
© 2020 The Authors. This article is published by AboutScience and licensed under Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0). 
Any commercial use is not permitted and is subject to Publisher’s permissions. Full information is available at www.aboutscience.eu

GRHTA
ISSN 2283-5733

Glob Reg Health Technol Assess 2020; 7(1): 40-49

DOI: 10.33393/grhta.2020.2113

ORIGINAL RESEARCH ARTICLE

disabling arthropathy characterized by functional limitations 
and chronic pain (1). Severity of bleeding symptoms is related 
to residual plasma levels of FIX, and development of arthro-
pathy is more frequent in severe forms of the disease (2). 

Haemophilia is classified as mild when the biological 
activity of FIX is between 5% and 40%, with symptoms like 
bleeding secondary to minor trauma, surgery, or invasive 
procedures (e.g. dental extraction), although spontaneous 
bleeding is also possible. When biological activity of FIX 
is between 1% and 5%, this is considered to be moderate 
haemophilia with pathological bleeding secondary to minor 
trauma, surgery, or invasive procedures, while spontaneous 
bleeding is rare (2).

With biological activity of FIX <1%, haemophilia is consi-
dered severe, being characterized by frequent spontaneous 
bleeding as well as joint bleeding secondary to minor trauma, 
surgery, or invasive procedures (2). Haemophilia B has an 
incidence of 3 cases per 100,000 live male births. According 
to the Associazione Italiana Centri Emofilia (AICE) national 
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ABSTRACT
Introduction: Prophylaxis with factor IX (FIX) concentrates, produced by recombinant DNA technology (rFIX) or 
human plasma-derived concentrates, is the treatment of choice for haemophilia B (HB); rFIX covalently fused to 
the Fc domain of human immunoglobulin G1 (rFIXFc) allows for prophylaxis/treatment with one infusion every 
7-14 days. The purpose of this study is to quantify the financial impact of prophylaxis with rFIXFc vs. other ap-
proved rFIX and reimbursed for treatment of HB in Italy.
Methods: The number of patients was estimated according to Italian epidemiological data and use of rFIX. Dose 
and frequency of administration used for weekly prophylaxis were those recommended in the Summary of Prod-
uct Characteristics (SPC), while clinical trials and literature data were used to calculate bleeding rates and man-
agement. Drug costs were calculated using regional ex-factory net prices. In the model, a reference scenario 
(Reference) vs. an alternative scenario (Alternative) were created to account for introduction of rFIXFc, estimating 
an increasing trend of the market share of rFIXFc in a 3-year timeframe. The analysis was developed in the per-
spective of the National Health Service and included healthcare costs related to rFIX for prophylaxis and resolu-
tion of bleeding events.
Results: The model estimated an overall cumulative expenditure (years 1-3) of €209,453,646 for the Reference 
and €207,465,568 for Alternative scenarios, with calculated cumulative savings of €1,988,068.
Conclusions: The increasing use of rFIXFc as a substitute for other rFIX concentrates in the treatment of HB can 
represent a financially viable choice for the Italian National Health Service while ensuring effective control of 
bleeding.
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Introduction

Haemophilia B is a rare, potentially disabling congenital 
haemorrhagic disease caused by deficiency of coagulation 
factor IX (FIX). The condition mainly affects male subjects 
and its natural history in the absence of adequate treatment 
is marked by muscle and joint haemorrhages that lead to 
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registry data, of all patients with a known diagnosis of hae-
mophilia B in Italy in 2017, 43.9% were affected by mild form, 
21.1% by moderate form, and 35.0% by severe form (3).

The treatment of haemophilia is based on replacement 
therapy with administration of FIX concentrates according to 
prophylactic or on-demand regimens. According to the latest 
estimates, in Italy, prophylaxis is the most adopted therapeu-
tic regimen in patients with severe haemophilia B (85.1%) 
and is prescribed in about 40% of patients with moderate 
haemophilia (3).

