
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Clinical consequences of ovarian stimulation in assisted conception and in
PCOS

Al-Inany, H.G.

Publication date
2006

Link to publication

Citation for published version (APA):
Al-Inany, H. G. (2006). Clinical consequences of ovarian stimulation in assisted conception
and in PCOS. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:23 May 2023

https://dare.uva.nl/personal/pure/en/publications/clinical-consequences-of-ovarian-stimulation-in-assisted-conception-and-in-pcos(881b6af3-3c21-41b9-bd2c-817863931a8b).html


Chapter 3 

Ovulation Induction in the New Millennium: 

Recombinant FSH Vs hMG 

Hesham Al-Inany, Mohamed A Aboulghar, Ragaa T. Mansour, Gamal I. Serour 

Gynecol Endocrinol. 2005 Mar;20(3):161-9. 
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Abstract 

Objective: The renewed interest in LH together with limited and decreasing health 

resources, make it essential for recombinant FSH preparations (devoid of LH) with their high 

cost to be compared to human menopausal gonadotrophins regarding clinical efficacy. 

Methods: All published randomized controlled trials comparing recombinant FSH vs hMG 

under different protocols of stimulation were examined. Eight truly RCTs included in a 

meta-analysis recruiting 2031 participants. Data of ongoing pregnancy/live birth rate , 

clinical pregnancy rate , miscarriage rate, multiple pregnancy rate and ovarian 

hyperstimulation syndrome were extracted and odds ratio were calculated with the use of a 

fixed effect model. The data combined for meta-analysis with RevMan software (using the 

Mantel-Haenszel method). 

Results: Pooling the results of these RCTs has shown no significant difference between 

recombinant FSH and hMG regarding different outcomes, (ongoing pregnancy/live birth rate 

O.R 1.18 (95% C.I 0.93-1.50), clinical pregnancy rate O.R 1.2 (95% C.I 0.99-1.47), 

miscarriage rate O.R 1.2 (95% C.I 0.70-2.16) , multiple pregnancy rate O.R 1.35 (95% C.I 

0.96- 1.90) and incidence of moderate /severe OHSS O.R 1.79 (95% C.I 0.74- 4.33). 

However, there was significant reduction in the amount of gonadotrophins in favor of hMG 

over recombinant FSH. There was no significant heterogeneity of treatment effect across the 

trials. 

Conclusion: there is no clinically significant difference between hMG and recombinant FSH 

in IVF/ICSI cycles. Decision makers should establish their choice of one drug over the other 

based on the most up-to-date available evidence 
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Introduction 

In spite of proven efficacy of recFSH, its wide-spread use was hampered by its relatively 

high cost as compared with human menopausal gonadotrophins (1). The decision to adopt a 

more expensive treatment could result in a lower number of couples receiving IVF treatment 

especially in a society with decreasing health resources where financial implications should 

always be considered. If recombinant FSH is better than hMG, this would justify its use. 

However, recent randomized controlled trials (RCTs) showed equivalent effectiveness 

between human menopausal gonadotrophin and recombinant FSH (2-6). In the present 

article, we wished to update the evidence regarding the comparison between hMG and 

recombinant FSH. 
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Methodology 

The search for relevant studies was detailed and extensive. We searched the Cochrane 

Menstrual Disorders and Subfertility Group trials register, PubMed, EMBASE, abstracts of 

the ESHRE & ASRM meetings from 1999 to 2004 and checked the references of these 

studies for additional articles; In addition, personal communication were established. Studies 

were identified by a literature search using a combination of the following key words: FSH, 

recombinant, hMG, pregnancy, randomized controlled trial. 

The methodology used in the present article has only included the truly randomized 

controlled trials comparing recombinant FSH vs hMG for ovarian stimulation in subfertile 

couples undergoing IVF/ICSI program. We excluded quasi-randomized trials because they 

are known to give inflated treatment effects. 

Included trials were analyzed for the following characteristics: method of 

randomization, presence or absence of blinding to treatment allocation, quality of allocation 

concealment, number of patients randomized, whether an intention to treat analysis was 

done, duration, timing and location of the study. 

