices. Most respondents
(67.8%, n = 147,900) reported using GnRH antagonist
protocols, 25.2% (n = 55,000) use long GnRH agonist
protocols, and 6.7% (n = 14,700) use short agonist pro-
tocols. There was a consensus among centers regarding
how clinicians determined the starting dose for rFSH to
initiate an IVF cycle, with 82.7% (n = 180,600) of re-
spondents designating antral follicle count, AMH level,
and past performance in IVF. Only 9.9.0% (n = 21,700)
indicated that they used antral follicle count alone, 4.2%
(n = 9100) used past performance, and 1.6% (n = 3400)
used AMH level. Of units that use a long GnRH proto-
col, nearly half (48.8%, n = 106,400) use gonadotropin
formulations with both FSH and LH activities while
26.4% (n = 57,700) use a recombinant FSH product only
and the remainder (24.8%, n = 54,200) report they be-
lieve it does not matter. For those who use the long
GnRH agonist protocol, over half report using a similar
dose of medication compared with antagonist cycles
(56.1%, n = 122,400), 28.6% (n = 62,500) report using
a higher dose, 9.3% (n = 20,200) use a lower dose, and
6.1% (n = 13,200) report none of the above. Of the
majority of respondents, 84.6% (n = 184,700) report
using a GnRH agonist in selected patients to trigger final
follicular maturation while 4.4% (n = 9700) use it in all
patients and 10.8% (n = 23,600) only use a beta-HCG
trigger. Of those that trigger with a GnRH agonist,
16.2% (n = 35,300) transfer fresh embryos while 46.4%
(n = 101,300) f reeze the embryos and 37.4%
(n = 81,700) make the decision to transfer or freeze
based on the individual patient. With respect to thawed-
frozen embryo transfer in normal ovulatory women,
41.2% (n = 89,900) prepare the uterine lining with estro-
gen and progesterone prior to transfer while 30.6%
(n = 66,700) perform the transfer in a natural cycle. Of
the remaining respondents, 18.0% (n = 39,200) perform
both protocols based on the patient, 3.2% (n = 7000)
perform stimulated cycles, and 7.1% (n = 15,500) per-
form all of the above or none. For those respondents
who perform thawed-frozen embryo transfer in a natural
cycle, roughly one third (34.0%, n = 74,200) administer
HCG to schedule the t ime of t ransfe r, 24 .8%
(n = 54 , 100 ) s pon t a n eou s ovu l a t i o n , 28 . 6%
(n = 62,300) perform both, and 12.7% (n = 27,700) none
of the above.

Discussion

To our knowledge, this is the only study to date address-
ing the practices among an international cohort of fertility
centers regarding the use of urinary versus recombinant
gonadotropin regimens in treating IVF patients as well as
examining provider’s experiences with biosimilar prod-
ucts. Identifying advantages of one gonadotropin prepara-
tion over another is valuable in predicting ovarian re-
sponse and in optimizing live birth rates. Our survey iden-
tified many common practices, as well as variations, in
the approach to using gonadotropin preparations in pa-
tients undergoing IVF. It also identified an overwhelming
need for clinicians worldwide to learn more about
biosimilar preparations entering the market.

In comparing urinary and recombinant gonadotropin
regimens, the majority of respondents noted no major dif-
ference in terms of safety or efficacy. This finding is con-
sistent with the published research on the subject. A re-
cent Cochrane review compared recombinant gonadotro-
pins with urinary gonadotropins. In evaluating 28 trials
involving 7339 patients, the authors found that utilization
of recombinant FSH compared to other gonadotropin
preparations did not result in a statistically significant dif-
ference in live birth rate (OR 0.97, 95% CI). Nor was
there evidence of a difference in the OHSS rate among
32 trials involving 7740 patients (OR 1.18, 95% CI 0.86–
1.61) [1]. While it is interesting to note that approximate-
ly half of respondents expressed concern over long-term
safety risks from the use of urinary gonadotropins, that
risk is not currently supported. Following the commercial
introduction of recombinant FSH, concerns arose regard-
ing risks from contamination of infectious agents poten-
tially present in urinary preparations, which included
prions. A position statement by the European Society of
Human Reproduction and Embryology (ESHRE) notes
that the incidence of prion-transmitted diseases, namely
Cruetzfeldt-Jakob disease (CJD), is extremely rare and
that urinary gonadotropins have been used by millions
of women for over 50 years with no documented case of
CJD through urine-derived gonadotropins [15].