The primary goal of prophylaxis is prevention of joint 
damage. Prophylaxis entails regular intravenous infusions 
of FIX concentrates in order to prevent the onset of spon-
taneous bleeding (especially in the joints) by maintaining a 
minimum level of FIX in plasma (trough level) in the range 
of moderate to mild haemophilia (1). With prophylaxis, it is 
possible to prevent the onset of joint damage or at least to 
slow its progression and to reduce the number of bleeding 
episodes, which gives patients the opportunity to lead a rela-
tively normal life (1,4-10).

Given the greater ease of use (e.g. reduced infusion 
volumes, faster preparation times) and better safety profile 
(11,12), whenever possible, recombinant products (rFIX) are 
preferred over plasma-derived factors (pFIX) (3). Indeed, in 
Italy, rFIX is more commonly used than pFIX (3). 

Given the need for repeated intravenous administrations, 
adherence to prophylaxis can be problematic, which can lead 
to missed administrations and/or under-dosing (13-18). Poor 
adherence can thus be associated with an increase in blee-
ding rates due to the reduced protection conferred by inter-
mittent treatment (19-22). The main barriers to treatment 
adherence include the time needed for infusion, planning of 
the infusion, and problems in venous access (19,22). 

In recent years, new rFIX molecules were registered 
and reimbursed, with improved pharmacokinetic profile in 
order to ensure good haemostatic coverage with a lower 
number of infusions (3,23-26). On average, half-life of these 
new molecules is 4-5 times the normal physiological value, 
allowing prophylactic infusions every 7, 10, or ≥14 days. This 
is in contrast to prophylaxis with standard products, requiring 
2-3 infusions per week (27-30).

Thanks to these characteristics, the extended half-life of 
rFIXs offers greater therapeutic flexibility, with better adhe-
rence, greater access to prophylaxis, better long-term outco-
mes, and potential cost savings (10,17).

Considering the economic impact of these drugs on the 
National Health Service (NHS), the most recent data publi-
shed by the National Observatory on the use of Medicines 
(OsMed) reported that in Italy, in 2018, coagulation factors 
were among the drug categories with the greatest impact on 
healthcare expenditures (31). 

Among these new molecules, rFIX covalently fused to the 
Fc domain of human immunoglobulin G1 (rFIXFc) has been 
available in Italy for the treatment of patients with haemo-
philia B since 2017 (3,32). Prophylaxis with rFIXFc has been 
shown to be safe and effective for the prevention and tre-
atment of bleeding events in both paediatric and adult hae-
mophilia B populations (23,25). Fusion with the Fc fragment 
of human IgG1 leaves the functional capacity of FIX intact, 

with no observed increase in immunogenicity. Pharmacoki-
netic and efficacy data support the potential for treatment at 
prolonged intervals, while providing excellent bleeding con-
trol vs. shorter half-life rFIX molecules in patients of all ages 
(23,25).

The aim of this study was to estimate the economic impact 
of the use of prophylaxis with rFIXFc compared to other rFIX 
that are available in Italy for the treatment of moderate to 
severe haemophilia B.

Methods

The analysis was carried out from the perspective of 
the NHS considering a 3-year period, including only direct 
healthcare costs related to use of rFIX for prophylaxis and 
resolution of bleeding episodes.

The number of eligible patients was estimated from Ita-
lian population data and prevalence of the disease (3,33). 
The haemophilia B population was then stratified by age (<6, 
6-11, 12-17, and ≥18 years). 

In each age group, the mean per patient body weight 
was considered: (a) 20 kg in subjects <6 years; (b) 30 kg for 
ages 6-11 years; (c) 55 kg for ages 12-17 years; (d) 70 kg in 
adults.

Percentage of haemophilia B adults treated with rFIX 
prophylaxis was based on consumption data from the AICE 
national registry (3). 