The main outcome measure was live birth /ongoing pregnancy rate per woman. 

Secondary outcome measures were clinical pregnancy per woman, miscarriage rate, multiple 

pregnancy, total dose of gonadotrophins and severe ovarian hyperstimulation syndrome 

(OHSS). . 

A subgroup analysis was done including only trials in which pituitary downregulation was 

achieved using the long protocol as amalgamation of results of the different protocols could 

be of uncertain value (7). The long protocol was selected as it is the most widely used 

protocol for pituitary downregulation in the last two decades (8). 

The raw data was obtained from each study and summarized in a two-by-two table. The 

dichotomous data results for each study were expressed as an odds ratio with 95% 

confidence intervals. These results were combined for meta-analysis with RevMan software 

(using the Mantel-Haenszel method)(9). 

The underlying assumption when similar trials are pooled is that the differences found 

between the trials are likely to be differences in extent of treatment rather than differences in 

the direction of treatment effect (10). To test the hypothesis that the OR is constant across 

strata, several statistical methods have been developed. One way of doing this is to look at 

the graphical display of the 95% C.I. of the individual trials (Cochrane Handbook, version 

8). When C.I. do not overlap, the differences are likely to be statistically significant, thus 
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heterogeneous. "Statistically significant heterogeneity" suggests that the observed 

differences in results of the individual trials are due to factors other than chance. In this case 

one should be cautious about interpreting the overall estimated effect. To test for statistical 

heterogeneity we used the method of Breslow and Day (11). They proposed a test that sums 

up the squared deviations of observed and fitted values, each standardised by its variance. 

The statistics used follow an approximate chi-square distribution on N-l degrees of freedom, 

N being the number of trials under study. 

In the graphical display of the meta-analyses, a benefit from recombinant FSH would be 

displayed graphically to the right of the centre-line and a benefit from hMG would be 

displayed graphically to the left of the centre-line. 
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Results 

Seventeen trials were identified with the adopted search strategy. All these studies were 

identified as potentially providing data comparing recombinant FSH to hMG. Eight truly 

RCTs were included in this meta-analysis (2-6; 12-14). All were critically appraised and data 

were extracted for meta-analysis. 

We excluded nine trials as follow : Balasch et al : rFSH vs combined rFSH & hMG (15) 

; Duijkers et al : very small trial [13 participants] with unclear data and the authors did not 

respond despite repeated contact) (16), Loutradis et al: insufficient information with no 

response from the authors (17), Kornilov et al: unclear data, see below (18); Serhal et al: 

Quasi-randomized trial, randomized subjects by alternating weeks (19), Mahmoud et al : 

rFSH vs combined rFSH & hMG (20), Meo et al: retrospective study (21), Commenges-

Ducos et al: rFSH vs combined rFSH & hMG (22) and finally Eskandar et al: not a RCT 

(23). 

The Kornilov et al (18) trial was excluded as the authors reported pregnancy rate per 

embryo transfer rather than pregnancy rate per cycle started. In addition, there was a 

significant age difference between the two groups despite claimed randomization (hMG 40 

subjects and recFSH 28 subjects). The method of randomization was not clear and the 

authors were contacted for additional information, however, no response was obtained. 

The sample size of 2105 women was estimated test whether hMG is equivalent or even 

superior to recombinant FSH in an IVF/ET program. However, the included trials enrolled 

2031 participants.(96.5% of the required sample) 

Many of the included studies were really small but pooling the data from all (that 

included IVF/ICSI cycles) has shown no significant difference between recombinant FSH 

and hMG regarding different outcomes, (ongoing pregnancy/live birth rate O.R 1.18 (95% 

C.I 0.93-1.50), clinical pregnancy rate O.R 1.2 (95% C.l 0.99-1.47), miscarriage rate O.R 1.2 

