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Two decades of basic research and several recent clinical
trials have turned the long-awaited hope of gene therapy
for haemophilia into a reality [1–3]. The principle is to
endow liver cells with the ability to produce clotting factor VIII (FVIII) or IX (FIX), whose genetically induced
defect in synthesis characterises haemophilia A and B
respectively. The aim is to induce sufficient endogenous
production of these clotting factors in the long term,
thereby ensuring that no haemorrhages occur, particularly in the joints. For persons with haemophilia, the
main expected benefit is the release of the treatment constraint. The latter consists of regular, burdensome intravenous injections of FVIII or FIX concentrates or subcutaneous administrations of agents that mimic the action
of FVIII or modify the balance of blood coagulation [4].
The technology uses adeno-associated viral (AAV)
vectors with a hepatic tropism. After a single intravenous administration, these vectors transport the FVIII
and FIX genes to the liver. After internalisation by the
hepatocytes, these genes, which do not integrate into the
genome, are transcribed into FVIII and FIX molecules
and released into the bloodstream [1].
The approach is very attractive but not without obstacles and challenges. The first is the presence in many gene
therapy candidates of neutralising antibodies directed
against the capsid of viral vectors resulting from previous
exposure to these almost ubiquitous viruses. The second
is the occurrence of an immune reaction directed against
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the transfected hepatocytes, which may result in the loss
of the latter. Strict biological monitoring of liver integrity
is essential during treatment, as is the rapid introduction of immunosuppressive therapy to control rejection
reactions.
Despite these difficulties, gene therapy for haemophilia
is now possible as demonstrated by the results of several
ongoing or completed clinical trials [5–7]. These trials
show that after gene therapy, people with haemophilia
can achieve normal levels of FVIII or FIX, no longer
develop bleeding complications and not require replacement therapy.
Behind these exciting results, however, lie other realities of gene therapy. The production of FVIII or FIX
among treated people is highly variable and unpredictable, rarely absent and sometimes supranormal. Most
patients require immunosuppressive treatment, which
can be complex and prolonged and is not without side
effects. Factor production seems to decrease over time,
at least for FVIII, so that it is difficult to predict how long
the effect of the treatment will last.
Gene therapy for haemophilia is therefore as attractive
as it is confusing, as exciting as it is worrying. In this context, it is critical to take into account the expectations of
persons with haemophilia who are potential candidates
for gene therapy. Some studies have recently explored
this through interviews [8, 9]. Other studies have tried to
optimize communication of gene therapy [10] or determine which factors promote or hinder the adoption of
gene therapy and guide the selection of candidates [11].
In addition to the current classic exclusion criteria such
as, among others, age, the presence of comorbidities
and active liver diseases, many other factors could be
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involved, often subjective and personal, which prevent
many patients from considering gene therapy.
In addition to the objective clinical and biological
results of recent clinical trials, the experiences of patients
treated with gene therapy should be surveyed and shared
with the community. This is the merit of this article
reporting the results of the Exigency Study conducted
by Simon Fletcher and colleagues. In this original study,
16 patients (11 HA and 5 HB) who took part in clinical
trials from the UK, 10 accompanied by a family member,
provide valuable information of their experience of gene
therapy [12].
Many patients, especially those who participated in
the Phase 1 studies, explained that altruism and concern
for helping future generations motivated them. For others, the main reason was the possibility of a cure for their
haemophilia. Thirteen patients required immunosuppressive (IS) treatment. Ten of them report IS being the
worst part of their experience with gene therapy. Many
reported the strong pressure from health professionals to continue IS treatment even in the presence of side
effects. The loss of control and individuality required by
the study protocols, including biological monitoring and
the need for IS, are other important observations. Several participants mentioned that their mental health and
psychological difficulties were not sufficiently taken into
account. Despite these constraints, this study confirms
that gene therapy is perceived and experienced as a real
liberation by most patients.
Some weaknesses and limitations of this study cannot
be denied. The study population was limited but it represents 50% of those with hemophilia in UK who have
had gene therapy and is currently a larger cohort than
any other yet published. Other potential limitations are
a selection bias of participants and the assumption that
some experiences and opinions might not have been
explored. The rigorous methodology and approach of
the study very likely contributed to capture reliably most
of the current knowledge, expectations and experiences
among patients treated with gene therapy. The study was
conducted in a developed country providing excellent
access to haemophilia treatment and care. The issues and
concerns raised may likely differ from those of low- and
middle-income countries.
These limitations cannot obscure the merits of the
study in having surveyed by independent interviewers
unconnected with haemophilia centres and pharmaceutical companies the experience and background of a relevant number of patients treated with gene therapy and
their family members.
This study underlines the importance of education
and transparent information to candidates for gene
therapy and their families about the modalities of this
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revolutionary treatment, its constraints and uncertainties
[13]. The same applies to the challenges of immunosuppression, which are often poorly accepted and tolerated
as well as the need for psychological support.
These steps are the responsibility of all partners
involved in haemophilia gene therapy, whether they are
health professionals, patient associations or pharmaceutical partners. Beyond biological (FVIII or FIX levels after
gene therapy) and clinical (number of bleeds) results, it is
important to be able to share with potential future candidates high-quality real-life data reflecting the personal
experiences and perceptions of patients already treated.
This article, whose content can be easily understood even
by non-specialists and patients, should contribute to this
objective and motivate other comparable initiatives in the
future when gene therapy will be accessible outside clinical trials.
Funding
No funding to declare.

