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ABSTRACT

Introduction For persons with haemophilia A with factor
(F) Vil inhibitors (PwHAwI), immune tolerance induction
(ITl) therapy is indicated for inhibitor eradication; however,
since PwHAw!I on ITI were excluded from the emicizumab
clinical development programme, there are limited safety
data for emicizumab treatment under/immediately after ITI
in PwHAwI. Accordingly, there is a need to collect safety
and efficacy data on this concomitant treatment strategy.
The AKATSUKI study aims to evaluate the safety of
emicizumab under/immediately after ITI in PwHAwI; here
we report details of the study protocol.

Methods and analysis AKATSUKI is an open-label, non-
randomised, interventional, multicentre study. Twenty
participants with congenital HA with FVIIl inhibitors will

be enrolled from 17 sites across Japan. Emicizumab will
be administered subcutaneously, with an initial loading
dose of 3mg/kg once per week (QW) for the first 4 weeks,
followed by a maintenance dose of 1.5 mg/kg QW, 3 mg/kg
once every 2 weeks or 6 mg/kg once every 4 weeks. For
ITI therapy, 501U/kg FVIIl will be administered three times
per week. For extended half-life FVIIl, a dosing frequency
of twice per week will be permitted. The primary endpoint
is a comprehensive safety evaluation of adverse events
(mainly thromboembolic events) and abnormal laboratory
values over time. Secondary endpoints are the number

of bleeds requiring coagulation factor treatment, the
number of participants achieving a partially successful ITI
response, FVIIl inhibitor titres under/immediately after ITI,
quality of life and time to achieve a negative FVIIl inhibitor
result (<0.6 BU/mL) and partial success in PwHAwI
starting ITI after study enrolment.

Conclusions AKATSUKI will evaluate the safety of
emicizumab administered under/immediately after ITI,
providing reference data to inform treatment strategies in
PwHAwI.

Ethics and dissemination The results of this study will
be published in a peer-reviewed international journal

and presented at national and/or international medical
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Strengths and limitations of this study

» The prospective, interventional AKATSUKI study will
address the knowledge gap on the safety of emi-
cizumab prophylaxis administered under or im-
mediately after immune tolerance induction (ITl) in
persons with haemophilia A (PwHA) with factor (F)
VIII (FVIIl) inhibitors.

» Secondary outcomes will provide data on efficacy
and quality of life for PwHA with FVIII inhibitors re-
ceiving emicizumab under or immediately after ITI.

» The study aims to enrol 20 participants and results
obtained from small sample sizes should be inter-
preted with caution.

» Participant backgrounds are not unified; individuals
already receiving ITl and/or emicizumab prior to
enrolment are eligible for inclusion alongside those
initiating ITl and emicizumab at study entry.

» The lack of a control group means that no direct
comparison to standard treatment can be made.

scientific conferences; the major findings of this study will
be published on the jRCT registry website (https://jrct.niph.
g90.jp).

Trial registration number jRCTs041200037.

INTRODUCTION

Haemophilia A (HA) is a bleeding disorder
associated  with  spontaneous/traumatic
bleeding caused by a deficiency in coagula-
tion factor (F) VIIT'; furthermore, up to 30%
of persons with HA (PwHA) treated with
FVIII products develop antibodies to FVIII,
neutralising the function of infused FVIII
products, further complicating mamagement2
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and increasing disease burden, for both PWHA and their
caregivers.”™

Historically, bleeding in PwHA with FVIII inhibi-
tors (PwHAwI) was managed with the use of bypassing
agents (BPAs), consisting of recombinant activated
FVII or activated prothrombin complex concentrate
(aPCC). However, neither agent is as effective as FVIII
for achieving haemostasis; therefore, eradication of
FVIII inhibitors via immune tolerance induction (ITT)
is usually attempted.” ®” With ITI, FVIII concentrates are
administered frequently to downregulate the established
antibody response and, thus, induce immune tolerance
to FVIIL® ITI has a 60%-80% success rate in adult and
paediatric PWHAwI. >

