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Emicizumab, a bispeciﬁc monoclonal antibody, bridges activated factor IX (FIXa) and
FX, replacing the function of missing FVIIIa to restore effective hemostasis in persons
with hemophilia A (PwHA). Here we assess pharmacokinetic (PK) and pharmacodynamic (PD) biomarkers in PwHA with FVIII inhibitors in the Phase III HAVEN 1 study
(NCT02622321). Blood samples from 112 PwHA receiving 1.5 mg/kg once-weekly
subcutaneous emicizumab were analyzed at central laboratories. Emicizumab concentrations for PK analysis were measured via validated immunoassay. PD effects were
assessed using FVIII chromogenic activity assay containing human factors (Hyphen
Biophen FVIII:C), and by FXIa-triggered thrombin generation (TG). Activated partial
thromboplastin time (aPTT), prothrombin time (PT), antigen levels of FIX and FX,
ﬁbrinogen, D-dimer, and prothrombin fragment 1.2 (PF1.2) levels were determined.
Emicizumab trough concentrations  50 µg/mL were maintained throughout the
study. FVIII-like activity and TG (peak height) correlated with emicizumab concentrations and remained above 20 U/dL and 100 nM, respectively, with a weekly
maintenance dose, theoretically converting persons with severe hemophilia A to a
mild disease phenotype. aPTT was normalized at subtherapeutic concentrations of
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emicizumab. Plasma concentrations of target antigens FIX and FX were not signiﬁcantly
affected by emicizumab treatment; nor were ﬁbrinogen, PT (international normalized
ratio), D-dimer, or PF1.2. The PK proﬁle of once-weekly emicizumab in HAVEN 1
provides sustained therapeutic plasma levels, consistent with population PK models.
Both the PK proﬁle and the PD and safety biomarkers are consistent with the
established efﬁcacy of emicizumab prophylaxis in PwHA with FVIII inhibitors.

Introduction
Hemophilia A results from congenital deﬁciency of coagulation
factor (F) VIII.1 Persons with hemophilia A (PwHA) can experience frequent clinical bleeding-related symptoms including
easy bruising, prolonged bleeding after trauma or surgery, and
spontaneous bleeding into joints, muscles, or soft tissues.
The current standard of care for PwHA with a frequent
bleeding phenotype (mostly severe hemophilia) is regular
prophylactic intravenous infusions of FVIII,1,2 the goal being
to maintain target trough FVIII activity levels of  1 U/dL to
prevent bleeds and mitigate long-term secondary complications. Approximately 30% of PwHA develop neutralizing
alloantibodies (FVIII inhibitors), which render FVIII replacement therapy ineffective.1 Prior to the availability of emicizumab, hemostatic treatments for PwHA with FVIII inhibitors
were prothrombotic coagulation factors that bypass FVIII.
However, bypassing agents (BPAs) such as activated prothrombin complex concentrate (aPCC) and recombinant-activated
human FVII (rFVIIa) have suboptimal hemostatic effects and a
high treatment burden associated with signiﬁcant limitations
(short half-life, slow intravenous infusion rate).3,4
Emicizumab (HEMLIBRA®; F. Hoffmann-La Roche Ltd, Basel,
Switzerland) is a bispeciﬁc, humanized, monoclonal antibody
that bridges activated FIX (FIXa) and FX, mimicking the cofactor
function of missing activated FVIII (FVIIIa), to restore effective
hemostasis in PwHA.5,6 It has no sequence homology with
FVIII, and is therefore unlikely to induce FVIII inhibitors and is
unaffected by their presence.5,7 Emicizumab has high subcutaneous bioavailability8 and a half-life of approximately 30 days,9
enabling treatment with once weekly,10 every 2 week,11 or
every 4 week12 subcutaneous dosing regimens, thus avoiding
the need for frequent intravenous administration.
Following the results of HAVEN 110 and HAVEN 2,13,14
1.5 mg/kg subcutaneous once-weekly emicizumab was
approved as a prophylactic treatment for PwHA with FVIII
inhibitors of all age groups in several countries (including
European Union member states). The original indication and
dosing of emicizumab has now been expanded in many
countries based on the results of HAVEN 311 and HAVEN
412 to include 1.5 mg/kg once weekly, 3.0 mg/kg every
2 week, or 6.0 mg/kg every 4 week prophylaxis for PwHA
regardless of their inhibitor status. The European Medicines
Agency has approved emicizumab for use in patients without
FVIII inhibitors only for those with severe (< 1 U/dL FVIII
activity) hemophilia A.15,16
HAVEN 110 was a pivotal Phase III study designed to evaluate
the efﬁcacy, safety, and pharmacokinetics (PK) of subcutaneous
once-weekly emicizumab prophylaxis versus no prophylaxis in
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adult and adolescent (aged  12 years) PwHA with FVIII inhibitors. Emicizumab was well tolerated and demonstrated an 87%
reduction in treated bleed annualized bleeding rate (ABR)
versus no prophylaxis (ABR [95% conﬁdence interval [CI]] 2.9
[1.69–5.02] vs. 23.3 [12.33–43.89]). Of those treated with
emicizumab, 62.9% experienced zero treated bleeds. Emicizumab improves upon current treatment options and fulﬁlls a
previously unmet medical need.11,12,17,18
While emicizumab mimics FVIII cofactor activity, it has
fundamental differences from FVIII in terms of PK and
biochemical and pharmacological properties.19 This article
presents the secondary objectives assessing PK, pharmacodynamic (PD), and safety biomarkers from HAVEN 1.

