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Globally, about 10%—-15% couples are affected by infertility, with major role
being played by the couple’s lifestyle.
(urinary, purified urinary, recombinant, and biosimilars) are available for use.
Purified urinary formulations offer numerous advantages over their predecessor,
including lesser injection dose required, ability to be administered subcutaneously,
less batch-to-batch variability, better efficacy, ability to individualize protocols
as per patient’s need, better control of developing follicles, less risk of multiple
pregnancies, and hyperstimulation. Published results of Cochrane reviews and
meta-analysis show no difference in efficacy or safety between urinary and
recombinant gonadotropins. In the absence of any significant difference, cost
plays an important role in deciding choice of gonadotropins. In this article, we
have reviewed the results of comparative clinical trials, Cochrane analysis, and
meta-analysis to derive consensus statements regarding efficacy, safety, and cost
implications of urinary versus recombinant gonadotropin preparations.

Several gonadotropin preparations
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INTRODUCTION

nfertility is a common problem worldwide, affecting
Zapproximately up to 15% couples, with varying rates in
different parts of the world.l'*! Worldwide, the incidence
of infertility is on the rise. Factors such as delayed age of
marriage, late start of family, sedentary lifestyle resulting
in obesity, malnutrition, stress, smoking, and drug or
alcohol addiction are some of the factors contributing
toward the rising infertility and adverse impact on
the fertility.!! A study showed 12.6% prevalence of
primary infertility among young women.!! The rates of
infertility are higher in urban women, possibly due to
lifestyle (stress and dietary habits) and late marriage.?!
Approximately 1% women develop premature ovarian
failure before the fourth decade of life, mostly due to
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idiopathic reasons. Ovulation induction and fertility can
be achieved in a significant number of these women with
a multispecialty management approach.”! Gonadotropin
therapy is an important component of infertility
management. Since the introduction of gonadotropins,
there have been significant advances in its developments,
especially during the past two to three decades. Currently,
gonadotropins are widely used worldwide for ovulation
induction and controlled ovarian stimulation, especially in
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women undergoing treatment with assisted reproductive
technology (ART). The use of gonadotropins for multiple
follicular development has significantly improved the
outcomes rates of in vitro fertilization (IVF) through
controlled ovarian stimulation.!

History and evolution of
preparations

In 1910, experimental studies by Crowe et al. suggested
the role of pituitary in regulating gonads.® In 1927,
a substance from blood and urine of pregnant women
was shown to be capable of stimulating gonads in
female mice, resulting in maturation of follicles
and luteinization.! Later in 1930, blood and urine
of postmenopausal women was shown to contain
gonadotropins.®! The first commercial human chorionic
gonadotropin (hCG) preparation became available in
1931. However, it was observed that hCG alone in the
absence of follicle-stimulating hormone (FSH) has no
effect in the follicular phase. Gonadotropins derived from
the blood of pregnant mares and from cadaveric pituitary
glands showed an ovarian response and were used in the
western world till the early 1960s. Withdrawal of human
pituitary gonadotropins was a result of therapy-associated
limitations such as development of neutralizing antibodies
against the preparation and cases of dementia and deaths
due to Creutzfeldt-Jakob disease.’”) This withdrawal
prompted the process of extraction and purification of
gonadotropins from other human sources, i.e., urine,
leading to the development of hCG (from urine of pregnant
women) and human menopausal gonadotropin (hMG).55!%
During the early 1970s, clinical practitioners felt the need
for different treatment regimens and dosages of FSH and
luteinizing hormone (LH) for individual patients, which
required urinary gonadotropin formulations to be almost
free from LH.®! This resulted in the development of
purified urinary FSH (uFSH) preparations, with negligible
LH activity. Crude extraction techniques, high volumes of
urine required for sourcing gonadotropins, and presence
of urinary impurities were the major disadvantages
of the older urinary preparations.'! Purity of urinary
gonadotropins was further improved with technological
advances including nanofiltration techniques, which
resulted in the development of highly purified (HP)
hormones.'?l The advantages of these preparations
include lesser injection dose requirements, ability to be
administered subcutaneously, reduction in batch-to-batch
variability, improved efficiency, ease of the development
of individualized protocols based on the patient’s need,
with better control of developing follicles, less risk of
multiple pregnancies, and hyperstimulation.”