Emicizumab is a humanised, bispecific, monoclonal
antibody that bridges activated FIX and FX to restore
the function of missing activated FVIII and haemostasis
in PwHA." The pharmacokinetic properties of emici-
zumab'® allow for a marked extension of the dosing
interval, compared with FVIII, to only once every week
(QW), once every 2 weeks (Q2W) or once every 4 weeks
(Q4W), which, coupled with a subcutaneous route of
administration,14 offers PwHA with or without FVIII
inhibitors a less burdensome treatment relative to tradi-
tional products. The efficacy and favourable safety profile
of emicizumab prophylaxis in PwHA with or without
FVIII inhibitors were demonstrated during the global
HAVEN 1-4 clinical development programme,”™ as
well as in studies conducted in Japan.**** Such efficacy
may suggest that eradication of FVIII inhibitors is not
required for PWHAwI receiving emicizumab prophylaxis;
however, there remain situations where additional factor
concentrate may be required, including for treatment of
breakthrough bleeds and for management of bleeds due
to trauma or surgery.> While BPAs can provide additional
coverage in such cases, they are not as effective as FVIII
and use of high doses of aPCC (>100U/kg/24 hours for
24 hours or more) in combination with emicizumab is
advised against, as it has been associated with increased
risk of thrombotic events (TEs) and thrombotic micro-
angiopathies (TMAs)."> Eradication of FVIII inhibitors
using ITI has therefore been advocated for PwHAwI
being treated with emicizumab prophylaxis.*®

As PWHAWI receiving ITI therapy were excluded from
the emicizumab clinical development programme, there
are currently limited data on the safety and efficacy of
emicizumab administered in combination with ITI
therapy. Emicizumab administered immediately post-ITI
or alongside ITI is, therefore, a current area of interest
for clinicians.

Guidance published by the Japanese Society on Throm-
bosis and Haemostasis recommends that therapeutic
decision-making on combining emicizumab prophylaxis
with ITI should be done under specialist advisement.**
Accordingly, there is a need for the medical commu-
nity to collect data on the safety and efficacy of emici-
zumab when administered under or immediately after
ITI therapy. The AKATSUKI study was planned for this

Emicizumab prophylaxist
+ FVIIl concentrate (50 1U/kg?)

Partial success
achieved

o p ot
+ ITI (FVIIl concentrate 50 1U/kg TIWS)

PwHA with FVIIl
(N=20)

192 weeks of observation

Figure 1 AKATSUKI study design. *PwHA receiving ITI
therapy and/or emicizumab at study enrolment are eligible for
participation. TEmicizumab prophylaxis will be administered
according to the dosing regimen approved in Japan. *The
dosing regimen is as follows: 501U/kg QW for the first 24
weeks and then 501U/kg Q2W for the next 24 weeks, after
which the FVIII concentrate may be discontinued at the
investigator’s discretion. The dose of FVIII concentrate may
be adjusted by +20%. SA dosing frequency of twice per week
is permitted when using extended half-life FVIII concentrates.
The dose of FVIII concentrate may be adjusted by +20%.
FVIII, factor VIII; ITI, immune tolerance induction; PWHA,
persons with haemophilia A; QW, once per week; Q2W, once
every 2 weeks; TIW, three times per week.

purpose; here we report the study objectives, design,
outcomes and assessments.

MATERIALS AND METHODS
Additional details of the AKATSUKI study are provided in
online supplemental material.

Objectives

The primary objective of the study is to evaluate the safety
of emicizumab prophylaxis administered under and
immediately after ITI with FVIII concentrates in PwWHAwI.

Study design and setting
The AKATSUKI study is an open-label, non-randomised,
interventional, multicentre phase IV study of emici-
zumab administered under and immediately after ITI
therapy with FVIII concentrates in PwHAwI for 192
weeks (figure 1). Participants will be enrolled from 17
sites across Japan. The first participant was enrolled on 6
November 2020 and the enrolment period was planned to
continue for 48 weeks from this date. The total duration
of the study is estimated to be 320 weeks, with completion
expected in 2027.

The AKATSUKI study is registered in the Japan Registry
of Clinical Trials (available online at: https://jrct.niph.
go.jp/en-latest-detail /JRCTS041200037).

