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Purpose: Primary prophylaxis, using factor VIII replacement, is the recognized standard of care
for severe hemophilia A. Recombinant factor VIII-Fc fusion protein (rFVIIIFc) and emicizumab,
a humanized, bispecific antibody, are approved for routine prophylaxis of bleeding episodes in
severe hemophilia A. These products have different mechanisms of action, methods of admin-
istration and treatment schedules. In the absence of head-to-head trials, indirect treatment
comparisons can provide informative evidence on the relative efficacy of the two treatments.
The aim of the study was to compare the approved dosing regimens for each product, rFVIIIFc
individualized prophylaxis and emicizumab administered once every week (Q1W), every
2 weeks (Q2W) or every 4 weeks (Q4W), based on clinical trial evidence.

Patients and Methods: The comparison was conducted using matching-adjusted indirect
comparison since clinical evidence did not form a connected network. Individual patient data for
rFVIIIFc (A-LONG) were compared with data for emicizumab (HAVEN trial program) for mean
annualized bleeding rate (ABR) and proportion of patients with zero bleeds. Safety data reported
across the analyzed treatment arms were tabularized but not formally compared.

Results: After matching, no significant differences were observed between mean ABR for
rFVIIIFc and emicizumab administered Q1W, Q2W or Q4W. The proportion of patients with
zero bleeds was significantly higher with rFVIIIFc compared with emicizumab administered
Q4W (51.2% versus 29.3%, respectively; odds ratio 2.53; 95% confidence interval 1.09—-
5.89); no significant differences noted when rFVIIIFc was compared with emicizumab
administered QIW or Q2W. The mean number of adverse events expressed per participant
was 1.9 for individualized prophylaxis with rFVIIIFc and 3.7-4.0, 4.1 and 3.6 for emicizu-
mab administered Q1W, Q2W or Q4 W, respectively.

Conclusion: This indirect treatment comparison suggests that rFVIIIFc individualized
prophylaxis is more efficacious than emicizumab Q4W, and at least as effective as more
frequent emicizumab regimens, for the management of hemophilia A.

Keywords: annualized bleeding rate, antibodies, bispecific, comparative effectiveness
research, efmoroctocog alfa, factor VIII deficiency, treatment outcome

Introduction

Factor replacement products are the mainstay of treatment for individuals with
hemophilia A," a serious bleeding disorder characterized by frequent and sponta-
neous bleeding into joints and muscles.? Recurrent joint bleeding is a hallmark of
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severe hemophilia and a major cause of morbidity, leading
to progressive irreversible joint damage and the develop-
ment of hemophilic arthropathy.?

Primary prophylaxis, using replacement factor VIII
(FVIID), is the recognized standard of care for individuals
with severe hemophilia A, and, initiated early in life, it can
prevent joint damage and reduce the frequency of joint and

other hemorrhages.*’

Significant heterogeneity exists
between patients with hemophilia with respect to bleeding
phenotype and response to treatment; therefore, to opti-
mize outcomes, treatment schedules should be flexible and
tailored to individual patient’s needs.®

Recombinant factor VIII-Fc fusion protein (rFVIIIFc)
is approved for on-demand treatment and control of bleed-
ing episodes, routine prophylaxis to reduce the frequency
of bleeding episodes, and perioperative management of
bleeding in pediatric, adolescent and adult patients with
hemophilia A.”* The recommended dose for long-term
prophylaxis according to the European label is 50 1U/kg
every 3—5 days, which can be adjusted based on a patient’s
response in the range 25-65 IU/kg,® thus providing an
opportunity for adjusting dosing to the requirements of
each individual patient.

The safety and efficacy of rFVIIIFc was established in
two Phase 3 studies of previously treated pediatric (Kids
A-LONG) and adult/adolescent (A-LONG) patients with
severe hemophilia A.”'® An individualized prophylaxis
regimen, which aimed for trough levels of 1-3 IU/dL in
adults/adolescents, provided clinically meaningful reduc-
tions in annualized bleeding rates (ABRs) compared with
on-demand treatment.” These results were confirmed in an
extension study (ASPIRE), with low ABRs and extended
dosing intervals sustained for up to 5.9 years of
treatment."'

