Journal fur

Reproduktionsmedizin
und Endokrinologie

—Journal of Reproductive Medicine and Endocrinology -

Andrologie * Embryologie & Biologie * Endokrinologie ¢ Ethik & Recht * Genetik
Gynakologie * Kontrazeption ¢ Psychosomatik e Reproduktionsmedizin ¢ Urologie

The Gonadotropins FSH and LH and their use in Adult
~____Women - an Overview (Joint Statement by the German
; Society for Gynecological Endocrinology and
eproductive Medicine [DGGEF] and the German

: ofessional Association of Gynecologists [BVF])

' mann A, Rabe T, Bihler K, Griesinger G, Sanger N

ring C, Gnoth C, Kentenich H, Konig K, Krissel J

M '.i E, Steck T, Strowitzki T, Weghofer A, Wurfel W

J. Reproduktionsmed. Endokrinol 2015; 12 (4), 360-376

www.kup.at/repromedizin
Online-Datenbank mit Autoren- und Stichwortsuche

Offizielles Organ: AGRBM, BRZ, DVR, DGA, DGGEF, DGRM, D:I:R, EFA, OEGRM, SRBM/DGE

Indexed in EMBASE/Excerpta Medica/Scopus

Krause & Pachernegg GmbH, Verlag fiir Medizin und Wirtschaft, A-3003 Gablitz


https://www.kup.at/repromedizin

ENDO FERTI FORUM 20.-21. Marz 2026
ENDOKBINOLOGIE & FERTILITAT
FUR KLINIK & PRAXIS

Universitdtsmedizin Mainz

Einladung zu unserer wissenschaftlichen Veranstaltung Endo-Ferti-Forum

Briicke(n) zwischen Unikliniken und Praxen an Rhein und Main(z)

— die aus dem bisherigen Format ,Ferti Forum* ab 2026 hervorgeht —

Freuen Sie sich auf spannende Vortrage und den lebendigen Austausch mit Kolleg:innen und Expert:innen aus Klinik und
Praxis. Freitagabend laden wir Sie herzlich zu einem entspannten Empfang ein —
eine perfekte Gelegenheit, Kontakte zu kniipfen und den Tag genussvoll ausklingen zu lassen.

Wissenschaftliche Leitung: Univ.-Professorin Annette Hasenburg, Dr. Susanne Theis, Universitatsmedizin Mainz,
Sanitatsrat Dr. Werner Harlfinger, BVF Rheinland-Pfalz Dr. Rudiger Gaase, BVF Hessen Dr. Klaus J. Doubek

Schirmherrschaften: Prof. Nicole Sanger, Uniklinik Bonn, Prof. Jan-Steffen Krissel, Uniklinik Diisseldorf,
Dr. Annette Bachmann, Uniklinik Frankfurt am Main, Prof. Christine Skala, Uniklinik K&In

Weitere Informationen
& Anmeldung unter




The Gonadotropins FSH and LH and
their use in Adult Women - an Overview”
Joint Statement by the German Society for Gynecological

Endocrinology and Reproductive Medicine (DGGEF) and the
German Professional Association of Gynecologists (BVF)

A. Bachmann', T. Rabe?, K. Biihler?, G. Griesinger®, N. Sanger® and the study group “Gonadotropin Therapy” (in alphabetical order):
C. Albring®, C. Gnoth’, H. Kentenich?, K. Konig®, J. Kriissel'®, E. Merkle'", T. Steck'?, T. Strowitzki?, A. Weghofer'®, W. Wiirfel™

The glycoprotein hormones LH and FSH are essential for reproduction. They consist of two polypeptide units. The alpha unit has 92 amino acids and is virtu-
ally identical for FSH, LH, thyroid-stimulating hormone (TSH) and human chorionic gonadotropin (hCG). The secretion in the anterior pituitary gland underlies
neuroendocrine control of the hypothalamic-pituitary-gonadal axis. Depending on the level of maturity of the follicle and on the phase of the menstrual cycle
LH and FSH regulate the steroidogenesis in theka- and granulosacells of the ovary.

The pregnancy hormone hCG is produced by Langerhans cells in the syncytiotrophoblast of the placenta. It is very similar to LH in structure and binds to
the LH receptor, but with a half-life of 36 h has a longer effect in duration. hCG administration can replace the LH peak in the middle of the ovarian cycle and
helps to improve luteal function. However, it cannot prevent regression of the corpus luteum.

For more than 30 years gonadotropins have been crucial elements of pharmacological ovarian stimulation in assisted reproductive techniques (ART) in
primary and secondary infertility and the treatment of hypogonadotropic hypogonadism. First menotropins have been extracted from the urine of postmeno-
pausal women. The application of recombinant DNA technology has resulted in the development of recombinant FSH.

Further aims have been to avoid daily injections by modifying the FSH molecule.

Compounds available at present:

— Highly purified human-derived follicle-stimulating hormone: Bravelle® (Ferring)

— Recombinant-DNA products:

© Follitropin alpha: Gonal-F® (Merck-Serano)
o rec. FSH: Follitropin beta: Puregon® (MSD)
© long acting rec. FSH: Corifollitropin alpha: Elonva® (MSD)
o rec. hLH: Lutropin alpha: Luveris® (Merck Serono)
— Compounds with more than one active agent:
© human urinary-derived preparations: hMG HP: FSH,LH,hCG = 75 IU LH: Menogon HP® (Ferring)
° recombinant fixed-dose combinations: 150 IE rec-hFSH / 75 IU rec-hLH Pergoveris® (Merck Serono)

Dosing: FSH and hMG preparations can be dosed equally and are applicable for single use or may be combined with each other. This also applies to re-
combinant fixed-dose combinations and long-acting FSH preparations. The dosage always must be adapted to the age, AFC (antral follicle count) and AMH
(Anti muellerian hormone) of the individual patient. From day 3 to 9 of the menstrual cycle up to 100 IU of FSH might be injected daily for timed intercourse
or intrauterine inseminations and up to 300 IU for IVF/ICSI.

In order to achieve a successful outcome of ART it is also important to choose a suitable stimulation regimen. There are protocols for controlled ovar-
ian hyperstimulation using GnRH agonists (long pratocol, short protocal, ultra-short protocol, ultra-long protocol) or GnRH antagonists as adjuvant therapy.

Step-up-protocols: In a step-up regimen patients start with a lower dosage in order to avoid hyperresponse of the ovaries. The dosage as well as the in-
tervals can be adjusted individually during stimulation.

Step-down-protocols: In order to achieve a maximum amount of recruited follicles in a step-down protocol patients start with a higher dosage and then
decrease the dosage step by step in order to avoid hyperstimulation.

In the long GnRH agonist protocol (long protocol, GnRHa long) GnRHa treatment is initiated in the mid-luteal phase of the preceding cycle at least 1014
days before stimulation with gonadotropins starts. The protocol allows both physicians and patients to schedule the start of stimulation according to their
needs. However, for potential high-responder patients there are limited possibilities to avoid ovarian hyperstimulation syndrome. According to the annual
report of the German IVF Register (D.I.R) the long-protocol was the second most used regimen in Germany in 2013. It has been used in 27.2% (2402 of 8824)
IVF cycles and 28.6 % (8784 of 30710) ICSI cycles.

In the short protocol the agonist is initiated in the early follicular phase (day 1 to 3 of the cycle).

In the ultra-short protocol, a shorter period of GnRH-a administration for 3 days is chosen. The short GnRH protocols have been used in 6.5% of all ICS|
cycles and 7.6% of all IVF cycles in Germany in 2013.

The ultra-long-protocol uses ovarian suppression for up to 6 months as a recognized treatment of endometriosis prior to the administration of gonadotro-

pins. Stimulation starts 14 days after the last monthly injection of GnRHa and is similar to the long protocol.
>
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GnRH-antagonist protocols are frequently used in women who are low-responders to ovarian stimulation or potential high-responders. The GnRH antago-
nist is usually initiated on the 6th day of FSH administration or when the dominant follicle has a diameter of at least 12 mm. Triggering ovulation using GnRH
agonists instead of hCG can prevent severe ovarian hyperstimulation syndrome (OHSS). Because of impaired luteal function and in high-risk patients it seems
prudent to freeze all embryos for future transfer. In 2013 the GnRH-antagonist protocol was the most commonly used protocol according to the DIR annual
report. It has been used in 55.7% (4914 of 8824) IVF cycles and 55.6% (17,080 of 30,710) ICSI cycles.

