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Abstract

Introduction:Head-to-head evaluation of valoctocogene roxaparvovec, the first gene

therapy approved for haemophilia A, with emicizumab is not available. Therefore,

phase 3 trial data were indirectly compared.

Aim: To compare bleeding rates in trials evaluating 6 × 1013 vg/kg valoctocogene

roxaparvovec (GENEr8-1; NCT03370913), 1.5 mg/kg emicizumab dosed every week

(HAVEN 3; NCT02847637), and FVIII prophylaxis (270–902) in participants with

severe haemophilia A (FVIII≤1 IU/dL).

Methods: Valoctocogene roxaparvovec versus emicizumab and FVIII prophylaxis

as used in 270–902 versus emicizumab cross-trial comparisons were performed

using matching-adjusted indirect comparison (MAIC). Individual participant data from

GENEr8-1 and 270–902 were weighted to equalise aggregate participant baseline

characteristics fromHAVEN3. AfterMAICweighting, annualised bleeding rates (ABR)

and proportions of participants without bleeds were compared for treated bleeds, all

bleeds, treated joint bleeds, and treated spontaneous bleeds.
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Results: After MAIC weighting, ABR for all bleeds was statistically significantly lower

with valoctocogene roxaparvovec than emicizumab (rate ratio [95% CI], .55 [.33–.93]).

Additionally, significantly higherproportionsof participantshadno treated joint bleeds

(odds ratio [95% CI], 2.75 [1.20–6.31]) and no treated bleeds (3.25 [1.53–6.90]) with

valoctocogene roxaparvovec versus emicizumab. When compared with the mainly

standard half-life FVIII prophylaxis regimens in 270–902, mean ABRs (except for all

bleeds)were significantly lower, and significantly higher proportions reported 0 bleeds

for all outcomes with emicizumab.

Conclusion: Valoctocogene roxaparvovec provided generally lower bleeding rates

and higher probability of no bleeds, including treated joint bleeds, than emicizumab.

Emicizumabwasmore effective than FVIII prophylaxis regimens used in 270–902.

KEYWORDS

AAV5-hFVIII-SQ, emicizumab, FVIII prophylaxis, haemophilia A, matching-adjusted indirect
comparison (MAIC), valoctocogene roxaparvovec

