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Abstract: Albutrepenonacog-alfa (Idelvion®, CSL Behring) is a recombinant fusion protein in which the recombinant FIX (rFIX)
links a recombinant human albumin, extending the half-life of rFIX even beyond 100 hours. In 2016, this drug was approved
worldwide for the treatment of pediatric and adult persons with hemophilia B (PWH-B). Its efficacy and safety were described in the
PROLONG-9FP program and subsequently confirmed in the real-world practice, even if to date there are not many manuscripts that
extensively and completely deal with the use of albutrepenonacog-alfa in daily practice, also evaluating its impact on the quality of life
of patients treated with this drug; this review therefore aims to analyze all the publications currently available regarding the real-world
use of this extended half-life concentrate, also noting which topics need further study and research.
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Introduction

Hemophilia B (HB), also known as Christmas disease from the name of the patient in which it was first identified in
1952," is an inherited recessive X-linked hemorrhagic disorder, due to clotting factor IX (FIX) deficiency, spread all over
the world with an estimated prevalence of about 1 in 40,000 live-born males.? Being a disorder linked to a mutation of
the X chromosome, normally only males are affected, while females are carriers. However, the latter could themselves be
affected in the rare case they received mutated alleles from both parents or through the process of lyonization, which also
inactivates the other X chromosome.> The most famous carrier of HB in history is undoubtedly Queen Victoria of
England, who through her descendants passed on the mutated gene in many European courts (Russian, German,
Spanish); therefore, this bleeding disorder was given the title of “royal disease”.*

Usually, HB are considered clinically less severe than hemophilia A,> and some studies have in fact reported the low
number of orthopedic surgeries in severe adult PWH-B than compared with those with severe hemophilia A,° with
a lower hemorrhagic score’ of severity disease obtained joining different topics such as annualized bleeding rate (ABR),
orthopedic status and concentrate factor consumption. These differences could be assigned to a high presence of missense
variants®® in PWH-B, which guarantee a minimal production of FIX able to mitigate the hemorrhagic phenotype, thus
limiting bleeding. The typical hemorrhagic manifestations in persons with hemophilia depend on the FVIII or FIX
plasma level. In mild subjects (FVIII/FIX 0.05-0.40 IU/mL), bleeding occurs especially after major surgeries or traumas,
while spontaneous hemorrhages are rare, this means that the hemophilia diagnosis can sometimes be delayed. In
moderate ones (FVIII/FIX 0.01-0.05 IU/mL), hemorrhagic events occur also in case of minor traumas or surgeries,
while the severe patients (FVIII/FIX <0.01 IU/mL) have recurrent joint bleeds and hematomas, also spontaneous.”

Prophylactic treatment started at an early age in severe subjects is the gold standard to prevent bleeding. Today,
several FIX concentrates are available to clinicians for the treatment of HB: products of plasma or recombinant origin
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with standard half-life (SHL) or products of recombinant origin with extended half-life (EHL) to which a molecule
capable of increasing its permanence in the circulation were added.'® These new drugs have led to a reduction in the
infusion number, a previous unmet need expressed by hemophilic patients,'’ with an improvement in their quality of life.

Albutrepenonacog-alfa (Idelvion®, CSL Behring) is a recombinant fusion protein (FP) in which the recombinant FIX
(rFIX) links a recombinant human albumin, extending the half-life of rFIX even beyond 100h.'? In 2016, this rFIX-FP
was approved worldwide for the treatment of pediatric and adult PWH-B.

This review will analyze all available real-world data relating to the efficacy and safety of rFIX-FP, with a final look
at the perceived quality of life of patients treated with this drug and the future role of the concentrate in the face of new
ongoing treatments and gene therapy soon available to clinicians and patients.

Methods

This review has been created following the “Preferred reporting items for systematic reviews and meta-analyses”
(PRISMA) model.'? Literature search included clinical studies, case reports, reviews, abstracts, and all scientific articles
concerning PWH-B treated with rFIX-FP in the real-world and published on PubMed until March 2022. The key terms
“haemophilia B”, “hemophilia B” “albutrepenonacog (-alfa)”, “rFIX-FP”, “albumin-fusion rFIX”, “Idelvion™" were
used for the search, linked with the boolean operator AND terms such as “safety, efficacy, bleeding, annualized bleeding
rate, inhibitors, alloantibodies, and anaphylactic reactions”. In the query box, these terms were searched only within the
titles and/or abstracts of the articles. Reports that met the following inclusion criteria were included in this review: 1)
articles/abstracts concerning PWH-B of any age; 2) articles/abstracts that described the use of rFIX-FP in the PWH-B; 3)
articles/abstracts written in English.