New IVF protocols using less gonadotropins and an GnRH antagonist starting at the stage of a dominant follicle (modified natural cycle) or no gonadotro-
pins at all (natural cycle IVF) have also been established. To date there is no reported benefit as far as life-birth-rates are concerned compared to conven-

tional protocols.

Ovarian hyperstimulation: latrogenic hyperstimulation and induction of ovulation with hCG can result in activation of the ovarian renin angiotensin system
leading to symptoms of ovarian hyperstimulation syndrom (OHSS). To date there are no consistent standards of treatment. Consensus over an interdisciplin-

ary approach yet has to be achieved.

Future aspects: At present biosimilars are also available. New FSH molecules are subject of current research. Pharmacokintetics and Pharmacodynamics
of different substances vary to a great extent, oral effective GnRH antagonists, oral effective gonadotropins. J Reproduktionsmed Endokrinol_Online

2015; 12 (4): 360-76.

Key words: gonadotropins, new FSH-molecules, modified natural cycle, natural cyle, biosimilars, hCG, ovarian Hyperstimulation (OHSS)

B Introduction

The glycoprotein hormones Luteinising
Hormone (LH) and Follicle Stimulating
Hormone (FSH) are essential for human
reproduction.

For more than 30 years gonadotropins
have been crucial elements of pharmaco-
logical ovarian stimulation in assisted re-
productive techniques (ART) in primary
and secondary infertility and the treat-
ment of hypogonadotropic hypogonad-
ism.

All gonadotropins consist of two poly-
peptide units. The alpha units of FSH,
LH, TSH and hCG are almost identical
and consist of 92 subunits. Beta units
vary and determine the specific function
of the hormone. Sugar chains also vary
within species and in FSH and LH may
be influenced by estrogenlevels.

® 1. History of Gonadotro-
pins

As early as 1910, studies with dogs
showed that partial ablation of the pitu-
itary resulted in gonadal atrophy [1]. In
1927, Smith and Engle described for the
first time how Ovarian function depends
on the secretion of gonadotropins in the
pituitary gland [2]. Also in 1927, the gy-
necologists Selmar Aschheim and Bern-
hard Zondek detected gonadotropins in
the urine of pregnant women for the first
time. By injecting them into immature
mice they discovered maturation of fol-
licles, luteinisation and haemorrage. The
bioassay is known as the Aschheim-
Zondek test for pregnancy (A-Z test). In
1930, Pregnant Mares Serum Gonado-
tropin (PMSG) [3] could be extracted
from the urine of pregnant mares and pu-

rified. Pharmceutical preparations used
successfully for triggering ovulation in
animals and humans became available.
In 1939, the first international standard
for hCG was introduced under the aus-
pices of the League of Nations, 1940, the
Purified urinary preparations of hCG be-
came available [4], in 1941 the concept
of a two-step protocol of ovarian stimul-
tion was introduced.

1943 showed a work by Seegar-Jones
that gonadotropin was produced in vitro
in placental tissue culture. 1945 a 5 years’
results of sequential and cyclic adminis-
tration of PMSG and hCG, so called one-
two cyclic gonadotropic therapy, fol-
lowed. PMSG later had to be withdrawn
from the market as a consequence of pro-
voking antibody formation. However,
animal gonadotropins under the trade
name Folistiman (VEB Arzneimittel-
werk, Dresden) were still available in
some East European countries until 1998.

In 1958 Carl Gemzell extracted gonado-
tropins from human pituitary glands
(hPG). Between 1958 and 1988 hPG was
successfully used for ovulation induction
[5]. In 1960 Lunenfeld et al reported the
first successful induction of ovulation
with hMG and hCG followed by preg-
nancies in hypogonadotropic anovulato-
ry women (Fig. 1) [6].

For an overview over sources and char-
acteristics of different gonadotropins see
Table 1.

W 2. Follicle Stimulating
Hormone (FSH) and Lu-
teinizing Hormone (LH)

The secretion of FSH and LH in the ante-
rior pituitary gland underlies neuroendo-

crine control of the hypothalamic-pitu-
itary-gonadal axis. Depending on the
level of maturity of the follicle and on
the phase of the menstrual cycle LH and
FSH regulate the steroidogenesis in
theka- and granulosacells of the ovary
(Fig. 2, 3).

FSH has a Beta subunit of 111 amino ac-
ids and a sugar portion which is covalent-
ly bonded to asparagine and composed
of N-acetylamine, N-acetylglucosamine,
galactose and sialic acid. The latter is re-
sponsible for the biological half-life.

Physiology: FSH is responsible for the
development and maturation of follicles.
Its main task is the stimulation of estro-
gen synthesis in ovarian granulosa cells.
It binds to specific transmembrane FSH
receptors. FSH induces transcription of
its own receptors as well as LH and Pros-
taglandine receptors.

Compounds available at present: See
Table 2.

2.1. Urinary Gonadotropins

2.1.1. Human Menopausal Gonadotropin
(hMG)

Human menopausal gonadotropin is de-
rived from urine of postmenopausal
women, originally obtained from a sin-
gle nunnery in Italy. It contains the three
gonadotropins FSH, LH and hCG. The
clinical use began in the 1950s, clinical
trials started in the 1960s. Initially the
protein content was 97%, urine is now
collected in numerous centers in a wide
variety of countries. Extraneous urinary
proteins are still present in current h(MG
products. Improved purification tech-
niques resulted in standardization of
FSH and LH activity to 75 TU. It may

J Reproduktionsmed Endokrinol_Online 2015; 12 (4) 361
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b Moving towards purer and safer products for ovarian stimulation
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Figure 1. (a): From collection of urine for extraction of Gonadotropins (MerckSerono) to manufacturing of recombinant
preparations (Bioreactor). With permission by MerckSerono for Thomas Rabe. (b): Historical development of purified and
safer preparations for ovarian stimulation. Mod. from [Lunenfeld B. Historical perspectives gonadotropin therapy. Human
Reprod Update 2004; 10: 453—-67] with permission by Oxford University Press.

PMSG: pregnant mare serum gonadotropin; FSH: follicle stimulating hormone; u-hCG: urinary human chorionic gonado-
tropin; hPG: human pituitary gonadotropin; CC: Chlomiphene; h-hFSH: recombinant human FSH; r-hLH: recombinant hu-
man Luteinising Hormone; r-hCG: recombinant human hCG; r-hFSH fbM: r-hFSH filled by mass; FSH CTP: long acting
r-hFSH; GnRH A: Gonadotropin Releasing Hormone Agonist; GnRH Ant: Gonadotropin Releasing Hormone Antagonist;

1 CJD: Creutzfeld-Jakob-Disease.

still contain varying amounts of FSH,
LH and hCG. The sugar chain may not
be identical to endogenous gonadotro-
pins, due to altered estrogen levels in
postmenopausal women.

2.1.2. Urinary FSH

Highly purified (HP) urinary FSH is man-
ufactured by the use of monoclonal anti-
bodies specific to FSH. HP uFSH prepa-
rations contain < 0.1 IU LH and the spe-
cific activity of FSH is 10,000 IU/mg pro-
tein. It contains < 5% unidentified urinary
proteins. In HP products batch to batch
variation is improved compared to former
urinary FSH preparations. However, up to
23% contaminants are possible [7].

2.2. Recombinant Gonadotro-
pin Preparations

Since 1996 recombinant gonadotropins
are available. Recombinant preparations
for FSH and LH are produced by insert-
ing the genes encoding for the alpha and
beta subunits into expression vectors
which are transfected into Chinese ham-
ster ovary (CHO) cell lines. The highly
effective purification process yields an

FSH preparation with a specific activity
> 10,000 IU FSH/mg proteins. Recombi-
nant DNA technology is also considered
to be safer and better as far as impurities
and the risks of contaminants are con-
cerned. However, there still might re-
main a slight risk.

uFSH and rFSH have been developed on
the presumption that the LH component
in urinary hMG might have an adverse
impact on folliculogenesis, oocyte qual-
ity and embryonic implantation in cer-
tain patients.