Methods
Study Design and Patients
Patients
Adult and adolescent ( 12 years old) PwHA with FVIII
inhibitors previously treated with BPAs with suboptimal
success were enrolled based on a comprehensive list of
inclusion and exclusion criteria.10
Participants (n ¼ 113) were enrolled between November 18,
2015 and September 28, 2016; the clinical cut-off date for this
analysis was September 8, 2017. All participants provided
written informed consent prior to study entry. The study
protocol was approved by the relevant independent ethics
committee/institutional review board at each participating
institution and was conducted in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice.

Study Design
HAVEN 1, a Phase III, open-label, multicenter, randomized
study in PwHA with FVIII inhibitors, took place at 43 centers
across 14 countries. Full methods of the HAVEN 1 study have
been published previously.10 Brieﬂy, participants receiving
episodic BPA treatment before study entry were randomized
2:1 to receive either emicizumab prophylaxis (arm A) or no
prophylaxis (arm B). Participants previously treated with
prophylactic BPAs were assigned to arm C to receive emicizumab prophylaxis. Participants from a noninterventional
study (NCT02476942)20 who were unable to enroll in arms A,
B, or C before enrollment was closed were eligible for arm D.
PwHA in arms A, C, and D were given a loading dose of
subcutaneous emicizumab 3 mg/kg once weekly for 4 weeks,
followed by 1.5 mg/kg subcutaneous once weekly maintenance thereafter; PwHA in arm B received no prophylaxis.
After completing  24 weeks in the study, arm B participants

Emicizumab Pharmacokinetics and Pharmacodynamics
could receive emicizumab prophylaxis as described (i.e.,
3 mg/kg once weekly for 4 weeks, 1.5 mg/kg once weekly
thereafter). All participants could receive episodic BPAs for
the treatment of breakthrough bleeding, as needed. In case of
suboptimal efﬁcacy after  6 months of emicizumab prophylaxis, uptitration to 3 mg/kg once weekly was permitted.10
Approved subcutaneous administration sites were the abdomen, upper arm, and thigh.

