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STUDY QUESTION: In women undergoing IVF or ICS| cycles, do recombinant gonadotrophins differ from urinary-derived highly purified
human menopausal gonadotropin (HP-hMG) or highly purified follicle-stimulating hormone (HP-FSH) in the total amount of gonadotrophins
required to reach a live birth?

SUMMARY ANSWER: The difference between recombinant and urinary-derived HP-hMG or HP-FSH in the required amount to reach a
live birth in IVF/ICSI cycles appears small.

WHAT IS KNOWN ALREADY: At present, gynecologists can choose between recombinant FSH (rFSH), urinary-derived HP-hMG and
HP-FSH. These products are equally effective and safe, but it is unknown how these gonadotrophins compare in terms of |U required to reach
a live birth.

STUDY DESIGN, SIZE AND DURATION: We conducted a search in Medline, Embase and CINAHL up to July 2018. We included
randomized controlled trials (RCTs) that compared rFSH with HP-hMG or HP-FSH for ovarian stimulation in couples scheduled for IVF or ICSI
treatment. From each randomized trial, we extracted the outcome data and information on participants, methods, interventions and funding.

PARTICIPANTS/MATERIALS, SETTING AND METHODS: Women undergoing ovarian stimulation with rFSH, HP-hMG or HP-FSH
were included. We extracted data for the mean amount of gonadotrophins with SD, clinical pregnancy rate, live birth rate and cumulative live
birth rate per woman from the included RCTs. We summarized these outcomes by calculating the individual and pooled mean difference (MD)
or relative risk (RR) with 95% Cl. We used the Review Manager software to perform the meta-analyses. We applied a random effect model
to pool the data. We estimated the total amount of gonadotrophins used per extra live birth by STATA [4.2 and R software.

MAIN RESULTS AND THE ROLE OF CHANCE: A total of 28 studies with 7553 women were included in this review, of which 24 studies
provided information on the total amount of gonadotrophins per woman who started an IVF/ICSI cycle. The total amount of gonadotrophins
varied significantly between studies. The MDs in total amount were —37 U (seven studies; N = 3220; 95% Cl, —115 to 41; 2= 68%) for
rFSH versus HP-hMG and —3 | [U (17 studies; N = 3629; 95% Cl, —290 to 228; 2= 97%) for rFSH versus HP-FSH. For rFSH versus HP-hMG,
the RR for clinical pregnancy, live birth and cumulative live birth were 0.90 (95% Cl, 0.81-1.00), 0.88 (95% Cl, 0.78-0.99) and 0.91 (95% ClI,
0.80—1.04), respectively. For rFSH versus HP-FSH, the RR for clinical pregnancy and live birth were .03 (95% CI, 0.94—1.13) and 1.03 (95%
Cl, 0.90-1.18), respectively; the data on cumulative live birth rate were lacking. The estimated difference in mean gonadotrophin amount per
extra live birth was 789 1U (95% Cl, —9.5 to 1570) for rFSH versus HP-hMG and —365 U (95% CI, —2675 to 1945) for rFSH versus HP-FSH.
LIMITATIONS, REASONS FOR CAUTION: There was severe heterogeneity in the total amount of gonadotrophins between studies.
A small fraction of women did not start gonadotrophin treatment; this was usually not accounted for in the provided mean amount of

gonadotrophins per study and might have affected the averaged total amount of gonadotrophins but is unlikely to have affected the differences
in the amount between rFSH and HP-hMG or HP-FSH.

© The Author(s) 2019. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which per-
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WIDER IMPLICATIONS OF THE FINDINGS: The differences in the required amount to reach a live birth between rFSH, HP-hMG and
HP-FSH appear to be small. Decision-making should be based on convenience, availability, actual costs and patient preferences.
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based on convenience, availability, actual costs and patient preferences.

WHAT DOES THIS MEAN FOR PATIENTS?

Gonadotrophins are injectable drugs that are used to stimulate oocyte growth as part of IVF treatment. Three types of gonadotrophins are
used most frequently: urinary-derived FSH, human menopausal gonadotrophin and recombinant FSH. These gonadotrophins are known to be
equally effective and safe but it is unknown whether they differ in required amount. Hence, a literature review was performed to evaluate
whether the three gonadotrophins differ in amount required to achieve a pregnancy leading to the birth of a child. The authors found no
substantial differences in required amount between the gonadotrophins. It is concluded that the gynecologists should choose the hormone

Introduction

Ovarian stimulation with gonadotrophins to induce the development of
multiple follicles is the first phase of most ART (Macklon et al., 2006).
At present, gynecologists can choose between three commercially
available gonadotrophins for ovarian stimulation in IVF/ICSI: rFSH,
highly purified (HP)-hMG and HP-FSH.

