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Abstract: Emicizumab is a factor (F)VIIIa-mimicking bispecific antibody recognizing FIXa

and FX molecules. In the phase 1/2 clinical studies, once-weekly subcutaneous administra-

tion of emicizumab has shown a favorable safety profile with encouraging efficacy in the

patients with hemophilia A (PwHA) irrespective of the presence of anti-FVIII inhibitors.

Moreover, in the following phase 3 studies, emicizumab treatment by once-weekly, bi-

weekly or tetra-weekly administration have been still well-tolerated, but some thromboem-

bolic events or thrombotic microangiopathy were observed associated with the concomitant

use of activated prothrombin complex concentrates (aPCC) for breakthrough bleeds. Since

approved for routine prophylaxis in PwHA in the US, EU, and Japan, a compass on patient

selection for emicizumab treatment and special considerations on the practical situations

such as concomitant treatment by bypassing agents (BPAs) or clotting factor concentrates

(CFCs) with less thrombotic risk, inhibitor eradication by immune tolerance induction (ITI)

should be provided. There is no doubt that emicizumab is an alternate first-line therapy for

any existing BPA as hemostatic treatment for PwHA with inhibitor, but we should be more

cautious in combination with aPCC on breakthrough bleeds under emicizumab prophylaxis

because of thrombotic risk. For severe PwHAwithout inhibitor, since most patients are under

CFCs prophylaxis, switching from CFCs to emicizumab should be considered when the

advantage of emicizumab prophylaxis surpasses that of CFCs prophylaxis from the view-

point of hemostatic effect by treatment, physical activity according to the life stage, health

condition of the joints, adherence and complication. There are pros and cons on the timing of

introduction of emicizumab for cases scheduled to start ITI or cases of ongoing ITI.

Introduction of emicizumab to previously untreated patients and nonsevere PwHA without

inhibitor is also required to discuss in consideration of risk of inhibitor development and

unforeseen safety issues.
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Introduction
Hemophilia (H) A is an X-chromosome linked congenital bleeding disorder caused

by quantitative or qualitative defect of coagulation factor (F)VIII. There are three

types of patients categorized as “severe”, “moderate” and “mild” type based on

base-line levels of procoagulant activity.1 Patients with HA (PwHA) present with

serious hemorrhage such as articular and/or intramuscular bleeding from early

childhood, and without appropriate treatment, repetitive joint bleedings lead to

chronic synovitis, progressively resulting in irreversible hemophilic arthropathy.2,3

Hemarthrosis is controlled by advances with treatment using regular prophylaxis
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with clotting factor concentrates (CFCs), resulting in suffi-

