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How to translate and implement
the current science of gene therapy
into haemophilia care?
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Abstract: Gene-based therapy opens an entirely new paradigm in managing people with
haemophilia (PWH], offering them the possibility of a functional cure by enabling continuous
expression of factor VIII (FVIII) or factor IX (FIX]) after transfer of a functional gene designed

to replace the PWH's own defective gene. In recent years, significant advances in gene
therapy have been made, resulting in clotting factor activity attaining near-normal levels, as
reflected by ‘zero bleeding rates’ in previously severely inflicted patients following a single
administration of adeno-associated viral (AAV) vectors. While this new approach represents a
major advancement, there are still several issues that must be resolved before applying this
technology in clinical practice. First, awareness, communication, and education about the
therapeutic potential and modalities of gene therapy must be further strengthened. To this
end, objective, unbiased, transparent, and regularly updated information must be shared, in
an appropriate way and understandable language with the support of patients” organizations.
Second, healthcare providers should adopt a patient-centred approach, as the ‘one size fits
all" approach is inappropriate when considering gene therapy. Instead, a holistic patient

view taking into account their physical and mental dimensions, along with unexpressed
expectations and preferences, is mandatory. Third, the consent procedure must be improved,
ensuring that patients’ interests are maximally protected. Finally, gene therapy is likely to be
first delivered in a few centres, with the highest expertise and experience in this domain. Thus,
patients should be managed based on a hub-and-spoke model, taking into account that the
key to gene therapy’'s success lies in an optimal communication and collaboration both within
and between haemophilia centres sharing their experiences in the frame of international
registries. This review describes recent progress and explains outstanding hurdles that must
be tackled to ease the implementation of this paradigm-changing new therapy.
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Introduction therapy. This greatly enhanced life expectancy for
people with haemophilia (PWH). Still, the con-
tamination of clotting factor concentrates (CFCs)

using non-virally inactivated pooled plasma

Progress in haemophilia treatment
In the past, haemophilia A (HA) or B (HB) man-

agement has focused on replacing missing coagu-
lation factors in order to treat and prevent
bleeding, initially with whole blood, followed by
fresh frozen plasma (FFP) or cryoprecipitates,
before switching to plasma-derived concen-
trates, enabling early bleeding control and home

caused high morbidity and mortality rates among
PWHs, with the need for safer procedures.!
Accordingly, effective viral inactivation proce-
dures were then implemented, followed by
recombinant DNA technology,? which paved the
way for implementing prophylaxis.> Meanwhile,
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extended half-life factors have reduced the dosing
frequency for prophylaxis, further boosting patient
quality of life. Over the last decade, nonfactor ther-
apies that increase thrombin (FIIa) generation by
either simulating a missing protein or inhibiting
endogenous anticoagulant mechanisms have also
been developed. A potential yet unresolved risk in
PWHs is the development of inhibitors. Managing
these inhibitors is challenging and costly, as
grounded on repeated high CFC dosing, along
with immune tolerance induction (ITT), to eradi-
cate the inhibitor.# Further progress has occurred
since bispecific humanized monoclonal anti-
bodies like emicizumab have been developed.
Subcutaneous emicizumab partially mimics the
function of missing FVIII by bridging FIXa and
FX, so restoring haemostasis control,> and has
been approved in many countries for routine
prophylaxis in HA patients, with or without inhibi-
tors.%7 Alternative therapies focusing on coagula-
tion pathway inhibitors like fitusiran are also being
explored.® While all these agents -effectively
improved haemophilia outcomes, they do not
eliminate breakthrough bleedings.®-!! Still, unprec-
edented progress is now on the horizon with gene
therapy, which likely offers the potential of a phe-
notypic cure by re-establishing FVIII or FIX levels
via the transfer of cDNA fragments that encode
the missing protein. This has opened up an entirely
new dimension in haemophilia management.

