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Introduction

ABSTRACT

Haemophilia B (HB) is a rare disease which may lead to chronic disabling arthropathy, resulting in a significant
clinical, social and economic impact. In recent years, new extended half-life (EHL) factor IX concentrates pro-
duced by recombinant technology (rFIX) have been developed. They have shown significantly prolonged half-life
as compared to other rFIX products and improved bleeding control when used as prophylaxis. To date, EHL rFIX
products reimbursed in Italy are a recombinant coagulation factor IX produced with Fc technology (rFIXFc) and
a recombinant fusion protein containing rFIX fused with recombinant albumin (rIX-FP). The results of extension
studies with injection intervals with a median of almost every 14 days for the complete individualized interval
prophylaxis (IP) group on rFIXFc and 21 days for a selected subgroup of patients on rIX-FP have recently been
published.

The aim of this analysis was to estimate the cost of prophylactic treatment with rFIXFc and rIX-FP in adult pa-
tients, in the light of new clinical evidence and current average prices in Italy.

The cost of therapy was estimated on the basis of the results of extension studies, the average prices reported in
regional drug tenders and assuming an average patient weight of 70 kg.

The analysis estimated a cost per patient/year between €224,407 and €230,355 for rFIXFc and between €242,259
and €368,587 for rIX-FP. The sensitivity analysis confirmed the robustness of the results.

The use of rFIXFc over rIX-FP proves to be the least expensive choice for the treatment of HB in Italy.
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HB is caused by a deficiency in coagulation factor IX (FIX);
to date prophylactic administration of FIX concentrates is the

Haemophilia B (HB) is a rare disease characterized by a
succession of haemorrhages mainly in joints and muscles,
which may lead to chronic disabling arthropathy. In addi-
tion to presenting an important impact from a clinical point
of view, the pathology affects the quality of life of patients,
and the consumption of economic resources in terms of both
direct and indirect healthcare costs (1,2).
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gold standard of treatment. Recombinant FIX concentrates
(rFIX) are the most widely used products (3,4). In recent
years, new extended half-life (EHL) FIX concentrates have
been developed. EHL rFIX products have shown an improved
pharmacokinetic profile with a significantly prolonged half-
life compared with unmodified rFIX products and a bet-
ter bleeding control when used according to prophylactic
regimens (4).

To date, the EHL rFIX products reimbursed in Italy are:
(a) rFIX covalently fused to the Fc domain of human immu-
noglobulin G1 (rFIXFc; eftrenonacog alfa [Alprolix™]); (b) a
recombinant fusion protein containing rFIX fused with recom-
binant albumin (rIX-FP; albutrepenonacog alfa [Idelvion™]).
These drugs have shown an increase in their use among
patients with HB as a replacement therapy as compared with
standard half-life (SHL) rFIX products in recent years (3).

In a recent publication, the impact on the healthcare
budget in Italy as a result of an increased use of rFIXFc, as a
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prophylactic treatment, over rIX-FP and SHL rFIX concentrates
(nonacog gamma and nonacog alfa) was assessed, estimat-
ing a saving of approximately €2 million over a 3-year period
(2). This analysis estimated an average cost of €225,185 per
adult patient per year for rFIXFc and €312,327 for rIX-FP,
based on the dosages reported in the Summaries of Product
Characteristics, literature data for bleeding frequency and
management, and average prices from regional drug tenders.
Sensitivity analysis confirmed the robustness of the results in
favour of the treatment with rFIXFc (1).

Recently, extension clinical studies’ results have been
published (5,6) confirming the positive benefit/risk profile of
the two medicinal products.

