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Abstract: Follicle-stimulating hormone, both naturally synthesized and as commercial preparations, exists as different isoforms.
Variation in the process of glycosylation, particularly in the number of terminal sialic-acid residues, gives rise to isoforms of varying
acidic profiles with differences in half-life and bioactivity. Based on the known follicle-stimulating hormone isoform variation across
the reproductive cycle, it is possible that the follicle-stimulating hormone isoform profile used in controlled ovarian stimulation may
impact follicular recruitment and clinical treatment outcomes. In light of the uncertainty regarding the clinical relevance of follicle-
stimulating hormone isoforms in fertility treatment, published studies exploring this topic are reviewed.
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Introduction
In mammals, the anterior pituitary gland is respon-
sible for the secretion of follicle-stimulating hormone
(FSH) and luteinizing hormone (LH), two critical
hormones (gonadotrophins) involved in the regula-
tion of gonadal function. Under the influence of FSH
and LH, ovarian follicles develop from antral to preo-
vulatory stages; at ovulation, mature oocytes that are
capable of being fertilized are released. Structurally,
gonadotrophins are heterodimers that include two
non-covalent protein subunits; an alpha subunit
(common to all gonadotrophins) and a beta subunit
(different for each gonadotrophin and responsible for
the specific biological activity of each molecule).'
Each alpha and beta chain is associated with two
heterogeneous oligosaccharide chains that play a
crucial role in the in vivo and in vitro bioactivity of
the hormone. FSH binds to G protein-linked cell sur-
face receptors belonging to the G protein-coupled
receptor super-family, which can also display a high
degree of molecular heterogeneity (through single
nucleotide polymorphisms) that could potentially
impact on receptor functionality.?
Despitethestructural complexity of gonadotrophins
and their receptors, these molecules may exhibit a
high degree of elasticity, and this could allow the for-
mation of distinct ligand-receptor complexes; these
complexes are potentially capable of selectively acti-
vating or deactivating a variety of signalling pathways
that could trigger different clinical outcomes. Knowl-
edge of the structural differences of these molecules
and the implications at both the functional and clini-
cal levels are paramount to understand and individu-
alize controlled ovarian stimulation and maximize
outcomes for the benefit of patients.

FSH Heterogeneity

FSH plays a key role in the regulation of ovarian folli-
cular development in women. During the synthesis of
FSH in the anterior pituitary gland, post-translational
glycosylation takes place. The composition and struc-
ture of the added carbohydrate/oligosaccharide chains
are highly variable and give rise to different isoforms;
at least 15 FSH isoforms have been identified.*

The variable proportion of negatively charged sialic
acid residues on the carbohydrate/oligosaccharide
chains creates heterogeneity in electric charge: more
acidic isoforms are isolated from urinary products,

contain higher numbers of sialic acid residues and have
a longer half life than the less acidic isoforms (referred
to from here as more basic isoforms). The more basic
isoforms are recombinant molecules that demonstrate
higher receptor binding affinity and higher biopotency
in vivo than the more acidic isoforms.”” This differ-
ence in charge enables separation of isoforms using
techniques such as isoelectric focusing. The isoelec-
tric point (pl) is the pH at which the protein has no net
charge; it is high for basic proteins and low for acidic
proteins. The pl of individual FSH isoforms ranges
between 3.5 and 7; for the majority of isoforms, the pl
is between 4.5 and 5.0."

The added oligosaccharides determine a number of
properties of glycoprotein hormones, including alpha/
beta subunit assembly and intracellular trafficking.?
Molecular and structural differences also influence
the interactions of different FSH isoforms with their
target cell receptors, in terms of inducing biological
responses in vitro and in vivo and survival in the circu-
lation in vivo.” More basic isoforms, which predomi-
nate in recombinant human FSH (r-hFSH), exhibit a
higher receptor-binding affinity in heterologous cell
assay systems, such as those employing rat granu-
losa cells or testicular membranes.'™!" Consistent
with their receptor-binding affinity, more basic iso-
forms exhibit higher in vitro bioactivity than the more
acidic isoforms in heterologous assay systems.'®!!
In cultured rat granulosa cells, more basic isoforms
induced higher cAMP release, estrogen production
and tissue-type plasminogen activator enzyme activ-
ity than their more acidic counterparts.® Experiments
employing a human embryonic kidney-derived cell
line transfected with human FSH receptor cDNA sug-
gest that in homologous cell systems, FSH bioactivity
may also be influenced by factors other than receptor-
binding affinity, such as media half life; more acidic
isoforms show a longer half-life than more basic
isoforms."!

