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ABSTRACT

Introduction: A prospective, non-interventional
study (270-902) followed 294 adults with severe
hemophilia A (SHA) receiving prophylactic fac-
tor VIII (FVIII). From these participants, 112
rolled over into a single-arm, multicenter,
phase 3 trial (GENEr8-1; NCT03370913) that

Prior presentation: An abstract reporting some of the
data presented in this manuscript was presented as an
oral presentation (OC 21.5) at the International Society
of Thrombosis and Haemostasis congress on July 9-13,
2022, in London, UK.
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evaluated efficacy and safety of valoctocogene
roxaparvovec, a gene therapy that provides
endogenous FVIII in individuals with SHA. Par-
ticipants from 270-902 who did not roll over
provide an opportunity for a contemporaneous
external control. Therefore, the comparative
effectiveness of valoctocogene roxaparvovec vs
FVIII prophylaxis was evaluated using propensity
scoring (PS).

Methods: This post hoc analysis compared 112
participants from GENEr8-1 (treated cohort) to
73 participants in 270-902 who did not enroll in
GENEr8-1 (control cohort). The primary analysis
used standardized mortality ratio weighting to
re-weight baseline characteristics of the control
cohort to better match the treated cohort. Mean
annualized bleeding rates (ABR) for treated and
all bleeds were compared between cohorts along
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with the proportion of participants with zero
bleeds (treated and all bleeds). Sensitivity and
scenario analyses were also conducted.

Results: PS adjustments reduced differences in
baseline characteristics between cohorts. Mean
treated (4.40 vs 0.85; P < 0.001) and all (5.01 vs
1.54; P < 0.001) ABR were significantly lower,
and the proportions of participants with zero
treated bleeds (82.1% vs 32.9%; P < 0.001) and
all bleeds (58.0% vs 28.5%; P < 0.001) were
significantly higher in GENE18-1.

Conclusions: PS-adjusted analyses were consis-
tent with prior intra-individual comparisons.
Compared with participants receiving prophy-
lactic FVIII, the participants receiving valoc-
tocogene roxaparvovec experienced lower ABR,
and a higher proportion had zero bleeds.

Trail Registration: ClinicalTrials.gov identifier,
NCTO03370913.

PLAIN LANGUAGE SUMMARY

Hemophilia A is a bleeding disorder where blood
is unable to clot properly because of a missing
protein called factor VIII (FVIII). Individuals with
hemophilia A have an increased risk of prolonged
bleeding episodes that can be deadly. To prevent
bleeding, people with severe hemophilia A need
to routinely inject treatment into the skin or vein
(prophylaxis). While effective, some people find
the time and effort needed to maintain frequent
injections difficult, since some forms of the pro-
phylaxis must be administered in a hospital set-
ting. Valoctocogene roxaparvovec is a gene
therapy where a single injection provides
instructions to the liver of individuals with
hemophilia A to make the missing protein (FVIII).
Then, their own liver cells can produce FVIII
protein and prevent bleeding episodes. The val-
octocogene roxaparvovec clinical trial compared
the number of treated bleeding episodes partici-
pants had prior to gene therapy, while using
prophylaxis, with the number of treated bleeding
episodes after gene therapy. On average, after
gene therapy, participants had 4.1 fewer treated
bleeding episodes per year. In this study, mathe-
matical models were used to explore how differ-
ences in participant’s physical characteristics,

such as body weight or medical history, might
influence the effectiveness of gene therapy. Even
when considering differences in the participants’
physical characteristics, the gene therapy reduced
treated bleeding episodes by 3.6 events per year.
This study confirms results originally presented
from the valoctocogene roxaparvovec clinical
trial and reinforces confidence in the ability of
valoctocogene roxaparvovec to reduce bleeding
outcomes for participants with hemophilia A.

Gene
scores;

Keywords: Clinical trial; Factor VIII;
therapy;, Hemophilia A; Propensity
Valoctocogene roxaparvovec

Key Summary Points

Why carry out this study?

Valoctocogene roxaparvovec provides
endogenous factor VIII (FVIII) production
for individuals with severe hemophilia A
and was evaluated in the GENEr8-1 trial
using intra-individual comparisons.

Here, we use propensity scoring to
compare, post hoc, GENEr8-1 outcomes
with an external control (individuals from
the 270-902 study who did not enroll in
the trial).

What was learned from the study?

Valoctocogene roxaparvovec was
associated with lower bleed rates and
higher proportion of patients without
bleeds compared with FVIII prophylaxis.