Recombinant FSH (rFSH) is manufactured by recombinant DNA
technology using a Chinese hamster ovary cell line transfected with the
genes encoding human FSH (follitropin a and follitropin b) or derived
from a cell line of human fetal retinal origin (FE 999049). It has 99%
purity, does not contain any LH activity and is very similar to natural
FSH (Out et al., 1995; Olsson et al., 2014). HP urinary gonadotrophins
(HP-hMG and HP-FSH) are derived from urine of postmenopausal
women. HP-hMG contains <5% of co-purified proteins and a I:I
ratio of FSH and LH bioactivity and due to purification steps HP-FSH
contains <0.1 U LH and <5% of co-purified proteins (Lunenfeld and
Lunenfeld, 1997; Wolfenson et al., 2005).

The various gonadotrophin products are heterogeneous in isoform
composition. The urinary preparations have more acidic isoforms
compared to the recombinant products (Lispi et al., 2006). Basic
FSH isoforms have a high receptor affinity in vitro and a short half-
life in vivo compared to acidic FSH isoforms (Practice Committee of
American Society for Reproductive Medicine, Birmingham, Alabama,
2008). It has been suggested that due to the lower acidity rFSH
might be more biopotent in vivo and that, as a consequence, a lower
total dose and less stimulation days compared to highly purified
urinary-derived gonadotrophins would be required (Andersen and
Ezcurra, 201 1).

It has been widely discussed in the literature that the differences
in live birth between gonadotrophins are limited. What we were
interested in is their economic value. The actual cost in euros or dollars
differs widely between countries and therefore our focus was on the
resource use that determines eventual cost differences. This resource
use was expressed as amount of |U used. Therefore, we system-
atically examined the evidence on the total amount of recombinant
and highly purified urinary-derived gonadotropins required to reach a

live birth after ovarian stimulation in couples undergoing IVF or ICSI
treatment.

Materials and Methods

The review is reported according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA). The protocol for
this systematic review is registered in the Prospective Register of
Systematic Reviews (PROSPERO) in April 2016 (Registration: Pros-
pero CRD42016038238, available from http://www.crd.york.ac.uk/
PROSPERO/display_record.asp?ID=CRD42016038238).

Literature search

We conducted a literature search in the databases Medline, Embase
and CINAHL up to July 2018. We used the same search terms
as the Cochrane review on the effectiveness of recombinant FSH
versus urinary-derived gonadotrophins (van Wely etal, 2011)
(Supplementary data).

Inclusion criteria and study selection

We screened all records for eligibility by analyzing the title and abstract.
We included randomized controlled trials comparing rFSH with HP-
hMG or HP-FSH for ovarian stimulation in couples with an indication
for IVF or ICSI treatment. We excluded studies that compared rFSH
with hMG or pituitary extract-FSH, because these products are no
longer available for ovarian stimulation. There was no language restric-
tion. After the eligibility screening we analyzed the studies by reading
the full text. The studies were selected by two reviewers (E.B. and
M.W.).

Data extraction and outcomes

We extracted data on female age, previous ART cycles, the number
of women in each study arm, intervention details such as agonist or
antagonist use, total amount of gonadotrophins in [U per woman who
started an IVF/ICSI cycle, clinical pregnancy, live birth, cumulative live
birth following fresh and cryocycles and funding per included study.
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Figure | Flow diagram showing the search for articles for inclusion in the systematic review and meta-analysis. (MG = human

menopausal gonadotropin. P-FSH = purified follicle-stimulating hormone.

An overview of study characteristics is shown in Table |. Some trials
reported the total number of ampoules used. We transformed this
data into the amount of gonadotrophins in |U. Our primary outcome
was the total amount of gonadotrophins in IU per woman who started
an IVF/ICSI cycle required per live birth. Secondary outcomes were
the total amount of gonadotrophins in IU per woman who started
IVF/ICSI cycle, clinical pregnancy, cumulative live birth following fresh
and cryocycles and oocytes retrieved.

