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Abstract: Infertile patients with a diminished ovarian reserve, also referred to as poor ovarian
responders, constitute a substantial and increasing population of patients undergoing in vitro
fertilization. The management of patients with poor ovarian response is still a controversial
issue. Almost a century has passed since the introduction of the first gonadotropin. A broad
collection of urinary and recombinant gonadotropins, including biosimilars, is commercially
available now. Despite great advances in assisted reproductive technology, there remains
uncertainty about the optimal treatment regimen for ovarian stimulation in poor ovarian
responders. Although oocyte donation is the most successful and ultimate remedy for poor
ovarian responders, most patients persist on using their own oocytes in several attempts, to
achieve the desired pregnancy. The aim of this review is twofold: first, to provide an overview
of the commercially available gonadotropins and summarize the available evidence supporting
the use of one or another for ovarian stimulation in poor ovarian responders, and second, to
address the controversies on the dosage of gonadotropins for this specific in vitro fertilization

population.
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Introduction

The introduction of ovarian stimulation (OS)
improved outcomes in in vitro fertilization (IVF)
significantly through the administration of exog-
eneous gonadotropins, the key regulators of ovar-
ian follicular development. Although the aim of
OS is to induce the growth and maturation of
multiple follicles in order to collect an adequate
number of oocytes for IVF or intracytoplasmic
sperm injection (ICSI), in about 9-24% of the
patients a poor response is encountered, depend-
ing on the definition used.! In those patients, the
question rises whether it is meaningful to change
the type or dose of gonadotropins in order to
increase the oocyte yield and improve prognosis.

Poor response
Definition

To evaluate the effect of a specific intervention,
consensus on the definition of poor response is

crucial. Formerly, in the literature, this definition
was author-defined and very divergent.? This lack
of uniformity led to the development of the
Bologna criteria (BC), established by a working
group of the European Society of Human
Reproduction and Embryology (ESRHE) in
2011.3 However, as the BC still contained various
poor ovarian responder (POR) subpopulations
with diverse baseline characteristics and different
clinical prognoses, the usefulness of these criteria
in clinical and scientific practice was questioned.*

In 2016, in an attempt to further reduce the het-
erogeneity, the POSEIDON (Patient Oriented
Strategies Encompassing IndividualizeD Oocyte
Number) classification was developed, dividing
the PORs into four subgroups, defining them as
‘low prognosis patients’ rather than ‘poor
responders’.> Subdivision is based on age, pres-
timulation ovarian reserve tests (ORTs) and pre-
vious cycle performances. In practical terms, this
allows the distinction of two main categories,
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namely, the ‘expected’” PORs (groups 3 and 4)
and the ‘unexpected’ PORs (groups 1 and 2).
The latter have normal prestimulation character-
istics, but react suboptimally to normal/conven-
tional OS and are also called ‘hypo-responders’.
The purpose of the POSEIDON criteria is to
guide personalized treatment protocols for sec-
ond and subsequent cycles. Given the lack of vali-
dation, the Poseidon criteria are not yet generally
adopted in clinical practice. However, data on
reproductive outcomes for the different sub-
groups are growing®? and the first clinical trials
using the POSEIDON criteria in their design are
being published.8

Aim of treatment

Patients fitting the POSEIDON criteria have a
low prognosis in assisted reproductive technology
(ART) based on a reduced number of retrieved
oocytes and consequently fewer available embryos
for transfer. The number of oocytes has shown to
strongly influence the cumulative live birth rate
(CLBR) and therefore IVF success rates across all
female age groups.® In Bologna poor responders,
accordingly, each additional oocyte enhances live
birth rate (LBR).10 Therefore, if one gonadotro-
pin is superior to another in the ability to generate
an adequate follicular response, particularly in
(unexpected) poor responder patients, it could
make an important difference. However, based
on the age of the patient and the associated
increase in embryo aneuploidy,!!-12 the number of
oocytes needed to maximize live birth should be
individualized.!3:14

Gonadotropins—type

The three gonadotropins, follicle stimulating hor-
mone (FSH), luteinizing hormone (LH), and
human chorionic gonadotropin (hCG), are mem-
bers of the glycoprotein family, which also includes
thyroid-stimulating hormone (TSH).!5 These gly-
coprotein hormones are heterodimers consisting
of noncovalently associated alpha and beta subu-
nits. The alpha subunit contains 92 amino acids
(AA) and is identical in FSH, LH, and hCG (and
TSH). On the contrary, the beta subunits are
unique and confer biological specificity.!® The
beta subunit of FSH is composed of 111 AAs,
whereas the one of LH contains 121 AAs, identi-
cal to the beta subunit of hCG, which additionally
contains another 23 AAs. Both hCG and LH act
on the same receptor [luteinizing hormone/

choriogonadotropin receptor (LHCGR)], but
they do not elicit the exact same cellular and
molecular response.!”

