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Abstract: Haemophilia B is a rare X-linked genetic deficiency of coagulation factor IX (FIX]
that, if untreated, can cause recurrent and disabling bleeding, potentially leading to severe
arthropathy and/or life-threatening haemorrhage. Recent decades have brought significant
improvements in haemophilia B management, including the advent of recombinant FIX and
extended half-life FIX. This therapeutic landscape continues to evolve with several non-factor

replacement therapies and gene therapies under investigation. Given the rarity of haemophilia

B, the evidence base and clinical experience on which to establish clinical guidelines are
relatively sparse and are further challenged by features that are distinct from haemophilia
A, precluding extrapolation of existing haemophilia A guidelines. Due to the paucity of formal
haemophilia B-specific clinical guidance, an international Author Group was convened to
develop a clinical practice framework. The group comprised 15 haematology specialists from
Europe, Australia, Japan, Latin America and North America, covering adult and paediatric
haematology, laboratory medicine and biomedical science. A hybrid approach combining a
systematic review of haemophilia B literature with discussion of clinical experience utilized
a modified Delphi format to develop a comprehensive set of clinical recommendations. This
approach resulted in 29 recommendations for the clinical management of haemophilia

B across five topics, including product treatment choice, therapeutic agent laboratory
monitoring, pharmacokinetics considerations, inhibitor management and preparing for

gene therapy. It is anticipated that this clinical practice framework will complement existing
guidelines in the management of people with haemophilia B in routine clinical practice and
could be adapted and applied across different regions and countries.
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Introduction

Haemophilia B is a rare X-linked genetic defi-
ciency of coagulation factor IX (FIX) resulting
from mutations in the F9 gene, with a prevalence
at birth of 5 cases per 100,000 males.! The sever-
ity of the disease (mild, moderate or severe) has
traditionally been classified according to plasma
FIX levels.l:2 If left untreated, severe and some
moderate haemophilia B may cause disabling

and recurrent bleeding, leading to severe arthrop-
athy.? The condition is associated with short- and
long-term effects on physical functioning and sig-
nificantly impaired quality of life (QoL),* as well
as direct and indirect treatment costs.>”’

Haemophilia B is treated using replacement,
intravenous FIX concentrates to elevate plasma
FIX levels. Exogenous FIX replacement therapy,
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including recombinant factor IX (rFIX) and
plasma-derived factor IX (pdFIX), can be admin-
istered as prophylaxis or on-demand, in addition
to perioperative settings. As prophylaxis has the
potential to prevent bleeding and provides supe-
rior benefits to on-demand therapy, it is endorsed
as the standard of care for severe haemophilia B
and non-severe haemophilia B with a severe phe-
notype.! However, prophylaxis requires frequent
venous access and frequent FIX administrations,
which could result in increased costs compared
with on-demand treatment.?°

Based on the plasma half-life of pdFIX and stand-
ard half-life (SHL) rFIX, these replacement con-
centrates usually require an infusion frequency of
at least twice a week to maintain plasma FIX lev-
els above the traditional prophylaxis trough level
(>1 IU/dl). This confers significant treatment
burden that may negatively impact adherence and
clinical outcomes.1%11 By modifying the pharma-
cokinetic (PK) properties of rFIX, the plasma
half-life and therefore prophylactic dosing interval
can be extended. A potentially important consid-
eration in directing treatment based solely on the
plasma levels of administered FIX is the difference
in distribution in the intra- and extravascular com-
ponents for FIX [compared with factor VIII
(FVIID)] and between different FIX therapeutic
agents in people with haemophilia B (PwHB).12:13

Despite the advantages offered with the use of
prophylaxis and the development of extended half-
life (EHL) therapies for haemophilia B, it is recog-
nized that patients may still experience subclinical
bleeds and joint damage even with prophylactic
regimens,'4 and according to most reports, 1.5—
10% of patients develop inhibitors against their
FIX replacement therapy.!%1® The management of
haemophilia B continues to evolve, with several
non-factor replacement therapies under investiga-
tion, as well as gene therapy (GT). GT is the ulti-
mate FIX replacement therapy for treatment of
people with severe haemophilia B. By adding a
functional version of the defective gene in situ, GT
aims to deliver endogenous expression of func-
tional FIX and ameliorate the disease phenotype.l”
Encouraging but still limited preliminary safety
and efficacy evidence from haemophilia B GT tri-
als shows great promise for this potentially one-
time treatment option.17:18

Owing to its rarer status, the evidence base and
clinical experience of haemophilia B is relatively

sparse, and as a result, formal clinical guidance
focused specifically on the condition is lacking.
An international group of authors was convened
in 2020 to develop a set of consensus recommen-
dations for the management of PwHB using a
modified Delphi format. The author group uti-
lized a hybrid approach combining a systematic
literature review with discussion of clinical experi-
ence to inform the development of the recom-
mendations. These recommendations provide a
clinical practice framework for the management
of PwHB in routine clinical practice based on the
published evidence and clinical experience, in
conjunction with published guidelines. It is hoped
that these recommendations will complement
existing haemophilia guidelines and could be
adapted and applied across different regions and
countries.

Methodology

Haemophilia B modified Delphi steering
committee

The international author group was convened in
July 2020, comprising 15 specialists in the field of
haematology with expertise in treating children
and adults with haemophilia B, molecular biology
and biomedical science. Together the authors
had a global representation, including 12 coun-
tries: Australia, Europe (the United Kingdom,
Belgium, France, Germany, Spain and Sweden),
Japan, Latin America (Brazil and Colombia) and
North America (Canada and the United States).
Based on gaps in currently available guidance for
the management of haemophilia B, the author
group identified five key topics on which to
develop clinical practice recommendations:

e Topic 1: Factor product choice, switching
and clinical indications

e Topic 2: Specific therapeutic agent labora-
tory monitoring considerations

e Topic 3: PK considerations — modelling,
predictions and dose optimization

e Topic 4: Inhibitor management and pre-
paring for novel agents

e Topic 5: Preparing for gene therapy

A sixth topic on life stage and global treatment
goals was considered initially but returned many
non-specific publications during the systematic
literature search. Given the broad literature base
identified, it was agreed that this topic would not
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Search results ‘ Duplicates removed
N=2,112 T N=374
Title/abstract screened Title/abstract excluded |
L
N=1,738 N=1,364
Full texts screened Full texts excluded
N=374 - N=145
Y

Full texts included
N=229

.

3 Topic 4 Topic 5

Topic 1 Topic 2 Topic
N=58 N=30 N=43 N=42 N=57

Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA] flow for data
selection for development of topic-specific literature reports.

Publications could be included in more than one topic report.

be evaluated further in the recommendations at
this time.

