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arm A, 1.0 (0.53-1.85) and 0.4 (0.18-1.09); arm B, 1.0 (0.50-1.84) and 0.3 (0.12-0.85);
arm C, 27.0 (13.29-54.91) and 8.6 (3.15-23.42). The most common adverse event,
upper respiratory tract infection, was reported for 14 of 56 (25.0%; emicizumab) and
2 of 14 (14.3%; no prophylaxis) participants. No thrombotic events, thrombotic micro-
angiopathies, or deaths were reported.

Conclusion: Emicizumab 1.5 mg/kg once weekly and 6 mg/kg every 4 weeks demon-
strated bleed control in this study population, was well tolerated, and could improve

use of prophylaxis in people with hemophilia A.

clinical trials, emicizumab, factor VIII, hemophilia A, prophylaxis, randomized

e Hemophilia A treatment is limited in developing countries of the Asia-Pacific region.

e HAVEN 5 evaluates emicizumab prophylaxis in people with hemophilia A in the Asia-Pacific region.

e Emicizumab demonstrated bleed control and was well tolerated in this study population.

e Emicizumab could improve use of prophylaxis in people with hemophilia A from the Asia-Pacific region.

1 | INTRODUCTION

Hemophilia A is a congenital disorder associated with bleed-
ing caused by a deficiency in coagulation factor FVIII (FVII).!
Prophylaxis is the current standard of care for people with hemo-
philia A with a severe phenotype2; however, treatment burden with
FVIII prophylaxis can be high due to the requirement for frequent
intravenous administration (>1 per week),® and still, unsatisfactory
bleed control.* Furthermore, up to 30% of people with hemophilia
A treated with factor products develop FVIII inhibitors, neutraliz-
ing the function of infused FVIII and further complicating treatment
management.® Disease burden and treatment challenges, therefore,
can be greater in those who develop FVIII inhibitors.® Bypassing
agents (BPAs) are options for people with hemophilia A with FVIII
inhibitors’; however, suboptimal efficacy and treatment burden can
remain an issue, ultimately impacting patient management.7

In developing countries of the Asia-Pacific region, the disease
burden associated with hemophilia A is greater compared with
Western countries, with the limited use of prophylaxis being one
of the main contributing factors.®? The Asia-Pacific Hemophilia
Working Group has developed a Principles of Hemophilia Care doc-
ument, taking into account variability in regional health care systems
and the socioeconomic and cultural diversities, in an effort to drive
forward hemophilia care in the region.10 There remains, however, a
high unmet need in reducing disease burden for people with hemo-
philia A in the Asia-Pacific region.

Emicizumab is a humanized, bispecific, monoclonal antibody
that bridges activated factor IX (FIXa) and factor X (FX), replacing
the function of missing activated FVIII and restoring hemostasis in
people with hemophilia A.1! Its long half-life'? allows for dosing reg-
imens of once weekly, every 2 weeks, or every 4 weeks. Coupled

with a subcutaneous route of administration and high bioavailabil-
ity, ! these dosing regimens could improve adherence to prophylac-
tic therapy and offer people with hemophilia A a less burdensome
treatment relative to traditional factor products.

The efficacy and favorable safety profile of emicizumab in people
with hemophilia A aged 212 years, regardless of FVIII inhibitor sta-
tus, were demonstrated in 3 pivotal phase 3 studies (HAVEN 1 [once
weekly],** HAVEN 3 [once weekly/every 2 weeks],*> and HAVEN 4
[every 4 weeks]®), with similar findings demonstrated for individuals
aged <12 years (HAVEN 2'7 and HOHOEMI*). A pooled analysis of
the HAVEN 1 to 4 studies demonstrated long-term efficacy and tol-
erability across a median (interquartile range [IQR]) efficacy period
of 120 (89-164) weeks.”

HAVEN 5 (NCT03315455) was designed to evaluate the effi-
cacy, safety, immunogenicity, and pharmacokinetic (PK) profile of
1.5 mg/kg once weekly and 6 mg/kg every 4 weeks emicizumab in
people with hemophilia A in the Asia-Pacific region. Here, we re-
port primary and select secondary outcome data after 224 weeks of
treatment during the ongoing HAVEN 5 trial.

2 | METHODS

2.1 | Study design
HAVEN 5 is a randomized, multicenter, open-label, phase 3 clinical
study (Figure 1) conducted at 13 sites across China, Malaysia, and
Thailand; a full list of sites is provided in Table S1.

