
Best Practice & Research Clinical Obstetrics and Gynaecology 85 (2022) 203e216
Contents lists available at ScienceDirect

Best Practice & Research Clinical
Obstetrics and Gynaecology

journal homepage: www.elsevier .com/locate/bpobgyn
17
Originator recombinant human follitropin alfa
versus recombinant human follitropin alfa
biosimilars in Spain: A cost-effectiveness
analysis of assisted reproductive technology
related to fresh embryo transfers

Juan-Enrique Schwarze a, *, Christos Venetis b, c,
Silvia Iniesta d, e, Edel Falla f, Vasily Lukyanov g, 1,
Elena de Agustin Calvo h, Thomas D�Hooghe a, i, j,
Claudia Roeder k, Roberto Matorras l, m

a Merck Healthcare KGaA, Frankfurter Str. 250, 64293, Darmstadt, Germany
b Centre for Big Data Research in Health & School of Women's and Children's Health, UNSW Medicine &
Health, Sydney, NSW, 2052, Australia
c IVF Australia, Level 3, 15 Bowden Street, Alexandria, NSW, 2015, Australia
d Department of Obstetrics, Gynecology and Reproductive Medicine, La Paz University Hospital, Paseo de la
Castellana, 261, 28046, Madrid, Spain
e Department of Reproductive Medicine, Ruber Internacional Hospital, C/ La Maso, 38, Mirasierra, Madrid,
28034, Spain
f IQVIA Real World Solutions, London, UK
g IQVIA Real World Solutions, Herikerbergweg 314, 1101, CT, Amsterdam, Netherlands
h Merck, S.L.U., C/ Maria de Molina 40, Madrid, Spain, an affiliate of Merck KGaA
i Department of Development and Regeneration, Laboratory of Endometrium, Endometriosis & Reproductive
Medicine, KU Leuven, Herestraat 49 e Box 805|B-3000, Leuven, Belgium
j Department of Obstetrics, Gynecology, and Reproductive Sciences, Yale University Medical School, New
Haven, CT, 06510, USA
k Pharma Value Consulting, Pilatusweg 6 Oberwil-Lieli, 8966, Switzerland
l Department of Obstetrics and Gynecology, Human Reproduction Unit, Cruces University Hospital, Basque
Country University, Plaza de Cruces, S/N 48903 Barakaldo, Bizkaia, Bilbao, Spain
m Instituto Valenciano de Infertilidad, IVI Bilbao, IVIRMA, Landabarri Bidea, nº 3 e 2nd Floor, 48940, Leioa,
Vizcaya, Bilbao, Spain
* Corresponding author.
E-mail addresses: juan-enrique.schwarze@merckgroup.com (J.-E. Schwarze), c.venetis@unsw.edu.au (C. Venetis), silvia.

iniesta@salud.madrid.org (S. Iniesta), edel.falla@iqvia.com (E. Falla), vasily.lukyanov@philips.com (V. Lukyanov), elena.de-
agustin-calvo@merckgroup.com (E. de Agustin Calvo), thomas.dhooghe@merckgroup.com (T. D�Hooghe), claudia.roeder@
external.merckgroup.com (C. Roeder), roberto.matorras@osakidetza.net (R. Matorras).

1 Affiliation at the time of the study. Present address: Koninklijke Philips N.V. Amstelplein 2, 1096 BC Amsterdam,
Netherlands.

https://doi.org/10.1016/j.bpobgyn.2022.01.011
1521-6934/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

mailto:juan-enrique.schwarze@merckgroup.com
mailto:c.venetis@unsw.edu.au
mailto:silvia.iniesta@salud.madrid.org
mailto:silvia.iniesta@salud.madrid.org
mailto:edel.falla@iqvia.com
mailto:vasily.lukyanov@philips.com
mailto:elena.de-agustin-calvo@merckgroup.com
mailto:elena.de-agustin-calvo@merckgroup.com
mailto:thomas.dhooghe@merckgroup.com
mailto:claudia.roeder@external.merckgroup.com
mailto:claudia.roeder@external.merckgroup.com
mailto:roberto.matorras@osakidetza.net
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bpobgyn.2022.01.011&domain=pdf
www.sciencedirect.com/science/journal/15216934
http://www.elsevier.com/locate/bpobgyn
https://doi.org/10.1016/j.bpobgyn.2022.01.011
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.bpobgyn.2022.01.011
https://doi.org/10.1016/j.bpobgyn.2022.01.011