(95% C.I 0.70-2.16) , multiple pregnancy rate O.R 1.35 (95% C.I 0.96- 1.90) and incidence 

of moderate /severe OHSS O.R 1.79 (95% C.I 0.74- 4.33). However, subgroup analysis 

showed better pregnancy rate with hMG in cycles where down regulation was done using 

long protocol. O.R.: 1.27 (95% CI 1.00-1.62). There was significant reduction in the amount 

of gonadotrophins in favor of hMG over recombinant FSH. (O.R -317.8 (95% CI -346.6, -

289.0). There was no significant heterogeneity of treatment effect across the trials. 
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Comparison: 03 hMG vs recombinant FSH 
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Figure 1: comparison between recFSH and hMG (live birth rate / ongoing pregnancy) 
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gure 2: comparison between recombinant FSH and hMG (clinical pregnancy rate / woman) 
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Comparison: 03 hMG vs recombinant FSH 

Outcome: 02 Clinical pregnancy per woman 
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Figure 3: comparison between recombinant FSH and hMG using long protocol of down 

regulation ( clinical pregnancy rate / woman) 
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Figure 4: comparison between recombinant FSH and hMG ( Miscarriage rate) 
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Comparison: 03 hMG vs recombinant FSH 
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Figure 5: comparison between recombinant FSH and hMG (multiple pregnancy) 
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Figure 6: comparison between recombinant FSH and hMG (severe OHSS) 
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Comparison: 03 hMG vs recombinant FSH 
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Figure 71: comparison between recombinant FSH and hMG (amount of gonadotrophin used) 
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Discussion 

Recent developments in recombinant DNA technology have enabled the large-scale 

production of human rFSH. It was considered a major breakthrough in the treatment of 

infertility by means of assisted reproduction technologies (ART) [25]. hMG is extracted 

from the urine of postmenopausal women while rFSH is derived from the secretions from 

Chinese hamster ovary cells that are cultured in media supplemented with fetal calf serum. 

By comparison, urinary hMG is subject to batch-to batch variation [26] but rFSH has a 

guaranteed consistency across batches and high specific activity (410 000 lU/mg) [27]. 

hMG is generally less expensive than its genetically engineered counterpart. It is clear that 

the price of rFSH has an impact on the patient's budget and on the final cost of ART 

procedures. The price of rFSH is said to be a reflection of 410 years of research and 

development [28]. However, the technology on which rFSH was based was already available 

and should not be used as a justification for the price of rFSH. 

Furthermore, this was not the first molecule to be produced by recombinant technology. 

For example, recombinant insulin has been available for 10 years and is a good example of a 

hormone produced by recombinant technology, surviving in a very competitive market, but 

selling at an affordable price [29]. Recombinant insulin opened the door for the development 

by recombinant technology of a variety of insulin products that have provided alternative 

treatments of diabetes. Thus rFSH is expected to lead to the development of new types of 

FSH as long acting and possibly other future modalities, which has an unlimited future. 

The primary efficacy endpoint used to show the efficacy of rFSH in the original studies 

was the number of oocytes retrieved [30]. This endpoint was chosen because it is the direct 

goal of ovarian stimulation and a parameter that is easily assessed.. However, pregnancy rate 

is the ultimate goal of infertility treatment and take-home baby rate is the ideal parameter for 

comparison [11]. Two previous meta-analyses compared urinary FSH (uFSH) with hMG 

regarding clinical pregnancy rate [7,31]. Daya and colleagues [31] showed favorable 

outcome for uFSH over hMG. On the contrary, pooling trials that used a long protocol of 

gonadotropin-releasing hormone analogs (GnRH-a) for pituitary desensitization, Agrawal 

and associates [7] found an OR for clinical pregnancy rate per woman of 0.88 (95% CI 0.65-

1.19). The former meta-analysis [31] did not differentiate between the GnRH-a protocols 

used. Two meta-analyses, published in 2003, compared rFSH with hMG [32,33]. showed no 

statistically significant difference between rFSH and hMG (OR 0.81, 95% CI 0.63- 1.05), 

but their meta-analysis did not differentiate between the GnRH-a protocols used. On the 

54 



other hand, Van Wely and colleagues [33] showed that hMG was better than rFSH when a 

GnRH agonist protocol was used. However, these authors included a quasi-randomized trial 

[22] that was excluded in the former study [32]. 