The results were consistent across multiple
sensitivity and scenario analyses and
confirmed the original results reported
from the GENEr8-1 trial.

This study suggests that the valoctocogene
roxaparvovec-mediated benefit observed
in the GENEr8-1 trial is not an artifact of
the intra-individual comparisons of the
study design or biased by observable
differences in the study population.
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INTRODUCTION

Hemophilia A (HA), a rare X-linked recessive
bleeding disorder caused by a deficiency of
coagulation factor VIII (FVIII) protein [1],
affects approximately 17.1 per 100,000 male
individuals worldwide [2]. Standard of care
(SOC) for individuals with severe HA
(FVII < 1 IU/dL or < 1% of “normal”) is regular
prophylaxis with exogenous FVIII or bispecific
monoclonal antibodies that mimic the function
of FVIII [1]. A multinational, prospective, non-
interventional study (270-902) described bleed-
ing outcomes in a global cohort of 294 partici-
pants with severe HA receiving FVIII
prophylaxis over an extended period, including
6 months of retrospective data and at least
6 months of prospective follow-up. Participants
reported all bleeding events, and impaired
physical functioning was observed [3].

Valoctocogene roxaparvovec is a gene ther-
apy that wuses an adeno-associated virus
serotype 5 (AAVS) vector to transfer a B-do-
main-deleted human FVIIl-coding sequence
under the regulatory control of a liver-selective
promoter. The goal of this gene therapy is to
establish endogenous production of FVIII pro-
tein from hepatocytes [4, 5]. Results are repor-
ted for two clinical trials that evaluated the
safety and efficacy of valoctocogene roxa-
parvovec in adult men with severe HA and
without FVIII inhibitors or AAVS antibodies. A
phase 1/2, single-arm, open-label, dose-escala-
tion study (NCT02576795; 270-201) treated 15
participants with severe HA with a single intra-
venous (IV) infusion of valoctocogene roxa-
parvovec at varying dosage levels [S]. A phase 3,
single-arm, open-label study (NCT03370913;
GENEr8-1) treated 134 participants with severe
HA with a single IV infusion of 6 x 10'* vector
genomes of valoctocogene roxaparvovec per
kilogram of body weight [4]. Valoctocogene
roxaparvovec gene therapy yielded endogenous
FVIII production and, relative to FVIII prophy-
laxis, reduced bleeding and FVIII use signifi-
cantly [4].

The intra-individual design of the clinical
trials, with rollover of participants from 270-902
to GENEr8-1, controls for confounding by

utilizing a participant (and their associated dis-
ease history) as their own control. Although the
intra-individual comparison is efficient in con-
trolling for confounding, randomized con-
trolled trials are considered the gold standard
for evaluating the efficacy of alternative thera-
pies and for avoiding issues of temporality.
However, conducting randomized trials in rare
diseases presents challenges: principally, that
the small number of eligible participants
impedes the conduct and interpretation of a
randomized controlled trial [6]. However,
owing to the design of the development pro-
gram for valoctocogene roxaparvovec, there
exists a unique opportunity to utilize the
270-902 study population as an external control
and to then use propensity scoring to account
for differences in observable participant char-
acteristics. Accordingly, this study addresses an
important limitation of the intra-individual
comparison previously reported for GENEr8-1
by evaluating the potential for differences in
observable demographic and clinical character-
istics between the non-rollover and rollover
populations to influence outcomes related to
annualized bleeding rate (ABR) and the pro-
portion of participants with bleeding events.

METHODS

Study Design

For the analysis, a cohort was identified in the
270-902 population who completed at least
6 months of prospective follow-up with SOC
FVIII prophylaxis and met inclusion criteria for
GENEr8-1 but who also did not enroll in
GENEr8-1. This cohort was used as an external
comparator group for the rollover cohort in
GENE8-1 (n=112). Propensity scoring was
used to account for differences in observable
baseline demographics and clinical characteris-
tics between the cohorts, thereby minimizing
bias for the comparison of bleeding outcomes
between the cohorts. A summary of the study
designs and workflow can be found in Supple-
mentary Fig. S1.