Blood Sampling and Analyses
Blood samples for PK and PD analyses were taken from all
participants at the following scheduled time points: before
ﬁrst emicizumab dose; immediately prior to emicizumab
injection (at trough) every week for the ﬁrst month; every
2 weeks for the second month; every 4 weeks from the third to
the sixth month; every 8 weeks from the seventh to the twelfth
month; and every 12 weeks thereafter. Following thrombotic
microangiopathy and thromboembolism in two participants
treated with an average cumulative aPCC dose of  100 U/kg/
24 hours while receiving emicizumab prophylaxis, the HAVEN
1 protocol was amended to recommend the optional collection
of additional samples for platelet count, D-dimer, prothrombin
fragment 1.2 (PF1.2), and ﬁbrinogen analysis within 24 hours
of BPA use from October 2016 onwards.
Blood samples (2 mL) for emicizumab measurement were
collected using ethylenediaminetetraacetic acid-containing
plastic tubes. Samples were centrifuged (1,500  g, 4°C) for
15 minutes to collect plasma and were stored below –70°C
prior to analysis.
Blood samples (5.4–18.9 mL depending on body weight)
were collected in plastic tubes containing 3.2% sodium citrate
for analysis of: FVIII activity, thrombin generation (TG), activated partial thromboplastin time (aPTT), prothrombin time
(PT), FIX and FX antigens, D-dimer, PF1.2, ﬁbrinogen, and von
Willebrand factor antigen (VWF:Ag). Samples were centrifuged (3,000  g, room temperature) for 20 minutes to obtain
plasma and samples were stored below –70°C prior to analysis.
Emicizumab plasma concentrations were determined
using a validated enzyme-linked immunosorbent assay, performed by QPS Netherlands B.V. (Groningen, The
Netherlands). The lower limit of quantitation was 100 ng/mL
in human plasma. Assay precision and accuracy were 9.5 to
13.3% and 97.6 to 103%, respectively.
All biomarkers (except platelet count) were analyzed at
Medpace Reference Laboratories (Cincinnati, Ohio, United
States). FVIII activity of emicizumab was measured using a
validated chromogenic assay containing human FIXa and FX
(Hyphen Biomed, Neuville-sur-Oise, France) with two different calibration curves: high, for samples with  10 U/dL
FVIII activity; and low, for samples with < 10 U/dL FVIII
activity. Human-derived factors were used in the chromogenic assays as bovine-derived components are insensitive
to emicizumab, and therefore cannot be used to measure
emicizumab activity.21 Of note, FVIII activity reported for
PwHA treated with emicizumab with this assay cannot be
compared with, or interpreted as equivalent to, FVIII activity reported in participants treated with FVIII; it will,
therefore, be called FVIII-like activity throughout the rest
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of the article. TG was measured with the Calibrated Automated Thrombogram method (Diagnostica Stago, Asnièressur-Seine, France), which used a triggering reagent containing FXIa, as this has been shown to be more robust and
sensitive than tissue factor, especially for those with low
apparent FVIII activities, as would be expected in HAVEN 1
participants (0–30 U/dL FVIII).22 TG (peak height) was
derived from the thrombogram. Clotting times (aPTT and
PT), D-dimer, PF1.2, ﬁbrinogen, and VWF:Ag were analyzed
using commercial test kits approved for in vitro diagnostic
use according to the manufacturers’ kit inserts (see
Supplementary Material, available in the online version).
Protein levels of both FIX and FX were measured using
validated immunoassays (Assaypro, St. Charles, Missouri,
United States). Platelet count was measured at the local
clinical sites as part of regular safety monitoring and was
recommended to be measured within 24 hours of BPA
administration.