The focus of the extension studies was to integrate the
safety and efficacy profile (long-term) of the two EHL rFIX
concetrates for routine prophylaxis and on-demand treat-
ment of bleedings. Both studies (5,6) enrolled previously
treated adolescent and adult patients of different races from
various geographic regions, although dose regimen and treat-
ment intervals were different between the two trials (5,6).
Treatment intervals for rIX-FP prophylaxis dose were deter-
mined based on the parameters used in the pivotal study.
Intervals of 7 days (35-50 IU/kg), 10 or 14 days (50-75 IU/kg)
and 21 days (100 1U/kg) for patients =18 years were used
in Mancuso et al (5). For rFIXFc prophylaxis, as reported in
Pasi et al, treatment intervals were: (a) weekly prophylaxis
(20-100 1U/kg); (b) individualized interval prophylaxis (IP)
(100 1U/kg every 8-16 days or twice monthly, with a median
administration of 13.6 days); (c) modified prophylaxis
(personalized on patient) (6).

Objective

The aim of this analysis was to estimate the cost of ther-
apy with rFIXFc and rIX-FP in adult patients with HB, given
the updated clinical evidence and current average prices
in Italy.

Cost analysis of EHL rFIX products for haemophilia B in Italy

Methods

The methodology consists in a cost analysis of rIX-FP and
rFIXFc treatments, based on results of the clinical extension
trials (5,6).

Average doses and frequencies of administration of EHL
rFIX concentrates in the prophylactic regimen were derived
from the clinical extension trials, as were the bleeding
rates and the amount of product used to manage bleeding
episodes (5,6). The analysis considered the weekly admin-
istration regimens for both the products; the 21 days admin-
istration for rIX-FP and the IP regimen for rFIXFc. No indirect
comparison or specific clinical analysis between trials was
performed. Trial data were used only to estimate the EHL
dosages according to different regimens (5,6).

In the rFIXFc arm of the analysis, data associated with
weekly prophylaxis and IP (median interval 13.6 days) were
considered (6).

Indeed for rIX-FP, data associated with weekly dos-
ing and with a maximum extension up to 21 days were
used (5).

Drug costs were estimated on the basis of the aver-
age prices of EHL rFIX concentrates reported in drug ten-
ders from 17 Italian regions (Abruzzo, Apulia, Basilicata,
Calabria, Campania, Emilia Romagna, Friuli Venezia Giulia,
Lazio, Liguria, Lombardy, Marche, Piedmont, Sardinia, Sicily,
Tuscany, Umbria, Veneto; data on file).

To calculate the costs of prophylaxis and management
of bleeding episodes, the following parameters, from clini-
cal trials, were considered: bleeding rates, rFIX doses, num-
ber of administrations needed for prophylaxis and bleeding
management, total dose in IU per kg per patient (5,6).
These unit quantities were multiplied by average patient
weight of 70 kg (Tab. I). The total dosages per patient were
then multiplied by the mean regional tender prices (unit
prices), amounting to 1.21 €/IU for rFIXFc and 1.98 €/IU for
riX-FP.

TABLE | - Mean annual consumption of rFIXFc and rIX-FP per patient in prophylaxis and management of bleeding episodes

Variables rFIXFc rIX-FP Reference
Weekly* IP every 14 days** Weekly* Every 21 days*
Unit Dose
Prophylaxis  IU/kg per adm 48.50 101.60 49.70 99.80 (5,6)
Frequency adm per week 1.00 0.50 1.00 0.33 (5,6)
Bleeding IU/kg per adm 51.80 36.60 56.36 56.36 (5,6)
management 1o jian ABR 2.30 1.90 1.33 0.32 (5,6)
Patient weight (kg) 70 70 70 70 Assumption
Total Dose
Prophylaxis U per year 176,540 184,912 180,908 121,091 Estimate
Bleeding IU per year 8,340 4,868 5,247 1,262 Estimate
Total IU per year 184,880 189,780 186,155 122,353 Estimate

ABR = annualized bleeding rate; adm = administration; IP = individualized interval prophylaxis; IU = international units; kg = kilogram; rFIXFc = recombinant
extended half-life factor IX produced with Fc technology; riX-FP = recombinant fusion protein consisting of FIX with albumin moiety.

*Prophylactic administrations.