While respondents were not asked about specific diag-
noses such as polycystic ovary syndrome (PCOS), there
may be scenarios when one preparation is more benefi-
cial. One randomized trial compared purified urinary FSH
with recombinant FSH for IVF/ICSI in patients with
PCOS. Among the two groups, they found no significant
difference between the total amount of FSH used, number
of retrieved oocytes or embryos transferred, or ongoing
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pregnancy rate. However, the urinary FSH group had
higher fertilization rates, higher-graded embryos, and
more cryopreserved embryos. OHSS rates did not differ
between the groups. The researchers hypothesized that the
more glycosylated urinary FSH may benefit patients with
PCOS [9].

It is notable that while most respondents were aware
biosimilar gonadotropic products existed, over 90%
wanted to learn more. This is not an unexpected finding
as the real impact of FSH biosimilars on ART outcomes is
not yet fully established. However, data from early clini-
cal trials does appear to demonstrate similar efficacy in
FSH biosimilars compared to their recombinant FSH
counterparts. A multicenter, randomized, assessor-blind,
study compared Ovaleap to Gonal-F in infertile women
18 to 37 years old undergoing ART. During a 5-day
fixed-dose phase, women received 150 IU/day of
Ovaleap or Gonal-F, followed by an up to 15-day phase
during which doses could be adjusted every 3 to 5 days,
up to a maximum of 450 IU/day. The mean ± SD number
of oocytes retrieved was 12.2 ± 6.7 in the Ovaleap group
and 12.1 ± 6.7 in the Gonal-F group. Regression analysis
estimated a mean difference of 0.03 oocyte between the
treatment groups (95% CI −0.76–0.82). The two medica-
tions showed favorable and comparable safety profiles
with no unexpected safety findings [16].

Clinical trials also show positive outcomes for a second
follitropin alpha biosimilar, Bemfola (Finox Biotech AG,
Burgdorf, Switzerland). A randomized, multicenter study in
women undergoing IVF showed Bemfola yielding similar ef-
ficacy and safety profiles to Gonal-F. Women aged 20–
38 years of age were randomized 2:1 to receive a single, daily,
subcutaneous 150 IU dose of either Bemfola or Gonal-F.
Compared with Gonal-F, Bemfola treatment resulted in a sta-
tistically equivalent number of retrieved oocytes [17]. To date,
there are no published reports comparing biosimilar FSH
products to urinary gonadotropin products.

As expected, few respondents had experience with
biosimilar FSH products and a large majority would like
more information on these products . The EMA
established the legal basis for evaluating and approving
biosimilar products, developing guidelines for both
biosimilars in general and specific categories. In the
USA, biosimilars are not readily authorized and FSH
biosimilars are currently not on the market. As a result,
IVF providers in the USA will likely not be familiar with
FSH biosimilars as providers in other parts of the world.
In contrast, countries such China and India and several in
Latin America allow biosimilars without stringent

regulation. While the US biosimilar statute was enacted
in 2010 and the Food and Drug Administration released
its first guidance on biosimilars in 2012, to date, only one
product has been approved in the USA as a biosimilar.
The development of biosimilars could represent a reason-
able alternative to currently available products, given their
reduced production costs. As a result, both patients and
providers need to be informed on the current technologi-
cal advances and clinical utility of biosimilars. In 2006,
the International Alliance of Patients’ Organizations
(IAPO) published a briefing paper to educate the public
on the introduction of biological and biosimilar medi-
cines. Additional publications and position statements
from major reproductive health organizations are needed
to further educate both providers and patients.

Strengths of this study are the comprehensive nature of
the survey, focusing on several aspects of antral follicle
use in IVF cycles, ranging from clinical indications to
treatment protocols to perceived impact on patient out-
comes. An additional strength is the large number of
IVF centers and cycles represented, as well as diversity
in the geographic locations represented. Our study ex-
hibits weakness as well in its potential for selection bias.
Units that chose to participate in a worldwide survey may
have practice techniques which differ from other centers
worldwide that chose not to participate. Additionally, our
study included a large cohort of centers worldwide but
was not able to take into account local variables that
may impact responses and ART outcomes. Likewise, we
are unable to correlate responses to a center’s pregnancy
rates and safety history. Our study did not explore other
developments in gonadotropins including long-acting
FSH analogues such as corifollitropin alfa and recombi-
nant LH products [2].