1 INTRODUCTION

Haemophilia A is an X-linked bleeding disorder caused by deficiency

in clotting protein factor VIII (FVIII). Severe haemophilia A (FVIII

≤1 IU/dL) is associated with spontaneous bleeding into joints that can

lead to painful, disabling arthropathy.1–3 Standard of care for severe

haemophilia A is regular prophylactic treatment with either standard

half-life (SHL) or extended half-life (EHL) FVIII or emicizumab, a bi-

specific antibody that mimics the activity of FVIII protein.1,4,5 The

efficacy of emicizumab prophylaxis was demonstrated in the phase

3 trial HAVEN 3 (NCT02847637), including 1 arm (Group D) where

participants were receiving FVIII prophylaxis prior to being treated

with emicizumab.5 However, comparative evidence of its effectiveness

compared to FVIII products in a real-world haemophilia population is

limited.6,7

Gene therapy may provide a treatment option for people with

severe haemophilia A that prevents bleeding for multiple years with

a single infusion rather than the more frequent infusions required by

FVIII or emicizumab prophylaxis.1,8–10 Valoctocogene roxaparvovec

(AAV5-hFVIII-SQ) uses an adeno-associated virus vector to trans-

fer a B-domain-deleted human FVIII-coding sequence controlled by

a liver-selective promoter, resulting in endogenous production of

FVIII protein in hepatocytes.11–16 Efficacy of a single 6 × 1013 vg/kg

dose of valoctocogene roxaparvovec was assessed in the multicen-

tre, open-label, single-arm, phase 3 GENEr8-1 trial (NCT03370913) in

134 adult male participants who had previously been receiving reg-

ular prophylaxis with exogenous FVIII, 22 of whom enrolled directly

and 112 of whom “rolled over” after participating in the prospective,

non-interventional, longitudinal 270−902 study.16–18 At 104 weeks

post-infusion, annualised rates of bleeding events and FVIII utilisation

were significantly improved in the rollover participants comparedwith

their baseline values (when receiving FVIII prophylaxis) collected in

the non-interventional study.18 As enrolment in GENEr8-1 excluded

individuals using investigational products—which includedemicizumab

prophylaxis at the time of the study start—an internal comparison of

valoctocogene roxaparvovec and emicizumab is not available.16

Here, we present indirect comparisons of valoctocogene roxa-

parvovec treatment outcomes fromGENEr8-1with emicizumab treat-

ment outcomes from HAVEN 3 using matching-adjusted indirect com-

parison (MAIC) methods to account for differences between study

populations at baseline.Weuse the sameprocedures to compare treat-

ment outcomes with FVIII prophylaxis (taken from non-interventional

study 270−902) to the outcomes observed in the same group of

participants treated with emicizumab in HAVEN 3GroupD.

2 METHODS

2.1 Data sources and sample selection

2.1.1 Valoctocogene roxaparvovec versus
emicizumab

GENEr8-1 is an open-label, single-group, multicentre, phase 3 trial

where 134 participants aged ≥18 years with severe haemophilia A

without inhibitors were administered one 6 × 1013 vg/kg dose of val-

octocogene roxaparvovec.16 Datawere used from the132participants

without HIV in the modified intent-to-treat population, including both

directly enrolled and rollover participants, from after week 5 post-

infusion or 3 days after the end of routine FVIII prophylaxis (whichever

was later) through week 52. The median follow-up time was 48.0

(range, 35.6−48.0) weeks.

HAVEN 3 was a phase 3, open-label, multicentre trial where par-

ticipants aged ≥12 years with severe haemophilia A and no history

of inhibitors received emicizumab prophylaxis.5 Here, we utilised data

from 63 participants (Group D) who received emicizumab 3 mg/kg
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every week (QW) for 4 weeks followed by a maintenance dose of

1.5 mg/kg emicizumab QW and were previously treated with pro-

phylactic FVIII replacement therapy. In HAVEN 3, FVIII prophylaxis

was defined as continuous prophylaxis with a minimal regimen of

15−30 IU/kg/dose 3 times weekly for SHL products or 1−2 times

weekly for EHL products; at baseline, 53 (84.1%) of Group D partic-

ipants were using SHL FVIII prophylaxis, and 10 (15.9%) were using

EHLFVIII prophylaxis. This cohortwas chosen for comparisonbecause,

as in GENEr8-1, participants were previously using FVIII prophylaxis

and both enrolled directly or were rolled over for continued observa-

tion after participation in a non-interventional study. Publicly available

baseline and follow-up data were utilised;5,19 bleeding outcomes were

observed for amedian of 33.1 (range, 18.4−48.6) weeks after initiating

emicizumab.

2.1.2 Emicizumab versus FVIII prophylaxis

Study 270−902 was a multicentre, non-interventional, prospective,

longitudinal study that enrolled individuals ≥18 years of age with

severe haemophilia A who were receiving FVIII prophylaxis; it served

as the run-in study for GENEr8-1.17 Data were used from week 0 to

maximum follow-up from the 225 participants who completed at least

6 months of prospective follow-up. The median follow-up time was

32.1 (range, 24.1−67.0) weeks (n = 222). The same 63 participants in

HAVEN 3 Group D who received a maintenance dose of emicizumab

1.5 mg/kg QW and who were treated previously with prophylactic

FVIII replacement therapy were used for this comparison.

