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ORIGINAL RESEARCH

Cost of patients with hemophilia A treated with standard half-life or extended 
half-life FVIII in Spain
Hae Kyung Kima, Carmen Peralb, Darío Rubio-Rodríguezc and Carlos Rubio-Terrésc

aPfizer, S.L.U., Medical Department, Madrid, Spain; bPfizer, S.L.U., Health Economics & Outcomes Research Department, Madrid, Spain; cHealth 
Value, Madrid, Spain

ABSTRACT
Background: In a real-world analysis (RWA) conducted in the United States (US), median international 
units (IUs) of extended half-life (EHL) recombinant coagulation factor VIII (rFVIII) dispensed were 10% to 
45% greater than standard half-life (SHL) rFVIII. The mean IUs of each rFVIII dispensed quarterly were 
obtained from two databases (N = 776).
Methods: A probabilistic model in a 1-year time horizon was used in order to analyze the cost 
comparison of SHL and EHL rFVIII products in Spain. In this analysis, mean IUs were those of the 
RWA, and frequency of use and prices for each rFVIII were obtained from sales estimates based on 
Spanish sources (IQVIA; €, 2019)
Results: Data showed an average annual savings per patient of €11,227 for SHL rFVIII versus EHL rFVIII 
products, with a savings probability of 75.5%. The results were stable in the sensitivity analyses. Not 
switching treatment from SHL to EHL rFVIII resulted in greater savings per patient (€53,078), with 
a savings probability of 99.9%. Considering the frequency of rFVIII dispensation in the US, annual 
savings per patient would increase to €16,350 in Spain, with a savings probability of 79.9%.
Conclusions: According to this model, use of SHL rFVIII versus EHL rFVIII products could lead to savings 
for the Spanish National Health System.
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1. Introduction

Hemophilia A (HA) is a congenital hemorrhagic disease linked 
to an anomaly in the X chromosome, which leads to 
a deficiency in blood coagulation factor VIII (FVIII) [1]. It is 
more common than hemophilia B, accounting for 80% to 
85% of all hemophilia cases [1], with an incidence of 1 case 
in every 5,000 males born annually [2].

Bleeding severity in hemophilia is generally correlated with 
the patient’s level of coagulation factor [3]. Most bleeding 
events occur in the joints or muscles, especially in patients 
with the severe form of the disease. Some bleeding events 
may be life-threatening (intracranial, neck/throat, gastrointest-
inal) and require immediate treatment [4]. Standard treatment 
for HA is intravenous administration of FVIII, which may be 
plasma-derived or recombinant (rFVIII), given as prophylaxis or 
on-demand (episodic, as needed). Prophylaxis with FVIII repla-
cement therapy (exogenous) to prevent bleeding events and 
joint damage should be the main treatment goal, with the aim 
of preserving normal musculoskeletal function [1].

There are currently two types of rFVIII products, which differ in 
terms of the pharmacokinetic elimination half-life. Standard half- 
life (SHL) rFVIII has an elimination half-life of approximately 
12 hours, which means that it is administered two to three 
times per week for prophylaxis [5,6]. Extended half-life (EHL) 
rFVIII has an elimination half-life ratio of 1.3 or higher than SHL 
products, which means that it can be administered every 3 to 

5 days [7], allowing less frequency of infusions for the patients 
and the promise of better quality of life. No significant differ-
ences have been found in the inhibitor formation rates between 
the different rFVIII products analyzed globally [8].

In Spain, the first EHL rFVIII was commercially available 
since October 2016, and since then more EHL have been 
gradually introduced allowing a broader therapeutic options 
to hemophilia A patients. Therefore, the following SHL rFVIII 
products are approved and marketed: lonoctocog alfa [9], 
moroctocog alfa [10], octocog alfa [11–14], simoctocog alfa 
[15], and turoctocog alfa [16]. Whilst, the EHL rFVIII products 
approved and marketed are efmoroctocog alfa [17], ruriocto-
cog alfa pegol [18], damoctocog alfa pegol [19] and turocto-
cog alfa pegol [20]. The price per IU of rFVIII financed by the 
Spanish Health System is the same for SHL and EHL products, 
according to the Reference Price Order [21] established by the 
Spanish Ministry of Health. Thus, at the same price, EHL rFVIII 
would theoretically be more efficient than SHL rFVIII.

