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INTRODUCTION
Hemophilia A is an inherited bleeding disorder caused by variable deficiency in clotting 

factor VIII (FVIII) [1]. In severe cases (FVIII < 1%), spontaneous or injury-related bleeding 
can occur, primarily affecting joints but also other tissues. Repeated and prolonged sponta-
neous bleeding episodes experienced by hemophilia A patients can lead to significant morbi-
dity, including disabling musculoskeletal damage and hemophilic arthropathy [2,3]. 

Historically, the primary treatment for hemophilia A has been replacement therapy, in-
volving intravenous administration of standard half-life recombinant FVIII products (SHL-
rFVIII) and plasma-derived FVIII (pdFVIII) [4]. Early initiation of prophylaxis, involving 
regular infusions of clotting factors to prevent bleeding episodes, has emerged as the standard 
of care, since it significantly reduces joint damage and the risk of life-threatening bleeds [2,3]. 

While effective, this approach often requires frequent injections, which can be burden-
some and costly. Furthermore, the pharmacokinetics (PK) characteristics of SHL-rFVIII and 
pdFVIII products and the associated treatment burden (number of intravenous administrations 
per week) have limited the possibility of achieving trough plasma levels higher than 1-2% 
and have raised issues of treatment adherence [5-7]. Recent research has led to a shift towards 
personalized prophylaxis regimens, tailored to individual patient needs. This approach aims to 
improve treatment outcomes while minimizing the burden on patients and has been supported 
by the introduction of new treatment options, including extended half-life factor concentrates 
and non-replacement factors. 
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ABSTRACT
AIM: This analysis aimed to assess the annual International Unit (IU) consumption and costs of prophylaxis therapies with 
extended half-life recombinant FVIII (EHL-rFVIII), targeting a traditional trough level of 1% and the higher levels of 3% 
and 5% recommended by recent guidelines and expert consensus, using a theoretical pharmacokinetic model.
METHODS: A pharmacokinetic model was developed to calculate annual treatment IU consumption and costs of EHL-rFVIII 
products to sustain different trough levels (1%, 3% and 5%) in adult patients with hemophilia A in Italy. The model assumed a 
one-year perspective and assessed two scenarios: one with lower frequency of administration and one with higher frequency.
RESULTS: The related annual treatment per-patient cost increased as the trough level increased. The per-patient annual 
cost was €117,811 to achieve a trough level of 1%, €351,543 to achieve a 3% trough level and €585,905 to achieve a 5% 
trough level. The increase in dose frequency (alternative scenario), that is the reduction of time between infusions, reduced 
the estimated doses to achieve the pre-defined FVIII levels.
CONCLUSIONS: These results suggest the need for further discussion about the trough levels to target with the actual 
EHL-rFVIII and the prophylaxis dose and regimen selection for each patient, also considering all treatment options avail-
able and the economic implications.
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The introduction of extended half-life recombinant FVIII products (EHL-rFVIII) provides 
new prophylaxis strategies to improve convenience and adherence through prolongation of 
the interval between infusions or by increasing trough levels to enhance bleed prevention whi-
le maintaining current time intervals [5-7]. Recent guidelines and expert consensus indicate 
the opportunity to achieve a minimum trough level of 3-5% with the available EHL-rFVIII 
products to improve the prevention of bleeding and preserve joint function [4,7]. These re-
commendations are also supported by recent clinical trial results that show how increasing 
FVIII levels can reduce the bleeding rate and increase the proportion of patients with zero 
bleeds [8]. However, these new thresholds require a higher consumption of IU of EHL-rFVIII 
and/or an increase in administration frequency, with a possible impact on treatment costs. The 
dosage and frequency of infusion to be used for each individual EHL-rFVIII product depends 
on both the threshold of FVIII concentration that is desired to be reached in patients, and the 
pharmacokinetics of the individual products.

The objective of this study is to estimate the annual International Unit (IU) consumption 
and cost of prophylaxis therapies with EHL-rFVIII targeting the traditional trough level of 1% 
compared to the new strategies that aim to achieve a 3% or 5% trough level, using a theoreti-
cal pharmacokinetic model.