2.2 Variables and outcomes

All published baseline information from HAVEN 3 was carefully

reviewed,5,19,20 and themost medically relevant covariates were iden-

tified and assessed for overlap with data collected in GENEr8-1 and

270−902. For matching in the primary analyses, mean age, percent

of participants who were White, mean body mass index (BMI), mean

annualised bleeding rates (ABR; for all bleeds), percent of participants

with ≥9 bleeds in 24 weeks prior to enrolment, and percent of par-

ticipants who were using SHL FVIII replacement product before study

entry were selected. Discrepancies in definitions between trials were

considered and only common baseline data were used for analyses.

Outcomeswere assessed usingABRs and proportion of participants

with 0 bleeds for the following types of bleeds: treated bleeds, all

bleeds, treated joint bleeds, and treated spontaneous bleeds. ABRs

were calculated using a negative binomial (NB) regression model and

compared between groups with rate ratios. Odds ratios were calcu-

lated to compare the proportion of participants with 0 bleeds between

groups. NB regression models are a class of models that allow for a

large number of participants to have an observation of 0; this approach

was consistent with that used in HAVEN 3 to account for varying

follow-up times.5 In the NB regression model, the number of bleeds

was included as the outcome and the length of the efficacy period

included as an offset; the number of bleeds (<9 or ≥9) in the 24 weeks

prior to study entry was included as a stratification factor. Bleeds were

defined as described previously for each trial.5,16

2.3 Statistical analyses

MAIC is an approach similar to propensity score weighting that allows

the comparison of cross-trial outcomes between balanced populations

by weighting participant characteristics at baseline from a trial where

individual participant data are available to match aggregate baseline

data from a second trial of a different treatment.21 Although propen-

sity score weighting would be preferred, this is only possible with

access to individual participant data from both studies.We usedMAIC

to balance the differences in chosen baseline characteristics between

the trial where individual data were available (GENEr8-1 or 270−902)

and the trial where only aggregate data were available (HAVEN 3), per

methods described previously.21 Two separate MAIC analyses were

performed: first, comparison of participants treated with valoctoco-

gene roxaparvovec in GENEr8-1 (individual data) with those treated

with emicizumabprophylaxis inHAVEN3 (aggregatedata), and second,

comparison of participants treated with FVIII prophylaxis in 270−902

(individual data) with those treated with emicizumab prophylaxis in

HAVEN 3 (aggregate data). In these analyses, all available individual

participant data were weighted to match the characteristics of the

aggregate participant data.

Differences in mean ABRs as calculated with the NB model were

assessed using a rate ratio and 95% confidence interval (CI). Differ-

ences in proportion of participants with 0 bleeds were assessed using

an odds ratio and its 95%CI. Statistical analyseswere performed in the

software R version 4.2.0 using the package ‘MAIC’ version 0.1.4 (The R

Foundation, Vienna).

For the valoctocogene roxaparvovec versus emicizumab analy-

ses, additional sensitivity analyses were performed by changing the

baseline matching parameters. Because there were differing inclu-

sion criteria related to age in HAVEN 3, where participants could be

≥12 years, and GENEr8-1, where only individuals ≥18 years were

eligible,5,16 investigating the effect of age on weighting was the goal

of several of our sensitivity analyses. Individual analyses were con-

ductedomitting the followingmatchingparameters: age, prior bleeding

in 6 months preceding enrolment, prior FVIII regimen, and both age

and prior FVIII regimen. Additional sensitivity analyses were also

conductedusingmedianage tomatch insteadofmeanage. Further sen-

sitivity analysis adding the percent of participants with ≥1 target or

problem joint at baseline as amatching parameter was also performed,

with target/problem joints as defined in each trial.5,16

For the FVIII prophylaxis vs emicizumab analysis, sensitivity analy-

ses were performed by removing prior bleeding during the 6 months

preceding enrolment and removing prior FVIII regimen from the

baseline matching parameters. Additional sensitivity analysis adding

percent of participants with ≥1 target or problem joint as defined

in each trial was performed.5,17 Further sensitivity analyses were

also performed considering only participants who received SHL FVIII
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TABLE 1 Baseline characteristics of participants in HAVEN 3 andGENEr8-1 before and afterMAIC.