In conclusion, the role of the IVF clinician is to provide
treatment that is safe, patient-friendly, and cost-effective while
at the same time offering good and high quality treatment. Our
survey of IVF centers worldwide demonstrates that in com-
paring urinary and recombinant gonadotropin regimens, most
fertility specialists worldwide do not recognize any major dif-
ference in terms of safety or efficacy, as past studies also
demonstrated [1]. While biosimilar recombinant FSH prod-
ucts are available in many parts of the world, an overwhelm-
ing majority of IVF providers would like to learn more about
these products. Education centered on the biosimilar mecha-
nism of action, efficacy, dosing, and side effect profile is need-
ed for IVF practitioners worldwide. Opportunities to dissem-
inate information about biosimilars are available to both phar-
maceutical companies and professional organizations.
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Appendix

Table 1 Question stems pertaining to gonadotropins and biosimilars used for analysis in this study with responses as percentages of units and cycles

Do you think that there is a difference between urinary and recombinant gonadotropins in terms of efficacy (live birth rate)?

No difference Urinary more
effective

Recombinant more effective Do not know

Percent units 57.6 10.5 26.8 5.1

Percent
cycles

62.2 7.7 26.7 3.4

Do you think that there is a difference between urinary and recombinant gonadotropins in terms of safety risk of OHSS?

No difference Urinary safer Recombinant safer Do not know

Percent units 60.5 9.9 25.8 3.9

Percent
cycles

67.3 9.2 21.3 2.3

Do you think there are long-term safety issues associated with the use of human urinary preparations?

No risks Potential unknown risks Do not know

Percent units 35.0 49.7 15.3

Percent
cycles

38.8 50.6 10.6

How do you choose the starting dose of FSH?

Antral follicle count AMH Previous
cycles

All of the above Other criteria

Percent units 9.9 3.2 3.2 81.2 2.6

Percent
cycles

9.9 1.6 4.2 82.7 1.6

In your country, which drugs are cheaper for the patients or the health authorities?

Urinary Recombinant Cost the same Do not know

Percent units 78.0 3.8 15.9 2.2

Percent
cycles

74.5 2.6 21.4 1.5

What gonadotropins do you prescribe mostly to your patients?

Only/mostly urinary Only/mostly recombinant About the same Cannot estimate

Percent units 21.0 52.9 25.5 0.6

Percent
cycles

16.4 55.8 27.6 0.2

In your unit, who is the most important decision maker on which gonadotropins are used?

Clinician Hospital Other

Percent units 94.0 2.9 3.2

Percent
cycles

95.3 2.9 1.8

Which of the below is the most important in deciding which gonadotropin to prescribe?

Efficacy Safety Delivery
system

Range of doses Price Patient
preference

Percent units 59.9 8.9 4.5 7.3 17.5 1.9

Percent
cycles

62.6 6.4 5.1 8.8 13.6 3.5

Are you aware of the new recombinant FSH biosimilars that are coming into the market?

Yes No
Percent units 66.2 33.8

Percent
cycles

73.8 26.2

Would you like to see more information on IVF-Worldwide about the new recombinant FSH biosimilars?

Yes No
Percent units 94.6 5.4

Percent
cycles

92.1 7.9
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Table 1 (continued)

Do you have any experience to date of using the recombinant FSH biosimilars?
Yes No

Percent units 20.4 79.6
Percent
cycles

25.6 74.4

If you have used the new recombinant FSH biosimilars, what is your view on their efficacy compared to previously used gonadotropins in a similar
patient group?

More efficacious Less efficacious The same No experience
Percent units 3.2 2.6 15.9 78.3
Percent
cycles

2.3 2.9 21.2 73.7

Which GnRH analogue protocol do you use most frequently?
Short GnRH agonist Long GnRH agonist GnRH antagonist Other

Percent units 8.0 30.0 62.4 0.6
Percent
cycles

6.7 25.2 67.8 0.3

If you use the long GnRH agonist protocol, what combination of drug(s) do you use?
Product with FSH and LH activity FSH only Does not matter

Percent units 51.0 26.4 22.6
Percent
cycles

48.7 26.4 24.8

Do you use the GnRH agonist to trigger final follicular maturation?
Yes, in select patients Yes, in all patients No, use HCG only None of the

above
Percent units 78.0 3.2 18.5 0.3
Percent
cycles

84.6 4.5 10.8 0.1

Do you replace fresh embryos after triggering oocyte maturation with GnRH agonist?
Yes No Make decision individually

Percent units 18.8 38.2 43.0
Percent
cycles

16.2 46.4 37.4
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If you replace the frozen-thawed embryos in natural cycle, do you
Give HCG to schedule
transfer
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