Emicizumab is a recombinant humanized, bispecific,
monoclonal antibody that mimics the function of activated
FVIII by bridging activated factors IX and X to induce
coagulation at the site of bleeding.'? Emicizumab is
approved for routine prophylaxis of bleeding episodes in
patients with severe hemophilia A with or without FVIII
inhibitors.'>!'* It is administered as a subcutaneous injec-
tion at the recommended dose of 3 mg/kg once weekly for
the first
a maintenance dose of 1.5 mg/kg once weekly, 3 mg/kg

4 weeks (loading dose), followed by

every 2 weeks, or 6 mg/kg every 4 weeks. The safety and
efficacy of emicizumab was investigated in the HAVEN

clinical trial program.'>"'8

rFVIIIFc and emicizumab have different modes of
action, methods of administration and treatment schedules,
and despite the lack of head-to-head clinical trial evidence,
a comparison of these therapeutic strategies would be
beneficial. In this regard, the aim of this study was to
compare the efficacy of rFVIIIFc individualized prophy-
laxis versus emicizumab for the treatment of patients with
hemophilia A, based on clinical trial evidence.

Patients and Methods

Data Sources and Sample Selection

The pivotal trials, which provided efficacy and safety data
for market authorization, were used as source data for com-
parison of the approved dosing regimens for each product
(rFVIIIFc individualized prophylaxis;”* and emicizumab
administered once every week [Q1W], every 2 weeks
[Q2W] or every 4 weeks [Q4W])'*!4, in the target popula-
tion of adult/adolescents (=12 years) with hemophilia
A without inhibitors. Methodology and findings of these
trials (A-LONG for rFVIIIFc; HAVEN clinical trial program
for emicizumab) have been described previously.”' ¢!

Briefly, A-LONG was a phase 3 open-label, multicenter,
partially randomized study of rFVIIIFc in patients aged >12
years of age with severe hemophilia A.° Enrolled patients
were assigned to one of the three treatment arms: individua-
lized prophylaxis (25-65 IU/kg every 3-5 days; n=118),
weekly prophylaxis (65 IU/kg; n=24), or episodic treatment
(10-50 TU/kg; n=23). Prior to enrollment, patients in the
individualized prophylaxis arm could have received FVIII
as prophylaxis or on-demand, while those recruited to the
other two arms could only have received on-demand treat-
ment. In the individualized prophylaxis arm, to maintain
good control of breakthrough bleeding, each patient’s phar-
macokinetic (PK) parameters were used to guide individual
adjustments to dosing interval (down to 3 days or up to
5 days) and/or dose (up to 65 IU/kg) to target a steady-state
FVIII trough level of 1-3 IU/dL. Adjustments were also
made if a patient experienced two spontaneous bleeding
episodes within an 8-week period.

For emicizumab, data were included from both
HAVEN 3 and HAVEN 4. HAVEN 3 was a partially
randomized study of emicizumab in patients aged >12
years of age with severe hemophilia A without current
FVIII inhibitors (<0.6 Bethesda units per mL).'
Participants receiving episodic therapy with FVIII were
randomly assigned in a 2:2:1 ratio to receive emicizumab
QIW (1.5 mg/kg; group A; n=36) or Q2W (3.0 mg/kg
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group B; n=35), or to continue on-demand therapy with
FVIII (group C, n=18). An additional 63 patients who
received FVIII prophylaxis before study entry were allo-
cated to group D and received prophylaxis with emicizu-
mab QIW (1.5 mg/kg). HAVEN 4 was a non-randomized,
single-arm study of emicizumab in patients aged >12 years
of age with severe hemophilia A (n=41), which included
five patients with hemophilia A with inhibitors undergoing
treatment with FVIII concentrates or bypassing agents.'’
All patients received a subcutaneous loading dose of emi-
cizumab of 3 mg/kg Q1IW for the initial 4 weeks, followed
by emicizumab prophylaxis Q4W (6.0 mg/kg) for at least
24 weeks. Data from all prophylaxis arms of both studies
were used in the analysis, which included patients treated
with 1.5 mg/kg Q1W, 3.0 mg/kg Q2W and 6.0 mg/kg
Q4W.'*!'” HAVEN 1 and HAVEN 2 included patients
with hemophilia A with inhibitors aged >12 years or <12
years of age, respectively, and were excluded from the