2.2.1. LH (Luteinizing hormone)

LH has a beta unit of 120 amino acids.
LH is essential for estradiol synthesis
and follicular development. It is known
that a minimum LH secretion is neces-
sary in order to allow stimulation with
FSH to succeed. Minimum threshold
levels of LH may vary individually as
well as the bioactivity of the endoge-
nously produced LH. LH may be added
according to the endogenous LH activity
[8]. In studies, hypogonadotropic patients
with endogeneous LH levels < 1.2 TU/1

362 J Reproduktionsmed Endokrinol_Online 2015; 12 (4)

where proven to be in need of LH sup-
plementation in addition to FSH.

Recombinant LH (rLH) might be an
helpful alternative to prevent the risk of
OHSS. Dose dependent studies are re-
quired to further evaluate the interest of
rLLH administration as luteal support.

rLH allows to adjust dosing precisely
without the risk of LH overexposure. Re-
combinant LH is available for single use
as Lutropin alpha (Luveris®) see Figure 4
containing 75 IU rLH or in recombinant
fixed dose combinations (Pergoveris®)
containing 150 IU rec.-hFSH and 75 TU
rec.-hLH.

2.2.2. Recombinant FSH (Follicle stimu-
lating Hormone)
Recombinant FSH is available as Folli-

tropin alpha (Gonal f), Follitropin Beta
(Puregon) and long-acting Corifollitrop-
in alpha (Elonva) (see Fig. 4).

The posttranslational glycosylation pro-
cess and purification procedures of the
two recombinant FSH preparations are
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Figure 2. Folliculogenesis. © Thomas Rabe
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Figure 3. Two cell theory of estrogen production in the ovaries and mechanisms of LH- and FSH-Stimulation.

© Thomas Rabe.

different. Thus sialic acid residue com-
positions and isoelectric coefficients are
different [9]. However, there are no prov-
en differences in clinical performance
caused by the subtle differences in struc-
ture. Due to their high level of purity for-
mulations of both follitropin alpha and

beta are available based on filled by mass
method. When filled by mass with folli-
tropin alpha a high consistency in dosing
with a variability of only + 2% can be
achieved as opposed to a variablity of + 5
to —20% in gonadotropins filled by bio-
assay [10].

Figures 5 and 6 show the drug design of
gonadotropins with a prolonged duration
of action. A hybrid beta-subunit contain-
ing 28 additional amino acids accounts
for the prolonged plasma half-life of 65
hours. A single injection of corifollitrop-
in alfa, thus can replace daily FSH injec-
tions for 5 to 7 days.

2.3. Exemplary Summary of
Product Characteristics (SMPC)
for Follitropin alpha (300 IU,
450 1U, 900 1U) 04/14

2.3.1. Indications

Anovulation (including polycystic ovar-
ian syndrome) in women who have been
unresponsive to treatment with clomi-
phene citrate. Stimulation of multifollic-
ular development in women undergoing
superovulation for assisted reproductive
technologies (ART) such as in vitro fer-
tilisation (IVF), gamete intra-fallopian
transfer and zygote intra-fallopian trans-
fer. FSH in association with a luteinising
hormone (LH) preparation is recom-
mended for the stimulation of follicular
development in women with severe LH
and FSH deficiency. In clinical trials
these patients were defined by an endo-
genous serum LH level < 1.2 TU/L.

2.3.2. Contraindications

— Hypersensitivity to the active sub-
stance or to any of its excipients

— Tumors of the hypothalamus or pitui-
tary gland

— Ovarian enlargement or ovarian cyst
not due to polycystic ovarian syn-
drome

— Gynaecological haemorrhages of un-
known aetiology

— Opvarian, uterine or mammary carci-
noma

— It must not be used when an effective
response cannot be obtained, such as
O primary ovarian failure

[ Luver:s EL

Figure 4. Prefilled peninjections with Gonadotropins: Otrivelle, Gonal-f®, Luveris pen for injection (MerckSerono); Elonva: prefilled syringe with Gonadotropin alfa; Puregon-Pen

(MSD). Figures provided by MerckSerono and MSD.
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Figure 5. Gonadotropins — Drug design for long-acting Gonadotropins. Left: Native structure of LH and hCG with half-life after 20 min and 40 hours. Right: Native FSH (left, half-
time: 30 hours) and FSH (right) with a prolonged half-life of 60—75 hours after adding 28 AS to the beta-subunit. With permission from G. Griesinger, © 2013.
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Figure 6. Gonadotropins — Drug design for a pro-
longed half-life: multi-follicular development: Prepara-
tions with higher FSH activity and a prolonged half-life
allow recruiting greater numbers of follicles because
the maximum FSH-activity and area under the curve
are higher above certain thresholdlevels. With permis-
sion from G. Griesinger, © 2013.
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© malformations of sexual organs in-
compatible with pregnancy

o fibroid tumors of the uterus incom-
patible with pregnancy

2.3.3. Special Warnings and Precautions
for Use

The following issues have to be dis-
cussed with patients prior to use of go-
nadotropins:

2.3.3.1. Multiple Pregnancies

According to Hellin’s law the natural oc-
currence of multiples would be as fol-
lows: twins 1 in 90 live births (1.05-
1.35%), triplets 1 in 8,100 live births
(0.01-0.017%). After stimulation with
gonadotropins twin birth rates were said

366 J Reproduktionsmed Endokrinol_Online 2015; 12 (4)

to be 25%, Triplet rates as high as 5 %
[11]. By transferring no more than an av-
erage of 1.87 embryos in fresh cycles af-
ter stimulation with gonadotropins the
number of twins was cut back from 1,914
in the year 2012 to 1,487 (22.34%) in
2013; the number of triplets from 61 to
56 (0.84%) [12]. Thus the tendency to-
wards the transfer of a single embryo
helps to reduce multiple pregnancy rates.
The use of ultrasound monitoring in non-
ART treatments (ovulation stimulation
medications without ART) also ensures to
minimize the risk of multiple pregnancies.

There have been reports of ovarian and
other reproductive system neoplasms,
both benign and malignant, in women

who have undergone multiple treatment
regimens for infertility treatment. It is
not yet established whether or not treat-
ment with gonadotropins increases the
risk of these tumors in infertile women.

2.3.3.2. Congenital Malformation

The prevalence of congenital malforma-
tions after ART may be slightly higher
than after spontaneous conceptions. This
is thought to be not due to gonadotropins
used for stimulation but due to differenc-
es in parental characteristics (e.g. mater-
nal age, sperm characteristics) and mul-
tiple pregnancies.

2.3.3.3. Thromboembolic Events

In women with recent or ongoing throm-
boembolic disease or women with gener-
ally recognised risk factors for thrombo-
embolic events, such as personal or fam-
ily history, treatment with gonadotropins
may further increase the risk for aggra-
vation or occurrence of such events. In
these women, the benefits of gonadotro-
pin administration need to be weighed
against the risks. It should be noted how-
ever that pregnancy itself as well as
OHSS also carry an increased risk of
thromboembolic events.

2.3.3.4. Rare Events

The treatment with gonadotropins might
enhance growth of preexisting tumors of
the hypothalamus or pituitary gland.
Safety, efficacy and pharmacokinetics of
recombinant FSH in patients with renal
or hepatic impairment have not been es-
tablished. Patients with porphyria or a
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Table 3. Comparison of half-life rLH and rhCG. After [le Cotonnec JY, et al. Pharma-
cokinetic and pharmacodynamic interactions between recombinant human lutein-
izing hormone and recombinant human follicle-stimulating hormone. Fertil Steril
1998; 69: 201-9] and [Trinchard-Lugan I, et al. Pharmacokinetics and pharmacody-
namics of recombinant human chorionic gonadotropin. RBMonline 2002; 4: 106-15].