The primary objective was to compare the
control cohort (270-902) with the treated
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cohort (GENE18-1) regarding mean treated and
all bleed ABR and the proportion of participants
with zero treated and all bleeding events. The
treated and all bleed ABR were calculated on the
basis of the number of bleeding events captured
from the start of the efficacy evaluation period
through 52 weeks post-valoctocogene roxa-
parvovec infusion and are annualized metrics
for the number of bleeding events multiplied by
365.25. The percentage of participants with
bleeding events was calculated over the same
time horizon by taking the number of partici-
pants in the intervention cohort with zero
bleeds or zero treated bleeds divided by the total
number of participants in the intervention
cohort. The primary analysis population of
interest used for the comparative effectiveness
analysis was the treated cohort of rollover par-
ticipants from GENEr8-1 (n = 112). This cohort
included participants who were enrolled in
270-902 for at least 6 months prior to enrolling
in GENEr8-1. The control cohort included par-
ticipants who, on the basis of their clinical
characteristics, were eligible for enrollment in
GENEr8-1 but elected not to enroll; none were
missing data for key variables used in generating
the propensity scores (n=73). The primary
analysis then used standardized mortality ratio
weighting (SMRW) to re-weight the baseline
characteristics of the control cohort in order to
better match the treated cohort.

This manuscript provides a post hoc analysis
of previously conducted studies and does not
include the addition of new studies with human
participants or animal subjects. As previously
reported, the protocols for 270-902 and
GENEr8-1 were approved by the institutional
review boards or independent ethics commit-
tees of all participating sites, and all participants
provided written informed consent [3, 4]. Both
trials were performed in accordance with the
ethical principles set forth by the Declaration of
Helsinki.

Study Population and Data Sources

The study designs, characteristics, and inclusion
and exclusion criteria were previously described
for 270-902 [3] and GENEr8-1 [4], and

Supplementary Table S1 provides an overview
of each study. Briefly, 270-902 was a prospec-
tive, non-interventional, multicenter study of
294 participants, including men at least 18 years
old with severe HA, receiving SOC FVIII pro-
phylaxis for at least 6 months prior to enroll-
ment, 225 of whom were prospectively followed
for at least 6 months in the 270-902 study [3].
For the study period, ABR, FVIII utilization, and
FVIII infusion rates were calculated. After at
least 6 months of prospective follow-up in the
study, participants could be screened for eligi-
bility and entry into GENEt8-1 [3].

GENEr8-1 was a phase 3, single-arm, open-
label study of 134 participants, 112 of whom
rolled over from the prospective non-interven-
tional 270-902 study [4]. All participants were
men at least 18 years old, previously on FVIII
prophylaxis, negative for FVIII inhibitors, and
negative for AAVS antibodies. FVIII prophylaxis
was continued through 4 weeks post-infusion
and thereafter could be used if required, per the
study protocol. The intention-to-treat (ITT)
population included the 134 participants who
received valoctocogene roxaparvovec. The
modified ITT (mITT) population included the
132 participants who were human immunode-
ficiency virus (HIV) negative [4].

All participants from the 270-902 and
GENEr8-1 studies were considered for the pre-
sent analysis, except for those participants from
270-902 who did not meet the GENErS8-1
inclusion criteria. This included participants
who were HIV positive, had less than 6 months
of prospective follow-up at the end of the study,
and participants who were AAVS antibody
positive. Participants with AAVS antibodies
were excluded over concerns that their pre-ex-
isting immunity to AAVS could interfere with
the efficacy of the gene therapy [3]. No partici-
pants in either study received emicizumab.

Statistical Analysis

Propensity scores were calculated using a logis-
tic regression model and, in this analysis, rep-
resent the probability of a participant being
treated by valoctocogene roxaparvovec, given
their baseline demographics and clinical
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characteristics. Treated and all bleed ABR were
calculated from the efficacy evaluation period
of week 5, or 3 days after the end of routine
FVIII prophylaxis, whichever was later, to
week 52 (249-336 days; referred to as the effi-
cacy evaluation period hereafter) for the treated
cohort and at maximum follow-up for the
control cohort (171-427 days). Additionally,
the proportions of participants with zero treated
and all bleeding events were calculated during
the efficacy evaluation period for the treated
cohort and at maximum follow-up for the
control cohort. The absolute differences in the
mean treated and all bleed ABR were then
compared between the treated and control
cohorts using two-sided, two-sample t tests. The
absolute differences in the proportions of par-
ticipants with zero treated and all bleeding
events were compared between the treated and
control cohorts using chi-squared tests.