METHODS
A PK computation model was developed in Microsoft Excel to calculate annual treatment 

cost of EHL-rFVIII products to sustain a specified trough level in patients with hemophilia A 
in Italy. The model operates on two levels: the first one computes the treatment dose needed 
to achieve a pre-specified trough level at a defined infusion frequency, while the second level 
computes and compares the annual infusion units (IUs) per-patient and costs of different se-
tups defined by trough levels. The model focuses on adult hemophilic patients and assumes a 
one-year time horizon. The EHL-rFVIII products analyzed are turoctocog alfa pegol, rurioc-
tocog alfa pegol, efmoroctocog alfa, and damoctocog alfa pegol.

Dose definition (first level)
The model applies a common individual PK equation to compute the needed dose to achie-

ve three pre-specified trough levels of 1%, 3%, and 5% at a defined treatment dose frequency 
[9]. In the equation (in Supplementary Figure S1) the dose computation depends on PK indi-
vidual parameters, as clearance (Cl) and volume of distribution at steady state (Vss), dosing 
interval (ῖ) and time since dose (t). For the purpose of this study, t was assumed to be equal to 
the dosing interval. The dose frequency for each product was derived from the summary of 
product characteristics (SmPC) and, for efmoroctocog alfa, from a phase 3 clinical trial [10]. 
The dose frequencies imputed into the model were: every four days for turoctocog alfa pegol 
[11], twice a week for rurioctocog alfa pegol [12], 1.9 infusions per week for efmoroctocog 
alfa [10], and every 5 days for damoctocog alfa pegol [13]. 

Cl and Vss are strictly related to individual characteristics, and they quantify the drug 
processing capacity and the distribution of the drug within the human body, respectively. In 
our model, PK parameters were populated using data from population PK studies comparing 
EHL-rFVIII products: specifically, one comparing damoctocog alfa pegol and efmoroctocog 
alfa [14] and the another one comparing damoctocog alfa pegol and rurioctocog alfa pegol 
[15]. As mean PK parameters vary among studies, due to high individual variability of para-
meters and different characteristics of the analyzed samples, we recalibrated PK parameters 
to ensure estimates for EHL-rFVIII products were based on comparable populations. The 
study by Solms and colleagues (2020) [15], which reported slower pharmacokinetic for da-

moctocog alfa pegol, was used as the main reference for recalibration. No direct comparison 
of turoctocog alfa pegol with other EHL-rFVIII products was available, so PK parameters for 
turoctocog alfa pegol were assumed equivalent to those of damoctocog alfa pegol, because the 
two products are the only that have showed the possibility to be administrered once a week. 
Cl and Vss parameters for the products are reported in Table I.

IU consumptions and cost estimation (second level)
The second level of the model compares the three setups defined by trough levels of 1%, 

3%, and 5% using 1% as reference. Specifically, it computes the annual number of IUs of 
EHL-rFVIII products and related costs to sustain the defined trough level at the above-de-
scribed dose frequency for a patient with a mean weight of 74.1 kg as performed in previous 
economic evaluation of prophylaxis in Italy [16]. The unit costs for EHL-rFVIII products 
imputed in the model were extracted from So.re.sa (Società Regionale per la Sanità - https://
siaps.soresa.it/portalegare/index.php/bandi) and refer to August 2024 prices.

The model also computes the annual treatment cost in Italy for each setup (trough level of 
1%, 3% and 5%) simulating the Italian market share: 20% turoctocog alfa pegol, 10% rurioc-
tocog alfa pegol, 50% efmoroctocog alfa, and 20% damoctocog alfa pegol. The difference in 
annual cost (∆costs) was computed using the 1% trough level as reference. Costs have been 
computed on a per-patient basis.

A One-Way Sensitivity Analysis (OWSA) was applied to evaluate the impact on ∆costs 
of varying the value of one model parameter at a time, while holding all other parameters 
constant [17]. The range of variation of each parameter was used to compute the variation on 
∆costs. In detail, the lower and upper values of change on ∆costs were estimated based on the 
mean value and the relative standard error (SE). The resulting variations of the ∆costs were 
ranked by their absolute magnitude and were presented in a tornado diagram, highlighting the 
17 most influential parameters.

Moreover, an alternative scenario analysis was conducted increasing dose frequencies of 
EHL-rFVIII products as follows: twice a week for turoctocog alfa pegol, rurioctocog alfa 
pegol and damoctocog alfa pegol, and every 3 days for efmoroctocog alfa.