The relative proportions of more acidic and more
basic isoforms present in human FSH products, either
urinary-derived (u-hFSH) or r-hFSH, depends on
the manufacturing process and the origin of the raw
material. Furthermore, due to their specific isoform
profile, different commercial preparations of FSH
may deliver different qualitative and/or quantitative
signals to the follicle and contribute to different clini-
cal efficacy outcomes."
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The clinical relevance of the structural and
functional isoform differences of FSH products used
for ovarian stimulation has yet to be fully elucidated
since the data are few and disparate. The objective of
this article is to summarize the published literature on
this topic and highlight unresolved issues that are yet
to be fully addressed in clinical trials.

Natural FSH Isoforms and their

Physiological Relevance

Under neuro-endocrine control, changes in the
distribution of circulating FSH isoforms occur dur-
ing different physiological states, such as at the onset
of puberty,'*!* after menopause'®'” and during the
peri-ovulatory period of the menstrual cycle."'®!7
These findings suggest that FSH heterogeneity is func-
tionally relevant and of physiological importance.'®
It has been suggested that subtle changes in distribu-
tion of FSH isoforms may alter the net potency of the
signal delivered to the target cell, and may even elicit
divergent responses at the receptor level;'® this may
provide a fine-tuning mechanism by which gonadal
function can be closely controlled.!

The pH-distribution profiles of serum FSH during
different phases of the menstrual cycle indicate that
heavily sialylated, more acidic isoforms are predomi-
nant in the circulation during the follicular phase.
This is followed by a progressive shift towards the
less sialylated isoforms that are found during the late
follicular and peri-ovulatory phase.'”?**' This shift
may represent an important mechanism to regulate
the intensity and/or duration of the FSH stimulus dur-
ing the final stages of follicular maturation.” It may
also reflect the changing requirements of the fol-
licle through different stages of development, with
the secreted FSH isoform profile matched to support
specific follicular developmental stages.”**¢ More
basic FSH isoforms may provide short-lived potent
stimuli for the initiation of dynamic events, such as
ovulation.?’

The follicle that is destined to ovulate usually
becomes selected in the mid-follicular phase of the
menstrual cycle. The selected follicle vastly increases
its capacity to produce estradiol; shortly after selec-
tion, >90% of the estradiol present in the body is
derived from this follicle.®® Recent evidence sug-
gests that the estradiol secreted by this follicle plays
an important role in directing the pituitary output

of FSH isoforms.?® Pituitary expression of different
glycosyltransferases, including 2,3 a-sialyltransferase
(an enzyme that catalyses the incorporation of sialic
acid residues into sugar residues attached to the FSH
molecule), is down-regulated by estradiol.” Recent
studies have shown that estradiol administered to post-
menopausal women shifts pituitary FSH release to
more basic FSH isoforms compared with non-treated
women.”

Thus, in addition to the fine-tuned interplay
between the selected developing follicle and pitu-
itary release of gonadotrophins, it appears that the
follicle is capable also of directing the isoform profile
released.

Isoforms in FSH Preparations

FSH is used therapeutically to stimulate follicular
development during ovulation induction and con-
trolled ovarian stimulation. Commercial preparations
of FSH, including human menopausal gonadotrophin
(hMG), u-hFSH and r-hFSH, vary in their degree of
purity and specific activity.*® During the commer-
cial preparation of FSH, the steps involved in puri-
fication (such as those based on ion exchange) may
affect the isoform composition of the final product.
For urine-derived products, the degree of sialylation
is dependent on the physiological status of the donor
when the sample is collected, whereas for recombi-
nant products, the glycosylation pattern depends on
the cell culture system utilized, which is controlled
and consistently the same for every batch produced.
As the pl values of commercial preparations of FSH
are generally much more acidic than pituitary-derived
FSH, commercial preparations have a longer half-life
and, hence, remain in the blood for several days after
a single injection.'!