Characteristic

HAVEN 3

(n= 63)

GENEr8-1

Unweighted (n= 132) Weighted (ESS= 76.2)

Value P-value Value P-value

Mean age 36.4 31.4 <.001 36.4 1.000

PercentWhite race 74.6% 71.2% .427 74.6% 1.000

Mean BMI 25.56 25.31 .524 25.56 .999

Mean ABR 6.4 6.0 .677 6.4 1.000

Percent with<9 bleeds in 24weeks prior to enrolment 84.1% 90.9% .043 84.1% 1.000

Percent with SHL FVIII product used before trial entry 84.1% 72.0% <.001 84.1% 1.000

Abbreviations: ABR, annualised bleeding rate; BMI, body mass index; ESS, effective sample size; FVIII, clotting protein factor VIII; MAIC, matching-adjusted

indirect comparison; SHL, standard half-life.

product, with age removed from matching, and considering only par-

ticipants who received EHL FVIII product, and with age removed from

matching, respectively.

3 RESULTS

3.1 Comparison of valoctocogene roxaparvovec
versus emicizumab

After weighting data from all participants who received valoctocogene

roxaparvoveconall 6 parameters in theMAIC, theeffective sample size

(ESS) fell to 76.2, 57.7% of the original 132 participants. After weight-

ing, all baseline parameters of interest were statistically comparable

between GENEr8-1 andHAVEN 3 (Table 1).

The ABR for all bleeds after MAIC was statistically significantly

lower with valoctocogene roxaparvovec than with emicizumab treat-

ment (rate ratio [95% CI], .55 [.33–.93]; Figure 1). While ABRs after

MAIC for treated bleeds and treated joint bleedswere lower for partic-

ipants treatedwith valoctocogene roxaparvovec than for those treated

with emicizumab, the difference did not reach statistical significance.

For spontaneous bleeds, ABR was slightly lower with emicizumab

than with valoctocogene roxaparvovec, but the difference was not

significant.

When comparing the proportion of participants with no bleeds,

after MAIC, significantly more participants who received valoctoco-

gene roxaparvovec had no treated bleeds (odds ratio [95% CI], 3.25

[1.53−6.90]) and no treated joint bleeds (odds ratio [95% CI], 2.75

[1.20−6.31]) than those treated with emicizumab (Figure 2). After

MAIC, a higher proportion of participants with valoctocogene roxa-

parvovec had no bleeds of any kind and no treated spontaneous bleeds

than thosewith emicizumab, though the differencewas not significant.

Sensitivity analyses were performed to investigate the impact of

parameters used in MAIC matching on outcomes. In the main analysis,

matching on mean age had the largest impact on ESS. When match-

ing only on mean age, the ESS was reduced to 78.9%; in comparison,

matching on other individual variables reduced the ESS to only 93.2%

or higher. Removing age increased the ESS to 111.5, 84.5% of the orig-

inal, and produced a less skewed distribution of participant weights

(Table S1, Figure 3). In the analysiswith age omitted, ABRs for all bleeds

(rate ratio [95%CI], .5 [.30–.83]) and treated joint bleeds (.43 [.18–.99])

were significantly lower with valoctocogene roxaparvovec than emi-

cizumab, and a significantly higher proportion of participants had no

treated bleeds (odds ratio [95% CI], 2.9 [1.48−5.68]) and no treated

joint bleeds (2.57 [1.23−5.39]) with valoctocogene roxaparvovec com-

pared to emicizumab (Figure S1, Table S2). The results of all sensitivity

analyses generally supported those of themain analysis.

3.2 Comparison of FVIII prophylaxis versus
emicizumab

After matching by all 6 parameters, the ESS of participants treated

with FVIII prophylaxis was reduced to 150.6, 67.8% of the original 222

participants with available data. After weighting, all baseline parame-

ters of interest were statistically comparable between 270–902 and

HAVEN 3 (Table S3).