cient preventions of the onset of arthropathy and signifi-

cant improvements in activity of daily living (ADL) and

quality of life (QOL).4,5

However, under the current recommended therapy,

there remain some significant barriers as follows. (i) The

half-life of FVIII concentrates (8–12 hours) is so short that

frequent intravenous infusion is required to prevent the

repeated bleeding, which burdens a lot especially infant

patients for whom venous access is very hard as well as

their parents or caregivers. The requirement of frequent

injection also causes low adherence to prophylaxis in

adolescence.6–8 (ii) Recently developed extended half-life

(EHL)-FVIII products are currently available and reduce

the frequency of intravenous administration. But treatment

is still required twice per week (EHL type; t1/2~1.5-fold of

FVIII).9–12 (iii) The development of anti-FVIII neutraliz-

ing alloantibodies (inhibitors) occurs in 20–30% of pre-

viously-untreated patients (PUPs) with HA after

administration of FVIII concentrates.13,14 Bypassing

agents (BPA) such as recombinant activated FVII

(rFVIIa) and activated prothrombin complex concentrates

(aPCC) are generally used as the hemostatic treatment for

PwHA with high titer inhibitor. However, the hemostatic

effect by BPA is not always sufficient, and several studies

have shown that in rare cases, some PwHA with inhibitor

are poorly responsive to bypassing agents after daily

dosage.15,16 Immune tolerance induction (ITI) therapy is

attempted to eliminate the inhibitor once developed for

PwHA.15 ITI therapy is performed by infusion of FVIII

concentrates with high dose and intensity, and 60–70% of

PwHAwith inhibitors are reported to be in remission after

ITI therapy.16 However, this therapy burdens a lot of

patients, because frequent infusion requires central venous

access device (CVAD) in most cases and bypassing ther-

apy is also needed on bleeding during ITI therapy.17

In order to overcome these unmet problems, novel

therapeutic agents such as FVIII-mimicking bispecific

antibody (emicizumab),18–24 anti-tissue factor pathway

inhibitor antibody,25,26 and interference RNA inhibiting

antithrombin27 have been recently developed, and their

safety and efficacy have been tested in the clinical trials.

In this article, we highlight the patient selection and spe-

cial considerations on management of PwHA by utilizing a

novel hemostatic therapeutic, emicizumab (Hemlibra®,

Chugai/Roche) which offers the potential for a paradigm

shift in the treatment of hemophilia, focusing on the issues

surrounding the patients and their caregivers.

Emicizumab
Functional properties
The active form of FVIII (FVIIIa) enhances the interaction

between FIXa (enzyme) and FX (substrate) by assigning

the two coagulation factors to the spatially optimal posi-

tions on the phospholipid membrane surface, increasing

the tenase activity by ~105-fold.28 Emicizumab is a huma-

nized anti-FIXa/FX bispecific antibody categorized as

human IgG4. In the course of emicizumab production,

after 40,000 bispecific combinations have been screened

and prototype antibodies of 2,400 variants were assessed,

the lead antibody was maximally optimized to improve

FVIIIa-mimetic activity, pharmacokinetics (PK), produc-

tion, solubility, and to minimize immunogenicity.18,19 The

epidermal growth factor (EGF)-like domain 1 of FIX/FIXa

is recognized with one arm of emicizumab, while the

EGF-like domain 2 of FX/FXa with another one.20

Therefore, emicizumab binds to FIXa and FX simulta-

neously and functions as a FVIIIa mimetic by mediating

the appropriate structure in the tenase complex (Figure 1).

As the emicizumab-binding affinity is weak, undesirable

interference upstream and downstream of the coagulation

cascade is minimized and antibody-dependent accumula-

tion of FIX(a) and/or FX(a) in circulation is not induced

by emicizumab. The simultaneous binding of emicizumab

to FIXa and FX is necessary for its FVIIIa-mimicking

function dependent on phospholipid surface.18 This finding

indicates that emicizumab facilitates its activity only at the

bleeding site, not in the normal circulation. The heavy

chain of FVIII and emicizumab binds to FIXa and FX on

phospholipid membrane, resulting in the enhancement of

FVIIIa-mimicking effect.29 The FIXa-FX-emicizumab for-

mation on phospholipid appears to mimic the conforma-

tion by the presence of the light chain of FVIII.29

Although emicizumab has similarities to FVIIIa, the

results of laboratory tests should be carefully interpreted to

evaluate the hemostatic efficacy, when comparing emicizu-

mab with FVIIIa, in consideration of their difference. The

effect of emicizumab is much more pronounced than native

FVIII, as assessed by activated partial thromboplastin time

(aPTT),18,20 because FVIII requires the time of activation

step by thrombin, whilst emicizumab does not require this

step. In terms of anti-coagulation action, emicizumab-driven
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thrombin generation is enough regulated by activated protein

C through inactivation of FVa.30 In addition, the action on

antithrombin of FIXa or FXa, or tissue factor pathway inhi-

bitor on FXa is not interfered by emicizumab.31

Clinical trials
Phase 1 and 1/2 study (ACE001JP, ACE002JP study)