gonadotropin

With the use of recombinant DNA technology,!'*! more
recently, recombinant FSH (rFSH) has been produced

without the need for extraction from postmenopausal
urine.'>* This recombinant human FSH (rhFSH) is
similar to uFSH, with minor structural changes in the
carbohydrate side chains and more basic isohormones.!"!

Major developments in gonadotropins during the past
four decades are summarized in Table 1.

Currently used gonadotropins are derived either from
the urinary source or using recombinant technology.!®
List of urinary and recombinant preparations is given in
Table 2. FSH-containing gonadotropin preparations are
hMG (which contains both FSH and LH), uFSH, HP
uFSH, and rFSH [Figure 1].1'%

Given the availability of purified, HP urinary, and

recombinant gonadotropin preparations, clinicians are

faced with the following questions:

1. Is rFSH really a cost-effective option over urinary
gonadotropins?

2. Is there any clinical difference between urinary and
rFSH in terms of safety and efficacy?

3. What factors should be considered while choosing a
gonadotropin preparation?

The objective of this paper is to compare recombinant
gonadotropins (rFSH) with wurinary gonadotropins

Table 1: Developments in gonadotropins in the past four

decades
Year Milestone in gonadotropin development
1980 FSH-only products
1993 Highly purified urinary FSH
1995 Rec-hFSH
2000 Rec-hLH
2001 Rec-hCG
2004 FbM rec-hFSH formulation
2010 Long-acting FSH gonadotropin

2011 Novel pen devices to deliver precise doses
FSH=Follicle-stimulating hormone, LH=Luteinizing hormone,
hCG=Human chorionic gonadotropin, FbM=Filled-by-mass,
Rec-hFSH=Recombinant human FSH, Rec-hCG=Recombinant
hCG, Rec-hLH=Recombinant human LH

Table 2: Urine derived and recombinant preparations
Urine derived preparation

Recombinant preparation

hMG Rec-hFSH

HP-hMG Long};acting FSH
Rec-hLH

HP-FSH Rec-hFSH + rec-hLH 2:1

U-HCG Rec-hCG

FSH=Follicle-stimulating hormone, LH=Luteinizing hormone,
hCG=Human chorionic gonadotropin, Rec-hFSH=Recombinant
human FSH, hMG=Human menopausal gonadotropin,
HP-hMG=Highly purified human menopausal gonadotropin,
HP-FSH=Highly purified human FSH, U-HCG=Urinary hCG,
Rec-hLH=Recombinant human LH, Rec-hCG=Recombinant hCG
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Figure 1: FSH-containing gonadotropins

(i.e., hMG, purified FSH, and FSH-HP) vis-a-vis
safety and efficacy for ovarian stimulation in women
undergoing assisted reproductive therapy.

METHODOLOGY

Comprehensive literature search was performed in
“PubMed” and “Cochrane” database to screen the
articles related to evolution of gonadotropins from
animal preparations to the recombination formulation
and use of recombinant gonadotropins versus urinary
gonadotropins (i.e., hMG, FSH-P, and FSH-HP) for
ovarian stimulation in women undergoing assisted
reproductive therapy and ovulation induction in polycystic
ovarian syndrome (PCOS). Studies comparing urinary or
HP urinary gonadotropin preparations with recombinant
gonadotropins were considered for the review. The
parameters of evaluation included efficacy, safety, quality
of oocytes, cost-effectiveness, and route of administration.
The consensus statements are prepared based on results
of clinical studies and its applications in clinical practice.