analysis.'>'®

Methodology of Indirect Comparisons

The pivotal trials included in the analysis had some simi-
larities in their design. Both A-LONG and HAVEN 3
comprised randomized and non-randomized arms, while
HAVEN 4 was a non-comparative, single-arm study. In
both A-LONG and HAVEN 3, on-demand treatment was
assessed as a reference regimen within the randomized
arms of each study. Despite this, a network meta-analysis
including the on-demand arms was considered unfeasible,
since rFVIIIFc individualized prophylaxis was assessed
within a separate, non-randomized arm of A-LONG and
could not be assessed in relation to on-demand treatment.
In the absence of head-to-head trials and/or a connected
network of clinical evidence, the matching-adjusted indir-
ect comparison (MAIC), which adjusts for differences in
baseline characteristics between treatments, was selected
as the most suitable method to compare rFVIIIFc with
emicizumab for the prophylactic treatment of hemophilia
and was performed according to guidelines developed by
the National Institute for Health and Care Excellence
Decision Support Unit."” Individual patient data (IPD),
including baseline characteristics and effects observed in
the individualized prophylaxis arm, were available for
rFVIIIFc from the A-LONG trial. Data were anonymized
and no information allowing individual patients to be
identified was included. Each individual patient was
assigned a weight calculated from the logistic regression
model (see equation presented below), so that weighted

mean baseline characteristics of the study population
match the baseline characteristics reported for the com-

parator trial *°

In (wi) = ag + alTXi[

Where:
X;, = the covariate vector for the i-th individual receiving
treatment t
W, = weight assigned to the i-th individual receiving
treatment t

The weights assigned to each patient individually can be
interpreted as the estimated odds (relative propensity) of
being in the comparator trials relative to the original study
(A-LONG) and the weighted baseline characteristics of the
A-LONG trial match the characteristics of the comparator
population. The weights were used to recalculate the effect
of the treatment in order to allow for the population-
adjusted comparison with the estimates observed for the
comparator.

Safety data reported across the analyzed treatment
arms in the identified studies were tabularized but not
formally compared using MAIC methodology since there
was no unequivocal evidence for the interaction between
baseline variables and the risk of adverse events (AEs).

Outcome Assessments

Efficacy outcomes assessed were mean ABR and propor-
tion of patients with zero bleeds. These outcomes are
clinically relevant and frequently reported treatment out-
comes in clinical trials of hemophilia. The A-LONG pro-
tocol stipulated all bleeding events required administration
of FVIII, regardless of severity; therefore, the estimates for
the incidence of bleeding episodes reported for the
A-LONG trial refer to all bleeding episodes. In the
HAVEN 3 and HAVEN 4 trials, data were collected for
all bleeds (treated and untreated) and treated bleeds; the
clear algorithm defining which events qualified for FVIII
treatment in the HAVEN program was not provided. For
consistency with A-LONG, data for all bleeds were used
in this analysis.

Data Analysis

IPD for rFVIIIFc from the A-LONG trial were weighted
and matched to aggregated corresponding baseline char-
acteristics for emicizumab in the comparator trials.
Baseline variables included for adjustment were: age
(mean, (standard deviation [SD]); target joint, including
mean (SD) number of target joints (when available), or
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proportion of patients with 1 or >2 target joint(s); propor-
tion of patients with prior prophylaxis; ethnicity (propor-
tion of white patients); and treatment duration (mean, SD).
Outcomes were recalculated using assigned weights; mean
ABR was estimated using weighted negative binomial
regression model (using R software v.3.5.5 with MASS
package), which was consistent with the analysis in
HAVEN trials. Odds of zero bleeds were calculated by
dividing the reweighted number of patients with and with-
out bleeding episodes. Weighted outcomes from A-LONG
were statistically compared with observed values for
emicizumab.

For each adjustment, the matched baseline characteris-
tics are presented with the corresponding estimates of
effective sample size for patients receiving rFVIIIFc.
Recalculated ABR and the odds of patients with zero
bleeds were compared with the estimates related to emici-
zumab. The odds ratio (OR) was calculated using the
standard formula.?' Relative treatment effects are pre-
sented as incidence rate ratios (IRR) with 95% confidence
intervals (CI) for ABR, and ORs with 95% CI for the
proportion of patients with zero bleeds. The IRR, together
with the associated 95% CI, was calculated as the expo-
nent of the difference between the log values of ABRs for
rFVIIIFc and emicizumab.?! A difference in IRR or OR
was considered statistically significant when the associated
95% CI did not include 1.0. Statistical comparisons were
conducted in R (R v.3.5.5 [https://www.r-project.org/]).

