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Abstract

Emicizumab (ACE910) is a bispecific antibody that is a novel, subcutaneously injectable treatment for patients with
hemophilia A. This study assessed the relative bioavailability of emicizumab between old and new drug products (DPs)
and among 3 commonly used subcutaneous injection sites (abdomen, upper arm, and thigh), together with its abso-
lute bioavailability in healthy volunteers. Forty-eight healthy volunteers were randomized into 4 groups to receive a
single subcutaneous injection of 1 mg/kg with the old or new DP, and another 12 volunteers each received a single,
90-minute, intravenous infusion of 0.25 mg/kg with the new DP. Similar pharmacokinetic profiles were observed be-
tween the DPs, with geometric mean ratios of 1.199 (90% confidence interval [CI] 1.060-1.355) for the maximum
plasma concentration and 1.083 (90% CI 0.920-1.275) for area under the plasma concentration-time curve extrapolated
to infinity. The geometric mean ratios of maximum plasma concentration and area under the plasma concentration-
time curve extrapolated to infinity for upper arm versus abdomen were 0.823 (90% CI 0.718-0.943) and 0.926 (90%
CI 0.814-1.053), respectively, and those for thigh versus abdomen were 1.168 (90% CI 1.030-1.324) and 1.073 (90% CI
0.969-1.189), respectively. Absolute bioavailability ranged from 80.4% to 93.1%. These results suggested that no emi-
cizumab dose adjustment would be needed when switching the DPs or injecting to different sites interchangeably and
that emicizumab injected subcutaneously is highly bioavailable.

Keywords

emicizumab, hemophilia A, bioavailability, monoclonal antibody, drug product bridging strategy

Hemophilia A is a bleeding disorder attributable to a
congenital absence or dysfunction of coagulation fac-
tor VIII (FVIII) that occurs in approximately 1 in 5000
live-born males.1 The standard therapy for patients
with hemophilia A is categorized into 2 types: on-
demand therapy, for which coagulation factor products
are administered when bleeding occurs, and regular re-
placement therapy (prophylaxis), for which coagulation
factor products are administered regularly to prevent
the onset of bleeding. Coagulation factor products used
for treatment differ between patients without alloanti-
bodies to FVIII (“FVIII inhibitors”), who are treated
with plasma-derived or recombinant FVIII products,
and patients with FVIII inhibitors, who are treated with
bypassing agents such as recombinant activated coag-
ulation factor VII or activated prothrombin complex
concentrate. However, there is a common burden in the
treatment for patients both with and without FVIII
inhibitors, that is, the necessity of frequent intravenous
(IV) infusions due to their short half-lives (FVIII 8 to

19 hours,2–5 recombinant activated coagulation factor
VII 2.3 to 6.0 hours,6–9 activated prothrombin complex
concentrate 4 to 7 hours10). Given this drawback, new
drugs that can be administered subcutaneously with a
low frequency of administration are desired.
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Emicizumab (ACE910) is a recombinant human-
ized bispecific monoclonal antibody that bridges
activated factor IX (FIXa) and factor X (FX) to
restore the function of activated FVIII that is missing
in patients with hemophilia A.11–13 Based on the
series of nonclinical investigations,12–15 the clinical
development of emicizumab started from a first-
in-human, single-ascending-dose phase 1 study in
Japanese and white healthy volunteers,16 followed by
a first-in-patient, multiple-ascending-dose phase 1
study17 and its long-term extension phase 1/2 study18

in Japanese patients with severe hemophilia A with or
without FVIII inhibitors. In these early-stage clinical
studies, emicizumab demonstrated favorable safety
profiles at up to 1 mg/kg as a single subcutaneous (SC)
injection in healthy volunteers and up to 3 mg/kg as
once-weekly SC injections in patients with hemophilia
A. The absorption of emicizumab after SC injection
was gradual and reached the maximum plasma con-
centration (Cmax) 1 to 2 weeks after administration,
and its subsequent elimination appeared monophasic.
Emicizumab showed a linear pharmacokinetic (PK)
profile from 0.01 mg/kg to 3 mg/kg without affecting
the plasma concentrations of the target antigens
(FIX and FX), suggesting that target-mediated drug
disposition is negligible for emicizumab. The half-life
(t1/2) of emicizumab was approximately 4 to 5 weeks,
which was much longer than those of FVIII products
and bypassing agents. The PK profiles in Japanese
and white populations were similar. In addition, in the
patient study, the efficacy potential of emicizumab was
demonstrated by reduction in the individual annualized
bleeding rates compared with each patient’s own his-
torical data. Emicizumab was given as a SC injection to
the abdomen in all of these early-stage clinical studies.
Based on the study data, modeling and simulation
analyses were conducted to select the dosing regimens
to be tested in phase 3 pivotal studies.19 Consequently,
a previously untested dosing regimen of a loading dose
of 3 mg/kg once weekly for the first 4 weeks followed
by a maintenance dose of 1.5 mg/kg once weekly was
selected for the first phase 3 trial enrolling adult and
adolescent patients with FVIII inhibitors.20