In our protocol (Prospero CRD42016038238) we intended to
report duration of stimulation. Although we did evaluate this outcome
we decided not to present this analysis, since some days more or less
stimulation time does not represent resource use, while total amount
of gonadotropins used does.

Assessment of study quality

To check the quality of the article we used the risk of bias tool created
by the Cochrane Collaboration (Cochrane Handbook). We looked at
the following six domains: randomization sequence generation, allo-
cation concealment, performance and detection bias, completeness
of outcome data, selective outcome reporting and other potential
sources. Risk of bias per study was expressed in the methodological

quality graph as colored dots, with red dots meaning high risk of bias,
yellow meaning unclear risk of bias and green meaning low risk of bias.
Pooled evidence was scored using Grade Profiler 3.6.1 (GRADEpro
Guideline Development Tool [Software]; McMaster University, 2015
[developed by Evidence Prime, Inc.]; available from gradepro.org.) as
very low, low, moderate or high.

Statistical analysis

We retrieved for each individual study means and SD for the total
amount of gonadotrophins per woman who started an IVF/ICSI
cycle. We tried to retrieve these data and data on clinical pregnancy,
live birth and cumulative live birth following fresh and cryocycles
per woman treated with gonadotrophins. The outcomes were
summarized by calculating the individual and pooled mean difference
(MD) or relative risk (RR) with 95% CI for rFSH versus HP-hMG
and rFSH versus HP-FSH. We used the Review Manager software
(Review Manager [RevMan] Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014) to perform these meta-
analyses. Presence of heterogeneity was assessed by the I* statistic.
An * >50% was taken to indicate substantial heterogeneity. We
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Figure 2 Methodological quality summary: authors’ judg-
ments about each methodological quality item for each
study included. Red dots: high risk of bias, yellow dots: unclear risk
of bias, green dots: low risk of bias.

calculated the mean amount of gonadotrophin used per clinical
pregnancy per woman in STATA 14.2 (StataCorp. 2015. Stata Statistical
Software: Release 4. College Station, TX, USA: StataCorp LP). We
estimated the MD and 95% Cl in amount of gonadotrophins per
extra clinical pregnancy, per extra live birth and per extra cumulative
live birth achieved for the two gonadotrophin comparisons by
bootstrapping techniques using Metafor (www.metaforproject.org)
in R version 3.3.1. An extra, not pre-planned, analysis was done for
oocytes retrieved and amount of gonadotrophin per extra oocyte
retrieved.

Results

Search

We identified 362 records and hand searching resulted in another | |
records. After we removed the duplications, there were 348 records
to screen for title and abstract. We excluded 302 records based on
the inclusion and exclusion criteria. We assessed a total of 46 articles
for eligibility by reading the full text after which we excluded another
I8 studies expressing 19 comparisons. A summary of the search is
presented in a flow diagram (Fig. |).

Included studies

We included the 28 studies that met all selection criteria in the review.
The total number of women was 7553. Seven studies compared rFSH
with HP-hMG (n = 3397) and all provided data on the amount of
gonadotrophin used. In total, 3220 women (95%) actually had started
gonadotrophin treatment. Twenty-one studies compared rFSH with
HP-FSH (n = 4156), but only |7 (n = 3775) provided data on amount
of gonadotrophin used. In total, 3629 women (96%) actually had
started gonadotrophin treatment. The studies varied in terms of female
age, previous ART cycles, starting dose, downregulation protocol,
fertilization method, number of embryo transfers and funding. The
characteristics of each study can be found in Table |.

Assessment of study quality

The results of the assessment of the risks of bias using the Cochrane
tool are summarized in Figs 2 and 3. The quality of the studies varied
between low and high. Older studies performed before 2000 were
more likely to be of lower quality. Five studies were only available as
an abstract, all comparing rFSH versus HP-FSH (Ferraretti et al., 1999;
Gallego et al., 2003; Germond et al., 2000; Ghosh et al., 1999; O'Dea
etal., 1993). We considered these five studies to be of low quality,
mainly due to incomplete outcomes, reporting bias and uncertainty
about selection bias and other forms of bias.