To the best of our knowledge, at the time of performing this 
analysis, Spanish data on the use of EHL rFVIII in real-world 
setting were still very scarce or key IUs data was lacking [22] in 
order to investigate the cost implication of these products, due 
to the relatively short experience with these products.

Recently, Chhabra et al. [6] conducted a real-world analysis 
(RWA) using de-identified data to analyze the IUs dispensed and 
expenditures related to SHL and EHL rFVIII products for patients 
with HA. It was a retrospective study that used two specialty 
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pharmacy claims databases in the United States (the Optum 
Clinformatics Data Mart [Optum; Eden Prairie, MN] and the 
Truven Health MarketScan Research Dababases [Truven Health 
Analytics; Ann Arbor, MI]) and included 776 patients with HA 
(Table 1). The IUs of SHL and EHL rFVIII dispensed quarterly were 
analyzed via a cross-sectional study over a period of more than 
2 years (Optum, from August 2014 to December 2016; Truven, 
from August 2014 to January 2017). Clinical data of patients 
included were limited for the cross-sectional population analysis, 
but the study included an additional patient-level switch analysis 
of 29 patients. In the US, pricing of EHL rFVIII products sought 
parity with SHL rFVIII products by balancing the lower expected 
need for rFVIII IUs dispensed with a higher per-unit price.

Contrary to what was expected from the different dosing 
guidelines for SHL and EHL products, the median number of 
IUs of EHL rFVIII products dispensed in clinical practice accord-
ing to pharmacy claims was 10% higher versus SHL FVIII 
products for patients in the Optum database, and 45% higher 
for patients in the Truven database [6].

The objective of this study was to confirm the cost analysis 
results reported by Chhabra et al. [6]. The research question 
posed was whether the cost-per-patient was lower with SHL 
rFVIII than EHL rFVIII replacement products for patients with 
hemophilia A in Spain.

2. Design and methods

An economic cost analysis was conducted from the perspec-
tive of the Spanish National Health System, using 
a probabilistic model based on a second-order Monte Carlo 
simulation [23,24]. This type of model, the methodology for 

which has already been described [25–28], enabled us to do 
the following: (1) takes into account variability of patient 
characteristics and the uncertainty of the model’s variables in 
a hypothetical cohort of 1,000 patients with the characteristics 
of the HA patients included in the study by Chhabra et al. [6], 
treated with SHL or EHL rFVIII products, and (2) calculate the 
probability of possible savings in patients treated with SHL 
rFVIII compared with EHL rFVIII products [24].

The probabilistic analysis was conducted, with the consid-
eration that the IUs dispensed would be adjusted for gamma 
distributions and that the frequency of use of the different 
rFVIII for beta distributions [23].

The economic model included the following variables: (1) 
the mean doses of each rFVIII dispensed (IUs) quarterly, taken 
from the aforementioned real-world analysis [6] (Table 1); (2) 
the frequency of use of each rFVIII product approved in Spain, 
obtained from a market study dated November 2018 that 
covered the sales estimations for the previous 12 months in 
Spain [29] (Table 2); and (3) the frequency of use of each rFVIII 
product in the United States as reported in the RWA by 
Chhabra et al. [6] (Table 3).

The cost per IU (€0.59 for all of the rFVIII products with 
publicly financed) was analyzed based on the reported whole-
sale price for the drugs in Spain, according to the Reference 
Price Order [21].

The cost of intravenous infusions was not considered in the 
analysis because, in accordance with Spanish clinical practice, 
the majority of patients receive the medication at home via 
self-infusion. The costs are expressed in 2019 euros (€).