Molecule and Dose rLH 150 IU rhCG 250 ug
Half-life (initial) 1.0 + 0.2 47 + 0.8
Half-life terminal (h) i.v. administration 11 + 8 28 + 3
Half-life terminal (h) s.c. administration 21 - 24 72 — 96

family history of porphyria should be
closely monitored during treatment with
rec-FSH. Deterioration or a first appear-
ance of this condition may require cessa-
tion of treatment.

= 3. Human Chorionic
Gonadotropin

The pregnancy hormone human Chori-
onic Gonadotropin (hCG) is produced by
Langerhans cells in the syncytiotropho-
blast of the placenta. It is very similar to
LH in structure and binds to the LH re-
ceptor, but with a half-life of 36 h has a
longer effect in duration. Despite the
beta subunit of hCG is very similar to
LH, it has an additional 24 amino acids.
The sugar portions are also different. The
different composition of the oligosac-
charides is responsible for the prolonged
plasma half life of hCG.

Administration of hCG is widely used in
assisted reproduction to promote the fi-
nal stages of follicular maturation and
progression of the immature oocyte at
prophase I through meiotic maturation to
reach metaphase II. The completion of
the meiotic process takes approximately

36 hours and, in the absence of follicular
aspiration at oocyte retrieval, ovulation
will ensue approximately 4 hours later.

Because of the long half-life plasmalev-
els of hCG remain high for several days
(see Table 3) and can improve luteal
function, hCG is also believed to have a
direct positive effect on endometrial re-
ceptivity [13]. Luteal phase support by
hCG is equally effective or superior to
Progesterone, but exposes to the risk of
OHSS.

3.1. Physiology

hCG administration can replace the LH
peak in the middle of the ovarian cycle
and helps to improve luteal function.
However, it cannot prevent regression of
the corpus luteum.

3.2. Pharmacology

hCG serum concentrations 24 hours after

i.m. injection [14]:

— 120 mIU/ml B-hCG after administra-
tion of 5000 IE hCG

— 240 mIU/ml B-hCG after administra-
tion of 40,000 IE hCG

— 500 mIU/ml B-hCG after administra-
tion of 80,000 IU hCG

— Half-life (Serum): initial half life
5.6 h; second half-life 23.9 h [15].

After pregnancies or miscarriages serum
hCG can be detected for up to four
weeks. The same problem occurs follow-
ing administration of hCG to trigger ovu-
lation in assisted reproduction in patients
at risk for ovarian hyperstimulation.

3.3. Products available on the
Market

The choriongonadotropin currently on
the market is human derived from urine
of pregnant women (Brevactid, Pred-
alon) or manufactured using recombi-
nant technology (Ovitrelle®) (Tab. 4).

Preparations of urinary hCG are market-
ed in vials of 1500 or 5000 IU. The
SMPC of these products advise intra-
muscular injection. Since there are no
proven differences in clinical perfor-
mance subcutaneus administration is
widely used.

Recombinant chorionic gonadotropin
(Ovitrelle®) syringes or disposal pens
contain 250 ug of product, which is
equivalent to 6500 IU of hCG

3.3.1. Approved Indications
— Women undergoing superovulation

prior to assisted reproductive tech-
niques such as in vitro fertilisation
(IVF)

— Anovulatory or oligo-ovulatory wom-
en

— Luteal phase defect in anovulatory or
oligo-ovulatory patients after stimula-
tion of follicular growth

Table 4. Choriongonadotropin. © Thomas Rabe

Brand-Name Preparation Dose Approved indication

(Company)

Otrivelle® Each pre-filled pen contains 250 ug oder — Adult women undergoing superovulation prior to as-
Ovitrelle® 250 pg/0.5 ml 250 pg Choriogonadotropin alfa 6500 IU 24-48 h after sisted reproductive techniques such as in vitro fertilisa-
solution for injction (equals 6500 IU) last FSH adm. tion (IVF): Ovitrelle is administered to trigger final fol-
pre-filled syringe see SMPC licular maturation and luteinisation after stimulation of
(MerckSerono) follicular growth. —Anovulatory or oligo-ovulatory adult
Ovitrelle® 250 pg solution women: Ovitrelle is administered to trigger ovulation
for injection pre-filled pen and luteinisation in anovulatory or oligo-ovulatory wom-
(MerckSerono) en after stimulation of follicular growth.

Brevactid® 1500 U 1 vial with dry substance: see SMPC In the female: Sterility due to the absence of follicle-
(Ferring Pharmaceuticals) Choriongonadotropin 1500 U ripening or ovulation.

Brevactid® 5000 1U 1 vial with dry substance: see SMPC In combination with FSH or HMG, promotion of con-
(Ferring Pharmaceuticals) Choriongonadotropin 5000 1U trolles superovulation

Predalon® 5000 |U 1 vial of dry substance: see SMPC In the male: Hypogonadotrophic hypogonadism.

Pregnyl® powder and solvent Choriongonadotropin 5000 |U

(MSD)

Delayed puberty associated with insufficient gonado-
trophic piuitary function. Sterility in selected cases of
deficient spermatogenesis.
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Figure 7. Stimulation regimens for controlled ovarian hyperstimulation in assisted reproduction. HMG: Human Meno-
pausal Gonadotropin; FSH: follicle stimulating hormone; LH: luteinzing hormone; GnRH: Gonadotropin Releasing Hor-
mone; Mens: Menstruation; hCG: Human Chorionic Gonadotropin; FP: follicle puncture; RT: embryo transferal (das 2—5

after FP). © Thomas Rabe.

3.4. Dosage

3.4.1. Triggering

For triggering ovulation, the dose recom-
mendation is one vial of 250 ug Ovitrelle
(equivalent to 6500 IU hCG) to be ad-
ministered 24-48 hours after optimal
stimulation of follicular growth is
achieved. The recommended dose for
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urinary preparations registered is one
subcutaneous or intramuscular injection
of maximally 10,000 IU (2 doses of
Brevactid).

Intramuscular injection of 10,000 TU
hCG leads to an initial rise of bloodplas-
malevels that are 20 times higher than

the maximum LH-Peak during spontane-
ous ovulation.

3.4.2. Luteal Phase Support
Treatment of luteal phase defects with

hCG is possible with administration of
1500-5000 IU every 2-3 days for three
times. However, low dose hCG every
third day 1000 IU, 500 IU and 250 IU
combined with progesterone might be
sufficient to sustain corpus luteum func-
tion in GnRHa triggered cycles [16].

Support by hCG is equally effective or
superior to progesterone but exposes to
the risk of OHSS. For patients at risk for
OHSS luteal support with progesterone
alone is safer [17].

3.5. Clinical Advice

The timing of induction of ovulation
with hCG depends on the stimulation
protocol. Without stimulation follicle
size should be at least 18-22 mm. After
stimulation with Clomifen follicle size
should be 18-24 mm, after stimulation
with FSH or hMG it should be 16—
18 mm.

3.6. Contraindications

— Patients at risk for Ovarian Hyper-
stimulation syndrome (OHSS)

— Hypersensitivity to the active sub-
stance or to any of its excipients

— Unwanted side effects: Ovarian Hy-
perstimulation syndrome (OHSS)

B 4. Ovarian Stimulation
Protocols

In order to achieve a successful outcome
of ART (IVF/ICSI) or non ART treat-
ments (ovulation stimulation medica-
tions for timed intercourse or intrauter-
ine inseminations) it is important to
choose a suitable stimulation regimen.
See Figure 7 for different stimulations
regimens in ART.

Age, basal FSH level and bodyweight
are variables known to affect ovarian re-
sponse. AFC (antral follicle count) and
AMH (Anti muellerian hormone) also
should be taken into account in order to
choose the correct dose for the individual
patient.

The lowest effective dose in relation to
the treatment objective should be used.
FSH and hMG preparations can be dosed
equally and are applicable for single use



Gonadotropins FSH and LH in Adult Women

or may be combined with each other.
This also applies to recombinant fixed-
dose combinations and long-acting FSH
preparations.

