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Objectives: To perform a cost-effectiveness evaluation comparing the originator follitropin alfa
(Gonal-f*) to the biosimilar (Bemfola®) in the Italian and Spanish contexts, with an assessment
of the German and UK backgrounds.

Methods: Starting from the study by Rettenbacher et al, a cost-effectiveness model was
developed in the Italian and Spanish contexts. Clinical data on subjects, doses of gonadotropin,
pregnancies, live-born children, and ovarian hyperstimulation syndrome were used to feed the
model. Costs related to drugs, hospitalizations, specialist visits, and examinations were retrieved
from Italian and Spanish tariffs. Gonadotropin acquisition costs for Germany and the UK were
also taken into account to expand the economical assessment to the other countries. The evalu-
ation was done based on the National Health Service perspective. Sensitivity analyses, both
univariate and probabilistic, as long as scenario analyses, tested the robustness of the model.
Results: Originator follicle-stimulating hormone (FSH) costs were €3,663 and €6,387 in Italy
and Spain, respectively, whereas biosimilar FSH costs were €3,483 and €6,342. The efficacy
was found to be 0.52 for the originator and 0.47 for the biosimilar. The average cost per live
birth was estimated to be €7,044 and €12,283 for the originator FSH and €7,411 and €13,494
for the biosimilar for Italy and Spain, respectively. Furthermore, the originator FSH generated
an incremental cost-effectiveness ratio of €3,600 for Italy and €900 for Spain compared to the
biosimilar. Sensitivity analyses confirmed the results of the base case model.

Conclusion: This analysis indicated that the originator FSH is a cost-efficient treatment strategy
for Italian and Spanish health services compared to the biosimilar and it would be worthwhile
extending this evaluation to other countries.
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Introduction
After patent expiry of the originator, biosimilar products, that is, biological medicines
made by or derived from a biological source, such as bacteria or yeast, may be devel-
oped, thus offering the possibility of greater access to effective and safe treatment
options at a more affordable price than the originator biologics. Biosimilar medicines
are approved based on demonstration that they are highly similar to the approved bio-
logical products meeting high standards for comparability to the originator medicine
and for use in the same indications.! Only minor differences in clinically inactive
components are allowed in biosimilar products.?

The biosimilar follitropin alfa (Bemfola®, Finox AG, Burgdorf, Switzerland) is a
biological medicinal product that is similar to the originator (Gonal-f*, Merck Serono,
Darmstadt, Germany). It is the first recombinant follicle-stimulating hormone (FSH)
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biosimilar launched in the European market and it was
approved by the European Medicines Agency on March 27,
2014.3 The biosimilar FSH has nonclinical pharmacologi-
cal, pharmacokinetic, and toxicological profiles, which are
similar to those of the originator FSH and it is licensed for
all indications of the reference product.**

Clinical efficacy was demonstrated in an assessor-blinded,
randomized, parallel-group, multicenter, phase III study con-
ducted in women undergoing assisted reproduction techniques
at 15 centers in six European countries.® Clinical equivalence
of biosimilar follitropin alfa to the originator product was
demonstrated in terms of the number of oocytes retrieved
during stimulation of multifollicular development in patients
undergoing superovulation for assisted reproductive technol-
ogy (ART) with a between-treatment group difference of 0.27
(95% CI: —1.34 to 1.32). Furthermore, clinical and ongoing
pregnancy and live-born children were higher in the originator
FSH group for treatment cycle 1 while for treatment cycle 2
were higher in the biosimilar group, either way not significant.
Ovarian hyperstimulation syndrome (OHSS) is one of the most
important adverse events of gonadotropin and, in the reference
study, more patients in the biosimilar group in comparison to
the originator group, 5.6% vs 3.3%, reported it.

Currently, whether the lower cost of the biosimilar follitro-
pin alfa does provide an improvement in cost-effectiveness has
not yet been demonstrated. The aim of this study was indeed
to perform a cost-effectiveness analysis (CEA) comparing the
cost and efficacy of the two comparators (originator follitropin
alfa vs biosimilar) in the Italian and Spanish contexts, with an
assessment of the German and UK backgrounds.