The following analyses were conducted: firstly, a base case, 
including all SHL and EHL rFVIII products and their frequency of 
use in Spain, with the parameters indicated in Tables 1 and 2; 
secondly, an initial sensitivity analysis similar to the previous one, 
but considering the frequency of use of SHL and EHL rFVIII pro-
ducts described in the RWA conducted in the US [6], detailed in 
Table 3; and thirdly, an additional sensitivity analysis for the data 
from the study by Chhabra et al. [6] regarding patients initially 
treated with an SHL product who switched to an EHL product 
(Table 1).

3. Results

In the different scenarios analyzed, the annual mean savings 
per HA patients treated with SHL vs. EHL rFVIII products 

Article highlights 

● In a real-world study conducted in the United States, the median IUs 
of rFVIII products dispensed were between 10% and 45% greater for 
extended half-life (EHL) FVIII products compared with standard half- 
life (SHL) rFVIII.

● In Spain, assuming the lowest number of IUs of SHL dispensed 
compared with EHL products, an average annual savings per patient 
treated with an SHL product of €11,227 would be generated, with 
a savings probability of 75.5% (i.e., the savings would be seen in 755 
patients out of a cohort of 1,000).

Table 1. Mean IUs of the rFVIII products dispensed quarterly in the US databases and before (pre) and after (post) switching from SHL to EHL [6].

Mean IUs of the rFVIII products dispensed quarterly

Cohort Database N* Mean IUs per quarter SD** Distribution Alpha** Beta**

SHL Optum 243 75,255 61,847 Gamma 1.48 50,827.87
SHL Truven 415 60,198 60,846 Gamma 0.98 61,500.98
SHL Total 658 135,453 122,693 Gamma 1.22 111,135.02
EHL Optum 33 73,696 40,875 Gamma 3.25 22,671.05
EHL Truven 89 72,746 35,254 Gamma 4.26 17,084.71
EHL Total 122 146,442 76,129 Gamma 3.70 39,576.25

Mean IUs before (pre) and after (post) switching

Cohort Database No. of quarters Mean IUs per quarter SD** Distribution Alpha** Beta**

Pre (SHL) Truven 9 52,396 7143 Gamma 53.8 973.7
Post (EHL) Truven 9 75,486 23,723 Gamma 10.1 7455.2

*Some individuals received an EHL and an SHL factor VIII replacement product during the study period and are included in both cohorts; **The SDs and the alpha 
and beta statistics were calculated from the Chhabra et al. study data [6]. EHL, rFVIII with extended elimination half-life; IUs, international units; rFVIII, recombinant 
coagulation factor VIII; SD, standard deviation; SHL, rFVIII with standard elimination half-life. 
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represent a significant probability of savings, as detailed 
below.

3.1. Base case: frequency of use of rFVIII in Spain

In the base case, the mean annual savings for each HA patient 
treated with an SHL product was €11,227 compared with 
those who received an EHL product, with a savings probability 
of 75.5% (Table 4).

3.2. Sensitivity analysis 1: considering the frequency of 
use of rFVIII in the United States

In this case, the annual mean savings per HA patient treated 
with an SHL versus an EHL product would increase to €16,350, 
with a savings probability of 79.9% (Table 4).

3.3. Sensitivity analysis 2: comparing the cost before 
(pre) and after (post) switching from SHL to EHL

Not switching treatment from a SHL rFVIII to an EHL rFVIII 
product would result in a greater annual mean savings per 

patient of €53,078, with a 99.9% savings probability 
(Table 4).

4. Discussion

Extended half-life products are being introduced gradually 
and progressively in the clinical practice worldwide [30,31]. 
However, real-life data on the use of these products and 
their impact on cost and routine management of hemophilia 
patients are still limited.

According to our probabilistic model, the use of SHL rFVIII 
products rather than EHL rFVIII products could lead to savings 
for the Spanish National Health System. The modeling of 
a hypothetical cohort of 1,000 Spanish patients with hemo-
philia A treated with a SHL or EHL rFVIII product allowed us, 
first, to explore the uncertainty of the model’s variables, 
and, second, to calculate the probability of potential savings 
in patients treated with SHL rFVIII products compared with 
EHL rFVIII products [23].