Basic principles of gene therapy

Gene therapy seeks to introduce relevant genetic
material into the target cells, with the goal of
durably treating, preventing, or potentially even
curing disease. Most gene therapy studies have
used vectors based on recombinant adeno-associ-
ated virus (AAV) serotypes to selectively deliver
the clotting factor (CF) cDNA into hepato-
cytes.12-14 AAVs exhibit a simple structure, are
not associated with any disease, and do not inte-
grate into the genome.!> The FIX cDNA (~1.6
kb) is easily packaged into the AAV-vector parti-
cles, whereas the FVIII cDNA (~8 kb) exceeds
this system’s capacity. All FVIII transgenes used
in AAV gene protocols are thus B-domain
deleted.!¢

Largest gene therapy clinical trials to date

Gene therapy relies on the delivery of liver-
directed FVIII or FIX transgenes using recom-
binant non-integrating AAV, and this approach

is likely to alter the haemophilia treatment para-
digm. In the first trials, certain AAV serotypes
proved to be hepatotoxic, and more immuno-
genic,!” yet significant progress has since been
made. Great optimism has been garnered from
large gene therapy studies recently conducted in
adult patients with both HA and HB.!®8 The Phase
3, open-label, single-dose, single-arm HOPE-B
trial, which included 54 male participants with
severe or moderate haemophilia B, demonstrated
that etranacogene dezaparvovec produced mean
FIX activity of 39.0 IU/dL at 6months and
36.9 IU/dL at 18 months post-infusion. After
the 6-month lead-in period post-infusion, the
adjusted annualized bleeding rate (ABR) (1.51)
for all bleeds was reduced by 64% (p = 0.0002)
and was reduced by 77% (3.65-0.83;p < 0.0001)
for all FIX-treated bleeds over months 7-18. In
addition, 98% of subjects treated with a full dose
of etranacogene dezaparvovec discontinued
prophylaxis with FIX concentrates.!® Analysis of
the HOPE-B trial revealed that overall, 37/54
(68.5%) patients had any treatment-related
adverse event (AE) post-treatment, the majority
of which were mild (81.5%). No deaths occurred
and no treatment-related serious adverse events
(SAEs) were reported. The most frequent treat-
ment-related AEs were headache (13.0%) and
influenza-like illness (13.0%). All patients discon-
tinued steroid use prior to week 26, with FIX
activity was preserved in the mild range. No
inhibitors to FIX were reported.?’ The largest
gene study ever conducted in the HA setting
involved 134 participants with severe HA who
were treated with valoctocogene roxaparvovec, an
AAV5-based gene therapy vector.?! In this study,
valoctocogene roxaparvovec provided endoge-
nous FVIII production and significantly reduced
bleedings, amounts of FVIII concentrates
required for prophylaxis, and FVIII infusions/
year. The risk-benefit profile was favourable, and
most participants displayed FVIII levels in the
mild (5 to <40 IU/dL) or non-haemophilia (=40
IU/dL) range. All the participants had at least one
adverse event; 22 of 134 (16.4%) reported serious
adverse events. Elevations in alanine aminotrans-
ferase levels occurred in 115 of 134 participants
(85.8%) and were managed with immune sup-
pressants. The other most common adverse events
were headache (38.1%), nausea (37.3%), and
elevations in aspartate aminotransferase levels
(35.1%). Of note is that many participants
received prolonged courses over many months of
corticosteroids. No development of factor VIII
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(FVIII) inhibitors or thrombosis occurred in any
of the participants.

Are we ready for gene therapy?

Flashback to haemophilia management in the past
To date, the journey to improved haemophilia care
has been grounded in incremental research devel-
opments, starting with a better disease understand-
ing to the introduction of prophylaxis treatment,
initially with standard CFCs, then extended half-
life CFCs, followed by CF mimetics, and eventu-
ally leading to the advent of gene therapy.?2.23
Although the properties of existing therapeutic
agents differ, they all have well-known characteris-
tics in common (Table 1). So far, the transition
from one step to the next has been fairly smooth,
with each stepwise innovation building on the last,
bringing us a step closer to the ultimate goal of
finding a cure.?? In contrast with this, gene therapy
is a completely innovative, unprecedented, though
highly complex approach. The progress made over
the last five decades in haemophilia care has been
illustrated in Figure 1. As such, many questions
remain unanswered with regard to the true clinical
and economic value of gene therapy, particularly
concerning its safety, sustainability, and durability.

Transition to gene therapy

The question that the scientific community often
discusses is: Are we ready for gene therapy?2425 In
other words, how can we insure a smooth transi-
tion from existing practice to gene therapy?