There are no confirmed differences in
safety, purity, or clinical efficacy among
the various available urinary or recombi-
nant gonadotropin products [18].

In a step-up regimen patients start with a
lower dosage in order to avoid hyperre-
sponse of the ovaries. The dosage as well
as the intervals can be adjusted individu-
ally during stimulation. In order to
achieve a maximum amount of recruited
follicles in a step-down protocol patients
start with a higher dosage and then de-
crease the dosage step by step in order to
avoid hyperstimulation.

The initial hormonal situation of the pa-
tient influences the outcome of hormonal
stimulation to a great extent.

Women with normogonadotropic infer-
tility such as polycystic ovary syndrome
(PCOS) are more likely to unfavorable
reactions on stimulation with gonadotro-
pins. Individual doses need to be adjust-
ed carefully.

Patients with hypogonadotropic hypogo-
nadism frequently need higher doses.
However, ovulation- and pregnancy rates
are better than in women with other
causes of infertility.

4.1. Pulsatile GnRH Therapy
Patients with anovulation due to primary
or secondary hypothalamic amenorrhoea
may benefit from pulsatile GnRH stimu-
lation with comparable efficacy to hMG
[19]. GnRH pulsed doses are adminis-
tered via subcutaneously implanted
mini-osmotic pumps every 90 minutes.
The system needs to be replaced every
three days. Doses and duration of thera-
py can be adjusted individually.

4.2. Stimulation with hMG/hCG
Evaluating clinical studies on ovarian re-
sponse the initial hMG dose should be
150 IU hMG without GnRH cotreatment
and 225 IU/day in IVF protocols with
GnRH [20]. For non ART treatment in
hypogonadotropic patients up to 150 TU
hMG is given from day three of the men-
strual cycle. In patients with amenor-
rhoea stimulation can start at any time
when the endometrium is flat.
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Figure 8. Pregancy rates (in %) releated to age and therapy (IVF or ICS). Reprint from [Biihler K, et al. DIR Annual 2011.

J Reproduktionsmed Endokrinol 2012; 453-84].

Normogonadotropic patients start with
75-150 IU hHG/day for non ART treat-
ment. If more than 75 IU hMG have to
be applied it is recommended to split
into morning and evening doses. How-
ever, age > 35 years, elevated basal FSH
levels and bodyweight are reasons to
consider an increase in the initial h\MG
dose for IVF protocols. There is no
proof of clinical benefit for doses higher
than 300 IU. Some authors might still go
up to 450 IU.

4.3. Stimulation with FSH

From day 3 to 9 of the menstrual cycle
dependent on age, AFC, AMH and body-
weight up to 100 IU of FSH might be in-
jected daily for timed intercourse or in-
trauterine inseminations and up to 300 IU
for IVF/ ICSI. In most cases a step up
protocol is used for adjustment of dos-
ing. It is not yet clear whether patients
with elevated LH/FSH quotients (> 2)
and PCOS might benefit from stimula-
tion with FSH alone.

4.4. Combined FSH/hMG/
rec-LH Stimulation

In controlled ovarian stimulation trails
fertilization rates were significantly low-
er in hypogonadotropic patients with a
periovulatory LH < 3 mIU/ml stimulated
with FSH alone. Thus, if the LH level is
< 3 mlIU/ml when stimulation starts
hMG or rLH is indicated. If the level is
between 3-5 mlIU/ml additional LH is
not essential. [21]. Subgroups of women
who may benefit from urinary gonado-
tropins (hMG and not uFSH) for ovarian
stimulation in ART cycles are:

— hypogonadotropic patients,

— normogonadotropic women with over
down-regulated cycles,

— young women with poor ovarian re-
serve or with ovarian resistance and

— women in an advanced reproductive
age [22]. However, there is a small
therapeutic window. If LH exceeds
the threshold level it might be detri-
mental to follicular development. A
FSH:LH ratio of 3:1 has been shown
to improve results [23].

4.5. Gonadotropins and GnRH-
Protocols

Controlled ovarian stimulation for ART
treatment inevitably requires the use of
either GnRH agonists or antagonists in
order to prevent premature luteinization
of follicles.

In the long GnRH agonist protocol (long
protocol, GnRHa long) GnRHa treatment
is initiated in the mid-luteal phase of the
preceding cycle at least 10-14 days be-
fore stimulation with gonadotropins
starts. The protocol allows both physi-
cians and patients to schedule the start of
stimulation according to their needs.
However, for potential high-responder pa-
tients there are limited possibilities to
avoid ovarian hyperstimulation syn-
drome. According to the annual report of
the German IVF Register (D.ILR) the
long-protocol was the second most used
regimen in Germany in 2013. It has been
used in 27.2% (2402 of 8824) IVF cycles
and 28.6 % (8784 of 30,710) ICSI cycles.

In the short protocol the agonist is initi-
ated in the early follicular phase (day 1
to 3 of the cycle).
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Table 5. Clinical pregnancy rate (CPR) as a function of the stimulation protocol 2013 (prospective data). From [Blumenauer V, et
al. DIR Annual 2013 — German IVF-Registry. J Reproduktionsmed Endokrinol 2014; 11: 257.

IVF
u-FSH rec-FSH hMG recLH & recFSH & Other* No Info. Total
recFSH hMG
Short GnRHa 3 226 302 32 103 1 2 669
Transfer Rate (%) 100 93.78 91.24 91.43 91.96 100 100 91.77
CP/ET (%) 66.67 28.76 32.12 43.75 20.39 0 0 29.75
Long GnRHa 88 1218 537 175 361 19 4 2402
Transfer Rate (%) 89.80 88.58 92.91 89.29 93.04 61.29 100 89.96
CP/ET (%) 37.50 39.49 .15 34.29 34.63 36.84 25 36.84
No GnRHa-Analoga 20 245 203 64 132 14 161 839
Transfer Rate (%) 86.96 92.11 90.63 98.46 84.08 93.33 72.20 86.23
CP/ET (%) 45.00 35.10 34.48 29.69 34.09 28.57 19.88 31.59
GnRHa-Antagonists 83 2,79 923 517 495 88 18 4914
Transfer Rate (%) 93.26 86.86 86.97 84.20 86.54 83.81 60 86,46
CP/ET (%) 38.55 34.91 28.88 26.89 31.92 31.82 22.22 32.59
Total 194 4479 1965 788 1091 122 185 8824
ICSI
u-FSH rec-FSH hMG recLH & recFSH & Other* No Info. Total
recFSH hMG
Short GnRHa 27 727 733 87 336 63 21 1994
Transfer Rate (%) 84.38 90.65 91.51 90.63 98.82 53.39 94.65 90.51
CP/ET (%) 18.62 24.48 23.87 2414 14.88 17.46 42.86 22.52
Long GnRHa 139 4446 1702 691 1646 139 21 8784
Transfer Rate (%) 94.56 93.72 93.16 90.45 91.70 89.68 80.77 92.87
CP/ET (%) 39.57 35.70 31.37 31.69 33.05 30.94 38.10 34.04
No GnRHa-Analoga 38 870 572 147 563 38 624 2852
Transfer Rate (%) 88.37 89.60 86.14 84.48 83.28 97.44 84.26 83.81
CP/ET (%) 39.47 33.22 31.29 30.61 27.00 4211 18.27 28.37
GnRHa-Antagonists 148 9323 2951 1957 2,278 325 98 1708
Transfer Rate (%) 90.24 89.92 89.78 85.76 83.69 89.04 79.03 88.44
CP/ET (%) 26.35 32.97 24.03 29.94 27.88 0 16.33 29.62
Total 352 15,366 5958 2882 4823 565 764 30,71

* e.g. U-FSH and hMG, Clomifen/rec-FSH, Clomifen/hMG etc.

In the ultra-short protocol a shorter pe-
riod of GnRH-a administration for three
days is chosen. The short GnRH proto-
cols have been used in 6.5% of all ICSI
cycles and 7.6% of all IVF cycles in Ger-
many in 2013.

The ultra-long-protocol uses ovarian
suppression for up to 6 months as a rec-
ognized treatment of endometriosis prior
to the administration of gonadotropins.
Stimulation starts 14 days after the last
monthly injection of GnRHa and is simi-
lar to the long protocol.