Results

Baseline Characteristics Before Matching
The analysis included 117 patients who received rFVIIIFc
individualized prophylaxis in A-LONG, and 99 and 41
patients from HAVEN 3 and HAVEN 4, respectively,
who received emicizumab. Median age was 29 years in
A-LONG and ranged from 36 to 41 years in the two
HAVEN trials. Across the trials, the length of treatment
varied; in A-LONG median duration of rFVIIIFc treatment
in the individualized prophylaxis arm was 32.1 weeks; the
median duration of the efficacy period ranged from 29.6 to
33.7 weeks in HAVEN 3 and was 25.6 weeks in
HAVEN 4.

Prior to study entry, the treatment regimen was pro-
phylaxis in 73.7% of patients in the individualized pro-
phylaxis arm in A-LONG, and 41.4% and 73.0% in
HAVEN 3 and HAVEN 4, respectively. At baseline, the
proportion of patients with >1 target joint was 68.5% in

A-LONG. Overall, in HAVEN 3 and HAVEN 4, the
proportion of patients with >1 target joint across the
treatment arms was 41.3-94.4% and 61.0-86.0%, respec-
tively. In A-LONG, the median number of bleeding
events in the 12 months prior to study entry was 6.0
and 27.0 in patients receiving a prior prophylaxis or
prior episodic regimen, respectively. In the HAVEN pro-
gram, the proportion of bleeding events was reported for
the prior 24 weeks only. In HAVEN 3 the proportion of
patients with <9 bleeding events in the 24 weeks before
trial entry was 25.0%, 14.3%, 22.2% and 84.1% in treat-
ments arms A to D, respectively. The median number of
bleeding events in the 24 weeks before study entry was
5.0 in HAVEN 4.

Matching of Baseline Characteristics

IPD for rFVIIIFc from the individualized prophylaxis arm
of A-LONG were matched to the baseline characteristics
of emicizumab QIW (n=99; Supplementary Table 1),
Q2W (n=35; Supplementary Table 2) and Q4W (n=41;
Supplementary Table 3). The effective sample size (ESS)

for rFVIIIFc for each comparison after matching was n=94
(Q1W), n=19 (Q2W) and n=36 (Q4W), respectively.

Annualized Bleeding Rate, All Bleeds

After matching, the mean ABR was 2.73 for individua-
lized prophylaxis with rFVIIIFc and 2.93 for emicizumab
administered QIW. The difference in ABR between the
two treatments was not statistically significant (IRR 0.93;
95% CI 0.63—1.39; Figure 1). Similarly, there was no
statistically significant difference between mean ABR for
individualized prophylaxis with rFVIIIFc and emicizumab
administered Q2W (1.49 versus 2.60; IRR 0.57; 95% CI
0.28-1.17) and Q4W (2.75 versus 4.50; IRR 0.61; 95% CI
0.37-1.02).

Proportion of Patients With Zero Bleeds
The proportion of patients with zero bleeds was signifi-
with
rFVIIIFc compared with emicizumab administered Q4W
(51.2% versus 29.3%, respectively; OR 2.53; 95% CI 1.-
09-5.89; Figure 2). There were no statistically significant

cantly higher with individualized prophylaxis

differences in the proportion of patients with zero bleeds
between rFVIIIFc and emicizumab administered QlW
(47.6% versus 46.5%; OR 1.05; 95% CI 0.60-1.82) or
Q2W (54.2% versus 40.0%; OR 1.78; 95% CI 0.62-5.11).
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Figure 1 (A and B) Mean ABR, any bleeding, after matching for all selected
baseline variables; forest plot represents relative treatment effects presented as
IRR with 95% CI.

Notes: TAge, number of target joints, proportion of patients with prior prophylaxis,
ethnicity (proportion of white patients) and treatment duration (weeks); *Effective
sample size; TData from HAVEN 3; SData from HAVEN 4

Abbreviations: ABR, annualized bleeding rate; Cl, confidence interval; IRR, incidence
rate ratio; Q1W, once a week; Q2W, once every 2 weeks; Q4WV, once every 4 weeks.