Calculation of percentage of paediatric patients tre-
ated with rFIX prophylaxis was based on the following 
assumptions:  

a) In patients <6 years and patients aged 12-18 years, pro-
phylaxis is used in 50% of patients with moderate haemo-
philia and in 80% of patients with severe haemophilia.

b) In the 6-11 year age group, prophylaxis is used in 70% 
of patients with moderate haemophilia and in 85% of 
patients with severe haemophilia.

Two extended half-life rFIX concentrates were included in 
the model: (1) rFIXFc (eftrenonacog alfa; Alprolix®) and (2) 
rIX-FP, a recombinant fusion protein containing rFIX fused 
with recombinant albumin (rIX-FP – albutrepenonacog alfa; 
Idelvion®); two standard half-life rFIX concentrates were 
included: (1) nonacog gamma (Rixubis®) and (2) nonacog alfa 
(Benefix®). Market shares for each rFIX were estimated based 
on 2018 market data and projected for the next 3 years. 

Doses and frequencies of administration by age (<12 
years vs. ≥12 years) in prophylaxis were obtained from the 
respective Summary of Product Characteristics (SPC) of each 
rFIX concentrate included in the model (27-30). For extended 
half-life rFIX, weekly prophylactic administrations were con-
sidered in the base case scenario, that is, one administration 
per week (27,28).

Bleeding rates and the amount of rFIX used for each pro-
duct were based on literature data (12,34,35). According to 
clinical practice and guidelines, bleeding episodes are treated 
with an additional dose of FIX products (1). rFIXFc and rIX-FP 
bleeding rates and the amount of rFIX used to manage blee-
dings were retrieved from the pivotal clinical trials (23-26).
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Additional data were estimated as follows: 

a) rIX-FP, albutrepenonacog alfa: in order to estimate the 
amount of drug used to treat a bleeding episode in adults 
and children, the mean number of administrations deri-
ved from the clinical study was multiplied by the dose 
indicated for prophylaxis (24,26).

b) Nonacog gamma: to estimate the amount of drug used in 
children <12 years of age, bleeding rates were taken from 
the EPAR (36), and rFIX dose was considered to be the 
same as administered in adults (12).

c) Nonacog alfa: mean dose used for prophylaxis was 
applied to management of bleeding episodes, multiplied 
by the mean number of infusions needed to treat a blee-
ding episode (34).

Unit cost for each rFIX was calculated as average price 
from published regional tenders in seven Italian regions 
(Piedmont, Veneto, Tuscany, Lazio, Campania, Puglia and 
Sicily) (37).

Two scenarios are compared in the model: a reference 
scenario (Reference) and an alternative scenario (Alterna-
tive) in which increased rFIXFc market shares replace the 
other rFIX considered. 

The base case analysis considered rFIXFc and rIX-FP pro-
phylaxis to be administered once every 7 days. Sensitivity 
analysis was also carried out in adult patients, considering 
administrations once every 10 or 14 days as reported in the 
respective SPC (27,28). Specifically, administration every 
14 days was considered for rIX-FP, and every 10 or 14 days 
for rFIXFc. This also allowed to identify, given a sample of 

100 patients for each arm, in what percentage of patients 
receiving rFIXFc every 10 days the two treatments reached 
parity price. 

Results

Base case analysis

Based on population data, epidemiology, and drug con-
sumption in Italy (3,33) and on the hypotheses mentioned 
for paediatric patients, it was estimated that 308 patients 
(245 adults) at the beginning of the 3-year period had hae-
mophilia B and were receiving prophylaxis with rFIX; and 311 
patients (247 adults) in in the third year (Tab. I). The number 
of patients treated with the different rFIX therapies was esti-
mated on the basis of annual market shares, with constant 
shares for therapies over the 3-year period in the reference 
scenario (Reference) and a share of 27.4% for rFIXFc. In the 
alternative scenario (Alternative), an increase in the market 
share for rFIXFc (ranging from 33.5% in year 1 to 46.0% in 
year 3) and a decrease in the other therapies were consi-
dered; it seems reasonable to forecast that the market may 
progressively move towards an increased use of the less 
expensive alternative as prophylaxis with rFIXFc was less 
expensive than prophylaxis with rIX-FP. Market shares were 
assumed to be the same across all patient age groups (Tab. II).

