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Abstract

Gonadotropins have been used for the treatment of infertility for approximately 50 years. The US infertility specialty has empirically chosen to
incorporate greater amounts of human menopausal gonadotropin (WMG) into stimulation protocols. Following this trend to use more hMG,
evidence has accumulated demonstrating the benefit of this unigue gonadotropin formulation. Studies over the past decade have become more
complex in their scope and more expansive in size as they have sought to identify the endocrinology and physiology underlying the increased
use of hMG. This article will attempt to identify some of the unique attributes of hMG, and especially highly purified (HP)-hMG, that lead to better

outcomes, focusing on the different aspects of ovarian stimulation physiology.
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The use of gonadotropins in the treatment of infertility and especially
assisted reproductive technologies (ART) has dramatically improved
outcomes. Since Lunenfeld first reported the use of gonadotropins
extracted from the urine of menopausal women to induce ovulation in
1963, these compounds have undergone significant improvements in
efficacy and purity. These improvements are often under-appreciated
by clinicians. The role of gonadotropins, and in particular the newer
and purer formulations, have been especially important to the
improvement of the efficiency of in vitro fertilization (IVF).? This article
will discuss the evolution and current state of gonadotropins in IVF.

Initial extraction technigues were extremely crude, requiring high
volumes of urine—about 30l—to extract enough gonadotropin for a
single ovulation-induction treatment cycle.” The ratio of follicle-
stimulating hormone (FSH) to luteinizing hormone (LH) in these initial
crude preparations was ~1:1. These initial preparations were impure,
with only 5% of the proteins being bioactive, and had considerable
batch-to-batch variability. With improved extraction techniques, urinary
products including human menopausal gonadotropin (hMG) and highly
purified (HP)-FSH now demonstrate comparable efficacy to recombinant
products and are used interchangeably.*” Furthermore, the role of LH in
IVF has been controversial and we can now demonstrate that we have
come full circle on both the role of urinary products in IVF and the need
for LH activity; therefore, the use of gonadotropins in the US over the
past 50 years can be seen as an incomplete circle.
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In the 1960s and 1970s, hMG was the only agent available for
controlled ovarian hyperstimulation (see Figure 1).* With the
development of recombinant FSH (rFSH), the role of LH in IVF cycles
came into question. In the late 1970s through to the mid-1980s, there
was a desire to do away with this LH activity component as it was seen
as detrimental to outcomes.? The belief that LH is detrimental to
outcomes was founded on two hypotheses that no longer hold true.
First, unlike today, gonadotropin-releasing hormone (GnRH) analogs
were not used, so patients tended to have high endogenous LH levels.®
Second, patients with polycystic ovary syndrome (PCOS) have a poor
prognosis, with a hallmark of PCOS being relatively high endogenous
LH. One piece of this hMG body of evidence that is becoming apparent
is that endogenous LH activity is not equivalent to exogenous human
chorionic gonadotropin (hCG)-driven LH activity that is observed with
HP-hMG. LH and hCG have the same bioactivity but dramatically
different pharmacokinetics and pharmacodynamics, especially when
using one as a pharmaceutical and the other endogenously.’

This desire to remove the LH activity component from the FSH activity
component of hMG was realized in 1986 with a urinary FSH-only product
that was indicated for intramuscular (IM) use only.™ This IM limitation was
a result of purification techniques that had not sufficiently reached the
level where all contaminating proteins could essentially be removed from
gonadotropin preparation. This resulted in substantial injection-site
reactions when used subcutaneously (SC). A decade later, a highly purified
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Figure 1: The Infertility Treatment Field Has Empirically
Found a Need for Human Menopausal Gonadotropin
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hMG = human menopausal gonadotropin; FSH = follicle-stimulating hormone;
IM = intramuscular; SC = subcutaneously; rFSH = recombinant FSH; HP-FSH = highly purified
FSH; CHO = Chinese hamster ovary.

Figure 2: The Human Menopausal
Gonadotropin Continuum
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hMG = human menopausal gonadotropin; FSH = follicle-stimulating hormone.

urinary FSH (HP-uFSH)-only preparation that could be used SC became
available. This was followed one year later by rFSH products that were pure
FSH with no detectable LH activity, but had the same amount of
contaminating proteins from the recombinant production process as the
HP urinary product, only the contaminating proteins were of animal
origin." Since the beginning of the decade there has been a steady
increase in the use of hMG (both HP-hMG and hMG), indicating that the
field has empirically chosen hMG as its basis of stimulation.’** This article
will describe the body of evidence that supports this empirical decision.