Study participants were randomized to 3 treatment arms: emi-
cizumab 3 mg/kg once weekly for the first 4 weeks (loading dose)
followed by a maintenance dose of either 1.5 mg/kg once weekly
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FIGURE 1 HAVEN 5 study design. BPA, bypassing agent; F, factor; QW, once weekly; Q4W, once every 4 weeks; R, randomization.
#Randomization was stratified based on the number of bleeds in the 24 weeks before study start (<9 or 29). PEmicizumab was administered
at a loading dose of 3 mg/kg once weekly for 4 weeks before the maintenance dose indicated. “Emicizumab was administered at a loading
dose of 3 mg/kg once weekly for 4 weeks before 6 mg/kg every 4 weeks maintenance dosing

(arm A) or 6 mg/kg every 4 weeks (arm B), or no prophylaxis (arm
C) (Figure 1). After completing 24 weeks of study, participants
randomized to arm C could switch to emicizumab (3 mg/kg once
weekly loading dose for 4 weeks followed by a maintenance regi-
men of 6 mg/kg every 4 weeks). After at least 24 weeks of emici-
zumab prophylaxis, participants could continue taking maintenance
therapy (1.5 mg/kg once weekly or 6 mg/kg every 4 weeks) or, if
they had suboptimal control of bleeding, defined as 22 spontaneous
and clinically significant bleeding events during the prior 24 weeks
of emicizumab administration, both occurring after the end of the
loading-dose period, change to an increased dose of 3 mg/kg once
weekly.

The study was conducted in compliance with the International
Conference on Harmonisation Guidelines for Good Clinical Practice,
the principles of the Declaration of Helsinki, and all informed con-
sent guidelines; the protocol was approved by the institutional re-
view boards/independent ethics committees at each participating

site and carried out in accordance with applicable regulations.

2.2 | Participants

People with hemophilia A with or without FVIII inhibitors were en-
rolled in HAVEN 5. Since emicizumab efficacy is similar irrespective
of FVIII inhibitor status and age,19 and to ensure a representative
range of people with hemophilia A in this study, enrollment of up to
55 noninhibitor participants was permitted.

Participants were aged 212 years with a diagnosis of severe he-
mophilia A (intrinsic FVIII level <1%) or hemophilia A with FVIII in-
hibitors, and were required to have documented 25 bleeds and use
of episodic therapy (FVIII or BPAs) in the 24 weeks before study
entry to be eligible for inclusion. Participants without FVIII inhib-
itors (<0.6 BU/mL) who successfully completed immune tolerance
induction (ITl) therapy were required to have done so =5 years be-
fore screening and have no evidence of permanent/temporary in-
hibitor recurrence since ITI (>0.6 BU/mL). Those with inherited or
acquired bleeding disorders other than hemophilia A, at high risk for

thrombotic microangiopathy (TMA), and/or with signs of thrombotic
events (TEs) or previous/current treatment for TE were excluded.
Full inclusion/exclusion criteria are listed in Appendix S1.

All adult participants provided written informed consent before
study start; parents/legally authorized representatives of adoles-
cents provided written informed consent, and adolescents provided
informed assent.

2.3 | Randomization

Participants were randomly assigned centrally (2:2:1) to arm A, B,
or C using an interactive voice/web response system. To ensure a
balance of participants by bleed frequency across study arms, block-
based randomization was used to stratify participants according to

the number of bleeds (<9 or 29) in the 24 weeks before study entry.

2.4 | Procedures
Emicizumab was administered subcutaneously by/under the obser-
vation of a health care professional, after which self-administration
was performed at home. Bleed data (including start date and type)
and hemophilia-related medication use data were entered on an elec-
tronic handheld device (cell phone) by the participant via the Blood
and Medication Questionnaire (BMQ; developed and validated by
the sponsor). Participants were required to complete the BMQ at
the start of the week 1 study visit and once a bleed was managed;
data were recorded weekly (including confirmation of no bleeds) and
could be also entered for the previous 7 days. This retrospective col-
lection of data was considered acceptable in terms of recall bias and
was permitted to optimize completeness of data collection.
Participant-reported health-related quality of life (HRQoL) and
health status data were captured by an electronic handheld device
(tablet) at weeks 1, 13, and 25. HRQoL was measured using the
Haemophilia Quality of Life Questionnaire for Adults (Haem-A-
Qol; for participants aged 218 years) and Haemophilia Quality of
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Life Questionnaire for Adolescents (Haemo-QoL-SF; for participants
aged 12-17 years). Health status was measured using the EuroQol-5
Dimensions-5 Levels Questionnaire (EQ-5D-5L), which consists of
two parts: (i) an Index Utility Scale (IUS) and (ii) a Visual Analog Scale
(VAS). Details on Haem-A-QoL and EQ-5D-5L domains and scales
are provided in Appendix S1.

Safety assessments consisted of monitoring adverse events
(AEs), serious AEs (SAEs), injection-site reactions (ISRs), and AEs
of special interest (AESIs; specifically, TEs, TMA, and hypersensi-
tivity/anaphylactic/anaphylactoid reaction), development of anti-
drug (emicizumab) antibodies (ADAs), and protocol-specified vital
signs, electrocardiograms, and laboratory assessments. AEs were
recorded on an electronic case report form using the standardized
Medical Dictionary for Regulatory Activities (version 22.0); terms
were coded and tabulated by System Organ Class. Additional details
are provided in the supplement.