Consistent with these results, the RWA conducted in the 
United States [6] also found higher costs for patients treated 
with an EHL versus a SHL product. Similar findings were 

Table 2. Frequency of use of rFVIII products in a 12 months period (2018) in Spain [7,29].

rFVIII Mean Range SD* Distribution Alpha* Beta*

SHL 
Lonoctocog alfa CHO (Afstyla®) 
Moroctocog alfa CHO (ReFacto AF®) 
Octocog alfa CHO (Advate®) 
Octocog alfa BHK(Kogenate Bayer®/Helixate NexGen®) 
Octocog alfa BHK (Kovaltry®) 
Simoctocog alfa HEK (Nuwiq®) 
Turoctocog alfa CHO (NovoEight®)

2.2% 
31.7% 
32.7% 
8.9% 

18.0% 
2.0% 
4.6%

1.9% 
28.5% 
29.4% 
8.0% 

16.2% 
1.8% 
4.1%

2.4% 
34.9% 
35.9% 
9.8% 

19.8% 
2.2% 
5.1%

0.1% 
1.6% 
1.7% 
0.5% 
0.9% 
0.1% 
0.2%

Beta 
Beta 
Beta 
Beta 
Beta 
Beta 
Beta

375 
262 
258 
350 
314 
376 
366

16,977 
564 
532 

3564 
1439 

18,640 
7602

EHL 
Efmoroctocog alfa HEK (Elocta®) 
Rurioctocog alfa pegol CHO (Adynovi®)

99.3% 
0.70%

89.4% 
0.60%

100% 
0.75%

2.7% 
2.78%

Beta 
Normal

8.13 
384

0.06 
0.00002

*The SDs and the alpha and beta statistics were calculated using the data provided by the market study [29]. 
BHK, baby hamster kidney; CHO, Chinese hamster ovary; EHL, rFVIII with extended elimination half-life; rFVIII, recombinant coagulation factor VIII; SD, standard 

deviation; SHL, rFVIII with standard elimination half-life. 

Table 3. Frequency of use of rFVIII in the US databases [6].

rFVIII Mean Range SD* Distribution Alpha* Beta*

SHL 
Moroctocog alfa 
Octocog alfa 
Simoctocog alfa 
Turoctocog alfa

36% 
59% 
3% 
2%

31% 
55% 
3% 
0%

41% 
63% 
3% 
3%

2.58% 
1.87% 

N/A 
0.80%

Beta 
Beta 
N/A 
Beta

125.42 
407.22 

N/A 
3.77

219.95 
284.90 

N/A 
237.25

EHL 
Efmoroctocog alfa 
Rurioctocog alfa pegol

83% 
17%

75% 
25%

91% 
9%

4.08% 
4.08%

Beta 
Beta

69.47 
14.23

14.23 
69.47

*SDs and the alpha and beta statistics were calculated using the data provided by the study [6]. 
EHL, rFVIII with extended elimination half-life; N/A, not applicable; rFVIII, recombinant coagulation factor VIII; SD, standard deviation; SHL, rFVIII with standard 

elimination half-life. 

Table 4. Mean annual costs (± SD) per patient with hemophilia A treated with SHL or EHL rVIII products, and savings probability with the use of SHL rFVIII products.

Analysis Characteristics SHL EHL Saving with SHL Saving probability

Base case Frequency of use of rFVIII in Spain €159,629 
± €157,205

€170,856 
± €89,087

-€11,227 75.5%

Sensitivity analysis 1 Frequency of use of rFVIII in the United States €160,106 
± €158,377

€176,456 
± €117,244

-€16,350 79.9%

Sensitivity analysis 2 Pre (SHL) vs post (EHL) analysis €124,097 
± €23,372

€177,176 
± €56,033

-€53,078 99.9%

EHL, rFVIII with extended elimination half-life; rFVIII, recombinant coagulation factor VIII; SD, standard deviation; SHL, rFVIII with standard elimination half-life. 
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observed in another real-world study with 34 HA patients who 
switched from a SHL to an EHL product, with mean SHL units 
of 115,424 per 6 months compared to 167,282 for EHL (45% 
higher) [32]. Both studies used administrative claims data and 
information about severity of hemophilia, prescribed dosing, 
or administration dates and quantities administered are 
scarce or lacking. However, claims data can precisely quantify 
timing, quantities, and costs of products dispensed [32].