With improved extraction techniques,
urinary products including human
menopausal gonadotropin and highly
purified follicle-stimulating hormone now
show comparable efficacy to recombinant
products and are used interchangeably.

Stimulation on the Right of the Human

Menopausal Gonadotropin Continuum Is Superior
The utilization of rFSH alone in IVF cycles downregulated with GnRH
agonists allows the role of LH to be better understood and also improves
our understanding of the physiology of ovarian 17 beta-estradiol (E;)
production. As the follicle evolves, it is known that LH exerts a synergistic
action with FSH. Theca cells are stimulated by LH to produce

androstenedione (A) and testosterone (T) by cytochrome P450 and 3-
beta-hydroxysteroid dehydrogenase. Induced by FSH, aromatase in
granulosa cells converts A and T into estrone and estradiol. The need for
both granulosa cells and theca cells and both LH and FSH has led to the
‘two-cell, two-gonadotropin’ theory." FSH also induces granulosa cell LH
receptors with roughly 10mm follicles demonstrating LH receptors.”
Therefore, one can demonstrate a cellular need for exogenous LH in IVF
cycles, although clinically this has been controversial. The emerging
consensus is that some LH activity is needed and results in improved
pregnancy rates. The utilization of hMG in stimulation protocols can be
graphed as a linear continuum (see Figure 2). On the left only FSH vials are
used, with hMG not started; it then moves through different permutations
until the right-hand side of the continuum is reached, where hMG is
utilized exclusively from day one of stimulation. A recent survey revealed
that approximately 86% of cycles in the US—about 95,000 per year—fall
in the middle of the continuum: either a 1:1 vial ratio is used starting from
day six or one vial of hMG is used throughout stimulation. Of the
approximately 14% remaining cycles, ~8% are FSH alone and ~6% are
hMG alone.* The body of evidence presented demonstrates that the right-
hand side of the hMG continuum is 5-8% higher in terms of pregnancy
and live birth rates compared with the left-hand side. Unfortunately, little
is known about the slope of the curve as it rises 5-8% from left to right (it
would take an extraordinarily large study to describe such a slope), but it
is known that the decision of infertility professionals to incorporate
increasing levels of hMG in stimulation protocols, while empirical in
nature, now has a wealth of supporting evidence.

Success Rates in the Middle of the Human
Menopausal Gonadotropin Continuum Trend
Higher as More Human Menopausal
Gonadotropin Is Used

Keye et al.¢ studied various ratios and start times for hMG in the Evaluation
of Mixed protocols with Bravelle® (human-derived FSH) and Repronex®
(hMG) to assess clinical efficacy (EMBRACE) | and Il studies. These studies
were stratified based on age. Although not statistically significant, the
cumulative results demonstrate a trend toward higher pregnancy rates
and fewer miscarriages (see Figure 3). This study was limited by the fact
that there were no control groups for the direct comparison of FSH with
hMG. Given the study’s limited sample size examining the middle of the
hMG continuum, the differences only reveal themselves as trends. Indeed,
the difference anticipated in pregnancy and live birth rates between the
two sides of the hMG continuum is slight in statistical terms—
approximately 5-8%—but large in human terms, representing
approximately 6,000-9,000 live births in the US every year. With the limited
resources available it is nigh-on impossible to describe the middle of the
hMG continuum, so we must study the two extremes. This is the approach
utilized by the majority of studies in the hMG body of evidence.