Plasma samples were collected at prespecified time points
for analysis of emicizumab exposure (once weekly regimen: every
week during weeks 1-4, every 2 weeks during weeks 5-8, and every
4 weeks during weeks 9-24; every-4-week regimen: every week
during weeks 1-4 and every 4 weeks during weeks 5-24). Previously
reported validated ELISAs were used to detect ADA development20
and analyze emicizumab plasma concentrations?! and were con-
ducted by QPS Netherlands B.V (Groningen, the Netherlands).

2.5 | Outcomes
The primary efficacy end point was annualized bleeding rate (ABR)
for treated bleeds in people with hemophilia A receiving once-weekly
or every-4-weeks emicizumab prophylaxis or no prophylaxis (see
Appendix S1 for definition of treated bleeds). Secondary efficacy end
points were ABRs for all bleeds and treated spontaneous/joint/target
joint bleeds in participants receiving once-weekly or every-4-weeks
emicizumab prophylaxis versus no prophylaxis. Bleeds were counted
as one bleed if they were of the same type and occurred at the same
anatomic location within 72 hours after stopping treatment for the first
bleed (the “72-hour rule”)??; bleeds due to procedure/surgery were
excluded. As per ISTH definition, target joints were defined as major
joints in which 23 bleeding events occurred over a 24-week period.23
Change from baseline in HRQoL and health status after 24 weeks of
emicizumab prophylaxis versus no prophylaxis was also evaluated.
Incidence of AEs, SAEs, AEs leading to treatment discontinua-
tion/modification/interruption, local ISRs, AESIs, and ADAs were
used to assess safety. Exposure (trough plasma concentration) fol-
lowing emicizumab once weekly and every 4 weeks was character-

ized via PK sampling.

2.6 | Statistical analysis

Assuming a randomization ratio of 2:2:1, a sample size of N = 70
participants (28 participants each in arms A and B and 14 in arm

C) would achieve a power of >90% at the two-sided 0.05 level of
significance. This calculation assumes mean ABRs of 4 and 18 for
emicizumab prophylaxis (arms A and B) and no prophylaxis (arm C),
respectively, representing an expected 78% reduction in the ABR
with prophylaxis.

Participantdemographicsand clinical characteristicsarereported
using descriptive statistics including mean, standard deviation (SD),
median, and IQR. Primary and secondary efficacy analyses were
performed in the intent-to-treat (ITT) population, which comprised
people with hemophilia A with/without FVIII inhibitors. Similar PK,
and relationship between PK and bleed frequency, have been previ-
ously observed in inhibitor and noninhibitor populations.***>24

Formal hypothesis testing was conducted for the randomized
comparisons of arm A/B versus arm C; for primary and bleed-related
secondary end points, a model-based comparison of the number
of bleeds over the study period in arms A/B compared with arm C
was performed using a negative-binomial regression model, which
takes into account the varying follow-up time for each individual.
Statistical testing at the prespecified a level was based on the Wald
test. Bleed rates for emicizumab and no prophylaxis groups, and rate
ratio (quantifies the risk of bleeding associated with emicizumab
versus no prophylaxis) including 95% confidence intervals (Cls) are
described. ABR = (number of bleeds/total number of days during the
efficacy period) x 365.25 was used to calculate median (IQR) and
mean (95% Cl) ABRs. Type 1 errors for secondary end points were
controlled through a hierarchical testing framework.

Safety data were collected throughout the study and are
described using numbers and percentages, and laboratory data
were summarized descriptively over time, although not all ADA and
PK data were available at the clinical cutoff date. Immunogenicity
data were summarized using standard language/terminology as per
Shankar et al.?® Trough emicizumab plasma concentrations were an-
alyzed in participants who received 21 emicizumab dose and had 21
postbaseline concentration measurement. Details of the methodol-
ogy for subgroup and HRQoL statistical analyses are provided in the
supplement. Data were analyzed using SAS software, version 9.4 of
the SAS System for Unix (SAS Institute, Cary, NC, USA).

All authors had access to the data and confirm adherence to the
statistical analysis plan.

This study is registered with ClinicalTrials.gov (NCT03315455).

3 | RESULTS

From April 26, 2018, to January 4, 2019, a total of 76 people with
hemophilia A were screened for eligibility, and 70 were enrolled
in this ongoing study (Figure 2). Of the six participants who failed
screening, four did not meet inclusion criteria (diagnosis of severe
congenital hemophilia A or hemophilia A with FVIIl inhibitors, n = 2;
documentation of episodic therapy and number of bleeds in the
past 24 weeks, n = 1; adequate hepatic function, n = 1), and two
were ineligible for other reasons. No individuals who met the eligi-
bility criteria declined to participate in the study. Participants were
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FIGURE 2 Participant disposition. QW, once weekly; Q4W, once every 4 weeks. ?Participants randomized (2:2:1) to arms A, B, and C.
bThis participant was up-titrated to 3 mg/kg once weekly at week 25 following suboptimal bleeding control (ie, 22 spontaneous and clinically
significant bleeds within 24 weeks). “One participant switched from emicizumab 6 mg/kg every 4 weeks to 1.5 mg/kg once weekly at the