The present meta-analysis included more true RCTs with 2031 IVF/ICS1 cycles and 

showed no statistically significant difference between both drugs regarding live birth rate. 

Subgroup analysis was done to include only those women downregulated with a long 

protocol. There was a statistically significant difference in favor of hMG over recombinant 

FSH: OR 1.27 (95% CI 1.00-1.62) (and still excluding the quasi-randomized trial [22]). 

The number needed to treat (NNT) is the number of patients who need to be treated to 

prevent one additional adverse outcome or achieve one additional favorable outcome, e.g., 

pregnancy. The number needed to treat was calculated and found to be 23. 

This number has become quite a popular way of reporting the results of clinical trials 

[37] and is clinically useful because it can be applied directly to decisions regarding patient 

care. Thus, it would require 23 cycles of ART to achieve a single additional clinical 

pregnancy with hMG treatment compared with rFSH. A large treatment effect leads to a 

small NNT and vice versa. NNT for treatments should be small. It should be noted that NNT 

for the meta-analysis of Van Wely and co-investigators [33] is 18, while in ours it is 23 (with 

more trialsincluded). This figure could be changed with more trials. 

In the present meta-analysis, the results were pooled using a fixed-effects model after 

confirming that statistical heterogeneity was not present (i.e., the observed treatment effects 

in individual trials were not statistically significantly different from the overall pooled 

estimate of the treatment effect). Although all trials were statistically homogeneous, 

differences in clinical parameters are often found (clinical heterogeneity). Clinical 

heterogeneity cannot be avoided because most centers use their own 'materials and 

methods'. On the other hand, when all trials find similar results despite differences in clinical 

parameters, this strengthens the final conclusions. 

It is believed that so long as trials are truly randomized, any differences observed in 

pregnancy rate can be attributed to the effect of gonadotrophins. The purpose of 

randomization is to generate control and experimental groups that are likely to be similar 

with respect to known and unknown covariates. Accordingly, any differences observed in 

pregnancy rate can be attributed to the effect of gonadotrophins, whether recombinant or 

urinary. Randomization minimizes bias in the allocation of patients to groups and ensures 

that the only systematic difference between the groups is the intervention [38]. 

55 



It should be noted that results were similar from study to study but not identical. This is 

because even if all clinical studies have perfectly valid designs, chance alone would cause 

differences among the results, in part because investigators accept a 5% error to achieve a 

feasible sample size. Differences among studies also are to be expected because of 

differences in participants and clinical settings. The results of a meta-analysis usually reflect 

a wide range of clinical settings and patient characteristics; thus, the results can be 

generalized broadly among typical patients [38]. 

The statistically significant reduction in the dose of gonadotropin shown with hMG 

demonstrates that supplementation of LH activity enhances FSH activity and optimizes FSH 

ovulation induction in Figure 7. Comparison between recombinant follicle-stimulating 

hormone (rFSH) and human menopausal gonadotropin (hMG): amount of gonadotropin 

used per woman (IU). SD, standard deviation; WMD, weighted mean difference; CI, 

confidence interval; EISG, European and Israeli Study Group. Meta-analysis of hMG versus 

rFSH 167 women undergoing controlled ovarian hyperstimulation for ART (Figure 7). LH 

activity could directly stimulate follicle growth and maturation, starting in the mid follicular 

phase [39]. It is also well known that exogenous human chorionic gonadotropin (hCG) was 

previously used in commercial hMG preparations to correct imbalances in the LH/FSH ratio 

[40] and accordingly some of the LH activity in urinary hMG may be derived from hCG 

[41]. A recent compositional study showed that 95% of LH activity in highly purified hMG 

is due to hCG [42]. 

hCG has a longer plasma half-life than LH and provides a more prolonged and stable 

occupancy of LH receptors; furthermore, it was recently suggested that hCG can promote 

angiogenesis, a crucial process involved in embryo implantation [43]. 