The Approval Study for Human

Menopausal Gonadotropin (Menopure®)

Identifies Important Trends

Menopur® (HP-hMG) was introduced in the US in April 2005 following its
introduction in Europe based on the data from the European-israeli Study
Group (EISG) study.” This study was the largest IVF trial conducted in the
world. The EISG study compared the two extremes of the hMG continuum,
that is rFSH alone versus hMG alone (see Table 7). Despite the inclusion of
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Figure 3: Pregnancy and Live Birth Rates in the EMBRACE Study*®
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Table 1: Pregnancy Outcomes Described by Completed Cycle or Embryo Transfer in Patients Treated with
Either Highly Purified Menopausal Gonadotropin or Recombinant Follicle-stimulating Hormone in

Per Protocol and All Patients Treated Population”

rFSH

HP-hMG rFSH HP-hMG

N (%) n (%) n (%) n (%)
Started cycles 357 (100) 336(100) 373 (100) 354 (100)
Cycles with ovum pick-up 346 (96.9) 321 (95.5) 361 (96.8) 339 (95.8)
IVF/ICSI cycles 344 (96.4) 317 (94.3) 359 (96.2) 335 (94.6)
Implanted transferred embryos 321 (89.9) 299 (89) 336 (90.1) 315 (89)
Ongoing pregnancy rate per completed cycle 85 (25) 7122 87 (24) 73(22)
Cycles with embryo transfer 321 (100) 299 (100) 336 (100) 315 (100)
Positive hCG test (biochemical pregnancies) per embryo transferred 114 (35.5) 98 (32) 119 (35.4) 101 (32.1)
Clinical pregnancy rate per embryo transferred 95 (29.6) 76 (25.4) 98 (29.2) 78 (24.8)
nggi_qg_;{g_grlalcx‘rit_e_ per ‘:’T?TYO transferred 85 (26.5) 71 (23.7) 87 (25.9) 73(23.2)

PP = per protocol; APT = all patients treated; HP-hMG = highly purified human menopausal gonadotropin; rFSH = recombinant follicle-stimulating hormone; IVF = in vitro fertilization;

ICSI = intracytoplasmic sperm injection; hCG = human chorionic gonadotropin.

substantial numbers of patients in this study, statistical significance was
not achieved. However, the trends favored hMG (the right-hand side of the
hMG continuum) over rFSH. More importantly, this study provided the
foundational database used by Platteau et al. in their re-analysis.™

The Platteau Study Reveals Significant
Differences and Formulates Hypotheses

The re-analysis by Platteau et al.” of the EISG study data found two
important differences: first, hMG significantly outperformed rFSH
when used in conjunction with IVF, and second, HP-hMG did not
outperform rFSH in conjunction with intracytoplasmic sperm injection
(ICSI) (see Table 2). Therefore, in this analysis HP-hMG was not inferior
to rFSH; when ICSI was used, the two treatments were equivalent.
Within the limitations of the re-analysis, it was not possible to provide
a satisfactory explanation for this. The author presented some
hypotheses that will be addressed below. It is notable that this study
is limited, as it is a re-analysis that compares treatment groups not
included in the original study design (see Table 2).
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In addition to the above determination, the re-analysis of the EISG study
showed that serum hCG levels following a static 225 international units (1U)
dose of hMG for five days correlated with pregnancy rate. The investigators
also demonstrated lower pregnancy rates with lower LH levels.” The LH
activity component of hMG (Menopur) is derived almost exclusively from
hCG (10IV). Less than one immunoreactive IU of LH is detectable in hMG. it
is generally accepted that due to its increased half-life and greater
receptor affinity, hCG has seven times more LH activity than LH." This can
be interpreted as 1mol of hCG being seven times as potent in eliciting a
receptor-mediated response than 1mol of LH. Even though the range of
hCG values obtained is limited and the correlation is based on a trend
analysis that uses categorical and not continuous variables, the existence
of a difference in gonadotropic agents at an early stage in stimulation
indicates the presence of an as yet unknown physiology and/or
pharmacology. The re-analysis of Platteau provided valuable information
about the two extremes of the hMG continuum that provides the
foundation for the most extensive IVF study ever performed, the
Menotrophin versus Recombinant FSH in vitro Fertilization Trial (MERIT).
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Table 2: Clinical End-Points in the Platteau Study™

