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Summary

As AAV gene therapy becomes more widely used in clinical
practice, evidence-based guidelines with careful interpretation
of the evidence by experts are essential to ensure patient safety,
standardize clinical practices, address long-term uncertainties,
support informed and shared decision-making and build stake-
holder trust. This is the first iteration of the WFH Guidelines
for the Management of Haemophilia: AAV Gene Therapy. These
guidelines were developed to provide comprehensive, evidence-
based recommendations to support standardized, safe and effec-
tive implementation of gene therapy for haemophilia. They were
developed by the WFH AAV Gene Therapy Panel, which is
composed of gene therapy experts who were involved in clinical
trials and healthcare teams currently treating patients who have
received gene therapy, as well as people with haemophilia and
their caregivers. Because evidence is rapidly evolving in the
treatment landscape for haemophilia, particularly AAV gene
therapy, these guidelines have been developed under the WFH
LGM, and will be updated as new evidence becomes available.

As treatment with AAV gene therapy for haemophilia becomes
more common, multiple stakeholders must work together to
ensure a seamless and standardized implementation that prior-
itizes patient safety. Therefore, these guidelines have recommen-
dations for haemophilia treatment centres, the comprehensive
care medical team and people with haemophilia. Other stake-
holders who may find these guidelines relevant are payors,
policymakers, local governments, patient advocacy organizations
and drug manufacturers.

These guidelines were reviewed by external parties of interest and
have been endorsed by the European Haemophilia Consortium
(EHC), the Coalition of the Americas, the Council of Ministers
of Health of Central America and the Dominican Republic
(COMISCA), and the Medical and Scientific Advisory Council
(MASAC) of the National Bleeding Disorders Foundation.

WFHGuidelines Disclaimer

The World Federation of Hemophilia (WFH) does not endorse
any treatment product or manufacturer; any reference to a prod-
uct name is not an endorsement. TheWFHdoes not engage in the
practice of medicine and under no circumstances recommends
specific products or treatment types for individuals. Guidelines
are intended for general information only and are based on
population-level research. Guidelines do not replace professional
medical care, physician advice or product insert information, but
should be used to educate and inform shared decision-making
between patients, caregivers and healthcare providers.

Furthermore, guidelinesmaynot be complete or accurate because
new research studies may have been published or treatments,
devices or indications approved after the cut-off date for inclusion
in this guideline. Through a comprehensive and systematic
literature review, the WFH evidence-informed clinical practice
guidelines incorporate data from the existing peer-reviewed
literature. Although this literaturemet the pre-specified inclusion
criteria for the guideline, and the WFH considered this scientific
content to be the best evidence available for general clinical
information purposes at the time the guidelines were developed,
this evidence is of varying quality and varying methodological
rigour.

The WFH and its officers, committees, members, employees,
volunteers, guideline authors and reviewers (‘WFH Parties’) dis-
claim all liability for the accuracy or completeness and disclaim
all warranties, express or implied. The WFH Parties further dis-
claim all liability for any damages whatsoever (including without
limitation, direct, indirect, incidental, punitive or consequential
damages) arising out of the use, inability to use, or the results of
the use of a guideline, any references used in a guideline, or the
materials, information, or procedures contained in a guideline,
based on any legal theory whatsoever and whether or not there
was advice on the possibility of such damages.

Haemophilia, 2025 3 of 35

 13652516, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hae.70113 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [05/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



AAV Gene Therapy for the Management of
Haemophilia

1 Background

∙ Haemophilia is a rare X-linked congenital bleeding disorder
characterized by a deficiency of coagulation factorVIII (FVIII)
in haemophilia A or factor IX (FIX) in haemophilia B.

∙ The standard of care for severe haemophilia A and B is regular
prophylactic treatment that is aimed at preventing bleeding
(See Chapter 6: Prophylaxis in Hemophilia from the third
Edition [1]).

∙ Despite the development of therapies beyond standard-half-
life clotting factor concentrates, several challenges remain
for those on prophylaxis. These challenges include high
treatment burdens, breakthrough bleeds, progressive joint
damage and impaired quality of life [2]. Gene therapy offers
the haemophilia community an opportunity to overcome
these unmet needs.

∙ The goal of gene therapy for haemophilia is to stop or
prevent bleeding to achieve better clinical outcomes and
a better quality of life than is possible with the currently
available haemophilia products. For gene therapy to achieve
widespread success, there needs to be a global effort towards
equitable access to gene therapy for interested and eligible
PwH [3, 4].

∙ The transition of adeno-associated virus (AAV) gene ther-
apy from clinical trials to regular clinical practice poses
challenges at all phases of the process, including country
or regional access, patient selection, dosing, organizational
infrastructure and ongoing post-treatment follow-up logistics
[5]. These challenges are further exacerbated by the significant
unknowns related to treatment with AAV gene therapy,
including, but not limited to, the durability and variability of
the effect, and short and long-term safety issues, as well as
evolving patient selection criteria.

The World Federation of Hemophilia (WFH) is adopting
a Living Guidelines Model (LGM) to ensure the clinical
practice recommendations in the WFH Guidelines for the
Management of Haemophilia are based on the most up-to-
date evidence. This new approach will focus on selected topic
areas with rapidly evolving evidence, allowing for frequent
updates to recommended clinical practice. The full method-
ology of the WFH Living Guidelines Model (LGM) will be
published soon. As the first step in the WFH LGM approach,
this publication introduces a new chapter on adeno-associated
virus (AAV) gene therapy to the WFH Guidelines for the
Management of Hemophilia, third Edition. The expert panel
will update this chapter as new evidence becomes available.
Updates will be published and linked to the original article on
the journal website. For a complete and up-to-date list of all
WFH Guidelines for the Management of Haemophilia, please
refer to https://guidelines.wfh.org.

1.1 Approved AAV Gene Therapy Products

∙ At the time of this publication, one AAV gene therapy product
is licensed and commercially available for the treatment
of haemophilia A, and one AAV gene therapy product is
licensed and commercially available for the treatment of
haemophilia B (Table 1). These guidelines make use of rele-
vant prescribing information from the European Medicines
Agency (EMA) [6–8] and the United States (US) Food &
Drug Administration (FDA) [9–11]. Treatment centres and
healthcare providers should also refer to the most up-to-date
prescribing information from their local regulatory authority.

∙ Fidanacogene eleparvovec [12, 13], another AAV gene therapy
product for the treatment of haemophilia B, was licensed
by Health Canada, the FDA and the EMA before it was
announced in February 2025 that it would not be marketed
[14]. This treatment was considered during the initial drafting
phase of these guidelines and then removed during the

TABLE 1 Licensed and available AAV gene therapy products at the time of publication.

Haemophilia
type &
severity

Gene therapy
product

Brand name,
Manufacturer
(Alternative
names)

AAV
Vector Gene product

Year of
first

license
Phase 1/2 clinical
trial references

Phase 3 clinical
trial references

Haemophilia A
Severe

Valoctocogene
roxaparvovec

Roctavian, Biomarin
(BMN 270,

AAV5-hFVIII-SQ)

AAV5 SQ variant of
B-domain–

deleted human
factor VIII

2022 Phase 1-2:
NCT02576795 [15]

2,3-year follow-up [16]
4,5-year follow-up [17]
5,6-year follow-up [18]
6,7-year follow-up [19]

Phase 3: GENE-r8-1
NCT02576795 [20]
2-year follow-up [21]
3-year follow-up [22]
4-year follow-up [23]

Haemophilia B
Severe and
moderately
severe

Etranacogene
dezaparvovec
Hemgenix,
CSL-Behring
(AMT-061)

AAV5 Factor IX
Padua (R338L)

2022 Phase 2b:
NCT03489291 [24]
3-year follow-up [25]

Phase 3: HOPE-B
NCT03569891 [26]
2-year follow-up [27]
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TABLE 2 FVIII (IU/dL) activity levels reported from clinical trials for valoctocogene roxaparvovec.

Phase 1/2 (N = 7) [17–19]
Dose: 6 × 1013 vg/kg

Phase 3 GENE-r8-1 (N = 132) [20–23]
Dose: 6 × 1013 vg/kg

FVIII
Mean, IU/Dl

FVIII
Median (IQR)

IU/dL
FVIII

Mean ± SD, IU/dL

FVIII
Median (IQR),

IU/dL

Year 1 64.3 60.3 (46.6–88.4) 42.8 ± 45.6 23.9 (11.9–62.3)
Year 2 36.4 26.2 (24.1–51.7) 22.9 ± 33.0 11.7 (4.9–25.4)
Year 3 32.7 19.9 (100.8–45.9) 18.4 ± 30.8 8.3 (3.0–17.2)
Year 4 24.2 16.4 (9.2–29.5) 16.1 ± 2.5 (SE) 6.7 (2.8–17.8)
Year 5 11.6 8.2 (1.6–18.6) 18.0 ± 4.9b (SE) 8.4 (5.3–36.7)b

Year 6 9.8 5.6 −– −–
Year 7 16.2a 10.3a −– −–

Note:Data were extracted from the publication with the longest follow-up. Not all publications present identical values for the same year. Data were obtained using
the chromogenic substrate assay to measure FVIII activity.
aN = 5; excludes those who returned to prophylaxis.
bN = 17.

TABLE 3 FIX (IU/dL) activity levels reported from clinical trials for etranacogene dezaparvovec.

Phase 2b (N = 3) [24, 25]
Mean (Range), IU/dL

Phase 3 HOPE-B (N = 54) [26, 27]
Mean ± SD, (IU/dL)

Month 6 47 (33.2–57.0) Month 6 39.0 ± 18.7
Year 3 36.9 (32.3–41.5)

Note:Data were extracted from the publication with the longest follow-up. Not all publications present identical values for the same year. Data were obtained using
the one-stage assay to measure FIX activity.

revision stage since it would not be entering the commercial
market. All background and recommendationswere reviewed
to ensure that no details were specific to fidanacogene
eleparvovec.

1.2 Efficacy of Gene Therapy for Haemophilia

∙ Clinical studies for AAV gene therapy in haemophilia have
demonstrated that gene therapy may lead to sustained FVIII
or FIX production, thereby reducing or eliminating the need
for regular prophylactic infusions [12, 13, 15–18, 20–27].

∙ Efficacy varies between individuals, and there is no way to
predict if or how well someone will respond to gene therapy.
Data on the long-term durability of protection from bleeding
are limited to clinical trial participants.

∙ Efficacy outcomes include factor activity levels (Tables 2–4);
annualized bleeding rates (ABRs) (Table 5) including those for
all bleeds, treated bleeds and joint bleeds; annualized factor
consumption; annualized infusion rate; return to regular
prophylaxis; and quality-of-life measures.

∙ The reported mean and median factor activity level and
ABRs, including data from long-term follow-up studies, are
presented in Table 2.

∙ Head-to-head analyses comparing AAV gene therapies to
other prophylactic treatments have not been conducted. All

TABLE 4 FIX (IU/dL) activity levels at 24 months post-infusion
reported from clinical trials for etranacogene dezaparvovec.

Factor
activity level

Number of participants
Phase 3 HOPE-B (N = 54)

[26, 27]

0% to <5% 2%
5% to <12% 7%
12% to <20% 4%
20% to <30% 24%
30% to <40% 22%
40% 33%

Note: Data were obtained using the one-stage assay to measure FIX activity.
Four percent had missing or uninterpretable data.

available data come from pre-post analyses of clinical trial
participants before and after receiving gene therapy.

∙ In the phase 3 GENE-r8-1 study for haemophilia A, valoc-
tocogene roxaparvovec resulted in an average of 4.1 fewer
bleeds (83.8% reduction) per patient per year compared to the
pre-treatment prophylaxis regimen [20]. No participants were
using emicizumab for pre-treatment prophylaxis.

Haemophilia, 2025 5 of 35
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TABLE 5 Treated ABR reported from clinical trials for valoctocogene roxaparvovec.

Phase 1/2 (N = 7) [19]
Dose: 6 × 1013 vg/kg

Mean ABR (Median ABR)

Phase 3 GENE-r8-1 (N = 132) [20–23]
Dose: 6 × 1013 vg/kg

Mean ABR (Median ABR)

Baseline 17.6 (24.0) 4.8 (2.8)
Year 1 1.2 (0) 0.9 (0)
Year 2 0.1 (0) 0.7 (0)
Year 3 0.6 (0) 1.0 (0)
Year 4 1.3 (0) 0.9 (0)
Year 5 0.6 (0) −–
Year 6 0.7 (0) −–
Year 7 0.9 (0) −–

Note: Data were extracted from the publication with the longest follow-up. Not all publications present identical values for the same year.

∙ Of note, an indirect, cross-trial comparison of valoctocogene
roxaparvovec AAV gene therapy and emicizumab prophylaxis
showed that ABR for all bleeds was significantly lower
with valoctocogene roxaparvovec (after 52 weeks) than with
emicizumab (after 24 weeks) and that significantly more
participants had no treated joint bleeds and no treated bleeds
with valoctocogene roxaparvovec [28].

∙ In the phase 3HOPE-B study for haemophilia B, etranacogene
dezaparvovec resulted in an average of 2.68 (63% reduc-
tion) fewer bleeds per patient per year compared to the
pre-treatment prophylaxis regimen [26].

∙ Ongoing clinical trials, post-marketing surveillance and
patient registries aim to address these long-term efficacy and
durability unknowns.

1.3 Safety of AAV Gene Therapy

∙ Clinical evidence to date indicates that gene therapy has an
acceptable safety profile. However, several safety concerns
exist regarding the administration and long-term effects of
gene therapy. Short-term safety issues related to the infusion
are many and include the possibility of anaphylaxis and
hypersensitivity reactions. Safety issues that may arise after
the infusion include transaminitis [elevated alanine amino-
transferase (ALT)] and long-term theoretical safety risks such
as thromboembolic events and hepatocellular carcinogenicity.

∙ Safety will be discussed throughout this chapter. See Section 4
Eligibility, Screening and Suitability Assessments for Gene
Therapy, Section 5.4 Peri-Infusion Monitoring and Safety and
Section 6.3 Post-Infusion Safety.

1.4 Quality of Life and AAV Gene Therapy

∙ Gene therapy has the potential to improve the quality of life
for people with haemophilia.

∙ The existing evidence, which uses multiple quality-of-life
assessment tools, suggests that gene therapy improves the

overall quality of life for people with haemophilia [29–34] and
those effects are long-lasting [17, 22, 30].

∙ Multiple surveys of people with haemophilia who received
gene therapy have reported a positive impact on daily life [29–
32], specifically that they no longer require frequent injections
[31] and have observed improvement in their physical activity
levels, travel ease and social life. PwH A or B who have
received gene therapy largely describe it as life changing [32].
However, despite overall improvements, some PwH report
negative experiences with gene therapy, especially related to
corticosteroid use [32].

∙ Data from clinical trials for licensed products have demon-
strated clinicallymeaningful improvements in overall quality-
of-life scores compared to pre-infusion prophylaxis time
periods [33, 34].