J.-E. Schwarze, C. Venetis, S. Iniesta et al. Best Practice & Research Clinical Obstetrics and Gynaecology 85 (2022) 203e216
Keywords:
r-hFSH-alfa
Biosimilars
In vitro fertilization
Medically assisted reproduction
Cost-effectiveness analysis
a b s t r a c t

This study compared the cost per live birth and cost-effectiveness
of the originator recombinant human follicle-stimulating hormone
follitropin alfa (r-hFSH-alfa) and r-hFSH-alfa biosimilars for ovarian
stimulation prior to assisted reproductive technology treatment in
Spain. A decision tree model was developed, comprising preg-
nancy and live birth for one treatment cycle with fresh embryo
transfer. Clinical inputs were based on a recent meta-analysis by
Chua et al. [4]. Cost inputs were extracted from publicly available
Spanish sources. The costs per live birth were lower with origi-
nator r-hFSH-alfa (V18,138) versus r-hFSH-alfa biosimilars
(V20,377). The incremental cost-effectiveness ratio was V7208 for
originator r-hFSH-alfa versus biosimilars. Drug acquisition costs for
originator r-hFSH-alfa represented 10.5% of total costs in the base
case analysis, and 6.2% in a treatment cycle resulting in live birth
with one fresh embryo transfer. Results from the sensitivity ana-
lyses confirmed the robustness of the findings.

© 2022 The Authors. Published by Elsevier Ltd. This is an open
access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
Introduction

Exogenous gonadotropins are used to treat infertility by inducing ovulation or by stimulating multi-
follicular development in women undergoing assisted reproductive technology (ART) treatment [1].
Recombinant human follicle-stimulating hormone follitropin alfa (originator r-hFSH-alfa, GONAL-f®,
Merck Healthcare KGaA, Darmstadt, Germany), hereafter referred to as originator r-hFSH-alfa, was first
approved in Europe in 1995 (GONAL-f®) [2] and in the USA in 1997 (GONAL-f® RFF) [3], withmore than
4 million babies estimated to have been born following treatment with originator r-hFSH-alfa [4].

Biosimilar preparations, defined as a biological medicinal product that contains an often reverse-
engineered version of the active substance of an already authorized original biological medicinal
product (reference [originator] medicinal product) [5], are also available for follitropin alfa. Biosimilar
preparations are required to be biologically and clinically ‘non-inferior’ to the originator product [6]. A
number of biosimilar preparations of follitropin alfa have been approved and are currently available in
different countries. For example, Ovaleap®, which was launched in 2013 [7,8], and Bemfola® (also
known as Afolia), which was launched in 2014 [9,10], were approved in the EU based on Phase III
clinical trials that showed they were not inferior to the originator product based on a predefined
threshold for the number of oocytes retrieved and safety. In addition, Primapur® was approved in the
Russian Federation in 2020 based on the number of retrieved oocytes [11], and Follitrope®, which is
only available in Asian countries, has been on the market since 2006, but it is not clear which primary
endpoint/clinical outcome was considered for the marketing authorization approval [4,12].

In order to obtain regulatory approval, biosimilars must show equivalent pharmacological, phar-
macokinetic, toxicological, efficacy and safety profiles to originator r-hFSH-alfa, which are generally
assessed using non-inferiority studies [5]. Owing to the shorter regulatory pathway compared with
originator products, biosimilars are usually marketed at a lower purchase price compared with the
originator product [13]. As treatment costs can restrict patient access to high-quality medicines, bio-
similars may seem economically attractive as they provide potentially lower-cost alternatives for
doctors, payers and patients. However, despite biosimilars offering a lower purchase price in many
countries, cost-effectiveness studies comparing originator r-hFSH-alfa with biosimilars have shown
conflicting findings, with some studies favouring biosimilars [14,15], while several studies favoured
originator r-hFSH-alfa compared with its biosimilars [13,16e20]. Such discrepancies may be due to
differences in the primary outcomes among studies (i.e., outcomes other than live birth) and small
sample sizes [13e20]. A recent pharmaco-economic review suggested that originator r-hFSH-alfa
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would be the preferred strategy for ART treatment in several EU countries, likely due to its higher
incremental efficacy in number of live births and its lower cost per live birth [16]. In fact, a recentmeta-
analysis evaluating the effectiveness of originator r-hFSH-alfa versus its biosimilars, using data from
published randomized controlled trials (RCTs), demonstrated that originator r-hFSH-alfa was associ-
ated with a higher probability of live birth, clinical pregnancy and ongoing pregnancy than its bio-
similars, with a similar safety profile [4]. In combination with clinical studies, economic modelling
using data from large populations (particularly those included in meta-analyses) can provide useful
information to help decision-makers make informed evaluations on the optimal gonadotropin for
ovarian stimulation (OS). This study aimed to compare the economic implications of OS with originator
r-hFSH-alfa and its biosimilars in the context of ART treatment, by evaluating the cost per live birth and
cost-effectiveness of originator r-hFSH-alfa versus its biosimilars using clinical outcomes published
recently in a meta-analysis [4], from the perspective of the Spanish healthcare system.