What is known about gene therapy? Based on
recent research, we can state that gene therapy is
actually feasible based on the results of several
ongoing or completed clinical trials,?% causing sig-
nificant endogenous CF generation (Table 2),
and improved clinical outcomes in terms of bleed-
ing rates and CF requirements. Nevertheless,
with only a few patients eligible for this proce-
dure, the production of FVIII or FIX has proven
to be highly variable and unpredictable. Certain
patients do not respond to gene therapy. Moreover,
monitoring liver integrity is paramount to con-
trolling rejection reactions, and many patients
need immunotherapy, with intense follow-up over
the first post-infusion months, and at times years.

Most approaches that have enabled successful
gene therapy in haemophilia were first tested in

Table 1. Coagulation factor concentrates VIl and IX.

Key known properties

e Mechanism of action
e Established haemostatic efficacy
e Proven safety excepting inhibitor development

e Low inter-individual variability in haemostatic
response

e Highly predictable effect
e Ubiquitous use by all patients

e Reversible and transitory effect

e No particular precautions required

HB patients, and many of these can possibly be
extrapolated to gene therapy in HA patients.
Nevertheless, biological differences between FVIII
and FIX explain specific obstacles in the develop-
ment of gene therapy for HA. Indeed, FVIIl is a
significantly larger protein than FIX, 280 kDA
versus 55 KDA, respectively, leading to AAV-
vector packaging problems.?’” More problematic,
however, is the fact that FVIII is intrinsically less
efficiently secreted even when compared to
similar-size genes.?%2° Consequently, normal
plasma concentrations of FVIII are generally
lower than those of FIX. Moreover, it has been
shown that FVIII is exclusively expressed in
endothelial cells rather than in hepatocytes, as for
FIX. All these discrepancies likely account for dif-
ferences noted in HA-gene therapy recipients ver-
sus HB-gene therapy recipients, with likely lower
durability, less requirement of corticosteroids or
immunosuppressant agents, and a lower percent-
age of eligible candidates in HA wversus HB.

What is not known about gene therapy? Given
that factor production decreases over time, it is
still unknown how long the therapeutic effects
will last (Table 3). Although we have now a decent
understanding of the pharmacodynamics and
pharmacokinetics of CFCs employed for treating
haemophilia patients, our knowledge with regards
to several variables between vector infusion
and sustained therapeutic expression is scarce.
Moreover, the impact of gene therapy on the
patients’ life is not yet clearly grasped; in brief, the
patients’ overall satisfaction from psychological,
personal, and family perspectives is still
unknown.?® Other unidentified features include
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Table 2. What is known about gene therapy in 20227

Key known properties

e Gene therapy in haemophilia Aand B is
possible

e Many exclusion criteria exist; only few patients
are eligible

e Gene therapy results in the synthesis of
endogenous FVIIl or FIX, with a major
reduction in bleedings and infusion
requirements

e Not all patients do respond to gene therapy
e Patient response is unpredictable

e Corticosteroid therapy is often required over
months

e Regular long-term follow-up is mandatory

e Certain restrictions are imposed (alcohol;
sexuality, and so on)

e Response duration and sustainability still unknown

FIX, factor IX; FVIII, factor VIII.

Table 3. What is still unknown about gene therapy in
20227

Key unanswered questions

e Number of patients eligible for gene therapy

e Gene therapy's perceived impact on patients
apart from bleedings and factor levels

e Patients” experience of the process

e Overall patient satisfaction (experience vs
expectation)

e Psychological, personal, and family impact

e Tolerance and acceptability of corticosteroid
therapy

e Acceptability of follow-up requirements over
many months

e Acceptability of certain imposed restrictions
(alcohol, sexuality, and so on)

e Management of undesirable effects and
treatment failures

the tolerance and acceptability of corticosteroid
or immunosuppressant therapy, certain life
restrictions regarding alcohol consumption,

sexuality, and so on, and how undesirable effects
and treatment failures should be managed.