Differences in the isoform profile of different FSH
preparations have been observed with respect to charge
heterogeneity. Bassett et al have shown that the isoform
profile of urinary gonadotrophin preparations is more
acidic (pI 3.0-5.2) than that of recombinant products
(pI 3.5-6.0).%° It is thought that the types of isoforms
that constitute u-hFSH (highly purified; Fertinorm P®,
Serono International SA, Geneva, Switzerland [now
known as Merck Serono S.A.—Geneva, Switzerland,
an affiliate of Merck KGaA, Darmstadt, Germany])
and r-hFSH (Follistim®, Organon, Roseland, NJ, USA)
could be the same and that the predominance of more
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basic isoforms in r-hFSH can be mainly attributed to
differences in the levels of the basic isoforms of the
alpha subunits (Fig. 1).*?

Using a pl cut-off value of four to distinguish more
acidic (<4) from more basic (=4) FSH isoforms,
Robertson et al have characterized the FSH isoform
distribution for a range of commercial FSH prepara-
tions using chromatofocusing.**** u-hFSH (Metrodin®
HP [Serono International SA]) was reported to contain
a higher proportion of more acidic isoforms than
r-hFSH, while r-hFSH (follitropinalfa, GONAL-{®,
Merck Serono S.A.—Geneva, Switzerland [an affili-
ate of Merck KGaA, Darmstadt, Germany]| and
follitropin beta (Puregon®, Organon, Roseland, NJ,
USA) were reported to have a higher proportion of
more basic isoforms (Table 1).

Bagatti etal have compared the isoform distribution
of the two different r-hFSH products by Western-blot
analysis following isoelectric focusing.*> As above,
follitropinalfa was found to comprise a less heteroge-
neous and more acidic range of isoforms than follitro-
pin beta; in particular, the isoforms in the pl range
5.5—-6 were not present in follitropinalfa. In a compar-
ison of the electrospray mass spectroscopy patterns
obtained with the alpha subunit of both recombinant
products, follitropin beta appeared to have a higher
proportion of isoforms with a few sialic acid residues,
whilst follitropinalfa had a higher proportion of more
heavily sialylated isoforms.* The slight differences
in the isoform profile of these two recombinant prod-
ucts may be related to the differences in the culture
system and/or purification process employed during
production.
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Although each commercial FSH preparation is
characterized by a specific isoform profile, the profiles
may vary from batch to batch* and this is particularly
true of urinary-derived products.’®* Manufacturing of
a filled-by-mass formulation of follitropinalfa has
resulted in the availability of a product that exhibits
high batch-to-batch consistency in terms of isoform
profile and glycan-species distribution.*¢3’

The isoform profile of FSH preparations relates not
only to charge heterogeneity, but also to the complexity
of the oligosaccharides attached to the peptide back-
bone and to in vitro bioactivity.** The proportion of
simple FSH isoforms is higher in recombinant prod-
ucts than in urinary-derived ones*® (Table 1). However,
the physiological impact of variations in complex-
ity of oligosaccharides is not yet clear. Independent
of whether the FSH has been derived from urine or
produced by recombinant technology, the more acidic
FSH isoforms appear to exhibit less in vitro bioactivity
than the more basic isoforms* (Table 1).

In summary r-hFSH products are more basic than
urinary ones due to their oligosaccharide type and
number of sialic acid residues; even though they have
a shorter half-life, they showed higher binding affin-
ity for the receptor and higher bioactivity compared
with u-hFSH.

Clinical Efficacy of Different

FSH Isoforms

Potential functional differences between various
naturally occurring FSH isoforms in the circulation are
discussed above. Given the differences in the range of
FSH isoforms used for ovarian stimulation, it would
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Figure 1. Comparison of quantitative ratios of isoforms in urinary and recombinant preparations of FSH using two-dimensional gel electrophoresis mapping.
Based on fluorescence-labeled protein spot intensities, r-hnFSH contained higher amounts of the basic isohormones of the FSH alpha subunit than
uFSH-HP, with a less significant difference seen for the FSH beta subunit. (A) FSH alpha subunit; (B) FSH beta subunit. Reproduced with permission.3?