In two studies we could not determine whether the data were
intention-to-treat or not (Gallego et al., 2003; Liu et al., 2015). None
of the trials used double blinding. Although double blinding is unlikely to
have impact on pregnancy outcomes, it might have biased the outcome
gonadotrophin amount.

Outcomes

Amount of gonadotrophins per woman that started IVF/ICSI cycle
Of the seven trials comparing rFSH with HP-hMG, three trials found no
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Figure 3 Methodological quality graph: authors’ judgments
across all studies included.

about each methodological quality item presented as percentages

A
( ) rFSH HP-hMG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
EISG 2002 2,775 810 354 2,768 817 373 15.5% 7.00[-111.30, 125.30] 2002 I
Kilani 2003 2,025 795 50 1,680 530 50 6.4%  345.00[80.16, 609.84] 2003
Andersen 2006 2,385 622 368 2,508 729 363 17.5% -123.00[-221.30, -24.70] 2006 —
Bosch 2008 2,624 801 140 2,481 994 140 8.7% 143.00 [-68.46, 354.46] 2008 T
Hompes 2008 1,781 468 256 1,932 628 250 17.6% -151.00 [-247.68, -54.32] 2008 —
Devroey 2012 1,353 296 375 1,433 371 374 22.2% -80.00[-128.08,-31.92] 2012 -
Ye 2012 2,163 399 64 2,219 503 63 12.1% -56.00[-214.06, 102.06] 2012 T
Total (95% CI) 1607 1613 100.0% -37.15[-115.02, 40.72]
- P . Chiz = - - .12 = B]Y [ } } } |
Heterogeneity: Tau? = 6518.17; Chi? = 18.95, df = 6 (P = 0.004); I> = 68% 1000 500 0 500 1000

Test for overall effect: Z =0.93 (P = 0.35)

Increased HP-hMG Increased rFSH

B
( ) rFSH HP-FSH Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD _Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Bergh 1997 1,643 383 119 2,393 1,005 102 6.0% -750.00 [-956.82, -543.18] 1996 — —
Hoomans 1999 1,479 285 83 2,139 285 82 6.2% -660.00 [-746.97, -573.03] 1999 -
Schats 2000 1,695 375 232 1,823 383 231 6.2% -128.00 [-197.05, -58.95] 2000 -
Nardo 2000 2,486 800 75 2,780 800 35 5.7% -294.00 [-614.97, 26.97] 2000 I —
Lenton 2000 1,673 488 80 1,823 488 75 6.1% -150.00 [-303.73, 3.73] 2000 ]
Franco 2000 1,913 975 60 1,898 810 60 5.7% 15.00 [-305.73, 335.73] 2000 -
Frydman 2000 2,070 765 130 3,053 1,020 116 6.0% -983.00 [-1210.48, -755.52] 2000 +——
Hugues 2001 1,353 679 52 1,981 972 32 5.5% -628.00 [-1012.03,-243.97] 2001 ¢
Selman 2002 4,538 1,575 134 3,878 1,125 133 5.7% 660.00 [331.87, 988.13] 2002 [ —
Dickey 2002 2,169 685 58 2,444 836 111 6.0% -275.00 [-510.08, -39.92] 2002 —
Gallego 2003a 1,666 685 43 2,262 685 45 5.8% -596.00 [-882.31, -309.69] 2003 [
Dickey 2003 2,354 779 59 2,314 847 57 5.8% 40.00 [-256.41, 336.41] 2003 I
Mohamed 2006 5,533 2,398 121 3,213 1,527 120 5.1% 2320.00 [1812.85, 2827.15] 2006 4
Antoine 2007 2,349 779 72 2,526 802 73 5.9% -177.00 [-434.34, 80.34] 2007 - 1
Abate 2009 3,536 1,099 186 2,106 719 215 6.1% 1430.00 [1245.12, 1614.88] 2009 4
Baker 2009 2,715 905 76 2,641 841 76 5.9% 74.00 [-203.76, 351.76] 2009 N
Liu 2015 2,549 578 243 2,633 407 243 6.2% -84.00 [-172.88, 4.88] 2015 ]

Total (95% CI) 1823 1806 100.0%

Heterogeneity: Tau? = 279776.52; Chi? = 631.65, df = 16 (P < 0.00001); I? = 97%

Test for overall effect: Z = 0.24 (P = 0.81)

-31.18 [-290.80, 228.45]
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Figure 4 Meta-analyses comparing total amount of gonadotrophins used (IU) per woman that started an IVF/ICSI cycle. (A)
Comparing recombinant FSH (rFSH) with urinary-derived highly purified h(MG (HP-hMG). (B) Comparing rFSH with highly purified FSH (HP-FSH).

evidence of a difference in the amount of gonadotrophins, one found
that more rFSH was required and three trials found that less rFSH was
required. Pooling the data, we found no evidence of a difference in the
amount of gonadotrophins (seven studies; N = 3220; MD, —37 1U; 95%
Cl, — 115 to 41; I* = 68%; low quality of evidence) (Fig. 4a).