To calculate the propensity scores, the fol-
lowing baseline demographics and clinical
characteristics were considered: age (years),
weight (kg), height (m), body mass index (kg/
m?), ethnicity, hepatitis C virus (Y/N), hepati-
tis B virus (Y/N), geographic location, number
of problem joints, baseline treated ABR, baseline
FVIII utilization (IU/kg/year), baseline number
of FVIII infusions (number/year), and FVIII
concentrate type at baseline (standard half-life
[SHL], extended half-life [EHL], both SHL and
EHL, or plasma derived). Candidate variables for
inclusion in the propensity score were based on
the statistical relationship with bleeding out-
comes (via stepwise regression) and input from
the study team and external clinical experts. In
order to statistically assess the similarity of
groups, the standardized mean difference (SMD)
was calculated. SMDs with a value greater than
0.1 indicate an imbalance between groups [7],
and these values are presented alongside P val-
ues, where a value less than 0.1 is also generally
recognized as an imbalance between groups [8].
The SMDs and P values were calculated before
and after weighting to investigate any differ-
ences remaining after adjustment.

Statistical analyses were performed using the
statistical software R, version 4.0.3 (R Core
Team, 2020), with the “Matchlt” package, ver-
sion 4.1.0, and “survey” package, version 4.0.

Sensitivity and Scenario Analyses

Sensitivity and scenario analyses were per-
formed to evaluate the robustness of the find-
ings based on the propensity score adjustment
methodology, selection bias based on the con-
trol cohort utilized, the time horizon over
which bleeding event data were captured, and
the impact of using alternative baseline data or
modeling methodology to develop the propen-
sity scores.

Sensitivity analysis1 used an alternative
propensity score matching (PSM) methodology
to implement a matching ratio of 1:1, with
replacement for the control and treated cohorts
assessed in the primary analysis using the same
covariates. Sensitivity analysis 2 used the same
PSM methodology but without replacement for
the control and treated cohorts assessed in the
primary analysis with the same covariates used
for SMRW. Sensitivity analysis 3 used inverse
probability treatment weighting (IPTW) to re-
weight both the control and treated cohorts
assessed in the primary analysis with the same
covariates used for SMRW. Sensitivity analysis 4
assessed temporality through the use of alter-
native baseline data from the prospective com-
ponent of 270-902 that was used to develop the
propensity scores for the treated cohort, as
opposed to baseline data from the retrospective
report.

Scenario analyses evaluate the impact of
selection bias through the application of pri-
mary or sensitivity analysis methodologies to
alternative populations. Scenario analysis 1
used the GENEr8-1 mITT population for the
treated cohort, with the same SMRW method-
ology. Scenario analysis2 used the 270-902
non-rollover population for the control cohort,
with the same SMRW methodology. Scenario
analysis 3 used all of the 270-902 completed
participants for the control cohort, with the
same SMRW methodology. Scenario analysis 4
used the GENEr8-1 mlITT population for the
treated cohort and the 270-902 AAVS5-negative
population for the control cohort, with PSM
and a matching ratio up to 1:2. Summaries of
the primary analysis, sensitivity analyses, and
scenario analyses for propensity scores with
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changes to the base case are provided in Sup-
plementary Table S2.

RESULTS

The unadjusted and SMRW-adjusted baseline
participant demographics and clinical charac-
teristics, along with SMDs to reflect any
remaining imbalances between groups, are
summarized in Table 1. The distribution of
propensity scores before matching for the
probability of receiving treatment between the
control and treated cohort demonstrated con-
siderable overlap and ensured the analysis was
teasible (Fig. 1a).

Compared with the control cohort, partici-
pants who received valoctocogene roxa-
parvovec were significantly more likely to have
no treated bleeds (treated ABR [standard devia-
tion (SD)], 4.40 [6.14] vs 0.85 [3.59]; P < 0.001)
and a reduction in all bleeds (all ABR [SD], 5.01
[6.60] vs 1.54 [3.82]; P < 0.001; Fig. 1b, o).
Compared with the control cohort, a signifi-
cantly higher proportion of participants who
received valoctocogene roxaparvovec also had
zero treated bleeds (32.9% [95% confidence
interval (CI), 21.8-45.5%] vs 82.1% [95% CI,
74.2-88.6%]; P < 0.001) and zero all bleeds
(28.5% [95% CI, 17.9-41.0%)] vs 58.0% [95% (I,
48.6-67.1%]; P < 0.001; Fig. 2a, b).