Abbreviations: FSH, follicle-stimulating hormone; pl, isoelectric point; uFSH-HP, highly purified urinary-derived FSH (Fertinorm P®); r-FSH, recombinant

FSH (Folistim®).
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Table 1. FSH isoform distribution, biopotency and complexity of commercial FSH preparations.333

Name of preparation FSH isoform distribution*

Proportion of simple
FSH isoforms (%)*

Biopotency*
Mean (SEM) ED,

pl <4, (%) pl = 4, (%) IU/L
Metrodin® 40 60 6 4.7 (1.1)
Metrodin®HP 74 26 5 13.2(0.7)
Puregon® ~24 ~76 19 2.2(0.5)
GONAL-f® 9 91 24 ND

Notes: *Total percentage of FSH with a pl < 4 (more acidic isoforms) or =4 (more basic isoforms) is given. 'Defined by their ability to bind to immobilized
concanavalin A, FSH preparations divided into simple, intermediate or complex carbohydrate moieties. *FSH concentration required to induce a half-

maximal response in the rat Sertoli cell assay.

Abbreviations: FSH, follicle-stimulating hormone; SEM, standard error of mean; ED, , effective dose, 50%; pl, isoelectric point; ND, not determined.

be of interest to reproductive medicine specialists to
know whether these differences may influence oocyte
development, and be reflected in clinical outcome.
Indeed, there is evidence from in vitro studies that
different FSH isoforms exhibit differences with
respect to their influence on the embryonic develop-
ment of cultured follicles.*® It has also been reported
for other therapeutic recombinant proteins that the
precise structure of the attached oligosaccharides can
influence biological efficacy.*’

The published literature on the clinical efficacy
of different FSH isoforms can be divided into two
types—those in which isoforms were the main focus
of the study (see Clinical evidence below) and those
in which FSH efficacy was studied without reference
to the isoform profile (see Indirect evidence below).

Clinical evidence

Few published reports directly explore the clinical
effects of different isoforms of therapeutic FSH
in female fertility treatment. Andersen et al have
performed a meta-analysis of data from five ran-
domized, controlled, clinical trials in 1,297 women
undergoing assisted reproductive technologies
(ART).** These trials compared two products that
differ profoundly in FSH-isoform profile (and, there-
fore, half-life): u-hFSH (Metrodin®HP; more acidic
isoform profile) and r-hFSH (follitropinalfa; more
basic isoform profile). Overall, there was a lower
total dose requirement (weighted mean difference
[WMD] -3.04 ampoules, 95% confidence interval
[CI]: —=3.78 to —2.31) and a shorter duration of treat-
ment (WMD —1.18 days, 95% CI: —1.43 to —0.92)
with r-hFSH. Ovarian stimulation outcomes revealed
a greater number of follicles (WMD 2.28 > 10 mm
follicles, 95% CI: 1.61-2.95) and a greater number of