Gonadotropins are currently the cornerstone in
OS and their manufacturing has evolved over the
years. The discovery that the pituitary regulates
gonadal function dates back from 1910, when
studies in dogs revealed gonadal atrophy follow-
ing partial ablation of the pituitary.!® In 1929,
Zondek found two hormones, secreted by the
pituitary, Prolan A and B, now known as FSH
and LH. Pregnant mare’s serum gonadotropin
(PMSQG), extracted from pregnant mares’ blood,
was initially used for follicular stimulation in
women as early as 1931,1° but without achieving
ovulation. Meanwhile, attempts were made to
stimulate follicular development with pituitary
extracts from several animal species, but this was
complicated by antihormone antibody formation
and inhibition of gonadotropin function. Human
cadaver-sourced gonadotropins, on the contrary,
were forced off the market because of their link
with iatrogenic  Creutzfeldt-Jakob  Disease
(iCJD).2% Consequently, the process of extraction
and purification of gonadotropins from other
human sources was further improved and this led
to the development of human menopausal gon-
adotropin (hMG), or menotropin, derived from
the urine of menopausal women. Human meno-
pausal gonadotropin is still one of the most widely
used gonadotropins in ART.

Urinary gonadotropins

Urinary-derived gonadotropins were the only
gonadotropins commercially available for ovula-
tion induction (OI) and OS for more than 30
years.2! Early preparations of human menopausal
gonadotropin (hMG or menotropin) were only
about 5% pure and contained, apart from some
other impurities and protein contaminants, vary-
ing levels of FSH, LH, and hCG.?%23 The purifi-
cation techniques progressively improved and
resulted, with the introduction of monoclonal
antibodies against FSH, in a significant reduction
in the content of unidentified protein contami-
nants lacking gonadotropin activity.?* The highly
purified urinary FSH preparations (uFSH-HP)
now contain <0.1 IU LH and <5% unidentified
urinary proteins.?> Besides ‘pure’ uFSH prepara-
tions, highly purified hMG (HP-hMG) is availa-
ble and widely used today, containing both FSH
and LH activity.26 However, most LH bioactivity
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is provided by hCG, due to a mixture with urine
from pregnant women, or added during manufac-
turing to reach the desired amount of LH-like
biological activity (i.e. a process called ‘spiking’;
the usual preparations contain a 1:1 ratio of FSH
to LH).?” The enhanced purity of those products
enabled the formulation of smaller injection vol-
umes and subcutaneous, rather than intramuscu-
lar, administration.?8 At present, three types of
urinary-derived gonadotropins are available: uri-
nary FSH, hMG, and HP-hMG.

Recombinant FSH

In the late 1990s, by using recombinant DNA
technology, an extremely pure (>99%) and
potent alternative, recombinant FSH (rFSH) was
produced, with minimal contamination by non-
FSH materials. Recombinant gonadotropins can
be produced in large volumes without variability
in composition. This overcame the problem of a
finite donor supply for urinary products. Another
major advantage was the introduction of a pen
injection device for subcutaneous administration,
making it easier and less painful for women to
self-administer the daily injections.

There are currently three rFSH products available
on the market: follitropin alpha, follitropin beta,
and follitropin delta. Both follitropin alpha and
beta are produced in Chinese hamster ovary
(CHO) cell lines, whereas follitropin delta is
derived from a human fetal retinal cell line. A
fourth variant, follitropin epsilon, is a fully human-
cultured molecule with optimized glycosylation
and is currently being studied.?° Different biosimi-
lar versions of follitropin alpha and beta have
become available, even further enriching the gon-
adotropin market. Despite some disparities
between follitropin alpha and follitropin beta,
results of numerous clinical studies comparing the
two products for OS in women undergoing IVF
have shown no significant differences between the
preparations in terms of efficacy and safety.?!
Dosing of follitropin delta is based on patients’
ovarian reserve and bodyweight, decreasing the
risk of excessive response and ovarian hyperstimu-
lation.3° This may be an appealing approach in
expected high responders, but is obviously less rel-
evant for the poor responder population.