Efficacy and safety of urinary gonadotropins
versus recombinant formulations

Two Cochrane reviews!!”!¥] and two meta-analyses!!*?%
comparing urinary with recombinant gonadotropins are
considered in this review. van Wely et al.l' analyzed
results of all randomized controlled trials (RCTs)
which reported comparative outcomes between
rFSH and urinary gonadotropins (hMG, HP hMG,
and purified or HP uFSH) in women undergoing
[VF/intracytoplasmic sperm injection (ICSI) cycles.
They included 42 clinical trials involving 9606 couples.
Analysis of results of 11 clinical trials (n = 3197)
revealed significantly lower live-birth rate after rFSH
administration than hMG (odds ratio [OR] = 0.84,
95% confidence interval [CI] = 0.72-0.99). Similarly,
analysis of five clinical trials (» = 1430) showed no
significant difference in live-birth rate between rFSH
versus FSH-P (OR = 1.26, 95% CI = 0.96-1.64) and
rFSH versus FSH-HP (OR = 1.03, 95% CI = 0.86—1.22).
Moreover, live births after fresh cycles and cumulative
live-birth rate after fresh and frozen-thawed cycles were
similar with rFSH and urinary gonadotropins. There was
no significant difference in the ovarian hyperstimulation
syndrome (OHSS) rate between rFSH and urinary
gonadotropins (32 trials, n = 7740; OR = 1.18, 95%

CI = 0.86-1.61). There were no differences between
urinary and recombinant gonadotropins with respect
to clinical pregnancy rates, multiple pregnancy
rates (per woman and per pregnancy), and miscarriage
rates.!'” Weiss et al.l"® compared outcomes of urinary and
recombinant gonadotropins for ovulation induction in
women with clomiphene citrate-resistant PCOS. A total
of 14 randomized clinical trials involving a total of 1726
women were included in the analysis. Out of 14 clinical
trials, ten compared live-birth rates per women with rFSH
versus urinary gonadotropins. There was no difference in
live birth (five trials; OR = 1.26, 95% CI = 0.80-1.99;
live-birth rate with uFSH 16% vs. rFSH 13%-26%). The
subgroup analysis of urinary gonadotropin (rFSH vs.
HP-hMG or FSH-HP) did not show difference. Clinical
pregnancy rate per women (eight trials; OR = 1.08, 95%
CI = 0.83-1.39) was similar. Similarly, the subgroup
analysis (rFSH vs. HP-hMG or FSH-HP) did not show
difference. There was no difference in the multiple
pregnancy rate or miscarriage rate overall as well as
within the subgroups. There was also no difference in
OHSS rates between urinary gonadotropins and rFSH or
hMG/HP-hMG.['®]

A systematic review of 12 randomized trials and 3575
women compared hMG with rFSH in terms of clinical
safety and efficacy in assisted reproduction. The
analysis demonstrated significantly higher live-birth
rate with hMG compared with rFSH (OR = 1.20, 95%
CI = 1.01-1.42). There was no significant difference in
the rates of OHSS (OR = 1.21, 95% CI = 0.78-1.86)
between two groups. Clinical pregnancy rate was
significantly better with hMG. In this analysis, clinical
outcomes were better with hMG than rFSH without
significant difference in the patient safety.””

A meta-analysis (2003) of 20 RCTs by Al-Inany
et al™ comparing rFSH versus uFSH did not show a
significant difference in the pregnancy rate per started
cycle (OR = 1.07; 95% CI = 0.94-1.22). Similarly,
pregnancy rate per started cycle was similar between
rFSH versus hMG, FSH-P, and FSH-HP.'"")

Advanced maternal age and
gonadotropins

There is rising trend toward increased age at marriage
for both, men and women, resulting in increase in
infertility. Increased maternal age also poses a significant
challenge to the infertility specialist due to poor-quality
oocytes and inadequate response to controlled ovarian
hyperstimulation, ultimately leading to poor ART
outcomes. Purified uFSH has shown to be more
effective in older women compared to rFSH with the
long protocol. In a controlled prospective trial, patients
were randomized to receive either tfFSH (n = 121) or

efficacy of
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uFSH (n = 120). Patients treated with uFSH required
a significantly lesser amount of FSH (both total and
FSH per oocyte) as compared to rFSH. Comparative
pregnancy rate (19.2% vs. 17.3%) and implantation
rate (10.4% vs. 8.6%) were not significantly different
between uFSH and rFSH groups.!