∙ Larger studies of more people treated with gene therapy for
both haemophilia A and B are needed to fully understand
the quality-of-life improvements associatedwith gene therapy
compared with on-demand and prophylactic use of other
haemophilia medications.

∙ Treatment with AAV gene therapy also requires several
lifestyle changes that may impact the quality of life for some
PwH, such as abstaining from alcohol for at least 1 year, using
barrier contraception for at least 1 year and prioritizing liver
health. (See Section 6.6 Recommended Lifestyle Choices for
People With Haemophilia Who Have Received AAV Gene
Therapy).

2 Site Preparedness for Haemophilia Treatment
Centres

2.1 Introduction

∙ The introduction of gene therapy presents a new challenge
for haemophilia care that will require extensive preparation,
education, organization, coordination and infrastructure.

∙ All haemophilia treatment centres (HTCs), regardless of
whether they administer gene therapy, may be involved in
some aspects of the gene therapy process.
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∙ The defined centre types are Referring centres (spoke), Dos-
ing centres (hub) and Follow-up centres (spoke). In some
geographic locations, this is referred to as the hub-and-spoke
model [3, 35, 36].

∙ A Referring centre is any healthcare facility that identifies
people with haemophilia who may benefit from AAV gene
therapy. Referring centres may conduct the initial evalua-
tion, provide information about gene therapy options and
refer eligible people with haemophilia to Dosing centres for
treatment. Referring centres play a key role in the AAV gene
therapy process by providing an accurate history to theDosing
centre medical team.

∙ ADosing centre is anHTC that has the necessary training and
infrastructure to coordinate and/or complete the entire gene
therapy infusion process safely and effectively.

∙ A Follow-up centre is an HTC that is responsible for
the post-treatment monitoring and ongoing care of
people with haemophilia who have received AAV gene
therapy.

∙ Not all HTCs in a country will be able to serve as gene
therapy centres [37]. The availability of resources sufficient to
satisfy related policies and quality control will inform which
centres provide infusions (i.e., Dosing centres or ‘Hubs’)
and which provide support (i.e., Referring and Follow-up
centres or ‘Spokes’). If one centre is unable to perform a
task, it may collaborate and partner with others to ensure the
standard of patient care remains high. For some HTCs, this
may represent a new collaborative model of comprehensive
care. Communication between the Referring, Dosing and
Follow-up centres is critical for successful treatment and
long-term management of people with haemophilia who
are considering, receiving or have received gene therapy
[4, 38].

∙ The same facility may serve as the Referring, Dosing
and/or Follow-up centre. For these guidelines, the WFH
has provided recommendations of essential steps for HTC
preparedness to provide integrated, comprehensive care to
people with haemophilia who are considering, about to
receive or have received AAV gene therapy. While devel-
oping these recommendations, it was important to avoid
unnecessary restrictions on the definition or requirements
of a centre so that the recommendations could remain
widely applicable to a global audience. It is likely that
the roles and responsibilities, training, and infrastructure
requirements of Dosing and Follow-up centres will need to be
adjusted as more experience is gained outside of clinical trial
settings.

∙ At the time of publication, regional guidelines and mod-
els on site preparedness for gene therapy have been pub-
lished for multiple regions, including the United States [39],
European Haemophilia Treatment centres [35], the United
Kingdom [40], Germany, Austria, and Switzerland [41], the
Gulf region (Kuwait, Oman, Saudi Arabia and the UAE)
[42], the Nordic Region (Denmark, Finland, Norway and
Sweden) [43], and Italy [44]. Regional guidelines should
also be considered when creating standard operating proce-
dures (SOPs) as they will address region-specific factors and
limitations.

2.2 Comprehensive Care

∙ An integral part of comprehensive care is having a diverse
and collaborative clinical team available to support the person
with haemophilia in managing life with haemophilia. With
the additional challenges posed by gene therapy, collaboration
and communication between centres becomes an essential
component of comprehensive care.

∙ For more detail on the integrated comprehensive care
approach, see ‘Chapter 1: The Principles of Care’ and Recom-
mendations 2.2.1–2.2.3 [1].

∙ All involved centres should be prepared to assist with coordi-
nating patient care, including screening for eligibility [43, 45],
scheduling, coordinating travel to and from appointments,
and developing a streamlined process for sharing the nec-
essary health information between the Referral/Follow-up
centre and the Dosing centre [36, 38, 42].

∙ Efficient coordination between centres may require new
divisions of responsibility for the clinical care staff and
possibly new personnel (e.g., a dedicated care coordinator)
to assist in navigating the PwH across the entire multi-
disciplinary gene therapy process. Centres should devise
communication plans that define each centre’s responsibili-
ties to the person undergoing treatment. The communication
plan may also outline the roles and responsibilities of people
with haemophilia. Areas that require special attention may
include
◦ A process for exchanging the necessary health information

[38]
◦ Psychological evaluation and psychosocial assessment [43]
◦ Evaluating seroprevalence of antibodies to AAV serotypes

[45]
◦ Scheduling patients and coordinating travel to and from

appointments [38]
◦ Scheduling companions and caregivers
◦ Follow-up responsibilities that ensure a rapid response to

changes in ALT or factor activity
◦ Participation in a Gene Therapy Registry [46, 47]

Recommendation 1: The WFH recommends using an inte-
grated comprehensive care approach that is coordinated
between the Referring, Dosing and Follow-up centres
during all steps of the AAV gene therapy process.
Remark: Centres should collaborate to develop a com-

munication plan that delineates their respective roles
and responsibilities.

2.3 Clinical Education and Training

∙ Members of the clinical care team at Referring, Dosing and
Follow-up centres should receive tailored education based on
their defined role in the AAV gene therapy process [3, 38, 39].

∙ Personnel at Referring centres should be trained in AAV gene
therapy eligibility and suitability requirements and educa-
tional topics important to shared decision-making (SDM).

∙ Key topics for clinical education and training at Dosing and
Follow-up centres may include

Haemophilia, 2025 7 of 35

 13652516, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hae.70113 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [05/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



◦ Patient education and SDM (see Section 3 Shared and
Informed Decision-Making)
▪ The basics of haemophilia gene therapy
▪ Up-to-date safety, efficacy and durability information
for current treatment products

▪ The irreversible nature of AAV gene therapy
▪ Risks, benefits and limitations of current treatment
products

◦ Patient eligibility and screening assessments (see Section 4
Eligibility, Screening and Suitability Assessments for Gene
Therapy)

◦ Psychosocial evaluation, monitoring and support (see
Section 4.4.7 Psychosocial Support and Evaluation)

◦ Product handling regulations, including biosafety and
infection control protocols

◦ Dosing and infusion procedures (see Section 5.3 Adminis-
tration)

◦ Management of adverse reactions associated with gene
therapy (see Section 5.4 Peri-Infusion Monitoring and
Safety)

◦ Follow-up requirements post-infusion (see Section 6.1 Post-
Treatment Monitoring)

◦ Haemophilia management post-infusion (see Section 6.4
Haemophilia Management After Gene Therapy)

◦ Registry data collection (see Recommendation 10 and
Recommendation 64)

∙ Guidelines for the education of clinical pharmacists have been
published elsewhere [39, 43].

Recommendation 2: The WFH recommends that Refer-
ring centres have personnel trained in AAV gene ther-
apy eligibility requirements and shared decision-making
(SDM).

Recommendation 3: As an integral part of providing inte-
grated, comprehensive care, the WFH recommends that
Dosing and Follow-Up centres ensure that all medical
personnel and staff receive education and training that
is targeted to the centre’s functions and their individual
responsibilities related to the AAV gene therapy process.
Remark: Each teammember’s responsibilities may vary

by country and centre; therefore, it is important to
establish clear and defined roles prior to training.

Remark: Centres should have a SOP for documenting
training, onboarding new staff and for at least annual
re-education.

Remark: Training may be completed through product-
specific training from themanufacturer,more general
training from institutional based programmes, and
online modules from nationally or internationally
recognized expert groups.

2.4 Dosing Centres

∙ A Dosing centre is an HTC that has the necessary training
and infrastructure to coordinate and/or complete the entire
gene therapy infusion process safely and effectively. The
Dosing centre (or Hub) should have experience in both
comprehensive care and AAV gene therapy [3].

∙ Several operational changes may be required for a site to be
prepared to offer gene therapy, including obtaining approvals
for biosafety, hiring and training personnel, and developing
SOPs. Dosing centres must have the necessary equipment,
materials, supplies, medical team and approvals to demon-
strate their ability to perform all stages of the gene therapy
process. Only centres at or affiliated with HTCs that meet all
the criteria should be Dosing centres.

∙ Dosing centres must
◦ Identify, confirm and/or acquire the appropriate national,

local and institutional approvals. These approvals may be
required for each individual gene therapy product.

◦ Have the proper infrastructure within their clinical phar-
macies to support product receipt, storage and handling of
the gene therapy product.

◦ Conduct a biosafety risk assessment of all work involving
recombinant or synthetic nucleic acids, including evaluat-
ing risks and the environmental safety of employees.

∙ Dosing centres may use SOPs and checklists to ensure the
highest level of patient care and cover the entire gene therapy
process from drug preparation to peri-infusion follow-up.
Example SOP topics include
◦ Site preparedness, including the identification and acquisi-

tion of all necessary facilities, equipment, medical instru-
ments and other supplies.

◦ Procurement, handling, storage, preparation, transporta-
tion and waste management of the gene therapy product.

◦ The responsibilities and support roles of each member of
the medical team.

◦ Procedures for all peri-infusion stages, including pre-
infusion, infusion, monitoring, response to adverse events
and discharge procedures.

◦ Communication between coordinating centres is necessary
to ensure the proper management of follow-up care.

∙ SOPs and checklists may be developed de novo by a centre, or
existing SOPs and checklists from other centres or institutions
may be adapted to the centre’s specific needs. Sample SOPs
and checklists have been published bymultiple groups [38, 39,
43].

∙ Dosing centres should be prepared to handle life-threatening
anaphylaxis when administering gene therapy. The appropri-
ate level of higher care at a Dosing centre may be adjusted
accordingly. For example, Dosing centres may have access
to an intensive care unit or team on site, or Dosing centres
may develop an SOP for addressing possibly life-threatening
anaphylaxis by defining what triggers stopping the infusion,
moving the patient to a hospital, and so forth.

∙ In the HOPE-B clinical trial for entranacogene dezaparvovec,
one patient discontinued treatment after receiving approxi-
mately 10% of the full dose after a hypersensitivity adverse
reaction [26].

∙ Dosing centres may also be responsible for obtaining insur-
ance approvals and following the payer approval process.
These steps should be coordinated with the Referral centre
and addressed early in the gene therapy process to ensure
payer requirements are met. Dosing centres may also use
manufacturer programmes to facilitate insurance coverage
and financial assistance.
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Recommendation 4: The WFH recommends that Dosing
centres have the necessary approvals and infrastructure to
coordinate and/or complete the entire AAV gene therapy
infusion process safely and effectively.
Remark: Dosing centres must secure institutional

approvals (in keeping with national and regional
guidance) and ensure that the necessary infra-
structure, facilities, equipment,medical expertise and
hospital services, including biosafety and infection
control protocols, are in place for proper handling and
administration of AAV-based gene therapies.

Remark: Dosing centres must identify and coordinate
a designated site for peri-infusion and infusion mon-
itoring. The site(s) must have ready access to a lab-
oratory, pharmacy, appropriate high-level care (i.e.,
intensive care, advanced life support and/or similar)
and psychosocial services.

Remark: Dosing centres must be able to perform and
interpret diagnostic tests for eligibility and to quickly
perform, interpret and react to liver function tests
post-infusion.

Remark: The infusion room must have an emergency
medical supply cart that is stocked with all the mate-
rials, medications and devices necessary to perform
emergent medical intervention and should be a part
of, or close to, a hospital with the appropriate high-
level care.

Recommendation 5: The WFH recommends that Dosing
centres have an experienced andwell trainedmedical team
to coordinate and/or complete the entireAAVgene therapy
infusion process safely and effectively.
Remark: The core medical team should include a

haematologist, clinical coordinator, nurse, clinical
pharmacist and laboratory personnel, with support
from allied medical professionals, including a phys-
iotherapist, a mental health/psychosocial provider, a
hepatologist, specialized laboratory services and an
emergency/intensive care team.

Remark: The core medical team and the intensive care
team should be onsite and readily available through-
out the day of infusion, including the post-infusion
observation period.

Remark: Back-up staff should be available for each core
position or specialty on the day of infusion to help
ensure treatment proceeds as scheduled in the event
of unforeseen staffing issues.

Remark: Dosing centres should regularly assess
staff capacity and the need for additional team
members.

Recommendation 6: The WFH recommends that Dosing
centres have standard operating procedures (SOPs) for the
medical team and supporting medical services in accor-
dance with the prescribing information, local, national,
and international guidelines, including the WFH guide-
lines, and institutional policies and procedures.
Remark: SOPs should contain detailed protocols and

checklists that address all parts of the gene therapy
process.

2.4.1 Clinical Pharmacy

∙ It is important that sites have well trained pharmacists
who follow SOPs in accordance with national regulations
and local institution requirements to order, receive, prepare
and transport gene therapy to reduce medication error and
unnecessary exposure of personnel [38].

∙ Guidelines specific to clinical pharmacy have been published
elsewhere [39, 40, 43].

Recommendation 7: The WFH recommends that Dosing
centres ensure that their clinical pharmacy team has the
necessary approvals, infrastructure and training to support
the procurement, receipt, storage, handling, preparation,
transportation and infusion of the AAV gene therapy
product.

2.5 Follow-Up Centres

∙ A Follow-up centre is an HTC that is responsible for the
post-treatment monitoring and ongoing care of people with
haemophilia who have received AAV gene therapy.

∙ Follow-up centres must be able to quickly perform, interpret
and react to liver function tests post-infusion, including clear
and timely communication of the results to patients.

∙ Follow-up centres may also have SOPs and checklists to
ensure the highest level of patient care. SOPs and checklists
may be developed de novo by a centre, or existing SOPs and
checklists from other centres or institutionsmay be adapted to
the centre’s specific needs. Sample SOPs and checklists have
been published by multiple groups [38, 39, 43].

∙ Example SOP topics include
◦ The frequency of follow-up calls, follow-up visits, labora-

tory testing and liver ultrasound.
◦ Interventions for when patients are non-adherent to

follow-up
◦ Management of abnormal results
◦ Psychosocial monitoring
◦ Management of immunosuppression
◦ Management of haemophilia
◦ Options for telemedicine, remote laboratory sites and

mobile nursing to help decrease patient burden
◦ Data collection and reporting to Gene Therapy Registries.

Recommendation 8: The WFH recommends that Follow-
up centres manage the short- and long-term care of people
with haemophilia who have received AAV gene therapy.
Remark: The core medical team for follow-up care

should include a haematologist (or appropriately
trained physician), nurse, clinical coordinator,
physiotherapist, mental health/psychosocial provider,
and laboratory personnel, with support from allied
medical professionals, a hepatologist, and the Dosing
centre team. Follow-up centres may need to create or
define new roles (e.g., a dedicated care coordinator)
to provide integrated, comprehensive care and the
time-intensive follow-up required after AAV gene
therapy.
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Remark: The Referring centre or the Dosing centre may
also serve as the Follow-up centre.