The phase 1 clinical study was conducted in 40 Japanese and

24 Caucasian healthy individual volunteers that received a

single subcutaneous injection at a dose of emicizumab up to 1

mg/kg. Emicizumab demonstrated a linear PK pattern and t1/2
of 4–5 weeks.21 The following “Patient part” was conducted

in 18 Japanese severe HA patients with or without inhibitor

(≥12 years old; 11 inhibitors and 7 noninhibitors) using once-
weekly subcutaneous injections of emicizumab at 0.3 (C-1

arm), 1 (C-2 arm) and 3 mg/kg (C-3 arm) for 12 weeks.22 No

serious adverse events (SAEs) were observed. No relevant

clinical coagulation abnormalities or thromboembolic events

were observed, although FVIII or BPAs was administered for

breakthrough bleeds. Emicizumab did not influence plasma

concentration levels of FIX and FX. The median annualized

bleeding rates (ABRs) reduced from 32.5 to 4.4 (C-1), from

18.3 to 0.0 (C-2), and from 15.2 to 0.0 (C-3) significantly. No

bleeding events were achieved in 8 inhibitor patients and in 5

noninhibitor patients (Table 1).

Sixteen patients continued to receive emicizumab in an

extended study.23 A longer-term treatment (≤33 months)

with emicizumab was well-tolerated, with no development

of neutralizing anti-emicizumab antibodies. No SAEs were

observed. No thromboembolic events were observed in

patients requiring concomitant therapy with FVIII or

BPAs. Mean steady-state plasma trough levels of emicizu-

mab were 10.3 (0.3 mg/kg; C-1), 29.9 (1 mg/kg; C-2) and

120 (3 mg/kg; C-3) μg/mL dose proportionally. Median

ABRs at 0.3, 1 and 3 mg/kg remained low at 1.4, 0.2 and

0, relative to 4.4, 0 and 0 in the phase 1 study, respectively.

No bleeding events were achieved in 8 patients. Dose up-

titration resulted in a further reduction of ABRs in those

patients with insufficient bleeding control, and the admin-

istration for FVIII or BPAs was significantly diminished.

Phase 3 study (HAVEN 1, 2 study)

Following the phase 1/2 studies, a global phase 3 study was

conducted (HAVEN 1).24 A HAVEN 1 study evaluated

subcutaneous emicizumab prophylaxis once-weekly for

PwHAwith inhibitors (≥12 years old). The dosing schedule

was determined by model-based simulation without dose

escalation.32 Patients who have received episodic BPAwere

assigned in a ratio of 2:1 to emicizumab prophylaxis group

(N=35) or no prophylaxis group (N=18). Patients who

weretreated with prophylactic BPA were also assigned to

emicizumab prophylaxis group (N=56). The primary end-

point was the difference in ABR between emicizumab

treated and nontreated group. Emicizumab was adminis-

tered at 3.0 mg/kg for fourweeks, followed by 1.5 mg/kg

every week. The median ABR was 2.9 in emicizumab-

FIXa FX

FIXa FX

Emicizumab 

Phospholipid membrane

FVIIIa
A2

A1A3
C2C1

FXa

FXa

Phospholipid membrane

Figure 1 Mode of action of FVIIIa or of a bispecific antibody, emicizumab.

Notes: FVIIIa places FIXa and FX into spatially preferable position where FIXa efficiently catalyzes the activation of FX. Therefore, an asymmetric bispecific antibody that

recognizes FIXa by one arm and FX by the other arm function as a FVIIIa-mimetic cofactor.

Abbreviatons: FVIII, factor VIII; FVIIIa, activated FVIII; FIXa, activated factor IX; FX, factor X.
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treated patients and 23.3 in nontreated patients, which indi-

cates an 87% reduction in the emicizumab prophylaxis

group. In addition, 63% in emicizumab-treated patients

had no bleeding episode, whilst 6% in nontreated patients.

Compared to the group previously receiving BPA prophy-

laxis, emicizumab prophylaxis evidently decreased the

ABR (79%). The most common treatment-related adverse

events (AEs) were injection site reactions (15%).

Thrombotic microangiopathy (TMA; 3 cases) and thrombo-

tic events (TE; 2 cases) occurred during concomitant ther-

apy with emicizumab and aPCC (see “4)-i) Serious adverse

event”). More recently, one case occurred TMA during

concomitant therapy with aPCC has been reported.