Individualized administration with a median interval of 13.6 days. Values (unit dose) are adjusted/calculated at 14 days.
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To test the robustness of the results, a univariate sensitiv-
ity analysis was developed in which a decrease in the price of
rIX-FP of -10% was considered. This theoretical discount was
considered instead of standard deviation in regional prices,
because there is no variability for rIX-FP and a very small one
for rFIXFc (£0.12%). In the sensitivity analysis, the costs of the
two EHL rFIX concentrates were compared by assuming dif-
ferent treatment rates with rIX-FP, with administrations every
7 or 21 days, while only administration almost every 14 days,
as in the IP regimen, was considered for rFIXFc (conserva-
tive assumption, because this is the most expensive regimen
for rFIXFc) (6). Using a sample of 100 patients for each com-
parison arm, in what percentage of patients receiving rIX-FP
every 21 days the two treatments would reach the same
expenditure was calculated, considering a 10% discount for
rIX-FP.

The cost analysis was carried out from the perspective of
the National Healthcare Service (NHS).

Results

According to the clinical and consumption data shown
in Table I, costs per patient in different regimens were esti-
mated. Overall, as shown in Table Il, the mean annual costs
for treatment with rFIXFc were estimated between €224,407
(of which €214,284 was for prophylaxis) for weekly admin-
istration and €230,355 (€224,446) for administration almost
every 14 days (median interval of 13.6 days). Mean annual
treatment costs were higher for rIX-FP, ranging from €242,259
(€239,760) for administration every 21 days to €368,587
(€358,198) for weekly administration. Overall, it was
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estimated that potential savings from using rFIXFc instead of
rIX-FP were €11,904, comparing rFIXFc almost every 14 days
vs rIX-FP every 21 days, and €144,180, comparing weekly
rFIXFc vs weekly rIX-FP.

With a 10% discount of the rIX-FP price, that is, 1.78 €/IU,
the annual cost for weekly treatment was still higher than
that with rFIXFc, with an average cost of €331,356. Results
show increased annual cost equivalent to +€101,001 vs rFIXFc
almost every 14 days and +€106,949 vs rFIXFc for weekly
administration. In contrast, a scenario with rIX-FP adminis-
tered every 21 days was very similar to that with rFIXFc (both
administration frequencies), with an average annual cost of
€217,789. The results of the sensitivity analysis are described
in Table Il.

Taking the abovementioned scenario, which consid-
ers a price of 1.78 €/IU for rIX-FP, changes in expenditure
in a hypothetical cohort of 200 adult patients of whom 100
were treated with rFIXFc almost every 14 days (conservative
hypothesis) vs 100 treated with rIX-FP were estimated, with
variable shares between weekly and 21-day therapy. The
results are shown in Fig. 1. Overall, the analysis showed that
with the increase in the proportion of patients treated with
rIX-FP every 21 days, the total expenditure in that cohort
would decrease as well as the differences vs the cohort
treated with rFIXFc.

Figure 1 shows that in case 10% of 100 patients from the
rIX-FP cohort receive administrations every 21 days the total
cost will amount to €32.0 million vs €23.0 million in the rFIXFc
cohort with a delta expenditure (rIX-FP — rFIXFc cohorts) of
+€8,964,460 per 100 patients per year. Also considering
that 50% of patients treated with rIX-FP had administrations

TABLE Il - Mean treatment costs with rFIXFc e and rIX-FP per patient per year. Base case and sensitivity analysis

Variables rFIXFc rIX-FP Reference
Weekly* IP every 14 days** Weekly* Every 21 days*
Base Case Analysis
Base Case: Price per IU €1.21 €1.21 €1.98 €1.98 Data on file
Total Cost per Patient/Year
Prophylaxis €214,284 €224,446 €358,198 €239,760 Estimate
Bleedings €10,123 €5,909 €10,389 €2,499 Estimate
Total €224,407 €230,355 €368,587 €242,259 Estimate
Sensitivity Analysis
Sensitivity Analysis: Price per IU £€1.21 £€1.21 £€1.78 £€1.78 Estimate
Total Cost per Patient/Year
Prophylaxis €214,284 €224,446 €322,016 €215,541 Estimate
Bleedings €10,123 €5,909 €9,340 €2,248 Estimate
Total €224,407 €230,355 €331,356 €217,789 Estimate

|P = individualized interval prophylaxis; IU = international units; rFIXFc = recombinant coagulation factor IX Fc fusion protein; rIX-FP = recombinant fusion protein

consisting of FIX with albumin moiety.
*Prophylactic administrations.