RESULTS
The dose required to achieve a specified FVIII level increased as the target trough level in-

creased (Figure 1). For turoctocog alfa pegol (administrered every four days) and rurioctocog 
alfa pegol (twice weekly), the estimated doses were 20 IU/kg to sustain a 1% trough level, and 
60 and 100 IU/kg for 3% and 5% trough levels, respectively. The dose required to maintain 
the 5% trough level exceeded the maximum dose indicated in the SmPC. For efmoroctocog 
alfa, the estimated doses were 26, 77 and 128 IU/kg administered 1.9 times per week, with 

Comparator
Clearance (mL/h/kg) Vss (mL/kg)

Source 
Mean SD Mean SD

Turoctocog alfa pegol 1.658 0.206 40.698 0.605 Assumption: equal to 
damoctocog alfa pegol

Rurioctocog alfa pegol 2.044 0.218 45.021 0.629 [15]–recalibrated

Efmoroctocog alfa 2.073 0.198 45.215 0.774 [14]–recalibrated

Damoctocog alfa pegol 1.658 0.206 40.698 0.605 [15]–recalibrated

Table I. Pharmacokinetics model input parameters for Extending Half-Life (EHL) FVIII products
SD: standard error; Vss: volume of distribution at steady state Figure 1. EHL FVIII products dose required to maintain a trough level of 1%, 3%, 5%
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moctocog alfa pegol, was used as the main reference for recalibration. No direct comparison 
of turoctocog alfa pegol with other EHL-rFVIII products was available, so PK parameters for 
turoctocog alfa pegol were assumed equivalent to those of damoctocog alfa pegol, because the 
two products are the only that have showed the possibility to be administrered once a week. 
Cl and Vss parameters for the products are reported in Table I.

IU consumptions and cost estimation (second level)
The second level of the model compares the three setups defined by trough levels of 1%, 

3%, and 5% using 1% as reference. Specifically, it computes the annual number of IUs of 
EHL-rFVIII products and related costs to sustain the defined trough level at the above-de-
scribed dose frequency for a patient with a mean weight of 74.1 kg as performed in previous 
economic evaluation of prophylaxis in Italy [16]. The unit costs for EHL-rFVIII products 
imputed in the model were extracted from So.re.sa (Società Regionale per la Sanità - https://
siaps.soresa.it/portalegare/index.php/bandi) and refer to August 2024 prices.

The model also computes the annual treatment cost in Italy for each setup (trough level of 
1%, 3% and 5%) simulating the Italian market share: 20% turoctocog alfa pegol, 10% rurioc-
tocog alfa pegol, 50% efmoroctocog alfa, and 20% damoctocog alfa pegol. The difference in 
annual cost (∆costs) was computed using the 1% trough level as reference. Costs have been 
computed on a per-patient basis.

A One-Way Sensitivity Analysis (OWSA) was applied to evaluate the impact on ∆costs 
of varying the value of one model parameter at a time, while holding all other parameters 
constant [17]. The range of variation of each parameter was used to compute the variation on 
∆costs. In detail, the lower and upper values of change on ∆costs were estimated based on the 
mean value and the relative standard error (SE). The resulting variations of the ∆costs were 
ranked by their absolute magnitude and were presented in a tornado diagram, highlighting the 
17 most influential parameters.

Moreover, an alternative scenario analysis was conducted increasing dose frequencies of 
EHL-rFVIII products as follows: twice a week for turoctocog alfa pegol, rurioctocog alfa 
pegol and damoctocog alfa pegol, and every 3 days for efmoroctocog alfa.