Remark: Follow-up centres are responsible for manag-
ing communications with other haematologists and
healthcare practitioners participating in the individ-
ual’s follow-up care.

Recommendation 9: The WFH recommends that Follow-
up centres have standard operating procedures (SOPs)
and checklists that address the post-treatment (both
short and long-term) follow-up monitoring of people with
haemophilia who have received AAV gene therapy.

2.6 Gene Therapy Registries

∙ Novel and emerging technologies, like AAV gene therapy for
haemophilia A and B, have inherent unknowns in their safety
and efficacy profiles [48]. Some long-term follow-up data will
be available through the extension of clinical studies, butmost
will come from registries.

∙ Registries facilitate continuity of care, foster collaboration,
maintain confidentiality and conserve resources through a
common infrastructure.

∙ Registry participation is especially important for populations
that were not included in clinical trials.

∙ The collection and dissemination of long-term data is crit-
ical for PwH and healthcare professionals engaging in the
informed SDM process, as well as regulators, manufacturers
and payors.

∙ Patient registries may be managed on a local, national or
global scale. Some countries may also have required gene
therapy registries that are not specific to haemophilia.

∙ The WFH Gene Therapy Registry (GTR) is an international
database platform for reporting on the management of care
and follow-up of PwH who have received AAV gene therapy
[36, 46, 47, 49]. Its goal is to facilitate universal data collection
on gene therapy outcomes according to a defined dataset. The
WFHGTR has been linked to national registries to streamline
data collection [47].

∙ Centres should coordinate who is responsible for obtain-
ing consent for participation in, collecting data for, and
sharing/submitting data to theWFHGTR or other linked reg-
istries. Data collection should include screening test results,
infusion details, peri-infusion monitoring and reactions, and
follow-up on safety, efficacy, adverse events, and quality-of-
life outcomes. Data should be gathered in a manner that
adheres to local data protection and confidentiality laws and
legislation.

∙ TheWFHGTRhas been endorsed by the EuropeanMedicines
Agency (EMA) as a global standard, stating that ‘It is expected
that utilising the WFH GTR for post-approval safety or
efficacy studies of gene therapies will be of particular value
and its use as a planned data source for mandated Phase
IV studies for new haemophilia treatments is recommended.’
[50, 51]

∙ PwH who have received gene therapy can also input patient-
reported outcomes on the WFH GTR platform (see Recom-
mendation 64).

Recommendation 10: The WFH recommends that Dosing
and Follow-up centres coordinate and participate in clin-
ical data collection in the WFH Gene Therapy Registry
(GTR) or a local or national gene therapy registry that links
with the international WFH GTR.

3 Shared and Informed Decision-Making

3.1 Introduction

∙ The steps prior to gene therapy infusion include education
and information gathering, SDM with the healthcare team,
a comprehensive patient assessment and preparation for the
infusion itself [38].

∙ Information gathering, education and SDM with the health-
care team are essential components of the gene therapy
process [52–54].

∙ SDM is a process where PwH and/or caregiver are actively
involved in treatment decisions and work with the healthcare
team to make informed decisions about their haemophilia
management and care. Discussions focus on treatment risks
and benefits of all treatment options and how they relate
to the person’s lifestyle, goals and preferences [52, 54, 55].
Discussions may take place over multiple sessions, allowing
the patient time to consider what they have learned, and
can be with any member of the healthcare team. Discussions
should include a balanced consideration of the risks, benefits
and unknowns of all treatment options.

∙ Regional differences in healthcare, insurance coverage, sus-
tainability of access to care, cultural differences, access to
second opinions and availability of alternative treatmentsmay
influence decision-making.

∙ Multiple SDMmodels and decision aids for general clinician–
patient decision-making exist [52, 56–59] and may be used, or
new decision aidsmay be created as part of the centre’s shared
and informed decision-making process.

∙ In collaboration with PwH, patient advocates and healthcare
professionals, the WFH created an interactive, online- and
print-based, patient-centric educational tool that guides PwH
and caregivers through the steps of SDM (sdm.wfh.org) [55].

∙ The WFH SDM Tool guides a PwH or a caregiver through
the steps of informed SDM. First, PwH will go through a
series of reflection statements and questions to aid patients in
determining their life goals, values and preferences and how
they relate to managing their haemophilia. After selecting
their haemophilia type, PwH are guided through a series
of educational videos, fact sheets and attribute tables for
each prophylactic treatment class, followed by an attribute
comparison table and a list of suggested questions to discuss
with their healthcare team. The online SDM tool concludes
with a summary output that can be downloaded, emailed or
printed so that it can be sharedwith their healthcare team.The
SDM Tool is currently available in English, French, Spanish,
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Japanese, Dutch and German, with additional translated
versions in the pipeline.

∙ Manufacturers may have decision-making aids, which often
include counselling and education topics specific to the
product. Counselling and education topics can also be found
in the prescribing information.

Recommendation 11: The WFH recommends that all
healthcare providers offer and engage in shared decision-
making (SDM) with people with haemophilia A or B who
are considering, are about to receive or have received AAV
gene therapy.

3.2 Patient Education

∙ Patient education is a critical component of SDM. Education
should include all relevant aspects of AAV-based gene therapy
and applicable treatment alternatives and be based on the
most up-to-date information about the specific treatment
product(s) available [52, 54, 55, 60–62].

∙ Notably, greater knowledge and understanding of gene ther-
apy is associated with a greater willingness to receive gene
therapy [63].

∙ Healthcare providers should be trained in the proper tools and
language for patient education and familiar with best practice
terminology in the patient’s spoken language. Informal or
‘off-the-cuff’ attempts at translating the benefits, mechanism
of action and risks of gene therapy may create unintended
barriers [61]. Language lexicons may be useful tools for
healthcare providers engaging in SDM.

∙ People with haemophilia may have high expectations regard-
ing the efficacy of gene therapy and its impact on their
health and daily quality of life [53]. As part of education
and SDM, healthcare professionals should also assess patient
expectations to ensure they align with the available data
on GT outcomes. It is critical that people with haemophilia
understand the known limitations of gene therapy treatment.

∙ Education should be individualized to each person’s needs,
preferred language, reading and health literacy level, and
preferred learning style [61].

∙ Education should be offered throughout the treatment process
and should include discussions, aswell as up-to-date print and
online resources [62].

∙ Referral/Dosing centres should work synergistically with
local patient organizations, which are likely a source of
patient-focused educational materials.

Recommendation 12: The WFH recommends that health-
care providers use individualized, up-to-date education as
part of shared decision-making (SDM) for people with
haemophilia A or Bwho are consideringAAV gene therapy.
Remark: Education topics that should be covered

include
- The gene therapy process

- The post-treatment monitoring requirements

- The expectations, limitations and uncertainties of
AAV gene therapy

- The risks of AAV gene therapy

- The recommended lifestyle modifications after
gene therapy, with emphasis on liver health

Remark: A checklist may be used to ensure all topics
are covered (see Appendix 2: SDM Topics for Peo-
ple Considering AAV Gene Therapy: A Checklist for
Healthcare Professionals).

4 Eligibility, Screening and Suitability
Assessments for Gene Therapy

4.1 Introduction

∙ Multiple modifiable and non-modifiable characteristics can
determine whether a patient is eligible for gene therapy
[64].

∙ The non-modifiable parameters include age, sex, inhibitor
status (current or past history of inhibitors), AAV antibody
status, liver disease (including fibrosis) and other severe
comorbidities [64].

∙ Many PwH may not be eligible for gene therapy because of
non-modifiable characteristics, especiallyAAV- seropositivity.

∙ The possibly modifiable variables that render the individual
unsuitable for AAV gene therapy are active hepatitis B or
C infection, uncontrolled human immunodeficiency virus
(HIV) infection, poorly controlled comorbidities, an unwill-
ingness to commit to the post-treatment follow-up require-
ments, psychosocial uncertainty or instability, geographic
factors and socioeconomic issues [64].

∙ The number of individuals who desire gene therapy may
increase as more clinical experience is gained and there
are fewer unknowns associated with treatment. As patients
develop more knowledge and a deeper understanding of
gene therapy, desire and willingness to receive gene therapy
increases [63].

∙ This section will define the eligibility criteria for clinical
treatment with AAV gene therapy, including the screening
required to assess eligibility and suitability for AAV gene
therapy. These recommendations should not be used when
considering participation in clinical trials.

∙ Each centre should establish a Screening and Suitability
Checklist to ensure that each PwH has completed all of the
required eligibility assessments.

4.2 Populations Requiring Special
Considerations for Eligibility

4.2.1 Children and Adolescents

∙ Gene therapy for haemophilia is not currently available to
PwH who are < 18 years of age. To date, completed studies
have only included patients 18 years and older. Therefore, the
safety and efficacy of gene therapy in adolescents under 18
years have not been established.

Haemophilia, 2025 11 of 35
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∙ The liver hepatocytes targeted in AAV gene therapy are still
dividing and growing in young children, which could dilute
the effects of gene therapy over time.

4.2.2 Adults Over 65

∙ There are limited data available on adults ≥ 65 years of age.
Additional research is needed on the safety and efficacy of
gene therapy in this population.

∙ Valoctocogene roxaparvovec was studied in only one adult ≥

65 years of age. No dose adjustments were made.

∙ Etranacogene dezaparvovec was studied in seven adults ≥ 60
years of age.No dose adjustmentsweremade. Themean factor
IX activity levels were approximately up to two-fold higher in
this subgroup compared to the 18 to < 40 years age subgroup
(N = 31), but comparable to the 40 to < 60 years age subgroup
(N = 15) [9].

4.2.3 Women

∙ As per the FDA, all currently approved gene therapy products
are not intended for administration in women. As per the
EMA, all currently approved gene therapy products are
not intended for administration in women of childbearing
potential. To date, no completed studies on gene therapy in
haemophilia have enrolled women.

∙ Some animal studies have shown that sex may influence
the efficacy of AAV vector transduction, where female mice
show reduced transduction [65, 66]. The majority of preclin-
ical pharmacology and toxicology studies used male animal
models.

∙ Preclinical and clinical studies are needed to understand
the safety and efficacy of gene therapy in women with
haemophilia, including the effects on concurrent hormonal
therapy, reproductive potential, fertility, pregnancy and lacta-
tion; potential drug-associated risk of foetal harm or adverse
developmental outcome; and potential transmission of trans-
gene DNA through intercourse, conception or breastfeed-
ing/human milk.

4.2.4 People With Immunosuppressive Disorders

∙ There are limited clinical data available for people with
immunosuppressive disorders, including HIV. PwHwith con-
trolled immunosuppressive disorders have been enrolled in
clinical trials (Table 6).

∙ Additional research is needed to understand safety and
efficacy in patients with immunosuppressive disorders.

∙ Efavirenz is not recommended in patients who are treated
with valoctocogene roxaparvovec [67]. The use of non-
efavirenz treatments should be considered [6, 11]. See Section
4.4.5 Screening of All Concomitant Medications for more
details.

4.2.5 People With Hepatic Impairment

∙ All clinical studies have excluded people with advanced hep-
atic impairment and advanced fibrosis. Additional research is
needed on safety and efficacy in haemophilia patients with
mild hepatic impairment.

∙ See Section 6.6.2 Optimize Your Liver Health on maintaining
liver health before and after gene therapy.

4.2.6 People With Renal Impairment

∙ Additional research is needed to understand safety and
efficacy in haemophilia patients with mild renal impairment.

∙ Only etranacogene dezaparvovec has been studied in people
with renal impairment [7, 9]. In the phase 3 study, themajority
(n = 45) of the patients had normal renal function [creatinine
clearance (CLCr) = ≥90 mL/min defined by Cockcroft–
Gault equation], seven patients had mild renal impairment
(CLCr = 60–89 mL/min) and one patient had moderate renal
impairment (CLCr = 30–59 mL/min) [7, 9]. No clinically
relevant differences in FIX activity were observed between
these patients. No patients with severe renal impairment or
end-stage renal disease were included in the study.

4.3 Eligibility for Gene Therapy

∙ Therapeutic indications, contraindications, warnings and
precautions will vary between gene therapy products and
regulatory agencies and may evolve as more clinical experi-
ence is gained. The prescribing information that contains the
most up-to-date information should be used as the primary
guidance for eligibility criteria for treatment with AAV gene
therapy.

∙ If a PwH is interested in gene therapy, their healthcare team
should conduct an initial assessment with the understanding
that not all PwH will be eligible.

∙ Importantly, payors may have individualized approval pro-
cesses, and conversations with them should commence early
to ensure payer requirements are met.

Recommendation 13: The WFH recommends that eligi-
bility for AAV gene therapy be based on the therapeutic
indications and guidance in the prescribing information
from the local regulatory agency.
Remark: Eligible populations may be updated as new

evidence becomes available.
Remark: All therapeutic indications are currently for

adults; therefore, the WFH recommends against AAV
gene therapy in children and adolescents under 18
years of age.

Recommendation 14: The WFH recommends adherence
to the contraindications, warnings and precautions in
the current prescribing information when determin-
ing patient eligibility. Therefore, the WFH recommends
against AAV gene therapy for the following populations:
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TABLE 6 Clinical evidence from clinical trials of licensed AAV gene therapy products for the treatment of people with HIV and other
immunosuppressive disorders.

Haemophilia
type

Gene therapy
product Study HIV*

Previous
Hep B†

Previous
Hep C‡ Results

Haemophilia A Valoctocogene
roxaparvovec [20, 67]

GENE-r8-1 1.5%
(2/134)§

14.9%
(20/134)

30.6%
(41/134)

No subpopulation
analyses have been

reportedHaemophilia B Etranacogene
dezaparvovec [26]

HOPE-B 6%
(3/54)

17%
(9/54)

52%
(28/54)

*HIV = human immunodeficiency virus.
†Hep B = Hepatitis B; determined by serological tests.
‡Hep C = Hepatitis C; determined by serological tests
§Participants were enrolled prior to a protocol amendment that changed the inclusion/exclusion criteria to exclude people with HIV.

a. People with haemophilia A and AAV antibodies

b. People with haemophilia A with active inhibitors to
FVIII

c. People with haemophilia B with active or a prior
history of inhibitors to FIX

d. People with active acute viral infections or chronic
viral hepatitis B or Cwith detectable HBVDNA orHCV
RNA

e. People with uncontrolled HIV, other systemic
immunosuppressive disorders or infections

f. People who use concomitant systemic immunosup-
pressive therapy

g. People with significant hepatic fibrosis (stage 3 or 4) or
cirrhosis

h. People with hypersensitivity to any of the active sub-
stances or excipients

i. People currently using medications with known drug
interactions.