Safety always comes first and it has been recently found that a prion protein isoform is 

present in the urine of animals and humans affected with transmissible spongiform 

encephalopathies [44]. This prion protein was also found in the urine of hamsters inoculated 

with prions. However, the urinary prion protein failed to cause prion disease in hamsters 

when inoculated intracerebellarly [45]. Urinary preparations of gonadotrophins have been 

used widely for over 40 years and no infections have been associated with their use, even in 

the past when urinary products were crude [46], 

The issue is whether urine from postmenopausal women might cause prion disease. The 

current advice from the World Health Organization is that urine has zero infectivity for prion 

disease. On the other hand, the cell culture medium for rFSH requires the presence of fetal 
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calf serum, which theoretically can be risky. However, this serum is obtained from countries 

where prion disease is absent and the serum is prepared via a validated purification process. 

Both urinary and recombinant gonadotropin preparations require purification, including a 

number of filtration, ionic exchange, chromatography and precipitation steps, and thus 

bacteria, viruses and prions may be physically removed from the final gonadotropin 

preparations. It is also reassuring to note that similar fractionation procedures are used in the 

production of human plasma. These steps are capable of removing prion proteins [47, 48]. 

The present meta-analysis has concluded that there is no difference in clinical efficacy 

between rFSH and hMG. Additional factors should be considered when choosing a 

gonadotropin regimen, including cost, safety, patient acceptability and drug availability. 

Decision-makers should therefore establish their choice of one drug over the other based on 

the most up-to-date evidence available. In general, the risk of increasing pharmaceutical 

costs without clear clinical benefits has to be set against the risk of strangling innovation. 
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Characteristics of included studies 

Study Methods 
„ . . . Allocation 
Participants Interventions , r concealment 

EuroDean and Multicentre RCT, allocation bv Couples with different Lone protocol then hMG (Menopur) vs 
Israeli Studv randomization list. causes of infertility except rFSH (Follitropin Beta. Pureaon), 225 
Group 2002 randomization blocks PCO. female ace (mean 31 IU sc dailv for 5 days, then adjusted. 

|yrs) 

Ng200l 

Westergaard 
2001 

RCT. Allocation by 
computerized randomization. 

RCT. Allocation by 
computerized randomization. 

severe male factor Long protocol, then hMG (Pergonal) vs 
Female age (median 33yrs, rFSH (Follitropin alpha, Gonal-F) given 

as 300 IU in the first two days followed 
by 150 IU daily. 

Couples with different 
causes of infertility 
PCOS excluded. 
Female age (mean 31 yrs) 

Long protocol then hMG (Menogon) vs 
rFSH (Follitropin alpha. Gonal-F) given 
as 225 IU for 7 days. 

A 

\ 

\ 

Strehler 2001 RCT; allocation by Couples with different short-protocol down-regulation and A 
computerized randomization; causes of infertility hMG: Menogon vs rFSH both given as 

jage:32yrs 150 to 450 IU 

Gordon 2001 4-arm RCT, allocation 
concealed using sealed 
envelopes. 

Couples with different 
causes of infertility 
female age (mean 32). 

Long protocol then hMG (humegon) vs 
rFSH (Puregon, Follitropin beta) 225 
IU daily for 5 days, then adjusted; 

A 

Jansen 1998 RCT. Allocation by receiving a Couples with different HMG (humegon) vs rFSH (Follitropin A 
number from a randomisation causes of infertility Beta, Puregon) 150-225 IU daily for 4 
list that corresponded to a female age (mean 32). days, then adjusted; 
medication box. 

Kilani 2003 

Balasch 2003 

RCT. allocation concealed Couples with different Long protocol then hMG (Menopur) vs A 
using sealed envelopes. causes of infertility except rFSH (Follitropin alpha, Gonal F), 150 

endometriosis & PCO IU sc daily for 14 days, then adjusted 
Female age (mean 26yrs) 

RCT allocation concealed using Couples with different Long protocol then hMG (Pergonal) vs 
a computer-generated table causes of infertility except rFSH (Follitropin alpha, Gonal F), 150 

PCO IU sc daily for 14 days, then adjusted 
Female age (mean 33yrs) 

A 
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