Nonetheless, when combining prescription dataset with 
medical records data, and applying exclusion criteria (e.g. 
active or prior inhibitor history) findings may differ completely. 
A recent study using the ATHNdataset, a US database of 138 
American Thrombosis and Hemostasis Network affiliated HTCs 
found that as aggregate the median reduction of annual IU/kg 
for prophylaxis was 17% for EHL FVIII compared to prior SHL 
FVIII [31]. Another real-world study using specialty pharmacy 
database case report forms together with medical records, and 
standard data collection forms showed that the mean weekly 
dose of EHL rFVIII was not significantly different to prior factor 
treatment (107,8 vs. 101,0, respectively), although the mean 
dosing frequency was lower (p < 0.001) [33]. These two studies 
included a high proportion of severe patients on prophylaxis 
regimen (82.6% and 89% respectively) that could have 
influenced the discrepancies with our finding and the first 
two abovementioned studies. When using administrative 
claims databases without sufficient data on the disease and 
treatment, there are no information on treatment regimen or 
severity of the disease or inhibitor treatment that allow under-
standing of the higher dispensation observed.

Pivotal clinical trials of EHL for hemophilia A usually report 
results on the efficacy and safety of severe patients under 
prophylaxis treatment. Nonetheless, when reviewing the lim-
ited publications on the real-life experience with EHL rFVIII we 
observe an evolving trend of use of FVIII clotting factors also in 
non-severe population, especially in moderate patients [34,35].

Preliminary results of a study evaluating real-world out-
comes with SHL and EHL in the US and several European 
countries (Spain included) found numerical differences in the 
mean total dose per week [34]. This study included 501 HA 
patients but only 66 patients were under EHL rFVIII treatment, 
and interestingly there were more moderate patients (59%) 
than severe patients. Regarding mean weekly dose, it was 
reported 106.2 and 101.29 IU/kg for SHL vs. EHL group, respec-
tively, in the US, and in Europe, 102.8 and 71.5 (IU/kg), respec-
tively [34]. This could suggest that the total per patient dose of 
FVIII product may differ between Spain and the United States.

At this point we must bring attention to one of the key 
assumptions we made when performing this study: the doses 
of SHL and EHL observed in the study by Chhabra et al. [6] 
were dispensed following strict clinical criteria and not others, 
such as economic ones. With this premise, we assumed that 
the prescribed doses of SHL and EHL met criteria of effective-
ness that could be extrapolated to other clinical settings in 
other countries. The doses of rFVIII products dispensed to 
patients in the United States were obtained from real-world 
data and may be attributable to the effectiveness results in 
clinical practice, in which case they could be extrapolated to 
Spanish patients. However, further analysis is required on the 

consumption of rFVIII products in a greater number of patients 
and across different countries, including Spain.

It should be also considered that usually the scientific 
community accept clinical trial results from different countries 
to be applicable in foreign setting. According to the European 
Medicines Agency, there may be extrinsic factors that deter-
mine the applicability of foreign data to an European setting 
[36]. These factors would be mainly medical practice (i. 
e. prophylaxis ….), the definition of the disease, and the 
population studied. Regarding the doses, the calculation of 
the required ones is generally carried out with the same 
formula and the management of the patient is carried out 
according to very similar recommendations [1]. Possible ethnic 
differences between the US and Europe are not usually an 
impediment for the results of US clinical trials to be accepted 
in the European Union, but prospective analysis of potential 
ethnic factors is recommended [37].