discretion of the investigator and medical director

randomized 2:2:1 to arms A (n = 29), B (h = 27), and C (n = 14), re-
spectively. After completing 24 weeks of study, 13 participants in
arm C switched to receive emicizumab 6 mg/kg every 4 weeks; one
participant received emicizumab 1.5 mg/kg once weekly due to an
AE of headache that occurred when receiving the 3-mg/kg loading
dose. This grade 1 (nonserious) AE was considered to be treatment
related by the investigator. Treatment dose for one participant (arm
B) was up-titrated to 3 mg/kg once weekly at week 25 following
suboptimal bleeding control (ie, 22 spontaneous and clinically sig-
nificant bleeds within 24 weeks).

As of the clinical cutoff date for the reported analysis (June
21, 2019), all randomized participants (n = 70) had completed at
least 24 weeks on study and all continued emicizumab. The ITT
and safety populations included all randomized participants. PK
and ADA samples for six participants were not analyzed due to
administrative reasons; as such, the PK-/ADA-evaluable popula-
tions included only 64 participants. The majority of participants
in the ITT population (285.7% in all treatment arms) completed all
scheduled assessments of the BMQ, Haem-A-QolL, and EQ-5D-5L.
However, only 63.6% (7 of 11 participants aged 12-17 years) com-
pleted all Haemo-QoL-SF assessments; therefore, these data are
not presented.

Baseline demographics and disease characteristics are shown in
Table 1. All participants were male, with a median (range) age of 29.0
(12-66) years, and most were Chinese (85.7%). The majority of par-
ticipants had severe hemophilia A (95.7%) and target joints (74.3%)
at baseline. The median (range) number of bleeds in the 24 weeks
before study entry was 14.5 (5-39). At baseline, a total of 16 (22.9%)
participants presented with FVIII inhibitors and 54 (77.1%) without
inhibitors; further, 3 three participants with FVIII inhibitors had pre-
viously undergone ITl therapy (arm B,n=2;arm C,n = 1).

The median (IQR) efficacy period was 43.7 (36.14-48.43) weeks
for arm A (1.5 mg/kg once weekly), 46.1 (36.71-49.29) weeks for
arm B (6 mg/kg every 4 weeks), and 24.0 (24.00-24.29) weeks for
arm C (no prophylaxis). The primary efficacy end point was met
for both emicizumab regimens; following emicizumab prophylaxis,
the model-based ABR (95% Cl) for treated bleeds was 1.0 (0.53-
1.85) for arm A and 1.0 (0.50-1.84) for arm B, compared with 27.0
(13.29-54.91) for arm C. Therefore, a statistically significant and
clinically meaningful reduction of 96% in ABR for treated bleeds
was observed for both emicizumab once weekly and every 4 weeks
compared with no prophylaxis (both P < .0001; Figure 3A). The par-
ticipant in arm B whose dose was up-titrated from 6 mg/kg every
4 weeks to 3 mg/kg once weekly had an ABR for treated bleeds
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TABLE 1 Participant demographics and disease characteristics at baseline (all randomized participants)
Arm A (emicizumab 1.5 mg/kg ~ Arm B (emicizumab 6 mg/kg  Arm C (no prophylaxis)  Total
once weekly) (n = 29) every 4 weeks) (n = 27) (n=14) (N =70)

Age,y

Median (range) 31.0(12-57) 28.0 (13-66) 26.5 (13-46) 29.0 (12-66)

<18, n (%) 3(10.3) 6(22.2) 2(14.3) 11(15.7)

218-64, n (%) 26 (89.7) 20 (74.1) 12(85.7) 58(82.9)

265, n (%) 0(0.0) 1(3.7) 0(0.0) 1(1.4)
Race, n (%)

Chinese 25(86.2) 21(77.8) 14 (100) 60 (85.7)

Non-Chinese 4(13.8) 6(22.2) 0(0.0) 10 (14.3)
Hemophilia severity at baseline, n (%)

Mild 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Moderate® 2(6.9) 0(0.0) 1(7.1) 3(4.3)

Severe 27(93.1) 27 (100) 13(92.9) 67 (95.7)
FVIII inhibitor status, n (%)

Yes 6(20.7) 7 (25.9) 3(21.4) 16 (22.9)

No 23(79.3) 20 (74.1) 11 (78.6) 54(77.1)
Participants with inhibitors previously

treated with ITI, n (%) 0(0.0) 2(28.6) 1(33.3) 3(18.8)

Bleeds in 24 weeks before study entry

Median (range) 14.0 (5-28) 14.0 (5-39) 19.5 (6-34) 14.5 (5-39)

<9, n (%) 7 (24.1) 6(22.2) 3(21.4) 16 (22.9)