RESULTS
The dose required to achieve a specified FVIII level increased as the target trough level in-

creased (Figure 1). For turoctocog alfa pegol (administrered every four days) and rurioctocog 
alfa pegol (twice weekly), the estimated doses were 20 IU/kg to sustain a 1% trough level, and 
60 and 100 IU/kg for 3% and 5% trough levels, respectively. The dose required to maintain 
the 5% trough level exceeded the maximum dose indicated in the SmPC. For efmoroctocog 
alfa, the estimated doses were 26, 77 and 128 IU/kg administered 1.9 times per week, with 
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Rurioctocog alfa pegol 2.044 0.218 45.021 0.629 [15]–recalibrated

Efmoroctocog alfa 2.073 0.198 45.215 0.774 [14]–recalibrated
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Table I. Pharmacokinetics model input parameters for Extending Half-Life (EHL) FVIII products
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doses greater than 65 IU/kg exceeding the maximum dose indicated in the SmPC. The dose 
of damoctocog alfa pegol (infusion every 5 days) was 54 IU/kg for achieving 1% trough level 
and reached 161 and 268 IU/kg for sustaining 3% and 5% trough levels, both over the maxi-
mum dose indicated in the SmPC. 

The relative annual per-patient treatment cost increased as the trough level increased (Ta-
ble II). In detail, the per-patient annual cost (for a patient of 74.1 kg) was €117,811 to achieve 
a trough level of 1%, €351,543 to achieve a 3% trough level and €585,905 to achieve a 5% 
trough level in the Italian context. That is an increase of 200% (€234,362) of the per-patient 
cost for sustaining a 3% FVIII level and 400% (€468,724) for a 5% FVIII level. The relative 

annual per-patient number of IUs for treatment of a patient with mean weight of 74.1kg is 
reported in Supplementary Table S1.

The OWSA on ∆costs revealed that Cl and patient’s body weight have the main impact 
on cost variations, followed by treatments cost per IU and the market share (Supplementary 
Figure S2).

The increase in dosing frequency (alternative scenario), that is the reduction of time 
between infusions, reduced the estimated doses to achieve the pre-defined FVIII levels (Figu-
re 2). The estimated doses remained ≤60 IU/kg for products with increased dose frequency. 
Therefore, per-patient annual cost decreased to €63,205 when the aim was a 1% trough level, 
and €189,614 and €316,024 for 3% and 5% trough levels, respectively. This resulted in a 
∆costs of €126,410 to shift from a 1% trough level to a 3%, and €252,819 to shift from 1% 
to 5% (Table III).

DISCUSSION
The pharmacokinetics characteristics of SHL-rFVIII and plasma-derived FVIII products 

and the associated treatment burden (number of intravenous administrations per week), have 
limited the possibility of achieving trough plasma levels higher than 1-2% and, consequently, 
higher efficacy [6,7]. New prophylaxis approaches proposed by the World Federation of He-
mophilia (WFH) guidelines and expert consensus, based on available EHL-rFVIII, suggest 
possible new plasma FVIII trough levels targets of at least 3-5% [4,7], with the potential to in-
crease the protection of patients against bleeding, preserving joint status and improving their 
daily activities. However, reaching these new targets requires an increase in IU consumption 
and/or administration frequencies, potentially offsetting the possible advantage of treatment 
burden reduction.

Our study shows how moving from a target of 1% to a target of 3% or 5% could require an 
increase in IU consumption that is particularly higher if the target is 5%. The IU doses estima-
ted are several times over the maximum dose indicated in the SmPC, are not feasible and are 
associated with an increased prophylaxis cost of two-to-four times. A possibility to mitigate 
these increments and use a feasible dose could be an increase in administration frequency. Ho-
wever, even in this scenario, an average cost of €316,024 is required to achieve a trough level 
of 5%. These results suggest the need for further discussion about the trough levels to target 
with the current EHL-rFVIII and the prophylaxis dose and regimen selection for each patient, 
also considering the possibility of using alternative treatment as non-replacement therapy and 
gene therapy. Furthermore, the theoretical IU consumption estimated by this model should be 
compared with real-world data to better understand the practical limitations of the new trough 
level targets recommended by recent guidelines and expert consensus.