Emicizumab drug product (DP) was changed from
that for early-stage development to that for late-stage
development, with differences between the old and new
DPs in drug substance manufacturing process and drug
concentration. In the manufacturing process of the new
DP, the purification process was upgraded to decrease
the impurities in drug substance, and the cell culture
process was also upgraded to improve the manufac-
turing productivity. As a consequence of these manu-
facturing process changes, the new DP showed some
different pharmaceutical compositions compared with
those of the old DP, including a slight change of

glycosylation profile such as an increase of high-
mannose form.

In previous publications it was reported that an
increased relative abundance ratio of high-mannose
forms in drug substance of monoclonal antibody is
associated with higher drug clearance from blood circu-
lation in mice and humans.21,22 This raised a potential
concern of decreased exposure and thus potential de-
creased efficacy of emicizumab with the new DP. With
this potential concern taken into account, together
with the International Council of Harmonisation
(ICH) Q5E guideline, which states that “Comparability
exercises are generally performed to demonstrate that
nonclinical and clinical data generated with pre-change
product are applicable to post-change product in order
to facilitate further development and, ultimately, to
support the marketing authorisation,”23 conducting a
clinical study to compare the PK properties between
the old and new DPs before embarking on the late-
stage phase 3 program was considered to be a rapid
and conservative DP-bridging strategy.

In addition, expanding the body locations available
for SC injection was considered to be beneficial for pa-
tients, particularly in this disease area in which frequent
IV infusions are required as the standard treatment. In-
crease of flexibility in choice of injection sites may lead
to improved patient adherence in lifelong treatment and
may also increase ease in giving treatment, particularly
to children or infants who have difficulty in securing
vascular access.

On the basis of these situations taken together, the
present study was conducted to investigate whether the
PK profile of emicizumab differs between the 2 DPs
and among 3 commonly used SC injection sites (ab-
domen, upper arm, and thigh) and to explore the ne-
cessity of dose adjustment when the DPs are switched
or when emicizumab is injected into different SC injec-
tion sites interchangeably. In addition, the absolute SC
bioavailability of emicizumab was investigated in this
study.

Methods
This single-center, open-label, randomized, parallel-
group study was conducted at CPC Clinic, Medipolis
Medical Research Institute (Kagoshima, Japan) be-
tween April 2015 and October 2015 in accordance with
the Declaration of Helsinki and ICH-Good Clinical
Practice. The study protocol was approved by the
institutional review board of the trial site (CPC Clin-
ical Trial Hospital IRB, Kagoshima, Japan), and all
subjects gave written informed consent before enroll-
ment. This study was registered at www.clinicaltrials.jp
(JapicCTI-152888).
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Figure 1. Study design and subject enrollment. Forty-eight healthy Japanese male volunteers were randomized into 4 subcutaneous
dosing groups (groups A, B, C, and D; N = 12 each), and 12 volunteers were enrolled in a separate intravenous dosing group (group
E). Drug administration in the intravenous dosing group was initiated after all the drug administrations in the subcutaneous dosing
groups had been completed, and thus, the intravenous dosing group was not involved in the randomization. IV indicates intravenous;
SC, subcutaneous.

Subjects
Healthy Japanese male volunteers aged 20 to <45
years with a body mass index of 18.5 to <25.0 kg/m2

were enrolled in this study. Key exclusion criteria
were previous or current history of clinically significant
allergy, hypersensitivity associated with globulin prepa-
rations, thromboembolic diseases, or FVIII activity of
�120 IU/dL. Subjects were screened for eligibility
during a 3-week period before the administration of
emicizumab.

Study Design
Forty-eight healthy Japanese male volunteers were ran-
domized into 4 SC-dosing groups (groups A, B, C, and
D; N = 12 each). In addition, 12 volunteers were en-
rolled in a separate IV-dosing group (groupE). The sub-
jects received either of the following emicizumab doses:
a single SC injection of 1 mg/kg with the old DP to the
abdomen (group A); a single SC injection of 1 mg/kg
with the new DP to the abdomen, upper arm, or thigh
(groups B, C, and D, respectively); or a single IV infu-
sion of 0.25 mg/kg with the newDP (group E). Because
it was the first experience to administer emicizumab
intravenously to humans, emicizumab administration
in the IV-dosing group was initiated after all the emi-
cizumab administrations in the SC-dosing groups had
been completed, and thus, the IV-dosing group was
not involved in the randomization (Figure 1). Intra-
venous infusions were performed over a duration of
90 minutes.