Materials and methods

The analysis was based on previously conducted studies
and did not involve any new studies with human or animal
subjects performed by any of the authors. The study was
performed in accordance with ISPOR Good Practices for
Outcomes Research and relevant international and national
guidelines for health economics studies. Ethics board
approval and informed consent were not required because the
project did not involve human or animal participants and the
analysis only used publicly available anonymized data.

Clinical evidence

The clinical evidence on which the economic analysis
was based was retrieved from a single study conducted by
Rettenbacher et al® as other publications comparing the bio-
similar to the originator follitropin alfa are not available. This
multicenter phase III study compared the efficacy and safety

of the originator to the biosimilar in 333 women undergoing
ovarian stimulation for in vitro fertilization (IVF) for ART
superovulation. Most patients (>75%) were younger than
35 years of age and women enrolled have undergone both
intracytoplasmic sperm injection (ICSI) and IVF according to
the center’s standard procedures. In particular, the ICSI method
was more applied for the oocytes retrieved in the Gonal-f group
(59.3% vs 55.31%), whereas the IVF method was more applied
in the Bemfola group (44.7% vs 40.7%). Clinical data on the
number of subjects, the total dose of gonadotropin, pregnancies
and live-born children, and OHSS for both first and second
cycle were used to feed the model (Table 1).

In the first cycle of treatment, 220 patients in the bio-
similar FSH group and 113 patients in the originator group
were assessed. The mean total dose for r-hFSH was 1555.7
(£293.0) IU for the biosimilar, while it was 1569.2 (£259.20)
IU for the originator. At cycle 1, the clinical pregnancy rate
per embryo transfer was 40.2% for the biosimilar and 48.2%
for the originator, whereas patients with live-born children
were 80 (35.7%) and 50 (43.9%), respectively. At the second
treatment cycle, 72 patients in the biosimilar group and 38 in
the originator group were treated with a mean total r-hFSH
dose of 1612.3 (£217.7) IU for the biosimilar follitropin
alfa and 1604.9 (£216.61) IU for the originator. The clinical
pregnancy rate at cycle 2 was 38.5% for the biosimilar FSH
and 27.8% for the originator, whereas the ongoing pregnancy

Table | Model input data: clinical background

Biosimilar
FSH

Clinical data Originator

FSH

Treatment cycle |
Number of subjects 220 13
Mean (SD) total dose r-FSH (IU) 1,555.7 (293.00) 1,569.2 (259.20)

Clinical pregnancy rate per 90 (40.2) 55 (48.2)
embryo transfer (%)
Patients with live-born children (%) 80 (35.7) 50 (43.9)

Treatment cycle 2
Number of subjects 72 38

Mean (SD) total dose r-FSH (IU) 1,612.3 (217.67) 1,604.9 (216.61)
Clinical pregnancy rate per 25 (38.5)° 10 (27.8)°
embryo transfer (%)

Patients with live-born children (%) 22 (33.8)° 9 (25)°
Treatment cycle |

OHSS (%)° 14 (5.6) 4 (3.3)
Grades of OHSS

Mild/moderate (%) 4.8 25

Severe (%) 0.8 0.8

Notes: *Based on number of patients with embryo transfer — Cycle | (Biosimilar
FSH: 224; Originator FSH: 1 14); *based on number of patients with embryo transfer —
Cycle 2 (Biosimilar FSH: 65; Originator FSH: 36); <OHSS; ‘based on per-protocol
population (Biosimilar FSH: 249; Originator FSH: 123). Data derived from European
medicines agency assessment report.?

Abbreviations: FSH, follicle-stimulating hormone; OHSS, ovarian hyperstimulation
syndrome; SD, standard deviation.
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rate was 33.8% and 25%, respectively. OHSS was assessed
only for the first treatment cycle and occurred in 14 (5.6%)
of the biosimilar cohort vs 4 (3.3%) of the originator cohort.
The majority of the latter (4.8% and 2.5% for the biosimilar
and the originator, respectively) were mild-to-moderate.