Development of evidence-based

recommendations

Each topic was assigned either two or three author
group members, forming a “Topic Group’ to
lead the initial development of the consensus rec-
ommendations. An extensive literature search
(Figure 1 and Supplementary Information 1) was
undertaken and a narrative synthesis report, sup-
ported by data extraction tables, was used to
summarize the evidence base for each topic. In
total, 1738 articles were screened and 229 were
selected and included in the data analysis (Figure
1). Topic Groups considered the evidence base
before discussing and developing a draft set of
recommendations for their topic, which was then
shared with the full author group to consider
alongside the narrative reports of the available
published evidence.

Voting process
The complete author group evaluated the recom-
mendations in two voting rounds. The first round

of voting was conducted via an anonymous online
survey in which the author group was permitted
to select which recommendations would be taken
forward and could propose changes to the word-
ing of the recommendations. The second round
of voting was conducted during a live meeting
and utilized a revised set of recommendations
reflecting any proposed changes. The author
group discussed and further refined the wording
of recommendations before an anonymous vote
was taken to determine the level of agreement.

A Delphi approach was used to reach consensus
on the proposed recommendations. Individual
authors assigned each recommendation a score
between 1 (lowest) and 9 (highest), and scores
were collated into one of three ranges: 1-3, 4—6
and 7-9. The percentage of individuals scoring
within the 7-9 range indicated the level of agree-
ment. Consensus was reached when =75% of
individuals had assigned a score of 7-9 for a given
recommendation.

Results
A total of 33 recommendations were developed
and evaluated in the first round of online voting.
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Haemophilia B modified
Delphi recommendations

75% of all voters rated the
recommendations with a score
of 7 (recommend) to 9 (highly

recommend)

Topic 1: 5 recommendations

Elim?nated
|
Live meeting l
via virtual
platform with 29 retained

discussion and
live voting

Topic 2: 5 recommendations
Topic 3: 2 recommendations
Topic 4: 8 recommendations
Topic 5: 9 recommendations

Figure 2. Flow chart of the modified Delphi process used to reach consensus for the haemophilia B clinical

framework.

The two rounds of voting and number of recommendations that were voted on are depicted centrally, with the summary
numbers of outcomes introduced or eliminated; the right side of the figure reports the decisional rules and the numbers of
outcomes agreed upon by round, and indicates into which topics each recommendation fell.

All 33 recommendations were retained for further
consideration. During the second round of live
voting, consensus was reached on 29 recommen-
dations: five for topic 1, five for topic 2, two for
topic 3, eight for topic 4 and nine for topic 5 while
four recommendations were eliminated (Figure 2
and Supplementary Information 2).

Recommendations for the management of
PwHB in routine clinical practice

Discussion pertaining to the recommended use of
approved treatments assumes that users will
understand/abide by local licensing regulations
and follow guidance on dosing, administration
and laboratory requirements.

rFIX and EHL-FIX have significantly improved
haemophilia B management in the last 30 years.
To avoid joint disease — including minor damage
and microbleeds — primary prophylaxis with FIX
replacement therapy is recommended as first-line
treatment in PwHB with severe disease,! and this
should be initiated early to prevent overt bleeds
and progression to haemophilic arthropathy.
Authors highlighted that the decision to initiate
prophylaxis is usually driven by FIX assay levels
but were also mindful of the limitations of labora-
tory measurement accuracy at the lowest levels of

detection around 1 IU/d1.!° Physicians should also
be aware of the limitations of defining haemophilia
B severity based solely on baseline FIX level or
bleed phenotype in isolation. For example, a single
trauma-related bleed may not accurately reflect a
severe phenotype, and similarly, PwHB with the
same baseline FIX level can present with varying
severity and frequency of bleeding (Table 1).2°

Table 2 shows that the approved EHL-rFIX and
SHL agents, including both pdFIX and rFIX, are
effective treatments for PwHB. Currently, no
head-to-head clinical trials in PwHB have directly
compared SHL-FIX and EHL-FIX using clini-
cally relevant endpoints such as annualized bleed-
ing rate (ABR), annualized joint bleed rates and
progression of arthropathy. However, several
indirect comparisons have been carried out and
indicate favourable efficacy and reduced factor
consumption for EHL products compared with
SHL products.?2-23> A number of factors differ
between randomized controlled trials, real world
and other study types, including participants and
adherence to treatment; therefore comparison of
data across these data sources should be inter-
preted with caution.

Owing to the range of different modified and
unmodified FIX therapies, and their variable
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Table 1. Topic 1 Consensus recommendations.

Topic 1: Factor product choice, switching and clinical indications

1 Prophylaxis with FIX should be considered in all people with severe haemophilia B (including those
classified as non-severe according to their basal FIX levels but with a severe bleeding phenotypel;
in these PwWHB, prophylaxis should be initiated as early as possible (i.e. prior to the onset of joint
bleeding), and thereafter, treatment should not be interrupted

2 Both SHL-FIX and EHL-rFIX are effective treatment options for prophylaxis in PwHB

3 Either SHL-FIX or EHL-FIX products can be used to offer adequate haemostatic cover for bleeds,
surgery and invasive procedures; when using EHLs, laboratory requirements for product-specific

monitoring should be considered

4 When choosing a product or considering switching to alternative products, venous access,
adherence, bleeding phenotype, lifestyle, patient preference and PK should be considered in the

context of local licensing and approval status

5 Dose and frequency of prophylactic FIX treatment should be adapted to the clinical phenotype (e.g.
bleed rates) and lifestyle considerations, and not based exclusively on plasma trough levels

EHL-rFIX, extended half-life—-recombinant factor IX; FIX, factor IX; PK, pharmacokinetic; PwHB, people with haemophilia B;

SHL, standard half-life.

impact on extravascular distributions, authors
stressed that target plasma trough levels may be
an oversimplified treatment goal for prophylactic
FIX products.!? Therefore, clinicians should have
a thorough understanding of the characteristics of
different treatment options as indicated in the
product prescribing information (PI)/summary of
product characteristics (SmPC), potentially using
additional endpoints such as ABR and/or QoL. It
would be ideal to evaluate EHL treatments in
head-to-head studies, comparing EHL with both
SHL and other EHL agents, and reporting both
clinical and patient-focused outcomes.