The dose of 1 mg/kg for the SC-dosing groups was
selected based on the following considerations. In the
first-in-human study of emicizumab, the safety and
tolerability of single SC doses up to 1 mg/kg were con-
firmed in healthy volunteers. Considering a potential
risk of hypercoagulability in healthy volunteers who

have normal FVIII activity, the dose level to be tested in
this study was selected not to exceed the maximum dose
tested previously in healthy volunteers. In addition, be-
cause PK linearity of emicizumab was confirmed over
the dose range of 0.01 to 3 mg/kg in the phase 1-1/2
studies, and the given doses constituting the first phase 3
dosing regimen (1.5 and 3 mg/kg) were within this dose
range, it was supported that the relative bioavailability
evaluated at the dose of 1 mg/kg can be extrapolated to
the potential therapeutic dosing regimen. The dose of
0.25 mg/kg for the IV-dosing group was also selected
based on PK and safety considerations. Assuming a
typical plasma volume for a 70-kg human of 3 L,24 the
plasma emicizumab concentration immediately after a
single IV administration of 0.25 mg/kg was predicted
to be 5.83 µg/mL, which would not exceed the highest
previously experienced exposure level in healthy volun-
teers (ie, mean Cmax of 5.56 to 5.92 µg/mL after a single
SC injection of 1 mg/kg in the first-in-human study16).
Moreover, the linear PK profile of emicizumab jus-
tified the selection of 0.25 mg/kg for the IV-dosing
group to derive the absolute bioavailability, which
was to be made by comparing area under the plasma
concentration-time curve extrapolated to infinity
(AUCinf ) with those from the SC-dosing groups with
normalization by the dose levels of each dosing group.

Subjects were observed for 16 weeks in duration,
which was expected to capture �80% of AUCinf , un-
til the study end. Blood samples were drawn from
each subject before administration and at 8, 24, 48, 96,
and 168 hours, 10 days, and 2, 3, 4, 6, 8, 10, 12, 14, and
16 weeks after injection in the SC dosing groups, and
used for determination of plasma emicizumab concen-
trations. In the IV-dosing group, blood samples were
drawn at 1, 4, and 72 hours after the end of infusion in
addition to the time points defined for the SC-dosing
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groups. For immunogenicity evaluations, blood sam-
ples were drawn from each subject before administra-
tion and at 8 and 16 weeks after administration in both
the SC- and IV-dosing groups. After centrifugation of
the blood samples (1700g, 15minutes, 4°C), plasmawas
transferred to storage tubes and immediately stored at
or below −70°C until the respective assays.

Drug Product
Emicizumab was produced from a Chinese hamster
ovary cell line using recombinantDNA technology. The
concentrations of emicizumab in the old and new DPs
were 80 and 150 mg/mL, respectively.

Outcome Measures
Pharmacokinetics
Plasma emicizumab concentrations were determined
by a validated sandwich enzyme-linked immunosor-
bent assay as previously described.16 Plasma concen-
trations of emicizumab’s target antigens (ie, FIX and
FX, including their activated forms) were determined
using the same commercially available enzyme-linked
immunosorbent assay kits as in the previous report.16

Pharmacodynamics
Activated partial thromboplastin time (aPTT) and
peak height of activated factor XI–triggered thrombin
generation (TG) were measured in plasma both with
and without neutralization of endogenous FVIII using
the same assay methods as previously described16 with
change in anti-FVIII neutralizing antibodies used; the
host animals of the antibodies were changed frommice
to monkeys. Endogenous FVIII activity in plasma
samples from the healthy subjects was neutralized
by addition of a dual anti-FVIII neutralizing anti-
body cocktail ex vivo to artificially mimic the FVIII
deficiency observed in patients with hemophilia A.

Safety
Safety was assessed by physical examination, adverse
events (AEs; categorized by theMedical Dictionary for
Regulatory Activities code version 17.1), vital signs,
12-lead electrocardiogram, and laboratory tests. The
severity of AEs was determined by the investigator as
mild, moderate, or severe. Laboratory tests consisted of
hematology, blood chemistry and coagulation tests, uri-
nalysis, and serum cytokine concentrations. Blood co-
agulation tests includedD-dimer and prothrombin time
international normalized ratio.