As mentioned previously, at the time of performing this ana-
lysis, there were no Spanish data available on the number of IUs 
of SHL and EHL rFVIII products dispensed. A single-center results 
on the use of rFVIIIFc were presented recently, but the sample 
was still limited and lacked specific data to be used in this study 
[38]. In a previous study [35], the IUs of SHL products dispensed 
in various European countries, including Spain, were collected, 
but data on EHL products were not included, which is why those 
data could not be used in this study. According to this study, in 
a sample of 142 patients, the weekly dose of rFVIII per patient 
would be 5,806 IUs. The quarterly extrapolated dose would be 
69,672 IUs, similar to the average quarterly doses per patient of 
SHL, which was 75,255 IUs in the Optum US database and 60,198 
IUs in Truven US database (Table 1).

In an Italian study published in 2017, the prescribed IUs of 
the different rFVIII products analyzed were estimated based 
on the summaries of product characteristics and not from the 
data of real-world patients with hemophilia A [39]. Another 
Italian cost-effectiveness study concluded that, compared 
with SHL products, the EHL efmoroctocog alfa would pro-
duce savings and an increase in quality-adjusted life years 
(QALY) [40]. This study assumed differences in effectiveness 
and consumption of rFVIII products based on a meta-analysis 
of data after switching from SHL to EHL products, but the 
method for this meta-analysis is still unpublished. However, 
a recent systematic review of the literature [41] did not 
support the potentially lower consumption of EHL compared 
with SHL products for all patients.

Several studies on the use of rFVIII products in real-world 
clinical practice have been published, but none provides spe-
cific or sufficient data on the IUs of SHL and EHL rFVIII pro-
ducts prescribed [42,43].

It should be noted that the lower number of IUs of SHL 
rFVIII products dispensed compared with EHL rFVIII products 
reported for patients with hemophilia A in the United States 
was consistent with what was found in an analysis of 296 
patients with hemophilia B from the Truven database treated 
with an SHL recombinant factor IX product compared with 
those treated with an EHL product [44].

This study was not without limitations. The real-world 
study from which the present economic study is derived is 
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a retrospective study using claims data with a limited pre-
dictive power of its results [6]. The IUs of rFVIII products 
dispensed quarterly were obtained from two databases for 
patients in the United States [6], not from Spanish patients. 
However, as detailed elsewhere, the Optum database and 
Truven database altogether contain the pharmaceutical and 
medical data of approximately 166.5 million individuals from 
across the US, including patients with hemophilia and could 
provide a representative number of patients; thus, they 
could be extrapolated to HA patients from other countries. 
We need to mention, however, that claims data have intrin-
sic limitations such as miscoding and patients changing 
insurance companies, and most importantly, they provide 
data of medicine dispensation, but there is no confirmation 
that these were actually administered.

There are also differences in pricing between US and 
Spain, as well as source of financing. In Spain, the reference 
price per IU of rFVIII is the same (€0.59) regardless of SHL or 
EHL rFVIII products and they are publicly financed by the 
National Health System. However, in the US the price of SHL 
and EHL is different and is mainly financed by private 
insurances. This factor could have conditioned the results 
obtained in the observational study by Chhabra et al. [6]. It 
must be noticed also that no other costs were analyzed, 
such as bleeding episodes, since it was limited to analyzing 
the acquisition costs of rFVIII obtained from the two data-
bases described in the study [6]. Finally, Chhabra et al. [6] 
included a switch analysis of 29 patients, and the higher 
consumption evolution of EHL of these patients is persistent 
in the 1 year-period observed, providing further robustness 
of the higher consumption described for the population 
analysis that we used for our model.

5. Conclusions

In summary, our study demonstrates that an annual savings 
per HA patient treated with SHL compared with EHL products 
of €11,227 can be obtained in the base case, with a savings 
probability of 75.5%. The maximum savings (€53,078 per 
patient) would be achieved if treatment was not switched 
from an SHL to an EHL product. Considering the frequency 
of IUs dispensed in the US real-world analysis by Chhabra et al. 
[6], and not the frequency in the Spanish population, the 
savings probability would be 79.9%. The probabilistic model 
found higher expenditures over one year for hemophilia 
A patients using EHL versus SHL products. The use of SHL 
instead of EHL would amount to cost savings to the National 
Health System in Spain. The findings of this analysis could be 
considered alongside a thorough clinical evaluation when 
determining an optimal therapeutic strategy.
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