Declarations
Competing interests
CH has provided consultancy or received invitations to give lectures from
Pfizer, Bayer, Roche, CSL Behring, Biomarin, Uniqure, Spark Therapeutics,
Freeline Therapeutics.

References
1. Batty P, Lillicrap D. Hemophilia gene therapy: approaching the first
licensed product. Hemasphere. 2021;5(3):e540.
2. Leebeek FWG, Miesbach W. Gene therapy for hemophilia: a
review on clinical benefit, limitations, and remaining issues. Blood.
2021;138(11):923–31.
3. George LA. Hemophilia gene therapy: ushering in a new treatment paradigm? Hematol Am Soc Hematol Educ Program. 2021;2021(1):226–33.
4. Mannucci PM. Hemophilia therapy: the future has begun. Haematologica.
2020;105(3):545–53.
5. Miesbach W, Meijer K, Coppens M, Kampmann P, Klamroth R, Schutgens
R, et al. Gene therapy with adeno-associated virus vector 5-human factor
IX in adults with hemophilia B. Blood. 2018;131(9):1022–31.
6. Pasi KJ, Rangarajan S, Mitchell N, Lester W, Symington E, Madan B, et al.
Multiyear follow-up of AAV5-hFVIII-SQ gene therapy for hemophilia A. N
Engl J Med. 2020;382(1):29–40.
7. George LA, Monahan PE, Eyster ME, Sullivan SK, Ragni MV, Croteau SE,
et al. Multiyear factor VIII expression after AAV gene transfer for hemophilia A. N Engl J Med. 2021;385(21):1961–73.
8. van Overbeeke E, Hauber B, Michelsen S, Peerlinck K, Lambert C, Hermans
C, et al. Patient preferences for gene therapy in haemophilia: Results from
the PAVING threshold technique survey. Haemophilia. 2021;27(6):957–66.
9. van Overbeeke E, Michelsen S, Hauber B, Peerlinck K, Hermans C, Lambert
C, et al. Patient perspectives regarding gene therapy in haemophilia:
interviews from the PAVING study. Haemophilia. 2021;27(1):129–36.
10. Hart DP, Branchford BR, Hendry S, Ledniczky R, Sidonio RF Jr, Negrier C,
et al. Optimizing language for effective communication of gene therapy
concepts with hemophilia patients: a qualitative study. Orphanet J Rare
Dis. 2021;16(1):189.

Hermans Orphanet Journal of Rare Diseases

(2022) 17:154

Page 3 of 3

11. Krumb E, Lambert C, Hermans C. Patient selection for hemophilia gene
therapy: real-life data from a single center. Res Pract Thromb Haemost.
2021;5(3):390–4.
12. Fletcher S, Jenner K, Pembroke L, Holland M, Khair K. The experiences of
people with haemophilia and their families of gene therapy in a clinical
trial setting: regaining control, the Exigency study. Orphanet J. Rare Dis.
2022.
13. Sidonio RF Jr, Pipe SW, Callaghan MU, Valentino LA, Monahan PE, Croteau
SE. Discussing investigational AAV gene therapy with hemophilia
patients: a guide. Blood Rev. 2021;47:100759.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