Urinary versus recombinant. In response to the
expansion and commercialization of rFSH, con-
troversy arose with regard to the superiority of

any type of gonadotropin, recombinant or uri-
nary-derived. Despite improved purification tech-
niques, urinary-derived FSH preparations contain
low levels of contaminants, including LH.
Although @ wvitro and animal models provided
clear evidence of hormone-specific actions, solid
proof of the same difference iz vivo has not been
clearly demonstrated.

Focusing on our goal to achieve the highest num-
ber of oocytes, it has been hypothesized that the
purest and therefore most potent rFSH should be
the gonadotropin of choice in the population of
poor responders.3! However, data on the compari-
son between urinary-derived and recombinant
gonadotropins, specifically focusing on PORs, are
scarce. Only one randomized controlled trial
(RCT) has been published, comparing highly
purified human menopausal gonadotropin
(HP-hMG) with rFSH in 127 women of advanced
reproductive age (=35 years), following downreg-
ulation.32 More oocytes were obtained in the
rFSH group (p < 0.001), but the proportion of
transferrable top-quality embryos and LBR per
started cycle trended toward improvement with
HP-hMG [odds ratio (OR) = 1.3, 95% confi-
dence interval (CI) = 0.9-1.8; OR = 1.9, 95%
CI = 0.9-3.9, respectively], albeit differences
were not statistically significant.

Meanwhile, a huge number of prospective, rand-
omized trials on the comparison between recom-
binant and wurinary gonadotropins has been
published in an unselected IVF population. An
updated meta-analysis in 2017 demonstrated
superiority of the recombinant form of FSH in
terms of number of oocytes (p < 0.001) com-
pared with hMG.33 However, looking merely at
metaphase II oocytes (MII), this difference per-
sisted only in the group treated with GnRH
antagonist. Looking one step further even, to the
number of embryos, it was no longer observed,
and hMG offered the advantage over rFSH
instead (p = 0.001). The implantation rate too
was higher for hMG (p = 0.03). The ratio
between FSH dose and the number of oocytes
retrieved, however, was significantly lower in the
FSH compared with the hMG group (p < 0.001).
According to the ESHRE 2019 guidelines on OS,
there is insufficient evidence to favor the use of
one type of gonadotropin.3+

So, based on current evidence, there might be
superiority of rFSH in terms of number of

journals.sagepub.com/home/reh


https://journals.sagepub.com/home/reh

Therapeutic Advances in Reproductive Health 15

oocytes, but this is not translated into better
reproductive outcomes. Small differences in cer-
tain POR subgroups cannot be ruled out based
on the available literature.

Some authors have suggested an improved ovar-
ian response for POR with a combination of rFSH
with hMG or low-dose hCG, compared with tra-
ditional stimulation.3>3¢ Conversely, some others
failed to confirm these findings.37-4% The concept
of LH supplementation on OS is described below,
but because there is no demonstrable superiority
of one type of gonadotropin over another, combi-
nation therapy seems reasonless and expensive.

Long-acting FSH

Molecular engineering provided the technology
to modify FSH preparations, prolonging their
half-lives and therapeutic actions, thereby reduc-
ing the number of required injections. So, in
terms of patient friendliness, the new long-acting
FSH (corifollitropin alfa) offers an interesting
alternative to daily injections of exogenous gon-
adotropins. First, results were promising, show-
ing a potential increase in the number of oocytes
in the general population using a GnRH antago-
nist protocol.#! Nonetheless, in 2015, an RCT
focusing on poor responders showed no signifi-
cant difference in terms of cumulus-oocyte com-
plexes (COCs) retrieved.#? In a small pilot study
in young poor responders fulfilling the BC, a pos-
sible trend toward higher ongoing pregnancy rate
(OPR) was seen, when corifollitropin alfa was fol-
lowed by daily injections of hMG.43 Nonetheless,
in 2017, in a large RCT in young Bologna POR,
no difference in number of oocytes or OPR could
be confirmed.**

Recombinant LH

All OS regimens involve exogeneous FSH admin-
istration. The question whether FSH alone is suf-
ficient or a combination of gonadotropins could
enhance outcome remains largely unanswered.