Interventions

Emicizumab prophylaxis is administered subcutaneously,
with an initial loading dose of 3mg/kg QW for the first
4weeks, followed by a maintenance dose of 1.5mg/kg
QW, 3mg/kg Q2W or 6mg/kg Q4W.” For ITI therapy,
501U /kg FVIII will be administered three times per week
(TIW). This dosing frequency was selected based on a
previous study that demonstrated similar ITT success for
dosing regimens of 501U /kg TIW and 2001U/kg daily.""
Although there was a higher rate of bleeding in the group
of participants who received the lower dose, it is expected
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that the emicizumab administered in the present study
will provide more effective bleed control. In addition,
Japanese guidelines state that the burden on PwHA and
their families resulting from frequent injections should
be considered when selecting an ITI regimen.** For
extended half-life (EHL) FVIII, a dosing frequency of two
times per week will be permitted. There will be no restric-
tions on the type of FVIII concentrates used. A central
venous access device can be employed if deemed neces-
sary. The dose of FVIII will be allowed to adjust by +20%
for ITT and post-ITI maintenance therapy. ITI therapy will
be used for as long as necessary and can be continued
after the end of the study if deemed appropriate by the
treating physician.

Participants with an ITI response identified as partially
successful by the investigator will receive emicizumab
and FVIII starting from the date of their next scheduled
study visit. Post-ITI maintenance therapy will consist of
any FVIII concentrate administered at 50IU/kg QW
for 24 weeks followed by 501U/kg Q2W for 24 weeks,
after which the use of FVIII may be discontinued at the
investigator’s discretion. This maintenance regimen was
selected by the investigators based on the proposal by the
Future of Immunotolerance Treatment (FIT) group.”’

Eligibility

Inclusion criteria

Eligible participants must have a diagnosis of congenital
HA and fulfil one of the two following criteria: (1) will
start ITI therapy after study enrolment and have a positive
FVIII inhibitor titre (0.6 BU/mL) as evidenced by the
most recent laboratory test result within the 8 weeks prior
to enrolment, or (2) is currently undergoing ITI, and has
not met the criteria for ITI partial success, as evidenced by
the most recent laboratory test result within the 8 weeks
prior to study enrolment. Individuals with long-standing
FVIII inhibitors and those with a history of failed I'TI can
be included. Participants (or their legally recognised
representative) are required to provide written informed
consent and be willing/able to complete all study proce-
dures and study questionnaires.

Exclusion criteria

Participants will be excluded if they satisfy any of the
following criteria: have an inherited or acquired bleeding
disorder other than HA, have previous (<12 months prior
to study enrolment) or current treatment for, or high
risk of, TEs (with the exception of previous catheter-
associated TEs for which anti-TE treatments are not
currently ongoing), are at high risk for TMA based on
familial history of TMAs, are participating in or plan-
ning to participate in another interventional study, or are
otherwise considered unsuitable for study participation
by the investigator.

Outcome measures
For a discussion of the endpoint rationale, see online
supplemental material.

Primary outcome

The primary outcome of the AKATSUKI study will be to
comprehensively evaluate adverse events (AEs; mainly
TEs) and abnormal laboratory values reported over time
following administration of emicizumab in combination
with and immediately after ITI therapy. Over time is
defined as: (1) from first emicizumab dose post-enrolment
until a negative FVIII inhibitor titre (<0.6 BU/mL);
(2) from the time to achieve a negative FVIII inhibitor
titre until normal FVIII recovery (FVIII recovery >66%
of predicted value on two consecutive occasions at least
2weeks apart); and (3) from normal FVIII recovery until
last observation at week 192.

After initiation of emicizumab, all AEs occurring
through the date of the last observation, completion of
the safety follow-up visit performed 24 weeks after emici-
zumab discontinuation, withdrawal of informed consent,
or loss to follow-up, will be recorded in the electronic case
report form (eCRF), regardless of relationship to emici-
zumab. Severity will be assessed using the WHO toxicity
grading scale (grade l=mild; grade 2=moderate; grade
3=severe; grade 4=life-threatening).

Data will also be summarised by timing of treatment
and use of concomitant medications, such as when using
BPAs.