Recommendation 15: For people with haemophilia A or
B, the WFH recommends using shared decision-making
(SDM) to evaluate the benefits, risks, adverse events,
impact on quality of life, limited evidence and current
unknowns of gene therapy, along with the individual’s
treatment goals, expectations and preferences for the
following populations.

a. People over the age of 65

b. People with haemophilia B and AAV antibodies

c. People with mild hepatic impairment

d. People with renal impairment

e. People with controlled HIV or other immunosuppres-
sive disorders

Remark: A specialist, such as a hepatologist, nephrolo-
gist, or immunologist, may be consulted to assist in
determining if gene therapy is a suitable treatment
option for patients with pre-existing conditions.

Remark: A risk factor assessment of concomitant
immunosuppressive medications and the patient’s

ability to receive corticosteroids and/or other
immunosuppressive therapy following gene therapy
should be completed and carefully considered.

Recommendation 16: There is currently insufficient evi-
dence to make a recommendation for or against AAV gene
therapy for the following populations:

a. People with haemophilia A and a prior history of FVIII
inhibitors

b. Women

4.4 Screening and Suitability Assessments for
Eligibility

4.4.1 Screening for AAV Antibodies

∙ All peoplewith haemophilia Awho are consideringAAV gene
therapy should be tested for antibodies against the specific
product’s AAV serotype. If the individual is positive, they are
not currently eligible to receive gene therapy using that AAV
serotype.

∙ However, in people with haemophilia B, treatment with
etranacogene dezaparvovec may achieve therapeutic efficacy
in patients with pre-existing AAV5-neutralizing antibodies.

∙ A post hoc analysis of patients treated with AMT-060
(precursor to etranacogene dezaparvovec) and non-human
primates showed that the therapeutic efficacy of gene therapy
was achieved in individuals with pre-existing anti-AAV5–
neutralizing antibodies [68].

∙ Based on these results, three PwH with pre-existing AAV5-
neutralizing antibodies were included in the phase 2b trial for
etranacogene dezaparvovec and achieved therapeutic levels of
FIX [24, 68]. In the phase 3 study, 21 out of 54 participants had
AAV5-neutralizing antibodies; all but onewhohad the highest
titre achieved therapeutic levels of FIX.

∙ A clinical trial is underway to examine the efficacy and
safety of etranacogene dezaparvovec gene therapy in adults
with haemophilia Bwith pretreatment adeno-associated virus
serotype 5 (AAV5)-neutralizing antibodies (Nabs) [69]. This
trial is designed to determine the AAV5 titre at which the gene
therapy is no longer effective.
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∙ A clinical trial examining the use of valoctocogene rox-
aparvovec in people with pre-existing AAV5-neutralizing
antibodies was terminated in 2024 after enrolling three
participants [70]. No results have been released.

∙ Two studies have reported the seroprevalence of neutraliz-
ing antibodies in PwH. Klamroth and colleagues found the
global prevalence of pre-existing immunity in people with
haemophilia A to be 58.5% for AAV2, 34.8% for AAV5, 48.7%
for AAV6, 45.6% for AAV8 and 46.0% for AAVrh10 [71].
Seropositivity for all serotypes varied by region and increased
with age [71]. A similar multicentre assessment of people
with haemophilia A and B determined the prevalence of pre-
existing neutralizing antibodies to be 46.9% for AAV2, 53.1%
for AAV5 and 53.4% for AAV8. Values remained stable 1 and
2 years later [72]. The co-prevalence of at least two serotypes
was present in 40% of participants, and all three were present
in 38.2% of participants. For each serotype, approximately 10%
of participants who were negative at baseline were positive 1
year later.

∙ More research is needed to determine the safety and efficacy
of AAV gene therapy in people with positive pre-treatment
neutralizing antibodies. However, the ability to dose through
an AAV-neutralizing antibody titre may be unique to AAV5
and etranacogene dezaparvovec.

Recommendation 17: For people with haemophilia A or
B who are considering AAV gene therapy, the WFH rec-
ommends testing for antibodies against the AAV vector
serotype according to the prescribing information.
Remark: AAV antibody testing should be performed

using a companion diagnostic laboratory test
approved by the FDA, EMA or relevant regulatory
authorities.

Remark: If the test is positive, refer to the current
prescribing information for the most up-to-date indi-
cations and contraindications.

Remark: For people with haemophilia A and AAV
antibodies, the WFH recommends against AAV gene
therapy.

Remark: For people with haemophilia B and AAV anti-
bodies, the WFH recommends using SDM to deter-
mine eligibility.

Remark: AAV antibody testing should be conducted no
more than 6 months before the scheduled infusion
and should be repeated if necessary.

4.4.2 Screening for Factor Inhibitors

∙ Initial clinical studies for gene therapy in people with
haemophilia A and B have excluded patients with a current
or prior history of factor inhibitors. At the time of publication,
the prescribing information for all gene therapies states FVIII
or FIX inhibitors as a contraindication.

∙ Clinical trials are ongoing to assess the safety, efficacy and
tolerability of valoctocogene roxaparvovec in people with
haemophilia A who have active or prior FVIII inhibitors [73].

∙ People with haemophilia B and inhibitors are at risk for
allergic reactions if they receive FIX protein [74].

Recommendation 18: For people with haemophilia A or B
who are considering AAV gene therapy, the WFH recom-
mends testing for FVIII or FIX inhibitors according to the
prescribing information.
Remark: Follow the WFH Guidelines for the Manage-

ment of Hemophilia, third Edition [1] Chapter 3:
Recommendation 3.2.35–3.2.39 and local standards for
testing modality.

Remark: If the test is positive, refer to the prescribing
information for the most up-to-date indications and
contraindications.

Remark: For people with haemophilia A and active
factor inhibitors, the WFH recommends against AAV
gene therapy. For people with haemophilia A and a
prior history of inhibitors, there is insufficient evi-
dence to recommend for or against AAV gene therapy.

Remark: For people with haemophilia B and an active
or a prior history of FIX inhibitors, the WFH recom-
mends against AAV gene therapy.

Remark: Factor inhibitor testing should be conducted
nomore than 6 months before the scheduled infusion
and should be repeated if necessary.

4.4.3 Screening for Liver Health

∙ Liver health is likely vital to the success of gene therapy.
Optimal gene therapy outcomes depend on the proper main-
tenance of liver health throughout the gene therapy process
and after the gene therapy infusion [75, 76].

∙ PwH should be assessed for liver function abnormalities,
hepatic steatosis/metabolic dysfunction–associated steatotic
liver disease (MASLD), chronic viral B and C hepatitis,
alcoholic liver disease and autoimmune hepatitis [77].

∙ Additional guidance on the management of liver disease
in people with bleeding disorders, including recommenda-
tions for screening of liver health before AAV gene therapy
and monitoring of liver health post-infusion, was recently
published as a collaboration between WFH, the European
Association for Haemophilia and Allied Disorders, the Euro-
pean Haemophilia Consortium and the International Society
of Thrombosis and Hemostasis [78].

∙ Liver health should be assessed through a combination of
hepatic biochemical, serological, and biomarker tests, and
non-invasive imaging techniques. Centres and clinicians
should refer to the prescribing information and consult with a
hepatologist to develop SOPs for the assessment of liver health
[76].

∙ AAV gene therapy is contraindicated for people with hepatic
cirrhosis, significant fibrosis (stage 3 or 4 on the Batts–Ludwig
scale or equivalent), current active acute or uncontrolled
chronic active hepatitis B or C, or active or history of hepatic
malignancy (see Recommendation 14).

∙ Additional precautions should be considered for individuals
who have risk factors for hepatotoxicity, including metabolic
liver disease, obesity, excessive alcohol use/dependence, and
viral liver disease, and anyone who uses concomitant medica-
tions that are liver toxic [77].
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∙ Attempts should be made to ensure the individual is in the
best liver health possible before gene therapy.

∙ See Appendix 2: SDM Topics for People Considering AAV
Gene Therapy: A Checklist for Healthcare Professionals and
Section 6.6.2 Optimize Your Liver Health.

Recommendation 19: For people with haemophilia A or
B who are considering AAV gene therapy, the WFH rec-
ommends assessing baseline liver health according to the
prescribing information.
Remark: Refer to the prescribing information for indi-

cations and contraindications for people who have
compromised liver function.

Remark: A hepatologist may be consulted to assess liver
health and suitability for gene therapy.

Remark: ALT and aspartate transferase (AST) testing
should be performed at least twice prior to gene
therapy to establish abaseline for immediate and long-
termpost-treatmentmonitoring and comparison. The
second test should be conducted within 3 months of
the scheduled infusion.

∙ PwH should be tested for hepatitis B and hepatitis C according
to the American Association for the Study of Liver Disease
(AASLD) guidelines [79, 80], or similar local guidance.

∙ People with active hepatitis B or C infection are not eligible
for AAV gene therapy, but if the infection is resolved could
become eligible depending on other eligibility criteria.

Recommendation 20: For people with haemophilia A or B
who are considering AAV gene therapy, the WFH recom-
mends testing for current or past hepatitis B and hepatitis
C infection.
Remark: For people with active acute or chronic hep-

atitis B or C infections with detectable HBV DNA
or HCV RNA, the WFH recommends against gene
therapy. Refer to the prescribing information for the
most up-to-date indications and contraindications.

Remark: Patients should be immunized against hepati-
tis A and hepatitis B if not already immune.

4.4.4 Assessment of Ability to Receive
Immunosuppressive Therapy

∙ The ability of an individual to receive corticosteroids or an
alternative immunosuppressive therapy must be considered
when determining eligibility for AAV gene therapy.

∙ In clinical studies, many PwH treated with AAV gene therapy
experienced ALT elevations and required corticosteroids until
transaminitis was resolved (Table 7; median of 230 days for
haemophilia A and 74 days for haemophilia B). In most
cases, ALT levels peaked at 1.5–2-fold above the upper limit of
normal. Transaminitis occurs most commonly in the first 2–5
months post-infusion and is more common with valoctoco-
gene roxaparvovec for haemophilia A, than in etranacogene
dezaparvovec for haemophilia B. These transient ALT eleva-
tions have been associated with a reduction, and in extreme
cases, a loss, of transgene factor expression.

∙ The prevailing hypothesis is that AAV capsid proteins initiate
an immune response that results in elevated ALT, destruction

of the vector containing hepatocytes and decreased factor
expression. Immunosuppression with corticosteroids helps to
suppress the inflammatory response, thereby reducing ALT
levels and stabilizing factor expression [48, 81–85].

∙ Additional precaution is required for individuals who have
risk factors related to receiving corticosteroid immunosup-
pression (or alternative immunosuppression). Risk factors
include obesity, metabolic syndrome, diabetes, osteoporosis, a
history of peptic ulcer disease and hypertension. Importantly,
the safety and efficacy of alternative immunosuppressants
have not been established in this population.

∙ All current medications should be reviewed in the con-
text of possible immunosuppression for hepatoxicity. See
Section 4.4.5 Screening of All Concomitant Medications.

Recommendation 21: For people with haemophilia A or B
who are considering AAV gene therapy, the WFH recom-
mends assessing the ability to receive corticosteroid and/or
other immunosuppressive therapy.
Remark:Risk factors or pre-existing conditions thatmay

be exacerbated by corticosteroids or other immuno-
suppressive therapies include obesity, metabolic syn-
drome, diabetes, osteoporosis, a history of peptic ulcer
disease, hypertension, congestive heart failure, hyper-
lipidaemia and psychiatric disorders.

Remark: Individuals with risk factors related to receiv-
ing immunosuppression will require closer monitor-
ing.

Remark: All existing medications should be reviewed
in the context of possible immunosuppressive therapy
use.

4.4.5 Screening of All Concomitant Medications

∙ No in vivo interaction studies have been performed on
the three licensed gene therapy products. All noted drug
interactions are predicted based on clinical trial experience.

∙ There are no known drug interactions with etranacogene
dezaparvovec.

∙ Valoctocogene roxaparvovec has two suspected drug interac-
tions:
◦ Isotretinoin [6, 11]:

▪ Clinical experience: In one patient, decreased factor
VIII activity without ALT elevation was detected after
starting treatment with systemic isotretinoin following
valoctocogene roxaparvovec infusion; factor VIII activ-
ity was 75 IU/dL at week 60 and transiently decreased to
< 3 IU/dL at week 64, after initiating isotretinoin. After
discontinuing isotretinoin atweek 72, factor VIII activity
recovered to 46 IU/dL at week 122.

▪ In vitro: Studies of human primary hepatocytes indi-
cated that isotretinoin suppressed factor VIII expression
independent of hepatotoxicity.

▪ Isotretinoin is not recommended in patients who are
benefiting from valoctocogene roxaparvovec.

◦ Efavirenz [6, 11]:
▪ Clinical experience: one HIV positive patient treated
with an antiretroviral therapy regimen consisting of
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TABLE 7 Clinical evidence for ALT elevations and corticosteroid use in clinical trials from licensed AAV gene therapy products.

Haemophilia
type

Gene therapy
product Study phase

% with ALT
elevations

% requiring
corticos-
teroids

Length of time
on

corticosteroids
(days)

Adverse events
from

glucocorticoids

Haemophilia A Valoctocogene
roxaparvovec

Phase 3:
NCT02576795

[20]

85.8% (115/134) 79.1%
(106/134)

Mean ± SD: 234.5
± 116.0

Median: 230
Range: 22–251

71.8%
(79/110a)

Haemophilia B Etranacogene
dezaparvovec

Phase 3 :
NCT03569891

[38]

20%
(11/54)

16.7%
(9/54)

Mean ± SD: 79.8 ±
26.6

Median: 74
Range: 51–130

0%
(0/9)

aIncludes participants who received any glucocorticoids.

efavirenz, lamivudine and tenofovir experienced asymp-
tomatic Common Terminology Criteria for Adverse
Events (CTCAE) Grade 3 elevations of ALT, AST and
GGT (> 5.0 × ULN) and a Grade 1 elevation of serum
bilirubin (> ULN and up to 1.5 × ULN) at week 4,
suggestive of an interaction with efavirenz. The reac-
tion did not respond to corticosteroid treatment, but
responded to withdrawal of efavirenz and resolved after
the antiretroviral therapy regimenwas changed to a regi-
menwithout efavirenz. The patient later reverted to pro-
phylactic use of factor VIII concentrates/haemostatic
agents.

▪ In vitro: Studies of human primary hepatocytes indi-
cated that efavirenz suppressed factor VIII expression
independent of hepatotoxicity [67].

▪ Efavirenz is not recommended in patients who are
treated with valoctocogene roxaparvovec. The use of
non-efavirenz treatments should be considered.

∙ Best practice is to minimize exposure to known hepatotoxins,
including efavirenz and isotretinoin, at least 4–6 weeks before
the infusion and ongoing after the AAV gene therapy infusion
[75].

Recommendation 22: For people with haemophilia A or
B who are considering AAV gene therapy, the WFH rec-
ommends reviewing all current medications prior to gene
therapy.
Remark: No interaction studies have been performed

for any of the currently available gene therapy treat-
ments.

Remark: Agents that may alter plasma concentrations
of corticosteroids (e.g., agents that induce or inhibit
cytochrome P450 3A4) and hepatotoxic medicinal
products or substances should be evaluated.

Remark: For people with haemophilia A, there
are known interactions between valoctocogene
roxaparvovec and isotretinoin and efavirenz.