In the literature, several real-world studies have assessed the IU consumption and costs 
associated with the EHL-rFVIII [18-21]; however, these studies have focused mainly on as-
sessing the differences in IU consumptions, costs, and clinical outcomes in patients switching 
from SHL-rFVIII to EHL-rFVIII products. A study conducted on two U.S. claims databases 
(the Optum Clinformatics Data Mart and Truven Health MarketScan Databases) analyzed 
factor IUs dispensed and expenditures for patients with data for ≥3 months before and after 
switching to an EHL product. Twenty-nine Truven patients switched to an EHL product re-
porting variable factor IUs dispensed and consistently higher expenditures [18]. In a single-
center retrospective study, rFVIII-Fc prophylaxis outcomes were compared with those from 
the last 18-month SHL-rFVIII prophylaxis. Patients treated with rFVIII-Fc prophylaxis repor-
ted comparable FVIII weekly dose and reduced infusion frequency (mean −30%) compared 
with previous SHL-rFVIII prophylaxis thrice weekly or every other day. In 13 patients, over 
a mean 18-month follow-up, significantly lower FVIII weekly dose and annual consumption 
(mean −12%; p=0.019), comparable bleeding rates and FVIII trough levels, and improved 
management of breakthrough bleeding were observed [19]. A retrospective inception cohort 
of all adult hemophilia A patients switched to EHL-rFVIII (rFVIIIFc or PEGylated rFVIII) 
prophylaxis was conducted in one center in Finland to assess the differences in dosing, product 
utilization, annualized bleed rates (ABR), treatment regimen and pharmacokinetics between 
SHL-rFVIII and EHL-rFVIII. The study reported a median FVIII dose of 23 IU/kg for SHL 
versus 25 IU/kg for EHL and a weekly infusion decreas of 29% from median 2.8 (every 2.5 
days) to 2.0 (every 3.5 days) (p≤0.001). Overall, median weekly FVIII consumption decrea-
sed after switching by 17% from 60 to 50 IU/kg (p=0.001): weekly product utilization decre-
ased by at least 5 IU/kg in 55%, remained the same in 32% but increased by at least 5 IU/kg 
in 13%. The half-life of FVIII increased from a median of 13 to 21 h after switching, as did 

EHL-FVIII product
Dose 

frequency 
(hours)

Trough level Trough level

1% 3% 5% 3% 5%

Annual cost per-patient (€)
Cost difference vs trough 

level 1% (€)

Turoctocog alfa pegol 96.0 63,073 189,220 315,367 126,147 252,293

Rurioctocog alfa pegol 84.0 86,614 259,842 433,069 173,228 346,455

Efmoroctocog alfa 88.4 122,146 366,438 610,730 244,292 488,584

Damoctocog alfa pegol 120.0 174,160 522,479 870,799 348,320 696,639

Market Share - 117,811 351,543 585,905 234,362 468,724

Table II. Annual cost per-patient of EHL FVIII products to sustain different trough levels

Figure 2. EHL FVIII products dose required to maintain a trough level of 1%, 3%, 5% (alternative scenario)

EHL FVIII product
Dose 

frequency 
(hours)

Trough level Trough level

1% 3% 5% 3% 5%

Annual cost per-patient (€)
Cost difference vs trough 

level 1% (€)

Turoctocog alfa pegol 84.0 43,638 130,914 218,190 87,276 174,552

Rurioctocog alfa pegol 84.0 86,614 259,842 433,069 173,228 346,455

Efmoroctocog alfa 72.0 69,257 207,772 346,286 138,514 277,029

Damoctocog alfa pegol 84.0 55,936 167,808 279,680 111,872 223,744

Market Share - 63,205 189,614 316,024 126,410 252,819

Table III. Annual per-patient cost of EHL FVIII products to sustain different trough levels (alternative scenario)
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annual per-patient number of IUs for treatment of a patient with mean weight of 74.1kg is 
reported in Supplementary Table S1.

The OWSA on ∆costs revealed that Cl and patient’s body weight have the main impact 
on cost variations, followed by treatments cost per IU and the market share (Supplementary 
Figure S2).

The increase in dosing frequency (alternative scenario), that is the reduction of time 
between infusions, reduced the estimated doses to achieve the pre-defined FVIII levels (Figu-
re 2). The estimated doses remained ≤60 IU/kg for products with increased dose frequency. 
Therefore, per-patient annual cost decreased to €63,205 when the aim was a 1% trough level, 
and €189,614 and €316,024 for 3% and 5% trough levels, respectively. This resulted in a 
∆costs of €126,410 to shift from a 1% trough level to a 3%, and €252,819 to shift from 1% 
to 5% (Table III).