Patient-centred therapy

The appeal but also the confusion surrounding gene
therapy for PWH is both exciting and worrying.2®
Consequently, patient-centred care is paramount.
This means that medical care must be focused on
the patients and their individual needs to empower
them to actively contribute to their own care. This
requires healthcare providers to actually become
patient advocates. They must ensure that patients
perfectly understand the information they receive so
they can participate more actively in shared deci-
sion-making. This is easier said than done, given
that numerous basic requirements must be fol-
lowed, as outlined below. In the haemophilia setting,
there are three pillars from a triptych management
approach that must be considered (Figure 2): (1)
Who is the candidate?, (2) What do we know about
his potential treatment?, and (3) What outcome is to
be expected? We are thus faced with a triptych
patient management schedule, with at one side, the
patient and his history and background, including
haemophilia type, presence of inhibitor, comorbidi-
ties, as well as his lifestyle, ambitions, and expecta-
tions. In the middle, there is often a new treatment,
meaning its type along with its modalities. Last but
not least, we have the treatment outcomes, which
must be better apprehended. In other words, what
outcomes are we looking at in terms of bleeding
rates, infusion requirements, perceived pain, medi-
cal visits, and patient quality of life? In fact, patient
perspectives are paramount, especially when defin-
ing the real value of these therapies in terms of
improved quality of life (QoL); based on this, we
must determine what constitutes a fair price.3°
Patient contribution in collecting follow-up data is
paramount with respect to these therapies’ effective-
ness on a long-term and real-world basis.

Patient profiling

It is crucial for healthcare providers to establish a
precise patient profile, encompassing their physi-
cal features, including age, inhibitor history, con-
comitant HIV infection, and other comorbidities,
in addition to their liver and joint health, as well
as their ongoing treatments (Table 4). In addi-
tion, the patients’ psychological and mental con-
ditions must be considered, including their
expectations, understanding, and ambitions, as
must be their acceptability of restrictions, their
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Figure 2. Multistep management approach of gene therapy of haemophilia.
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Table 4. Necessity of profiling each candidate’s physical and psychological dimensions.

Patient profiling

Physical dimensions

Psychological dimensions

e Patient age

e Inhibitor history

e Human immunodeficiency virus infection
e Comorbidities

e Liver status (hepatitis C and alcohol)

e Joint status (limitations and pain)

¢ 0Ongoing therapies (efficacy and compliance)

e Patient’s expectations

e Patient’s understanding

e Patient’s ambitions

e Patient’s acceptability of restrictions
e Management of uncertainty

e Support of environment

e Patient’s capacity of tolerating restrictions

e Patient’s ability of failure management

capacity of tolerating restrictions and dealing with
failures, and the question must be raised what
support they have in their environment.

At present, pre-existing antibodies against the
various AAV serotypes still pose a significant
hurdle to the universal application of AAV gene
therapy.3! However, recent advances in the devel-
opment of new AAV variants with different
immunological profiles, chemical vector modifi-
cation, immunosuppression, and plasmapheresis
indicate that it is likely that AAV gene therapy can
be extended to a significant number of patients
that currently would have to be excluded because
of pre-existing, especially if the different modali-
ties can be combined.

What are the patients’ expectations with regard

to gene therapy?

Patients’ expectations are rather individual.
Several papers have attempted to shed light on
these attitudes.32-34 Specific inputs from patients
are urgently needed, as they help define the best
gene therapy-delivering system, facilitating cross-
border mobility, and patients’ access to these
therapies. Patients must approach gene therapy
with realistic expectations regarding the expected
risks and potential benefits, for which they require
basic knowledge enabling them to make informed
decisions. In an attempt to assess patient prefer-
ences, the PAVING survey was conducted in
Belgium, investigating the trade-offs that PWH
were willing to make when preferring gene ther-
apy to standard CFC infusions.32 Several tools for
estimating patient expectations were generated

for this study. Its final results clearly confirmed
the large heterogeneity in preferences for novel
treatments among the Belgian PWH population.
The authors additionally analysed the factors
that contributed to preference heterogeneity and
quantified the minimum acceptable benefit
needed to switch from standard prophylaxis to
gene therapy. According to their analysis, the
most accepted (88%) gene therapy profile turned
out to be zero bleeds per year (vs six for standard
prophylaxis), 90% probability of stopping proph-
ylaxis, no impact on quality of life, and a 10-year
follow-up (ws 30 years for standard prophylaxis)
for identifying rare undesirable effects. Most
importantly, the authors strongly stressed the rel-
evance of patient education with regard to ther-
apy acceptance.34

From the healthcare side, the ultimate goal is to
free PWH from their disease, not only its muscu-
lar and skeletal consequences but also its burden
on patients’ minds. Indeed, PWH rarely have
their minds free of haemophilia, despite major
improvements in haemophilia care.?> This goal
has now become reality for several gene therapy—
treated patients, at least for those who, several
months following factor infusion, have achieved
sufficient endogenous FIX or FVIII production,
and are no longer burdened by the limitations of
gene therapy study protocols.3?

How many patients are eligible?