4.4.6 Assessment of Musculoskeletal Health and
Expectations

∙ Physiotherapists (or other musculoskeletal experts, including
orthopaedic surgeons and physiatrists) are a crucial part of the

gene therapy process for guidance on what might occur after
gene therapy based on each person’s musculoskeletal status.
The role of the physiotherapist will depend on the individual’s
musculoskeletal status prior to receiving gene therapy, and
how they respond to gene therapy.

∙ Ideally, the musculoskeletal assessment will be completed by
amusculoskeletal expert familiarwith bothAAVgene therapy
and the patient.

∙ Important topics to discuss with the patient include physical
activity and lifestyle changes, progressive adaption of the
musculoskeletal system to a new range of physical activities,
maintenance of joint health, management of bleeds, return to
optimal function after bleeds and injuries, and management
of residual pain and functional impairment from pre-existing
arthropathy.

Recommendation 23: The WFH recommends that people
with haemophilia A or B who are considering AAV gene
therapy undergo a musculoskeletal assessment by a phys-
iotherapist familiar with AAV gene therapy outcomes to
establish a baseline for post-gene therapy observations.

4.4.7 Psychosocial Support and Evaluation

∙ PwH who are considering AAV gene therapy should also
undergo psychosocial screening to determine the person’s
mental and emotional well-being, strengths and resources,
and whether they might be suitable for gene therapy. Evalua-
tion should take place after the patient has initiated informed
treatment discussions with their healthcare provider. Eval-
uation may be completed by the person’s primary haema-
tologist, who is familiar with the person and their history
of behaviours, in consultation with a psychologist or social
worker who is familiar with the risks, benefits, unknowns
and demands of AAV gene therapy. Psychologists and social
workers are trained to recognize how past trauma, mental
health conditions, developmental stage and cultural beliefs
shape the ability to process medical information and make
decisions.

∙ Evaluations should include emotional support, and be inclu-
sive of cultural humility, recognizing the importance of
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diversity, equity and inclusion. Specific psychosocial con-
straints, including ability to travel, availability for follow-up,
financial considerations, coping skills, support system and
psychological stress should be considered. Patient expecta-
tions should also be reviewed and revisited throughout the
treatment process [62].

∙ Assessments could include validated tools such as the core-
HEM mental health assessment, PHQ-9, GAD-7, and CAGE
or AUDIT.

Recommendation 24: The WFH recommends that peo-
ple with haemophilia A or B who are considering AAV
gene therapy undergo psychological/psychosocial screen-
ing through discussion with the healthcare team or
by a psychologist or social worker who is knowledge-
able about the risks, benefits and demands of gene
therapy.

∙ PwH who received gene therapy have reported a perceived
lack of psychological support [32] and suggested that there
should be greater emphasis on psychological needs during
the gene therapy process. Proactively attending to these
needs could reduce complications and support long-term
success.

∙ It is important for the healthcare provider to emphasize
that PwH may wish to seek psychosocial counselling and
to ensure that these services are available should they need
them.

∙ Patient organizations and peer support may also provide
psychological support throughout the gene therapy process.

Recommendation 25: The WFH recommends that people
with haemophilia A or B who are considering and who
have received gene therapy have access to a mental health
professional for the entire gene therapy process and post-
treatment follow-up.

4.5 Obtain Consent for Treatment

∙ As the final step in the pre-infusion process, the treating
healthcare team should obtain consent for treatment.

Recommendation 26: The WFH recommends obtaining
consent for treatment after the patient has participated
in an informed decision process that ensures the person
with haemophilia has the capacity, necessary personalized
information, andunderstanding of the risks andbenefits of
gene therapy compared to alternative treatments to make
an informed choice.
Remark: The process should have a record of all aspects

addressed during patient education and include doc-
umented commitment to the peri-infusion require-
ments, post-infusion monitoring requirements and
the recommended lifestyle choices after gene therapy.

Remark:Thepatientmust have sufficient time tounder-
stand and reviewmaterials to ensure they understand
and consent to the treatment plan.

5 Peri-Infusion and Infusion Day

5.1 Confirmation of Eligibility and Informed
Consent: The 24 h Prior to the Infusion

∙ The patient should have contact with the Dosing centre at
least 24 h before the start of the infusion for final blood tests,
physical assessments and informed consent.

∙ The Dosing centre’s SOPs should define the required assess-
ments to confirm eligibility and informed consent just prior
to receiving gene therapy.

Recommendation 27: The WFH recommends that people
withhaemophiliaA orBwho are about to receiveAAVgene
therapy have medical contact at the Dosing centre at least
24 h prior to the infusion and at least 24 h after discharge
as part of the infusion process.
Remark: It ismedically necessary to evaluate the patient

the day prior to the procedure for final evaluation,
testing and counselling.

Remark: Travel and lodging accommodations are a
required and essential part of the gene therapy pro-
cess. Public and private healthcare should support
travel and lodging-related expenses for patients who
do not live near the Dosing centre.

Recommendation 28: The WFH recommends that a physi-
cal exam, including vital signs (e.g., heart rate, respiratory
rate, blood pressure, temperature and oxygen saturation),
and standard blood tests be performed prior to the infusion
to evaluate for (1) complete blood count, (2) liver function,
(3) recent inhibitor development and (4) any potentially
concerning symptoms.
Remark: If there are symptoms of concern, appropri-

ate interventions should be applied to resolve them
before proceeding with gene therapy infusion. If the
symptoms do not resolve, follow the guidance and
eligibility criteria in the prescribing information on
whether to proceed, postpone or cancel the gene
therapy procedure.

Recommendation 29: TheWFH recommends that themed-
ical team re-confirm that the patient has met all eligibility
criteria and passed all screening assessments prior to
initiating the preparatory steps in the pharmacy.

Recommendation 30: TheWFHrecommends that themed-
ical team re-confirm and record the patient’s agreement
to proceed with the haemophilia A or B AAV gene therapy
prior to initiatingpreparatory steps in thepharmacy for the
infusion.

5.2 Peri-Infusion Management of Medications
andMedical Conditions

∙ Prior to infusion, PwH should continue to use their usual
haemophilia treatment regimen.

Haemophilia, 2025 17 of 35
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∙ Follow the prescribing information for the use of prophylactic
medications to avoid hypersensitivity reactions based on the
person’s medical characteristics and the clinician’s expert
opinion.

∙ Notably, a clinical trial is ongoing to evaluate the efficacy
and safety of valoctocogene roxaparvovec, with prophylactic
steroids in haemophilia A (GENEr8-3) [86]. Preliminary
results indicate that there is no effect on ALT elevations, but
prophylactic steroids may diminish the resultant FVIII levels
[87].

Recommendation 31: The WFH recommends that people
with haemophilia A or B continue their usual haemophilia
treatment regimen up to and during the infusion.
Recommendation 32: The WFH recommends against the
routine use of prophylactic corticosteroids and other med-
ications prior to the AAV gene therapy infusion.
Remark: Medications to prevent infusion reactions,

including hypersensitivity reactions and anaphylaxis,
can be used based on the individual’s medical charac-
teristics and the clinician’s expert opinion.

Recommendation 33: The WFH recommends that
people with haemophilia A or B continue using non-
contraindicated medications as prescribed to manage
other medical conditions up to and during the infusion.

5.3 Administration

∙ The gene therapy infusion is usually an outpatient procedure
that takes 2–3 h or sometimes longer, depending on the gene
therapy product and the individual’s response to the infusion.

∙ The infusion usually starts with a lower infusion rate during
the first 30 min, and then can be increased if the patient has
no adverse symptoms.

∙ Anurse or othermember of the coremedical team should stay
with the patient throughout the procedure to ensure that the
infusion is proceeding as expected and observe the patient for
any symptoms of adverse effects.

∙ SOPs should be developed by the Dosing centre according
to the prescribing information and institutional policies and
should be followed.

Recommendation 34: TheWFH recommends that the core
medical team be physically available at the Dosing centre
throughout the day of infusion, including the pre-infusion
steps and post-infusion observation period.

Remark: Back-up staff should be available on standby
for each core position or specialty to help ensure
treatment proceeds as scheduled.

Remark: An intensivist or medical professional trained
in advanced life support shouldbeon standby for rapid
response during the infusion day.

Recommendation 35: The WFH recommends that at least
two medical team members be involved in administering
the gene therapy product.

Remark:One provider will administer the infusion, and
one will record any data.

Remark: The Dosing centre physician will oversee the
infusion, provide immediate follow-up post-infusion
and collaborate with the referring/follow-up physi-
cian as needed.

Recommendation 36: TheWFH recommends following the
dosage, administration and infusion rate in the prescribing
information.

5.4 Peri-Infusion Monitoring and Safety

∙ Dosing centres should develop SOPs for peri-infusion mon-
itoring and safety according to the prescribing information
for the specific gene therapy product. It should include
interventions for symptoms of adverse events.

∙ The patient should be closely observed throughout the infu-
sion, with the regular assessment of vital signs and symptoms
every 15 min.

∙ Common adverse reactions during the infusion include nau-
sea, fatigue, headache, infusion-related reactions such as
burning, flu-like symptoms, joint pain and abdominal pain
(Table 8). Patients may be treated with systemic antihis-
tamines or corticosteroids or antiemetics to treat infusion
reactions.

∙ If the infusion is paused, the resumed recommended rate of
infusion may be lower than the starting rate.

Recommendation 37: The WFH recommends monitoring
the patient’s vital signs (e.g., heart rate, respiratory rate,
blood pressure, temperature and oxygen saturation) and
symptoms at least every 15 min throughout the infusion,
and as instructed in the prescribing information.
Remark: A nurse or other member of the core medical

team should stay with the patient throughout the
infusion and observe for any adverse reactions.

Recommendation 38: In the event of an adverse reaction,
the WFH recommends decreasing or temporarily halting
the infusion to treat the reaction or until symptoms sub-
side; then, infusions may be resumed at the recommended
rate.
Remark: Reactions should be managed with the inten-

tion of continuing the gene therapy infusion. Stopping
or significantly postponing the infusion may compro-
mise the individual’s response to gene therapy and
their ability to receive future gene therapy.

Remark: The infusion should be discontinued in the
event of an anaphylactic reaction.

5.5 Observation and Discharge

Recommendation 39: The WFH recommends closely mon-
itoring and observing people who have received AAV gene
therapy for at least 3 h after the infusion or according to the
product-specific recommendations.
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TABLE 8 Clinical evidence for infusion reactions in clinical trials from licensed AAV gene therapy products.

Haemophilia
type

Gene therapy
product

(Alternative
names) Infusion reactions in > 5% of participants Hypersensitivity Anaphylaxis

Haemophilia A Valoctocogene
roxaparvovec [21]

Nausea, headache, tiredness, flu-like
symptoms, rash, heartburn, muscle pain,

dizziness and itching

5.2%
(7/134)

2.2%
(3/134)

Haemophilia B Etranacogene
dezaparvovec [26]

Headache, flu-like symptoms, infusion-related
reactions (e.g., infusion site reaction, dizziness,
pruritus, flushing, abdominal pain, urticaria,

chest discomfort and fever),
dizziness, nausea, fatigue and malaise [7, 9]

3.7%
(2/54)

0%
(0/54)

Remark: If the patient experiences adverse reactions,
the observation period should be extended. The
patient should be admitted and observed overnight, if
necessary.

Recommendation 40: The WFH recommends that people
who have received AAV gene therapy have ready access to
corticosteroids upon discharge to be taken upon instruc-
tion by the physician.

Recommendation 41: If the patient will receive follow-up
at a Follow-up centre that is different from the Dosing
centre, the WFH recommends that the Dosing centre
provide the Follow-up centre with a summary of the gene
therapy treatment and a plan for the transition between
centres.
Remark: Dosing centres must ensure that people who

have received gene therapy knowhow to contact their
healthcare teamduring the 24 h post-discharge should
any adverse events arise.

6 Post-Infusion

∙ The AAV gene therapy process continues even after the
infusion. People with haemophilia should be prepared to
have frequent laboratory tests and clinic visits for several
years after the infusion. Some monitoring procedures, such
as monitoring for hepatocellular carcinoma, may continue
throughout their lifetime. There are also behaviours and
lifestyle modifications that should be considered in the
immediate short-term after gene therapy, and for long-term
health.

6.1 Post-Treatment Monitoring

∙ After the infusion, frequent post-treatment monitoring is
medically necessary to establish FVIII or FIX gene expression,
and the therapeutic effectiveness of gene therapy.

∙ Short-term monitoring generally refers to the first 6–12
months after the infusion. Long-term monitoring refers to
anything after year 1. Both short and long-termpost-treatment
monitoring focus on factor expression and ALT testing

(Table 9). It is also important to monitor for inhibitors and
bleeding events following the standard of care according to the
WFH Guidelines for the Management of Hemophilia, third
Edition [1].

∙ Drug manufacturers and Regulatory Agencies have estab-
lished minimum follow-up requirements for each approved
AAV gene therapy; however, treatment centres may establish
their own follow-up requirements.

∙ It is important to maintain open communication during
this phase of treatment, which can be overwhelming for
patients. Some PwH who have received AAV gene therapy
have reported feelings of losing control, rather than gaining
it, because of a focus on factor levels and perceived pressure
to continue immunosuppressive treatments [32].

Recommendation 42: For people with haemophilia A or
B who have received AAV gene therapy, the WFH rec-
ommends post-treatment monitoring of FVIII/FIX, liver
health, inhibitor development and bleeding for at least 15
years.
Remark: Monitoring schedules should, at a minimum,

follow the prescribing information.
Remark: The frequency of testing should be guided

by SDM, clinical assessment and patient-related fac-
tors such as lifestyle, physical activity and bleeding
patterns.

Remark: In people who did not respond to gene therapy,
use standardmonitoring procedureswith aminimum
of yearly testing.

Remark: In people who have returned to prophylaxis
and continue to have measurable factor expression,
continue with the follow-up schedules for post-
treatment monitoring after gene therapy.

Remark: In people who have returned to prophylaxis
and do not have measurable factor expression, use
standard monitoring procedures with a minimum of
yearly testing.

Remark: After 15 years, use standard monitoring proce-
dures with aminimum of yearly testing (See theWFH
Guidelines for the Management of Hemophilia, third
Edition [1]).
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TABLE 9 Post-treatment monitoring schedule of factor levels and alanine amino transferase for licensed AAV gene therapy products.

Valoctocogene roxaparvovec Etranacogene dezaparvovec

Time period Frequency Time period Frequency

Weeks 1–26 Weekly Weeks 1–12 Weekly
Weeks 13–52 Quarterly

Weeks 26–52 Every 1–2 weeks
Year 2 Every 3 months Year 2 Every 6 months
Year 3+ Every 6 months Year 3+ Annually

Note:Monitoring schedules from prescribing information from the EMA [6–8] and the FDA [9–11, 88].

6.1.1 Factor Level Monitoring

∙ Accurate measurement of coagulation factor activity is essen-
tial for monitoring the safety, efficacy and durability of gene
therapy.