Methods

Model structure

A decision tree model was developed using Microsoft Excel (Fig. 1). The model structure comprised
pregnancyand live birth rate (LBR) for one fresh embryo transfer. As themeta-analysiswas not performed
for outcomes prior to pregnancy, such as oocyte retrieval, embryo transfer or cancellation prior to embryo
transfer, these outcomes were not included in the model. The proportion of patients at the end of each
treatment pathway was multiplied by the relevant cost (i.e., the cost of stimulation, embryo transfer,
pregnancy or live birth), and the total sum of all pathway costs was used to generate total costs for each
intervention. Outcomes included total costs and incremental cost-effectiveness ratio (ICER), estimated as
thedifference in costs dividedby thedifference in LBRs for the two comparators. Themainmodel outcome
was the cost per live birth.

Clinical inputs

The probability of moving from pregnancy to live birth was based on a recently published meta-
analysis [4], which included five unique RCTs and evaluated the efficacy and safety of the originator
Fig. 1. Model structure (decision tree).
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r-hFSH-alfa versus r-hFSH-alfa biosimilars. The probability of live birth was conditional on achieving
clinical pregnancy. The primary endpoint of this meta-analysis was LBR per randomized patient
following a fresh embryo transfer [4]. Although trials reporting LBR after fresh and/or frozen/thawed
embryo transfers were eligible for inclusion in the meta-analysis, only four frozen/thawed embryo
cycles originating fromone studywere included in the combined LBR estimates, whichwas highlighted
as a potential limitation of the data for LBR in the meta-analysis. Furthermore, the evidence for cu-
mulative outcomes in the meta-analysis was graded as low quality because, owing to cross-over of
treatments after the first cycle in one of the studies, only data on the first cycle were eligible for the
estimation. Secondary outcomes from this meta-analysis, including ongoing pregnancy rate, severe
ovarian hyperstimulation syndrome (OHSS) rate and mean total dose of gonadotropins [4], were also
used to populate the cost-effectiveness analysis reported here. Clinical model inputs from this meta-
analysis are shown in Table 1.

Dosing

The dosage used for originator r-hFSH-alfa and biosimilars was based on findings from the meta-
analysis [4]. The costs for originator r-hFSH-alfa and r-hFSH-alfa biosimilars were estimated accord-
ing to dosage, whereby the average weighted mean total dose (SD) for originator r-hFSH-alfa was
1818.0 IU (406.01) and was assumed to be dispensed as 2 � r-hFSH 900 IU þ 1 � r-hFSH 75 IU, and the
average weighted mean total dose (SD) for biosimilars was 1780.5 IU (433.59) and was assumed to be
dispensed as 2 � r-hFSH 900 IU.

Cost inputs

Cost inputs were categorized according to treatment phase, medication (for OS and concomitant
medication), pregnancy follow-up, live birth, miscarriage and severe OHSS. Treatment costs were
derived from the region-specific sources in Spain and through a targeted search of the published
literature and validation by two Spanish clinical experts (Table 2).

Costs for in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) were the weighted
proportion of IVF (13%) and ICSI (87%) procedures based on data from the Spanish Ministry of Health,
Consumer Affairs and Social Welfare and the Fertility Spanish Society, statistical report of assisted
reproductions techniques (2017) [21]. The cost of a live birth was calculated from the weighted average
of vaginal and caesarean births, based on a reported proportion of 48.9% caesarean births in Spain [21].
Individual components and total costs estimated for each stage of the treatment cycle are shown in
Table 2. The effect of multiple pregnancy was not included in this analysis, although no difference was
expected between groups [4]. Where required, costs were subsequently inflated to current prices using
the Consumer Price Index.