Another phase 3 study (HAVEN 2) was established for

pediatric patients with inhibitor.33 Eighty-eight HA children

with inhibitors (2–12 years old) were enrolled, and an

interim analysis demonstrated that 76.9% of patients did

not require additional hemostatic treatment, whilst 23.1%

experienced 1–3 treated bleeds. The ABRs were 0.3 in

emicizumab-treated children. A remarkable decrease

(99%) in ABR was observed in emicizumab prophylaxis

compared to previous BPA treatment. Significant improve-

ments in health-related quality of life and burden on care-

givers were seen. No thromboembolic events were

observed. Average steady-state emicizumab concentrations

of approximately 50 µg/mL were maintained. One case

detected the neutralizing antidrug antibody (ADA), how-

ever. In summary, emicizumab prophylaxis produced a sig-

nificantly lower bleeding rate in HA patients with inhibitor.

Phase 3 study (HAVEN 3, 4 and HOHOEMI study)

HAVEN 3 (NCT02847637) was conducted as a randomized

open-labeled study for severe PwHA (≥12 years old) without
inhibitors.34 On-demand patients (N=89) were assigned into

a 2:2:1 ratio to receive as a loading dose at 3 mg/kg weekly

for four weeks, followed by 1.5 mg/kg weekly (N=36), or 3

mg/kg bi-weekly (N=35) as long-term prophylaxis or no

prophylaxis (N=18). Patients (N=63) who have treated with

prophylactic FVIII were also assigned to receive emicizumab

prophylaxis. The ABR of treated bleeding episodes was

reduced to 1.5 (97% reduction) in weekly treated patients

and 1.3 (96% reduction) in bi-weekly treated patients com-

pared to those in nontreated patients at ABR 38.2. Once-

weekly dosing of emicizumab reduced the ABR of treated

bleeding episode by 68% (1.5 with emicizumab treatment vs

4.8 with prior FVIII prophylaxis), compared to their prior

FVIII prophylaxis. In once-weekly and bi-weekly patients,

56% and 60% of the patients experienced no treated bleeding

episodes during the period of clinical trial, respectively, but

0% of the patients experienced in nontreated patients.

Injection site reactions were observed in 25% of the patients.

HAVEN 4 (NCT03020160), a nonrandomized open-

label study, has been conducted for assessing emicizumab

subcutaneous administered tetra-weekly to PwHA with

and without inhibitors (N=48; ≥12 years old).35 The

study regimen was a loading dose of 3 mg/kg/week for

four weeks, followed by emicizumab 6 mg/kg tetra-

weekly. An interim data demonstrated that tetra-weekly

dosing of emicizumab at 6 mg/kg exhibited a PK pattern

similar to the dosing regimen at 1.5 mg/kg/week. ABR of

treated bleeding episodes and all bleeding episodes were

2.4 and 4.5, respectively, and 56% and 29% were free of

bleeding. No SAEs and no ADAs were observed.

HAVEN 3 and HAVEN 4 have demonstrated the clini-

cally significant prophylactic effect and safety of emicizu-

mab in adult or adolescent patients. HOHOEMI (JapicCTI-

173710) is a study initiated in Japan, aiming to examine

emicizumab prophylaxis in 13 children (<12 years old)

including PUPs without inhibitors to FVIII.36 Emicizumab

has been administered at doses of either 3 mg/kg bi-weekly

or 6 mg/kg tetra-weekly. In the interim data, 3 out of 6

participants in biweekly cohort and 5 out of 7 patients

(including 1 PUP) in tetra-weekly cohort experienced no

bleeding events. There were no treated spontaneous bleed-

ings and a total of 6 treated bleeds were traumatic. Two out

of them were treated joint bleedings. ABRs for bleeds

treated with FVIII products under emicizumab prophylaxis

were 1.6 and 1.0 in biweekly and tetra-weekly cohorts,

respectively. No SAE or TMA/TE was reported.