This question is still difficult to answer. Considering
the breakthrough study from The New Engl ¥
Med,?! it would have been interesting to know the
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total number of candidates available for the trial
who were not considered as good candidates at
screening. Today, numerous patients are still being
barred from participating in gene therapy trials,
including those with detectable viral loads of hepa-
titis C or hepatitis B and those with portal hyper-
tension, splenomegaly or liver fibrosis. The
potential challenge posed by liver damage follow-
ing gene therapy must be considered, and there are
still questions about the risk of ongoing liver
inflammation or even hepatocellular carcinoma
(HCC). Consequently, patients must be closely
followed-up. The only case of HCC reported in an
HB gene therapy trial involved a patient with sev-
eral risk factors, including prior hepatitis C and B
infection.3® After full investigation and given that
HCC occurred so early after gene therapy, it was
concluded that gene therapy was unlikely to have
contributed to this severe adverse event.!®

Cost of gene therapy

Undoubtedly, the upfront costs of gene therapy
are exorbitant, owing to the highly complex treat-
ment process, costly production of the gene shut-
tles, operating procedures that are individually
tailored to each patient, low patient numbers,
complex and long studies, in addition to high
safety requirements. Yet, these costs are likely to
come down in the future. Nevertheless, owing to
their added clinical benefits, haemophilia gene
therapies offer the prospects of large cost offsets
from reduced need for chronic, high-cost stand-
ard-of-care therapies. Questions are being raised
as to how the cost offsets generated by gene ther-
apy could be assessed and eventually be incorpo-
rated into value-based pricing. These issues that
are still being debated exceed the scope of this
article. Of note, attention should be focused on
ensuring adequate availability and equitable
access to this emerging gene therapy in low- and
middle-income countries.?”

Requirements for implementing gene therapy
The ultimate goal of gene therapy is to support the
patient’s ability to ‘forget’ about their disease and to
focus on other life goals, such as family, education,
career, and other societal activities. For healthcare
providers, it is crucial to investigate, for each patient,
what are his expectations, and what changes would
be necessary to satisfy him: No more bleeding? No
pain? For every single patient, these questions must
be asked and eventually answered.

In the coreHem project, Iorio er al.?® sought to
determine the outcome measurement set that
would be needed to assess efficacy, safety, and
value of gene therapy versus other therapeutic
alternatives. Then, a core outcome set was devel-
oped in collaboration with representatives of all
relevant parties. Of the six core outcomes identi-
fied, only frequency of bleeds turned out to be a
‘legacy’ outcome consistently applied in past hae-
mophilia trials. Its inclusion as core outcome will
thus enable healthcare providers and others like
funding partners or patient associations, to com-
pare the effectiveness of gene therapy with that of
existing treatments, in addition to computing
derived measures, such as impact on target joints
or patient quality of life. Due to massive patient
involvement in the coreHem project, the out-
comes were deemed meaningful and relevant to
most PWH.37:38 This also means broad accept-
ance and uptake of these core outcomes are antic-
ipated in forthcoming clinical trials.37:38

Patient selection, information, and education

To achieve this challenging goal, several require-
ments must be satisfied. The decision to undergo
gene therapy is deeply personal, requiring detailed
and multi-stage decisions. Today, it is still difficult
to estimate the proportion of PWH who would be
eligible for gene therapy once such treatment has
become commercially available. The accurate
number of patients deemed ineligible by the inves-
tigators involved among those selected for screen-
ing is mostly left unreported. In a single-centre
study conducted in our haemophilia clinic in
Brussels, there were 87 adult patients with severe
HA or HB.?® Of these, most individuals with
severe haemophilia could not be enrolled, almost
half due to partly modifiable psychosocial reasons
(49.4%). Of note is that the number of patients
who would accept gene therapy in the absence of
strict clinical trial requirements was estimated at
36 (41.4%), irrespective of any exclusion criteria.
In this single-centre study, there were actually
only seven out of 87 patients left deemed eligible
for entering a gene therapy trial. Nevertheless, the
proportion of candidates should substantially
increase in the future as eligibility criteria are likely
to change and more data on long-term efficacy
and safety of gene therapy will be available.