Safety

A summary of safety data from the individualized prophy-
laxis arm of A-LONG and all prophylaxis arms from
HAVEN 3 and HAVEN 4 is presented in Supplementary
Table 4. The mean number of AEs expressed per participant
was 1.9 for individualized prophylaxis with rFVIIIFc, and
3.74.0, 4.1 and 3.6 for emicizumab administered Q1W,
Q2W and Q4W, respectively. Injection site reactions were
reported in 20-32% of patients receiving respective regimens
of emicizumab prophylaxis, and thus were among the most
frequently reported events. Injection site reactions were not
reported among AEs in patients receiving individualized
prophylaxis with rFVIIIFc in A-LONG. The proportions of
patients reporting arthralgia, headache and upper respiratory
tract infection were numerically lower with rEVIIIIFc indi-
vidualized prophylaxis than those observed in the respective
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Figure 2 (A and B) Proportion of patients with zero bleeds after matching for all
selected baseline variables; forest plot represents relative treatment effects pre-
sented as OR with 95% CI.

Notes: TAge, number of target joints, proportion of patients with prior prophy-
laxis, ethnicity (proportion of white people) and treatment duration (weeks);
*Effective sample size; TData from HAVEN 3; SData from HAVEN 4.
Abbreviations: Cl, confidence interval; OR, odds ratio; QIW, once a week; Q2W,
once every 2 weeks; Q4W, once every 4 weeks.

emicizumab arms. There was no evidence of differences
regarding serious AEs between treatments.

Discussion

The results of this MAIC analysis indicate that rFVIIIFc is
more efficacious than emicizumab Q4W and at least as
efficacious as more frequent emicizumab regimens, for the
management of patients with hemophilia A. Individualized
prophylaxis with rFVIIIFc, the approved dosing regimen,”*
was shown to be associated with a significantly greater
proportion of patients with zero bleeds than emicizumab
administered Q4W, while no statistically significant differ-
ences were observed in the proportion of patients with zero
bleeds when rFVIIIFc was compared with emicizumab
administered Q1W or Q2W. In addition, there were no sta-
tistically significant differences for mean ABR with
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individualized prophylaxis with rFVIIIFc and emicizumab
administered Q1W, Q2W or Q4W. Although five of the six
comparisons of bleeding events did not achieve statistical
significance, clear trends in favor of tFVIIIFc were observed.

In the A-LONG study, the prophylactic dosing regimen
of rFVIIIFc was not designed to optimize the prevention
of bleeds; the protocol prescribed a PK-tailored dosing
regimen aimed at targeting FVIII trough levels between
1 and 3 TU/dL. This relatively modest treatment target may
make a comparison with emicizumab unfavorable for
rFVIIIFc, as emicizumab more than likely reached its
ceiling limit for optimal prophylactic efficacy with the
published dosing regimens.

The results of the current study contrast with the pub-
lication by Reyes et al, the results of which suggested the
superiority of prophylaxis with emicizumab over FVIII
prophylaxis (combined comparator of four different
FVIII concentrates, including rFVIIIFc) in patients with
hemophilia A without inhibitors.”* Importantly, the Reyes
analysis included data from the weekly prophylaxis arm of
A-LONG, which is not aligned to the approved dosing
regimens of rFVIIIFc, and may have led to the overesti-
mation of ABRs for rFVIIIFc, thus boosting the relative
efficacy of emicizumab in comparison. Detailed analysis
of the Reyes study has been described elsewhere.”?

For the current analysis, several methodologies were
considered, including a network meta-analysis as utilized
by Reyes et al>?> a meta-analysis using the Bucher
method and MAIC. Patients were not randomly assigned
to the individualized prophylaxis arm with rFVIIIFc in
A-LONG, and therefore, a connected network of evi-
dence could not be formed between the rFVIIIFc indivi-
dualized prophylaxis and emicizumab prophylaxis arms.
As such, the standard meta- and network meta-analyses
were considered not appropriate for these trial data.
However, an indirect treatment comparison was still fea-
sible, and it was important to adjust for differences in
MAIC is
a validated method for the comparison of outcomes of

baseline characteristics between studies.
interventions, which can overcome methodological lim-
itations of indirect comparisons and network meta-

24
analyses.