Treatment choice should be a shared decision
between the PwHB and physician/nurse pre-
scriber after multidisciplinary discussion, consid-
ering the preference of the PwHB (including
convenience) and the impact on their QoL. In
this respect, PwHB should be informed on differ-
ences between different FIX replacement prod-
ucts and how these may affect clinical and
patient-relevant outcomes. Several studies that
evaluated disease burden, patient perspectives,
patient values and resource utilization have
revealed that reduced treatment/administrative
burden associated with EHL. was important to
patients and carers,?3-3> offering an opportunity
to improve adherence.?3%35 While treatment
choices may impact adherence to treatment for
PwHB, adherence is a multifactorial construct

that is determined by a number of other features
(e.g. socio-economic, patient-related, condition-
related, health care system, treatment-related
aspects), and factors that still remain to be
elucidated.?®

One stage assays (OSA) may use numerous dif-
ferent activated partial thromboplastin time
(@aPTT) reagents, which can differ in activator
type, phospholipid composition and potency esti-
mates between manufacturers, in turn leading to
variability in the observed FIX activity.?”
Chromogenic substrate assays (CSA) have fewer
reagent choices and demonstrate less variability
in the measurement of FIX activity. Kihlberg
et al.?® found that although a third of people with
non-severe haemophilia B showed a twofold or
greater difference between the results of the OSA
and CSA, with CSA presenting the higher value,
this difference was not observed in people with
severe haemophilia B. Another study showed a
discrepancy between OSA and CSA in 17% of
patients, this time with all discrepancies demon-
strating at least twofold higher FIX activity levels
with OSA compared with the CSA, and misclas-
sification of disease severity in 90% of these
cases.?® GT such as FIX-Padua GT also demon-
strates variability in the results between CSA and
OSA, with CSA returning lower FIX activity than
when measured by OSA.40 Although the use of
CSA has received regulatory approval in some
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Table 2. Clinical data for approved FIX replacement therapies for the treatment of haemophilia B..

Phase I/1l data for approved FIX replacement therapies for the treatment of haemophilia B

Reference or Product/dosel(s) Study PK findings Safety
NCT number characteristics
SHL-rFIX
Roth et al.24 Nonacog alfa (BeneFIX®, Pfizer) A 20-centre Mean incremental rFIX recovery was 0.75 e |nhibitor

N = 56 previously
treated PWHB

Windyga et al.%®
NCTO01174446

N = 73 for PK
analysis of whom
N = 14 received
on-demand
treatment during
the prophylaxis/

A baseline PK evaluation was
performed on first infusion with rFIX
using a single 50-1U/kg intravenous

dose

Nonacog gamma (Rixubis®, Shire)
Primary outcome = AUC (0-72
h); equivalence with nonacog alfa
(75 + 51U/kg single dose])

international
prospective,
controlled,
multicentre study
evaluating PK,
efficacy, safety and
immunogenicity in
previously treated
PwHB

Randomized,
crossover phase I/
[Il, prospective,
controlled (PK],
multicentre study
evaluating PK,
efficacy, safety and
immunogenicity in

IU/dl per IU/kg, 30% lower than expected
for pdFIX, although the mean half-life was
similar; PK parameters were stable over
time

31 participants (57%) increased their dose
and 23 (43%) had no change

PK equivalence (n = 28] between rFIX
(nonacog gamma) and a licensed rFIX

was confirmed in terms of the ratio of
geometric mean AUC (0-72 h) per dose;
twice-weekly prophylaxis [mean duration
6.2 (=0.7) months, 1.8 (£0.1) infusions per
week, 49.5 (£4.8]) IU kg(-1) per infusion]
was effective in preventing bleeding

development in 1/56
(low titre, transient)
Thromboembolic
events: 1/56
Allergic reactions:
4/56

Serious TEAE: 0/56
TEAE (any): 9/56 (55
events)

Inhibitor
development: 0/73
Thromboembolic
events: 0/73
Allergic reactions:
0/73

Serious TEAE: 0/73
TEAE (any): 37/73

€| Abojojewsan ui saoueapy dipnadelay |

yey/swoy/wod qndabessieusnol

treatment phase previously treated episodes, with a significantly lower (79%, (90 events)
patients with severe  p < 0.001) annualized bleed rate (4.2)
or moderately severe  compared with an on-demand treatment
haemophilia B in a historical control group (20.0); 24 of 56
participants on prophylaxis (43%]) did not
bleed throughout the study observation
period
Collins et al.?6 Trenonacog alfa (IXinity®, Emergent Randomized, The lower bound 90% ClI for ratio of e FIXinhibitor
NCT00768287 BioSolutions)e multicentre AUCO-= for IB1001/nonacog alfa was development in 0/74
PK (original An initial PK crossover comparison crossover 0.89 demonstrating that the primary PK e Thromboembolic

crossover): N = 32 with nonacog alfa was performed on
previously treated first infusion with rFIX using 75 U/
PwHB kg intravenous dose and patients
Repeat PK: N = 14 could continue into an open-label
previously treated study; PwHB on prophylaxis received

comparison PK arm
of a phase II/Ill study

endpoint criterion of >0.80 was met; other events: 0/74

PK parameters between the two rFIX Allergic reactions:
products were comparable (Table S1J; 0/74

the repeat PK analysis demonstrated the Serious TEAE: 4/74
stability of initial PK parameters during TEAE (any): 60/74

PwHB a of 50-75 IU/kg dose twice weekly long-term exposure (median: 5.8 months; (215 events])
Safety: N = 76 and patients receiving on-demand minimum, maximum: 3.1, 18 months) to
previously treated treatment received a 50-100 1U/kg IB1001 (Table S1)
PwHB dose depending on the severity of
the bleeding episode
(Continued)
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Table 2. (Contined)

Phase I/1l data for approved FIX replacement therapies for the treatment of haemophilia B

Reference or Product/dosel(s) Study PK findings Safety
NCT number characteristics
EHL-rFIX
Shapiro et al.?’ Eftrenonacog alfa (Alprolix® Sobi/ Open-label, dose- Dose proportional increases in activityand e Inhibitor

NCT00716716
N = 14 previously
treated PwHB

Negrier et al.28
NCT00956345
N = 16 previously
treated PwHB

Santagostino
etal.?
NCT01233440

N = 25 previously
treated PwHB

Sanofi)

1 PwHB each received 1, 5, 12.5 or
25 IU/kg, and 5 participants each

received 50 or 100 1U/kg

Nonacog beta pegol (Refixia®/
Rebinyn®, Novo Nordisk]

Each PwHB received one dose of
their previous FIX product followed
by one dose of N9-GP at the same
dose level (25, 50 or 100 U/kg)

Albutrepenonacog alfa (Idelvion®,

CSL Behring)
25,50 and 75 1U/kg

escalation trial in
previously treated
PwHB

A multicentre,
multinational,
open-label, dose-
escalation trial
evaluating safety
and PK of ascending
intravenous doses of
nonacog beta pegol
in PwHB

An open-label,
multicentre, dose-
escalation safety
and PK study of
albutrepenonacog in
PwHB

Ag exposure were observed; with baseline
subtraction, mean activity terminal ¢;/, and
mean residence time was 56.7 and 71.8 h,
respectively; the incremental recovery was
0.93 IU/dl per 1U/kg, like plasma-derived
FIX

The half-life was 93 h, which was five
times higher than the patient’s previous
product; the incremental recovery of N9-
GP was 94% and 20% higher compared
with recombinant and plasma-derived
products, respectively; these results
indicate that N9-GP has the potential to
reduce dosing frequency while providing
effective treatment of bleeding episodes
with a single dose