oocytes retrieved (WMD 2.25, 95% CI: 1.55-2.94)
for r-hFSH. However, no significant difference was
found in clinical pregnancy rate per patient (odds
ratio [OR]: 1.18, 95% CI: 0.93 to 1.51), clinical
pregnancy rate per embryo transfer (ET) (OR: 1.05,
95% CI: 0.82 to 1.36), ongoing pregnancy rate per
patient (OR: 1.27, 95% CI: 0.98 to 1.65) and ongo-
ing pregnancy rate per ET (OR: 1.17, 95% CI: 0.90
to 1.53). These data suggest that FSH preparations
with a predominance of acidic isoforms were, over-
all, less efficient than those with more basic isoforms,
when considering ovarian stimulation outcomes, but
are no different when considering pregnancy rates.
The authors suggested that a lack of significance for
clinical pregnancy outcomes may be related to the
fact that only a fraction of the FSH effect is taken
into account when comparing pregnancy rates: as 2—3
embryos are routinely transferred fresh in ART proce-
dures, the quality of only the best 2—-3 embryos from
each patient is assessed, and the remainder of the
oocytes/embryos produced are not considered. In fact,
to have a clear reflection of the difference between
treatments, the results must be expressed combining
the pregnancies achieved with both fresh and frozen/
thawed transfers (cumulative pregnancy rates).
Selman et al have explored the use of an ovarian
stimulation protocol based on the natural menstrual
cycle.?> This utilized r-hFSH (follitropinalfa),
which contains a high proportion of more basic iso-
forms (pI 3.5-4.5) and u-hFSH (Fostimon®, IBSA,
Geneva, Switzerland) enriched with more acidic
isoforms (plI 3.0-4.0), for ovarian stimulation in
patients undergoing in vitro fertilization (IVF)
in a prospective open-label study. The two FSH
formulations were used in a sequential protocol to
mimic the physiological cycle. A total of 188 women
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were randomized to one of three treatment groups:
group Areceived u-hFSHuntil day 6 and thenreceived
r-hFSH; group B received r-hFSH alone throughout;
and group C received u-hFSH alone throughout.
No significant differences were observed between
groups in the mean number of oocytes retrieved
(10.6, 10.7, 10.6; P = 0.879). However, in group
A vs. group B, a significantly greater proportion of
mature (metaphase II) oocytes were retrieved (64.1
vs. 45.5%; P < 0.004) and grade I quality embryos
found (55.2 vs. 39.3%; P < 0.003). No significant
differences were observed between groups A and C
for proportion of mature oocytes or grade I embryos.
In terms of clinical outcomes, significantly higher
implantation rates were observed in groups A and C
vs. group B (24.5%, 20.4% and 17.3%; P < 0.008)
and significantly higher pregnancy rates were
observed in groups A and C vs. group B (43.5%,
39% and 33.3%; P < 0.009). No significant differ-
ences were observed between groups A and C in
terms of pregnancy or implantation rates. The study
concluded that ovarian stimulation using a sequen-
tial protocol was highly efficacious in terms of
oocyte quality, embryo quality, and pregnancy and
implantation rates compared with stimulation using
more basic r-hFSH alone. The authors suggested that
the higher proportion of mature oocytes and good
quality embryos resulting from stimulation with the
sequential protocol may reflect the positive effect of
more acidic FSH on oocyte follicular growth during
recruitment and the follicular growth phase.
Limitations of the findings of Selman et al are
that they were based on a subjective assessment of
embryo quality and the fact that the study was not
adequately powered to show differences in implan-
tation and pregnancy rates, even though the authors
make this claim. At present, oocyte and embryo
quality are evaluated using subjective morphological
parameters, such as those relating to the cumulus
corona cells, the zonapellucida, the perivitelline
space, the presence, appearance and genetics of the
first polar body, the granulated appearance of the
cytoplasm and the meiotic spindle.*’ Why and how
oocyte morphology should be used as a prognostic
factor for embryo development and implantation,
however, is unfortunately not clear in the literature
and whether oocyte morphology assessment should
be taken into account for embryo assessment is

debatable.*! Objective markers are needed to clearly
define a good quality oocyte. The new -omics meth-
odologies currently being explored (eg, genomics,
transcriptomics, proteomics and metabolomics) may
allow the quality of oocytes produced under different
ovarian stimulation protocols to be more objectively
defined in the future.***

Indirect evidence

The only two objective parameters that can be used
to measure the efficacy of controlled ovarian stimula-
tion are the amount of drug used and the total number
of oocytes and mature oocytes that are retrieved.
A number of large controlled studies suggest a
higher clinical effectiveness of r-hFSH vs. urinary-
derived FSH formulations (u-hFSH or hMG) in terms
of dose required and number of oocytes retrieved,
both in ovulation induction and ART.'>* Assessing
endpoints which are more closely associated with
the stimulation period (eg, the number of oocytes
retrieved) can be expected to give a more accurate
assessment of gonadotrophin efficacy than more
distant endpoints such as live birth rate.

In a study to compare r-hFSH (follitropinalfa) and
u-hFSH (Metrodin® HP) in 278 women undergoing
ART," a lower mean (standard deviation [SD]) total
dose (27.6[10.2] vs.40.7[13.6] ampoules; P=0.0001)
and a shorter mean (SD) treatment period (11.7 [1.9]
vs. 14.5 [3.3] days; P = 0.0001) were needed with
r-hFSH to trigger follicular maturation; however, a
significantly higher mean (SD) number of oocytes
was retrieved (11.0 [5.9] vs. 8.8 [4.8]; P =0.002).

In a randomized multi-national trial of
r-hFSH (follitropinalfa) compared with purified
hMG (Menopur®, Ferring Pharmaceuticals A/S,
Copenhagen, Denmark), which included more than
700 women undergoing IVF,* a significantly higher
mean (SD) number of oocytes was retrieved from
women treated with r-hFSH compared with those
receiving hMG (11.8 [5.7] vs. 10.0 [5.4]; P < 0.001).
In addition, significantly more follicles and embryos
on day 3 were produced, and a significantly lower
mean (SD) total dose (IU) of gonadotrophin was
required in the r-hFSH group compared with the hMG
group: (2385 [622] vs. 2508 [729]; P = 0.006).