Pivotal studies were excluded from the review and could only be cited as a term of comparison with the real-world
available data.

A total of fourteen articles and abstracts dealing with efficacy, safety, and quality of life related to real-world use of
rFIX-FP were finally considered for this review. The whole list of analyzed reports is described in Table 1.

Efficacy

The efficacy of albutrepenonacog-alfa was described in the PROLONG-9FP program and subsequently confirmed in the
real-world practice. During the Phase III studies, the median spontaneous ABR (AsBR) obtained was 0.0 for patients
who received any prophylactic regimen with rFIX-FP, with similar results for total ABR and joint ABR (AjBR). The
efficacy of albumin-fusion rFIX has also been described in some PWH-B at different prophylaxis regimens: up to 21 days
in patients >18 years and up to 14 days in those <12 years."*

Table | All Real-World rFIX-FP Reports Included in This Review

Reference (n) Authors Year Type PWH-B (n)
[15] Oldenburg ] et al 2019 Clinical trial 8l
[16] Hermans C et al 2020 Clinical trial 84
[17] Alvarez Roméan M et al 2021 Review /
[18] Escobar M et al 2018 Clinical trial — Abstract 145
[19] Megias Vericat | et al 2019 Case report — Abstract |
[20] Diaz Jordan B et al 2020 Case report — Abstract |
[21] Schiavulli M et al 2021 Case report — Abstract 2
[22] Alvarez-Roman M et al 2020 Case series — Abstract 6
[23] Kleiboer B et al 2020 Case report 3
[24] Malec LM et al 2020 Survey 24
[25] Rampotas A et al 2020 Clinical trial 7
[26] Mancuso ME et al 2019 Clinical trial 33
[27] Castaman G et al 2022 Clinical trial — Abstract 59
[30] Zanon et al 2018 Case report |

Abbreviation: PWH-B, persons with hemophilia B treated with albutrepenonacog-alfa.
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Oldenburg et al'® reported the anonymized patient chart data obtained from twenty-four German institutions treating
PWH-B. Only subjects who have received rFIX-FP for at least 8 weeks were included in the study. Eighty-one patients were
finally considered, 67 adults and 14 children. The mean duration of treatment with rFIX-FP was 39 weeks. The fifty-two
weeks, before the switch, were analyzed in the case of 74 patients previously treated with another FIX concentrate. At the time
of the analysis, 72 patients were on prophylactic treatment with albutrepenocog-alfa, including 59 who were previously on
prophylaxis with another FIX product (prophylaxis-to-prophylaxis group). Data regarding hemorrhagic events were available
only for 51 subjects, 42 of them included in the prophylaxis-to-prophylaxis group. 76% of PWH-B of this cohort were severe,
19% moderate and 5% mild. Overall, the mean ABR during prophylaxis with tFIX-FP was 0.3 + 0.6, while it was 2.6 £ 2.9
during prophylaxis with prior FIX products, and similar data have been obtained in the adult patients (>12 years), while in the
subgroup 011 years, the results were significantly lower, but data of only four children were available. 81% of PWH-B on
albutrepenonacog-alfa presenting zero bleeds. Among the 72 subjects on prophylaxis with this drug, 68% were infused once
a week, while the remaining ones were infused every 9 or more days. This increased efficacy was also obtained with a reduced
consumption of drug; in fact, the resulted mean weekly dose of rFIX-FP was 44.2 TU/kg, compared with the mean weekly dose
of nonacog-alfa of 85.5 IU/kg, almost two-times higher, and with the mean weekly dose of all plasma-derived FIX (pdFIX)
products of 74.5 IU/kg. The data were also confirmed in the two different subgroups: adults (>12 years) and children (0-11
years). Indeed, in adults, the mean weekly dose of rFIX-FP was 44.1 1U/kg; the mean weekly dose of nonacog-alfa was 84.3
[U/kg and the mean weekly dose of all pdFIX concentrates was 74.0 IU/kg; whereas in children the mean weekly dose of
rFIX-FP was 45.0 IU/kg, the mean weekly dose of nonacog-alfa was 94.2 IU/kg and the mean weekly dose of all pdFIX
products was 83.5 IU/kg. Similarly, Hermans et al'® conducted a retrospective review of anonymized data collected from
twenty-three hemophilia treatment centers in Italy (n = 13), the United Kingdom (n = 7) and Belgium (n = 3). Eighty-four
PWH-B treated with rFIX-FP for at least 8 weeks between May and September 2018 were included in this analysis. Overall,
92.8% had severe hemophilia B, while 73/84 were previously in prophylaxis with other FIX products. In this prophylaxis-to-
prophylaxis cohort, the mean ABR reductions with rFIX-FP were 94.3% in Italy, 93.9% in Belgium, and 67.7% in the United
Kingdom, respectively. Zero bleeds were noted in the 84.1% of Italian subjects, in the 71.4% of Belgians and in the 36.4% of
British, reached to 97.7%, 100% and 63.6%, respectively, in case of zero spontaneous bleeds. As reported in the German
study,'” this great efficacy was attributed to a low frequency of infusions; in fact, 61/73 PWH-B received rFIX-FP every 712
days, 9/73 once every two weeks and 2/73 every 15 days; and to a reduction in the drug consumption of 71%, 59% and 54% in
Belgium, the United Kingdom and Italy, respectively, if compared with previous prophylaxis with the different FIX products.