GnRH-antagonist protocols are fre-
quently used in women who are low-re-
sponders to ovarian stimulation or poten-
tial high-responders. The GnRH antago-
nist is usually initiated on the 6th day
of FSH administration or when the
dominant follicle has a diameter of at
least 12 mm.
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In the antagonist protocol triggering
ovulation using GnRH agonists instead
of hCG can prevent severe ovarian hy-
perstimulation syndrome (OHSS).

Because of impaired luteal function and
in high-risk patients it seems prudent to
freeze all embryos for future transfer. In
2013 the GnRH-antagonist protocol was
the most commonly used protocol ac-
cording to the D.I.R annual report. It has
been used in 55.7% (4914 of 8824) IVF
cycles and 55.6% (17,080 of 30,710)
ICSI cycles.

New IVF protocols using less gonadotro-
pins and an GnRH antagonist starting at
the stage of a dominant follicle (modi-
fied natural cycle) or no gonadotropins at
all (natural cycle IVF) have also been es-
tablished and are promising with regard
to saving costs and avoiding side effects
in certain patients. To date compared to

conventional protocols, there is no re-
ported benefit as far as life-birth-rates
are concerned.

4.6. Results of Ovarian Stimu-
lation for Assisted Reproduc-
tion

Controlled ovarian hyperstimulation
protocols for assisted reproduction aim
at retrieval of as many mature oocytes as
it is safe for the patient. Pregnancy rates
correlate directly with the number of ma-
ture oocytes (MII). The German IVF
Register shows in 232,869 cycles that
10-15 MII oocytes lead to optimal preg-
nancy rates [24]. Data from the UK reg-
istry underline the positive correlation
between the number of oocytes and life
birth rates [25]. Nonetheless, of course
the age of the patient determines the final
success of fertiltiy treatment. According
to the German IVF registry assited repro-
ductive techniques can achieve the age
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related spontaneous pregnancyrate (see
Fig. 8).

The German IVF-Registry (D.LR) col-
lects electronic data for each initiated
treatment cycle since 1996. Meanwhile,
more than 1.2 million ART cycles have
been documented in the database. The
prospective documentation as well as the
cycle by cycle data collection are of par-
ticular value and make the D.I.R an inter-
nationally recognized resource.

Looking at the results for different proto-
cols one might think different medica-
tions could influence pregnancyrates
(Tab. 5). However, a big bias has to be
taken into account. Allegedly less expen-
sive urinary preparations are far more
likely to be prescribed to patients with
advanced reproductive age. This might
account for the significantly lower preg-
nancy rates.

In poor responders a switch to antagonist
protocols is very common [26]. A novel
area of interest for the stimulation with
gonadotropins during the last years has
been oocyte retrieval for cryopreserva-
tion by vitrification within the Fertipro-
tect project or for the so called "social
freezing".

4.7. Ovarian Hyperstimulation

Ovarian Hyperstimulation Syndrome
(OHSS) is a potentially life threatening
complication which plagues stimulation
with gonadotropins. The incidence is
0.5-2%. The exact aetiology of OHSS is
still unknown. Although rare cases of
OHSS after spontaneous conception
have been reported, it is a mainly iatro-
genic condition of capillary hyperper-
meability with a fluid shift from the in-
travascular compartment into the third
space. OHSS can often be forseen and
prevented. It does not occur if hCG is
withheld. Figure 9 shows first steps in
the pathophysiology of OHSS. High
levels of estradiol can affect capillary
permeability yet symptoms of OHSS
will not occur unless hCG is present.
The endothelium as well as the ovary is
a primary target for hCG. Under the
influence of hCG secretion of VEGEF,
upregulation of VEGF 2 receptor mRNA,
activation of the renin-angiotensin sys-
tem, the kinin-kallikrein system together
with releasing of interleukins [6, 18],
endothelial-cell adhesion molecules,
von Willebrand factor, angiogenin and

Follicle

Hyperstimulated ovary lumen

with
muitifollicular
development

€0
Granulosa-lutein
cell

@ ‘1 qq hcG
w VEGF mRNA (] q {molecule
{

35}

" } hCG receptor

Nuclear q
signaling

Do
V?GF

Celi membrane
VEGF
release

Oooo

Branulnu-
lutein

\l"EGF mRNA

L

M| Endothelial
cell

Loosened cell
Jjunction
-fluid extravasation

Ovarian vessel

Figure 9. Pathophysiology of ovarian hyperstimulation (OHSS). Mod. from [Soares SR, et al. Targeting the vascular en-
dothelial growth factor system to prevent ovarian hyperstimulation syndrome. Hum Reprod Update 2008; 14: 321-33]

with permission of Oxford University Press.

Table 6. Risk factors for ovarian hyperstimulation syndrome (OHSS). © Thomas

Rabe

Risk factors

Limits

Primary Risk factors (dependent on patients)

High AMH-level
Age
History of OHSS

PCO(S)

> 3.36 ng/ml
> 33 years

moderate or severe cases, especially when
hospitalization was required

> 24 antralfollicles in both ovaries

Secondary Risk factors (dependent on ovarian response)

On the day of hCG administration

Number of follicles

Rapid rise of r E2-levels and great number of
mature follicles

Number of oocytes retrieved
High VEGF-levels
High Inhibin-B levels

hCG for Luteal phase support
Pregnancy with high endogenous hCG-levels

> 13 follicles > 11 mm in diameter
> 11 follicles | > 10 mm in diameter

Estradiol 5000 pg/ml and/or > 18 follicles =
danger of severe OHSS

> 11 Oocytes

High levels on day 5 of stimulation and on
day of oocyte retrieval

AFC: Antralfollicle Count; AMH: Anti-Muellerian Hormone; E2: Estradiol; hCG: human Chorio-
nic Gonadotropin; OHSS: ovarian hyperstimulation syndrome; PCO: polycystic ovaries; PCOS:
polycystic ovary syndrome; VEGF: vascular endothelial growth factor

endothelin-1 takes place in the ovary.
Of all the different vasoactive compo-
nents, vascular endothelial growth factor
(VEGF) is probably the most important
mediator and the most responsible
for increased capillary permeability. It
acts through the VEGF receptor-2 or
high affinity receptors (KDR and flt 1)
[27].

The shift of fluid and proteins into the
third space may result in accumulating
ascitic fluid in the abdominal, pleural or
pericardial cavity and causes increasing
hemoconcentration. Arterial hypoten-
sion caused by intravascular hypovolae-
mia can induce arterial vasoconstriction
and affect renal function. As a result, so-
dium and water are retained. Oliguria

J Reproduktionsmed Endokrinol_Online 2015; 12 (4) 371
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Table 7. Clinical Symptoms and Laboratory Parameters in Ovarian Hyperstimulation
Syndrome. © Thomas Rabe. ARDS: acute respiratory distress syndrome.

Classification I mild Il moderate Il severe
Ovarian enlargement 5-12 cm >12cm Variable
Abdominal distention Moderate Severe Tense
Clinical ascites None Yes Tense
Hydrothorax None Possible Yes
Pericardial effusion None Infrequent Infrequent
Decrease renal function None Infrequent Frequent
Renal Failure None None Possible
Thromboembolism None None Possible
ARDS None None Possible
Hemoconcentration Het < 45% Het > 45% Het < 55%
WBC/ml < 15,000 > 15,000 > 25,000
Liver enzymes Normal Elevated Elevated
Creatinine (ng/ml) <1.0 1.0-1.5 > 1.6
Creatinine clearance > 100 50-1000 <50

Table 8. Classification of OHSS symptoms. © Thomas Rabe

OHSS Classification OHSS Symptoms

Laboratory parameters

Mild - OHSS |

Diarrhea

Enlarged ovaries in US
OHSS | + in addition:

Moderate — OHSS Il
Ascitic fluid in US

Severe - OHSS Il
Clinical ascites

Hydrothorax/Pleural effusion

Dyspnea
Oliguria/anuria

Nausea and vomiting
Severe abdominal distension/pain

Hypotension

Abdominal distension/discomfort
Mild nausea/vomiting

OHSS | + Il + in addition:

No changes

Hemoconcentration: elevated
hematocrit (hct > 41%)
Leucocytosis (> 15.000)
Hypoproteinaemia

Hemoconcentration (hct > 55%)
Leukocytes > 25.000
Creatinine clearance < 50 ml/min
Creatinine > 1,6

Na* < 135 mMol/l

K* > 5 mMol/l

Rise of liver enzymes

Rapid increase of weight

(> 1 kg in 24 hours)
Syncopes

Venous thromboembolism

Critical
Cardial arrhythmia
Thromboembolism
Pericardial effusion

Massive hydrothorax

Stroke

Anuria, acute renal failure

Deterioration of serum para-
meters

ARDS (Adult respiratory distress

syndrome)
Sepsis

and renal failure are key features of life-
threatening OHSS. Increasing hemocon-
centration also leads to hypercoagulabil-
ity of the blood with the severe risk of
thromboembolic phenomena.