The goal of sensitivity analyses 1 to 3 was to
characterize the influence of the propensity
score adjustment methodology on the results by
utilizing the same populations and variables as
the primary analysis but utilize alternative
methodologies. Sensitivity analysis 1 used PSM
with a matching ratio of 1:1 with replacement,
sensitivity analysis 2 used PSM with a matching
ratio of 1:1 but without replacement, and sen-
sitivity analysis 3 used IPTW; the results were
consistent regardless of the propensity score
methodology used. Finally, the prior sensitivity
analyses and the primary analysis used retro-
spectively collected ABR data, which introduce
a potential bias regarding temporality. There-
fore, in sensitivity analysis 4, consistency was
ensured in temporality using prospectively
captured data, and the results still confirmed
the primary analysis. The results of the

sensitivity analyses are summarized in Supple-
mentary Table S3. Additionally, multiple sce-
nario analyses summarized in Supplementary
Table S4 demonstrate that the results of the
primary analysis are broadly applicable using
alternative study populations to generate the
propensity scores.

DISCUSSION

Before weighting, the baseline demographic
and clinical characteristics of the control and
treated cohorts were reasonably similar. While
this similarity improved once propensity score
weighting was performed (as shown by the
SMDs and Pvalues), some variations did
remain. For example, there was a small but
statistically non-significant imbalance in base-
line ABR between the control and treated
cohorts even after weighting (5.88 vs 4.17;
SMD, 0.189; P = 0.182). Despite this, the benefit
of propensity scores is evident when comparing
the unadjusted and SMRW-adjusted results for
the treated and all bleed ABR, as the differences
in these outcomes between the control and
treated cohorts increased post-weighting.

Results with or without propensity score
weighting showed that valoctocogene roxa-
parvovec improved ABR significantly (0.85 vs
4.40 and 1.54 vs 5.01, after weighting for treated
bleeds and all bleeds) compared to participants
on FVIII prophylaxis and increased the propor-
tion of participants with zero bleeds (82.1% vs
32.9% and 58.0% vs 28.5%, after weighting for
treated and all bleeds). Importantly, these
findings were consistent across multiple sensi-
tivity and scenario analyses. The agreement
between these additional analyses covering a
range of changes to the methods and popula-
tions used for the primary analysis demon-
strates that the findings are not an artifact of the
parameters and methods used in the primary
analysis.

The decision to use SMRW for the primary
analysis meant that all of the available control
cohort data for participants matching the cri-
teria of the rollover population were used in the
analysis and facilitated the interpretability of
the comparison with the previously published

A\ Adis



Adv Ther

(161 “€ST) ¥LI -

(061 “LST) LLT

(xew ‘urwr) ueIpa]y

08€°0 1200 6920 %200 (19°L) 06°€LT (06'L) S89LT (06'L) 9LT (as) e
wd ySH

7100 8€60 8000 000'T (8%6) 11 (s'6) o1 (96) L ISy aseq

- - - - (€%1) 91 - (0'11) 8 eIOWY YoN

- - - - (o11) €1 - (c21) 6 erensny

990°0 1990 7200 000'T (€%1) 91 (1e1) et (Te1) 11 ey

6800 9850 %100 000'T (0L1) 61 (#'02) T (#91) 1 BIIOWY YInog

- - - - (0€€) L€ - (9°¢€) 9t aseq S[PPIA/NA
U013y

- - - - (¢%) S - FD1 ouneT 10 druedsiH

yL1°0 €670  S8T°0 19%°0 (S's6) LoT ($'86) T°L0T (9°86) ¢, ouneT 10 druedsi 10N
Kaoruyry

- - - - (Ts1) LI (9'81) 70T (6'17) 91 papoid 10u 10 PO

- - - - (Ts1) LI (ror) o1t (011) 8 uersy

- - - - (6'69) 8L (€1L) SLL (129) 6% A
L9T°0 L9S0 6610 LIF0 ey

- - - - (0°0L ‘0'6T) 0°0€ - (0'1£ “0'8T) 0T (xew ‘urw) werpajy

7200 €880  ¥HC0 0200 (901) T8'1€ (9L11) LOTE (TH1) 19¢€ (as) ueow
Js1eak o8y

(€L°80T = ) (€L=wu)
aAWs  onpEAag WS OMpEAd et - o passnipe MYWS passnipeun

passnipe MYINS

paisnfpeun

I9A0[[0I TOG-0LT 30YOd pajedai],

ISAO[[0I-UOU 70G-0LT :3I0YO0D [01IU0D)

sonsua1oeIeyd [esrurp pue sorydeiSowsp ruedpnred surppseq pasnlpe- \JINS pue passnlpeun) [ d[qe],