Secondary outcomes

Secondary outcome measures include: (1) number of
bleeds over time requiring treatment with coagulation
factors; (2) number of participants achieving an ITI
response defined as partial success; (3) time to achieve
negative FVIII inhibitor titre and partial success in partici-
pantsstarting ITI after study enrolment; (4) FVIIIinhibitor
titres under and immediately after I'TI; and (5) paediatric
and adolescent participantreported haemophilia-related
quality of life (QoL) as measured by the Haemophilia-
specific Quality of Life Short Form (Haemo-QoL-SF)
and patient health-related QoL according to caregivers
as measured by the adapted Inhibitor-specific Quality
of Life with Aspects of Caregiver Burden (INHIB-QoL)
questionnaire scores.

ITI response will be defined based on the definitions
used in the International Immune Tolerance Study
(table 1)."" An ITI response is defined as a partial success
if the participant has a negative FVIII inhibitor result plus
normal FVIII recovery. Partial success is achieved on the
date that the participant’s blood sample shows normal
FVIII recovery. For a successful ITI response, the partici-
pant must meet the criteria for partial success plus demon-
strate a normal FVIII halflife; however, due to potential
burden on the participant, half-life assessment based on
full pharmacokinetic analysis is not mandatory. Whereas
the International I'TI study defined ITI success as having
achieved all three criteria of negative FVIII inhibitor
result, normal FVIII recovery and normal FVIII half—life,11
the AKATSUKI study defines that participants achieving
partial success will proceed to post-ITI treatment. This
decision was based on a thorough review of the nature/
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Table 1 Assessment criteria for partial and complete success

Assessment criteria

Negative FVIII inhibitor titre"
Normal FVIII recovery

Normal FVIII half-life’
FVIIl concentrates

FVIII inhibitor titre <0.6 BU on two consecutive occasions at least 2 weeks apart
FVIII recovery >66% of predicted value on two consecutive occasions at least 2 weeks apart
FVIII half-life >6 hours for standard half-life FVIII concentrates or >7 hours for extended half-life

*Criteria for partial success.

TCriteria for complete success; however, due to the participants’ burden, FVIII half-life assessment based on full pharmacokinetic analysis is

not mandatory.
BU, Bethesda Unit; FVIII, factor VIII.

extent of assessments performed under ITI as advised by
haemophilia specialists in Japan.

Assessments

The schedule of assessments is shown in online supple-
mental table 1 (emicizumab under ITI) and online
supplemental table 2 (emicizumab immediately after

ITD).

Safety

At each study visit, participants will be required to report
any AEs; the investigator will then record these AEs in
the eCRF. Laboratory tests will be performed at the study
site if aPCC or activated human blood coagulation FVII
concentrate containing FX (Byclot) are administered,
and will include the following variables: prothrombin
time, activated partial thromboplastin time, D-dimer,
fibrin and fibrinogen degradation products, lactate dehy-
drogenase, platelets and creatinine. Tests can also be
performed at unscheduled timepoints during the study
at the investigator’s discretion.

ITl response

For participants receiving emicizumab prophylaxis under
ITI therapy, FVIII inhibitor titre and FVIII activity assays
will be performed Q4W after ex vivo spiking of sample
solutions with anti-idiotypic antibodies to emicizumab.*®
Blood samples will be collected following a 48-hour or
72-hour washout period after the last dose of standard
or EHL FVIII concentrate, respectively. Following two
consecutive negative FVIII inhibitor results at an interval
of at least 2 weeks, FVIII recovery will be assayed until
normal. Blood samples will be collected 15-30 min before
and after administration of FVIII following a 48-hour or
72-hour washout period after the last dose of standard or
EHL FVIII, respectively.

If FVIII half-life is being assessed, and FVIII recovery
has normalised, the assay will be performed until the
results show that FVIII half-life has normalised; however,
this step is not mandatory. Blood samples will be collected
every 15-30min, and 1, 2, 4, 6, 24 and 48 hours before
and after administration of the FVIII following a 48-hour
or 72-hour washout period after the last dose of standard
or EHL FVIII, respectively. For participants receiving EHL
FVIII, sampling will also occur at 72-hour and 96-hour
postdose.