After 25 or 50 IU/kg albutrepenonacog alfa
administration, the baseline-corrected
mean FIX activity remained elevated at
day 7 (7.4 and 13.4 1U/d\, respectively) and
day 14 (2.5 and 5.5 IU/d\, respectively);

the incremental recovery was higher than
both recombinant and plasma-derived FIX
(1.4 versus 0.95 and 1.1 IU/dl per IU/kg,
respectively); in the 50-1U/kg cohort (13
participants), the mean half-life was 92 h

development in 0/14
e Thromboembolic
events: 0/14
e Allergic reactions:
0/14
e Serious TEAE: 2/14
e TEAE (any): 7/14 (16
events)

e Inhibitor
development in 0/16

e Thromboembolic
events: 0/16

e Allergic reactions:
1/16, transient
hypersensitivity

e Serious TEAE: 1/16

o TEAE (any): 6/16 (11
events)

e Inhibitor
development in 0/25

e Thromboembolic
events: 0/13

e Allergic reactions:
0/25

e Serious TEAE: 0/25

e TEAE (any): 13/25
(22 events])

(Continued)
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Table 2. (Continued)

Phase II/11l and comparative data for approved FIX replacement therapies for the treatment of haemophilia B

Reference or NCT number

Product/dose

Safety

Efficacy

SHL-rFIX

Roth et al.2
N = 56 previously treated PwHB

Collins et al.%¢
NCT00768287
N = 76 previously treated PwHB

Windyga et al.2530

N = 73 for PK analysis of whom
N = 14 received on-demand
treatment during the prophylaxis/
treatment phase

Nonacog alfa (BeneFIX®, Pfizer)
A baseline PK evaluation was
performed on first infusion with
rFIX using a single 50 1U/kg
intravenous dose

Trenonacog alfa (Ixinity®,
Emergent BioSolutions)?

An initial PK crossover
comparison with nonacog alfa was
performed on first infusion with
rFIX using 75 IU/kg intravenous
dose and patients could continue
into an open-label study; PwHB
on prophylaxis received a 50-75
IU/kg dose twice weekly and
patients receiving on-demand
treatment received a 50-100 1U/
kg dose depending on the severity
of the bleeding episode

Nonacog gamma (Rixubis®, Shire)
755 IU/kg single or repeat dose

Inhibitor development in 1/56
(low titre, transient)
Thromboembolic events: 1/56
Allergic reactions: 4/56
Serious TEAE: 0/56

TEAE (any): 9/56 (55 events)

Inhibitor development in 0/76
Thromboembolic events: 0/76
Allergic reactions: 0/76
Serious TEAE: 0/76

TEAE (any): 57/76 (444
events) of which 15 events

in 7/57 participants were
considered to be related to
treatment

Inhibitor development in 0/14
Thromboembolic events: 0/14
Allergic reactions: 0/14
Serious TEAE: 0/14

TEAE (any): 6/14 (14 events,
unrelated to treatment)

Treatment for haemorrhages

e On-demand: 55/56 (2758 rFIX
infusions for 1796 haemorrhages)

The majority of haemorrhages (90.9%)

had an ‘excellent’ or ‘good’ response to

rFIX treatment

e ABR on-demand, median (IQR): 16.10
(6.60-71.8)

e ABR prophylaxis: median (IQR): 3.55
(0.00-3.46)

* 19% of PwHB had zero bleeds in the
placebo arm, compared with none in
the on-demand arm

Haemostatic efficacy
e Haemostatic FIX levels were achieved
peri- and postoperatively (14/14)
¢ Haemostasis was ‘excellent’
intraoperatively in all patients and
postoperatively in those without a
drain, and ‘excellent’ or ‘good” at
the time of drain removal and day
of discharge in those with a drain
employed
e Following the initial dose, the mean
FIX activity level rose from 6.55% to
107.58% for major surgeries and from
3.60% to 81.4% for minor surgeries
Actual versus predicted blood loss
matched predicted intraoperative blood
loss but was equal to or higher than (but
less than 150%) the maximum predicted
postoperative blood loss reflecting
the severity of procedure and FIX
requirements

(Continued)
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Table 2. (Continued)

Phase II/11l and comparative data for approved FIX replacement therapies for the treatment of haemophilia B

Reference or NCT number

Product/dose

Safety

Efficacy

EHL-rFIX

Collins et al.3' (n = 74)

NCT01333111

Phase Ill, multinational, randomized
(prophylaxis groups only), single-blind
study

Powell et al.2" (n = 119)

NCT01027364

Phase Ill, non-randomized, open-label
study

Santagostino et al.3?

(n = 63, 23 on-demand and 40
prophylaxis)

Prospective, non-randomized,
multinational, open-label phase Il
study

Nonacog beta pegol
(Refixia®/Rebinyn®, Novo Nordisk)
10 IU/kg (n = 30) or 40 IU/kg

(n = 29) once weekly

Eftrenonacog alfa (Alprolix®, Sobi/
Sanofi)

Group 1: weekly prophylaxis with 50
IU/kg to start, with the dose adjusted
as needed; Group 2: interval
adjusted prophylaxis with 100 1U/

kg at intervals of 10 days to start,
with the interval adjusted as needed;
Group 3: on-demand treatment of
20-100 IU/kg, with the dose adjusted
according to bleeding severity;
Group 4: as perioperative care

Albutrepenonacog alfa (Idelvion®,
CSL Behring)

40 patients completed at least 26
weeks on 7-day prophylaxis with
a median dose of 40 IU/kg, then
28 (70%) patients switched to the
14-day prophylaxis regimen with
75 IU/kg (21 patients) or to the
10-day regimen with 75 IU/kg (7
patients)

e FIXinhibitor development in
0/74

Thromboembolic events: 0/74
Allergic reactions: 0/74
Serious TEAE: 4/74

TEAE (any): 60/74 (215
events)

e FIXinhibitor development in
0/119

e Thromboembolic events:
0/119

e Allergic reactions: 0/119

e Serious TEAE: 13/119
(one possibly related to
eftrenonacog alfa treatment)

e TEAE (any): 88/119

e FIXinhibitor development in
0/63

Thromboembolic events: 0/63
Allergic reactions: 0/63
Serious TEAE: 2/63

TEAE (any): 54/63 (347
events)

e ABR on-demand, median (IQR): 15.58
(9.56-26.47)

e ABR prophylaxis (10 1U/kg): median
(IQR): 2.93 (0.99-6.02)

e ABR prophylaxis (40 IU/kg) median
(IQR): 1.04 (0.00-4.00)

e 7% of PwHB did not need treatment
for bleeding in the on-demand arm

e 17% of PwHB did not need treatment
for bleeding in the prophylaxis (10 1U/
kgl arm

e 45% of PwHB did not need treatment
for bleeding in the prophylaxis (40 1U/
kgl arm

e ABR on-demand, mean (+95% Cl):
18.67 (14.01-24.89)