29, n (%) 22 (75.9) 21(77.8) 11 (78.6) 54 (77.1)
Target joints, n (%)

Yes 20 (69.0) 20 (74.1) 12(85.7) 52(74.3)

>1 13/20 (65.0) 14/20 (70.0) 8/12 (66.7) 35/52 (67.3)

FVIII, factor VIII; ITI, immune tolerance induction.
2All participants with moderate phenotypes had FVIIl inhibitors.

of 4.4 before up-titration and 0.0 after up-titration. In arms A and
B, 65.5% (n = 19/29) and 55.6% (n = 15/27) of participants had
zero treated bleeds, respectively, versus 17.1% (n = 1/14) in arm
C (Figure 3B). The proportion of participants with zero to three
treated bleeds was 86.2% and 92.6% for arms A and B, respec-
tively, compared with 7.1% in arm C. Subgroup analyses are de-
tailed in Appendix S1 and in Figure S1.

The other bleed-related end points were also met for both emici-
zumab regimens compared with no prophylaxis (Table 2); statistically
significant reductions of 295% in ABRs were observed (P < .0001).
In both arms A and B, calculated median ABRs were zero for treated
spontaneous bleeds, treated joint bleeds, and treated target joint
bleeds (Table 2). A total of 24 (82.8%) participants in arm A and 19
(70.4%) in arm B had zero treated target joint bleeds, compared
with 4 (28.6%) in arm C. Emicizumab was also efficacious among
those with/without FVIII inhibitors compared with no prophylaxis
(Table S2).

Mean (95% Cl) Haem-A-QoL physical health score and total
score decreased from baseline with emicizumab prophylaxis, in-
dicating improvement in HRQoL (physical health: arm A, -20.20

[-12.02 to -28.38]; arm B, -22.14 [-14.82 to -29.47]; arm C, -5.63
[-6.08 to -17.33]; total score: arm A, -10.14 [-3.46 to -16.81]; arm
B, -17.61 [-10.96 to -24.25]; arm C, -2.50 [-3.74 to -8.75]). Mean
(SD) VAS and IUS scores increased slightly from baseline for arm A
(by 4.82 [19.14] and 0.08 [0.22], respectively) and arm B (by 7.40
[16.67] and 0.08 [0.21], respectively); smaller increases were ob-
served for arm C (VAS, 2.00 [13.27]; IUS, 0.02 [0.09]). Mean physi-
cal health, total score, IUS, and VAS scores are shown in Figure S2;
see Supporting Information for additional HRQoL and health status
data.

In total, 185 AEs (arm A, n = 109; arm B, n = 76) were reported
for a total of 44 participants following prophylaxis and 3 AEs for
two participants in arm C following no prophylaxis (Table 3). The ma-
jority (78.6%) of emicizumab-treated participants reported at least
1 AE compared with 14.3% of participants not taking prophylaxis
(Table 3); the majority of AEs were grade 1 or 2. Upper respiratory
tract infection was the most commonly reported AE (arm A, n = 9
participants [31.0%]; arm B, n = 5 [18.5%]; arm C, n = 2 [14.3%]).
Local ISRs were reported for 13.8%, 18.5%, and 0% of participants
inarms A, B, and C, respectively.
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FIGURE 3 Randomized comparison of (A)
treated® bleeds. (A) Model-based ABRs

and (B) proportion of participants with

0, 0-3, and >3 bleeds (primary efficacy

end point; ITT population). Model-based 20
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calculated by (Number of bleeds/total 25 4
number of days during the efficacy period)
x 365.25. P values were obtained via a
global model with a three-level categorical
effect for treatment. ABR, annualized
bleeding rate; Cl, confidence interval;

ITT, intent-to-treat; QW, once weekly;
Q4W, once every 4 weeks; RR, rate ratio.
*Treated bleeds are defined as a bleed
followed by treatment for a bleed; bleeds
due to surgery/procedure were excluded.
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g 80 -
B
B 65.5
3 70+ (45.7-82.1)
2 55.6
S 60 (35.3-74.5)
Q
s
£ 50 -1
©
Q
S 40 A
c
o
g 30 A
&
a 20 - 138
(3.9-31.7)
71 7.4
10 1 (0.2-33.9) (0.2-33.9) (0.9-24.3)
O -

ArmC

(no prophylaxis)

The safety profile for all emicizumab-treated participants,
across arms A through C (after participants randomly assigned to
arm C switched to emicizumab after 24 weeks of no prophylaxis),
was generally consistent (Table 3). Treatment-related AEs were
reported for 38.6% of all emicizumab-treated participants. AEs
reported by 25% of all emicizumab-treated participants are sum-
marized in Table S3.