Among the PWH community, patient education
and clear information play a key role in the suc-
cessful adoption of complex technologies like gene
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therapy. It is thus paramount for healthcare provid-
ers to set realistic expectations of eligibility and
treatment goals.*® Hence, healthcare providers
must be adequately equipped to provide their
patients with sound information, so that the latter
can fully weight up the various risks and benefits.*!
An international study evaluated the knowledge
and perception of a variety of healthcare profes-
sionals concerning gene therapy for PWH. Among
them, 59% were directly involved in the care of
PWH; yet 35% lacked the ability to explain the sci-
ence to their patients, and 40% felt rather uncom-
fortable answering patient questions.#? It must be
mentioned that most patients surveyed, based on
World Federation of Hemophilia (WFH) mem-
bership, self-reported that they had only a ‘basic’
understanding of gene therapy (n = 69; 68%). As
a result, it was stressed that considerable involve-
ment from patient advocacy groups would be
needed for providing patient education in haemo-
philia.*® Some pharmaceutical companies have
already created their own platforms and apps to
help visualize the vector delivery process.*3

Discussing gene therapy with patients

Before proceeding with gene therapy, potential
study participants must be given enough informa-
tion to enable them to understand and consent in
an informed way to the risks of the investigational
therapy.** In two recent papers, Sidonio ez al.%>
and Miesbach er al.%® have provided a nice review
of the fundamentals of AAV-mediated, liver-
directed gene transfer in the haemophilia setting.
These basics were primarily meant to facilitate
discussion between healthcare providers, patients,
and their families and advocates, should a trial of
investigational gene therapy be considered. Some
PWH have difficulty in finding the right informa-
tion on new therapies on the Internet; they there-
fore still prefer to turn to their treating primary
physicians or nurses for appropriate updates.*” In
contrast, other PWH, referred to as ‘empowered’
or ‘e-patients’, have become much more informed
and, thus, more involved in decision-making.
The successful adoption and translation of gene
therapy will depend heavily on addressing barri-
ers relating to knowledge and acceptability.
Implementing multi-level interventions targeting
healthcare providers, patients, caregivers, and
patient advocates to communicate the gene thera-
py’s benefits and risks will clearly improve accept-
ance of this innovative therapy.

Various national and international societies like
the WFH have generated a number of didactics
including web-based videos and webinars, which
can be used to improve gene therapy knowledge.
Nevertheless, these materials are mainly focused
on healthcare providers, whereas gene therapy
education should accommodate different level
learners, including the patients. For the latter, it is
essential to create educational material that takes
into account their health literacy, while simulta-
neously taking a deep dive in patients’ fears,
beliefs, anxieties, and expectations so as to obtain
their informed consent for such innovative
approaches. Adult learner therapy suggests that
the focus should be directed on educational
events in small patient groups in order to allow for
discussion, interaction, and reflection.*8

Evidence-informed shared decision-making
Patient engagement is gaining increasing notice
among all the disciplines, including the haemo-
philia field. In clinical practice, PWH are usually
well instructed about their treatments, though
they would rather not be engaged in conversation,
discussion, and decision-making.4%50 More often
than not, true discordance exists between the
physicians’ perception of their patients’ compre-
hension and patients’ actual understanding. Such
communication issues can often cause non-
adherence to treatments and poorer outcomes.>!
Adequate and individualized communication is,
in fact, paramount. The best approach is referred
to as patient-centricity, meaning that patients
must be actively engaged to achieve the best pos-
sible outcomes for themselves and their fami-
lies.¥> Shared decision-making will most likely
reduce the knowledge imbalance between health-
care providers and patients, and gene therapy
thus represents a unique opportunity for health-
care providers to embark on patient-centred
decision-making.4>

Another key element of patient-centred care is the
use of appropriate language. It is recommended
that physicians avoid basic assumptions of ‘low’
or ‘high’ patient health literacy. They should omit
using technical jargon and unnecessary details,
but rather implement what is called the ‘teach-
back’ method in order to ensure patients’ full
understanding. The preparation of written mate-
rials, with key points and several graphics, may
prove highly useful for this purpose.
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Improved patient consent for haemophilia gene
therapy

Gene therapy is an entirely new therapeutic para-
digm. Unsurprisingly, there are still many unan-
swered questions and uncertainties. Several
prerequisites must be satisfied for communica-
tion with your patients to become highly efficient,
as shown in Table 5. The quality of physician-
patient communication has proven to signifi-
cantly impact patient outcomes.