rFSH

"HP-hMG TFSH p-value HP-hMG p-value

Number of patients 121 112 = 237 221 =
Number of follicles =z16mm on day of hCG 7438 8+4.5 NS 8.4+4.6 8.545.7 NS
Number of oocytes retrieved 11.7£7.1 14.1£8.7 0.022 13.4+7.4 14.0+8.4 NS
Fertilization rate (% of retrieved) 59% 59% NS 54% 57% NS
Number of embryos transferred 2109 2.1+08 NS 22+08 22+0.8 NS
Postitive beta-hCG 48 (40%) 30 (27%) 0.035 71 (30%) 70 (32%) NS
Clinical pregnancy 42 (35%) 22 (20%) 0.009 56 (24%) 55 (25%) NS
Ongoing pregnancy 38 (31%) 22 (20%) 0.037 49 (21%) 50 (23%) NS
Implantation rate 21% 15% 0.054 12% 13% NS
LH level on day 6 (1U/l) (mean + SD) 1.6£1.2 1.4x1 NS 1.4x1.1 1.320.8 NS
hCG level on day 6 (IU/]) (mean = SD) 1.4£0.5 - - 1.420.6 - =
E, levels on day 6 (pmol/I) (mean = SD) 634654 793x664 NS 769+829 6861648 NS
E, levels on day of hCG (pmol/l) (mean + SD) 7,560+5,343 6,531+4,717 NS 8,381+6,170 6,262+4,311 <0.001
Ongoing pregnancy according to LH levels on day é:

<0.751U/1 24% (6/25) 9% (2/23) NS 22% (5/23) 21% (10/47) NS

20.751U/1 35% (32/92) 21% (17/87) 0.045 19% (37/193) 23% (36/157) NS
Ongoing pregnancy according to hCG levels on day 6:

<1/l 8% (2/24) = - 8% (4/51) - -

1to <2U/1 35% (27/77) - - 22% (29/133) - -

22\U/| 53% (8/15) B - 28% (9/32) - -
Ongoing pregnancy according to E; levels on day of hCG:

<4,500pmol/| 18% (7/38) 19% (8/42) NS 17% (10/58) 26% (21/81) NS

>4,500pmol/| 38% (30/79) 18% (12/67) 0.008 21% (34/164) 20% (25/127) NS

HP-hMG = highly purified human menopausal gonadotropin; rFSH = recombinant follicle-stimulating hormone;

hCG = human chorionic gonadotropin; LH = luteinizing hormone; E2 = estradiol; NS = not significant.

MERIT Demonstrates Significant

Differences in Stimulations

The MERIT trial was a randomized, open-label, assessor-blind, parallel-
group, multicenter trial in 731 women undergoing IVF, comparing HP-
hMG with rFSH, and was specifically designed to further investigate
the differences detected by Platteau’s re-analysis.* It examined the
two extremes of the hMG continuum while taking the most systematic
approach to an IVF study thus far. While there were multiple
differences detected between HP-hMG and rFSH treatment, two
important findings have been reported in the MERIT study. First, there
were distinct differences in stimulations detected when large numbers
of patients were studied. Second, hMG stimulations produced fewer
follicles and oocytes compared with rFSH stimulations. Numerically,
the difference was fewer than two oocytes, but this was still
statistically significant when studying this large number of patients.*

MERIT Endocrine Study Demonstrates a More
Natural Stimulation When Human Menopausal
Gonadotropin Is Used

The MERIT endocrine paper compared differences in endocrine
response when HP-hMG alone (the right-hand side of the hMG
continuum) is used with rFSH alone (the left-hand side of the
continuum). Figure 4 presents endocrine values as a ratio between hMG
and rFSH. From this study, it can be seen that HP-hMG usage at the time
of oocyte retrieval results in relatively high estradiol concentrations and
relatively low progesterone concentrations. The converse is true for
rFSH when there is relatively low estradiol and relatively high
progesterone. We also see an increase in the free androgen index (FAI),
reflecting the increase in T and A. The absolute mean values of

progesterone may fall below the level considered to be clinically
significant by most (usually 1-2ng/ml), but still remain statistically higher
when rFSH is used, indicating that the likelihood of falling over the
clinically significant threshold is more probable when rFSH is used."” If
the overall endocrine milieu is considered when hMG is used exclusively
as the stimulation agent, it can be seen that at the time of oocyte
retrieval, which is analogous to ovulation in the natural menstrual cycle,
there is a more physiological environment present. These significant
differences in endocrine parameters are being translated through to the
endometrium where there is a greater incidence of hypoechogenic
endometriums in the hMG-stimulated group. Given that echogenicity is
a crude measure of endometrial staging, it is still a significant difference
that provides another plausible explanation for the observed differences
in pregnancy rates. Not only is the endocrine profile being reflected in
the endometrium, but also other distinct differences in oocytes and
their capacity to produce pregnancy and live birth, as reported in the
MERIT Embryology Study (see Figure 5).”