Validation and sensitivity analyses

Cost inputs were validated by two Spanish clinical experts with extensive experience in assisted
reproduction in Spain (SI, RM). A one-way sensitivity analysis (OWSA)was conducted to test the impact
Table 1
Clinical model inputs based on a meta-analysis [4].

Originator r-hFSH-alfa r-hFSH-alfa biosimilars

Rates Events Total RR (upper limit; lower limit)

Ongoing pregnancy 0.35 154 436 0.81 (0.68; 0.98)
Live birth 0.26 231 875 0.83 (0.71; 0.97)
Severe OHSS 0.02 23 987 1.04 (0.63; 1.73)
Mean (SD) dose of gonadotropin, IU 1818 (406) 1780.5 (433)

OHSS, ovarian hyperstimulation syndrome; r-hFSH-alfa, recombinant human follicle-stimulating hormone follitropin alfa; SD,
standard deviation; RR, relative risk.
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Table 2
Estimated treatment costs for each stage of treatment cycle.

Description Unit costs (V)

Screening before ART treatment
General treatment; gynaecological ultrasound before starting stimulation [23] 66.55
Serological tests (HIV, HBc, HCV, syphilis, and HBs) [24] 55.00
Sub-total screening before ART treatment 121.55
Monitoring during ovarian stimulation
Three oestradiol determination tests [21] 50.98
One progesterone determination test [21] 16.97
Follicular sonography (�3.5) [25] 232.00
Sub-total monitoring during ovarian stimulation 299.95
Ovarian stimulation medication
Cost of originator r-hFSH-alfa per stimulation V504.00a

Cost of biosimilar r-hFSH-alfa V483.84b

Sub-total for ovarian stimulation medication V987.84
Ovarian stimulation e concomitant medication (applied to both the originator
r-hFSH-alfa and the r-hFSH-alfa biosimilar arms)

Orgalutran: five syringes (V129.26 for 50% of population) [25] 64.63
Cetrotide: seven syringes (V248.7 for 50% of population) [25] 124.35
Ovitrelle: (one unit) 250 mg [25] 50.63
Sub-total concomitant medication: 239.61
Oocyte retrieval
Outpatient surgery, post-operative monitoring [23] 334.09
Follicular aspiration: needle (clinical input and validation) [23] 25.00
Processing of sperm and processing medium [23] 156.76
Sub-total oocyte retrieval 515.85
Fertilization method used
ICSI [21] 1295.72
IVF [21] 1129.67
Subtotal (weighted mean 13% IVF, 87% ICSI) 1274.13
Stimulation phase e no oocyte retrieval
Follicular puncture (50% of the population) 111.48
Embryo transfer
Embryo transfer [23] 120.92
Pregnancy
Blood test for bHCG (pregnancy test) [21] 8.46
Utrogestan (4 boxes, 60 caps of 200 mg) [25] 167.84
Pregnancy follow-up [26] 1954.22
Sub-total pregnancy 2130.52
No pregnancy
Blood test for bHCG (pregnancy test) [21] 8.46
Utrogestan (one box, 60 capsules of 200 mg) [25] 41.96
Sub-total no pregnancy 50.42
Live birth
Vaginal birth (assuming 51.1%) [21] 2271.12
Caesarean section (assuming 48.9%) [21] 3598.59
Subtotal live birth (weighted mean) 2920.25
Miscarriage
Miscarriage e without curettage (assuming 85%) [21] 1383.44
Miscarriage e with curettage (assuming 15%) [21] 2220.74
Subtotal miscarriage (weighted mean) 1509.03
Adverse event costs
Hospitalization for severe OHSS (including vitrification) [21] 1874.86

a Assumed to be dispensed as 2 � r-hFSH 900 IU (V241.92 � 2) þ 1 � r-hFSH 75 IU (V20.16).
b Assumed to be dispensed as 2� r-hFSH 900 IU (V241.92� 2) (costs shown are without tax). HBc, hepatitis B core antigen;

HBs, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; ICSI, intracytoplasmic sperm
injection; IVF, in vitro fertilization; OHSS, ovarian hyperstimulation syndrome; r-hFSH-alfa, recombinant human follicle-
stimulating hormone follitropin alfa.
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that changes in the clinical and cost parameters have on the outputs, by investigating the plausible
upper and lower values from the reported outcomes (confidence intervals from the meta-analysis [4]
for live birth and pregnancy, upper and lower 25% variance of cost input parameters).
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A probabilistic sensitivity analysis (PSA) was conducted for incremental live births and costs using
1000 Monte Carlo iterations and presented as a cost-effectiveness plane. The PSA allowed quantifi-
cation of the level of confidence in the output of the analysis in relation to uncertainty in the model
inputs.