Immunogenicity
Antiemicizumab antibodies (antidrug antibodies
[ADAs]) in plasma were detected by a validated elec-
trochemiluminescence immunoassay.16 Subjects who

had at least 1 ADA-positive plasma sample at any time
point including baseline were defined as ADA-positive
subjects; if not, as ADA-negative subjects.

Statistical Analyses
The target sample size for this study was set at 60 sub-
jects (12 subjects for each group) to enable investigation
of the safety, PK, and pharmacodynamics (PD) of sin-
gle SC and IV doses of emicizumab. Because demon-
stration of bioequivalence was not an objective of this
study, the target sample size of 12 subjects per group
was based on a presumed minimum acceptable number
for a bioequivalence study25 rather than based on sta-
tistical considerations. Of note, the probability that the
point estimates of the geometric mean ratios (GMRs)
of Cmax and AUCinf would simultaneously fall within
the range of 0.80 to 1.25 with 12 subjects in 2 groups
each was estimated to be approximately 92% assum-
ing that the intersubject coefficients of variation for the
geometric means of Cmax and AUCinf are 23.6% and
20.5%, respectively, based on the previous study results
in healthy Japanese adults,16 and assuming that the ex-
pected GMRs between the 2 groups (eg, group A and
group B) are 1.00.

Baseline characteristics, PK, PD, and safety data
were summarized by dosing group. PK parameters in-
cluding Cmax, time to reach maximum plasma con-
centration, area under the plasma concentration-time
curve to the last measurable plasma concentration
(AUClast), AUCinf , t1/2, (apparent) total clearance
(CL[/F]), volume of distribution during the terminal
phase (Vd,z; for the IV-dosing group only), and volume
of distribution at steady state (Vd,ss; for the IV-dosing
group only) were calculated from each subject’s emi-
cizumab plasma concentration-time profile by a non-
compartmental analysis method. In addition, the key
exposure parameters (ie, Cmax, AUClast, and AUCinf )
following a single SC administration of emicizumab
were normalized by the actually given dose in mg/kg
and then applied to the analysis of variance (ANOVA)
to derive the GMRs as the relative bioavailability es-
timates, and similarly, AUCinf following a single SC
or IV administration was normalized and then applied
to the ANOVA to derive the GMRs as the absolute
bioavailability estimates. Data from ADA-positive sub-
jects were not included in the ANOVA to avoid the po-
tential bias on the estimates. All the data analyses were
performed using SAS software version 9.2 (SAS Insti-
tute Inc, Cary, North Carolina).

Results
Baseline Characteristics
A total of 60 healthy Japanese volunteers were enrolled
in this study (48 to the 4 SC-dosing groups and 12 to
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Table 1. Baseline Demographic Characteristics of Study Subjects

Group

A B C D E

N 12 12 12 12 12
Age (y) 29.2 ± 5.17 29.4 ± 7.19 28.8 ± 6.98 25.7 ± 6.23 30.3 ± 5.90
Body weight (kg) 62.4 ± 6.02 66.2 ± 9.78 63.8 ± 7.61 62.3 ± 5.46 58.7 ± 5.95
BMI (kg/m2) 21.6 ± 1.90 22.3 ± 1.86 21.7 ± 1.99 21.5 ± 1.43 20.6 ± 1.69

Data are presented as mean ± SD. BMI indicates body mass index.

Figure 2. Mean (± SD) time courses of plasma emicizumab concentration following a single subcutaneous injection of 1 mg/kg with
the old drug product into the abdomen (group A), a single subcutaneous injection of 1 mg/kg with the new drug product into the
abdomen (group B), upper arm (group C), and thigh (group D), and a single intravenous infusion of 0.25 mg/kg with the new drug
product (group E). Data below the quantification range were handled as missing in summary statistics calculation. Summary statistics
were not calculated when measured values were below the quantification range in the majority of subjects for each group and time
point. a, Linear plot. b, Semilogarithmic plot.

the IV-dosing group; N = 12 per group). No subjects
were withdrawn, and all subjects completed the study;
as a consequence, no subjects were excluded from the
data set.

A summary of the subject baseline characteristics by
dosing group is shown in Table 1. The mean age, body
weight, and body mass index in each group ranged
from 25.7 to 30.3 years, 58.7 to 66.2 kg, and 20.6 to
22.3 kg/m2, respectively. There were no imbalances
in baseline characteristics among the groups, even
including the IV-dosing group (group E), which was
not involved in the randomization.