The rationale for LH supplementation comes
from the knowledge on the physiology of the nor-
mal ovulatory cycle, where FSH and LH play in
concert to stimulate folliculogenesis and subse-
quent ovulation. According to the ‘two-cell-two-
gonadotropin model’, LH stimulates theca cells,
thereby increasing androgen production, while
FSH promotes the synthesis of estradiol through

proliferation of granulosa cells (GCs). However,
in the late stages of follicular development, GCs
express LH receptors and further follicular growth
seems to depend partially on the presence of
LH.% As the role of LH is defined in the final
phase of folliculogenesis, the theoretical benefit
could lie in the quality of the oocytes, rather than
in the absolute number of oocytes. However, the
exact role of exogenous LH during OS remains
controversial.4® Because the introduction and
widespread use of recombinant FSH as an alter-
native to hMG have not coincided with a decline
in overall ART success rates, it has been stated
that the presence of LH or hCG-driven LH activ-
ity apparently has no influence on success rates.4?
Next to hMG with its intrinsic LH-like activity,
recombinant LH (rLH) on top of rFSH offers an
alternative way of supplementing LH during OS.

Predicted poor responders. Different trials on the
supplementation of rLH during GnRH antagonist
stimulation, however, failed to show a clear bene-
fit.48:49When it became clear that routine adminis-
tration of LH did not positively influence chances
in normal responders, focus shifted to POR. A
meta-analysis in 2014, including 1129 ART cycles
in POR patients, noted an increase in the number
of retrieved oocytes (weighted mean differ-
ence + 0.75 oocytes, 95% CI = 0.14-1.36), and
improved clinical pregnancy rates [relative risk
(RR) = 1.30;95% CI = 1.01-1.67].%° Part of the
40 RCTs included predate the BC, so the hetero-
geneity of the trials makes the interpretation of the
results difficult. In a large multicenter RCT in
2017, exploring the use of rLLH in POR according
to the BC in a long GnRH agonist (GnRHa)
downregulation protocol, Humaidan and col-
leagues®! observed no difference in neither implan-
tation rate nor LBR. A post hoc analysis, on the
contrary, showed a benefit for moderate and severe
POR. An updated systematic review in 2018 con-
cluded that a benefit exists for unexpected POR
and women 36-39 years of age, while its added
value in general POR population remains
unclear.>?

Unpredicted poor responders. Since the introduc-
tion of the Poseidon criteria, more focused and pro-
found research is possible on the four subgroups of
POR patients. The specific subgroup of normo-
ovulatory normo-gonadotropic women termed
‘hypo-responders’ (Poseidon groups 1 and 2) dem-
onstrate a certain ovarian resistance to gonadotro-
pin stimulation, despite normal prestimulation
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characteristics. This ovarian resistance can clinically
manifest as an ‘initial slow response’ or ‘stagnation’
in follicular development during OS with FSH
monotherapy.>3>* This might indeed be the group
of patients taking advantage of add-back LH ther-
apy. Hyporesponsive women have a lower LBR
compared with normal responding patients.>> The
pathophysiological mechanisms explaining this
hypo-response are not yet fully understood. How-
ever, besides some environmental contaminants,
such as, asynchronous follicular development, low
gonadotropin starting dose, or technical issues, a
polygenic trait involving gonadotropins and/or their
receptors has been hypothesized as a plausible
mechanism, at least partially explaining the phe-
nomenon of reduced ovarian sensitivity.’® For
example, a study from 2016 demonstrated that the
prevalence of hypo-response was higher in carriers
of the serine variant in position 680 of an FSH-
receptor (FSH-R) polymorphism than in wild-type
haplotypes.5” Similarly, a higher consumption of
exogeneous gonadotropins has been observed in a
specific polymorphism of the FSH R-promoter (A
allele carriers compared with G allele carriers).38 It
has also been shown that differences in the endog-
enous LH molecule or specific LH-R polymor-
phisms could influence ovarian response during
controlled ovarian stimulation (COS).5%% It is
therefore plausible that this genetically determined
resistance to exogeneous gonadotropins could be
(at least partially) overcome by the addition of LH.

As there is no association between specific poly-
morphisms and prestimulation characteristics
such as anti-Muiillerian hormone (AMH) and/or
antral follicle count (AFC), identification of sub-
optimal responders is only possible post factum.
Despite the lack of solid evidence of the beneficial
effect of LH supplementation in POR, it is already
routinely implemented by a lot of clinicians in
daily clinical practice.®! Nevertheless, further pro-
spective trials are required to prove and quantify
the benefit of LH add-back in hypo-responders
and potentially link the response to genetic
polymorphisms.