In addition, as willingness to pay (WTP) thresholds for fertility treatments are not established in
Spain, outputs from the PSA were used to generate a cost-effectiveness acceptability curve. The aim of
this was to assess the probability of cost-effectiveness of the originator compared with the biosimilars
at different thresholds, representing hypothetical national health service willingness to pay limits.
Results

Costs per live birth

Costs per live birth were lower with originator r-hFSH-alfa than for r-hFSH-alfa biosimilars (V18,138
vs V20,377) (Table 3).

Total costs and cost breakdown

The total cost (source costs multiplied by the probabilities in the decision tree) were higher for
originator r-hFSH-alfa than for r-hFSH-alfa biosimilars, which was due to the higher proportion of
pregnancies and live birthswith originator r-hFSH-alfa comparedwith r-hFSH-alfa biosimilars (Table 3).

The largest proportion of costs for both preparations was attributed to OS-associated costs
[excluding medication]/IVF/ICSI (Fig. 2), and the largest difference in costs between originator r-hFSH-
alfa and r-hFSH-alfa biosimilars was for procedures related to the pregnancies and births resulting from
ART treatment, such as pregnancy follow-up visits and live birth (Fig. 2).

Drug acquisition costs as a proportion of the total costs

The drug acquisition cost was V20.16 per 75 IU for all r-hFSH-alfa preparations, so total treatment
costs wereV504.00 for originator r-hFSH-alfa andV483.84 for r-hFSH-alfa biosimilars. As a proportion,
drug costs were not the greatest contributor to the total treatment costs. Fig. 3 shows the share of the
drug cost of originator r-hFSH-alfa (V504.00) in relation to the total costs. In the base case of this
analysis, which reflects the probabilities of successful and unsuccessful outcomes from the decision
tree, the proportion of drug acquisition costs was 10.5%. We also report the proportions represented by
the drug acquisition costs when the total costs per ART treatment cycle resulting in live birth were
considered (6.2%) and when the costs related to pregnancy and live birth were excluded from the total
costs (16.1%; Fig. 3). The breakdown of the total costs included for these two scenarios is reported in
Supplementary Table 1.

Incremental cost-effectiveness ratio

The ICER was calculated as V7208 for originator r-hFSH-alfa versus r-hFSH-alfa biosimilars.
Table 3
Model clinical inputs, cost outputs and costs per live birth.

Originator r-hFSH-alfa r-hFSH-alfa biosimilars Incremental

Live birth rate 26.4% 21.9% 4.5%
Total costs (source costs multiplied
by decision tree probabilities)a

V4789 V4465 V323

Cost per live birth V18,138 V20,377

a Higher total costs for originator r-hFSH-alfa due to its higher rate of pregnancy and live birth and conclusively more costs for
these.
r-hFSH-alfa, recombinant human follicle-stimulating hormone follitropin alfa.
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Fig. 2. Cost breakdown of total costs presented in Table 3 (source costs multiplied by decision tree probabilities). Costs for each
variable were calculated as the probability of outcomes from the decision tree multiplied by mean cost per patient for originator r-
hFSH-alfa or r-hFSH-alfa biosimilars, respectively (Table 3). The main differences in total costs were related to pregnancy follow-up
and live birth, and they were higher for originator r-hFSH-alfa versus r-hFSH-alfa biosimilars due to its higher pregnancy and live
birth rates. ART, assisted reproductive technology; IVF/ICSI, in vitro fertilization/intracytoplasmic sperm injection; OHSS, ovarian
hyperstimulation syndrome; OS, ovarian stimulation; r-hFSH-alfa, recombinant human follicle-stimulating hormone follitropin alfa.