In an observational study of almost 25 000 ART
cycles in women who received either r-hFSH (fol-
litropinalfa) or hMG (menotropin) following a long

6

Reproductive Biology Insights 2011:4


http://www.la-press.com

¢

Clinical relevance of FSH isoforms

down-regulation protocol, considerably less gonad-
otrophin was used than with hMG for each birth
achieved with r-hFSH (175.8 vs. 245.3 ampoules).
Overall, 39.5% more gonadotrophin was required, per
birth, in the hMG group than in the r-hFSH group.>

Acretrospective chart review of databases from four
European countries investigated the effects of r-hFSH
and hMG on outcomes in IVF cycles. Results demon-
strated that r-hFSH yielded statistically more oocytes,
and more mature oocytes, while using significantly
less IU per cycle than hMG.>*

A series of meta-analyses have examined studies
comparing hMG and r-hFSH in IVF/ICSI cycles,®
but these focused on live birth rates or pregnancy rates
and gave heterogeneous results. In a more recent, and
potentially more sensitive meta-analysis (16 studies,
n =4040) where the number of oocytes was the main
endpoint, significantly fewer oocytes were retrieved
with hMG compared with r-hFSH (-1.54, 95%
CI: -2.53 to —0.56; P < 0.0001) and a higher total
dose of hMG was necessary compared with r-hFSH
(standardized mean difference 0.33, 95% CI: 0.08 to
0.58; P=0.01).%

Together these studies suggest that the more
acidic FSH isoform profile of u-hFSH may be less
effective in recruiting antral follicles than r-hFSH
(which is more basic), as shown by the production of
fewer oocytes and the requirement for higher doses.
Furthermore, although hMG differs from u-hFSH in
that it retains LH activity in the form of hCG, this
does not appear to compensate for the lower potency
of its more acidic FSH isoform profile. Whether
administered as u-hFSH alone or in combination with
LH activity (as in hMG), higher doses are needed and
may result in fewer oocytes than r-hFSH.*6°65 This
again highlights that the more basic isoform profile
of r-hFSH may be more effective in recruiting folli-
cles than u-hFSH or hMG (which contain less potent,
more acidic FSH isoforms) and thereby results in the
retrieval of higher numbers of oocytes.

Although the studies described here have compared
formulations of FSH for which the source of raw
material is different (urinary or recombinant), there
is no evidence to suggest there are any differences
at the protein level between FSH molecules derived
from either of the two sources.* It is likely, therefore,
that the difference in FSH isoform profile between
the two product types plays a significant role in the

observed differences. Further studies are needed that
control for other factors which may potentially differ
between FSH preparations.

Conclusions and Future Perspectives
The variation seen in the isoform profiles of different
gonadotrophins was first reported in the scientific
literature decades ago. There is no question that the
more acid and more basic isoforms of FSH have
different pharmacodynamin properties, however,
there is some controversy as to which isoforms are
more efficient. Limited published data are available
on the direct clinical effects of different isoforms of
therapeutic FSH in fertility treatment. Studies that
directly address this topic suggest that the isoform
profile of the FSH used does have an influence on
some of the outcomes obtained; however, the data are
not clear-cut. The claims of better outcomes are gener-
ally associated with imprecise subjective parameters,
such as oocyte and embryo quality, and are based on
studies that are underpowered to make reliable con-
clusions relating to pregnancy.

However, there are many studies that show that
r-hFSH (follitropinalfa) with a more basic isoform
profile is more potent in the clinical setting than
formulations with more acidic isoforms, particularly
in terms of the number of oocytes retrieved. The
differences between urinary and recombinant prepa-
rations may relate not only to the source of the FSH
molecule, but also to the specific FSH isoform profile
of each individual preparation.

It is clear that additional well-designed, random-
ized, controlled trials are required to evaluate the
effect of different FSH isoforms on clinical outcomes
in fertility treatment. These studies should directly
address oocyte quality immediately after retrieval,
using objective assessments (such as evaluation of
a neuploidy rate of polar bodies, or whole-genome
micro array analysis of metaphase stage-II oocytes)
and defining objective markers of embryo quality,
which is critical when making conclusions regarding
clinical efficacy. Ideally, such studies should control
for factors related to IVF/intracytoplasmic sperm
injection techniques, taking into consideration cumu-
lative pregnancy rates, in order to allow a greater
understanding of the extent to which study outcomes
can be accurately attributed to different FSH formula-
tions and their isoform profiles.
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