e ABR prophylaxis (Group 1): mean
(+95% Cl): 3.12 (2.46-3.95)

e ABR prophylaxis (Group 2):
mean * 95% Cl: 2.40 (1.67-3.47)

e 23% of group 1 had 0 bleeds during
the study period

e 42.3% of group 2 had 0 bleeds during
the study period

e ABR on-demand, estimated (£95%
Cl): 13.62 (11.001, 16.868)

e ABR prophylaxis, estimated (+95%
Cl): 0.55(0.233, 1.322)

e 45% of PwHB did not need treatment
for bleeding in the prophylaxis group

ABR, annualized bleeding rate; AUC, area under the curve; Cl, confidence interval; EHL, extended half-life; FDA, US Food and Drug Administration; FIX, factor IX; IQR, interquartile
range; pdFIX, plasma-derived FIX; NCT, National Clinical Trial; PK, pharmacokinetic; PwHB, people with haemophilia B; rFIX, recombinant FIX; SHL, standard half-life; TEAE,

treatment emergent adverse event.

a0nly licensed for use in the United States (FDA).
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Table 3. Topic 2 Consensus recommendations.

Topic 2: Specific therapeutic agent laboratory monitoring considerations

1 Laboratories should be aware that there may be discrepancies between CSA and OSA for diagnostic

testing in non-severe haemophilia B

2 For FIX therapy monitoring, laboratories should participate in proficiency testing for that particular
product (e.g. using EQA) and use assays that have been validated in either field studies or locally

3 CSA provide higher levels of precision and accuracy in the assessment of FIX activity, whereas
there may be variability with different OSA assays; however, the CSA may not be suitable for routine
monitoring of recombinant FIX-albumin fusion protein (albutrepenonacog alfa)

4 Clinicians should be aware that insufficient evidence exists for thrombin generation assay or other
global assays to guide routine clinical management of PwHB

5 Laboratories and clinicians should be aware that current FIX-GT demonstrates a consistently lower
FIX activity when measured by CSA than by OSA; the choice of which assay should be used to aid

clinical decision making is unclear

CSA, chromogenic substrate assays; EQA, external quality assessment; FIX, factor IX; GT, gene therapy; OSA, one-stage

assays; PwHB, people with haemophilia B.

regions, in the United States they are designated
for ‘Research Use Only’ by the US Food and
Drug Administration (FDA),* which poses a
challenge in laboratories that require accredita-
tion using FDA-approved methods. Another rea-
son for the hesitant adoption of CSA is the lack of
familiarity and expertise in their use, as well as
perceived higher costs compared with OSA.37:42
However, computer-based cost analysis demon-
strated that efficient use of reagents could render
the cost comparable between OSA and CSA for
both single and batch samples.4? Therefore, more
expansive regulatory approval and a drive to
improve education and training in CSA use may
enable broader implementation (Table 3).

In addition, the laboratory assessment of circulat-
ing plasma FIX will not assay any additional
extravascular-collagen bound reservoir of FIX,
meaning that results may not fully reflect the hae-
mostatic potential of an individual receiving FIX
replacement (i.e. measurable plasma FIX and
unmeasurable collagen bound FIX). The extravas-
cular distribution of EHL-FIX products is not
yet fully understood and appears to be product-
dependant, for example, eftrenonacog alfa
(Alprolix®, Sanofi/Sobi) may have a greater seques-
tration in the extravascular space and capacity to
bind to Col IV compared with nonacog beta
pegol (Refixia®/Rebinyn®, Novo Nordisk)!3-43:44
and albutrepenonacog alfa (Idelvion®, CSL
Behring).134445 Therefore, it may be inaccurate to

assume that the measurable FIX haemostatic
activity of some products using circulating plasma
levels are directly comparable markers of total hae-
mostatic potential.

Laboratory assays must be internally and exter-
nally validated, and the level of variation estima-
ted. An external quality assessment (EQA)
programme provides information on test accuracy
and long-term reagent-analyser performance.
Participation in such programmes improves labo-
ratory performance and diagnosis. In terms of best
practice, laboratories should be encouraged to
participate in EQA, including those intended to
monitor post-infusion levels, programmes, to fol-
low relevant guidelines,*%-%7 and should carefully
consider the most appropriate reference stand-
ard.*® To further optimize methodology, EQA
themselves may benefit from harmonizing their
practices.®

The choice of aPTT reagent can impact the accu-
racy of measured FIX activity and this may differ
between EHL agent and assay type, and these
challenges are also relevant with FIX GT;30:51
therefore, laboratories should use an assay and
an aPTT reagent that has been validated for
a specific FIX product.>? The World Federation
of Hemophilia (WFH) and the United Kingdom
Haemophilia Centre Doctors’ Organisation
(UKHCDO) has provided guidance on labora-
tory measurement of most FIX therapies.!»>3 In
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summary, when measuring pdFIX, there are no
OSA or CSA that are unsuitable; for nonacoag
alfa (BeneFIX®, Pfizer) and nonacog gamma
(Rixubis®), there are no OSA that are unsuitable;
for eftrenonacog alfa (Alprolix® Sobi/Sanofi),
OSA using Actin, Actin FS, Actin FSL,
Pathromtin SL, Cephascreen or SynthASil and
all CSA are suitable, but OSA using CK Prest
and other kaolin-based reagents should be
avoided; for albutrepenonacog alfa (Idelvion®,
CSL Behring), OSA using Pathromtin SL and
SynthASil are suitable, but OSA using CK Prest,
SynthAFax or Actin FS and all CSA should be
avoided; and finally, for nonacog beta pegol
(Refixia®/Rebinyn®, Novo Nordisk), OSA using
SynthAFax, DG Synth or Cephascreen and all
CSA are suitable, but OSA using APTT-SP,
Actin, Actin FS, Actin FSL, SynthASil and
Pathromtin SL should be avoided.?® Trenacog
alfa (Xinity®, Emergent BioSolutions) which is
only approved in the United States (FDA) details
the following laboratory monitoring in the PI,
‘FIX activity measurements in the clinical labora-
tory may be affected by the type of aPTT reagent
or laboratory standard used’,>* so local validation
of assays should be performed prior to monitoring
this product.

Assay discrepancies associated with the Inter-
national Standard (IS) for plasma or in-house
plasma standards traceable to the plasma IS are
rare53:55 In addition to the PI/SmPC guidance for
laboratory assessment of FIX products, the FDA
requires the use of pre-specified plasma reference
standards for approval.

The authors emphasized that certain PK data for
PwHB have been extrapolated from haemophilia
A patient data, which may not take into consid-
eration factors and evidence appropriate to hae-
mophilia B. For example, the clinical significance
of targeting a 1 IU/dI trough level is evident for
individuals with FVIII deficiency but less so for
those with FIX deficiency.>®

PK analysis may help inform the dosing regimen
for PwHB with a full case history, including
details on joint status, phenotype and product;
however, establishing meaningful PK measure-
ments for dosing or product comparisons is chal-
lenging for FIX replacement therapies (Table 4).
This is due to inherent differences in extravascu-
lar distribution between products, patients and
over time (Table 5). In terms of individualized

Table 4. Topic 3 Consensus recommendations.