Gonadotropins—dose

FSH dose increase

Not only the number of antral follicles present in
the ovaries, but also the sensitivity of those folli-
cles to FSH define the response to stimulation
with gonadotropins. A daily dose of 150 IU is

often promoted as an empirical ‘normal’ dose,
although clear consensus on this topic is still lack-
ing. With this dosage, a number of patients will
develop a poor response. Most clinicians are tai-
loring the daily FSH dose based on prestimula-
tion ORTs (AMH and/or AFC) in an attempt to
prevent this condition. Dose adjustments might
be even implemented to rescue an ongoing cycle
with initial low response. The question is whether
this ‘individualized’ approach always improves
reproductive outcomes.

In a retrospective study, a total of 160 women
with normal prestimulation characteristics, but a
history of suboptimal response (four to nine
oocytes retrieved) during fixed antagonist proto-
col, were recruited to receive an increase in rFSH
in the subsequent cycle.®? A dose increment
seemed to result in a significantly higher number
of oocytes (nine versus six, p < 0.001) and good
quality embryos (four wversus three, p < 0.001).
Evidence from a small-scale RCT shows that also
patients with an FSH-R polymorphism might
benefit from a higher FSH starting dose. A dose
of 225 IU FSH/day instead of 150 IU/day was
able to restore estradiol levels at the end of stim-
ulation of women homozygous for Ser/Ser at
position 680 of the FSH-R gene to levels similar
to those of women with wild-type genotype.%3
Whether this also results in better outcomes in
terms of OPR, or even LBR, remains to be
elucidated.

In predicted poor responders (POSEIDON
groups 3 and 4) however, individualized dosing of
FSH has a much lower chance of altering their
fate.%* Extremely high doses of gonadotropins
have been used for decades in poor responder
patients, increasing cost and treatment burden.
Augmenting the dose of FSH beyond 300 IU/day
does not contribute to any enhanced ovarian
response though.5: Today, it is clear that these
patients have fewer recruitable follicles and that
gonadotropins, independently of the dosage
administered, only support the cohort of follicles
sensitive to stimulation, without generating folli-
cles de novo.

Mild 0S

Mild OS has emerged as an alternative to high-
dose ovarian stimulation (HDOS) or conventional
IVF. Several investigators propose this as an
equally effective alternative, offering advantages in
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terms of patient friendliness and treatment
cost.%7:%% Terminology of different types of mild
stimulation IVF (MS-IVF) has been defined in a
proposal statement from the International Society
for Mild Approaches in Assisted Reproduction
(ISMAAR).%® A ‘mild IVF cycle’ is defined as ‘the
method when FSH or hMG is administered at
lower doses, and/or for a shorter duration in a
GnRH antagonist co-treated cycle, or when oral
compounds (anti-estrogens, or aromatase inhibi-
tors) are used, either alone or in combination with
gonadotropins’.%®

Natural cycle IVF. The first live birth after IVF
was achieved in a purely natural cycle, without
any exogeneous stimulation.’”® This was the
method of choice for the first few years while IVF
was still in its infancy. However, early attempts at
IVF were associated with low efficiency. In natu-
ral cycle IVF, where an oocyte is retrieved from
the dominant follicle formed during a woman’s
spontaneous cycle, cycle cancelation rate is high
because of premature LH surge.”! Chances of
success are very low in Bologna poor responders
and natural cycle IVF is therefore not the treat-
ment of choice.”

Modlified naturalcycle IVF. Following the ISMAAR
proposal on mild IVF, the term ‘modified natural
cycle’ (MNC) should be applied ‘when exoge-
neous hormones or any drugs are used when IVF
is being performed during a spontaneous cycle
with the aim of collecting a naturally selected sin-
gle oocyte but with a reduction in chance of cycle
cancellation’. This includes the administration of
hCG to trigger final oocyte maturation, or the use
of GnRH antagonist with or without add-back
therapy of FSH or hMG.

In an RCT by Morgia and colleagues,”> 129
PORs were randomized to either MNC or a con-
ventional stimulation with micro-GnRH analog
flare. Pregnancy rates per cycle and per transfer
were low and comparable between the two
groups. In a retrospective cohort study in 2019,
including 476 advanced-age Bologna poor
responders, there was no significant association
between the type of treatment strategy (HDOS
versus MNC-IVF) and the OPR.7# Patients who
fail to produce more than one or two oocytes in
response to conventional OS therefore seem
respectable candidates for MNC-IVF, especially
as there are some advantages such as patient

friendliness, reduced duration and dose of gon-
adotropins, and reduced overall cost per stimu-
lated cycle.