MERIT Embryology Paper Demonstrates a
Greater Capacity for Pregnancy and Live

Births from Human Menopausal
Gonadotropin-stimulated Oocytes

The MERIT embryology study describes the developmental potential of
oocytes from HP-hMG- and rFSH-stimulated cycles. The HP-hMG-
stimulated group provided fewer oocytes but with less fragmentation
and of higher quality, yielding better-quality embryos to transfer and a
higher pregnancy rate compared with rFSH. A given oocyte from an
HP-hMG-stimulated cycle has a greater capacity to produce a
pregnancy and live birth than an rFSH-stimulated oocyte. However, the
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conclusions of this report address only one parameter of competence
in embryology. The differences observed are a measure of oocyte
quality, but do not reveal anything about the complement of the
oocytes or embryos.”

The Weghofer | Study Shows a Greater Number
of Cytogenetically Normal Embryos When Human
Menopausal Gonadotropin Is Used

A major limitation of the MERIT study was the lack of information in
terms of the cytogenetics of the embryos from each of the
stimulation groups. To address this deficiency, Weghofer investigated
the cytogenetics of embryos arising from stimulation in the right-hand
side compared with the left-hand side of the hMG continuum.” A
significantly greater proportion of euploid embryos were reported in
the hMG-stimulated group compared with rFSH (69.8+26.7 versus
45.3+26.5; p<0.01). In addition, an explanation was provided as to why
significant differences appear to be age-group-specific. Younger
patients could be masking the benefit of hMG stimulation, as those
differences are likely to be present in their augmented pregnancy
rate. It is only in older patients, where reproductive potential is
diminished, that the 5-8% difference with rFSH alone compared
with hMG alone is immediately apparent. Younger patients derive
some benefit from superior treatment, but they are more able to
compensate for inferior treatment.

The Bosch Study Indicates Similar Trends with
Antagonist Downregulation

The data discussed above show trends and significant differences
between hMG- and rFSH-stimulated cycles when agonist
downregulation is used. However, this does not address cycles in which
an antagonist is employed to prevent a premature LH surge. These
cycles account for approximately 30% of IVF cycles every year. Bosch
et al.* provided evidence of why fertility specialists have concentrated
on hMG over the past decade as the preferred choice for stimulations,
and showed two interesting points in their data. First, the endocrine
profile in these antagonist cycles at the time of hCG trigger is similar to
that seen when an agonist was used in the earlier studies, with hCG-
stimulated cycles having relatively high estradiol and relatively low
progesterone, while in the rFSH-stimulated cycles the reverse was the
case. In this study, not only was the endocrine profile similar when an
antagonist was used, but there was also a greater number of oocytes
retrieved when rFSH was used exclusively. The trend in pregnancy rates
favoring hMG showed a decrease in the capacity of rFSH-treated
oocytes to produce a pregnancy and live birth.

A Definitive Superiority of Human

Menopausal Gonadotropin Was

Observed in the Combined Analysis

To date, significant differences in hMG compared with rFSH have been
demonstrated in some secondary end-points, such as endocrine
parameters, endometrial fitness, and embryo ploidy. There are trends to
high pregnancy and live birth rates in some studies, but the only
statistically significant difference was seen in a re-analysis of data,® not
in a primary study. This is a reflection of the fact that the number
needed to detect a difference of 5-8% in pregnancy rates is over 1,000
and not in the hundreds.
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Figure 4: Serum Profiles During Stimulation®
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hCG = human chorionic gonadotropin; HP-hMG = highly purified human menopausal
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binding globulin; FAI = free androgen index.

Figure 5: Gonadotropin, Steroid Hormone, and Associated
Feedback Loops During the Menstrual Cycle
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FSH = recombinant follicle-stimulating hormone; r-SH = recombinant FSH;
LH = luteinizing hormone; E = estradiol; P= progesterone.