Topic 3: PK considerations - modelling, predictions and dose

optimization

1 We recommend that clinicians review product-specific
characteristics, as well as patient phenotype and joint status,
to determine whether PK analysis may guide individualized

prophylaxis dosing

2 Population PK analysis should be considered, acknowledging the
different extravascular distribution and optimal sampling times of

each specific FIX product

FIX, factor IX; PK, pharmacokinetic.

haemophilia therapy, PK data can be used to
guide prophylaxis, for example, to assess initial
post-infusion levels to ascertain the FIX dosing
required to achieve a peak for a specific product,
and if suboptimal, the dosing can be increased.
However, these measures only consider circulat-
ing plasma levels, so the extravascular levels and
potential haemostatic effects thereof must also be
considered. In this regard, findings from preclini-
cal studies evaluating SHL-rFIX and eftrenona-
cog alfa (Alprolix®, Sobi/Sanofi) suggest that
extensive reservoirs of extravascular FIX are at
least as relevant for determining haemostasis as
the circulating, measurable FIX.57 The cross-
reacting material (CRM) status may also impact
PK measurements, for example, in CRM positive
mice; native dysfunctional FIX antigen may
occupy extravascular binding sites, interfering
with the competitive binding of infused rFIX>58
impacting the iz vivo recovery, and therefore pro-
phylactic haemostasis. Therefore, while data sug-
gest that extravascular distribution contributes to
haemostasis,>’ the recovery and volume of distri-
bution vary depending on which FIX agent is
used, so direct comparisons of different FIX
agents cannot be made.

Despite the potential influence of extravascular
distribution of different FIX concentrates, at a
product level, the author group recommended
that a full PK profile should be expected to com-
prise the evaluation of multiple blood samples, for
example, at least eight samplings over 72 h for
SHL, with additional sampling up to 2 weeks for
EHL treatments,! with the last sample taken when
basal levels are reached. It was highlighted that for
some rFIX products in the literature, the
PK-sampling period utilized was too short to fully
account for full reversion to baseline and thus may
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Table 5. Pharmacokinetic parameter estimates for approved treatments of haemophilia B.

Treatment (reference)

Recovery (IU
d/U/(1u/kg)

Half-Llife (h)

Mean residence
time (h) in adults

Elimination
clearance (ml/h/
kg) in adults

Volume of
steady-state
distribution (ml/
kg) in adults

pdFIX

pdFIX (Replenine-
VF®, Bio Products
Laboratory)®

pdFIX (Haemonine®,
Biotest)é0

SHL-rFIX

Nonacog alfa
(BeneFIX®, Pfizer)e!

Trenacog alfa
(Ixinity®, Emergent
BioSolutions)%

Nonacog gamma
(Rixubis®, Shire)é2

EHL-rFIX

Eftrenonecog alfa
(Aprolix®, Sobi/
Sanofi)é3 (patient =19
years old)

Albutrepenonacog
alfa (Idelvion®, CSL
Behring)é4

Nonacog beta pegol
(Refixia®/Rebinyn®,
Novo Nordisk)¢5

1.16 19.0 24.9 4.52 122.1

1.5+ 0.5 28.5 £ 12.1 33 200 ml/h N.R.

0.73 £ 0.20 22.4 =53 N.R. 8.0 = 0.6 225 £ 59

0.98 = 0.21 Mean + SD: 24 h (=7) Mean = SD: 30 Mean * SD: 5.6 Mean =+ SD: 193

(=6) (=1.3) (=62)

0.87 = 0.22 Mean = SD: Mean = SD: Mean = SD: Mean = SD:
26.70 = 9.55 30.82 = 7.26 6.4 = 1.3 202 £ 77
Median (range): 24.58  Median (range): Median (range]): Median (range]):
(15.83-52.34) 28.93(22.25-47.78) 6.2 (4.3-9.1) 172 (110-394)

0.92 (95% Cl: 77.60 (95% Cl: 95.82 (95% Cl: 3.17 (95% Cl: 303.4 (95% Cl:

0.77-1.10) 70.05-85.95) 88.44-106.21) 2.85-3.51) 275.1-334.6)

1.18 (0.86-1.86] 95.3 h (51.5-135.7) N.R. 0.875(0.748-1.294) N.R

1.9 115 158 0.4 66

Cl, confidence interval; EHL, extended half-life; N.R. not reported; pdFIX, plasma-derived factor IX; rFIX, recombinant FIX; SD, standard deviation;

SHL, standard half-life.

give erroneous predictions of half-life incompara-
ble with other studies and/or products.!> At a
patient-management level, population PK is
possible using a predictive algorithm derived
from a large data repository for a given FIX prod-
uct, for instance, Web-Accessible Population
Pharmacokinetic Service—-Haemophilia (WAPPS—
Hemo).%¢ Consequently, a PK profile can be
characterized for an FIX product using more
acceptable sparse sampling to guide clinical man-
agement. The International Society on Thrombo-
sis and Hemostasis (ISTH) guidelines (2017)

provide further guidance on how to interpret and
apply individual population PK assessments in
clinical practice.®” The author group highlighted
the importance of considering the area under the
curve and volume of distribution when consider-
ing concentrate characteristics and treatment
options, although neither parameter is currently
widely translated to guide individual clinical
management.

Anaphylaxis or severe allergic reactions are seri-
ous complications of inhibitor development in
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Table 6. Topic 4 Consensus recommendations.

Topic 4: Inhibitor management and preparing for novel agents

1 In people with severe haemophilia B, the causative F? genetic defect should be determined as soon
as possible after diagnosis to identify those at increased risk of inhibitor development and/or severe

allergic reaction

2 Inhibitor screening should be routinely performed in all people with severe haemophilia B and
scrutiny intensified if developing allergic reactions towards FIX and/or in those patients with
inadequate response to FIX replacement therapy

3 FIX infusion and close clinical observation for allergic reaction should occur in the hospital setting
during the first 20 EDs in people with severe haemophilia B

4 Recombinant activated factor VIl should be the first choice for bleeding control and/or surgical
cover in people with severe haemophilia B and high-responding inhibitors, as well as in those who
have developed allergic reactions; aPCC is an option, but the content of FIX and associated risk of
anamnesis and/or worsening of allergic reaction(s) needs to be considered

5 ITl to eradicate persistent inhibitors should be considered in people with severe haemophilia B;
however, the relative benefits and risks need to be taken into account; ITl should only be initiated in
a haemophilia treatment centre with an experienced team

6 Patients should be closely monitored during ITI for the development of nephrotic syndrome and/or

severe allergic reactions

7 For those patients who have an allergic reaction, desensitization should be considered; importantly,
further serious allergic reaction(s) should be anticipated in these patients, and subsequent infusions
should occur in the hospital setting with appropriate resuscitation expertise and equipment

8 For FIX inhibitor eradication, ITI protocols with a combination of FIX and immunosuppressive agents

may be considered as a first-line treatment

aPCC, activated prothrombin complex concentrate; EDs, exposure days; FIX, factor IX; ITI, immune tolerance induction.