I\ Adis



Adv Ther

181°0 IST0 98¢0 L10°0 (S°67) €€ (0'8¢) €'T% (6'Ly) s¢ X
- - - - (S0L) 6L - (1es) 8¢ ON
D snnedoy 01 amsodxo jo £103sTHy
61°0 €0  STI0 8%5°0 (TsT) L1 (6'8) L6 (011) 8 LN
- - - - (8%8) S6 - (068) S9 ON
g snneday 031 amsodxs jo L1011
- - - - (81)¢ - (orr) 8 €<
- - - - #¢) 9 - (89) ¢ ¢
- - - - (0'8) 6 - (%) € T
- - - - (o11) €1 - (o11) 8 I
1200 680  €€10 89%°0 (897) o€ (657) 1'8C (62€) ¥¢ 0<
- - - - (TeL) T8 - (I'29) 6% 0
(Teorro3aren) sautof woqod jo JaquinN
9500 81L0 1610 LLTO Fen) <1 (#Fs1) L91 (s07) St X
- - - - (998) L6 - (S6L) 8S ON
90
- - - - (ST 691) $¥e - (6T “LL1) 8T (xews ‘urwr) uBIpIN
701°0 €S0 TTTO 8€T°0 (0L%) 91°ST (#1°6) 99°ST (60°S) T9T (as) veslw
2U/3 ING
- - - - (9€1 “90%) 8%L - (TH1 0'9%) 008 (xew ‘urw) uerpapy
$TT0 TST0  98T0 850°0 (TTL1) T89L (61LT) 8€°08 (9°L1) S'18 (@s) uveo
Sy ySrom
(€L°801 = %) (€L =n)
aAWs  PnpAag QWS MpEAg passnipe MYWS passnipeun
passnipe MAWS pasnfpeuny  I240[[03 T06-0LT EE%M&M I2A0[[0I-UOU T(6-0LT :310Y0D [013U0))

penunuod 1 3dqel,

A\ Adis



Adv Ther

(1°€€ “0) 08T
(L¥9) €8%

(00S°ET “0TOT) 0%SE

- (TsT0) 6L1 (Xew ‘urw) ueIpapy
- (809) 0% (as) vy
1824 /spas[q “(spas[q pareans) dn-mof[oy 706-047 SULIp IV

- (00€°€T ‘0€TT) 00LE

(xew ‘urw) ueIpaN

€100 €60  L100 11670 (STHERT) TELS8E  (£6°€S9T) $8°648€ (T6691) ¥1°LT8¢ (as) uesy
umu%\wx\DH anOMudN:Mu.D HHH\/..M TUN:,N‘DEQN uC:Um.mm

- - - - #9¢€ ‘07S) el - (#9¢ ‘0'CS) 021 (xew ‘urw) weIpaj

¥E1°0 99¢'0  LI100 11670 (199%) S6°0€T (LT'TH) 68'9¢€T (6%9%) 91°0€1 (as) ueay
ud@%\wﬁoﬁmﬁﬁﬂ ‘91er EO_mSWE_ HH;..M TON:wSCEd Uﬁﬂomwm

- - - - (Toy) sv - (9r9%) ¢ %

- - - - (86S) L9 - (7€S) 6€ N
(spad1q paream) YV dulaseq 017

- - - - (098 0) 00T - (09T 0) 00T (xew ‘urw) werpajy

681°0 W8I0 L0TO 661°0 (S9°TT1) 88°S (61°9) LTF (Te'S) 00% (as) ueow
1824 /Spad]q “(Spad[q pareand) VY durdseq

- - - - (Lo ¢ - 0 +qV.L AVV

- - - - (€26) 601 - (001) €2 —qV.L AVV
WEMquHUw je ﬁ<rﬁ m><<

801°0 08%°0  97€°0 K00 (6'S7) 61 (8°0€) ¥'ce (1'1%) 0¢ THA

- - - - (1%2) €8 - (6'89) €% ad 1o THS
&mﬁuﬂ ucuEuuﬂmﬁ A ot

(€L80T = #) (€L = u)
Ans anjea g ANS onjea g parsnfpe MYWS paisnfpeun
(TI1 = 2)

parsnfpe M\YIWS

passnfpeun

ISAO0[[OX T06-0LT :1I0YOD Pedx],

JSAO[[0I-UOU T(6-(0LT :3I0YOD [01IU0)

penunuod [ Jqel,

I\ Adis



Adv Ther

NE\ME 0¢ < TN St pauyp bmunon_

s31adxo [edrurp [euIoIXs pue weal Apnis oya woiy indur Jo siseq Y1 U0 pappe sem Yorym 9Fe 10§ 1dooxs sowodIno