DISCUSSION
The pharmacokinetics characteristics of SHL-rFVIII and plasma-derived FVIII products 
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possible new plasma FVIII trough levels targets of at least 3-5% [4,7], with the potential to in-
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daily activities. However, reaching these new targets requires an increase in IU consumption 
and/or administration frequencies, potentially offsetting the possible advantage of treatment 
burden reduction.
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the times above 1% and 3 % FVIII threshold, which improved from 85 to 131 h and from 65 
to 106 h [20]. Another study conducted in 7 centers in Austria compared clinical outcomes 
and factor utilization in patients with SHA, who switched from prophylaxis with SHL-rFVIII 
to an EHL-rFVIII. Twenty patients reported a significantly decreased annualized bleeding 
rate [ABR; median difference (IQR): −0.3 (−4.5; –0); p=0.008] and number of prophylactic 
infusions per week [−0.75 (−1.0; –0.0); p=0.007] after switching to rFVIII-Fc. While factor 
utilization was comparable to prior prophylaxis with SHL [0.0 (−15.8; –24.8) IU/kg/week; 
p=0.691] [21]. All these studies showed variability in outcomes and costs associated with the 
switch from SHL-rFVIII to EHL-rFVIII. The average results suggest a possible improvement 
in clinical outcomes with no change or an increase in IU consumption. Unfortunately, these 
studies do not specifically assess the impact of targeting a 3% or 5% trough level, as done 
in our analysis, and cannot be directly compared with our results. However, these real-world 
data indicate a possible use of EHL-rFVIII to increase the efficacy without reducing the IU 
consumption. Furthermore, real-world data reflect the individualized approach adopted by 
hemophilia centers and clinicians in defining optimal treatment regimens, in contrast to the 
hypothetical scenarios presented in model-based analyses. These two approaches serve dif-
ferent purposes and should be interpreted according to their respective study designs: while 
a model-based analysis is designed to address the lack of real-world evidence and evaluate 
scenarios that are difficult or impossible to test empirically, real-world studies are conducted 
to validate model predictions and assess how factors excluded from theoretical models in-
fluence outcomes.

Finally, we are aware of several limitations of our study. First, the pharmacokinetics para-
meters can vary significantly between patients and the average results produced by this study 
are not applicable to the individual patient with hemophilia. However, even if the results 
of our study could overestimate or underestimate the real IU consumption required for the 
single patient, potentially creating clinically unrealistic dosing scenarios, the overall impact 
on the population will tend toward the average, resulting in estimates more in line with our 
findings. Indeed, the use of new EHL-rFVIII appears to be leaning towards higher protection 
against bleedings instead of reducing the treatment burden and IU consumption. This state-
ment is supported by the data of a recent report on Italian FVIII consumption, which reported 
a limited reduction in the IU of FVIII used after the introduction of different EHL-rFVIII 
products [22]. Second, the analysis is based on a theoretical PK model that includes certain 
assumptions (e.g., PK equivalence between turoctocog alfa pegol and damoctocog alfa pe-
gol, and the use of average PK parameters instead of individual PK characteristics). These 
assumptions limit the possibility of including inter-patient variability and product-specific 
differences that would allow for a more accurate, patient-specific assessment. To overcome 
these limitations, real-world studies are required to assess the impact of EHL-rFVIII on indi-
vidual IU consumption and FVIII trough levels achieved. However, real-world data regarding 
the changes in trough levels achieved in Italian patients and the associated consumption of 
rFVIII IU are lacking; this study represent a first attempt to fill this gap.

In conclusion, our results demonstrate a significant increase in mean IU consumption and 
associated costs when the trough level target is set to 3% or 5% for the hemophilia A popula-
tion, according to our theoretical PK model. The required IU doses often exceed SmPC ma-
ximum doses, rendering these regimens clinically infeasible. While increasing administration 
frequency can mitigate these issues, the cost per-patient remains significantly high (e.g. an 
average cost of €316,024 per-patient-year for a 5% trough level). These findings emphasize 
the importance of individualizing clinical and economic feasibility assessments for new trou-
gh targets, ensuring that guidelines are adapted to each patient’s unique profile and therapeutic 
goals. Furthermore, careful consideration should be given to alternative treatment options 
(e.g., non replacement factors, gene therapy), to identify the most cost-effective and beneficial 
approach for each individual. Real-world studies are necessary to confirm our findings and to 
accurately measure the real-world impact of EHL-rFVIII products in achieving higher levels 
of protection.
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