There are several abstracts presented at the World Congresses in recent years have described real-world data, as
highlighted by Alvarez Romén et al'” in their review. In the first, dated 2018, Escobar et al'® reported the data on 145
PWH-B treated with different rFIX concentrates and obtained from the US healthcare providers (hematologists and
Hemophilia Treatment Centers). In the comparison between rFIX-FP and rFIX-Fc, the observed ABR was 0.7 + 1.0 and
8.9 £ 9.6, respectively, while in the comparison between rFIX-FP and nonacog-alfa, this was 1.5 £ 5.8 and 4.5 £ 5.9,
respectively. This highlights the efficacy of albutrepenonacog-alfa in reducing bleeding compared to both extended half-
life and standard half-life concentrates, even with lower drug consumption. A first Spanish clinical, pharmacokinetic, and
economic evaluation was described by Megias Vericat et al.'® Zero bleeds, reduced drug consumption and costs were
reported in a young male switched to rFIX-FP from a standard half-life rFIX. Efficacy and safety of albumin-fusion rFIX
were further showed in two other reports describing overall three different pediatric cases,’>*' and in a Spanish case
series?® of six PWH-B treated for two years in which the total ABR was 0.50, while spontaneous ABR was 0.25.

Unlike previously reported, two different papers described excessive breakthrough bleeding®® and poor response®* in
PWH-B switched to albutrepenonacog-alfa. In the first report, three different adult patients with severe HB, previously
treated with rFIX twice a week (dose range 35-50 IU/kg) without bleeding, experienced unexpected joint bleeds after
switch to rFIX-FP 60-65 IU/kg every fourteen days and in presence of a trough level over 0.10 IU/mL. No subject had an
inhibitor, so a possible explanation for the poor response was a relatively low volume of drug distribution. The reasons
for the bleeding are therefore not clear, clinicians must therefore consider this possibility in case of switching from
another concentrate, and this clinical event will need to be further investigated. The second one is a letter published in
2020 reporting a US survey on seventy-one patients with severe HB enrolled in different hemophilia centers, among
these fifty-five were treated with EHL-rFIX. Albutrepenonacog-alfa was used in a total of twenty-four PWH-B, rFIX-Fc
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in thirty-one subjects, while the remaining sixteen were in prophylaxis with standard half-life FIX. Bleeding was
described in thirteen patients, all in treatment with rFIX-FP; again the rationale for this poor response to therapy was
attributed to low volume of drug distribution in the extravascular space, which however needs further investigation. In
this case, no data on dosage or infusion times were reported.

Rampotas et al>> reported the safety and the efficacy of two different EHL-rFIX used at lower dosages than
recommended. 7/20 of evaluated PWH-B were treated with a median dose rFIX-FP of 20.2 IU/kg/week, reaching
a median trough level of 0.08 IU/mL, three of them experienced bleeding, with a reported median ABR of 2, halved
compared to that obtained with rFIX-Fc, despite the latter being used at a higher dosage (31.5 IU/kg/week).

A high adherence to therapy yet remarked in the pivotal studies was reported by Mancuso et al*® in the real-world
experience. In the three different hemophilia centers, the adherence was 100% (14/14 patients), 100% (15/15 patients)
and 57.1% (4/7 patients), respectively. The recorded non-adherence in three patients of the last center was linked to
insurance-related and parental issues.

Preliminary data from the Phase IV observational IDEAL study were presented at the ISTH 2022 congress by
Castaman et al.*” Overall, 59 male subjects with moderate or severe hemophilia B, treated for at least 6 months with
rFIX-FP, were enrolled in this study and followed for two years. The comparison with the previous treatment showed an
increase in patients with ABR zero, from 66% to 78%, with the achievement of a median trough level of 0.117IU/mL,
against the previous 0.038 IU/mL.