Overall Pharmacokinetics
The time course of plasma emicizumab concentra-
tion after a single SC or IV administration is shown
in Figure 2. In the SC-dosing groups, plasma emi-
cizumab concentrations peaked by 2 weeks after SC
administration and subsequently decreased, exhibit-
ing a monophasic time course. The PK time-course
profiles of emicizumab were well overlapped between
the DPs and among the sites of SC injection. In the
IV-dosing group, plasma emicizumab concentrations

decreased exhibiting a biphasic time course after IV ad-
ministration.

The summary statistics of PK parameters of emi-
cizumab following a single SC or IV administration are
shown in Table 2. The ranges of mean Cmax, AUClast,
and AUCinf observed after a single SC injection of 1
mg/kg were 5.29 to 7.56 µg/mL, 241 to 284 day·µg/mL,
and 260 to 307 day·µg/mL, respectively, and the range
of median time to reach maximum plasma concentra-
tion was 6.97 to 11.4 days. No obvious differences for
these PK parameters were observed among the SC-
dosing groups. The mean Cmax, AUClast, and AUCinf

observed after a single IV infusion of 0.25 mg/kg were
5.10 µg/mL, 74.7 day·µg/mL, and 79.2 day·µg/mL, re-
spectively, and the mean CL and Vd,ss of emicizumab
were 3.26 mL/(day·kg) and 106 mL/kg, respectively.
The t1/2 of emicizumab averaged 25.6 to 28.7 days
without obvious differences among all of the dosing
groups.

A single SC (1 mg/kg) or IV (0.25 mg/kg) adminis-
tration of emicizumab did not affect the plasma con-
centrations of the target antigens (FIX and FX) in any
of the dosing groups (data not shown).



Kotani et al 707

Table 2. Pharmacokinetic Parameters of Emicizumab Following a Single Subcutaneous or Intravenous Administration

Group

Parameter A (SC) B (SC) C (SC) D (SC) E (IV)

N 12 12 12 12 12
Cmax (µg/mL) 5.40 ± 0.907 6.26 ± 1.26 5.29 ± 0.960 7.56 ± 1.38 5.10 ± 0.509
Tmax (d) 6.97 6.97 11.4 8.47 0.104

(3.99-10.9) (3.98-14.0) (6.97-21.0) (3.99-10.9) (0.104-0.396)
AUClast (d·µg/mL) 247 ± 56.8 253 ± 47.7 241 ± 40.4 284 ± 38.2 74.7 ± 10.9
AUCinf (d·µg/mL) 271 ± 76.2 274 ± 53.3 260 ± 47.5 307 ± 45.6 79.2 ± 12.8
t1/2 (d) 28.7 ± 7.43 28.0 ± 5.53 25.6 ± 6.97 28.7 ± 4.21 26.7 ± 6.62
CL/F (mL/[d·kg]) 3.98 ± 1.19 3.84 ± 1.05 4.00 ± 0.863 3.33 ± 0.503 ...
CL (mL/[d·kg]) ... ... ... ... 3.26 ± 0.681
Vd,z (mL/kg) ... ... ... ... 120 ± 20.5
Vd,ss (mL/kg) ... ... ... ... 106 ± 14.8
F (%) ... 0.868a 0.804b 0.931c ...

(0.795-0.948) (0.712-0.906) (0.849-1.022)

AUCinf indicates area under the plasma concentration-time curve extrapolated to infinity; AUClast, area under the plasma concentration-time curve
to the last measurable plasma concentration; CL, total clearance; CL/F, apparent total clearance; Cmax, maximum plasma concentration; F, absolute
bioavailability; IV, intravenous; SC, subcutaneous; Tmax, time to reach maximum plasma concentration; t1/2, half-life; Vd,z, volume of distribution during
the terminal phase; Vd,ss, volume of distribution at steady state.
Data are presented as mean ± SD for Cmax, AUClast, AUCinf, t1/2, CL/F, CL, Vd,z and Vd,ss; median (range) for Tmax; geometric mean ratio (90%
confidence interval) for F.
aSubjects who tested positive for antiemicizumab antibodies (1 each in groups B and E) were excluded from the bioavailability estimation (N of subjects
included in the analysis = 22).
bSubjects who tested positive for antiemicizumab antibodies (2 in group C and 1 in group E) were excluded from the bioavailability estimation (N of
subjects included in the analysis = 21).
cSubjects who tested positive for antiemicizumab antibodies (1 in group E) were excluded from the bioavailability estimation (N of subjects included
in the analysis = 23).