A total of four SAEs were reported for three participants (arm A,
n=2[6.9%]; arm B, n = 1 [3.7%]), none of which were reported to be
related to study treatment: intra-abdominal hemorrhage and pancre-
atitis in one participant, and arthralgia and infective exacerbation of
bronchiectasis. Two potential AESIs were reported, which were sub-
sequently ruled out; additional details are presented in the Supporting
Information. No deaths, TEs, TMAs, or clinically significant changes
from baseline in vital signs were reported during the study (Table 3);
hematology parameters were stable in most participants and did not
increase beyond World Health Organization grade 1 (Table S4).

ArmA
(emicizumab 1.5 mg/kg QW)

ArmB
(emicizumab 6 mg/kg Q4W)

Treatment-induced ADAs were detected for a total of 8 of 64
(12.5%) evaluable participants (arm A, n = 4/25 [16.0%]; arm B,
n = 4/25 [16.0%]; arm C [after switch to emicizumab], 0/14 [0.0%)]).
Of these, one participant had ADAs with neutralizing potential (ie,
associated with decreased emicizumab plasma concentrations). This
participant first tested positive for ADAs at week 4, and a decline in
emicizumab concentration was observed from week 14; however,
there was an apparent recovery in exposure from week 34. For the
other seven participants, no impact on PK or clinically relevant ef-
fect on bleeding was observed.

Once-weekly and every-4-week emicizumab dosing regimens
achieved sustained effective trough plasma concentrations; mean
trough plasma concentrations increased with loading doses to
39.8 ug/mL (once weekly) and 43.5 pg/mL (every 4 weeks) until
week 5, then were maintained at =38 pg/mL and 33 pg/mL with
once-weekly and every-4-week dosing, respectively, through week
49 (Figure 4).



YANG ET AL.

8 of 12 I'Pﬂ]

research & practice
in thrombosis & haemostasis

TABLE 2 Bleed-related secondary efficacy end points (ITT population)

Median (IQR) efficacy period, weeks
All bleeds
Model-based ABR? (95% Cl)
% reduction vs arm C (P value)®
Median ABR® (IQR)
Mean ABR (95% ClI)

% participants with zero bleeds
(95% ClI)
Treated spontaneous bleeds
Model-based ABR? (95% Cl)
% reduction vs arm C (P value)®
Median ABR® (IQR)
Mean ABR (95% Cl)

% participants with zero bleeds
(95% ClI)

Treated joint bleeds
Model-based ABR® (95% ClI)
% reduction vs arm C (P value)®
Median ABR® (IQR)
Mean ABR (95% Cl)

% participants with zero bleeds
(95% Cl)

Treated target joint bleeds
Model-based ABR? (95% ClI)
% reduction vs arm C (P value)®
Median ABR® (IQR)
Mean ABR (95% ClI)

% participants with zero bleeds
(95% ClI)

Arm A (emicizumab 1.5 mg/kg once
weekly) (n = 29)

43.7 (36.1-48.4)

1.9 (1.23-2.97)
95 (<.0001)
1.5(0.0-4.2)
2.7 (0.51-8.37)
37.9 (20.7-57.7)

0.4 (0.18-0.96)
98 (<.0001)

0.0 (0.0-0.0)
0.5(0.0-4.66)
82.8(64.2-94.2)

0.7 (0.36-1.46)
96 (<.0001)

0.0 (0.0-0.0)
1.0(0.02-5.57)
75.9 (56.5-89.7)

0.4 (0.18-1.09)
95 (<.0001)
0.0(0.0-0.0)
0.7 (0.0-5.06)
82.8 (64.2-94.2)

Arm B (emicizumab 6 mg/kg every
4 weeks) (n = 27)

46.1(36.7-49.3)

2.1(1.33-3.26)
95 (<.0001)

1.9 (0.0-5.6)
3.1(0.67-8.94)
33.3 (16.5-54.0)

0.5(0.20-1.12)
98 (<.0001)

0.0 (0.0-1.0)
0.6 (0.0-4.88)
74.1(53.7-88.9)

0.6 (0.28-1.22)
97 (<.0001)
0.0 (0.0-1.4)
0.8 (0.01-5.20)
59.3(38.8-77.6)

0.3(0.12-0.85)
96 (<.0001)
0.0(0.0-1.1)
0.5(0.0-4.76)
70.4 (49.8-86.2)

Arm C (no
prophylaxis) (n = 14)

24.0 (24.0-24.3)
41.1(26.37-64.19)
56.7 (26.1-70.8)

53.0(39.71-69.33)
0(0.0-23.2)

23.6(9.28-60.03)

21.8(6.5-52.2)
30.9 (20.95-43.85)
14.3 (1.8-42.8)

17.7 (8.33-37.57)

10.9 (8.7-50.0)
25.5 (16.62-37.56)
7.1(0.2-33.9)

8.6(3.15-23.42)

6.5(0.0-19.7)
15.6 (8.83-25.47)
28.6 (8.4-58.1)

Note: A treated bleed is defined as a bleed followed by treatment for a bleed; bleeds due to surgery/procedure were excluded. A target joint is
defined as a joint in which 23 bleeds occurred during the 24 weeks before study entry; bleeds due to surgery/procedure were excluded.