Surpas[q yarm drysuone[dI [ednsIes JIoY1 Jo SIseq Y1 UO UISOYD 21oM SIMISLIANdEIRYD 259y T, 21005 Aasuadoxd oa Jo uonerouad o3 ur pasn sONSIILIDEIEYD $2I0U(T,
Apoquiue prsdes-nue [e301 gp7 7 Sunydom oner Areirow pazipIepuels
MYINS OIUDIDJIP UEIW PIZIPIEPULIS (TS OJI[-J[EY PIEPULIS TEJS ‘UOMEIAID PIepuels (7§ ‘PIALIIp ewise[d (77 “WNWIUTW #7244 “WNWIXEW X744 ‘SITUN [EUONIBUINUT
11 “TIIA 1039%] [TT 4. ‘uotun) ueadoiny g OJ[-J[ey PoPuaIXo JEF Xopul ssews Apoq Jpyg 1e1 SuIpas[q pazifenuue ygp G 9d£1010s SNIA PILIdOSSE-OUIPE G (P F”

Pa38IS ISIMIIYIO SSA[UN (94) % Se UMOYS EIR(]

- - - - (V] %4 - Y44 UBIPIIA
- - - - 1S4 - 0¢¢ BN
skep ‘dn-mofjoj jJo uonen(y
¥L0°0 0%90  8IT0 9¢1°0 (911) 61'T (80°T) 1T'T (80'T) 90°T (as) ueay
(IgV)Sor
(€L°80T = #) (€L=1u)
Ans anjea g ANS onjea g passnlpe MYWS paisnfpeun
(TI1 = =)
passnifpe YIS passnfpeun) ISA0[[03 TOG-0LT :30YOd paedi], ISAO[[0I-UOU TOG-(LT :3I0YO0D [0IIU0))

penunuod | Jqe],

A\ Adis



Adv Ther

b)
) Control cohort 15+ Absolute difference = -3.55
P <0.001
30+
o
N 4.40
+
% 10
20 0
= °
s g
S 3
< 5 0.8
10+ c O oo
[}
=
0 | : : : , 0 ; —_
0.0 0.2 04 0.6 0.8 1.0 Control cohort Treated cohort
Probability of receiving treatment (n=108.73) (n=112)
C) Absolute difference = —-3.47
Treated cohort .y P <0.001
30+
5.01
o)
7]
+ 10
204
. 5
: :
o o 1.5
10 S 54 —_—
[}
=
0- 5 N
0.0 0.2 0.4 0.6 0.8 1.0

Probability of receiving treatment

Fig. 1 Standardized mortality ratio weighting-adjusted
comparison between the control and treated cohort for
participants with bleeding events. a Histogram of

GENEr8-1 data. This is because, with the SMRW
methodology, the treated cohort characteristics
and outcomes do not change and, thus, can be
more easily compared. This feature ensures
consistency in reporting across sample sizes,
participant baseline demographic and clinical
characteristics, and outcome data in the
GENE18-1 clinical study report and regulatory
submissions. The results of the propensity score
analyses were consistent with the intra-indi-
vidual findings of GENEr8-1, which found an
absolute difference in mean treated ABR of
— 4.1 (GENE18-1) vs — 3.6 in the propensity
score analysis and an absolute difference in the
proportion of participants with zero treated
bleeds of 48% (GENEr8-1) vs 49% in the
propensity score analysis.

Treated cohort
(n=112)

T
Control cohort
(n=108.73)

propensity scores before matching; b mean treated ABR;
¢ mean all ABR. 4BR annualized bleeding rate, SD
standard deviation