Table 3. Relative Bioavailability of Emicizumab Between Drug Products and Among Sites of Subcutaneous Injection

Relative Bioavailability (GMR [90% CI])

New vs Old Drug Products Upper Arm vs Abdomen Thigh vs Abdomen
(Group B vs Group A) (Group C vs Group B) (Group D vs Group B)

Parameter N = 23 N = 21 N = 23

Cmax/Dose 1.199 (1.060-1.355) 0.823 (0.718-0.943) 1.168 (1.030-1.324)
AUClast/Dose 1.085 (0.942-1.250) 0.931 (0.824-1.051) 1.077 (0.979-1.184)
AUCinf/Dose 1.083 (0.920-1.275) 0.926 (0.814-1.053) 1.073 (0.969-1.189)

AUCinf indicates area under the plasma concentration-time curve extrapolated to infinity; AUClast, area under the plasma concentration-time curve
to the last measurable plasma concentration; CI, confidence interval; Cmax, maximum plasma concentration; GMR, geometric mean ratio.
Subjects who tested positive for antiemicizumab antibodies (1 in group B, 2 in group C, and 1 in group E) were excluded from the bioavailability
estimation.

Relative and Absolute Bioavailability
The results of the ANOVA on relative and absolute
bioavailability are shown in Tables 3 and 2, respectively.
A total of 4 subjects who tested positive for ADAs were
excluded from this analysis.

The point estimates (90% confidence intervals) of the
GMRs of dose-normalized Cmax, AUClast, and AUCinf

for the new DP compared with the old DP were 1.199
(1.060 to 1.355), 1.085 (0.942 to 1.250), and 1.083 (0.920
to 1.275), respectively. Similarly, those for upper arm
compared with abdomen were 0.823 (0.718 to 0.943),

0.931 (0.824 to 1.051), and 0.926 (0.814 to 1.053), re-
spectively, and those for thigh compared with abdomen
were 1.168 (1.030 to 1.324), 1.077 (0.979 to 1.184), and
1.073 (0.969 to 1.189), respectively. All the point esti-
mates of GMRs were within the standard criterion for
bioequivalence (ie, 0.80-1.25).

The point estimates (90% confidence intervals) of the
GMRs of dose-normalized AUCinf for SC injection to
abdomen, upper arm, and thigh comparedwith IV infu-
sion were 0.868 (0.795 to 0.948), 0.804 (0.712 to 0.906),
and 0.931 (0.849 to 1.022), respectively.
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Figure 3. Mean (± SD) time courses of pharmacodynamic responses in ex vivo factor VIII–neutralized plasma following a single
subcutaneous injection of 1 mg/kg with the old drug product into the abdomen (group A), a single subcutaneous injection of 1 mg/kg
with the new drug product into the abdomen (group B), upper arm (group C), and thigh (group D), and a single intravenous infusion of
0.25 mg/kg with the new drug product (group E). Data below the quantification range were handled as missing in summary statistics
calculations. Summary statistics were not calculated when measured values were below the quantification range in the majority
of subjects for each group and time point. a, Activated partial thromboplastin time. b, Peak height of activated factor XI–triggered
thrombin generation. aPTT indicates activated partial thromboplastin time; FVIII, factor VIII; TG, thrombin generation.

Pharmacodynamics
In plasma without ex vivo neutralization of FVIII,
aPTT was slightly shortened after emicizumab admin-
istration in all the dosing groups (data not shown).
In plasma with ex vivo neutralization of FVIII, the
shortening of aPTT was more obviously observed
after emicizumab administration in all the dosing
groups (Figure 3A). Similarly, obvious promotion of
TG was observed in plasma with ex vivo neutraliza-
tion of FVIII after emicizumab administration in all
the dosing groups (Figure 3B). The PD profiles of
emicizumab following single SC administration were
similar between the old and new DPs and among the
sites of SC injection of abdomen, upper arm, and
thigh.

Safety
Twenty-seven AEs occurred in 22 of 60 subjects; the
summary of the incidence of AEs in each group is
shown in Table 4. The only AE that occurred in at least
2 subjects in any group was upper respiratory tract in-
fection (group A 3 subjects [25.0%], group B 2 subjects
[16.7%], group C 1 subject [8.3%], group D 1 subject
[8.3%], and group E 1 subject [8.3%]). All of the upper
respiratory tract infections were considered unrelated
to emicizumab administration by the investigator.

AEs occurring within 24 hours after administration
of emicizumab were defined as injection/infusion-
related reactions, which included oropharyngeal pain
in 1 subject (group B) and hot flush in 1 subject (group
C). Although a causal relationship with emicizumab
administration was not ruled out, both of the events

were mild in severity and resolved or improved within
3 days without any treatment.