Pharmacokinetics/Pharmacodynamics Analysis
Exploratory graphical analyses were performed to investigate the PK/PD relationship between emicizumab concentration and FVIII-like activity, TG, or aPTT. The data from all
participants were pooled for analysis. With only trough
samples, hysteresis could not be checked in the present
study. However, as indicated in previous studies in healthy
subjects23 and in PwHA,6 PD markers (e.g., aPTT or TG) are
directly linked to emicizumab concentration without time
delay (i.e., no hysteresis). Therefore, a direct relationship
between PK and PD effect was considered.
The PK/PD relationships for TG and FVIII-like activity
could not be appropriately described by a maximum effect
(Emax) model due to the limited range of emicizumab concentrations achieved in the HAVEN 1 study. Linear regressions were, therefore, performed on the “linear” portion of
the Emax model (i.e., for concentrations up to 80 µg/mL).
For aPTT, different inhibitory Emax models were tested for
best ﬁt, and an appropriate model was selected on the basis
of the Akaike information criterion. Model diagnosis was also
performed by visual analysis of the weighted residual plots
and by observation of the relative standard error of the
estimated variables. The estimates and associated relative
standard error were reported. The relationships between
emicizumab plasma concentration and aPTT were well
described by an inhibitory Emax model:

Here, E is the aPTT, E0 is the aPTT at baseline (seconds), Imax is
the maximum inhibition at inﬁnite emicizumab concentration, C is the emicizumab plasma concentration (µg/mL), and
IC50 is the emicizumab concentration causing half of the
maximum effect (µg/mL) (►Supplementary Table S1, available in the online version).
Graphical investigations of the potential effects of average
FIX and FX concentrations (emicizumab target antigens) on
the PK/PD relationships were also performed.
Thrombosis and Haemostasis

Vol. 121

No. 3/2021

© 2020. The Author(s).

353

354

Emicizumab Pharmacokinetics and Pharmacodynamics
Of note, investigation of the relationship between emicizumab exposure and bleeding events is the subject of dedicated publications.9,24,25
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emicizumab treatment, and ﬁve participants were withdrawn from emicizumab treatment; three due to adverse
events and two following physician or patient decision
(►Supplementary Fig. S1, available in the online version).

Statistical Analysis
The total HAVEN 1 sample size was based on clinical rather
than statistical considerations, taking into account the limited
number of PwHA with FVIII inhibitors available for participation, and to collect sufﬁcient data to assess the safety and
efﬁcacy of emicizumab as previously described.10
All participants initially received the same emicizumab
dosing regimen. Consequently, PK and PD data are presented
as a single-dose group. Since participants in arm B switched
to emicizumab prophylaxis after completing 24 weeks on
study, their scheduled time relative to ﬁrst emicizumab dose
was used for graphical displays. PK and PD data were subject
to descriptive analysis. Data from participants who uptitrated to 3 mg/kg once-weekly emicizumab were included in
the descriptive statistics until uptitration, and continued to
be included in the PK/PD relationship plots after uptitration.
PD data in the form of aPTT and TG from participants who
had their blood samples drawn via ports and for whom
contamination with heparin was suspected were excluded
from the summary statistics calculations.

Data Sharing Statement
Data sharing statement: Qualiﬁed researchers may request
access to individual patient-level data through the clinical
study data request platform (www.clinicalstudydatarequest.
com). Further details on Roche’s criteria for eligible studies
are
available
at
https://clinicalstudydatarequest.com/Study-Sponsors/Study-Sponsors-Roche.aspx. For further details on Roche’s Global Policy on the Sharing of
Clinical Information and how to request access to related
clinical study documents, visit https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.
htm.

Results

Pharmacokinetics
At clinical data cut-off, 112 PwHA who had received at least
one emicizumab dose and had at least one postdose emicizumab concentration sample were included in the PK analysis.
Mean emicizumab trough concentration (Ctrough) increased
with once weekly subcutaneous doses of 3 mg/kg emicizumab
(loading dose); by the end of the loading dose period (week 5),
a mean Ctrough of 54.1 µg/mL (median [interquartile range [IQR,
25th and 75th percentiles]]: 52.7 [44.5–62.8] µg/mL) was
achieved (►Fig. 1). During the maintenance dose phase, Ctrough
was sustained slightly above 50 µg/mL with 1.5 mg/kg once
weekly subcutaneous emicizumab. The data variability was
moderate, with an IQR of 41.6 to 61.6 1 µg/mL.