While FVIII prophylaxis for HA effectively
maintains hemostatic control, its primary limi-
tation is a short half-life resulting in constantly
fluctuating peaks and troughs of FVIII activity
[9, 10]. In particular, the declining FVIII levels
associated with the trough periods expose
individuals to an increased risk of breakthrough
bleeding [10]. It is possible that the reduced risk
of bleeding observed after valoctocogene roxa-
parvovec infusion is due to the consistent
endogenous FVIII activity levels achieved with
gene therapy compared to FVIII prophylaxis.
Alternatively, emicizumab is quickly surpassing
FVIII concentrate as a preferred choice for pro-
phylaxis in hemophilia A given its EHL [11].
Unfortunately, at the time of GENEr8-1 enroll-
ment, emicizumab was still an investigational
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Fig. 2 Standardized mortality ratio weighting-adjusted
comparison between the treated cohort and the control
cohort for participants with bleeding events. a Percentage

product, and its use was excluded for partici-
pants of the trial. Therefore, data are not avail-
able to perform direct comparisons between
valoctocogene roxaparvovec and emicizumab,
as is the case for FVIII prophylaxis presented
here. However, an indirect evaluation was made
between valoctocogene roxaparvovec and emi-
cizumab using a matching-adjusted indirect
comparisons (MAIC) method [12]. This
approach evaluates treatment-related outcomes
by accounting for differences between the study
populations at baseline. The results demon-
strated valoctocogene roxaparvovec generally
provided greater protection from bleeding
compared with emicizumab prophylaxis dosed
at 1.5 mg/kg once weekly. This included a lower
ABR for all bleeds and a lower percentage of
participants with no treated bleeds [12]. How-
ever, FVIII expression levels derived from val-
octocogene roxaparvovec decrease over time
[13]. The MAIC evaluation comparing valoc-
tocogene roxaparvovec and emicizumab was
performed with data collected from the
GENEr8-1 trial up to 52 weeks post-infusion
[12]. The MAIC was limited by the relevant
follow-up data published on emicizumab [12].
Therefore, future indirect evaluations are nee-
ded to assess the comparison of valoctocogene
roxaparvovec with emicizumab once gene
therapy-derived FVIII levels have begun to
decline. Regardless of the kinetics for FVIII
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of participants with zero treated bleeds; b percentage of
participants with zero bleeds. CI confidence interval

expression derived from gene therapy, approa-
ches like propensity scoring and MAIC remain
valuable tools in rare diseases to make indirect
treatment comparisons when head-to-head
evaluations are not feasible. Without question,
these tools will prove useful in future studies
that evaluate the efficacy of valoctocogene
roxaparvovec against standards of care based on
long-term data for each intervention.

The primary limitation of the present anal-
ysis, and all propensity scoring methods, is the
potential for selection bias. This bias can be
introduced when participants with better or
worse prognoses may be more likely than other
participants to receive treatment. To address
this concern, participants who would have been
candidates for valoctocogene roxaparvovec
based on their clinical characteristics, but who
did not receive treatment, were compared to the
treated participants using a variety of propen-
sity scoring approaches to mitigate potential
selection bias. While multiple sensitivity and
scenario analyses support the primary analysis,
the potential for selection bias remains an
unavoidable assumption of the study design.
Furthermore, the development of propensity
scores is restricted to the observable participant
characteristics that can be found in both the
GENE18-1 and 270-902 clinical study protocols.
As both are clinical trials, this lowers the possi-
bility of missing data among participants, as the
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clinical trials involve thorough regulation of
data monitoring and data collection, but miss-
ing data remains a risk in all studies. Addition-
ally, since 270-902 effectively served as the
entry point into GENEr8-1 for the majority of
participants, the inclusion and exclusion crite-
ria were mostly aligned, which increases the
robustness of the findings. These beneficial
attributes in the analyses were used to reduce
the risks of uncertainty associated with cross-
study comparisons. Collectively, the similarity
between the results presented here using
propensity scoring and the intra-individual
comparisons reported from GENEr8-1 support
the conclusion that valoctocogene roxa-
parvovec mediates a true benefit with respect to
lowering bleeding risk without potential bias
caused by differences in observable participant
characteristics between those who elected to
directly enroll or not enroll from the observa-
tional 270-902 study into GENEr8-1.

CONCLUSION

Despite the limitations of the present study
design, this work leverages the design of the
valoctocogene roxaparvovec development pro-
gram to use best practices in observational data
methods. Taking this approach, the outcomes
of the valoctocogene roxaparvovec-treated
cohort can be compared to those of a matched
FVIII prophylaxis cohort. Results demonstrated
that participants receiving valoctocogene roxa-
parvovec have lower bleeding rates and a higher
probability of having zero bleeds compared to
the control cohort. The propensity scores pre-
sented here are in alignment with the intra-in-
dividual comparisons made in the GENEr8-1
clinical trial and should serve to further
strengthen the confidence in valoctocogene
roxaparvovec-mediated benefit in bleeding
outcomes for participants with hemophilia.
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