To calculate the costs of prophylaxis and management 
of a single bleeding episode, data on body weight by age 
group, mean dose, and number of administrations needed 
for prophylaxis and total dose in international units (IU) per 
kg per patient were considered (Tab. III). These quantities 

TABLE I - Eligible population: epidemiological data and estimates of patients eligible for prophylaxis with rFIX

Age group (years) <6 years 6-11 years 12-17 years ≥18 years Total REF

Male population

 Year 1 1,497,652 1,740,807 1,783,819 24,509,294 29,531,572 (33)

 Year 2 1,477,937 1,714,713 1,791,778 24,585,947 29,570,375 (33)

 Year 3 1,461,599 1,683,090 1,803,123 24,657,668 29,605,480 (33)

Data on disease 

 Prevalence % 0.003 0.003 0.003 0.003  (3)

 Moderate % 21.1 21.1 21.1 21.1  (3)

 Severe % 35.0 35.0 35.0 35.0  (3)

Consumption

 Recombinant % 100.0 100.0 100.0 86.8  (3)*

 Prophylaxis in moderate patients % 50.0 70.0 50.0 40.0  (3)*

 Prophylaxis in severe patients % 80.0 85.0 80.0 85.1  (3)*

Estimated patients 

 Year 1 18 24 21 245 308 

 Year 2 18 24 22 246 310 

 Year 3 18 24 22 247 311

rFIX = recombinant factor IX; *Model assumption, see text for details.
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TABLE II - Market shares for therapies by year, based on model assumptions (see text for details)

 Year 1 Year 2 Year 3
Reference Scenario
rFIXFc 
eftrenonacog alfa
Alprolix®

27.40% 27.40% 27.40%

rIX-FP
albutrepenonacog alfa
Idelvion®

29.30% 29.30% 29.30%

Nonacog gamma
Rixubis®

6.70% 6.70% 6.70%

Nonacog alfa
Benefix®

36.60% 36.60% 36.60%

Alternative Scenario 
rFIXFc 
eftrenonacog alfa
Alprolix®

33.50% 38.60% 46.00%

rIX-FP
Albutrepenonacog alfa
Idelvion®

27.00% 25.00% 22.20%

Nonacog gamma
Rixubis®

5.80% 4.90% 4.10%

Nonacog alfa
Benefix®

33.70% 31.50% 27.70%

rFIXFc = recombinant extended half-life factor IX produced with Fc technology; rIX-FP = recombinant fusion protein consisting of FIX with albumin moiety. 

TABLE III - Patient weight, dose, number of prophylactic administrations of rFIX, estimates of bleeding, and management of bleeding episodes

Age group (years) <6 6-11 12-17 ≥18 REF
Mean weight 20 30 55 70 *
Drug

rFIXFc 
eftrenonacog alfa
Alprolix®

Prophylaxis: mean dose IU/kg 55.00 55.00 50.00 50.00 (27)
Prophylaxis: no. weekly infusions 1.00 1.00 1.00 1.00 (27)
Annual bleeding rate 1.10 2.10 3.12 3.12 (23,25)
Total dose to resolve bleeding event IU/kg 68.20 68.20 51.74 51.74 (23,25)

rIX-FP 
albutrepenonacog 
alfa Idelvion®

Prophylaxis: mean dose IU/kg 42.50 42.50 42.50 42.50 (28)
Prophylaxis: no. weekly infusions 1.00 1.00 1.00 1.00 (27)
Annual bleeding rate 4.09 3.44 2.22** 2.22** (24,26)
Total dose to resolve bleeding event IU/kg 52.33 52.33 43.44 43.44  (24,26)

nonacog gamma
Rixubis®

Prophylaxis: mean dose IU/kg 60.00 60.00 50.00 50.00 (29)
Prophylaxis: no. weekly infusions 2.00 2.00 2.00 2.00 (29)
Annual bleeding rate 2.70 2.70 4.26 4.26 (12,36)
Total dose to resolve bleeding event IU/kg 83.38 83.38 83.38 83.38 (12)