Individualized administration with a median interval of 13.6 days. Values (unit dose) are adjusted/calculated at 14 days.
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Fig. 1 - Sensitivity analysis: change in spending and savings considering a 10% discount on the rIX-FP price and percentage of patients

treated with rIX-FP every 7 or 21 days.

rFIXFc = recombinant coagulation factor IX Fc fusion protein; rIX-FP = recombinant fusion protein consisting of FIX with albumin moiety.

every 21 days, this cohort shows additional expenditure of
+€4,421,760 vs rFIXFc administered almost every 14 days.
Results show that rIX-FP would achieve parity cost vs
rFIXFc (with administration almost every 14 days) only when at
least 89% of patients were treated with administration every
21 days. It should be noted that if a comparison with rFIXFc
on a weekly basis was considered, the percentage of patients
treated with rIX-FP every 21 days would amount to 94%.

Discussion

The previous article mainly considered dosages in pro-
phylaxis from the Summary of Product Characteristics (1),
whereas the present analysis considered dosages and bleed-
ing rates from the extension clinical trials (5,6). Despite the
clinical studies details, the results are very similar, highlight-
ing a significant burden of prophylaxis on the overall cost of
treatment, ranging from 95% to 99% of the total cost.

The results also confirm that rFIXFc (given current prices)
is the least expensive drug for the NHS, while ensuring effec-
tive control of bleeding, with an annualized bleeding rate
(ABR) of 1.90/2.30 which is lower or in line with previous

published data (for both EHL rFIXs), but slightly higher than
rIX-FP in the current analysis (1,5,6).

Itisimportant to highlight that our estimation was conser-
vative due to significant differences in study designs, which
resulted in a stepwise selection of suitable patients for longer
administration intervals with rIX-FP and rFIXFc (5,6). Anyhow,
the ABR differences and bleeding management, from an eco-
nomic point of view, have a minimum impact on total costs
from 4.5% for rFIXFc weekly to 1.0% for rIX-FP (Tab. I).

Given the current prices, even if 100% of patients were
treated with rIX-FP every 21 days during the year, this cohort
would not reach neutral cost with rFIXFc, which remains the
least expensive treatment and most economically advanta-
geous choice for the Italian NHS. The analysis also shows that
rIX-FP will reach parity cost with rFIXFc (administered almost
every 14 days) only if it has a 10% discount and at least 89%
of patients are treated every 21 days.

It is also very relevant that in the extension study of
rIX-FP only 9 out of 59 patients (i.e. about 15%) were suc-
cessfully treated with the 21 days prophylactic regimen (5),
which is distant from the above-mentioned 89% estimated
in our study. Differently, it must be highlighted that the
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Aiello et al

annual prophylactic mean costs of weekly administration and
IP regimen with rFIXFc are very similar (6). Additional real-
world data are needed to evaluate the percentage of patients
treated with rIX-FP every 21 days, which, in any case, has
shown a higher mean annual cost than rFIXFc, considering
the actual prices of rFIX products.

Finally, it is relevant to mention that in a previous post
hoc analysis, Shapiro et al studied long-term experience with
extended interval dosing of rFIXFc using data up to the sec-
ond data cut of B-YOND study and reported a subgroup of
patients (6 out of 22), who had dosing intervals of 15-21 days
(7). Nevertheless, if these rFIXFc dosing intervals were con-
sidered in our short communication, the results would still
be in favour of rFIXFc.

Conclusions

Even in the light of new clinical evidence, which considers
extended dosing intervals for both drugs, the use of rFIXFc
over rIX-FP in the treatment of HB is still an economically
advantageous choice for the Italian NHS, with overall sav-
ings, per patient per year, of about €12,000, comparing the
extended administration of rFIXFc vs rIX-FP and €144,000
comparing the weekly ones. These results are confirmed by
the sensitivity analyses.
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