Informed consent is meant to be an active process
between healthcare professionals and either a
patient or research participant, culminating in the
latter’s decision to accept or refuse a specific ther-
apeutic intervention or trial participation.52 In the
gene therapy setting, physicians or nurses must
figure as primary educators for PWH, with the
responsibility to explore patient expectations
regarding their eligibility, access to treatment,
and outcomes. In a mixed methods study involv-
ing 63 healthcare providers, nurses were seen as
the most trusted source for advice relative to gene
therapy.>® Presently, the basis for an ethically
designed informed consent process relies on
good, clear, and transparent information, as the
patient is unable to grasp what is not disclosed to
him.5* In a 2021 UK report, six PWH were retro-
spectively asked about their experiences while
receiving investigational gene therapy. They all
noted that at pre-infusion, they had been rather
worried about potential unwanted effects. Given
this background, experts in haemophilia, includ-
ing representatives of the patient and clinical
communities, published best-practice recommen-
dations for patient—physician discussions prior to
patient inclusion into an investigational gene
therapy trial.5>In 2019, the European Commission
released new guidelines on good clinical practice
requirements for advanced therapy medicinal
products (ATMPs) like gene therapy. This publi-
cation clearly emphasized that participants receive
comprehensive information on the expected ben-
efit-risk ratio, along with explicit instruction with
regard to the irreversible nature of gene therapy.
In 2021, the US Food and Drug Administration
(FDA) published further guidance on informed
clinical consent.>®

Long-term follow-up
The duration of benefit derived from AAV gene
therapy is still unknown, essentially due to the

Table 5. Requirements for good patient information about gene therapy.

Criteria for optimal patient information

e Objective information (based on facts and evidence)

e Updated information (within a rapidly changing environment)

e Unbiased information (neutral and reliable)

e Ubiquitous information (for any patient anywhere in the country)

small number of patients having participated in
Phase 1 or 2 trials. In line with the longest ongo-
ing human AAV gene therapy trial, it appears that
CF levels of at least >0.05 IU/mL, once achieved,
would likely persist for 5-10 years, and possibly
longer. There have been concerns that patients
could be lost to follow-up by their treatment cen-
tres.!® There is a wide consensus that indefinite
long-term patient monitoring is required. It is
only now that experts are actually beginning to
better appreciate the long-term outcomes of
AAV-mediated gene therapy. First, assessment of
plasmatic CF levels must be regularly conducted
to check for persistent expression of the trans-
genic protein, and the patients’ clinical status
should be meticulously monitored in terms of
ABRs and infusion requirements. The potential
of hepatotoxicity must be followed-up, as well as
the host genotoxicity.’” Regular liver imaging
must ensure that there is no ongoing cancer
development.

Long-term considerations of AAV therapeutics
The major hypothesized long-term safety con-
cerns of systemic AAV-vector administration
remain the risks of liver toxicity and target organ
toxicity in addition to genotoxicity. While AAV
is predominantly non-integrating, sequencing
data in animals and humans post-environmental
AAV exposure or vector administration demon-
strates low-frequency AAV integration events
with a proclivity for sites of active transcription.
Evidence of AAYV integration and clonality post-
systemic AAV vector was also recently demon-
strated in a large-animal HA model. Importantly,
however, the same animals were followed-up for
10 years without evidence of tumorigenesis;
nonetheless, this study provides the first large-
animal data to highlight the risk of AAV-mediated
integration.>8
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Haemophilia care centres

Gene therapy should ideally be carried out in
comprehensive haemophilia treatment centres.
AAV-vector administration is accomplished by
peripheral vein infusion, meaning patients are not
required to be admitted overnight. While acute
undesirable effects are quite rare with AAV-vector
delivery, subsequent follow-up over the next
months, or even years, appears mandatory.

Hub centres

Today, expertise in gene therapy is still highly
localized. Significant work is still required to pre-
pare haemophilia treatment centres for gene
therapy. Considering the limited number of com-
prehensive care centres (CCCs) that already con-
duct investigational gene therapy trials, it is
possible to transfer PWH from their own care
centre to other CCCs already involved in gene
therapy. Such move could possibly unsettle the
foundations required for patients to ask ques-
tions, to feel confident, and to discuss gene ther-
apy issues with the newly assigned physicians.
For these reasons, coordinated and integrated
models, which are also referred to as ‘hub-and-
spoke’, have been charged to oversee all the dif-
ferent steps of the care pathway designed for gene
therapy.>®

The ‘hub and spoke’ model was proposed in a
joint statement published by the European
Association for Haemophilia (EAHAD) and the
European Haemophilia Consortium (EHC). This
model is meant to ensure the safe introduction,
use, monitoring, and optimal learning of gene
therapies over time. Given this setting, the
EAHAD and EHC jointly called for all first-gen-
eration gene therapies to be managed using this
‘hub and spoke’ model, meaning that

1. Gene therapies should be managed and
prescribed exclusively by expert haemo-
philia CCCs, as national hubs.

2. Gene therapies should be monitored by
haemophilia treatment centres in close
communication with the primary expert
hub, as spokes linking into that hub.