Most of the time, OHSS is self limiting,
in rare cases symptoms persist until de-
livery.
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To date there are no consistent standards
of classification and treatment. Consen-
sus over an interdisciplinary approach
yet has to be achieved.

4.7.1. Risk Factors and Prevention

Primary prevention aims at identifying
patients at risk for developing OHSS. For
potential high-responders the antagonist

protocol with tailored dosing of gonado-
tropins in a chronic low-dose step-up
regimen should be preferred. Strict moni-
toring of cycles in these patients is vital.

There is a great individual variation in

the ovarian threshold for FSH in those

women who will develop OHSS and

those who will not. However, patients

primarily at risk are:

— Young (< 35 years)

— Low body weight

— PCOS or PCO-like ovaries and/or hy-
perandrogenism

— High AMH-level (> 5 ng/ml)

— Previous history of OHSS

Secondary risk factors during stimula-
tion and after oocyte retrieval are:

— High serum E2 (> 2000 pg/ml)

— Multiple follicle development

— Pregnancy

— hCG luteal supplementation

(see also Table 6)

Secondary prevention:

a) Coasting: When estradiol concentra-
tions rise to more than 3000 pg/ml go-
nadotropin stimulation can be with-
held and hCG administration delayed
until E2 levels decrease. However,
there is no sufficient evidence on the
safety and efficacy of this method
[28].

b) Agonist trigger: Triggering of ovula-
tion with a GnRH agonist is only pos-
sible in the antagonist protocol and
can prevent OHSS totally. However,
the luteal phase is rendered insuffi-
cient. To date, cryopreservation of
pronuclei (PN) seems to be the best
and safest approach for high-risk pa-
tients [29]. If an embryo transferral is
desired within the same cycle addi-
tional luteal phase support is inevita-
ble. There is no consensus on what
form this should take.

¢) Reduced dose of hCG and avoid-
ance of giving hCG as luteal sup-
port: If agonist triggering is not an
option i.e. in a GnRH protocol several
investigators have assessed lower dos-
es of 5000 IE hCG to be safe and effi-
cient. Before very low doses of hCG
can be recommended further study
needs to be done on the increased risk
of cycle cancellations. Progesterone
administered vaginally can replace
hCG.

d) Dopamine agonists: The dopamine
agonist Cb2 appears to be effective in
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Figure 10. Ovarian hyperstimulation. (a): Polycystic ovary and uterus. (b): Enlarged right ovary with an increased risk of torsion, enlarged left ovary with ascites. Reprint with

permission of N. Sanger.

controlling LH release in PCOS pa-
tients and acts at the VEGF receptor.
In some studies oral administration of
0.5 mg Cabergoline for § days from
the day of oocyte retrieval appears to
be effective in reducing but not elimi-
nating the incidence of moderate
OHSS [30, 31] (http://www.ivf-
worldwide.com/education/ivf-com-

plications/ovarian-hyperstimulation-
syndrome-ohss.html).

OHSS might be classified as early-onset
due solely to the injection of hCG or
late-onset caused by the added effect of
the hCG by the trophoblast of the devel-
oping pregnancy. According to the sever-
ity of symptoms OHSS is also classified
as (I) mild, (IT) moderate or (II]) severe.
The severe form may be further sub-clas-
sified based on the severity into a critical
state (Tab. 7, 8).

As long as the pathophysiology of OHSS
remains unclear, treatment can only be
empiric. To date there are no consistent
standards of treatment. Consensus over
an interdisciplinary approach yet has to
be achieved. Especially for patients with
severe OHSS requiring intensive care ex-
perts in renal, anaesthetic and cardiac
medicine familiar with the peculiarities
of OHSS need to be involved [32].

4.7.2. Management of OHSS I-1I

Even in the mildest cases of OHSS

— high fluid- and protein-intake,

— weight control,

— investigation of hematocrit and hemo-
globin,

— abdominal girth,

— urea, creatinine, serum electrolytes,

— and basal liver function
is recommended.

An US scan should assess ovarian size
(Fig. 10) and degree of ascites or pleural
effusion at least once a week or more fre-
quently when symptoms occur. As long
as the patient is asymptomatic clinical
follow up can be ambulatory and should
take place at least every two to three
days. A pregnancy test (hCG) should be
performed approximately ten days after
the embryo transfer. If the patient is not
pregnant symptoms will be self-limited
but should be followed up until resolu-
tion. If the cycle is conceptual symptoms
might deteriorate under the presence of
endogenous hCG and close monitoring
is inevitable.

If signs of hemoconcentration (hemato-
crit > 40-45%) or deterioration of any
clinical symptoms occur or if there is any
doubt about the compliance of the pa-
tient hospitalization is recommended.

Low-dose SC heparin or Low Molecular
Weight Heparin (LMWH) like Clexane
is recommended when signs of hemo-
concentration are present (Fig. 11).

4.7.3 Management of OHSS III

Severe OHSS requires immediate hospi-
talization and treatment. Parameters of
hemoconcentration and renal function
(retention parameters, monitoring of flu-
id intake and output) have to be moni-
tored closely. An acute shift of fluids
from the intravascular compartment to
the peritoneal and pleural cavitiy or peri-
cardial effusion must not be underdiag-
nosed. The ultimate aim of all supportive

treatment is prevention of deterioration
into life threatening stages with hemato-
crit > 55%, electrolyte imbalance, serum
creatinine levels > 1.6 mg/dl, respiratory
distress, oliguria and avoidance of
thromboembolism (Fig. 11).

4.7.4. Management of Oliguria and He-
moconcentration

Intravenous fluid therapy with cristal-
loids ideally 1.51to >3 1 NaCl is an im-
portant baseline therapy but rarely suffi-
cient. Plasmaexpanders can be used
when adequate fluid balance cannot be
restored by cristalloids alone. Hydroxy-
ethyl starch (HES) 33 ml/kg, fresh-fro-
zen plasma, human albumin and manni-
tol (Osmofundin 125-250 ml as a short
infusion) have all been utilized as plasma
expanders through restoration of oncotic
pressure.

However, the FDA and Pharmacovigi-
lance Risk Assessment Committee
(PRAC) of the European Medicines
Agency has concluded that HES solu-
tions should not be used in critically ill
adult patients, including patients admit-
ted to the ICU, and a Boxed Warning to
include the risk of mortality and severe
renal injury is warranted.

Albumin (25-75 ug/day) is expensive
and there is contradictory evidence
whether its use is beneficial or not.

The discussion on the use of diuretics in
patients with oliguria is controversial as
this will further decrease intravascular
fluid volume. However, when the patient
has been fully hydrated and oliguria per-
sists, furosemid 10 mg intravenously ev-
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Figure 11. Management of ovarian hyperstimulation. © Thomas Rabe.

ery 4-6 hours might be applied with
caution only until urinary output im-
proves.

Since it is acting on the VEGF receptor
low dose dopamine agonists might be
more beneficial as far as intravascular
fluid volume in patients with oliguria is
concerned (2—4 pg/kg KG/min) might be
applied continuosly when urine output is
< 60 ml/h.