Surgery
The high hemorrhagic risk always makes the surgical intervention in PWH critical; therefore, an accurate evaluation of the
type of intervention, the duration and the prophylactic treatment to be implemented is necessary. The efficacy and safety of

rFIX-FP in the surgical setting have been described in pivotal trials. Curtin et al*®

evaluated thirty surgeries (8 minor and 22
major) performed in twenty-one patients of any age, as a sub-analysis of PROLONG-9FP studies. A single pre-operative
bolus of rFIX-FP was sufficient in 29/30 surgeries to achieve a mean plasma FIX level of 1.084 IU/mL, without needing
any additional intra-operative infusion. 62.5% of patients undergoing minor surgery did not require post-operative infusion
of albutrepenonacog-alfa and resumed their usual prophylaxis 72h after intervention. Red blood cell transfusions were
required for six arthroplasties in five patients, but this significant blood loss was predicted prior to surgery. Overall,
hemostatic efficacy was considered as excellent or good in 87.5% (7/8) of minor surgeries and in 95.5% (21/22) of major
surgeries. No serious adverse events were reported during the peri-operative time.

No data is currently available regarding the efficacy of rFIX-FP in real-world surgery, therefore reports describing the
use of the drug in this area and in everyday life would be necessary.

Target Joints Resolution

A target joint is defined as a joint where at least three or more bleeds occur in six months.?’ The control of these
hemorrhages is undoubtedly one of the main goals of the hemophilia treatment, in order to reduce the risk of the onset or
the progression of hemophilic arthropathy. Santagostino et al'* described the data obtained in the phase III study
PROLONG-9FP, in which 100% resolution of the target joints was reported in previously treated subjects switched
from on-demand to prophylaxis treatment with albutrepenonacog-alfa (p < 0.0001).

The recommended dosage of Idelvion is 35-50 IU/kg/week, which can in some cases be raised to 75 [U/kg every 10-14 days,
following the results obtained in the pivotal studies. Sometimes, however, especially in the real-world studies, the dosages may be
different from those recommended, chosen by clinicians based on their experience, but this can lead to a reduced hemostatic
efficacy of the drug. An example of this comes from the report by Rampotas et al,>> where the median dosage of 20.2 IU/kg, more
than halved compared to what is recommended, resulted in an ABR of 2.

Despite the dosages and infusion frequency used in the phase IV observational IDEAL study?’ have not yet been
reported, the efficacy of rFIX-FP was proven by the reduction of patients with target joints (8.0% vs 30.0%) and chronic
joint pain (16.0% vs 44.0%).

3112 e Drug Design, Development and Therapy 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Pasca and Zanon

Further real-world data on the effect of this drug in reducing target joints are not currently available; therefore, it is
hoped that in the future studies and registries will also consider this aspect in order to better evaluate its anti-hemorrhagic
efficacy.

Safety

Inhibitor Development
The safety of rFIX-FP was widely valued on the pivotal trials. No inhibitor development in the previously treated PWH-B
was reported in Phase I-III studies of the PROLONG-9FP program.'* Similar data were reported in the real-world, where
only one case of inhibitor development in an adult male with severe hemophilia B switched to albutrepenonacog-alfa was
described.®° In this case report, the patient, previously in prophylactic treatment with rFIX, was put on prophylaxis with
Idelvion™ after a pharmacokinetic (PK) assessment to guarantee a higher trough level (0.057 IU/mL on the fifteenth day)
and a lower number of infusions, he developed a low-titer inhibitor (0.9 BU/mL) after eleven exposure days (ED) in the
presence of an ileo-psoas hematoma, confirmed by CT-scan. The inhibitor was rapidly eradicated following a first infusion
of albutrepenonacog-alfa 50 IU/kg, which resulted in a FIX recovery of 13.4% and an incremental in vivo recovery (IVR)
of 0.19, and subsequent infusions of rFIX (30 IU/kg/bid), due to the patient’s refusal to continue the same drug that had
caused the inhibitor development.

It can therefore be stated, based on the results of clinical studies and real-world data, that rFIX-FP is a safe product, in
which the risk of developing inhibitors following its use is minimal.

Anaphylactic Reaction

Anaphylactic reaction in PWH-B could be associated with inhibitor development. The mechanism of action is still
unclear, and some hypotheses were formulated, such as an IgE-mediated hypersensitivity response or a complement
activation by IgG1 antibody formation. This adverse event has been described by some articles published in the literature.
Mauro et al®' reported three different cases of anaphylaxis in children during the immune tolerance induction (ITI)
regimen performed using high-dose recombinant plasma-derived FIX concentrates, results similar to those illustrated by
Castaman et al®” in their Italian experience.