Patient selection
Patients with inhibitor

PwHA with inhibitor suffer from severe bleeding, but the

effect of hemostatic treatment by BPAs for the patients is

not so much stable as FVIII concentrates for noninhibitor

patients, resulting in high morbidity and mortality of

PwHA with inhibitor.37–39 The excellent clinical effects

by practice of emicizumab for PwHA with inhibitor have

been reported in the phase 1/2 and phase 3 (HAVEN 1, 2

and 4) clinical studies. There seems to be no objection to

applying emicizumab as an alternate first-line therapy for

any existing BPA as hemostatic treatment for patients in

which inhibitors have already appeared. Concomitant ther-

apy with BPAs is considered on breakthrough bleeds dur-

ing emicizumab prophylaxis, but in particular, in

combination with aPCC, TEs such as TMA/TE are
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reported, which requires caution. There are pros and cons

about when it is desirable to introduce emicizumab for

cases where inhibitors have just appeared because eradica-

tion of inhibitors by ITI therapy would be another option.

It is also wondering how to introduce emicizumab for

patients under ITI therapy.

Noninhibitor severe patients

As majorities of severe PwHA without inhibitor are under

prophylaxis by CFCs,40 patient selection may be required

for consideration on introduction of emicizumab prophy-

laxis for the patients. In the previouslytreated patients

(PTPs) case, it is necessary to select adaptive cases from

the viewpoints of whether the hemostatic effect can be

retained by switching from CFC prophylaxis to emicizu-

mab, what difference in adaptation by physical activity is

expected, how to suppress the progress of arthropathy.

Alternatively, in PUPs, it is necessary to carefully examine

pros and cons accompanying introduction of emicizumab

prophylaxis as the PUPs. In this section, we consider its

adaptation for each stage of age in life.

Newborn stage

For PwHA, one of the biggest problems at an early stage after

birth is how to avoid the occurrence of intracranial hemorrhage

(ICH). The incidence of ICH in children with HA is high at

3.5–4.0%,41–43 compared to that in healthy infants, and inten-

sive FVIII use following emergency medical treatment after

onset is associated with the occurrence of inhibitor.44

However, considering the PKs of subcutaneous emicizumab,32

it might not be expected to exert a hemostatic effect immedi-

ately even if administered at an early stage after birth.

Therefore, from the viewpoint of avoiding ICH, we should

discuss deeply the early administration of emicizumab after

birth, but in case of the need to prevent ICH-onset after

instrument delivery, CFCs such as FVIII should be considered.

There is no data on the efficacy and safety of emicizumab

administration for the newborn with HA so far. The potentials

of coagulation, anticoagulation and fibrinolysis in the newborn

clearly differ with those in non-newborn. Therefore, regarding

safety in newborns, the hemostatic laboratory research, even in

vitro, should be required.

Infant to pre-school stage in infancy, bleeding frequency

increases due to an increase in activity associated with

normal growth and development of infants, trauma, and

patients most often experience initial joint bleeding.

Therefore, in response to an increase in the bleeding risk,

this stage is generally the time to introduce prophylactic

replacement therapy by CFCs for PwHA. Although infant

data are poor in the emicizumab clinical trials so far, in

consideration of that CFCs prophylaxis is generally started

from once a week and a trough FVIII level at the initial

stage of introduction of CFCs prophylaxis becomes almost

a moderate level (1< FVIII:C <5 IU/dL), it is feasible to

obtain equal or higher hemostatic effect by emicizumab and

replacing CFCs prophylaxis with emicizumab prophylaxis

appears to be reasonable. Moreover, concerning the issues

of peripheral blood access at this time and of venipuncture

pain, there is advantage in emicizumab subcutaneously

accessible. However, emicizumab is not suitable as an epi-

sodic hemostatic treatment for acute hemorrhage, unlike

CFCs in which initial administration is usually after acute

bleeding. Therefore, how to introduce emicizumab and how

to set its optimal dose-regimen is requiresd to be argued-

discussion. Further accumulation of clinical data is required.