nonacog alfa
Benefix®

Prophylaxis: mean dose IU/kg 63.70 63.70 40.00 40.00 (30)
Prophylaxis: no. weekly infusions 1.40 1.40 2.00 2.00 (30)
Annual bleeding rate 3.90 3.90 3.78 3.78 (34,35)
Total dose to resolve bleeding event IU/kg 65.85 65.85 50.80 50.80 (34,35)

rFIXFc = recombinant extended half-life factor IX produced with Fc technology; rIX-FP = recombinant fusion protein consisting of FIX with albumin moiety.
*Model assumption, see text for details; **The same annual bleeding rate was assumed for patients switching from on-demand to prophylaxis. 
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TABLE IV - Mean costs per patient by age, price, and consumption

 <6 years 6-11 years 12-17 years ≥18 years REF

rFIXFc 
eftrenonacog alfa
Alprolix®

Mean price IU € 1.21 (37)

Mean cost prophylaxis €69,392 €104,088 €173,479 €220,792

Mean costs for resolution of bleeding event €1,655 €2,482 €3,452 €4,393

rIX-FP
Albutrepenonacog alfa
Idelvion®

Mean price IU €1.98 (37)

Mean cost prophylaxis €87,516 €131,274 €240,669 €306,306

Mean costs for resolution of bleeding event €2,072 €3,108 €4,731 €6,021

Nonacog gamma
Rixubis®

Mean price IU €0.60 (37)

Mean cost prophylaxis €74,358 €111,538 €170,405 €216,879

Mean costs for resolution of bleeding event €994 €1,490 €2,732 €3,478

Nonacog alfa
Benefix®

Mean price IU €0.68 (37)

Mean cost prophylaxis €63,329 €94,993 €156,227 €198,834

Mean costs for resolution of bleeding event €899 €1,349 €1,908 €2,428

rFIXFc = recombinant extended half-life factor IX produced with Fc technology; rIX-FP = recombinant fusion protein consisting of FIX with albumin moiety.

were multiplied by the average regional tender prices to 
account for local territorial specificities (37); therefore, the 
mean costs per patient were estimated for prophylaxis and 
for management of a single bleeding episode by treatment 
and by patient age/body weight (Tab. IV). Overall, the mean 
annual costs for weekly prophylaxis with rFIXFc was €69,392 in 
children <6 years and €220,792 in adults. This cost was slightly 
higher than the cost of the two standard half-life products, 
with small differences vs. gamma nonacog for which an even 
higher cost was estimated in paediatric patients (Tab. IV). The 
lower consumption of rFIXFc vs. standard half-life products 
largely compensated its higher unit price, ultimately resul-
ting in comparable overall cost per patient. Conversely, rIX-
FP prophylaxis, considering the higher unit price, was more 
costly than the other rFIX. For example, additional costs vs. 
rFIXFc ranged from +€18,124 (+26.1%) in patients <6 years to 
+€85,514 (+38.7%) in adult patients. 

Budgetary impact was calculated from the number of 
patients being treated with each drug (Tabs. I and II), multi-
plied by the cost of prophylaxis with each rFIX. The cost for 
management of bleeding episodes was then added to the 
costs of prophylaxis: this was calculated by multiplying the 
number of patients by the annual bleeding rate, costs for 
managing a single bleeding episode by treatment used, and 
age/body weight class. The results are detailed in Table V and 
Figures 1 and 2. The model showed a total cumulative cost 
over 3 years of €209,453,646 in the Reference scenario and 
€207,465,578 in the Alternative scenario (Tab. V; Fig. 1). The 
costs of prophylaxis are thus the vast majority of costs, that 
is, 95.12% in the Reference scenario and 95.00% in the Alter-
native scenario. 