No severe AEs, AEs leading to withdrawal, or seri-
ous AEs occurred. In addition, no clinically significant
changes in laboratory test values, vital signs, or elec-
trocardiogram parameters were observed in any group
(data not shown).

Overall, no significant differences in the safety profile
of emicizumab were observed by DP, injection site, or
administration route.

Immunogenicity
ADAs were detected in 4 of a total of 60 subjects. Of
these subjects, 1 subject tested positive for ADAs be-
fore and after emicizumab administration (preexisting
ADAs), and 3 subjects tested positive for ADAs only
after emicizumab administration (treatment-induced
ADAs). The subjects with treatment-induced ADAs
consisted of 1 of 12 subjects (8.3%) in groups B, C, and
E each; therefore, 2 of 36 subjects (5.6%) receiving a sin-
gle SC injection of the new DP had treatment-induced
ADAs.

The time courses of plasma emicizumab concentra-
tion, aPTT, and peak height of TG inFVIII-neutralized
plasma were not different between the subject who
tested positive for preexistingADAs andADA-negative
subjects. On the other hand, the t1/2 of emicizumab for
the subjects who tested positive for treatment-induced
ADAs were shorter than those for ADA-negative sub-
jects (data not shown). Correspondingly, in FVIII-
neutralized plasma, the effect of emicizumab on both
aPTT and peak height of TG dissipated earlier in



Kotani et al 709

Table 4. Adverse Events Reported Following a Single Subcutaneous or Intravenous Administration

Group

A B C D E
Adverse Event N (%) N (%) N (%) N (%) N (%)

Total number of subjects with at least
1 adverse event

6 (50.0) 5 (41.7) 4 (33.3) 3 (25.0) 4 (33.3)

Upper respiratory tract infection 3 (25.0) 2 (16.7) 1 (8.3) 1 (8.3) 1 (8.3)
Acute sinusitis 0 (0.0) 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0)
Acute tonsillitis 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Conjunctivitis 0 (0.0) 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0)
Nasopharyngitis 0 (0.0) 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0)
Paronychia 0 (0.0) 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0)
Pharyngitis 0 (0.0) 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0)
Abdominal pain 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Aphthous stomatitis 0 (0.0) 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0)
Dental caries 0 (0.0) 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0)
Oropharyngeal pain 0 (0.0) 1 (8.3) 0 (0.0) 0 (0.0) 1 (8.3)
Punctate keratitis 0 (0.0) 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0)
Facial pain 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Venomous sting 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0) 0 (0.0)
Blood glucose decreased 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (8.3)
Myalgia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (8.3)
Cervicobrachial syndrome 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Dermatitis contact 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0) 0 (0.0)
Hot flush 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0) 0 (0.0)

the subjects with treatment-induced ADAs (data not
shown). No AEs were observed in either ADA-positive
subjects.

Discussion
This study was conducted to compare PK profiles of
emicizumab between 2 different DPs used during the
clinical development and among 3 different injection
sites for which we intended to produce supportive clini-
cal data to expand SC injection sites of emicizumab and
thus to enable patients with hemophilia A to have the
flexibility in choice of the injection site in their lifelong
treatment. In addition, the absolute SC bioavailability
of emicizumab was investigated.

The similar PK profiles after a single SC injection of
emicizumab 1 mg/kg were confirmed between the old
and new DPs and among 3 injection sites of abdomen,
upper arm, and thigh, with all the point estimates of
GMRs within the standard criterion for bioequivalence
(ie, 0.80-1.25). The PK similarity of emicizumab among
the 3 SC injection sites was consistent with a previous
investigation with another monoclonal antibody.26 In
addition, the PD responses (aPTT and TG) in plasma
with ex vivo neutralization of FVIII after a single
SC injection of emicizumab 1 mg/kg were similar as
well. These results supported the idea that no dose
adjustment was needed when the new DP replaced the

old one during the clinical development of emicizumab.
Moreover, the results indicated that emicizumab can be
administered to the abdomen, upper arm, and thigh,
interchangeably, without dose adjustment.

Group A reproduced similar PK profiles to those
observed in the first-in-human study of emicizumab
in which the old DP was subcutaneously injected into
the skin of the abdomen in healthy volunteers as well.
The incidence of AEs did not differ among the SC-
dosing groups, and it was similar to that observed in the
first-in-human study.16 It was reconfirmed that a sin-
gle SC injection of emicizumab 1 mg/kg was tolerable
in healthy volunteers. These results did not identify any
new safety risk with the new DP compared with the old
DP.