ABR, annualized bleeding rate; Cl, confidence interval; IQR, interquartile range; ITT, intent-to-treat.

Calculated using a negative binomial regression model.

PP values were obtained via a global model with a three-level categorical effect for treatment.

Calculated by (Number of bleeds/total number of days during the efficacy period) x 365.25.

4 | DISCUSSION

inhibitors, and a 288% reduction in bleed rate was observed for all

Data from this primary analysis of the HAVEN 5 study show that
emicizumab (once weekly and every 4 weeks) significantly reduced
ABRs in people with hemophilia A (aged 212 years) from the Asia-
Pacific region and was well tolerated, with a favorable safety profile.
Emicizumab once weekly and every 4 weeks both reduced the ABR
for treated bleeds by 96% and the ABR for all bleeds by 95% versus
no prophylaxis (all P < .0001) at week 24. Overall, 65.5% (arm A)
and 55.6% (arm B) of participants had zero treated bleeds, compared
with 7.1% of those not receiving emicizumab. Moreover, efficacy
data were generally consistent among those with or without FVIII

evaluable subgroups (number of bleeds in the 24 weeks before study
start [<9 vs 29]; age at baseline; target joints), highlighting that the
clinical benefit of emicizumab extends broadly across people with
hemophilia A.

These positive outcomes are consistent with efficacy data re-
ported for the other HAVEN studies and the HOHOEMI study
(Table S5), with ABRs (treated bleeds) of 0.3 to 2.9 (once weekly), 0.2
to 1.3 (every 2 weeks), and 0.7 to 2.4 (every 4 weeks); similarly, 56%
to 77% (once weekly), 33% to 90% (every 2 weeks; 33% is based on
n = 2/6 individuals), and 56% to 71% (every 4 weeks) of participants

reported zero treated bleeds. '8
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TABLE 3 Safety summary

Median (range) duration of exposure, weeks”
Total number of AEs
Participants with 21 AE, n (%)
AE with fatal outcome
SAE
AE leading to withdrawal
AE leading to dose modification/interruption
Grade 23 AE
Treatment-related AE®
Local ISR
Participants with >1 AESI, n (%)

Systemic hypersensitivity/anaphylactic/
anaphylactoid reaction®

TE
TMA

Arm A (emicizumab

1.5 mg/kg once weekly)
(n=29)
43.1(28.1-60.1)

109

25(86.2)

0(0.0)

0(0.0)
0(0.0)

Arm B (emicizumab
6 mg/kg every 4 weeks)
(n=27)

44.1(20.1-56.6)
76

1(3.7)

0(0.0)
0(0.0)

Arm C (no
prophylaxis)
(n=14)

NA°®

=
»
@«

O O 0O 0o 0o 0o o N W
S 553535 35S S R§
eeeeeeee

0(0.0)

0(0.0)
0(0.0)

a m
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Arm C? (emicizumab

6 mg/kg every 4 weeks)
(n=14)

18.3(4.1-32.1)

26

10(71.4)

.0)
.0)
.0)
14.3)

.0)
35.7)
0.0)

0
0
0
0

ol
0
0l
2(
0l
5(
0

0(0.0)

0(0.0)
0(0.0)

AE, adverse event; AESI, adverse event of special interest; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ISR, injection-site

reaction; NA, not applicable; SAE, serious adverse event; TE, thromboembolic event; TMA, thrombotic microangiopathy.

Includes emicizumab prophylaxis period only.

bTreatment duration is the date of the last dose of study medication minus the date of the first dose plus 1 day.

“Participants in arm C (no prophylaxis) were monitored for =24 weeks before switching to emicizumab prophylaxis.

9ISRs were the most common emicizumab-related AEs (12.9% of all emicizumab-treated participants), followed by elevated AST (8.6%), elevated ALT

(8.6%), dizziness (4.3%), and headache (4.3%).

€Assessed using Sampson criteria and includes all participants who experienced indicative symptoms. One participant in arm B was identified through
algorithmic analysis as potentially having a systemic hypersensitivity/anaphylactic/anaphylactoid reaction; however, medical review of the case

showed that Sampson criteria were not met.

FIGURE 4 Emicizumab trough plasma
concentration over time. Data points for
emicizumab 1.5 mg/kg once weekly and
6 mg/kg every 4 weeks are offset on the
x axis to aid visualization. Cl, confidence
interval; QW, once weekly; Q4W, once
every 4 weeks
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The clinical benefit of emicizumab was further demonstrated

by significantly reducing bleed rates by 295% versus no prophy-
laxis for treated target joint bleeds (ABR [95% Cl]: arm A, 0.4
[0.18-1.09]; arm B, 0.3 [0.12-0.85]; P < .0001). More than 70% of
participants receiving prophylaxis experienced zero treated tar-

get joint bleeds compared with less than one-third not receiving

13 17 21 25

29 33

Time (weeks)

41 45 49 53

prophylaxis. These data were consistent with the participants
aged 212 years in the HAVEN studies.’*¢ This positive trend of

reducing target joint bleeds following emicizumab prophylaxis

was recently observed for a pooled, long-term efficacy and safety

analysis of the HAVEN program; =94% of 170 participants re-

ported zero target joint bleeds during the final 24 weeks of the
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144-week analysis period.” These data were generally consistent
among those with or without inhibitors.