Costs

The economic evaluation has been performed from the
Italian and Spanish National Health Services (NHS) perspec-
tive. Table 2 reports all costs taken into account, which are
expressed in Euros. This analysis considered the diagnosis-
related group (DRG) tariff 359, which covers all ART pro-
cedures, excluding gonadotropin drugs, follow-up visits, and
adverse events costs that have been quoted separately. The
tariff was retrieved from the “Tariffa Unica Convenzionale”
(TUC) 2013 pricelist from the Italian Ministry of Health web-
site and from “Registro de Altas de los Hospitales Generales
del Sistema Nacional de Salud” for the Italian and Spanish
contexts, respectively.”® In Italy, unit costs of €27.38 for
the originator FSH and €21.90 for the biosimilar FSH per
75 IU vial of r-hFSH activity were derived from “the Official
Italian Bulletin”, whereas in Spain both have the same unit

Table 2 Model input data: health costs

Cost data Cost per unit  Cost per unit
in € - Italy in € — Spain

Routine intervention

DRG 359 “uterus and adnexa 2,124.527 4,289.518

nonmalignant, without cost

specification”

Ex-factory price Originator FSH 27.38° 20.16"

(75 1V)

Ex-factory price Biosimilar FSH 21.90° 20.16'"°

(75 1V)

Follow-up: blood test for beta- 9.98" 15.00'°

HCG (pregnancy test)

Clinical follow-up visits until first 52.687 83.07'°

ultrasound: gynecological visit +

ultrasound of lower abdomen

OHSS® mild/moderate

N.2 gynecological visit 20.667 50.90'"°

N.2 ultrasound of lower abdomen  32.027 32.17'°

N.2 hematology laboratory tests 7.417 10.60'°

N.2 hematocrit laboratory tests 0.697 6.11"°

N.2 creatinine laboratory test 1.137 2.90'°

N.2 electrolytes laboratory tests 4.307 3.86'°

N.2 hepatic laboratory tests 14.307 14.50'°

OHSS severe

DRG 369 “Menstrual disorders 800.357 1,657.28°

and other disorders of the female
reproductive system”
Note: *OHSS.

Abbreviations: DRG, diagnosis-related group; FSH, follicle-stimulating hormone;
OHSS, ovarian hyperstimulation syndrome.

costs, which is €20.16 per 75 1U vial.*!° Data on follow-up
visits, that is, blood test for beta-HCG and clinical follow-up
visits until the first ultrasound, were retrieved from TUC
2013 pricelists for Italy and from the eSalud Sanitary costs
database for Spain.”!"° Regarding OHSS, two different tariffs
were applied based on OHSS severity: for mild/moderate
OHSS, the tariff included gynecological visits and laboratory
tests for an amount of ~€160 and €120 for Italy and Spain,
respectively; severe OHSS tariff entailed a hospitalization
(DRG 369) with an amount of ~€800 and €1,600 for Italy
and Spain, respectively. Furthermore, mild/moderate OHSS
patients were also treated with paracetamol and metoclopr-
amide, but since these drugs are dispensed as class C in Italy,
that is, are fully charged to the patient, related costs were
not included in the Italian model, whereas in the Spanish
model they were accounted for (€1.14) considering that the
Spanish NHS reimburses 60% of the cost for the majority of
prescription-only pharmaceuticals. Gonadotropin acquisition
costs for Germany and the UK were also taken into account to
expand the economical assessment to the other countries.