∙ FVIII and FIX are measured with two types of assays:
One-stage clotting assays based on APTT or the chromogenic-
substrate assay [89]. One-stage assays are the most commonly
used in most regions [90].

∙ Discrepancies have been reported between the one-stage
and chromogenic assays for both FVIII and FIX following
gene therapy [12, 15, 91, 92]. Therefore, it is important that
centres communicate about and, if possible, coordinate which
factor assays are being used in their laboratories. Multiple
laboratories have found the chromogenic assay produces a
FVIII or FIX level approximately 60% of the one-stage assay
[15, 91, 92].

∙ When measuring FIX, the one-stage assay is considered a
more accurate reflection of the haemostatic potential of the
FIX Pauda variant. However, this has been shown to be
reagent dependent [92]. Therefore, when the one-stage assay
is used, the same reagents should be used for serialmonitoring
of FIX levels.

∙ This recommendation represents an update to recommenda-
tions 3.2.40–3.2.41 in the ‘WFH Guidelines for the Manage-
ment of Hemophilia, third Edition’ [1].

Recommendation 43: For people with haemophilia A
or B who have received AAV gene therapy, the WFH
recommends FVIII/FIX levels be assessed regularly and,
at a minimum, should follow the schedule set by the
prescribing information.
Remark:When possible, testing should be completed at

the same facility using the same one-stage assay or the
same chromogenic assay for all assessments over time.
If it is necessary to compare the two assays, the one-
stage assay value is approximately 1.6-fold higher than
the chromogenic assay value [15, 91, 92].

Remark: When measuring FVIII levels, it is not clear
whether the one-stage assay or the chromogenic assay
reflects the true FVIII level [91].

Remark: When measuring FIX, the one-stage assay is
considered a more accurate reflection of the haemo-
static potential of the FIX Padua variant. This is

reagent dependent and can be up to two-fold higher
than the chromogenic value [92].

Remark: More frequent monitoring of factor levels is
recommended if FVIII/FIX activity levels are < 5
IU/dL within 1 year after infusion.

Remark: If there is a sudden drop in FVIII/FIX activity
levels, ALT levels should be assessed.

6.1.2 Alanine Aminotransferase Level Monitoring

∙ Elevated ALT levels, or transaminitis, is commonly observed,
usually asymptomatic, and can occur at any time after gene
therapy.

∙ ElevatedALThas been reportedwith all clinically investigated
AAV gene therapy products (see Table 10 for evidence from
licensed and available products).

∙ The underlying pathophysiology of why some individuals
experience elevated ALT, and others do not, is not well
understood, but it has been established that even moderate
levels of ALT elevation may be associated with decreases in
factor level expression [12, 48, 81].

∙ Most patients receiving AAV gene therapy for
haemophilia A are expected to have some degree of ALT
elevation.

∙ Late ALT elevations may occur in people with haemophilia A
treated with valoctocogene roxaparvovec [20].

∙ Some patients receiving AAV gene therapy for haemophilia B
are expected to have some degree of ALT elevation [13, 26].

∙ Elevated ALT levels within the first year will likely require
immunosuppressive treatment. These elevations can be
severe and may require intravenous steroids. Immunosup-
pression with corticosteroids or other medications poses sig-
nificant safety concerns because of the side effects associated
with long-term corticosteroid use. General side effects of cor-
ticosteroid use are insomnia, hypertension, hyperglycaemia,
muscle spasms and altered mood.

∙ Some PwH report that immunosuppression and its side effects
are the worst part of the gene therapy experience [32].
Therefore, it is important to emphasize the potential need for
immunosuppressive therapy and the possibility that multiple
courses or prolonged exposure for multiple months may be
required during the SDM process (see Section 3 Shared and
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TABLE 10 Clinical evidence for ALT elevations in clinical trials from licensed AAV gene therapy products.

Time from infusion
to first ALT elevation

(weeks)
Length of ALT
elevations (days)

Haemophi-
lia type

Gene therapy
product Study phase

% with ALT
elevations Mean ± SD

Median
(Range) Mean ± SD

Median
(Range)

% requiring
corticosteroids

Haemoph-
ilia A

Valoctocogene
roxaparvovec

Phase 3:
NCT02576795

[20]

85.8% (115/134) 11.3 ± 12.3 8.0
(1–104)

48.2 ± 81.1 15
(1–488)

79.1%
(106/134)

Haemoph-
ilia B

Etranacogene
dezaparvovec

Phase 3:
NCT03569891

[26]

20%
(11/54)

6.6 ± 4.1 5.1
(3.1–17.1)

37.9 ± 43.4 17.0
(5–127)

16.7%
(9/54)

Informed Decision-Making). Providers should continue to
offer access to a trained psychologist or social worker to assist
with coping with difficult side effects.

∙ Individuals who have risk factors for adverse effects related
to receiving corticosteroid immunosuppression should have
added consideration for alternative immunosuppressants.
These risk factors include obesity, metabolic syndrome, dia-
betes, osteoporosis, a history of peptic ulcer disease and
hypertension. The safety and efficacy of alternative immuno-
suppressants has not been established in this population.

∙ Other immunosuppressants were used by 29% of participants
from the GENE-r8-1 study because of contraindications, side
effects, or a low or lack of response to glucocorticoid treatment
[20]. There is no evidence from this study that alternative
immunosuppressive agents were of benefit.

∙ Follow-up ALT testing should be ordered rapidly so that it
can be repeated quickly, if necessary, and wherever possible
should minimize inconvenience to the patient.

Recommendation 44: For people with haemophilia A or
B who have received AAV gene therapy, the WFH rec-
ommends that alanine aminotransferase (ALT) levels be
assessed regularly and, at a minimum, should follow the
schedule set by the prescribing information.
Remark: When interpreting ALT levels, it is impor-

tant to consider whether the person has recently
undergone strenuous exercise or used alcohol, pro-
tein supplementation, or other potential hepatotoxic
medications or agents.

Remark: ALT levels indicating Grade 3 or 4 hepatotoxi-
city require additional laboratory testing [e.g., aspar-
tate aminotransferase (AST), bilirubin (BR), alkaline
phosphatase (ALP), creatine phosphokinase (CPK),
gamma-glutamyl transferase (GGT) or other clini-
cally indicated tests] and consultation with a hepato-
logist.

6.1.3 Inhibitor Monitoring

∙ There is a theoretical risk of FVIII or FIX inhibitor devel-
opment in people with haemophilia who have received AAV

gene therapy. If bleeding is not controlled, or if factor activity
levels suddenly decrease, perform inhibitor screening.

∙ No inhibitors have been reported in clinical trials for valoc-
tocogene roxaparvovec, or etranacogene dezaparvovec [12, 18,
27, 93].

∙ See TheWFHGuidelines for theManagement of Hemophilia,
third Edition, section 8.2: Inhibitor Screening.

Recommendation 45: For people with haemophilia A or
B who have received AAV gene therapy, the WFH rec-
ommends at least annual monitoring through appropriate
clinical observations and laboratory tests for the develop-
ment of inhibitors for a minimum of 15 years.

6.1.4 Bleed Monitoring

∙ People with haemophilia should continue to monitor their
bleeding episodes. The healthcare team should continue to
review the recent bleeding history at every follow-up visit.

Recommendation 46: For people with haemophilia A or
B who have received AAV gene therapy, the WFH recom-
mends following theWFHGuidelines for theManagement
of Hemophilia, third Edition, Recommendation 6.8.1 for
bleed monitoring [1].
Remark: Bleeding should be tracked in a paper or

electronic diary and discussed with healthcare
providers.

6.2 Discontinuation of Prophylaxis

∙ Immediately following the infusion, peoplewhohave received
gene therapy should continue to use prophylaxis as directed
and according to the gene therapy prescribing information.

∙ The decision of when to discontinue prophylaxis should be
made through SDM and with careful consideration of the
individual’s clinical response to gene therapy, history and
preferences. Regular and frequent monitoring is critical when
deciding to discontinue prophylaxis.
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∙ When to discontinue prophylaxis will differ from person to
person and cannot be defined by absolute times or factor
level values. The factor level thresholds provided in this
recommendation are the minimum factor levels required to
consider discontinuation of prophylaxis.

∙ The use of different factor assays and reagents may impact
factor activity results. Therefore, it is important to minimize
possible variability of results by using the same laboratory test
and reagent types for monitoring factor levels over time. See
Section 6.1.1 Factor Level Monitoring.

∙ In clinical studies, most patients who respond to gene therapy
can discontinue prophylaxis within 2–4 weeks after the infu-
sion. Some individuals will experience elevated factor levels
sooner than others and will need to stop prophylaxis sooner
to avoid factor levels above the upper limit of normal.

∙ For people with haemophilia A who use emicizumab pro-
phylaxis, the last dose may be given at the time of the gene
therapy infusion, whichwill provide FVIII equivalent levels of
protection for a few months. Care must be used in assessing
FVIII levels resulting from the infusion, and only the chro-
mogenic assay using bovine reagents will yield an accurate
FVIII level. A model using pharmacokinetic simulations [94]
and a single case study [95] have been published that outline
multiple strategies for the transition between emicizumab and
AAV gene therapy.

Recommendation 47: For people with haemophilia A or
B who have received AAV gene therapy, the WFH rec-
ommends using shared decision-making (SDM) that is
individualized to the person’s response to AAV gene ther-
apy, history, current replacement therapy and its half-life,
and preferences to determine the appropriate time to
discontinue prophylaxis.
Remark: Deciding when to discontinue prophylaxis is

a dynamic process that incorporates many patient-
specific parameters, including factor level, current
and past bleeding phenotype, lifestyle, physical activ-
ity, joint health, bleeding history and goals.

6.3 Post-Infusion Safety

∙ There are several warnings and safety precautions to consider
in the weeks, months and years following AAV gene therapy.
These include transaminitis, or elevated ALT levels, requiring
treatment with immunosuppression, factor levels above nor-
mal resulting in an increased risk for a thrombotic event, and
hepatocellular carcinogenicity.

∙ All adverse events should be reported to the appropriate
governing bodies and gene therapy registries.

6.3.1 Liver Health and Immunosuppression

∙ The importance of liver monitoring after gene therapy cannot
be overstated [76, 77, 85, 96].

∙ Additional guidance on the management of liver disease
in people with bleeding disorders, including recommenda-
tions for screening of liver health before AAV gene therapy

and monitoring of liver health post-infusion, were recently
published as a collaboration between WFH, the European
Association for Haemophilia and Allied Disorders, the Euro-
pean Haemophilia Consortium, and the International Society
on Thrombosis and Hemostasis [78].

∙ Transaminitis, or elevated ALT levels, has been observed
in all gene therapy clinical trials (Table 10). In most cases,
ALT levels peaked at 1.5–2-fold above the upper limit of
normal. Transaminitis occurs most commonly at 7–14 weeks
post-infusion and is more common with valoctocogene rox-
aparvovec for haemophilia A, than in AAV gene therapies
for haemophilia B. These transient ALT elevations have been
associated with a reduction, and in extreme cases, a loss, of
transgene factor expression.

∙ Many people treated with AAV gene therapy will require
immunosuppression to treat transient ALT elevations.

∙ See Section 4.4.3 Screening for Liver Health and Section
4.4.4 Assessment of Ability to Receive Immunosuppressive
Therapy for more information.

∙ There is a clinical rationale for both reduced and enhanced
immunosuppression [85]. More research, including con-
trolled clinical trials, is needed to understand the multiple
mechanisms underlying the immune response to AAV gene
therapy, which may warrant multiple treatment approaches
[84].

∙ More research is needed to understand and confirm the effects
of corticosteroids on FVIII, FIX and ALT levels [48, 77, 84, 85].

∙ More research is needed to provide evidence of the effective-
ness of alternative immunosuppression approaches such as
budesonide, tacrolimus, mycophenolate mofetil and others.

∙ After gene therapy, especially during the first year and during
the use of immunosuppressive medications, all concomitant
medications should be evaluated. Prescribing information
cautions against the use of hepatotoxic medications or
substances, as well as those that may alter the plasma
concentration and effectiveness of corticosteroids.

Recommendation 48: For people with haemophilia A or
B who have received AAV gene therapy and have ele-
vated alanine aminotransferase (ALT) levels, the WFH
recommends following the prescribing information for
instituting corticosteroid treatment.
Remark: When interpreting ALT levels, it is impor-

tant to consider whether the person has recently
undergone strenuous exercise or used alcohol, pro-
tein supplementation, or other potential hepatoxic
medications or agents.

Remark: ALT levels should be monitored until enzymes
return to baseline.

Remark: Alternative immunosuppressive may be used
if corticosteroids are contraindicated, ineffective, or
if the patient experiences adverse reactions. The effi-
cacy of alternative immunosuppressive treatments
has not yet been established in this setting.

Remark: Patients should be monitored for adverse
reactions to corticosteroids and managed
accordingly.
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6.3.2 Monitoring and Prevention of Thrombotic Events

∙ Some PwHwho have received AAV gene therapy have experi-
enced factor level elevations above thenormal range. Thismay
result in an increased risk for thromboembolic events [97].

∙ Rare thromboembolic events have occurred in both FVIII [98]
and FIX [99] gene therapy clinical trials.

∙ Factor activity levels above 150 IU/dL (150%) have been
observed in clinical trials for haemophilia A [20].

∙ At 1 year after infusion with valoctocogene roxaparvovec, 7
of 134 (5.2%) of participants had a factor activity level greater
than 150 IU/dL [20].

∙ High clotting factor levels have been associated with rare
thromboses in gene therapy clinical trials for both FVIII [98]
and FIX [99]. These products are no longer under clinical
investigation.

∙ No thrombotic events have been reported and deemed related
to gene therapy or elevated factor levels in people treated
with valoctocogene roxaparvovec [15, 18, 20] or etranacogene
dezaparvovec [26].

Recommendation 49: For people with haemophilia A or
B who have received AAV gene therapy and have fac-
tor levels elevated above normal, the WFH recommends
assessing the need for anticoagulation treatment through
shared decision-making (SDM) with special consideration
for the degree of elevation and any other risk factors for
thromboembolic disease.

6.3.3 Carcinogenicity

∙ AAV vectors can randomly integrate into the cellular genome
of hepatocytes; therefore, there is a theoretical risk that
integration may result in hepatocellular carcinoma. There
may also be unknown compounding effects in people with
comorbid hepatic conditions, such as hepatitis C, hepatitis
B, MASLD or chronic alcohol consumption, which are also
known risk factors for hepatocellular carcinoma.

∙ Tumorigenesis remains a theoretical long-term safety
concern because there have been dose-dependent AAV
integration events observed in neonatal murine models [100,
101]. However, recent evidence has called these results into
question [102].

∙ No cases of hepatocellular carcinoma have been reported in
people treatedwith valoctocogene roxaparvovec [26, 103]. One
case has been reported in a person treated with etranacogene
dezaparvovec [104]. An independent review determined that
the individual had pre-existing risk factors and that the
carcinoma was unrelated to AAV integration.