Previous studies of emicizumab prophylaxis versus no prophylaxis
have shown that markedly lower bleed rates translate into improve-
ments in participants’ HRQoL and health status, regardless of FVIII
inhibitor status.2*¢ This finding of lower ABRs coupled with a trend
toward a clinically meaningful improvement in HRQoL (achieving a
change higher than minimal responder thresholds described in the lit-

erature?6?7)

was observed for both emicizumab regimens in HAVEN 5.

Both emicizumab regimens were generally well tolerated in this
study population, and, overall, no new safety signals were observed
during HAVEN 5. Safety data reported were generally consistent
with those for the populations included in the HAVEN trials**” and
studies of emicizumab in Japanese people with hemophilia A.18:28:29
ISRs were one of the most frequently reported AEs across the pri-
mary analyses of HAVEN 1 through 5 (15%, 31%, 25%, and 22% for
HAVEN 1, 2, 3, and 4, respectively; and 13% for HAVEN 5). Other
than the three TMAs and two TE events associated with concom-
itant activated prothrombin complex concentrate (aPCC) adminis-
tration reported during the HAVEN 1 primary analysis'* and two
further TEs reported during a long-term analysis of HAVEN 1 and
3 (n = 1 each), which were not associated with aPCC use,*? there
were no TMAs or TEs reported during the HAVEN 1 through 5 trials
or studies of emicizumab in Japanese people with hemophilia A*82?
Aside from the unrelated fatality due to rectal hemorrhage previ-
ously reported from HAVEN 1, there have been no deaths on any
other trial in the emicizumab clinical development program.

Of the eight participants who developed ADAs during treatment
in HAVEN 5, only one exhibited neutralizing ADAs associated with
decreased emicizumab plasma concentrations, which were transient
in nature.®° No impact on efficacy or PK was observed for the re-
maining seven participants, and the presence of ADAs did not affect
the safety profile of emicizumab.

In HAVEN 5, mean emicizumab trough plasma concentrations
were, on average, 22% lower for a given dosing regimen or fre-
quency than plasma concentrations observed in other HAVEN
studies!**¢; despite this, emicizumab trough plasma concentra-
tions were largely within range of those observed in other HAVEN
studies and, importantly, remained efficacious, indicating that
the decreased exposure is not clinically significant. This observa-
tion is in line with data from an emicizumab exposure-response
relationship analysis.?* Despite comprehensive investigations, no
operational reasons for the observed differences were identified.
Furthermore, PK analyses of emicizumab in Asian and White peo-
ple with hemophilia A indicate that this difference is unlikely to

be associated with ethnicity,?>%?

signifying that these differences
may be a study-specific phenomenon. Of note, the PK profile and
exposure resulting from a single 1-mg/kg subcutaneous dose of
emicizumab in healthy Chinese participants has been shown to be
comparable with that of healthy Japanese and White individuals
receiving the same dose. 1213381

Owing to participant variability, data from primary and sub-

group analyses where the number is small should be interpreted

with caution. Further, despite randomization, the median number
of bleeds in the 24 weeks before study enrollment was numerically
higher in arm C (19.5) versus arms A and B (both 14.0), which may
exaggerate perceived efficacy. Follow-up duration for evaluating
prophylaxis was shorter for those who switched to emicizumab in
arm C (24 weeks) than for those in arms A and B (44-46 weeks),
and an absence of participants <12 years of age limits the scope

of the findings.

5 | CONCLUSIONS

HAVEN 5 met its primary efficacy end point while demonstrating
an overall favorable safety profile. Emicizumab prophylaxis achieved
highly effective bleed control with a significant reduction in treated
ABR versus no prophylaxis in adult and adolescent people with he-
mophilia A from the Asia-Pacific region, regardless of FVIIl inhibitor
status. Prophylaxis was well tolerated, with no fatalities, TEs, TMAs,
or new safety signals. Overall, the lower emicizumab exposure ob-
served in this study did not influence the efficacy of emicizumab in
people with hemophilia A from the Asia-Pacific region.

These robust efficacy and safety data, coupled with observed
clinically significant improvements in HRQoL, indicate that emici-
zumab may improve patient care by decreasing treatment burden,
which in turn may enable improved adherence to effective prophy-
laxis, potentially decreasing the development of secondary com-
plications for people with hemophilia A. These data indicate that
clinical practice guideline updates and a paradigm shift in the provi-
sion of care for people with hemophilia A are warranted in the Asia-
Pacific region.
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