So, in a specifically selected patient group, MNC
offers a valuable alternative to HDOS and can be
considered as an easy and rather cheap approach
in the management of poor responders.”
However, prognosis remains poor.

Mild IVF. In line with the MNC approach, there
has been a renewed interest in the use of low dos-
ages of gonadotropins (<150 IU/day) for mild
stimulation in IVF protocols. There is still some
skepticism among clinicians concerning preg-
nancy outcomes in mild OS in the general infer-
tility population.®® Poor responders with a
diminished ovarian reserve, however, possibly do
not benefit from high doses of gonadotropins. In
the OPTIMIST study, there was no improvement
in LBR in expected poor responders, comparing
standard doses of FSH (150 IU/day) versus an
increased FSH dose (225/450 IU/day). However,
different questions on the interpretation of those
data were raised by several authors’®78 and the
applicability to a wider practice was questioned.
In a recent meta-analysis on RCTs by Datta and
colleagues,®” no difference in OPR or LBR was
found between mild and conventional stimula-
tion. Mild OS should therefore be considered in
poor responders. However, not all poor responder
patients are the same, so individualization remains
crucial.”® POSEIDON groups 3 and 4 are charac-
terized by a low ovarian reserve, which translates
into a poor prognosis.”? These patients might not
benefit from high-dose stimulation, given the very
low functional ovarian reserve and could be eligi-
ble for mild IVF.

Oral compounds. Two oral drugs are frequently
used during (mild stimulation) IVF, namely, clo-
miphene citrate (CC) and letrozole. CC is a selec-
tive estrogen receptor modulator (SERM) and
acts by blocking hypothalamic estrogen receptors,
thereby blocking the negative feedback effect of
circulating endogenous estrogen and subse-
quently increasing the release of GnRH, FSH,
and LH.8° Letrozole is an aromatase inhibitor and
reversibly binds and prevents aromatase from
producing estrogens. Both medications are
administered orally, typically starting on the third
to seventh day of the menstrual cycle and are
mainly used in anovulatory patients for OI.
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The strategy of minimal stimulation protocols,
with CC in the early follicular phase, was pro-
posed as early as 1985.81 Potential benefits of
replacing the injectable and expensive FSH by
these oral agents are to reduce the costs of the
therapy and minimize the number of injections
needed, without hampering the reproductive out-
comes. A prospective cohort study in 2015 showed
that this approach offered a few advantages such
as a positive influence on the endometrial recep-
tivity, and reduced risk of ovarian hyperstimula-
tion syndrome (OHSS), but deliberately only
included good prognosis patients, on the assump-
tion that these were the patients possibly benefit-
ing from this milder approach.82 Several
retrospective and prospective studies have com-
pared outcomes between conventional stimula-
tion and mild OS with both oral agents in
POR.%6:83:8¢ A meta-analysis in 2017, including 22
studies, compared conventional stimulation with
OS using CC and/or letrozole.®> Considering
expected poor responders, reproductive outcomes
were similar, but ART cycles using CC have a
reduced FSH consumption and therefore cost-
benefit advantages on conventional treatment.

Conclusions

The Poseidon criteria seem to offer a convenient
system, where valid information can be obtained
concerning a specific and fairly homogeneous pop-
ulation. At this point, however, it remains to be
elucidated whether optimizing treatment modali-
ties in a specific subgroup can improve reproduc-
tive outcomes. Future clinical trials should study
the four groups individually, aiming to discover the
ideal clinical management for each group.

Looking at efficacy and safety, there is insufficient
scientific evidence to favor the use of one type of
gonadotropin over the other. Decisions on the
type of gonadotropins are therefore still mainly
based on clinician’s experience and preference,
local availability, cost, and convenience. In the
future, pharmacogenomics may predict OS suc-
cess and guide decision-making on the design of
the treatment and adjustment of doses. LH sup-
plementation could be specifically reserved for
patients with gonadotropin or gonadotropin
receptor polymorphisms with known decreased
ovarian sensitivity.

Dosage of gonadotropins should be individual-
ized. Whereas patients with a predefined low

ovarian reserve could have similar outcomes with
a milder approach, the cohort of suboptimal
responders might benefit from an increased dose
of FSH or the addition of LH.

Taking into account the disappointing results,
based on an increased aneuploidy rate, in older
poor responders irrespective of the treatment
administered, research focus should probably lie
on younger patients, where different treatment
modalities could still have a real impact on the
outcome.
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