School age

In school age, the range of behavior outside the home is

wider, it is important to suppress the breakthrough bleeds

and to treat early even if the bleed has occurred, in order to

perform highly active group life in a stable manner.

Therefore, the importance of prophylaxis has increased,

and many children with HA are able to acquire home self-

injection techniques. In many children with HA, switching

from CFCs prophylaxis to emicizumab prophylaxis is rea-

sonable, but for patients who become more active since

school age, suppression of breakthrough bleeds may be

difficult with emicizumab prophylaxis alone. It is neces-

sary to further consider the setting of optimal dose and

concomitant use with CFCs. In addition, attention must be

paid to the progression of arthropathy, especially by repe-

tition of articular bleeding.

Adolescent stage

In adolescence, the condition of the joints affects the

effectiveness of emicizumab prophylaxis. In the phase 1

and 2 studies,22,23 annual joint bleeding rates (AjBR)

decreased sharply in the subjects with good joint condi-

tion assigned to low-dose arm (emicizumab concentra-

tion ~10–16 μg/mL), whereas only a modest decrease in

AjBR was observed in the subject with severe arthro-

pathy even with higher dose-regimen (emicizumab con-

centration 80–100 μg/mL). Therefore, in terms of

introduction of emicizumab prophylaxis for young

adults, it is important to evaluate the joint condition
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by checking the presence of target joints or by the MRI

and/or X-ray image inspection.

Older age

Patients in older age require care for organ dysfunction,

malignant tumors and arterial events associated with ather-

osclerosis, accompanying aging in addition to such pro-

blems as arthropathy in young adulthood. Because of

difficulty of blood access due to their aging, self-infusion

or caregiver-infusion of CFC prophylaxis might be hard.

Furthermore, the physical activity at this age is usually

modest compared to the adolescent stage, therefore, it is

reasonable to introduce emicizumab prophylaxis.

Hemostatic treatment should be selected in consideration

of thrombotic complication, when invasive treatment is

required.

In any age group, in patients with PTPs, it is necessary to

periodically examine for anti-FVIII inhibitors. Alternatively,

in PUPs, it is unknown whether the risk of inhibitor occur-

rence is similar or not between in the case where CFC

prophylaxis is started at any stage of age and the case

where CFC treatment is repeated for breakthrough bleeds

after introduction of emicizumab prophylaxis at PUPs.

Mild/moderate patients

Mild/moderate PwHA with inhibitor is basically the same

as the above severe PwHA with inhibitor. In previous

clinical trials, it has been observed only for severe

patients, and there is no data on the efficacy and safety

of emicizumab administration for mild/moderate noninhi-

bitor patients. However, there are cases where the joint

disorder progresses even though there is no obvious joint

bleeding in mild/moderate PwHA.45 Since it is also known

that inhibitors are developed by intensive administration of

CFCs in mild/moderate HA, emicizumab, theoretically

with no risk of the occurrence of anti-FVIII inhibitors, is

expected as a new hemostatic agent. Concomitant admin-

istration of CFCs with emicizumab prophylaxis or mild/

moderate PwHA with emicizumab prophylaxis in PUPs is

to be argued from the viewpoint of safety. For moderate

PwHA who should be a candidate for CFC prophylaxis

because of spontaneous bleedings, emicizumab prophy-

laxis would also be acceptable in consideration of phar-

macokinetic characteristics of emicizumab which renders

much lower affinity to FIXa and FX compared to FVIIIa,20

but the lack of data needs to be considered. Moreover, it is

necessary to consider the indications of emicizumab pro-

phylaxis for mild PwHA from the viewpoint of frequency

of bleeding and cost-effectiveness. The higher efficacy

needs to be proven in mild PwHA before using

emicizumab.