Considering the greater number of patients being treated 
with rFIXFc, that is, 19 patients in year 1 and 58 in year 3, 
together with an increase in spending for rFIXFc ranging from 
€3,978,827 for the first year to €12,253,665 for the third, the 
overall decrease in spending was estimated to be −€326,811 

in year 1 to −€1,023,549 in year 3 (Tab. V; Fig. 2). The ove-
rall decrease in costs in the 3-year period was estimated to 
be −€1,988,068 (Fig. 2), considering the weekly prophylac-
tic dosages reported in the respective SPC for rFIX and data 
from clinical studies and the literature to estimate the num-
ber of bleeding episodes and management (12,17,23-30, 
34,36,38).

Sensitivity analysis

In sensitivity analysis, changes in expenditure (prophy-
laxis only) were calculated for extended half-life drugs in a 
hypothetical cohort of 200 adult patients, 100 treated with 
rFIXFc and 100 with rIX-FP. For rIX-FP, it was assumed that 
all patients were treated with 75 IU/kg every 14 days, while 
for rFIXFc, at a dose of 100 IU/kg, the percentage of patients 
with infusions every 10 or 14 days was considered. This 
hypothesis, which considers that no patient treated with rIX-
FP undergoes administrations every 10 days, is unfavourable 
towards rFIXFc and was chosen to validate the robustness of 
the model.

Data show that at the doses recommended in the SPC 
(27), if one administration every 14 days is considered, the 
cost of rFIXFc is lower (−€49,478) than the costs of rIX-FP 
at a dose of 75 IU/kg every 14 days. If rFIXFc is administe-
red as prophylaxis once every 10 days, this results in higher 
costs per patient per year for prophylaxis compared to rIX-FP 
(+€43,934). These differences are influenced by the number 
of administrations considered for rFIXFc (Tab. VI).

The sensitivity analysis, shown in Figure 3, demonstrates 
that overall costs in the theoretical cohort are influenced by 
the percentage of patients in the rFIXFc arm with administra-
tions every 10 or 14 days. The parity price is reached when 
53% of patients with rFIXFc receive an administration every 
10 days; therefore, at any lower patient percentage, rFIXFc 
therapy would be cost-saving for the NHS. 
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Discussion

Phase III trials for rFIXFc showed that prophylaxis with 
rFIXFc is safe and effective and associated with significant 
reductions in bleeding episodes, which represents the desi-
red target in the management of haemophilia B (23,25).

Treatment with extended half-life rFIX has the advantage 
of fewer administrations, an aspect that is very important 

for both patients and caregivers (39). To date, only a limited 
number of studies have evaluated the pharmacoeconomic 
impact of recombinant therapies in patients with haemophi-
lia B in Italy; only one has assessed the impact of new exten-
ded half-life rFIX, with different conclusion compared to our 
results (34). Pradelli et al. estimated that rFIXFc had higher 
costs than rIX-FP, since the doses and treatment regimens 
used were different from those considered in the present 