In retrospective analysis of 3178 Chinese infertility
patients with IVF/ICSI treatment cycles, HP-FSH
showed (n = 1932) similar live-birth rate when compared
with tFSH (n = 1246). The patients in HP-FSH group
were older (32 £ 4 vs. 30 £ 4, P < 0.01) compared to
those in rFSH group. No significant difference was seen
in the implantation rate (30.49% vs. 32.45%) as well as
clinical pregnancy rate per cycle (41.61% vs. 41.97%).12%

A recent prospective, randomized study in Chinese
women over 37 years undergoing treatment for IVF/ICSI
cycles showed significantly better 2PN zygote rate (87.4%
vs. 76.6%, P < 0.001), Grade I embryo rate (49.8% vs.
40.8%, P < 0.001), endometrial thickness on the day of
hCG (11.8 vs. 11.2 mm, P = 0.006), and lesser number
of nontransferable embryos (1.2% vs. 5.3%, P = 0.019)
with uFSH as compared to rFSH. uFSH contains more
acidic isoforms with a slower clearance, longer half-life,
and better biological activity than rFSH.

Summary

With improved extraction and purification procedures,
the urinary preparations show comparable efficacy to
recombinant formulations.''? Based on the available
evidence, it can be concluded that there is no
significant difference between recombinant and urinary
gonadotropins, vis-a-vis safety, and efficacy. Urinary
gonadotropins may in fact result in better outcomes
in women with advanced maternal age (>35 years), as
compared to the recombinant variety.

Consensus statement

Available evidence from the published literature does
not show significant difference between urinary and
recombinant gonadotropins in terms of safety and
efficacy.

Quality of oocytes retrieved and quality of embryo
transferred

Several trials?3% have compared embryo and oocyte
quality in patients receiving recombinant versus urinary
formulations. Studies by Hedon et al.**! (comparing
rFSH vs. uFSH in infertile women undergoing IVF
and embryo transfer), Ng et al.*® (women undergoing
ovarian stimulation for ICSI with either h(MG or thFSH),
and Strehler er al.P% (comparing rFSH and hMG in
women undergoing IVF/ICSI) reported no significant
difference in oocyte and embryo quality between urinary
and recombinant gonadotropins.?#+2°]

Selman et al.’” compared HP uFSH versus rFSH in
IVE/ICSI. Their results demonstrated a significantly
higher Grade 1 embryo score in the uFSH group
compared to rFSH whereas Balasch er al.*®! showed
a higher number of good quality zygotes and
embryos in rFSH group compared with hMG in
patients undergoing ICSI. Cheon et al.® compared
rFSH versus HP-FSH (uFSH) in women undergoing
controlled ovarian hyperstimulation in IVF-ET and
showed a higher number of good-quality oocytes in the
rFSH group (P = 0.024), but there was no difference
between two groups in the quality of transferred
embryos. In another retrospective study, the quality of
oocytes produced by HP uFSH was found to be better
than those produced by rFSH.B%

Role of luteinizing hormone in folliculogenesis
According to the two-cell-two-gonadotropin theory,"
FSH stimulates follicular development and both
LH and FSH are required for estradiol synthesis:
LH binds to receptors in the thecal layer to trigger
androgen precursors to move from the theca to the
granulosa cells, where, through the FSH-stimulated
action of aromatase, they are converted to estrogen in
humans. FSH and LH are involved in the synthesis of
growth factors needed for the regulation of follicular
maturation. LH also helps in maintaining function of
granulosa cell during intermediate and late phases of
follicle synthesis,*? support deselection of nondominant
follicles, and play a role in regulation and integration
of granulosa and theca cell functions during late
preovulatory phase, oocyte maturation of the dominant
follicle, and luteinization of the cumulus oophorus.?3
The growth of nondominant follicles is stopped by LH
surge at mid-cycle. “LH ceiling” hypothesis explains
the upper limit of responsiveness to LH for each
follicle. Administration of LH beyond the upper limit
results in follicle degeneration. Ceiling concentration
for dominant follicle is higher than nondominant
follicles.®*! According to the concept of “therapeutic
window for LH,” low-dose stimulation with LH
improves steroidogenesis without inhibitory effect
on cell proliferation; however, administration of high
dose results in inhibition of granulosa proliferation,
immature follicle atresia, and premature luteinization of
preovulatory follicles.**34