This study was the first clinical investigation of emi-
cizumab administered intravenously to humans. The
observed Cmax after a single IV infusion of emicizumab
0.25 mg/kg with the new DP was similar to that after a
single SC injection of emicizumab 1mg/kg with the new
DP as hypothesized before the study initiation. The in-
cidence of AEs did not differ from that in the SC-dosing
groups, and thus, it can be concluded that emicizumab
is tolerable up to 0.25 mg/kg when it is administered
intravenously in healthy volunteers. The mean CL of
emicizumab after IV infusion was 3.26 mL/(day·kg),
which suggested that the elimination of emicizumab
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from the circulating blood is comparable to or even
slower than that of other monoclonal antibodies.27

This might be a consequence of a reduced isoelectric
point resulting from the amino acid–substituting
antibody engineering technology applied.13,28 The
mean Vd,ss of emicizumab was 106 mL/kg, which
was approximately 2- to 3-fold the plasma volume
of humans but much less than the extracellular fluid
volume,24 suggesting that the tissue distribution of
emicizumab is limited in humans as commonly seen for
monoclonal antibodies.27 In addition, this IV-dosing
experience revealed that the absolute SC bioavailability
of emicizumab ranged from 80.4% to 93.1%. This find-
ing indicates a high SC absorbability of emicizumab,
which is consistent with the previous nonclinical results
and is in line with other monoclonal antibodies.27

Two of 36 subjects who received a single SC injec-
tion of emicizumab with the new DP tested positive for
treatment-induced ADAs, and no ADAs were detected
in subjects who received a single SC injection of emi-
cizumab with the old DP in this study. On the other
hand, in the first-in-human study, 1 of a total of 48 sub-
jects who received a single SC injection of emicizumab
with the old DP tested positive for treatment-induced
ADAs. Altogether, treatment-induced ADAs were ob-
served with administration of either the old or the new
DP across the 2 studies in healthy subjects, but the over-
all incidence was within the ADA incidence reported in
other monoclonal antibodies.29,30 The immunogenicity
of emicizumab, including the incidence and clinical rel-
evance of ADAs, should be further investigated in pa-
tients with hemophilia A who will receive emicizumab
repeatedly at higher doses.

The regulatory guidance, stipulating comparability
assessments to support manufacturing process changes
during the development of a biological product, and
some previous reports have suggested a hierarchical
risk-based approach for DP bridging.23,31–34 It starts
with analytical testing to ensure quality, followed
by biological characterization, animal in vivo PK or
PK-PD studies, and finally clinical PK, safety, and/or
efficacy studies, if needed. However, such a stepwise ap-
proach may not completely remove the uncertainty as-
sociated with extrapolation of in vitro and/or animal
study findings to humans, may be potentially time con-
suming where a clinical study is eventually required,
and may not be fit for some disease areas, especially
in life-threatening or rare diseases when rapid devel-
opment of new drugs is desired. In the case of emi-
cizumab, the experimental evidence indicating the lack
of need for dose adjustment between the old and new
DPs was obtained by conducting this clinical bioavail-
ability study before initiating phase 3 studies. This ap-
proach was intended to avoid delaying the development
of emicizumab in hemophilia A, a rare disease in which

unmet medical need is high, especially in patients with
FVIII inhibitors due to suboptimal efficacy of bypass-
ing agents.

Although this study presents a successful bridging
case with emicizumab between 2 DPs and among 3 SC
injection sites, there are some limitations. The current
study was not a statistically powered bioequivalence
study, and thus, PK equivalency cannot be concluded.
The data were obtained from healthy volunteers who
received only a single SC injection or IV infusion at a
dose of 1 or 0.25 mg/kg, which is lower than the doses
given to patients with hemophilia A in the first phase 3
study.

Based on the results from the early-stage clini-
cal studies16–18 and bridging practices from early- to
late-stage development (ie, model-guided phase 3 dose
selection19 and this bioavailability study), the phase 3
program of emicizumab is now ongoing, and recently,
it was demonstrated that emicizumab prophylaxis sig-
nificantly reduced the bleeding rate compared with no
prophylaxis in patients with hemophilia A with FVIII
inhibitors in the first phase 3 study.20

Conclusions
Similar PK and PD profiles of emicizumab between the
DPs indicated that no dose adjustmentwould be needed
in switching the DPs during the emicizumab develop-
ment program. In addition, the study results supported
the conclusion that emicizumab can be injected into the
abdomen, upper arm, or thigh, interchangeably. Avail-
ability of multiple injection sites for SC dosing would
allow for increased convenience in treatment and may
thus improve patients’ therapeutic adherence. The study
results also indicated that emicizumab injected subcuta-
neously is highly bioavailable.
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