Model design

CEA is a method of assessing health gains in relation to the
costs of different health interventions. A decision tree model
was developed using TreeAge Pro™ software 2015 and
all costs described in the costs section were applied to the
clinical data retrieved from the study by Rettenbacher et al,*
simulating both Italian and Spanish contexts. At the first
cycle of treatment, the DRG 359 cost together with gonado-
tropin costs, calculated as unitary r-hFSH costs multiplied
by mean total dose, was applied to each patient entering in
the model for each treatment arm (biosimilar and originator).
Subsequently, the cost of blood test for beta-HCG to assess
pregnancy was considered and clinical follow-up visits costs
were applied to women who got pregnant according to the
study subjects for each arm. For the first cycle of treatment,
OHSS costs were estimated for each arm according to the
probability of experiencing OHSS and the unitary OHSS
costs mentioned earlier. The same process was performed to
retrieve total costs associated to the second cycle of treatment
according to the number of women, the mean total dose of
gonadotropin and pregnancy rates. Total costs of biosimilar
and originator FSH arms for Italy and Spain were obtained by
summing up all costs derived from both the first and second
cycles of treatment and were then divided by the efficacy
parameter, represented by live birth rates, in order to obtain
average costs per live birth for the two countries. The incre-
mental cost-effectiveness ratio (ICER) was calculated as the
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difference in costs divided by the difference in efficacy of
the two treatment arms for both Italy and Spain. Univariate
sensitivity analyses considering efficacies, gonadotropin
costs, OHSS rates, and mean dosages were performed to
test the robustness of the results. Furthermore, a scenario
analysis considering second cycle OHSS rates as the first
cycle ones was performed. Uncertainty in the model was
assessed using probabilistic sensitivity analysis, where the
value for each parameter was determined independently from
a probability distribution (gamma distributions for costs and
beta-distributions for probabilities), and the results were
recalculated for each of the 10,000 simulations performed.

Results
The results of the Italian and Spanish CEA are shown in
Table 3. Total costs obtained were €3,483 and €6,342 for
the biosimilar FSH and €3,663 and €6,387 for the origina-
tor in Italy and Spain, respectively. The efficacy, that is,
live-birth rate, for the originator FSH was 0.52, whereas it
was 0.47 for the biosimilar. In other words, there will be 52
live-born children per 100 patients treated with the origina-
tor and 47 live-born children per 100 patients treated with
the biosimilar. The average cost per live-birth was estimated
to be €7,044 and €12,283 for the originator and €7,411 and
€13,494 for the biosimilar for Italy and Spain, respectively,
underlying the lower cost per live-birth for the originator
follitropin alfa. Furthermore, the originator FSH generated
an ICER of €3,600 for Italy and €900 for Spain compared to
the biosimilar FSH, which is the additional cost required for
the originator to gain an additional live-birth in comparison
with the biosimilar. The originator, although it has a higher
acquisition cost in Italy and the same acquisition cost in
Spain, provides a lower average cost per live-birth and an
ICER of €3,600 and €900 for Italy and Spain, respectively.
Figures 1 and 2 describe Tornado diagram for Italy and
Spain, respectively, and provide a way for clearly identifying
the factors whose uncertainty drives the largest impact on
ICERs. These figures indicate that uncertainty in efficacies

Table 3 Results of the CEA?

has a bigger impact on ICER values in comparison with the
other parameters. In fact, by varying efficacies from the lower
to the upper confidence interval, ICERs varied from €1,877
to €7,642 for Italy and from €460 to €1,871 for Spain.

Results from the scenario analyses showed no relevant
differences in ICERs from the base case (Italy: €3,600;
Spain: €900). Figures 3 and 4 show the cost-effectiveness
acceptability curves for the probability that the originator is
cost-effective compared to the biosimilar, for a range that
the NHS might consider as the maximum cost it is willing
to pay for a gain in one live-born child. In Italy, if the NHS
willingness to pay threshold was greater than €3,600, then
the originator would have a higher probability to be cost-
effective compared to the biosimilar. Below this threshold,
the biosimilar would have a higher probability to be cost
effective. In Spain, the NHS willingness to pay threshold
beyond which the originator would have a higher probability
to be cost effective compared to the biosimilar was €900.