Of the 17 trials comparing rFSH with HP-FSH, seven trials found
no evidence of a difference in the amount of gonadotrophins, three
found that more rFSH was required and seven found that less
rFSH was required. Pooling the data, we found no evidence of a
difference in the amount of gonadotrophins (17 studies; N = 3629;
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A
( ) rFSH HP-hMG Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
EISG 2002 78 386 98 395 18.8% 0.81[0.63, 1.06] 2002 ]
Kilani 2003 28 50 30 50 5.8% 0.93[0.67, 1.30] 2003 T
Andersen 2006 87 368 100 363 19.5% 0.86 [0.67, 1.10] 2006 =T
Bosch 2008 55 140 59 140 11.4% 0.93[0.70, 1.24] 2008 ™
Hompes 2008 77 317 76 312 14.9% 1.00[0.76, 1.31] 2008 -
Ye 2012 33 64 36 63 7.0% 0.90 [0.66, 1.24] 2012 ™
Devroey 2012 106 375 116 374 22.5% 0.91[0.73, 1.14] 2012 .
Total (95% ClI) 1700 1697 100.0% 0.90 [0.81, 1.00] ¢4
Total events 464 515
Heterogeneity: Chi = 1.35, df = 6 (P = 0.97); 12 = 0% f f t y
Test fo? overzll effect: Z =2.02 (P(= 0.04) ) 0.05 0.2 1 S 20
Favours HP-hMG Favours rFSH
(B)
rFSH HP-hMG Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
EISG 2002 67 386 80 395 17.7% 0.86 [0.64, 1.15] 2002 =
Kilani 2003 11 50 12 50 2.7% 0.92[0.45, 1.88] 2003 [
Andersen 2006 82 368 97 363 21.9% 0.83[0.65, 1.08] 2006 =
Hompes 2008 71 317 74 312 16.7% 0.94[0.71, 1.26] 2008 .
Bosch 2008 44 140 48 140 10.7% 0.92[0.66, 1.28] 2008 "
Ye 2012 19 64 28 63 6.3% 0.67 [0.42, 1.07] 2012 /T
Devroey 2012 100 375 107 374 24.0% 0.93[0.74, 1.18] 2012 =
Total (95% CI) 1700 1697 100.0% 0.88 [0.78, 0.99] ¢
Total events 394 446
Heterogeneity: Chi? = 2.08, df =6 (P = 0.91); 2= 0% f f f y
Test fo?over;lll effect: Z=2.13 (P(= 0.03) ) 0.05 0.2 ! S 20
Favours HP-hMG Favours rFSH
(C)
rFSH HP-hMG Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Andersen 2006 91 368 106 363 31.7% 0.85[0.67, 1.08] 2006
Hompes 2008 75 317 79 312 23.7% 0.93[0.71, 1.23] 2008
Devroey 2012 143 375 150 374 44.6% 0.95[0.80, 1.14] 2012
Total (95% CI) 1060 1049 100.0% 0.91 [0.80, 1.04]
Total events 309 335

Heterogeneity: Chi? = 0.60, df =2 (P = 0.74); I? = 0%
Test for overall effect: Z=1.38 (P =0.17)

005 02 1 5 20
Favours HP-hMG Favours rFSH

Figure 5 Meta-analyses comparing rFSH with HP-hMG. (A) Comparing clinical pregnancy. (B) Comparing live birth. (C) Comparing

cumulative live birth.

MD —31 IU; 95% Cl, —290 to 228; * = 97%; low quality of
evidence) (Fig. 4b). For both comparisons there was severe statistical
heterogeneity.