The only patient who developed inhibitors®® after switch to rFIX-FP had no anaphylactic reaction, and no other
allergic responses to this drug were described in the pivotal trials or in the real-world experiences. Only one hypersensi-
tivity reaction was reported by a patient included in a phase IIT study, but without any consequences."*

Albumin-fusion rFIX can therefore be considered a safe product, with a negligible risk of developing anaphylaxis.

Quality of Life (QoL)

In 2017, von Mackensen et al'! described the unmet needs of PWH, where the reduction in the number of infusions came first,
followed by the efficacy and safety of the product. 15.5% of the study participants had hemophilia B. Since then, two different
EHL-rFIX concentrates were placed on the market and some trials on non-replacement drugs began. Patients were then able to
assess whether these new products met their needs or not. Unlike what happens for hemophilia A, there are currently no real-
world data regarding the quality of life perceived by PWH-B following treatments with extended half-life concentrates, such
as Idelvion™. To date, the only report dealing with this topic, and always written by von Mackensen et al,* is based on the
QoL data of pediatric patients enrolled in the PROLONG-9FP trial. Overall, twenty children aged 4-12 years were included in
this sub-analysis, and all the scores used to assess their QoL (eg, Haemo-QoL and Hemo-Sat) resulted improved after
treatment with rFIX.FP. Although the results obtained in this analysis are very interesting, real-world quality of life data is
needed to better understand the impact of rFIX-FP on PWH-B.

Future Role of Albumin-Fusion rFIX
Albumin-fusion rFIX has certainly brought great benefits to PWH-B. An extended half-life, sometimes over 100 hours,

and the possibility of infusing the drug once every 7-10-14 and even 21 days have changed the therapy and everything

4
b,3 35

that revolves around it.*** Today, new subcutaneous therapies, such as fitusiran and concizuma are being studied,
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while gene therapy>® is about to be made available worldwide. Will these new therapies make the use of concentrates
obsolete? It is difficult to say what will happen in a few years, but today concentrates are still needed in the management
of the PWH-B. In case of breakthrough bleeding and surgery, these new drugs are not sufficient, and their monitoring
also results in difficult, if not impossible, with assays currently available.>” The risk of thrombosis reported in clinical
trials of products that rebalance the coagulation cascade, when improperly associated with factor concentrates, caused the
suspension of the studies, the resumption of which was conditioned by the reduction of the dosage of the study drug.***°
The risk of a rise in transaminases, to be treated with corticosteroids, and the use of viral vectors are currently a critical
point for patients to use gene therapy,*® while the exclusion from treatment of children <12 years places further limits on
the use of this therapeutic approach. There are still many things to clarify regarding the efficacy, and above all safety, of
the novel therapies for hemophilia, which still guarantee a wide use of factor concentrates, especially in PWH-B.

Although rFIX-FP infusion frequency is infrequent, it is not comparable to the monthly or even bimonthly frequency
of fitusiran, but certainly less administrative burden compared to the daily administration of concizumab, while a trough
level adequate to the needs of patients can be maintained with low costs. Considering this, “the sunset boulevard” for the
albumin-fusion rFIX is still far away.

Conclusion

The extended half-life rFIX concentrates have contributed significantly to modifying the therapy of HB.
Albutrepenonacog-alfa is a purified protein produced by recombinant DNA technology, generated by the genetic fusion
of recombinant albumin with rFIX, it presents a median half-life of about 100 h, a low clearance, and a small volume of
distribution.*' This pharmacokinetic profile allows a reduction in the number of infusions, with a consequent increase in
therapeutic adherence. Pivotal trials have shown the efficacy and safety of rFIX-FP with reduced total, spontaneous or
joint ABR in both the adult and pediatric population, no inhibitor development and absence of other serious adverse
reactions. ' However, the available data from the real-world are not many, and if, on the one hand, they confirm what is
highlighted in the PROLONG-9FP program, we can say nothing about the quality of life with this drug or its efficacy in
case of surgery.

2324 attributed to the low extravascular volume of distribution of rFIX-FP,
should also be further investigated to give clear answers to clinicians and patients.

The poor response highlighted in some reports,

In the next few years, both new non-replacement drugs and gene therapy for the treatment of hemophilia B will be
widely available, but this will certainly not lead to the permanent storage of factor concentrates. The possibility of using
them at very long intervals (from 7 to 21 days) makes them like subcutaneous drugs, and the predictability of the
pharmacokinetic response and the practically absent thromboembolic risk also makes them easy to prescribe to anyone.
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