For participants receiving emicizumab immediately
after ITI therapy, FVIII inhibitor titre and FVIII activity
assays will be performed once every 12 weeks; samples will
be collected after the 48-hour or 72-hour washout period
following the last dose of standard or EHL FVIII, respec-
tively. FVIII inhibitor titre, FVIII recovery and half-life are
tested via one-stage clotting assay.

Participant-reported and caregiver-reported outcomes
Participantreported outcomes will be recorded on a mobile
device by the participant/caregiver, and subsequently
collected via an electronic participantreported outcomes
(ePRO) system, including bleeds requiring treatment with
coagulation factors and all doses of emicizumab and other
factor  concentrates.  Procedure-related/surgery-related
bleeds will be captured in the eCRF or ePRO system.
Haemophilia-related QoL will be measured in participants
aged 8-17 years using the Haemo-QolL-SF questionnaire, and
in caregivers of participants aged <18 years using the adapted
INHIB-QoL questionnaire at prespecified timepoints (online
supplemental tables 1 and 2).

Data analysis

Sample size

The target study sample size was selected based on the
feasibility of recruitment and was decided following
consultation with specialists in the treatment of HA
in Japan. The decision was based on the number of
PwHAwI expected to be eligible to participate, taking into
account factors including age distribution, prevalence of
congenital haemophilia, percentage of PWHA expected
to develop FVIII inhibitors, predicted rate of informed
consent and study enrolment period. The sample size
was, therefore, set at 20 participants. Owing to the char-
acteristics of Japanese medical practice, with centres each
responsible for a small number of patients, a total of 17
institutions were required to achieve the desired sample
size.

Data collection and management

All participant information and data will be maintained as
confidential; data entry in eCRFs will be performed by the
investigator or relevant study personnel with authorised
access at each participating site and collated via the elec-
tronic data capture system (Viedoc). Participantreported
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and caregiver-reported outcomes will be captured using
an ePRO system (ViedocMe).

Statistical analyses

Due to the exploratory nature of the AKATSUKI study, no
confirmatory hypothesis was proposed. Continuous data
will be described using arithmetic and geometric means,
median, range, SD and coefficient of variation, and cate-
gorical data will be described as frequencies and contin-
gency tables.

Safety will be evaluated in the Safety Analysis Set, which
will comprise all participants who receive at least one
dose of emicizumab and FVIII for ITI therapy during the
study period. AEs and changes from baseline in labora-
tory values will be reported. Summary statistics will be
provided for AEs; specifically, the number and percentage
of participants reporting AEs. AEs will be summarised by
event, classified by System Organ Class and preferred
term.

The number of bleeds over time requiring treat-
ment with coagulation factors, number of participants
achieving an ITI response defined as partial success,
FVIII inhibitor titres under and immediately after ITI
(change over time in FVIII inhibitor titres) and partic-
ipant haemophilia-related QoL (using descriptive statis-
tics and changes from baseline) will each be assessed in
participants who received FVIII concentrate for ITI and
emicizumab at least once during the study. Emicizumab
efficacy will be reported as bleed rate (ie, the number of
bleeds requiring coagulation factor treatment over time).
Participants will be stratified according to whether they
started emicizumab prestudy or poststudy enrolment.

Time to achieve a negative FVIII inhibitor result and
partial success in participants starting ITI therapy after
study enrolment will be evaluated for those who received
emicizumab and FVIII concentrate at least once during
the study period. Results will be reported as time from the
start of FVIII concentrate administration until a negative
FVIII inhibitor result is achieved, and time from a nega-
tive FVIII inhibitor result until partial success is achieved.
The proportion of participants in each category will be
presented.

Interim analyses evaluating the safety of emicizumab
prophylaxis administered in combination with ITI will be
performed at weeks 25 and 49, and safety and efficacy will
be evaluated at weeks 97 and 145.

Safety, efficacy and haemophilia-related QoL data will
be analysed using Stata Statistical Software: Release 15
and SAS software, V.9.4 of the SAS System.