Ascites can be managed expectantly as
long as it is asymptomatic. When caus-
ing severe abdominal discomfort, dysp-
nea and/or impaired renal function is
present, a tense ascites in a hemodynam-
ically stable patient should be relieved
slowly by ultrasound guided paracente-
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sis. Rapid drainage may cause acute de-
terioration in intravascular fluid volume.
The maximum is 2-3 1 in one puncture or
11 every day when repeated drainage is
necessary. Close monitoring of electro-
lytes and proteins is necessary.

Thoracocentesis should be performed re-
strictively only when symptoms of dysp-
nea persist.

4.7.5. Additional Therapies
Prostaglandin synthesis inhibitors such

as Indomethacin 2 x 100 mg/day can be
administered in severe OHSS. It is not
recommended during early pregnancy.

Counselling might also be advised in se-
vere cases and long-term ICU treatment

B 5. New Developments

During the past decades approved prepa-
rations of FSH have been manufactured
by three companies either solely focus-
sing on recombinant sources from non-
human cells ( Follitropin alpha, Gonal-f®,
Merck Serono; Follitropin beta, Puregon®,
MSD) or urinary gonadotropins (Ferring)
While urinary versions of FSH carry a
heterogeneous but human glycosylation,
the generally better biological safety of
recombinant products made them the
product of choice for most patients, de-
spite a non-human glycosylation profile
and higher product costs associated with
the treatment.

The latest fundamental innovation in re-
productive medicine was the launch of
a long acting FSH molecule, Corifolli-
tropin alfa (Elonva®), which reduces the
ferquency of injections and stress for pa-
tients.

Increasing demand for reproductive treat-
ment worldwide account for several reg-
istration efforts on the way which will re-
sult into launches in the forseeable future.

Novel drug development in the infertility
field concentrates on less invasive deliv-
ery methods, such as the use of long-act-
ing compounds or different routes of ad-
ministration that may include transder-
mal, inhaled or oral agents [33].

5.1. Biosimilars

Biologicals like FSH are complex mole-
cules and hence may be sensitive to
changes in manufacturing processes.
Biosimilars are officially approved pro-
tein based copies.

5.1.1. Bemfola

Bemfola (development code: AFOLIA)
is a recombinant-human follicle-stimu-
lating hormone (r-FSH) and has been de-
veloped as a biosimilar to Gonal-f®. It
was granted marketing authorization by
the European commission on 28.03.2014
based on the results of the FIN3001
(NCT01121666) trial.

372 women in the age of 20 to 38 were
randomized 2:1 to recieve a single, daily
subcutnaeous 150 IU dose of AFOLIA or
the reference product Gonal-f®. AFOLIA
demonstrated clinical and statistical
equivalence to the reference product.
The primary end point of the study was



to retrieve similar numbers of oocytes
during a standard treatment in a long
GnRH agonist protocol. The equivalence
margins required that the difference in
the number of oocytes retrieved not ex-
ceed + 2.9 oocytes [34].

A similar clinical pregnancy rate per em-
bryo transfer in first and second cycles
(Bemfola: 40.2% and 38.5%, respective-
ly; Gonal-f®: 48.2% and 27.8%, respec-
tively) was reported in this in a recent
publication about this study [35].

Theresultsofthe FIN3002(NCT01687712)
trial are expected to be published in
2015. The study began recruiting pa-
tients in November 2012. 1,106 women
aged 35-42 years were randomised to
one SC injection of 225 TU Gonal-f®
(follitropin alfa) or 225 TU AFOLIA per
day (initial dose) for the first 6 days. The
dose can be increased to a maximum of
450 IU per day. The primary endpoint of
this study is the clinical pregnancy rate.

5.1.2. Ovaleap
Ovaleap is a Biosimilar to Gonal-f®

which has been approved by the Europe-
an medicine agency in July 2013.

In a clinical trial with 299 women Ovale-
ap compared with Gonal-f® treatment re-
sulted in a statistically equivalent num-
ber of retrieved oocytes. The average
number of oocytes after stimulation with
Ovaleap was 12.2 + 6.8 and Gonal-f®
12.0 + 6.8 ( mean difference 0.03; -0.76
to 0.82.

However, this study has never been pub-
lished in a peer-review journal. The
product has also not been launched so
far. Ovaleap is planned to be available as
a pen which can be filled with 300, 450
or 900 IU units.

5.2. New FSH Molecules

At least two novel recombinant FSH
preparations expressed by a human cell
line are in advanced stages of develop-
ment. FE 999049 (Ferring, Copenhagen)
and FSH-GEX (Glycotope, Berlin).

5.2.1. FE 999049

This novel FSH preparation expressed
by an immortalized human retinal cell
line (PER.CO6) has different pharmacody-
namic and pharmacokinetic properties
than the recombinant FSH follitropin al-
pha (Gonal-f®) expressed by CHO cell
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lines. The ovarian responses by number
of follicles and serum concentrations of
inhibin B and estradiol, were higher with
FE 999049 than with follitropin alfa,
AUC and C(max) for the two latter being
>1.6-fold greater with FE 999049 than
with follitropin alfa [36].

In 25 patients an open cross-over study
showed equal absorption and bioavail-
ability of FE 999049 and follitropin al-
pha. Due to longer plasma half life expo-
sition (AUC) was 50-60% higher [37].

So far one dose finding phase II study
on FE 999049 has been completed
(NCTO01426386). 265 patients in a GnRH
antagonist protocol recieved 5.2 ug/day,
6.9 ug/day, 8.6 pg/day, 10.3 pg/day or
12 ug/day FE 999049 vs 150 IU/day fol-
litropin alpha. Patients were randomized
according to AMH levels prior to the start
of stimulation (< 15 pmol/l vs > 15 pmol/l).
A linear dose dependent action profile
was detected in both AMH groups. There
was a significant effect of body mass on
the FSH plasma levels. Patients with
higher weight had lower plasma levels.
In a multivariate analysis AMH levels
could account for 35% of the inter-indi-
vidual variation of the number of oocytes
retrieved. Thus AMH is the strongest
predictor of ovarian response to stimula-
tion with FE 999049. A multinational
randomised, controlled culticentre phase
III trial comparing the efficacy and safe-
ty of FE 999049 with follitropin alfa
(Gonal-f®) in controlled ovarian stimula-
tion in women undergoing an assisted re-
productive technology programme has
been initiated in october 2013 and is still
ongoing until 2016. In this study an indi-
viually dose of FE 999049 adjusted to
body weight and AMH is administered
[38].

5.2.2. FSH-GEX™

FSH-GEX™ is marketed as the first ful-
ly human glycosylated FSH (follicle-
stimulating hormone), recombinantly
expressed in human myeloma cells and
glycooptimized to mimic endogenous
human FSH.

A Phase II, multicenter, multinational,
randomized clinical trial investigated the
efficacy and safety of varying doses and
schedules of FSH-GEX™ in comparison
with daily 150 IU Gonal-f® in 247 wom-
en undergoing artificial insemination by
intra-cytoplasmic sperm injection (ICSI)

treatment in an agonist protocol. FSH-
GEX™ was tested in five dose cohorts,
52.51U, 751U, 112.5 IU and 150 IU dai-
ly doses, and 150 IU given every second
day, compared to the standard daily dose
of 150 IU Gonal-f®. The results have not
been published in a peer review journal.
The press release statement of Glycotype
states that the data show that FSH-
GEX™, even at half the biologic dose
(75 IU FSH-GEX™), is at least as active
as Gonal-f® (150 IU) in all FSH mediated
parameters and endpoints, which might
lead to a new therapeutical option with
fewer injections. These data are sup-
posed to confirm the preclinical, Phase
Ta and Ib data regarding biological activ-
ity and clinical efficacy. No inductions of
anti drug antibody (ADA) responses
were observed in FSH-GEXTM patients.
A phase III trial is anticipated [39].

5.3. Oral FSH

In 2009 a first proof-of-concept study on
the development of orally active, low
molecular weight gonadotropin has been
reported in female volunteers [40]. Re-
search is ongoing.
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