∙ Importantly, the following recommendation is based on
the risk factors for hepatocellular carcinoma, regardless of
whether a patient has receivedAAVgene therapy or its clinical
outcome [77, 105]. This recommendation also follows the
recommendations for screening of high-risk individuals in
the AASLD Practice Guidance on prevention, diagnosis and
treatment of hepatocellular carcinoma [106].

∙ At this time, there is a critical need for careful long-term
monitoring for hepatocellular carcinoma in people who have

received AAV gene therapy. Future research may adjust these
monitoring guidelines.

Recommendation 50: For people with haemophilia A or B
who have received AAV gene therapy and have risk factors
for hepatocellular carcinoma, the WFH recommends liver
ultrasounds every 6 months, with or without laboratory
testing for alpha-fetoprotein (AFP).
Remark:Risk factors includeprior hepatitis B orC infec-

tion, liver fibrosis, liver cirrhosis, metabolic liver dis-
ease, chronic alcohol consumption,MASLD, advanced
age or a family history of liver conditions.

Remark: The need for monitoring is indefinite, as
the risk of hepatocellular carcinoma increases with
advancing age.

6.3.4 Reporting Adverse Events

∙ Dosing centres and Follow-up centres should have SOPs in
place to report adverse events to gene therapy registries and
applicable governing bodies.

∙ Preferred gene therapy registries include the WFH Gene
Therapy Registry and local/national gene therapy registries
that link with the WFH Gene Therapy Registry.

∙ Governing bodies include agencies that regulate drugs and
treatments, such as the Food and Drug Administration (USA)
and the European Medicines Agency (EU) or your local
regulatory agency.

Recommendation 51: The WFH recommends healthcare
providers and treatment centres report adverse events to
gene therapy registries and applicable governing bodies.
Remark: All adverse events should be reported with

particular emphasis on serious adverse events, unex-
pected adverse events, and adverse events of special
interest, including FVIII/FIX inhibitors, thromboem-
bolic events, autoimmune disorders, benign tumours,
malignancies, liver disease, sensory paresthesias, infu-
sion/hypersensitivity reactions, hepatitis B (new or
reactivated), hepatitis C and serious reactions to
immunosuppression.

6.4 Haemophilia Management After Gene
Therapy

∙ It is important to educate PwH that bleed risk still exists
even if their factor level is increased. Therefore, episodic
therapy with additional factor may be needed to normalize
factor levels, and activity levels should be commensurate with
factor level. Some activities or procedures may still require
normalization with supplemental episodic clotting factor
concentrates. Limited clinical evidence is available [107].

∙ All bleeds should be reported to the WFH GTR (or linked
GTR) and the local HTC.

Recommendation 52: For people with haemophilia A and B
who have received AAV gene therapy and who may under-
take high-risk physical activity, the WFH recommends
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that factor levels be normalized with the episodic use of
supplemental clotting factor concentrates, if necessary.
Recommendation 53: For people with haemophilia A and
B who have received AAV gene therapy and who may
undergo surgical procedures, the WFH recommends that
factor levels be increased to the level appropriate for
the procedure, according to the WFH Guidelines for the
Management of Hemophilia, third Edition, with supple-
mental episodic clotting factor concentrates (CFC) therapy,
if necessary.
Recommendation 54: For people with haemophilia A and
B who have received AAV gene therapy, the WFH recom-
mends they continue to manage bleeds according to the
WFHGuidelines for theManagement of Hemophilia, third
Edition [1].

6.4.1 Musculoskeletal Assessments

∙ PwH should continue to see a physiotherapist (or other
musculoskeletal expert) to provide individual guidance.

Recommendation 55: For people with haemophilia A
and B who have received AAV gene therapy, the WFH
recommends regular musculoskeletal assessments by a
physiotherapist.
Remark: The physiotherapist should provide individ-

ualized guidance on the expected lifestyle changes
related to physical activity, including suggested levels
of physical activity, the progressive adaption of the
musculoskeletal system to a new range of physi-
cal activities, maintenance of joint health, return to
optimal function after bleeds and injuries, and man-
agement of residual pain and functional impairment
from pre-existing arthropathy.

6.4.2 Psychosocial Assessment andMental Health
Support

∙ PwH should have continued access to a mental health or
psychosocial professional if wanted and/or necessary.

∙ See Section 4.4.7 Psychosocial Support and Evaluation

6.5 Return to Prophylaxis

∙ The decision to return to prophylaxis can occur at any point
in the months and years following treatment with AAV gene
therapy.

∙ The return to prophylaxiswill differ fromperson to person and
is based on multiple factors, including the person’s historical
and current bleeding pattern, severity and location, physical
activity levels, lifestyle, and joint health. The decision should
also be guided by measurable parameters such as factor
activity level or number of bleeds.

Recommendation 56: For people with haemophilia A or B
who have received gene therapy and discontinued their
pre-gene therapy haemophilia treatment(s), the WFH rec-
ommends that prophylaxis be resumed if the factor level

is not sufficient to prevent bleeding in the context of the
individual’s lifestyle and/or if the factor level drops below
an acceptable threshold.
Remark: The decision to resume prophylaxis and which

treatment to use should be a shared decision between
the clinician and the person with haemophilia based
on multiple factors, including the person’s bleeding
pattern, severity, and location, physical activity levels,
lifestyle, and joint health.

Remark: The acceptable factor level threshold may vary
based on patient-specific factors.

Remark: People with haemophilia A or B should be able
to use any of the prophylaxis treatments available, as
indicated in theWFHGuidelines for theManagement
of Hemophilia, third Edition [1].

6.6 Recommended Lifestyle Choices for People
With Haemophilia Who Have Received AAV Gene
Therapy

∙ AAV gene therapy is a one-time treatment with the potential
for long-term benefits and substantial changes in quality of
life (see Section 1.4 Quality of Life and AAV Gene Therapy).

∙ PwH should be informed there are several suggested
behavioural modifications to improve overall health and
minimize safety risks [38].

6.6.1 Maintain Connections With Your Local
Haemophilia Treatment Centre

Recommendation 57: The WFH recommends that people
with haemophilia A or B who have received AAV gene
therapy remain connected to theirHaemophiliaTreatment
centre.
Remark: People with haemophilia who have received

AAV gene therapy should maintain a regular follow-
up schedule after gene therapy.

Remark: Treatment of haemophilia-related bleeding
and sequelae from prior bleeding should be managed
at the Haemophilia Treatment centre.

Remark: Minor and major surgical procedures may
require haemostatic agents and should be guided by
the Haemophilia Treatment centre.

6.6.2 Optimize Your Liver Health

∙ The importance of maintaining good liver health after gene
therapy cannot be overstated. AAV gene therapy targets liver
hepatocytes to express the new FVIII and FIX proteins. To
maintain gene expression, liver cells must remain healthy.

∙ PwH who have received gene therapy should maintain liver
health through healthy lifestyle and diet choices, and by
limiting the use of agents that can impact liver health,
such as non-prescription medications, herbal and dietary
supplements, recreational drugs and alcohol, and protein
supplements.

∙ The healthcare team should provide education and resources
to learn more about optimizing liver health.
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Recommendation 58: The WFH recommends that people
with haemophilia A or B who have received AAV gene
therapy are educated about behaviours to achieve and
maintain optimal liver health.
Remark: Education should include healthy lifestyle and

diet choices, and limiting the use of non-prescription
medications, herbal and dietary supplements, recre-
ational drugs and alcohol, and protein supplements.

Remark: All new medications and supplements should
be evaluated for liver toxicity. Multiple tools are
available to identify drugs and supplements associ-
ated with liver toxicity. Examples include the Liver-
Tox website [108] or the AASLD practice guidelines
[109].

Recommendation 59: The WFH recommends that people
with haemophilia A or B who have received AAV gene
therapy abstain from alcohol consumption for at least 1
year following infusion and limit alcohol use thereafter.

6.6.3 Contraception

∙ Following AAV gene therapy, the vector DNA that does not go
to the liver is not needed and will be released or shed from the
body.

∙ Vector DNA can be detected in blood, semen, saliva, urine and
faeces within 72 h after the infusion [15, 110].

∙ The vector DNA can still be detected in semen up to 1 year
later [15, 26].

∙ Notably, vectorDNAwas absent in purified sperm cells, ruling
out the risk of inadvertent germline modifications.

∙ Therefore, contraception for the first year is recommended out
of an abundance of caution. There is no evidence that prior
AAV gene therapy should have an effect on fertility or a foetus.

∙ Products vary in the recommended time for contraception
use. The Panelists decided to recommend at least 1 year of
contraception following AAV gene therapy based upon the
evidence that showed vector DNA in the semen up to 1 year
later [15, 26]. This recommendation may be updated as more
evidence becomes available.

Recommendation 60: The WFH recommends that males
with haemophilia A or Bwho have receivedAAV gene ther-
apy use barrier contraception and their female partners of
childbearing potential use contraception for at least 1 year
following infusion.
Remark: Females who may have received AAV gene

therapy and are of childbearing potential should also
use contraception for at least 1 year.

6.6.4 Blood, Plasma or Tissue Donation

∙ Vector DNA can continue to be detected in the blood up to 3
years post-infusion [110].

∙ The AAV vector is known to have a low level of integration
throughout the body, with unknown significance [48].

∙ Therefore, people who have received gene therapy should
not donate any fluid, tissue, organ or cell for allogeneic
transplantation. This recommendation does not have a time
limit and is lifelong.

Recommendation 61: The WFH recommends that people
with haemophilia A or B who have received AAV gene
therapy donot donate blood, plasma, organs, tissues or cells
for transplant.

6.6.5 Physical Activities

Recommendation 62: The WFH recommends that people
with haemophilia A or B who have received AAV gene
therapy have physical activity levels that are commen-
surate with factor levels, muscle strength and range of
motion.
Remark: People with haemophilia should be evaluated

by a physiotherapist for individualized guidance (see
Recommendation 55).

Remark: People with haemophilia should be educated
about the relationship between factor levels and the
bleeding risk associated with exercise.

Remark: People with haemophilia should be informed
that strenuous physical activity can elevate alanine
transaminase (ALT) levels. Therefore, exercise sched-
ules may need to be modified according to follow-up
laboratory testing schedules during the first 6–12
months post-treatment.

6.6.6 Connection to Patient Organizations

∙ Maintaining a connection to patient organizations is an
important part of comprehensive care for people with
haemophilia. Patient organizations are primarily a resource
for patients that may provide or facilitate education, support,
advocacy and access to specialized services tailored to the
needs of the bleeding disorders community. For PwH who
have received AAV gene therapy, these connections remain
particularly important because of the unique challenges and
uncertainties, particularly over the long term, associated with
treatment with AAV gene therapy.

∙ Patient organizations may also be a source of peer-to-peer
support for those who are considering or have received gene
therapy.

Recommendation 63: The WFH recommends that people
with haemophilia A or B who have received AAV gene
therapy maintain connections with the bleeding disorders
community.

6.6.7 Gene Therapy Registry

∙ See Section 2.6 Gene Therapy Registries.

Recommendation 64: The WFH recommends that people
with haemophilia A or B who have received AAV gene
therapy participate in the WFH gene therapy registry or
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another local/national gene therapy registry that links
with theWFH registry to provide patient-reported data.
Remark: It is important to collect patient-reported

outcomes in addition to clinically reported outcomes.

7 Discussion

∙ The addition of this chapter on the management of
haemophilia A and B with AAV gene therapy marks an
important advancement in the standardization and safety
of gene therapy in clinical practice. The novelty of AAV
gene therapy and limited long-term data in haemophilia
created the need for a robust, evidence-based framework
to support its safe and effective implementation. These
guidelines provide a comprehensive framework to address
the unique challenges and complexities of AAV gene
therapy, emphasizing patient-centred care and its safe
implementation.

∙ The adoption of the Living Guidelines Model reflects the
WFH’s commitment to keep recommendations current with
the rapidly evolving evidence, ensuring that clinical practice
remains aligned with advancements in AAV gene therapy
technology.

∙ These guidelines are intended to also serve as a resource
for people with haemophilia by fostering informed decision-
making and improved quality of care.

7.1 Limitations of These Guidelines

∙ The limitations of these guidelines include a lack of head-to-
head randomized clinical trials comparing gene therapy with
other treatment options, preventing recommendations of one
treatment option over another. Therefore, these guidelines
provide a clinical framework to support its implementation
from decision to treatment to follow-up care. Although the
scope of these guidelines is intentionally broad, it is possible
that they may not address all potential issues related to AAV
gene therapy. Although efforts were made to include diverse
perspectives, the methodology may not fully capture the
global variations in healthcare systems, access to gene therapy,
and patient needs, potentially limiting the generalizability of
the recommendations. Some recommendations may not be
feasible in low-resource settings, where access to and capacity
to deliver gene therapy is limited. Finally, the pace of advance-
ments in gene therapymeans that the evidence base is likely to
change quickly, potentially rendering some recommendations
outdated despite adopting a Living Guidelines Model.

∙ Treatment cost is often relevant to both practitioners and
patients, and cost-effectiveness studies often contribute an
important perspective for clinical practice guidelines [111, 112].
Several systematic reviews and cost-effectiveness studies have
been completed using predictive modelling, but no real-world
cost-effectiveness studies have been completed. Cost may be
considered during treatment conversations between PwH and
their healthcare teams; however, based on the existing cost-
effectiveness literature, the WFH cannot consider cost in its
current recommendations.

∙ These guidelines are also limited to AAV-based gene therapy.
Future guidelines may need to be modified or developed to
incorporate novel vector types or genetic technologies such as
gene editing.

7.2 Implementation

∙ Addressing facilitators and barriers towards use of the WFH
Guidelines for theManagement of Haemophilia A and Bwith
AAVGene Therapy is crucial for the effective implementation
of these guidelines.

∙ The WFH gathered insights into barriers and facilitators
through consultation with the expert panel throughout the
guideline development process, and through evidence from
the included studies.

∙ The identification of facilitators and barriers helped to shape
the guideline development process by enabling the prioritiza-
tion of rapidly evolving topics, adopting a flexible livingmodel
for frequent updates, and creating targeted recommendations
that address potential barriers, such as site preparedness,
clinical teams, and clinical education and training.

∙ Potential barriers to implementing these guidelines include
rapidly evolving evidence; variability in healthcare resources;
knowledge gaps among providers and patients; logistical chal-
lenges in adapting workflows; equity issues in ensuring fair
access across diverse populations; heterogeneity of healthcare
systems with differing policies and funding mechanisms;
financial and logistical resource constraints in some regions;
and ongoing challenges in disseminating knowledge to all
stakeholders.

∙ Potential facilitators include active stakeholder engagement
from clinicians, researchers, patients, caregivers and policy-
makers; the availability of high-quality, up-to-date evidence
on gene therapy; established networks of HTCs and com-
prehensive care teams; ongoing education for healthcare
providers and PwH; employing a living guideline model to
keep recommendations current; a patient-centred approach
that enhances relevance and trust; and global accessibility
through the WFH website to support worldwide dissemina-
tion.