For all types of bleeding, mean ABR was lower for participants who

were using emicizumab prophylaxis compared with those using FVIII

prophylaxis, and only the rate ratio for all bleeds was not significant

(Figure S2). Similarly, the proportion of participants with no bleeds in

every category was significantly higher with emicizumab prophylaxis

than with FVIII prophylaxis (Figure S3). Overall, the results of sensitiv-

ity analyses were generally supportive of the main analysis (Table S4,

Table S5, and Figure S4).

4 DISCUSSION

Participants with severe haemophilia A who received a single

6 × 1013 vg/kg infusion of valoctocogene roxaparvovec gene therapy

generally had lower bleeding rates and higher odds of having 0 bleeds

than participants who received emicizumab prophylaxis dosed at

1.5 mg/kg QW when compared using MAIC. ABR for all bleeds was

significantly lower, and the odds of participants having no treated

bleeds and no treated joint bleeds were significantly higher with
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Rate ratio (95% CI)

Treated bleeds 0.84 (0.40, 1.74)

All bleeds 0.55 (0.33, 0.93)

Treated joint bleeds 0.58 (0.24, 1.42)

Treated spontaneous bleeds 1.06 (0.36, 3.08)

Favours
valoctocogene roxaparvovec

Favours
emicizumab

(A)

(B)

Emicizumab Raw NB
model

Emicizumab Raw NB
model

Emicizumab Raw NB
model

Emicizumab Raw NB
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0.70 0.531.43
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R

MAIC weighted
valoctocogene
roxaparvovec

Treated bleeds All bleeds Treated
joint bleeds

Treated
spontaneous bleeds

MAIC weighted
valoctocogene
roxaparvovec

MAIC weighted
valoctocogene
roxaparvovec

MAIC weighted
valoctocogene
roxaparvovec

0 1 2 3 4

F IGURE 1 Comparison of bleeding rates with emicizumab prophylaxis (HAVEN 3GroupD) and after treatment with valoctocogene
roxaparvovec (GENEr8-1). (A)Mean ABR after matching; (B) Relative treatment effect after matching. An NB regressionmodel was used to assess
ABRswith emicizumab prophylaxis and, where indicated, with valoctocogene roxaparvovec. ABR, annualised bleeding rate; CI, confidence
interval; MAIC, matching-adjusted indirect comparison; NB, negative binomial; SE, standard error.

valoctocogene roxaparvovec compared with emicizumab. Though not

statistically significant, other outcomes had lower ABRs or higher

proportions of participants with 0 bleeds with valoctocogene rox-

aparvovec than emicizumab, except ABR for treated spontaneous

bleeds, which was slightly lower with emicizumab than valoctocogene

roxaparvovec.

A key sensitivity analysis omitted age from baseline matching

because of the differences in age inclusion criteria in GENEr8-1 and

HAVEN 3. From a methodological perspective, misaligned parameters

between trials, such as age (differing low bound) and target joints

(differing definition), typically should not be included in MAIC match-

ing. When age was omitted from the baseline matching, ABRs for

treated spontaneous bleeds also shifted to favour valoctocogene rox-

aparvovec. Overall, the inclusion of age in matching had a negative

influence on all ABRs for valoctocogene roxaparvovec due to the skew

in weights and influence of outlier weights, which increased ABR rel-

ative to the observed values. This effect was mitigated when age was

removed. Overall, the results across sensitivity analyses examining the

impact of factors such as age and presence of target/problem joints on

outcomes generally supported those of themain analysis.