J.-E. Schwarze, C. Venetis, S. Iniesta et al. Best Practice & Research Clinical Obstetrics and Gynaecology 85 (2022) 203e216
Sensitivity analyses

Inclusion of health status prior to pregnancy
When including the rate of embryo transfer/no embryo transfer prior to pregnancy by using data

from the original trials included in the meta-analysis there was only a marginal numerical change in
the results (cost per live birth V18,063 for originator r-hFSH-alfa vs V20,229 for r-hFSH-alfa bio-
similars), confirming the robustness of our conclusions.

One-way sensitivity analysis
The OWSA of input parameters showed that the clinical parameters that had the most effect on the

results for both comparators were the probabilities of live birth and pregnancy (Fig. 4). The cost pa-
rameters that had the most effect on the results were those associated with the costs resulting from
pregnancy and live birth.

Probabilistic sensitivity analysis
In the cost-effectiveness plane of the PSA, the cluster of the outcomes from the 1000 Monte Carlo

iterations remained in the North-East quadrant of the cost-effectiveness plane; therefore, the uncer-
tainty around the final results could be considered low (Fig. 5).
209



Fig. 3. Mean costs for medication of originator r-hFSH-alfa as proportion of overall costs: (A) per ART treatment cycle resulting in
live birth; (B) per ART treatment cycle resulting in live birth, excluding costs for pregnancy and live birth; (C) based on cost-
effectiveness analysis base case when decision tree probabilities were included. Drug costs only contributed to a small propor-
tion of the total treatment costs; mean costs for medication of originator r-hFSH-alfa (V504) represented: (A) 6.2% of total costs per
ART treatment cycle resulting in live birth (V8127; Table 2; Supplementary Table 1); (B) 16.1% of total costs per ART treatment cycle
resulting in live birth, excluding costs for pregnancy and live birth (V3126; Table 2; Supplementary Table 1); (C) 10.5% of total costs
per ART treatment cycle based on cost-effectiveness analysis base case (V4789; Table 3).
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The cost-effectiveness acceptability curve showed the results of the multivariate PSA based on the
1000 Monte Carlo simulations, in which for each threshold there was a probability that originator r-
hFSH-alfa would be considered cost effective using hypothetical WTP thresholds in the absence of
defined thresholds in the Spanish setting (Fig. 5). The acceptability curve shows that according to a
WTP threshold of V20,000 cost per live birth gained, the originator r-hFSH-alfa has a 100% probability
of being cost effective.

Discussion

This cost-effectiveness study compared originator r-hFSH-alfa with r-hFSH-alfa biosimilars using
clinical inputs from a systematic review and meta-analysis of pregnancy and live birth outcomes with
these two preparations [4]. The results presented here indicate that, from a Spanish healthcare
perspective, originator r-hFSH-alfa is associated with a higher LBR and a lower cost per live birth
compared with r-hFSH-alfa biosimilars for fresh embryo transfer ART cycles.

The results of this study are similar to a pooled analysis from a German perspective, which reported
a lower cost per live birth with originator r-hFSH-alfa compared with two biosimilar products (Ova-
leap® and Bemfola®) [17]; however, the study by Xue et al. analysed only two biosimilars over one
cycle using data from two RCTs [17], whereas the current study used data from a meta-analysis ana-
lysing data for four biosimilars (Bemfola®, Ovaleap®, Primapur® and Follitrope®) from 17 studies,
representing five unique RCTs; therefore, the meta-analysis by Chua et al. may provide a more robust
clinical dataset [4]. Our findings are also consistent with those of a recently published report, which
provides an overview of the market performance of the r-hFSH-alfa biosimilars (Ovaleap® and Bem-
fola®) in Europe [16]. In their report, Goldstajn et al. assessed the cost-effectiveness of r-hFSH-alfa
biosimilars compared with the reference r-hFSH-alfa, based on published market reports and
pharmaco-economic studies; they concluded that originator r-hFSH-alfa is the first choice for national
health systems, as biosimilar preparations failed to show real cost savings, with only a slight impact on
cost reduction in Europe [16].