Pregnancy outcomes

Of the seven trials comparing rFSH and HP-hMG, all trials had data
on clinical pregnancy and live birth rate and three trials (N = 2109)
had data on cumulative live births following fresh and cryo-embryo
transfers (Fig. 5).

We found a slightly lower clinical pregnancy rate and live birth rate
in the rFSH-treated women than in the HP-hMG-treated women
(seven studies, N= 3397. Clinical pregnancy: RR, 0.90; 95% CI,
0.81-1.00. Live birth: RR, 0.88; 95% CI, 0.78-0.99; high quality of
evidence). We found insufficient evidence of a difference in cumulative

live birth rate (three studies, N = 2109. Cumulative live birth: RR,
0.91; 95% CI, 0.80—1.04). There was no indication of heterogene-
ity for these outcomes across studies (* = 0%, high quality of
evidence).

Of the 21 trials comparing rFSH and HP-FSH, all trials had data on
clinical pregnancy rate and 12 trials had data on live birth rate (Fig. 6).
One trial had data on cumulative ongoing pregnancies following frozen-
thawed embryo transfers (Out et al., 1995), but no trials had data on
cumulative live birth rate.

We found little or no difference in clinical pregnancy rate nor in live
birth rate in the rFSH-treated women compared to HP-FSH-treated
women (21 studies, N = 4165. Clinical pregnancy: RR, 1.03; 95% ClI,
0.94—1.13. Twelve studies, N = 2458. Live birth: RR, 1.03; 95% Cl,
0.90-1.18). There was no indication of heterogeneity across studies
(I* = 0%, high quality of evidence).
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A
( ) rFSH HP-FSH Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% ClI
O’Dea 1993 12 56 13 58 2.1% 0.96 [0.48, 1.91] 1993
Bergh 1997 53 119 42 116 6.9% 1.23[0.90, 1.68] 1996 T
Hoomans 1999 25 84 23 85 3.7% 1.10[0.68, 1.78] 1999
Ferraretti 1999 7 66 4 75 0.6% 1.99[0.61, 6.49] 1999
Ghosh 1999 6 22 5 25 0.8% 1.36 [0.48, 3.86] 1999
Nardo 2000 18 75 4 35 0.9% 2.10[0.77,5.74] 2000
Germond 2000 10 39 3 40 0.5% 3.42[1.02, 11.49] 2000
Franco 2000 22 60 19 60 3.1% 1.16 [0.70, 1.91] 2000
Schats 2000 62 247 50 249 8.1% 1.25[0.90, 1.74] 2000 T
Lenton 2000 27 83 24 85 3.8% 1.15[0.73, 1.82] 2000
Frydman 2000 32 139 38 139 6.2% 0.84 [0.56, 1.27] 2000
Hugues 2001 12 56 7 32 1.4% 0.98 [0.43, 2.23] 2001
Dickey 2002 18 58 45 119  438% 0.82[0.52, 1.28] 2002
Selman 2002 49 134 61 133 9.9% 0.80[0.60, 1.06] 2002 ™
Dickey 2003 27 60 25 60 4.1% 1.08 [0.72, 1.63] 2003
Gallego 2003a 14 50 12 50 1.9% 1.17 [0.60, 2.27] 2003
Mohamed 2006 21 129 23 128 3.7% 0.91[0.53, 1.55] 2006
Antoine 2007 21 76 22 75 3.6% 0.94 [0.57, 1.56] 2007
Abate 2009 50 186 60 215 9.0% 0.96 [0.70, 1.33] 2009 -
Baker 2009 34 76 37 76 6.0% 0.92[0.65, 1.29] 2009 "
Liu 2015 116 243 116 243 18.8% 1.00 [0.83, 1.20] 2015 3
Total (95% Cl) 2058 2098 100.0% 1.03 [0.94, 1.13] 4
Total events 636 633
Heterogeneity: Chi? = 16.49, df = 20 (P = 0.69); 1> = 0% f f f y
Test fo? overgll effect: Z=0.72 (P = é_47) ) 0.05 0.2 ! 5 20
Favours HP-FSH Favours rFSH
(B)
rFSH HP-FSH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Bergh 1997 40 119 36 116 12.1% 1.08 [0.75, 1.57] 1996 T
Frydman 2000 25 139 25 139 8.3% 1.00 [0.61, 1.65] 2000
Franco 2000 21 60 16 60 5.3% 1.31[0.76, 2.26] 2000
Lenton 2000 27 83 20 75 7.0% 1.22[0.75, 1.98] 2000
Nardo 2000 12 75 4 35 1.8% 1.40[0.49, 4.03] 2000
Schats 2000 56 247 43 249 14.2% 1.31[0.92, 1.87] 2000 T
Hugues 2001 7 56 6 32 2.5% 0.67 [0.25, 1.81] 2001
Dickey 2002 14 58 37 119 8.1% 0.78[0.46, 1.32] 2002
Selman 2002 41 134 52 133 17.3% 0.78[0.56, 1.09] 2002 —=T
Dickey 2003 24 60 21 60 7.0% 1.14[0.72, 1.82] 2003
Mohamed 2006 18 129 20 128 6.7% 0.89[0.50, 1.61] 2006
Baker 2009 29 76 29 76 9.6% 1.00 [0.67, 1.50] 2009
Total (95% CI) 1236 1222 100.0% 1.03 [0.90, 1.18]
Total events 314 309
[P 2 — - - .12 =09 + t t t +
Heterogeneity: Chi? = 8.32, df = 11 (P = 0.68); I? = 0% 005 02 ] . 20