Similar to Spain, in the UK, the originator and biosimi-
lar FSH have the same acquisition cost (£23.50), whereas
in Germany the originator and biosimilar acquisition costs
are €53.69 and €42.95, respectively, generating a delta
acquisition cost quite high in comparison to Italy (€10.74
for Germany vs €5.48 for Italy).

Discussion

The biosimilar medicines market uptake in Europe is moder-
ate, with variations by country: in volume it is ~20%—-30% in
Spain, the UK, and France, remaining significantly behind
Germany, which has ~50% volume uptake.'' In Italy, the
uptake of biosimilar medicines in 2013 was €3.7 billion,
accounting for ~13% of the overall expenditure and for 16.4%
of the expenditure for NHS-reimbursed medicines and 34.5%
for the Health Services volume of medicines. In Italy, the
biosimilar policy includes a mandatory discount of 15%—22%
vs the branded product.'? Standard literature searches con-
ducted by the authors did not identify any published cost-
effectiveness analyses of the biosimilar gonadotropin, with

Strategy Cost (€) Incremental cost (€) Efficacy Incremental efficacy ICER® (€) Cost per live birth (€)
Italy

Biosimilar FSH 3,483 - 0.47 - - 7411

Originator FSH 3,663 180 0.52 0.05 3,600 7,044

Spain

Biosimilar FSH 6,342 0.47 13,494

Originator FSH 6,387 45 0.52 0.05 900 12,283

Notes: *CEA; *ICER.

Abbreviations: CEA, cost-effectiveness analysis; FSH, follicle-stimulating hormone; ICER, incremental cost-effectiveness ratio.
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|l Lower limit Upper Iimit|
chicaces  er7r — €643
OHSS rates A €3,504.2
Mean dosages SHDEEE 1 €3,421.2
Gonadotropins costs Sy 1 €3,356.7
€I— €1 ,I61 9 €3,I238 €4,I858 €6,l477 €8,I096

Change in incremental cost-effectiveness ratio

Figure | Tornado diagram — ltaly.
Abbreviation: OHSS, ovarian hyperstimulation syndrome.

cost-minimization analyses only available.!*'* However,
this kind of analysis defines the cost per course of treatment
of biosimilar FSH with respect to the originator on the base
of equivalent therapeutic equivalence (including adverse
reactions, complications, and duration of therapy). The All
Wales Strategy Medicines Group and the Scottish Medicines
Consortium reviews of comparative health economic evi-
dence were based on drug costs only and concluded that the
net medicines budget impact for the biosimilar as compared
with the originator was estimated to be cost-neutral in both the
lowest dose and highest dose scenarios.'*!* However, costs
were based on assumption of the prefilled formulations used
in practice in Wales and Scotland. In addition, as with other
biosimilar medicines, there is a lack of clinical data compar-
ing the biosimilar FSH with the reference product across the
range of indications; therefore, the conclusion of equivalence

is assumed to extrapolate to the other indications covered
by the reference product. The comparative health economic
evidence and the relevant cost-minimization approach assume
equivalence in all domains of health outcomes.

This study is the first CEA comparing the originator
recombinant gonadotropin and the biosimilar FSH in women
undergoing ovarian stimulation for IVF for ART superovula-
tion in Italy and Spain. It was found that the average cost per
live-birth is lower for treatment with the originator r-hFSH
than for treatment with the biosimilar r-hFSH. The ICER value
for live-birth for the originator compared to the biosimilar was
estimated to be €3,600 and €900 in Italy and Spain, respec-
tively. However, from a cost-effectiveness point of view, the
preferred strategy depends on the NHS willingness to pay: if
the NHS is willing to pay less than the value of the ICER for
one extra live-born child, the biosimilar FSH will be preferred;