Pharmacodynamics
FVIII-Like Chromogenic Activity
As expected in participants with FVIII deﬁciency, there was
no detectable FVIII activity in PwHA at baseline (►Fig. 2A),
except for one participant with mild hemophilia who
presented with 15 U/dL FVIII-like activity at baseline. The
participant, who had a highest historical FVIII inhibitor
titer of 18 BU/mL, presented with a baseline FVIII inhibitor
titer of 17 BU/mL and lacked documented coagulation
factor use immediately prior to sampling. This participant,
who has a missense mutation of the F8 gene (Arg2150His),
may have developed alloantibodies against exogenous
(wild-type) FVIII, but not against his own mutated, dysfunctional, endogenous FVIII, as previously reported with
this mutation.26
As measured using a validated chromogenic assay containing human FIXa and FX, mean FVIII-like activity increased to
29.8 U/dL (95% CI, 15.2–44.3) among the study population
(n ¼ 112) at the end of the emicizumab loading dose period,
and stabilized above 20 U/dL thereafter; at week 72, mean
FVIII-like activity was 20.3 U/dL (95% CI, 12.3–28.4).

Study Population
A full description of participants enrolled in the HAVEN 1
study, together with baseline demographics and clinical
characteristics of each treatment arm, has been published
previously.10 Brieﬂy, 113 male participants with a median
age of 29 years (range: 12–75 years) were enrolled in HAVEN
1; all participants had a historic FVIII inhibitor titer  5
Bethesda Units per mL (BU/mL) (range: 5–5,000 BU/mL),
106 (93.8%) had a diagnosis of severe congenital hemophilia
A, and 69.6% (78 of 112) had target joints. The median
duration of exposure to emicizumab was 60.5 weeks (range:
3.3–94.2 weeks). For this analysis, since the primary analysis
clinical cut-off date (October 25, 2016)10 the ﬁve outstanding
participants in arm B were switched to emicizumab prophylaxis and are now included in the analysis population, and
four additional participants have enrolled in arm D. One
participant withdrew from the study without receiving any
Thrombosis and Haemostasis
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Thrombin Generation
As expected for PwHA with high FVIII inhibitor titers, there
was no detectable TG at baseline (►Fig. 2B), except for one
participant in whom a peak height of 165 nM was reported
(the same participant with a history of mild hemophilia who
exhibited 15 U/dL FVIII-like activity at baseline).
Following the emicizumab loading dose phase, mean TG
peak height increased on average among the study population to 108.8 nM (95% CI, 29.7–187.9) and was sustained
thereafter; at week 72, mean TG peak height was 108.7 nM
(95% CI, 46.3–171.1).
Of note, six participants had no detectable TG at some or
all time points despite treatment with emicizumab. In these
participants, blood samples were drawn via a port, and
contamination with heparin was later conﬁrmed. These
blood samples did exhibit chromogenic FVIII-like activity
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Fig. 1 Trough plasma concentration of emicizumab (mean  standard deviation) after 4 loading doses of 3 mg/kg once-weekly (QW)
subcutaneous (SC) for 4 weeks, followed by maintenance dosing of 1.5 mg/kg QW SC. Means were derived from the values of participants of all
emicizumab-treated arms (n ¼ 112). For patients in arm B (n ¼ 18) who switched to emicizumab prophylaxis after 24 weeks, scheduled time
relative to ﬁrst emicizumab dose was used for graphical displays.

consistent with the patients’ emicizumab concentration and
the overall population PD data.