In agreement with our findings, a lower mean cost per live birth with originator r-hFSH-alfa
compared with r-hFSH-alfa biosimilars has also been reported in several other previously published
pharmaco-economic analyses [13,18e20,22]. The original studies used in these pharmaco-economic
analyses were biosimilar registration trials [8,10], in which the number of oocytes retrieved was the
primary efficacy outcome and, as such, these trials were not powered to demonstrate differences
associated with LBR. An abstract published by Claus et al., in 2016 reported on a simulated budget-
210



Fig. 4. One-way sensitivity analysis (Tornado diagram) of parameters with the greatest effect on the model. The Tornado diagram
represents the result of multiple univariate sensitivity analyses on a single graph. It helps to assess which of the model's parameters
have the greatest influence on its results. Each analysis is summarized using a horizontal bar that represents the variation in the
model output (ICER) around a central value (corresponding to the base case analysis). ICER, incremental cost-effectiveness ratio;
OWSA, one-way sensitivity analysis; RR, relative risk.
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impact analysis in Belgium, which observed cost savings for r-hFSH-alfa biosimilars when compared
with originator r-hFSH-alfa if discounts were applied. It should be noted that this analysis focused
purely on direct costs and therefore has limitations. The more comprehensive cost-effectiveness
analysis presented here addresses a broader payer perspective beyond the focus of a single hospital
or direct costs and includes the effectiveness component of products [14].

The main strength of this evaluation compared with previous studies is the robustness of the un-
derlying clinical data, which were obtained from a meta-analysis [4] of pregnancy outcomes and live
births that included a large number of patients from a population derived from different geographic
and ethnic populations included in different RCTs. The Spanish setting was chosen for the analysis
reported here for several reasons, including the high market uptake of r-hFSH-alfa biosimilars
compared with other European countries, the general availability of health economic data (cost-
effectiveness, cost consequence) in recent years in Spain, and the participation of two Spanish centres
in one of the RCTs included in themeta-analysis [10].While our results reflect the specific cost reality of
ART in the Spanish context, the results could also be applicable to other healthcare markets, particu-
larly to those with similar usage for r-hFSH-alfa biosimilars; therefore, our methodology could be
applied to perform similar calculations using cost data from other countries. Furthermore, although
health status prior to pregnancy, such as embryo transfer, was not included in the meta-analysis or
consequently in the model, the model outputs were validated by adding the “embryo transfer/no
embryo transfer” state based on results from the individual trials included in the meta-analysis to
assess differences in the outcomes when this state is included, resulting in only a marginal numerical
difference (cost per live birth V18,063 vs V20,229 for originator r-hFSH-alfa and r-hFSH-alfa bio-
similars, respectively). The sensitivity analysis included in our analyses shows that the uncertainty
around the final results could be considered low, which provides confidence in the interpretation of the
data.
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Fig. 5. Probabilistic sensitivity analysis (A) cost-effectiveness plane and (B) cost-effectiveness acceptability curve.
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As reported herein, the total cost per patient was higher for originator r-hFSH-alfa than for r-hFSH-
alfa biosimilars, which was the result of the increase in costs associated with a successful pregnancy
and the higher proportion of live birth with originator r-hFSH-alfa compared with r-hFSH-alfa bio-
similarsdessentially, the costs directly linked with the higher success rate. To overcome issues of
reporting and interpreting cost-effectiveness ratios, we conducted an incremental analysis that helps
compare two products for establishing cost-effectiveness. We report an ICER of V7208 for originator r-
hFSH-alfa comparedwith r-hFSH-alfa biosimilars. In the absence of definedWTP thresholds for fertility
treatments in Spain, the cost-effectiveness acceptability curve based on the results of the multivariate
PSA of 1000 Monte Carlo iterations showed that originator r-hFSH-alfa had 100% probability of being
cost-effective at a hypothetical threshold of V20,000.

To investigate the main drivers of treatment costs, we also performed a breakdown of costs for each
stage of the ART process. This showed that the largest difference in costs between originator r-hFSH-
alfa and r-hFSH-alfa biosimilars was for pregnancy-related procedures, which would be expected, due
to the higher successful pregnancy outcome and LBR with originator r-hFSH-alfa. Interestingly, drug
acquisition costs represented only 16.1% of the overall treatment costs when the sum did not consider
the costs related to pregnancy and live birth, and only 6.2% for a successful treatment resulting in a live
birth (Fig. 3; Supplementary Table 1). In the base case of the cost-effectiveness analysis, drug acqui-
sition costs for originator r-hFSH represented 10.5% of total costs per ART treatment cycle (Fig. 3).