Consensus statement

Overall review of literature does not show a significant
difference in terms of quality of oocytes retrieved and
embryos transferred, with urinary versus recombinant
gonadotropins.
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Cost-effective analysis

A retrospective  study in  Chinese infertility
patients (n = 1246) has shown that in IVF/ICSI treatment
cycles, the use of HP-FSH results in lower financial
burden compared to the use of rFSH.[*?

A randomized study evaluated the cost-effectiveness of
uFSH versus rFSH. The investigators showed that both
FSH have the same effectiveness in ovarian stimulation
in intrauterine insemination (IUI) cycles in PCOS
patients. However, the uFSH is more cost-effective
because of the difference in their cost per IU. Similarly,
the production of rFSH has higher medical costs.[*
Another related study in 67 infertile patients showed
similar results, i.e., more cost-effectiveness of urinary
preparation (due to the difference of its cost per IU)
with equal efficacy as compared to rFSH in ovarian
stimulation in IUI cycles.l*®

Meta-analysis and Cochrane reviews have also concluded
that the clinical choice of gonadotropin should depend
on availability, convenience, and cost.!'"!"]

Consensus statement

Cost should be an important factor guiding choice of a
particular gonadotropin. Urinary gonadotropins are more
cost-effective than recombinant.

Route of administration

Although subcutaneous route of injection is convenient
for self-administration, patients with infertility usually
visit either the doctor or paramedical personnel for
administration of injections. Considering the overall
management scenario, route of administration does
not play a significant role in choosing a particular
gonadotropin.

Consensus statement

Route of administration for infertility management does
not play a significant role as patients usually visit the
doctor or paramedical personnel for injections.

Biosimilars
Biosimilars are the biopharmaceutical formulations
manufactured by copying complex recombinant,

high-molecular weight products.?” They may differ
from the original product in composition, strength, and
purity.®® The manufacturing process of biosimilars is
complex, unlike that for pharmaceutical generics. Even
a minor alteration in the process of manufacturing
may have a potential impact on the efficacy and safety
of the product. Although biosimilars are thoroughly
compared with their reference product, available assays
may not guarantee equivalent and consistent safety and
efficacy of a biosimilar product.®” Considering these
complexities, biosimilars and innovator products should

not be substituted for each other. The clinician should
decide the right choice between two products for the
patient.®)

Consensus statement

Biosimilars and innovator products should not be
substituted for each other. The decision whether to use
an innovator or a biosimilar product should be reserved
to the discretion of the treating physician.

CONCLUSION

To summarize, currently available evidences do not
show any difference between urinary and recombinant
gonadotropins with respect to rates of implantation,
clinical pregnancies, live births, miscarriage, and
multiple pregnancies. The development of rthFSH was
thought to be a breakthrough that would revolutionize
the management of infertility. Although theoretically,
the rationale appears appealing, a comprehensive review
of the literature suggests that HP uFSH has a similar
safety-efficacy profile as compared to rFSH in controlled
ovarian stimulation. Based on the evidences, we can also
conclude that urinary gonadotropins might be superior
to the recombinant variety in certain clinical scenarios
such as advanced maternal age. There is also a need for
gynecologists and infertility specialists to have a better
understanding of biosimilars. In conclusion, we feel that
choice of a gonadotropin should depend on overall cost
of therapy, patient affordability, and availability.
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