TABLE V - Budget impact considering an increase in market share for rFIXFc

 Year 1 Year 2 Year 3 Total 

Reference Scenario

rFIXFc 
eftrenonacog alfa
Alprolix®

€17,872,108 €17,986,845 €18,051,098 €53,910,051 

rIX-FP
albutrepenonacog alfa
Idelvion®

€25,997,759 €26,165,017 €26,258,681 €78,421,457 

nonacog gamma
Rixubis®

€4,338,113 €4,365,833 €4,381,357 €13,085,303 

nonacog-alfa
Benefix®

€21,229,600 €21,365,551 €21,441,684 €64,036,835 

Total €69,437,580 €69,883,246 €70,132,819 €209,453,646 

Alternative Scenario 

rFIXFc 
eftrenonacog alfa 
Alprolix®

€21,850,935 €25,339,132 €30,304,763 €77,494,831 

rIX-FP
albutrepenonacog alfa 
Idelvion®

€23,956,979 €22,325,100 €19,895,656 €66,177,735 

nonacog gamma
Rixubis®

€3,755,381 €3,192,923 €2,681,129 €9,629,433 

nonacog alfa 
Benefix®

€19,547,473 €18,388,384 €16,227,722 €54,163,580 

Total €69,110,769 €69,245,539 €69,109,270 €207,465,578 

Δ Alternative scenario – Reference scenario

rFIXFc 
eftrenonacog alfa
Alprolix®

+€3,978,827 +€7,352,287 +€12,253,665 +€23,584,779 

rIX-FP
albutrepenonacog alfa 
Idelvion®

−€2,040,780 −€3,839,917 −€6,363,025 −€12,243,722

nonacog gamma
Rixubis®

−€582,732 −€1,172,910 −€1,700,228 −€3,455,870

nonacog alfa 
Benefix®

−€1,682,127 −€2,977,167 −€5,213,961 −€9,873,255

Total −€326,811 −€637,707 −€1,023,549 −€1,988,068

rFIXFc = recombinant extended half-life factor IX produced with Fc technology; rIX-FP = recombinant fusion protein consisting of FIX with albumin moiety.
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Fig. 2 - Alternative scenario: increase in 
patients treated with rFIXFc and change 
in costs (Alternative scenario vs. Referen-
ce scenario)
NHS = National Health Service; rFIXFc = recom-
binant extended half-life factor IX produced 
with Fc technology.

Fig. 1 - Cumulative budget impact in 3 ye-
ars with an increase in the market share 
of rFIXFc
rFIXFc = recombinant extended half-life fac-
tor IX produced with Fc technology; rIX-FP = 
recombinant fusion protein consisting of FIX 
with albumin moiety.

analysis (34). In that study, they estimated rIX-FP prophylaxis 
at a dose of 50 IU/kg, which represents the minimum dose of 
rIX-FP for once every 14 days administration. This dose was 
derived from a pharmacokinetic model published by Zhang 
et al. in 2016 (40); indeed, data were not taken from a clini-
cal trial with efficacy based on patient outcomes (40). In the 
main Phase III trial in adults (26), the dose investigated was 
75 IU/kg administered every 10 or 14 days; if this latter dose 
had been used, it would likely have given different results, 
that is, an increase in costs due to an increase in the costs 

of prophylaxis with rIX-FP 30% higher or more (considering a 
dose of 50 IU/kg vs. 75 IU/kg) (34).

In the present analysis we used a conservative approach, 
considering the weekly dosages from the SPC in the base case 
scenario and 14-day administrations from the SPC in the sensi-
tivity analysis, in which the number of patients receiving rFIXFc 
and undergoing infusions every 10 or 14 days was assessed, 
evaluating the impact on mean costs (27,28). As demonstra-
ted in a previous study, over 90% of the costs of haemophi-
lia are attributable to drug therapy (98% of direct healthcare 



Aiello et al  47

© 2020 The Authors. Published by AboutScience

costs and 92% of total costs); accordingly, substantial changes 
in doses and drug prices would impact the results (41).

In light of the difficulty in carrying out direct comparative 
studies in a rare disease, to reach the higher numbers nee-
ded for statistically and clinically significant evidence, and 
considering the potential consumption of the two extended 
half-life drugs, we believe that our approach provides con-
servative estimates and solid results; the sensitivity analysis, 
based on an unfavourable hypothesis for rFIXFc, is particu-
larly robust and fully supports the economic benefits of 
rFIXFc.

The major limitations of our analysis are the lack of direct 
comparison between therapies, although we used the doses 

from the SPC and bleeding rates from Phase III trials, which 
even if dissimilar due to the different populations studied still 
contribute to the robustness of the economic model (27-30). 
A detailed review of the Phase III studies of rFIXFc and rIX-FP 
clearly demonstrates several differences (23-26):

a) Patient numbers differ significantly in the rIX-FP and 
rFIXFc Phase III trials.

b) Different pre-study treatment regimens and baseline 
study populations in both trials may have influenced 
medical status.

c) The PROLONG-9FP study design included selection of 
patients.