Test for overall effect: Z=0.46 (P = 0.64)

Favour HP-FSH Favours rFSH

Figure 6 Meta-analyses comparing rFSH with HP-FSH. (A) Comparing clinical pregnancy. (B) Comparing live birth.

Required amount to reach a clinical pregnancy

Comparingv rFSH with HP-hMG, we found that the required amount
to achieve a clinical pregnancy was 7168 1U (95% Cl, 5007 to 9330) for
rFSH and 5774 1U (95% Cl, 406 | to 7488) for HP-hMG. The difference
in mean gonadotrophin amount per extra clinical pregnancy was 720 U
(95% Cl, —29 to 1470) for rFSH versus HP-hMG (Fig. 7).

Comparing rFSH with HP-FSH, we found that the required amount
to achieve a clinical pregnancy was 8017 1U (95% Cl, 6714 to 9320) for
rFSH and 9079 1U (95% Cl, 7297 to 10861) for HP-FSH. The differ-
ence in mean gonadotrophin amount per extra clinical pregnancy was
—380 U (95% ClI, —1778 to 1017) for rFSH versus HP-FSH (Fig. 7).

Required amount to reach a live birth
Comparing rFSH with HP-hMG, we found that the required amount to
achieve a live birth was 8222 U (95% Cl, 5743 to 10 703) for rFSH and
6548 1U (95% Cl, 4605 to 8491) for HP-hMG. The difference in mean
gonadotrophin amount per extra live birth was 789 IU (95% CI, —9.5
to 1570) for rFSH versus HP-hMG (Fig. 7). In the three trials with data
on cumulative live births the difference in mean gonadotrophin amount
per extra live birth was 310 IU (95% Cl, — 158 to 778) for rFSH versus
HP-hMG.

Comparing rFSH with HP-FSH, we found that the required amount
to achieve a live birth was 9880 IU (95% CI, 8080 to | 1489) for rFSH
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Mean difference in gonadotrophin use per outcome

Live birth
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Figure 7 Forest plot showing the difference in gonadotrophin use per extra live birth and clinical pregnancy.

and I'1 076 1U (95% ClI, 8583 to 13924) for HP-FSH. The difference in
mean gonadotrophin amount per extra live birth was —365 U (95%
Cl, —2675 to 1945) for rFSH versus HP-FSH (Fig. 7).

Required amount for one more oocyte

Of the seven trials comparing rFSH and HP-hMG, all trials had data
on the number of oocytes retrieved. Of the 21 trials comparing rFSH
and HP-FSH, all trials had data on the number of oocytes retrieved.
MD in number of oocytes retrieved was |.83 (95% Cl, 1.20 to 2.64;
N = 3397; I = 70%; low quality evidence) for rFSH versus HP-HMG
and was —0.57 (95% Cl, —0.20 to 1.33; N = 2458; I = 80%; low quality
evidence) for rFSH versus HP-FSH.

Comparing rFSH with HP-HMG, we found that the required amount
per oocyte retrieved was 198 IU (95% Cl, —38 to 433) for rFSH and
230 IU (95% Cl, 107 to 352) for HP-HMG. The estimated difference
in mean gonadotrophin amount per extra oocyte was =50 IU (95% Cl,
—276 to 226) for rFSH versus HP-FSH.