While clinical trial results support the superiority of valoctoco-

gene roxaparvovec gene therapy over FVIII prophylaxis in terms of

annualised rates of treated bleeds and all bleeds,18 this analysis is

the first to compare outcomes with valoctocogene roxaparvovec and

emicizumab prophylaxis. As gene therapy is a new therapeutic option

for people with haemophilia A, these comparative data may be use-

ful to inform treatment choices. Overall, the most important indicator

of efficacy for any haemostatic therapy is the frequency of bleeding,

particularly bleeding in joints;1 thus, our finding that higher pro-

portions of participants had 0 treated bleeds and 0 treated joint

bleeds with valoctocogene roxaparvovec therapy compared with emi-

cizumab is particularly noteworthy. However, additional data on the
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(A)

(B) Odds ratio (95% CI)

Treated bleeds 3.25 (1.53, 6.90)

All bleeds 1.92 (0.97, 3.77)

Treated joint bleeds 2.75 (1.20, 6.31)

Treated spontaneous bleeds 1.57 (0.61, 4.08)
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F IGURE 2 Comparison of participants with no bleeding events with emicizumab prophylaxis (HAVEN 3GroupD) and after treatment with
valoctocogene roxaparvovec (GENEr8-1). (A) Percentage of participants after matching; (B) Relative treatment effect after matching. CI,
confidence interval; MAIC, matching-adjusted indirect comparison.
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F IGURE 3 Histogram of participant weights after matching in the primary analysis (includingmean age) and the sensitivity analysis omitting
age.
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impact of these treatments on joint health using joint-specific mea-

surements is needed; for example, Haemophilia Joint Health Scores

or results from the Haemophilia Early Arthropathy Detection with

Ultrasound system.22,23 Close follow-up of participants treated with

these products will be important for evaluating long-term joint health

outcomes.

Using the same MAIC methodology, bleeding outcomes for partic-

ipants who received FVIII prophylaxis in a non-interventional study

were compared to emicizumab prophylaxis 1.5 mg/kg QW in HAVEN

3; across all outcomes, emicizumab was associated with lower rates

of bleeding and higher proportions of participants reporting 0 bleeds

compared with FVIII prophylaxis. In the primary HAVEN 3 analyses,

emicizumab treatment for at least 24 weeks resulted in a signifi-

cant decrease in ABR from the baseline period when participants

were using FVIII prophylaxis, as well as an increase in the propor-

tion of participants reporting 0 bleeds.5 In long-term follow-up, the

pooled population of participants with severe haemophilia A with-

out inhibitors in HAVEN 3 maintained similarly low ABR for treated

bleeds across 6-month intervals for over 2 years.4 The results from

this MAIC analysis were in agreement with the original results from

HAVEN 35 and results of network meta-analyses and subgroup anal-

yses with HAVEN 3 data7 on the efficacy of emicizumab compared

with FVIII prophylaxis, which supports the robustness of the MAIC

method.

Limitations of these analyses include that only an unanchoredMAIC

could be performed, as there was no common comparator across

the 3 trials evaluated. Randomised controlled trials are not feasi-

ble in this area, and at the time the GENEr8-1 trial was designed,

head-to-head comparison with emicizumab was not possible. The dif-

fering inclusion criteria related to age in HAVEN 3, where participants

could be ≥12 years, and GENEr8-1, where only individuals ≥18 years

were eligible, also led to poor matching on age;5,16 however, sensi-

tivity analyses removing age as a matching criteria or using median

instead of mean age supported those of the main analysis. The time

of follow-up between the 2 trials also differed, as only 24 weeks of

data were available from Group D in HAVEN 3. Though additional

data beyond 52 weeks was available for participants in GENEr8-1, we

chose to use the shorter follow-up period to maintain similarity with

HAVEN 3. The MAIC was unable to account for any unobserved dif-

ferences between studies, or factors not included in reporting that

could have affected bleeding outcomes. Potential differences in FVIII

prophylaxis utilisation, including injection frequency and IU/kg/year,

in 270−902 and the non-interventional study that served as a run-

in to HAVEN 3 may also have affected the ABRs as reported at

baseline.

Using all available data and the most appropriate methodology,

we found participants who received valoctocogene roxaparvovec had

generally lower bleeding rates (including treated bleeds, all bleeds,

and treated joint bleeds) and a higher probability of having 0 bleeds

than those who received emicizumab prophylaxis. These results were

strengthened by our finding that emicizumab was more effective than

FVIII treatment as implemented in 270−902, validating the study

approach and results.
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