Any adverse events should be managed by both
the expert ‘hubs’ as well as the treatment centre
‘spokes’ to provide the timeliest state-of-the-
art options to patients and maximize long-term
benefits.

The proposed ‘hub-and-spoke’ model will likely
enable patients to be treated in centres with the
greatest experience in gene therapy, with the fol-
low-up still provided by their own spoke centre,
which works hand in hand with the respective
hub centre.50

Multidisciplinary approach and integrated care
Comprehensive integrated care by a multidisci-
plinary expert team has been proven to ameliorate
outcomes.®62 Tt is widely recommended for
PWH in both the United States and Europe
alike.%® Nevertheless, the approval of gene ther-
apy for managing PWH within the next years will
not only alter the disease course, but also neces-
sitate an adaptation in haemophilia care. This is
anticipated to significantly impact haemophilia
care models and networks. In the short-term,
haemophilia treatment centres will require addi-
tional resources to coordinate care and follow-up
of gene therapy recipients.>® Both physicians and
nurses will become heavily involved in patient
education; additional investment in psychosocial
support may be required, as will be new processes
for ordering, storing, and handling gene therapy
products, with possible repercussion on the phar-
macists. During the first months following gene
therapy, the liver health must be closely moni-
tored, with additional workload on hepatologists.
Moreover, physiotherapists must continue to
monitor joint health in gene therapy recipients,
using physical assessment tools and muscular and
skeletal ultrasound, as necessary.®* Here, compe-
tencies will likely evolve, and physiotherapists in
primary care and specialist treatment centres
must work along with haematologists to develop
more sensitive tools for detecting early joint
changes. These physiotherapists will need to play
a crucial role in counselling, physically coaching,
and monitoring the musculoskeletal status of
PWH.% Nurses will need to adapt to this rapidly
changing environment. They must be aware of
gene therapy’s potential risks and be able to
answer the patients’ numerous questions. In brief,
the key to success of the gene therapy journey will
likely rely on a strong collaboration and commu-
nication among and between healthcare providers
and patients.

Gene therapy registry
A growing number of studies are seeking to assess
the the impact of gene therapy on the lives of
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those who have already undergone the procedure.
With most registries primarily focused on positive
outcomes, including liberation from a debilitating
disease or ability to participate in risk sports, they
have not always addressed the respective con-
cerns, including the undesirable effects associated
with immunosuppressive therapy or post-vector
infusion transaminitis, which is now a recognized
undesirable effect linked with gene therapy.

The world gene therapy registry is currently being
developed by the WFH. This registry primarily
seeks to collect long-term data on safety, and vari-
ability and durability of efficacy on all PWH who
receive gene therapy.

Surveillance of gene therapy in PWH requires a
global reach, as patients are dispersed throughout
countries and continents. A global strategy is
required to ensure a large enough patient pool to
allow for robust evaluation and for detecting low-
incident events. If events are captured in disparate
registries, it would be technically challenging to
combine such data. As gene therapy continues to
progress and advance, a growing set of long-term
safety and efficacy data must urgently be entered
into an international or global gene therapy regis-
try. Such precious data collection will ultimately
define gene therapy’s future in haemophilia.

Conclusion

The world is still getting ready for gene therapy,
as we are at the forefront of transformative devel-
opments in haemophilia care. Although the
resources, expertise, and experiences required to
evaluate gene therapy are not yet available in all
countries, promoting national and international
collaboration is a MUST for healthcare provid-
ers, manufacturers, authorities, and payers alike,
eventually providing access to gene therapy to all
who need it. With continuing advances and
increasing evidence of gene therapy’s cost-effec-
tiveness versus CFC infusions, the future will
hopefully bring about more efficient, safe, and
durable factor expression in resource-rich but
also resource-poor countries where CFCs are
hardly available.
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