PwHB, which may also be associated with the
development of nephrotic syndrome in a small
proportion of patients.%%:% Inhibitor development
and the risk of an allergic reaction appear to be
independent of the brand of FIX replacement
therapy.®%7% Higher FIX dosing may be associated
with inhibitor development and increased risk of
adverse events;”! however, this has also been
observed in some PwHB receiving low FIX doses.
However, currently there are no data identifying
any FIX concentrate as immunologically superior
to others in reducing inhibitor risk (Table 6).7°

Inhibitor screening requires assays such as the
Nijmegen—Bethesda assay’? that have been locally
validated by laboratories that take part in an
appropriate EQA programme, and it is vital for
any comprehensive haemophilia treatment pro-
gramme to be able to detect emerging inhibitory
activity as early as possible to direct appropriate
medical treatment and consider eradication of

inhibitors. Screening should be at least every third
exposure day (ED) during the first 20 EDs, and
more frequently if any concerns about allergic
reaction or poor response. During this first 20 ED
period for patients with severe haemophilia B,
infusions should be undertaken in a hospital set-
ting, with appropriate resuscitation facilities for
clinical observation of allergic reactions and
inhibitor emergence. Once through this early
period of treatment exposure, screening should
then be performed every 3-6 months until 150
EDs and annually thereafter.!:’> Because the risk
of inhibitor development is believed to be highest
during the first 50-75 EDs,!¢ the number of EDs
for previously untreated patients initiating treat-
ment should be tracked by the care team to ensure
timely inhibitor screening practice. Logistically,
this can be more challenging to monitor in those
receiving on-demand wversus prophylactic treat-
ment and for exposures administered at care
facilities distant to the coordinating centre. In
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summary, proactive monitoring of all early
treatment exposures in a previously untreated
PwHB should be prioritized to detect and appro-
priately manage emerging inhibitors and their
complications.

Several features are associated with increased risk
of inhibitor development and severe allergic reac-
tions (e.g. large deletions or nonsense mutations
in the F9 gene)!® and resultant disease severity,
with this complication occurring almost exclu-
sively in the severe form of haemophilia B (inhibi-
tor rates are 4.9%, 0.5% and 0.1% in severe,
moderate and mild haemophilia B, respectively).”*
Inhibitor screening is warranted in non-severe
haemophilia B on clinical suspicion or after an
allergic reaction. Following an unselected, previ-
ously untreated persons with severe haemophilia
B cohort (n = 154), The Pediatric Network for
haemophilia management (Ped Net) group
describes a cumulative inhibitor incidence of
9.3% at 75 EDs, higher than the historically
quoted <5%, with allergic reactions in 28.6% of
those developing an inhibitor.!® Inhibitor devel-
opment is also more commonly associated with
Black race and younger age.’* Awareness of the
F9 genotype in an individual with severe or mod-
erate haemophilia B confirms the need for clinical
scrutiny, particularly for early exposures in PwHB
deemed ‘high-risk’ (e.g. those with a large dele-
tion); however, the recommended precautions for
early exposures should not be de-escalated for
those with severe or moderate HB who are per-
ceived to be genotypically ‘lower risk’.

Two therapeutic options are available for
PwHB with inhibitors experiencing bleeds, trauma
or requiring surgical intervention: activated
Prothrombin Complex Concentrate (aPCC) or
activated recombinant factor VII (rFVIIa). aPCC
and rFVIIa7576 bypass functional FIX activity and
have considerably improved the management of
acute bleeds and QoL in patients with chronic
inhibitors and demonstrated efficacy and accepta-
ble safety in PwHB undergoing surgery and in
acute care.””-7° It should be noted that in the most
recent WFH guidance it is recommended that
PwHB who have high-responding inhibitors, or in
those with low-responding inhibitors who develop
allergic reactions or anaphylaxis, rFVIIa should be
the first choice for controlling bleeding because
aPCC contains FIX and may stimulate an anam-
nestic response, including further anaphylaxis.!
As with treatment of inhibitors in people

with haemophilia A (PwHA), immune tolerance
induction (ITI) is used in PwHB developing high
titre anti-FIX inhibitors, although there are some
differences centred around reducing adverse reac-
tion risks, which are more common in PwHB than
PwHA and associated with its low success rate.8
PwHB who are candidates for ITI and have an
accompanying allergic phenotype require desensi-
tization with gradually titrated doses of FIX.8!
Desensitization protocols are typically performed
in a hospital setting and may involve immune mod-
ulation, for example, plasmapheresis, steroids or
rituximab before, during or after the escalating
dose.81-8¢ There are conflicting views as to when
ITT should be initiated in PwHB after inhibitor
detection.! Nephrotic syndrome may impede the
success of I'TI treatment in PwHB, further contrib-
uting to the low success rate (30-35%) of this
treatment;®> therefore, patients undergoing ITI
should regularly undergo proteinuria screening,
for example, with every inhibitor titre check. The
risk of inhibitor development may influence the
choice of first-line haemophilia treatment in the
future, particularly in patients at high risk of inhibi-
tor development. Compared with haemophilia A,
the incidence of haemophilia B is small; therefore,
large studies, pooled data or real-world data are
required to better inform strategies for prevention
and eradication of FIX inhibitors; for example,
when to initiate I'TT in PwHB after inhibitor detec-
tion or which (if any) FIX concentrates are less
immunogenic and reduce inhibitor risk.

Recently, there has been increasing interest in
‘non-factor’ treatments that enhance coagulation
irrespective of inhibitor development, such as the
FVIII-mimetic treatment emicizumab, approved
for the treatment of PwHA,8%87 or agents that
‘rebalance’ haemostasis, such as investigational
agents fitusiran (Sanofi), marstacimab (Pfizer)
and concizumab (Novo Nordisk),86:8889 which
may be utilized in haemophilia A or B regardless
of inhibitor status, and consequently may change
treatment decisions regarding the approach to
inhibitor management and/or the need to restore
tolerance to FIX in these patients, particularly if
complicated with severe anaphylaxis and/or ITI
failure. However, at the time of writing, these
agents remain investigational in late-stage clinical
trials.

By reducing or eradicating the need for exogenous
FIX for prolonged periods, GT using gene addi-
tion offers the potential to lessen disease burden

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

DP Hart, D Matino et al.

Table 7. Topic 5 Consensus recommendations.