However, a more recent report included the requisite number of
patients and was termed a ‘combined analysis,’ as it was not a meta-
analysis in the classic sense.” The analysis included two studies, EISG
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Figure 6: Combined Analysis of Pregnancy and Implantation Rates, Oocyte Retrieval, and Outcome and
Safety for Highly Purified Human Menopausal Gonadotropin and Recombinant Follicle-stimulating Hormone™®
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OR = 0dds ratio; Cl = confidence interval; ET = embryo transfer; HP-hMG = highly purified human menopausal gonadotropin; rFSH = recombinant FSH; OHSS = ovarian hyperstimulation syndrome.

Figure 7: Odds Ratios Showing the Effect of Human Menopausal Gonadotropin and Recombinant

Follicle-stimulating Hormone on Live Birth Rate”
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HP-hMG = highly purified hurman menopausal gonadotropin; rFSH = recombinant FSH; OR = odds ratio; CI = confidence interval; df = degrees of freedom; Z = vector of other variables.

and MERIT, that essentially used the same treatment protocols and
primary end- points. Unlike most meta-analyses in which there are
typically different treatment protocols and primary end-points, this
report has a much more homogenous patient population. The results of
this combined analysis show that while significantly more oocytes are
retrieved with rFSH irrespective of cycle initiated or patients with
embryos transferred, there is a statistically favorable advantage to
using hMG over rFSH (see Figure 6). This can be interpreted as oocyte

stimulation and implantation rates on the right side of the hMG
continuum are significantly more favorable than stimulation on the left-
hand side of the continuum.

The Significant Advantage of Human Menopausal
Gonadotropin Is Confirmed with a Meta-analysis
While the above analysis demonstrated a clear advantage to HP-hMG
stimulations, it was limited by utilizing only two elements of a
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company- sponsored study; therefore, Al-lnany et al. investigated the
analysis of all the available information.? This showed that when all
applicable studies are used in a meta-analysis, an advantage of hMG
over rFSH is confirmed (see Figure 7).

Weghofer Il Favors Recombinant
Follicle-stimulating Hormone, But

Reveals an Interesting Piece of Data

Weghofer recently reported a second investigation of ploidy of
embryos based on stimulation protocol.” This study (Weghofer 1),
unlike the previous work detailed above, looked at antagonist not
agonist cycles. There was a statistically significantly higher pregnancy
rate in the rFSH group; however, the study raises some interesting

It should be expected that the body would
produce its most active follicle-stimulating
hormones in post-menopausal women as
that is when the body is struggling
hardest to stimulate follicles.

points. First, there are the statistically significantly higher pregnancy
rates favoring rFSH, which are contrary to the previously presented
information. This illustrates the purpose of the body of evidence; that
is, to cover all of the data supporting hMG that should be used to make
evidence-based decisions, not to focus on individual observations
from single studies. Second, this study has some faults that need to be
addressed before it can be reliably utilized. This study, unlike Weghofer
1, used a mixed protocol, not hMG alone. The amount of hMG used
and when it could have been titrated is poorly defined, so a
comparison of the two studies is difficult. The same holds true for the
mean age, which was approximately 40 years in Weghofer [I#
compared with approximately 35 years in Weghofer 1.7 An interesting
note in this study is that the mean number of oocytes retrieved for the
advanced maternal age population appears excessively high (~14).

Even with these difficulties in making a comparison between the two
Weghofer studies, an interesting point emerges. In Weghofer |, using
an agonist and rFSH, there was a 9% miscarriage rate. In Weghofer |1,
using an antagonist and rFSH, there was a 27.8% miscarriage rate.
These values can be compared with hMG alone in Weghofer | and the
mixed protocol group in Weghofer II, in which no miscarriages were
reported. The fact that these are euploid embryos makes this
comparison more dramatic. This supports a conclusion that any
exposure to hMG provides a more suitable maternal environment.
While it would be advantageous to know which factor causes
stimulations on the right-hand side of the hMG continuum to be
superior to the left-hand side, it is probable that there is no single
reason. It is most likely that hMG influences multiple parameters, such
as the endocrine profile, embryo capacity, and endometrial fitness,
that result in the significantly higher pregnancy rates. Therefore, it is
necessary to investigate which factors are unique to the currently
available HP-hMG formulation (Menopur).
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The Only Appreciable Difference in the
Manufacture of Urinary Gonadotropins

from Recombinants Is the Cell that

Produces Gonadotropin

The purification procedures used to concentrate FSH from the source
material are similar for all gonadotropins, although there is an exclusive
monoclonal antibody used by one manufacturer.** This is not
surprising as the purification of the same protein would out of necessity
use the same biochemical procedures. In the case of HP-hMG, its
components are urinary FSH (the same as HP-UFSH, Bravelle), with LH
activity driven almost exclusively by ~10IU of immunoreactive hCG.
Given that the advantages of hMG have been observed, it is necessary
to define whether it is only the hCG-driven LH activity component of
hMG that distinguishes it from other gonadotropins.