Fig. 3 - Sensitivity analysis: change in spending and savings by percentage of patients treated with rFIXFc every 10 or 14 days
rFIXFc = recombinant extended half-life factor IX produced with Fc technology; rIX-FP = recombinant fusion protein consisting of FIX with albumin moiety.

TABLE VI - Sensitivity analysis: mean costs of prophylaxis per patient per year with extended half-life rFIX

rFIXFc – eftrenonacog-alfa rIX-FP
albutrepenonacog-alfa
Infusion every 14 days

REF

Infusion every  
10 days

Infusion every  
14 days

Weight of patient 70 kg *

Dose IU/kg 100 100 75 (27,28)

Price per IU €1.21 €1.21 €1.98 (37)

Costs of infusion €8,492 €8,492 €10,395

No. infusions/year 37 26 26

Total costs/year €314,204 €220,792 €270,270

rFIXFc = recombinant extended half-life factor IX produced with Fc technology; rIX-FP = recombinant fusion protein consisting of FIX with albumin moiety.
*Model assumption, see text for details.
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d) Pharmacokinetic evaluations have been performed with 
different methodologies, different pre-study products, 
sampling time points, and at different timelines during 
the trials.

Real-world evidence data presented at the American 
Society of Hematology (ASH) in December 2019 by Malec 
et al. found important differences in bleeding control for 
rIX-FP vs. rFIXFc in patients with severe haemophilia B (90 
patients including 67 treated with extended half-life pro-
ducts). In 26 patients receiving rIX-FP, 16 (62%) had unex-
pected or poorly controlled bleeding events, while in 37 
patients receiving rFIXFc there were no such events (42). In 
light of this evidence, our assessment appears conservative 
and possibly underestimates the potential savings that could 
be obtained with rFIXFc.

Another possible limitation of this study is that the costs 
of hospitalization, instrumental/laboratory tests, and mana-
gement of intracranial bleeding were not included; moreover, 
the costs directly sustained by patients and caregivers (espe-
cially relevant in paediatric patients) and work days lost were 
not taken into account. Since the study by Kodra et al. repor-
ted that 92% of total costs and 98% of all healthcare costs are 
attributable to drugs, we believe our analysis reflects the true 
economic impact of greater utilization of rFIXFc over other 
rFIX (41). In addition, it should be emphasized that the model 
does not take into account advantages that could be possibly 
obtained with extended half-life drugs compared to standard 
half-life drugs in terms of adherence (and therefore efficacy) 
and quality of life. In fact, considering fewer administrations, 
extended half-life factors, especially in some patient groups, 
could provide greater adherence and thus greater efficacy in 
real-life management; therapies with poor adherence may 
be less effective, leading to unnecessary and unjustified costs 
for the NHS and the society as a whole.

Lastly, the sensitivity analysis validated the results by using 
scenarios that are particularly unfavourable to rFIXFc by assu-
ming infusion every 10 days, while for rIX-FP administration 
every 14 days was deliberately considered. Administration of 
rIX-FP every 10 days would produce a cost of prophylaxis in 
adults of €384,615 per patient per year, well above the cost 
of the every 14 days option considered in the model. The 10 
days administration interval considered for rFIXFc is certainly 
the most unfavourable for the product: in fact, in the pivotal 
study, 53.8% of patients, in the group with an interval-adjusted 
prophylaxis, had reached an interval of 14 days or more in the 
last 3 months of therapy (25). This further confirms the validity 
of the present economic analysis: despite the unfavourable 
hypotheses for rFIXFc, there is still economic benefit for the 
NHS compared to the other factors with extended half-life.

Conclusions

In conclusion, an increase in the use of rFIXFc, replacing 
other rFIX concentrates for treatment of haemophilia B, can 
represent an economically advantageous choice for the NHS 
with overall savings, at the national level, over the 3-year period 
of €1,988,068, while ensuring effective control of bleedings. 
Sensitivity analyses confirmed the robustness of the results. 
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