This is noteworthy as payers and governments usually focus on drug costs as themaindrivers of overall
cost when determining access. By utilizing a more objective approach when evaluating the treatment
pathway, this studydemonstrates that thedrugcosts arenot themaindriverof overall costs forART; rather,
they only account for a small proportion of the entire treatment costs in this complex clinical pathway.
Furthermore, this findingmay increase the generalizability of the results presented here to other settings,
as the difference in drug prices in different countries may not have a substantial effect on the results.

There are some limitations that should be considered when interpreting the results presented here.
The current study only reports on the costs for first live birth following a fresh embryo transfer and
does not take into account frozen embryo transfer or cumulative LBRs, which may provide a more
useful assessment for decision-makers and patients. Indeed, we acknowledge that including frozen
embryo transfers in the analysis would have an impact on the costs. When data on frozen embryo
transfers become available, it would be valuable to expedite future analyses inwhich the costs for each
stage in the ART process for cumulative live births could be compared. Another limitation was that
multiple pregnancies were not included in the analysis, but no differences between treatment arms
would be expected here because RCTs have a protocol that includes the number and stage of embryos
to be transferred, and this is the main predictive factor for multiple pregnancies. Furthermore, only a
small number of studies were included in the meta-analysis, although the number of participants
included in these studies was sufficiently high to have the statistical power to achieve significance,
with one study providing the majority of patients (n ¼ 1100) [4]. We acknowledge that further studies
based on real-world data and using cumulative pregnancy and LBR as clinical outcomes, which were
not available in our study, would add value to the currently available evidence base.

Summary

To our knowledge, this study is the first cost-effectiveness analysis comparing originator r-hFSH-
alfawith r-hFSH-alfa biosimilars that are based on data from a robust, recently publishedmeta-analysis
with LBR as the primary outcome. Our analysis suggests that originator r-hFSH-alfa is associated with
lower costs per live birth comparedwith r-hFSH-alfa biosimilars in the Spanish setting. In the base case
of our cost-effectiveness analysis, OS drug acquisition costs accounted for only a small proportion
(10.5%) of the overall costs per ART treatment cycle, which is of interest as payers/governments usually
focus on drug costs as the main drivers of overall cost when determining access. The results indicate
that originator r-hFSH-alfa has a 100% probability of being cost effective considering a WTP threshold
of V20,000 versus r-hFSH-alfa biosimilars for OS prior to ART treatment in fresh embryo transfer ART
cycles. It would be interesting to explore the results based on a larger dataset, ideally including real-
world practice, which also considers frozen embryo transfers and other outcomes, such as cumula-
tive LBR. This would enable the comparison of cumulative outcomes.
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Practice points

� Originator recombinant human follicle-stimulating hormone follitropin alfa (r-hFSH-alfa) is
used to treat infertility by inducing ovarian stimulation in women undergoing medically
assisted reproduction treatment.

� A number of biosimilar preparations of r-hFSH-alfa have been approved, which are required
to be biologically and clinically non-inferior’ to the originator product.

� Previous cost-effectiveness studies comparing originator r-hFSH-alfa with r-hFSH-alfa bio-
similars have shown conflicting findings, with some studies favouring originator r-hFSH-alfa
and others favouring r-hFSH-alfa biosimilars, as they are often based on a single clinical
study.

� A recent meta-analysis evaluating the effectiveness of originator r-hFSH-alfa versus r-hFSH-
alfa biosimilars demonstrated that originator r-hFSH-alfa was associated with a higher
probability of live birth, clinical pregnancy, and ongoing pregnancy than its biosimilars, with
a similar safety profile.

� Our analysis suggests that costs per live birth are lower for originator r-hFSH-alfa versus r-
hFSH-alfa biosimilars in the Spanish setting, due to increased live-birth rates, despite slightly
higher costs of treatments, explained by the costs related to the higher number of live births
and pregnancies observed with originator r-hFSH-alfa.

� Drug acquisition costs account for only a small proportion (10.5%) of the overall costs of an
ART treatment cycle, regardless of pregnant or non-pregnant outcome, which is of interest,
as payers/governments usually focus on drug costs as the main drivers of overall cost when
determining access.

Research agenda

� The cost per live birth and cost-effectiveness of originator r-hFSH-alfa versus r-hFSH-alfa
biosimilars based on real-world data, using appropriate methodology (i.e., propensity
scoring, multivariate analysis).

� Cost-effectiveness studies of originator r-hFSH-alfa versus r-hFSH-alfa biosimilars using
cumulative pregnancy and live birth rates as clinical outcomes.
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