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Gene transfer in hemophilia B: a big step forward
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The phase 3 open-label study of gene transfer in hemophilia
B using the vector AAVS-etranacogene dezaparvovec (HOPE-B
trial) has recently reported the results in 54 men affected by he-
mophilia B (factor IX activity <2 TU/dL).! Etranacogene deza-
parvovec (previously identified as AMT-061) is derived from a
previous AMT-060 vector that consists of an adeno-associated
virus 5 vector incorporating a small gene cassette containing
codon-optimized wild-type human FIX coding sequence under
the control of a liver-specific promoter (LP1).2 AMT-060 induced
sustained FIX levels in the range of 5-10 IU/dL up to 5 years in
9/10 patients with severe or moderately severe hemophilia B.3
Etranacogene dezaparvopvec has the identical AMT-060 design
except for a two- nucleotide substitution in the FIX coding se-
quence resulting in a single amino acid change (R338L) in the
catalytic domain. This change reproduces the highly active FIX-
Padua variant, a natural occurring FIX variant associated with
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very high levels of FIX and inherited thrombophilia.* The FIX-
Padua protein demonstrates a 6- to 8-fold increase in FIX activity
compared to wild type FIX* and a preliminary clinical trial
showed FIX levels achieved post-gene transfer in the range of
mild hemophilia or at near-lower normal level after one year of
follow-up.?

After a lead-in period (=6 months) of usual FIX prophylaxis,
participants in the HOPE-B study were treated with a single infu-
sion of etranacogene dezaparvovec (2x10" gc/kg) and followed-
up for 18 months. In total, 53 participants completed the follow-up
period. One participant discontinued treatment after receiving a
partial dose of ~10% following an event of hypersensitivity.
Etranacogene dezaparvovec significantly increased FLX activity,
with a mean of 36.2 IU/dL, 38.8 IU/dL and 34.3 IU/dL at 6-, 12-
and 18-months post- treatment, respectively.! Mean annualized
bleeding rate (ABR) decreased from 4.19 (95%CI: 3.22, 5.45)
during the lead-in period to 1.51 (95%CI: 0.81, 2.82) during
months 7-18 post-treatment. The mean ABR decreased from 1.52
(95%CI: 1.01, 2.30) during the lead-in period to 0.44 (95%CI:
0.17, 1.12) during months 7-18. Overall, 63% of participants had
zero bleeding episodes post-treatment, compared with 26% of par-
ticipants during lead-in. Following treatment with etranacogene
dezaparvovec, FIX concentrate prophylaxis was discontinued in
96% (52/54) of participants from day 21 through to month 18.

Notably, transaminitis requiring corticosteroid treatment was
observed in about 20% of patients only, a figure by far lower than
that observed in a recent gene therapy trial for hemophilia A.¢ Fur-
thermore, successful transgene expression was achieved despite
the presence of anti-AAVS antibodies (up to a titer of 1:700); one
participant with a very high AAVS NADs titer (1:3212) did not
express FIX Padua and remained on FIX prophylaxis.!

These results represent an outstanding, big step forward for
effective gene transfer in hemophilia B. Early AAV-mediated gene
therapy trials focused on hemophilia B in part because the FIX
cDNA is relatively small (1.5 kb), its expression pathway is sig-
nificantly less complex than that of FVIII and hepatocytes are the
natural site of FIX synthesis. The history of gene therapy for he-
mophilia began indeed with the first trial published in 2011 in 10
hemophilia B subjects who received a single intravenous infusion
of self-complementary AAV2/8-LP1-hFIXco at a dose of 2x10"
vg/kg, 6x10" vg/kg, or 2x10'" vg/kg.” Long-term FIX expression
at 1 [U/dL to 8 IU/dL of normal FIX activity was established in
all 10 subjects and levels have remained stable over 10 years of
follow-up, with a significant reduction in the annual FIX concen-
trate usage and frequency of spontaneous bleeding.?

An important aspect of gene therapy, together with long-term
safety, is represented by the durability of transgene expression in
individual patients. In clinical trials, no decline of F’ZX expression
has been observed in adult patients with hemophilia B up to 8-
years post-administration.® AMT-060 has demonstrated stability
and durability for up to 5-years post-administration and etranaco-
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gene dezaparvovec has demonstrated stability and durability for
up to 3-years post-administration.’ This pattern contrasts with the
decline of FVIII over the first 2-5 years post-administration after
gene therapy with valoctocogene roxaparvovec.'” Whatever the
reason for this discrepancy, it should be kept in mind the possi-
bility of a harmful endoplasmic reticulum stress response caused
by overexpression of FVIII transgene which, at variance with FIX,
is not naturally synthesized in hepatocytes, but rather in endothe-
lial cells."

The safety profile of etranacogene dezaparvovec was compa-
rable in patients with and without pre-existing AAV5 Nabs.! A se-
rious adverse event of hepatocellular carcinoma (HCC) occurred
in a participant in HOPE-B trial with multiple independent risk
factors. An independent molecular tumor characterization and
vector integration analysis established that the HCC event was
unrelated to treatment.!? Integration analysis measured a low level
of integration (0.027%) in both tumor and control liver tissue sam-
ple.? The data from the original study by Nathwani ef al. and
those from AMT- 060 study however did not report long-term
safety issues,?’ but clearly accurate long-term follow-up is manda-
tory to record any safety issue potentially related to gene therapy.

So, what will the role of gene therapy in hemophilia B be with
the present therapeutic options? Traditional treatment options for
hemophilia B take now huge advantage of the significant prolon-
gation of FIX half-life achieved with extended half-life concen-
trates which allow for infusion administered every 7-14 days or
even 21 days." Thus, the option of gene transfer must be weighted
considering the efficacy and safety of the traditional therapy, the
fact that gene therapy is available for persons aged >18 years only
and patient’s expectations.

With the recent approval of etranacogene dezaparvovec
(Hemgenix®) in US in November 2022 and in EU in February
2023,'*15 the affordability of AAV gene therapy becomes an urgent
issue that should be managed accurately by the regulatory author-
ities together with the pharmaceutical companies. Payment mod-
els for this high-cost one-time therapy should be developed with
possible repayment schemes, which should also include the costs
of intense follow-up.'® Hemgenix® has been priced with the high-
est, unprecedented cost for a drug which could result in impeding
patient access and strain health care budget. However, successful
gene therapy for hemophilia B could offer the potential advantage
of continuous endogenous expression of clotting factor, therefore
eliminating breakthrough and sub-clinical bleeding, thus reducing
the need for frequent medical interventions, improving quality of
life and preventing long-term disability. Thus, gene therapy has
the potential to yield significant savings for the health care system
and society in general but may still prove to be unaffordable for
patients living in developing or emerging economies.

Gene therapy is a complex and costly treatment process, and
it will likely first be offered at comprehensive care centers with
facilities available and significant expertise in the management
of patients with hemophilia. A recent joint publication from the
European Association for Haemophilia and Allied Disorders and
the European Haemophilia Consortium suggested that a modi-
fied hub-and- spoke model, incorporating a long-term safety and
efficacy surveillance system, should be introduced to ensure ap-
propriate prescription, administration and monitoring of gene
therapy results.'”1®

An active engagement of patients will be very important and
can be obtained through an adequate explanation and support

given to the patient. Patient association groups can play an im-
portant role in this aspect. An adequate laboratory surveillance
needs to be available at all stages pre- and post-procedure and a
structured follow-up must be provided to all patients, particularly
in the first year after gene therapy. All in all, however, gene ther-
apy for hemophilia appears to have taken a path of no return.
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