∙ Users can assess the implementation of the WFH guide-
lines by evaluating adoption rates among HTCs and clini-
cians, stakeholder knowledge and awareness through surveys,
improvements in patient safety, efficacy, and reported out-
comes, and the equity of recommendation implementation
across diverse populations and regions.

∙ The impact of guideline implementation can be assessed by
evaluating changes in clinical outcomes such as efficacy and
safety of AAV gene therapy, consistency in clinical practices
across centres, patient and caregiver satisfaction with care
delivery, incorporation of guidelines into health policies, and
the cost-effectiveness of resource utilization.

∙ The suggested frequency for measuring these factors, which
can be adjusted based on local factors and resources, includes
annual assessments for comprehensive evaluations of adop-
tion, impact and barriers; regularmonitoring to track progress
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TABLE 11 Research priorities identified according to major topic areas.

Eligibility, Screening and Suitability
Studies in expanded patient population, including women, adolescents, people over 65, people with immunosuppressive
disorders, mild hepatic impairment
Studies designed to confirm and understand the effects of corticosteroids on FVIII, FIX and ALT levels.
Studies that use alternative immunosuppressants
Studies on the efficacy of biomarkers that can help predict an individual’s response to AAV gene therapy
Real-world evidence from a population that is more representative of the haemophilia community, including race, ethnicity,
age and comorbidity status
Studies on efficacy and safety in patients with AAV antibodies at infusion
Post-Infusion
Real-world studies on long-term liver health and hepatocellular carcinoma
Real-world studies on FVIII and FIX inhibitor development following gene therapy
Efficacy Outcomes
Research studies that examine the cause(s) of the loss of factor activity over time, particularly for FVIII
Research studies that examine possible risk factors for overexpression of FVIII
Real-world studies that measure quality-of-life improvements in larger populations in comparison to treatment with
on-demand and prophylaxis regimens. These studies should use instruments that measure outcomes that are important to
patients and have known minimally important differences in total score or subscales
Real-world studies on the long-term cost-effectiveness of gene therapy in different countries

and identify challenges; and real-time feedback mechanisms
for immediate stakeholder input on guideline implementation
and impact.

∙ To facilitate implementation for an international and diverse
audience of healthcare providers, PwH, caregivers, payors and
advocates, implementation tools will be developed and posted
on the WFH guidelines hub (https://guidelines.wfh.org).
Synchronous and asynchronous educationalmaterials and in-
person and virtual educational opportunities will be made
available for all parties of interest. Language translations of
written materials will also be provided.

7.3 Areas Requiring More Research

∙ The panelists identified several areas requiringmore research,
which are summarized in Table 11.

8 Methodology

8.1 Trustworthy Consensus-Based Statement
Process

Developing treatment guidelines for emerging therapies, like
gene therapy in haemophilia, is limited by a small and evolving
evidence base, as well as a lack of real-world and long-term data.
Despite these limitations, it is still essential to provide healthcare
providers and patients with evidence-based and trusted guid-
ance to help them make well informed decisions [113]. This
requires a rigorous systematic review of the literature, along
with careful evaluation of the relevant evidence and consensus
among the panel on its interpretation [113–115]. Therefore, these

guidelines for the management of haemophilia A and B with
AAV gene therapy were developed using a dual approach that
combined a rigorous assessment of the evidence with Trustwor-
thy Consensus-Based Statement (TCBS) methodology, resulting
in unbiased, scientifically valid and trustworthy guidance that
meets international standards of guideline development [1].

In 2020, the World Federation of Hemophilia (WFH) published
the third edition of the WFH Guidelines for the Management
of Hemophilia, which also utilized a dual evidence-based and
TCBS approach. This dual approach ensures the development of
scientifically robust and trustworthy recommendations through
a transparent process that integrates systematically identified
evidence and expert clinical insights from a diverse panel of
experts [116]. The TCBS process complies with the standards
set by the Institute of Medicine/National Academy of Medicine
(IOM/NAM) [115, 117]. The WFH collaborated with EBQ Con-
sulting to develop these guidelines, ensuring they meet current
standards.

Further details on the methodology can be found in the original
manuscript [1]. The methodology for these guidelines, including
the systematic literature review, was established a priori. This
study protocol was not pre-registered. The development of this
manuscript adhered to the reporting standards outlined in the
AGREE Checklist (Appendix 4) for guidelines and the ACCORD
Checklist (Appendix 5) for consensus methods.

As new AAV gene therapy research emerges, clinical practice
standards around AAV gene therapies are established, and clin-
ical knowledge advances, the data will become more amenable
to quantitative analysis, facilitating more quantitatively driven
evidence-based updates.
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8.2 Composition and Function of the Panels

The World Federation of Hemophilia (WFH) established a
Steering Committee (SC) and a Guidelines Oversight Committee
(GOC) to oversee the guideline development process, establish
policies, select panelists and chairs, and address conflict-of-
interest management. WFH called for applications and nomina-
tions to participate in the guideline panel. The panel members
were carefully selected by the GOC tominimize relevant conflicts
of interest and represent all appropriate stakeholder perspectives,
including haematologists and other members of the healthcare
team, PwH, and caregivers. The GOC appointed co-chairs (G.P.,
E.G.) to oversee the expert panel composed of professionals
from various healthcare disciplines alongside a broad represen-
tation of patients with haemophilia (PwH) and caregivers. The
final panel included 38 individuals, reflecting a diverse range
of demographics, geographic locations, clinical specialties and
socioeconomic contexts. Meetings were conducted via videocon-
ferences. All panel members participated as volunteers and were
not remunerated for their time.

8.2.1 Conflicts of Interest

Forms were completed by all panel members prior to the start
of the guidelines process. All COIs were assessed by WFH staff,
guideline consultants and the GOC in accordance with the WFH
Policy on Conflicts of Interest for Guideline Panels (Appendix 6).
The GOC approved all panelists, and those with primary conflicts
in accordance withmanagement terms specified in theWFHCOI
policy.

Strategies for managing COIs included rules on panel composi-
tion and individual member restrictions. The composition of the
working panel required at least one chair to have no COIs, and
for most members to be free from primary COIs. These criteria
were met, with 14/38 (37%) of the panel having primary COIs,
20/38 (53%) having secondary COIs and 4/38 (11%) with no COIs.
Panelists with primary COI were excluded from drafting and
voting on recommendations in the sections of the guidelines that
were relevant to their conflicts. As a result, panelists with primary
COIs did not draft or vote on recommendations in Sections 3–5 of
the guidelines. Additionally, one member divested a conflicting
financial COI prior to starting work on the guidelines.

8.2.2 Process for Panel Workflow

The expert panel was divided into two workgroups: Workgroup 1
(chaired by E.G.) addressed all steps prior to and including gene
therapy treatments, andWorkgroup 2 (chaired by G.P.) addressed
follow-up care and management. Each workgroup was further
divided into smaller subgroups, each led by a designated panel
member who facilitated the discussion and ensured that all per-
spectives were considered. The subgroups and their designated
leads are available in Appendix 1.

Each subgroup drafted initial recommendations, which under-
wentmultiple rounds of reviewand revision by the subgroupuntil
deemed accurate and comprehensive. These recommendations
were formulated based on the evidence summaries from the

included studies, considering the benefits and harms, alongside
the collective experience and expertise of the panelists. Additional
remarks were added to each recommendation to provide clarity
and/or supplementary details. These remarks are integral com-
ponents of the recommendations and are therefore included as
part of the recommendation.

These recommendations were intentionally not graded because
of the limited availability of robust evidence in the field, which is
a result of the challenges in conducting clinical research and data
collection in rare diseases. Instead, they were clearly identified
as “CB” (consensus-based) to denote their derivation from expert
consensus. This approach was chosen to maintain transparency
in the guideline development process.

8.3 Evidence Generation and Development of
Evidence Summaries

The co-chairs and panelists formulated clinical questions,
which were structured using the populations/interventions/
comparators/outcomes (PICO) framework. This framework
served as the foundation for the search strategies employed in
our guideline development. The specific PICO questions used in
this process are detailed in Appendix 7.

A comprehensive and systematic literature search was designed,
peer-reviewed and conducted across PubMed, Embase and the
Cochrane Library from 1 January 2005 to 5 June 2023, with an
update performed on 1 May 2024 and 25 November 2024. The
detailed search strategies and limits are provided in the accompa-
nying supplement publication (Appendix 8). The initial searches
yielded a total of 3919 deduplicated studies, with an additional
918 articles identified in the second round and 233 articles in the
third round. The inclusion criteria for the literature search were
clinical trials (both randomized and non-randomized), review
articles, systematic reviews, meta-analyses and guidelines, with
no exclusions based on geography or language. Case series and
case reports were included solely to assess safety issues. Exclu-
sion criteria included letters to the editor, conference abstracts,
conference reviews, editorials and registry data.

Title and abstract screening, followed by full-text screening, were
conducted independently and in duplicate, with any discrep-
ancies resolved through discussion. The results of the search
and screening process are summarized in a PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
diagram (Appendix 9). Our systematic literature search resulted
in 71 studies that met our inclusion criteria.

Trainedmethodologists conducted data extraction independently
and in duplicate, with any discrepancies resolved through
discussion. No formal quantitative analyses were performed,
and individual study quality was critically assessed using the
Newcastle–Ottawa scale (NOS), risk of bias in non-randomized
studies of interventions (ROBINS-I), or a measurement tool
to assess systematic reviews 2 (AMSTAR 2) for studies that
reported efficacy or safety results. Data extraction results are
available in Appendix 10. Qualitative evidence summaries were
developed and used by the expert panels when developing the
recommendations (Appendix 11).
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During the initial review stage of this manuscript, Pfizer
announced they would cease further development and com-
mercialization activities for fidanacogene eleparvovec. Upon
recommendation of the reviewers, and agreement by the expert
panel, all background specific to fidanacogene eleparvovec was
removed prior to publication and all recommendations were
reviewed.

8.4 Formal Consensus Through mDelphi

Amodified Delphi (mDelphi) approachwas employed as a robust
and transparent method to achieve consensus [118, 119]. A sched-
ule of themDelphi process is provided inAppendix 12. Prior to the
mDelphi process, the entire panel convened via teleconferences
to collectively review the evidence and receive instructions on
the Delphi process. To mitigate group interaction bias, panelists
refrained from discussing drafted recommendations during these
sessions.

Up to three rounds of Delphi surveys were permitted to reach
consensus, with all panelists encouraged to express their opin-
ions and reminded of the voting instructions during each
round. A minimum response rate of 85% for each survey
round was required, with an 80% threshold of voters indicating
agreement or strong agreement necessary to achieve consensus.
The modified Delphi surveys were conducted via SurveyMonkey,
with all responses remaining anonymous except to the inde-
pendent administrator responsible for overseeing the process.
Additionally, PwH who did not feel comfortable voting on
recommendations outside their expertise were allowed to abstain
by voting neutral and indicating ‘No experience in this area’ in the
comments section, ensuring their neutral vote was not included
in the denominator during vote tabulation.

Recommendations that did not reach consensus or required
significant changes based on the respondent comments were
modified based on the feedback to enhance clarity. Recommenda-
tions achieving consensus and not requiring changes in the first
round were not revoted in the subsequent rounds.

Consensus was achieved after two rounds of voting, and no
recommendations failed to achieve consensus. After internal
manuscript review, the expert panel identified two recommenda-
tions that required modification; these were sent back for a third
round of mDelphi voting. After the formal peer-review process,
16 recommendations required an additional round of Delphi. The
GOC did not influence recommendations made by the panel and
did not engage in the mDelphi voting. Participation rates are
provided in Appendix 12. Survey tallies of the consensus of each
recommendation are available upon request.

8.5 Manuscript Development and Review

The final manuscript underwent a comprehensive review process
involving panelists, chairs, WFH staff, consultants and external
reviewers. Additionally, the guideline was submitted to multi-
ple organizations for their review and potential endorsement.
To maintain the integrity of the TCBS process, any suggested
changes to recommendations were sent back to the guidelines

panel for discussion, and if necessary and in the case of two
recommendations, for a third round of mDelphi voting.

8.6 Future Methods: The Living Guidelines
Model

The traditional approach to guideline development can be time-
consuming and sporadic. The WFH first created its clinical
practice guidelines in 2005 [120], updated them in 2013 [121],
and again in 2020 [1]. The guidelines often take several years
to complete, and coupled with the sporadic publication, can
result in recommendations that are out of date before they are
published and remain out of date for years. Living guidelines
begin with a living systematic review that is continually updated
to incorporate the relevant new evidence. The Living Guidelines
Model (LGM) uses standard methods for systematic literature
review, but with an increased frequency for the search and
synthesis [122, 123]. Guidelines panels then meet to discuss the
new evidence andwhether itmerits a change to any of the existing
recommendations. Living guidelines have been adopted across a
range of therapeutic areas, including common diseases like stroke
[124] and rare diseases like rheumatoid arthritis [125] and stage IV
non–small cell lung cancer [126].

This guideline will be updated following the Living Guidelines
Model because it fits the following criteria: (1) the recommenda-
tions are a priority for decision-making; (2) the recommendations
are likely to change as new evidence, practices or interventions
emerge; and (3) the research evidence base is evolving [122,
123, 127]. Criteria that trigger a systematic literature review
and updated recommendations will be defined in a future
methodology publication on the WFH LGM. Briefly, in the
event of new evidence identified through informal literature
review or regularly scheduled systematic literature reviews, the
applicable panel will meet to discuss the evidence and whether
recommendations should be updated. In the event of a safety
issue, the systematic literature review and update timeline will
be moved up and expedited. Updates will be announced in
Haemophilia if existing evidence warrants a new recommenda-
tion or change in an existing recommendation based on specific
criteria. Oversight of the living guidelines will be managed
by the WFH Guidelines Steering Committee, GOC, panel co-
chairs, WFH staff and guideline methodology consultants tasked
with continuous literature monitoring, existing recommendation
review, new topic consideration, prioritization and coordination
with the guideline panel.

PUBLIC COMMENT: Public comments on all WFH guidelines
will be solicited on the WFH Guidelines Resource Hub, allowing
stakeholders to provide feedback. To ensure transparency, the
WFHwill publish all comments on theWFHGuidelinesResource
Hub and will respond to comments publicly.

9 Author Contributions, Acknowledgements,
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9.1.1 Panelists Main Authors

∙ Emna Gouider and Glenn F. Pierce served as co-chairs for
the overall guidelines project. They made substantial con-
tributions to the conception, organization of the panel and
subgroups, and methodology.

∙ Other expert panelists who are included as authors con-
tributed to writing and reviewing the manuscript and voted
in the mDelphi process:
◦ Marlene Beijlevelt, Rose Bender, Manuel Carcao, Amy
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Lewandowska, Johnny Mahlangu, Wolfgang Miesbach,
Brian O’Mahony, Margareth C. Ozelo, Steven Pipe, Ulrike
M. Reiss and Amy K. Wilson.

◦ All other panelists are included as authors and listed as a
part of the Guidelines Expert Panel (Appendix 1).
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∙ The following authors served as consultants or staff and did
not vote in the Delphi Process:
◦ Donna Coffin provided overall management of the guide-

line development.
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