Urinary-derived Follicle-stimulating Hormone

Is Used by More Patients than Any Other
Stimulation Agent

As noted earlier, approximately 86% of IVF cycles use a mixed protocol,
i.e. incorporating urinary FSH in the form of hMG. This can be added to
approximately 6% of IVF cycles that use hMG alone, so approximately
92% of all IVF cycles use urinary FSH. As the majority of the remaining
8% of cycles use rFSH, it is worth evaluating whether there is any
evidence that this 8% is being put at a disadvantage as they are not
exposed to urinary FSH. Various isoforms of FSH are made during the
course of the natural menstrual cycle that have different receptor
affinities affecting potency, and different half-lives, affecting the duration
of action. The isoforms with the highest level of action are produced
mid-cycle and in post-menopausal woman. It should be expected that
the body would produce its most active FSH in post-menopausal women
as that is when the body is struggling hardest to stimulate follicles. There
are approximately 20 isoforms of FSH in nature.”# Urinary FSH in HP-FSH
and HP-hMG have 16 isoforms, compared with rFSH, for which only 11
isoforms are identified.” Less acidic isoforms are more biologically
active. Aimost 100% of HP-hFSH (Bravelle) isoforms have isoelectric point
(pl) values >4.25, whereas for rFSH this figure is 56%.%

Some published evidence helps explain why infertility physicians have
empirically incorporated urinary FSH into the majority of IVF cycles
and why it is not just the hCG-driven LH activity of HP-hMG that

While it would be advantageous to know
which factor causes stimulations on the
right-hand side of the human menopausal
gonadotropin continuum to be superior to
the left-hand side, it is probable that there
IS no single reason.

distinguishes it but also the FSH component. The outcome data from
the Endometrin® approval trial®* compared with the concurrent
Society for Assisted Reproductive Technology (SART) data® are
revealing on this point. The Endometrin trial represents about 1% of
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the IVF cycles performed during the time period of the trial. In this
trial there was a requirement of at least a 75IU vial of hMG per day
with only HP-hFSH allowed as the rounding-out FSH product. The
SART data” can serve as a surrogate for rFSH and hMG, as that is the
predominant protocol used to stimulate patients. Therefore, the pure
urinary FSH stimulation used in the Endometrin trial is not
contaminated with any recombinant product, unlike the SART data.
The comparative analysis shows that, irrespective of age, the urinary
only protocol outperforms with fewer embryos transferred.

While the Endometrin analysis* used a large number of patients, it was
poorly controlled and permitted some liberal dose changes. This
shortcoming was addressed by Kilani et al.,” who uncovered some
differences between HP-hFSH and rFSH. In a randomized, controlled
clinical trial they compared a fixed amount of 1501U of HP-hMG with
150U of rFSH. The urinary FSH from hMG demonstrated higher serum
FSH levels than rFSH for a fixed amount of dose, suggesting that there
was decreased clearance of those isoforms from the urinary product. In
addition, higher E, levels were observed with hMG.” This effect is usually
attributed to LH activity, but an alternative explanation is that the urinary
isoforms of the FSH component of hMG appear to be more potent in
stimulating the granulosa-cell aromatase, as there was no increase in T.

If this effect were purely derived from LH activity, we would expect to
see an increase in theca-cell production of T. Therefore, the beneficial
effects of hMG may be manifold, arising from both the urinary FSH
component and the hCG-driven LH activity component.

Conclusion

We have reviewed evidence supporting the benefits of HP-hMG
treatment. While the benefits are clear, considerable additional study is
required to elucidate which component is the most beneficial and which
parameters of treatment are most affected by this unique
pharmaceutical treatment. B
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