Ethics and dissemination

The study will be conducted in compliance with the prin-
ciples of the Declaration of Helsinki and the Clinical Trials
Act in Japan (Act No. 16 of 14 April 2017). Participating
sites will obtain approval to conduct the study from the
Certified Review Board (CRB): Nagoya University CRB;
following which, investigators will obtain permission
from their Study Site Director. Written informed consent

will be obtained from all participants by the investigator.
Informed consent will be obtained from adolescents
aged 216 years whom the investigator deems capable
of voluntarily agreeing to participate in the study. For
adolescents aged <16 years who are willing and able to
participate in the study, an informed assent form will be
completed instead. For those aged <20 years at the time
of consent, written informed consent will be provided by
the participant’s legally authorised representative.

The results of this study will be published in a peer-
reviewed international journal and presented at national
and/or international medical scientific conferences; the
major findings of this study will be published on the jJRCT
registry website (https://jrct.niph.go.jp).

Patient and public involvement
There was no patient or public involvement in the design
and conduct of this study.

DISCUSSION

Owing to the burden of FVIII inhibitor development,
there remains a need for improved treatment strategies in
PwHAwI. Previous demonstration of the efficacy and safety
of emicizumab in PwHAwI'" will naturally be followed by
case reports of concomitant use of emicizumab and ITI
therapy; establishment of an evidence base on ITT in the
setting of emicizumab prophylaxis is an important step in
developing improved treatment strategies.

To our knowledge, there is only one report evaluating
the concomitant use of emicizumab and ITI therapy. In
this case series, seven paediatric PWHAwI received emici-
zumab and ITI therapy with 50-1001U/kg FVIII (TIW);
four participants reported nine bleeds and there were
no TEs.* The AKATSUKI study will primarily focus on
the safety of emicizumab administered with FVIII ITI
therapy, providing much needed evidence on the use of
this treatment approach for PWHAwI. The data gener-
ated will complement the findings of two other planned
studies.”” * The first of these will evaluate inhibitor erad-
ication in PWHA of any age treated with emicizumab in
combination with recombinant anti-haemophilic factor,
Fc fusion protein.” The second will assess the safety and
efficacy of emicizumab in combination with low-dose
recombinant FVIIT in PwHA aged <3 years.”'

ITI therapy has been used for more than 30 years to
eradicate FVIII inhibitors in PwHA, and data from several
registries have been used to determine ITI regimens.”
Since the success of FVIII inhibitor eradication is influ-
enced by avariety of factors, evidence-based recommenda-
tions for PWHAwI are well established.” These were used
as a basis for the ITI regimen selected for the AKATSUKI
study; however, alternative dosing regimens and sched-
ules are possible and may enable further optimisation in
the setting of emicizumab prophylaxis. Additionally, since
emicizumab is effective in preventing bleeding, FVIII
can be administered solely for the purpose of inducing
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tolerance, and at a lower dose/frequency than is typically
used when undertaking ITI.%

There is currently no consensus on whether to continue
maintenance of tolerisation following successful ITI;
however, to maintain immune tolerance against FVIII
inhibitors, the AKATSUKI study investigators selected
emicizumab and low-dose FVIII combination therapy,
based on the proposal by the FIT group.27

There are some limitations in the AKATSUKI study.
Results obtained from small sample sizes should be inter-
preted with caution, particularly those evaluating ITI
success. Participant backgrounds are not unified (partic-
ipants who have already been administered emicizumab
or ITI can register for study participation, regardless of
their administration period). The lack of a control group
means that no direct comparison to standard treatment
can be made. Additionally, as participant safety is always
the priority, interventional studies can be confounded
by concomitant treatments. A further point to note is
that activated FVII in combination with FX (Byclot) is a
product available only in Japan, which may obscure the
evaluation of treatment for bleeding in PwWHA while on
emicizumab. Despite these limitations, administration of
emicizumab and ITI is a promising option, offering PwHA
the potential for reduced bleeding plus FVIII inhibitor
eradication.

CONCLUSION

For PwHAwWI, treatment options are limited and can be
suboptimal. While emicizumab has previously demon-
strated good efficacy and tolerability in PwHAwI, there
are currently limited data on its efficacy and safety profile
when administered with I'TI therapy.

The AKATSUKI study is designed to evaluate the
safety and efficacy of emicizumab administered under/
immediately after ITI therapy in PWHAwI. Data collected
during this study will allow evaluation of this regimen and
generate reference data to inform treatment strategies in
PwHAwWI.
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