Special consideration
Serious adverse events (SAEs)—thromboembolic risk

The most common AEs which emicizumab-treated

patients experienced in the clinical study are injection

site reactions such as erythema, hematoma and pruritus

(16.7–25%).22,23,33–36 All were mild or moderate in

intensity and resolved. As SAEs, the serious thrombotic

events such as threeTMA and two VTEs (sinus vein

thrombosis and superficial thrombophlebitis) under emi-

cizumab prophylaxis were recorded through the HAVEN

1 study.24,46 TMA occurred in a patient after a multiple

treatment of aPCC for four days of rectal bleeding. The

patient eventually died, although the TMA had disap-

peared by the time of death. All thromboembolic events

occurred during treatment with aPCC against break-

through bleeds and the risk of thrombosis was related to

the dose and intensity of administration. All thrombotic

events were observed during high-dose (over 100 U/kg/

day) and long-time (for over 24 hours) aPCC therapy,

whereas no SAE occurred when the use with low-dose of

aPCC (less than 100 U/kg/day), shorter treatment periods

(less than 24 hours), or the rFVIIa was used for break-

through bleeds. Therefore, during emicizumab prophy-

laxis, treatment for breakthrough bleeds has been

recommended to avoid use of aPCC as far as possible

and use of rFVIIa or lowest dose approved BPAs.

However, no TE was observed in PwHA without inhibi-

tor-treated emicizumab when FVIII was concomitantly

administered for hemostatic management at breakthrough

bleeds through the clinical trials. However, in the post-

marketing setting, additional four TEs had occurred with-

out concomitant high dose of aPCC or with emicizumab

use alone.

Hemostatic monitoring

Since emicizumab prophylaxis is highly effective in reducing

bleeding episodes, the need for regularly monitoring of emici-

zumab treatment may not be essential under the general cir-

cumstances. However, consistent laboratory assessment

should be established to monitor the hemostasis under emici-

zumab treatment in order to avoid the prothrombotic status in

patients who had to be treated with FVIII or BPAs for break-

through bleeds for surgical management, or ITI cases.

Emicizumab does not require activation step by thrombin.
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The aPTTmediated by emicizumab shortensmore excessively

than that by FVIII.18,20 Consequently, emicizumab signifi-

cantly influences on FVIII procoagulant activity and inhibitor

titers, measured by aPTT-based one-stage clotting assay.

Therefore, the hemostatic effect of emicizumab cannot be

assessed by a one-stage clotting assay. So far we can measure

the plasma concentration of this drug but we cannot judge the

hemostatic efficacy by the plasma concentration. The clot

waveform analysis47 and thrombin generation assay,48 known

as the global coagulation assays, can assess the potential of

coagulation function of emicizumab in PwHA. The usefulness

of rotational thromboelastometry (NATEM mode) in whole

blood in these circumstances has also been reported.49

Conventional aPTT-based, one-stage coagulation assays

for the precise measurement of FVIII procoagulant activity

and FVIII inhibitor titers in the presence of emicizumab have

been establishedby utilizing the cancelling effects of two

anti-idiotype antibodies against anti-FIX F(ab′)2 and anti-

FX F(ab′)2.
50 However, chromogenic assays with bovine-

derived reagents are also becoming available commercially

for these purposes. Advances with techniques of this nature

for monitoring hemostasis during emicizumab prophylaxis

could have a critical influence on the safe use.

Perioperative hemostatic management

The 29 surgical procedures in twenty-two patients with inhi-

bitor undertaking emicizumab were reported in HAVEN 1 and

HAVEN2 studies (24 events inHAVEN1, 5 events inHAVEN

2).51 Supplements ofBPAswere employed for nine operations,

whilst not for 20 operations. The procedures included six tooth

extractions and nine CVAD-related procedures. Minor surgery

was performed in 12 patients, and two patients undertaken the

laparoscopic appendectomy and knee synovectomy.

Prophylactic BPAs was used for nine procedures including

eight cases for rFVIIa use (median 150 µg/kg) and one case

for aPCC use (49 U/kg). Postoperative bleeding was observed

in seven out of 20 surgical procedures. Three patients were

cured without prophylactic BPAs, and four were treated with

BPAs. The patients under emicizumab prophylaxis could be

successfully undertaken the majority of minor surgical proce-

dure without prophylactic BPAs, although approximately 30%

of cases required administration of BPA for controlling post-

operative bleeding. In addition, concomitant tranexamic-acid

therapy may be effective to prevent the bleeding for the

patients under treatment by emicizumab on minor surgery.