[® Lower limit

Upper limit|

Efficacies €1,871.4
€459.7

OHSS rates €783.8 |

€1,324.1

Mean dosages

€713.0
€873.1

Gonadotropins costs €787.1

€799.4

r T
€ €397 €793

T T T T
€1,190 €1,586 €1,983 €2,379

Change in incremental cost-effectiveness ratio

Figure 2 Tornado diagram — Spain.
Abbreviation: OHSS, ovarian hyperstimulation syndrome.
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CE acceptability curve
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Figure 3 CE acceptability curve — Italy.
Abbreviation: CE, cost effectiveness.

if it is willing to pay the value of the ICER or more per extra
live-born child, the originator FSH will be preferred. Since no
national or international thresholds have been defined regard-
ing ICER per live-birth, no clear indications on the willingness
to pay per live-birth can be supported by the authors. Sensitiv-
ity analyses confirmed the results from the base case scenario
showing no important differences in ICERs by varying key
parameters and confirming the robustness of the model.

In the UK, given the same acquisition costs for the origi-
nator and biosimilar FSH, authors could predict potential
preferable cost-effectiveness performances for the originator
follitropin alfa in comparison to the biosimilar due to a lower
gonadotropin cost impact, as for Spain, whereas the German
cost-effectiveness should be assessed in depth. Nevertheless,
health systems are different among countries and it would
be worthwhile examining in depth the UK and German cost-
effectiveness considering not only gonadotropin acquisition
costs but also reimbursement systems, interventions, and
procedures related to ART.

100 CE acceptability curve

90

< 85

J

S 80

o 75 e eEEEE e ——— e

E 70 \

8 65

w 60

9 55 ‘

* 50 A

[72] /

o 45 /

: 40

c 35

S 3

g 15
10 Bemfola
5 == Gonal F

0 2,000 4,000 6,000 8,000 10,000 14,000
Willingness-to-pay (€)

18,000

Figure 4 CE acceptability curve — Spain.

Pharmacoeconomic studies fed with data reported in
the literature (such as the one here presented) suffer from
biases and limitations and cannot substitute direct real-life
comparisons. The study by Rettenbacher et al® was not
powered to demonstrate the live-birth rate and it may be an
important limitation of the present study. Furthermore, since
the objective of the second treatment cycle was to assess
the immunogenicity and safety of the biosimilar FSH, data
on second cycle efficacy considered in this model could be
biased both for the clinical design of the study and for the
small number of patients who underwent the second treat-
ment cycle. Indeed, if the authors had considered for the
Spanish scenario a real-life approach where the chance of
a second cycle results from the success rate in the previous
one for the originator from Rettenbacher et al,® the results
of the model would have presented the originator FSH as
both more effective in comparison with the biosimilar (0.58
vs 0.57, respectively) and less costly (€7,455 vs €7,848,
respectively). Thus, in the Spanish scenario, this real-life
approach would yield that the originator FSH is a dominant
strategy when compared to the biosimilar. Another potential
limitation is that the biosimilar follitropin alfa is available
only as single-use, fixed-dose, prefilled pens in contrast to
the originator, which is available as multidose vials and
prefilled pens. As doses need to be individually tailored
to response, it is not possible to determine the impact of
potential dose wastage on costs arising from the use of
the different presentations. In addition, in Rettenbacher et
al,® there was a higher proportion of patients treated with
the biosimilar FSH and anti-Miillerian hormone levels
(=24 pmol/L) at baseline, which could have contributed
to the higher OHSS incidence in this treatment group.'>!
Furthermore, dissimilarities in dose reduction were observed
between the biosimilar and originator groups, which also
could have resulted in a higher incidence of OHSS for the
biosimilar follitropin alfa.* Clinical outcomes data strati-
fied by age groups and types of ART would have access to
model sub-populations avoiding biases on treatment-related
benefits and potential harms due to different population
characteristics. Despite these limitations, results of this CEA
indicate that the originator FSH is a cost-efficient treatment
strategy for the Italian and Spanish health services compared
to the biosimilar in the treatment of infertility and require
further investigation for the other countries. The reliability
of cost-effectiveness researches can be greatly improved
over time as evidence continues to grow and long-term data
are generated correlating to efficacy in the individual patient
populations of interest.
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