IPD from studies of one treatment are
matched with aggregate data from published studies of
another treatment, allowing treatment outcomes to be
compared across balanced trial populations; thus, redu-
cing observed cross-trial differences.?’ In the absence of

head-to-head studies, we propose MAIC as the most

robust method to compare treatments and the most appro-
priate for the current analysis.

Prophylaxis with FVIII replacement products is the
standard of care for the management of hemophilia A;
treatment has evolved and is focused on increasing protec-
tion by raising factor levels above previous targets. This has
the potential to allow a more active lifestyle with improved
outcomes, including prevention of bleeding and joint dis-
ease progression and thus, potentially a better quality of
life.”® The HAVEN trial program demonstrated the efficacy
of emicizumab for the treatment of patients with hemophilia
A both with and without inhibitors.'®'” However, long-term
data are not currently available and there are some safety
concerns associated with a risk of thrombosis in combina-
tion with other procoagulant drugs." Of note, during the
HAVEN 4 study, 61% of patients received at least one
concomitant dose of FVIII concentrates or bypassing agents
and 39% received these treatments prior to activities that
may lead to bleeding.'” This indicates that the ABR with
emicizumab prophylaxis alone is likely to be underesti-
mated. A pre-specified sub-group analysis of HAVEN 4
concluded that emicizumab efficacy (6 mg/kg Q4W) was
unaffected by FVIII inhibitor status, presence of target
joints, or type of previous FVIII or bypassing agent treat-
ment regimen (episodic versus prophylactic).!” This rein-
forces the validity of the current analysis, as based on this
conclusion, the ABRs in patients treated with emicizumab
are not influenced by the presence of inhibitors, although
the number of patients with inhibitors in HAVEN 4 is very
low (expansion cohort, n=5).

The study has the following limitations. The outcomes
assessed in our analysis were restricted to mean ABR and
proportion of patients with zero bleeds. It would have been
interesting to compare both interventions in terms of addi-
tional outcomes, such as FVIII utilisation to prevent bleeds
before physical activity; however, relevant information
was not provided in the HAVEN trials. In addition, there
was a loss of sample size when comparing rFVIIIFc with
emicizumab Q2W (ESS=19) and Q4W (ESS=36), which
was largely due to the discrepancies in the proportion of
patients with previous prophylaxis (73.5% versus 0%) and
treatment duration (32.6 weeks versus 26.6 weeks),
respectively. Furthermore, the adjustment for other con-
founding factors, eg weight, geographic region, FVIII
genotype, which may also have an influence on the find-
ings reported here, were considered; unfortunately, this
was not possible as relevant information was not provided
in the HAVEN trials. Safety outcomes reported across the
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treatment arms included in this analysis are presented; the
mean number of AEs reported per participant was numeri-
cally lower for rFVIIIFc than for emicizumab (1.9 versus
3.6-4.1). Emicizumab was also associated with frequent
injection site reactions, which were not reported for
patients receiving individualized prophylaxis with
rFVIIIFc in A-LONG. The proportions of patients report-
ing arthralgia, headache and upper respiratory tract infec-
tion were also numerically lower with rFVIIIFc than for
those observed in the respective emicizumab arms. These
AEs can potentially increase the burden associated with
long-term emicizumab prophylaxis. However, no formal
statistical analysis was carried out and this should be
considered when interpreting these data. In addition, safety
outcomes from the long-term follow-up studies should be
considered for the full characterization of safety profiles.

Conclusion

This indirect treatment comparison indicates that rFVIIIFc
individualized prophylaxis is more efficacious than emici-
zumab administered Q4W for the proportion of patients
with zero bleeds. Similar efficacy was observed for mean
ABR with rFVIIIFc individualized prophylaxis compared
with emicizumab administered Q1W, Q2W and Q4W, with
trends in favor of rFVIIIFc.

Abbreviation

ABR, annualized bleeding rate; CI, confidence interval; ESS,
effective sample size; FVIII, factor VIII; IPD, Individual
patient data; IRR, incidence rate ratio; rFVIIIFc,
Recombinant factor VIII-Fc fusion protein; MAIC, match-
ing-adjusted indirect comparison; OR, odds ratio; PK, phar-
macokinetic; Q1W, once every week; Q2W, every 2 weeks;
Q4W, every 4 weeks; SD, standard deviation.
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