Antidrug antibody (ADA)

A clinical study involving nonhemophilic volunteers with a

single-injection has described that emicizumab-inducedADAs

were detected in three out of 48 subjects (2/36; subcutaneously,

1/12; intravenously), suggestive of a prevalence of ~5% for

subcutaneous administration.36 In the phase 1/2 clinical study

for PwHA, the emicizumab-induced ADAs were detected in

four out of 18 patients (22.2%) and ADAs in all patients were

non-neutralizing antibodies.22,23 In the phase 3 clinical study,

emicizumab-induced ADAs were detected in 14 out of 398

patients (3.5%).24,33–35 Three out of 14 ADA-positive patients

developed the neutralizing antibodies. Among them, one

patient had developed the complete disappearance of emicizu-

mab from his circulating blood and had increases of bleeding

episodes. Consequently the emicizumab treatment was discon-

tinued in this patient. It would be necessary to pay attention to

the development of ADA during the emicizumab treatment.

Consideration of ITI

In order to eradicate inhibitors, ITI is a unique approachwidely

accepted so far, in spite of being highly intensive, requiring

frequent injection of CFCs often with CVAD in children

because of difficulty in blood access, as described above (see

“Introduction”). Emicizumab prophylaxis has the potential to

reduce the necessity of ITI. The eradication of inhibitors

remains an important option for eg, in surgical procedures. It

remains controversial whether emicizumab should be admini-

strated after eradication of inhibitor by ITI or solely prescribed

independent of ITI for PwHAwith inhibitor. Young52 pointed

out the significance of eradication of inhibitor prior to intro-

duction of emicizumab focusing on the burden such as higher

mortality due to severe bleeding and potential risk of exclusion

from future gene therapy for PwHAwith inhibitor. In contrast,

Le Quellec et al53 described that emicizumabwhich has poten-

tial benefit of subcutaneously available prophylaxis for break-

through bleeds during ITI could be prescribed independent of

ITI because emicizumab renders excellent hemostatic effect

compared to BPA prophylaxis and has good safety profiles.

Santagostino et al54 recommended at least one round of ITI

because successful eradication of an inhibitor may allow more

and safer therapeutic options for the patient in the future to

prevent bleeding(eg, gene therapy) and to treat bleeds (with

FVIII replacement rather than BPA). Further clinical evidence

are required as for the potential use of emicizumab in the

context of ITI.
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Future consideration
Taking into consideration the results from phase 1 and 2

studies that breakthrough bleeds have been well tolerated in

the low dose cohort,22,32 even lower plasma concentration of

emicizumab (~10–30 µg/mL) than that (~50 µg/mL) by cur-

rent approved regimen could be effective as prophylaxis for

PwHAwhose articular condition has been fine irrespective of

inhibitors.24,33,34,37 The licensed dose of emicizumab does not

allow for dose escalation now, but the low dose of this drug

may be safe in comparison with its standard dose on conco-

mitant therapy with other hemostatic agents such as FVIII and

rFVIIa for breakthrough bleeds during emicizumab prophy-

laxis. Alternatively, a higher dose of emicizumab than the

licensed dose may also be effective for active patients with

trouble in their joint health, but the lack of data, especially

concerning safety and cost, needs to be considered.

Conclusion
The nature and development of emicizumab for PwHA irre-

spective of inhibitor have been outlined, and the outcomes of

recent clinical trials have been reviewed. Moreover, patient

selection and special consideration for use of emicizumab has

been addressed. Further studies are needed, in order to accu-

mulate conclusive clinical data on safety, especially regarding

the risk of TMA/TE with the concomitant use of BPAs or

FVIII, and in addition, longer-term use. Standardized techni-

ques to monitor hemostasis in those patients receiving emici-

zumab will assist clinical management in these circumstances.

The new era has just started with the novel hemostatic agent

emicizumab and further clinical evidence is required for better

treatment for PwHA in the future.
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