Comparing rFSH with HP-FSH, we found that the required amount
per oocyte retrieved was 260 IU (95% Cl, 17 to 503) for rFSH and
286 1U (95% Cl, 153 to 418) for HP-FSH. The estimated difference in
mean gonadotrophin amount per oocyte was — 18 1U (95% Cl, —322
to 304) for rFSH versus HP-FSH.

In all comparisons both oocyte number and amount of gonadotrophin

differed across studies, creating severe statistical heterogeneity. This
limits the external validity of the estimated required amount of
gonadotrophin for one more oocyte presented here.

Discussion

In this systematic review and meta-analysis we evaluated the evidence
on the total amount of gonadotrophins required to reach a live birth
after ovarian stimulation with rFSH in comparison to HP-hMG or
HP-FSH in couples undergoing IVF or ICSI treatment. We found no

evidence of a difference in amount of gonadotrophins per woman who
started an IVF/ICSI cycle and per live birth between rFSH and HP-hMG
or HP-FSH.

The main strength of our study is that we were able to collect data
for 7553 women from studies with a strong design. Also, the results are
applicable to a general IVF/ICSI population and are important from a
social-economic perspective.

A limitation lies in the severe clinical heterogeneity in mean total
amount of gonadotrophins used across individual studies. Study year
and country could partly explain this heterogeneity. Older studies often
used higher starting doses.

Not all studies reported early drop outs, and for those studies we can
thus not be certain that all women started gonadotrophin treatment.
This might have affected the averaged total amount of gonadotrophins.

A further limitation of our review is that we did not evaluate potential
differences in patient characteristics such as female age and indication
for IVF. These factors could influence resource use. To take these
differences into account an individual participant data meta-analysis
would be necessary.

In our meta-analysis we focused on the total amount of
gonadotrophins required to reach a clinical pregnancy. Previous meta-
analyses focused on the effectiveness and safety of the different types
of gonadotrophin (Coomarasamy et al., 2008; Al-Inany et al., 2009; van
Wely et al., 201 1; Gerli et al., 2013). These meta-analyses suggested
that HP-hMG results in slightly more clinical pregnancies and live births
than rFSH, possibly due to the LH activity in HP-hMG, but the relation
to the required gonadotrophin amount per live birth was not studied.

We consider the required gonadotrophin amount per clinical preg-
nancy or per live birth to be representative of the biopotency of
a gonadotrophin. A more biopotent product would require a lower
total dose and less stimulation days in comparison to a less biopotent
product. In general, basic FSH isoforms, such as rFSH, have a higher
receptor affinity in vitro compared to more acid isoforms, such as
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HP-hMG and HP-FSH, but more acid isoforms have a longer plasma
half-life compared to basic FSH isoforms. There has been much dis-
cussion on the presumed differences in biopotency of the various
gonadotrophins related to isoform composition and acidity. Some
studies describe that it is unknown whether these differences influence
biopotency (Practice Committee of American Society for Reproduc-
tive Medicine, Birmingham, Alabama, 2008; Smitz et al., 2016), while
others suggest that in view of the higher biopotency in vitro, rFSH might
also be more biopotent in vivo (Barrios-De-Tomasi et al., 2002; Ander-
sen et al., 2004; Andersen and Ezcurra, 201 1), and one study suggests
that, because of the longer plasma half-lives, more acid isoforms have
an higher in vivo bioactivity (Wolfenson et al., 2005).

It can be argued that gonadotrophin amount per oocyte would
better represent biopotency. Although not pre-defined, we added this
outcome to our analysis and found insufficient evidence of a difference
between rFSH and HP-HMG, and rFSH and HP-FSH. This analysis was
hampered by the heterogeneity in the data.

Our results suggest that, although rFSH, HP-hMG and HP-FSH differ
in isoform composition and acidity, as well as in LH activity, these
gonadotrophins have a comparable biopotency.

We conclude that the differences in required amount of gonadotrophin *

to reach a live birth between rFSH, HP-hMG and HP-FSH are small.
Decision-making should thus be based on convenience, availability,
actual costs and patient preferences.

Supplementary data

Supplementary data are available at Human Reproduction Open online.
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