Topic 5: Preparing for GT

1 Based on current AAV haemophilia B GT trial data, this therapy should be considered as a future
treatment option in adults with severe haemophilia B

2 As part of the informed consent process, patients should be made aware of the unpredictability of

achieved FIX level and duration of expression

3 With liver-directed AAV GT for haemophilia B, patients should be aware that pre-existing liver
pathology may be an exclusion criterion; for those proceeding to GT, patients should be counselled
about other potential sources of hepatotoxicity that may interfere with FIX expression (e.g.

medication use, alcohol)

4 Clinicians should be aware that a rise in transaminase levels during the acute phase of GT may
indicate an immune response that can potentially threaten the expression of FIX; close monitoring
of transaminase levels is needed to ensure that timely immunosuppression can be implemented

5 Clinicians should consider that the specific geographic pattern of AAV seropositivity may help direct

which GT is chosen

6 When establishing a programme for haemophilia B GT, it is important to set up a network of care
directed by experienced haemophilia treaters to include comprehensive education programmes for
patients, haemophilia centre staff, extended multidisciplinary team and allied services

7 Patients and HCPs should be well informed of the potential need for either prophylactic or
interventional immune suppression following GT administration, including duration and potential

side effect profiles

8 Patients and HCPs should be aware of the need for long-term safety and efficacy follow-up,
including assessment of liver health and levels of FIX expression, coordinated by the haemophilia
centre

9 Centres and stakeholders, including regulators, payers and patients, should recognize the

importance of participating in a post-authorization registry to gather real-world data on safety and

efficacy of haemophilia B GT

AAV, adeno-associated virus; FIX, factor IX; GT, gene therapy; HCP, healthcare provider.

for PwHB with a single-dose GT treatment.?%-°!
Research efforts to date have focused on using a
recombinant liver-directed adeno-associated virus
(AAV) vector with a functional F9 gene cassette,
targeted at the liver to enable endogenous expres-
sion of FIX, replacing the otherwise missing or
mutant FIX.9091 In recent GT trials in severe or
moderately severe (<2 IU/dl FIX) PwHB, zero
bleeds were reported in 39/54 patients 26 weeks
after a single dose of etranacogene dezaparvovec
(UniQure) in the pivotal HOPE-B trial®? and in
12/15 patients =1 year after a single dose of fida-
nacogene elaparvovec (Pfizer) in a phase II trial.
These data are promising; however, research is
ongoing and long-term safety data in PwHB are
needed. Furthermore, the question as to whether
GT offers a lifelong functional cure depends on
the duration of effect, which in turn may be influ-
enced by liver turnover diluting non-integrated

GT episomes or low level, non-targeted integra-
tion into the host genome (Table 7).

The main toxicity of concern in the early period
after GT dosing in clinical trials is the elevation in
liver transaminases after vector infusion, which may
be attributable to an anti-capsid T-cell immune
response in some® but not all cases.®* When used
prophylactically or before the peak in aspartate
transaminase/alanine transaminase, timely inter-
vention with corticosteroids has been found to con-
trol such episodes;** however, in some patients,
transgene expression may be partially or completely
lost.!® The importance of pre-existing AAV sero-
positivity is yet unclear; in some cases, the success
of GT may be hindered by pre-existing humoral
capsid immunity. However, in the HOPE-B trial,
despite 23/54 patients having neutralizing antibod-
ies (nAbs) to AAV5, no correlation of nAbs and
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expressed FIX activity was observed in titres up to
678, and only one of these patients (nAb titre of
3212.3) was unresponsive to GT.2 This may not
be a generalizable phenomenon to other AAV
serotypes and would require further serotype-spe-
cific data. Because seroprevalence to different
AAV serotypes varies geographically, being able to
select from multiple GT products that use various
AAV vector serotypes may potentially avoid this
complication.?> Decreased factor expression or
elevated transaminases, both with and without
cellular immune responses justify the use of
immunosuppression strategies to protect trans-
duced hepatocytes.?1:9497-100 These immune sup-
pression protocols may differ between platforms
and are likely to evolve over time (Table 7).

When health care providers, patients, caregivers
and advocates are considering a trial of investiga-
tional GT, the fundamentals of this treatment
should be discussed, including availability of dif-
ferent AAV gene transfer platforms each with
nuanced differences in protocol, immunosuppres-
sion and inclusion criteria for candidates.
Guidance by Sidonio et all%! discusses these
aspects of GT treatment and provides infographic
visual aids that are accessible to patients and may
help them make an informed decision. Using an
appropriate lexicon, patients should be educated
on the variation observed between trials and study
participants receiving the same therapy to ensure
PwHB can make an informed decision,!°? and
understand that trial populations tend to exclude
patients with abnormal liver or kidney function,
hepatitis or HIV, or current/past history of
inhibitors.103

Owing to the enduring nature of GT, there is a
need for long-term follow-up for years after treat-
ment and as such patients will need to remain in
close contact with their haemophilia treatment
centre. Therefore, when setting up Centres of
Excellence for haemophilia B GT, a multidiscipli-
nary team of experts must be able to cater for
practical aspects of the patient treatment and
management, such as infusion needs, immuno-
suppression protocols, follow-up and surveil-
lance, while meeting Genetically Modified
Organism requirements and including compre-
hensive risk assessments and documentation.!%4

The WFH has established a World Gene Therapy
Registry (WFH GTR) to gather global post-
authorization surveillance, which is needed to

gather sufficient long-term follow-up data to allow
robust evaluation of safety and efficacy for GT.
This cohesive effort by the American Thrombosis
and Hemostasis Network (ATHN), the European
Haemophilia Consortium (EHC), the ISTH, the
US National Hemophilia Foundation (NHF) and
industry GT development partners aims to pro-
vide robust, long-term safety and efficacy data,
which will be available to health care providers
treating patients with GT.105

Conclusion

In this Delphi consensus process, we have devel-
oped a comprehensive set of clinical recommen-
dations to guide the management of PwHB across
five key topics and several recommendations on
how data collection could be homogenized in
future studies.

rFIX and EHL-FIX have significantly improved
haemophilia B management in the last 30 years,
and the therapeutic landscape shows promise
with several non-factor replacement therapies
and GTs currently under investigation. Although
similarities between haemophilia A and haemo-
philia B exist, the intrinsic size and structural dif-
ferences between FVIII and FIX proteins mean
that data from haemophilia A cannot simply be
extrapolated to haemophilia B. The relative rarity
of haemophilia B and resultant paucity of large
studies further highlight the need for robust stud-
ies investigating haemophilia B management and
comparing treatments.

It is hoped that the recommendations for clinical
management provided here will complement
existing guidelines and support the optimal man-
agement of PwHB. Areas requiring future studies
are identified to support the generation of robust
evidence and it is anticipated that additional
research will facilitate the refinement of guidance
in those areas lacking a strong evidence base.
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