Activated Partial Thromboplastin Time
aPTT was prolonged in all participants at baseline, but was
normalized below 30 seconds after the ﬁrst dose of emicizumab and remained largely within normal limits (laboratory-determined reference range, 23.9–40 seconds) for the
entire duration of treatment (►Fig. 2C); at week 72, mean
(standard deviation) aPTT was 23.6 seconds (2.0). A few
participants consistently had values just under the lower
limit of the normal range. Six participants presented with
some prolonged aPTT values despite treatment with emicizumab. These participants (who also had undetectable TG)
had their blood samples drawn via a port, and contamination
with heparin was suspected.

Prothrombin Time
Overall, treatment with emicizumab had no effect on PT
(international normalized ratio [INR]); the majority of participants had PT between 13 and 14 seconds at baseline
(corresponding to INR of 0.9–1.1) and at all subsequent visits
while receiving emicizumab once weekly subcutaneously
(►Fig. 2D). A minor increase of 0.6 seconds, however, could
be seen after the ﬁrst dose of emicizumab.

Exploratory Safety Biomarkers
Treatment with emicizumab had no clinically signiﬁcant
effects on plasma concentrations of the target antigens of
emicizumab, FIX (►Fig. 3A) and FX (►Fig. 3B). A few
elevated values of both FIX and FX plasma concentrations
were observed at baseline; these were mainly observed in
participants in arm C, who had used prophylactic aPCC
before entering the study. Likewise, emicizumab treatment
had no clinically signiﬁcant effects on D-dimer (►Fig. 3C) or
PF1.2 (►Fig. 3D). Highly elevated D-dimer concentrations
were observed on single visits in two participants who had
used aPCC for the treatment of breakthrough bleeding in
the 24 to 48 hours before sample collection. Isolated
instances of elevated PF1.2 concentrations were also noted
in a few participants, most of whom had used aPCC for
treating breakthrough bleeds in the days before sample
collection.
Other safety markers that were measured included
platelet count (►Supplementary Fig. S2A, available in the
online version), ﬁbrinogen (►Supplementary Fig. S2B, available in the online version), and VWF:Ag (►Supplementary
Fig. S2C, available in the online version), all of which
remained constant within expected limits from screening
through to the clinical cut-off. Further safety results have
been reported previously.10
Thrombosis and Haemostasis
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Fig. 2 Pharmacodynamic markers following once-weekly dosing with emicizumab. Chromogenic FVIII-like activity (A), peak height of thrombin
generation (TG) (B), activated partial thromboplastin time (aPTT) (C), and prothrombin time (PT) (D). Dashed lines: individual proﬁles; red line:
mean proﬁle. (n ¼ 112 for FVIII-like activity and PT; n ¼ 102 for TG and aPTT).

Pharmacokinetic/Pharmacodynamic Relationships
Chromogenic FVIII-like activity (measured using a FVIII chromogenic assay with human FIXa and FX) was well correlated
with emicizumab plasma concentration (►Fig. 4A). It increased linearly up to approximately 80 to 100 µg/mL and
seemed to ﬂatten thereafter, although the scarcity of data
values above 100 µg/mL emicizumab prevented complete
characterization in this range. Similar to FVIII-like activity,
TG (peak height) also correlated well with emicizumab levels
in an apparently linear fashion up to emicizumab concentrations of approximately 80 to 100 µg/mL (►Fig. 4B). Of note, the
concentration of FIX or FX did not appear to impact the PK/PD
relationships of either FVIII-like activity or TG
(►Supplementary Figs. S3 and S4, available in the online
version). A concentration-dependent normalization of aPTT
(< 40 seconds) was observed starting at plasma emicizumab
concentrations of  5 µg/mL, with a maximal effect achieved at
concentrations  30 µg/mL (►Fig. 4C).

Discussion
Emicizumab is a novel and recently approved therapy for
PwHA. Its biochemical and pharmacological properties enable
it to address challenges faced by PwHA. Emicizumab allows for
subcutaneous rather than intravenous dosing, a more convenient once weekly, every 2 week, or every 4 week administration schedule, functionality as a FVIIIa-mimicking cofactor
without being affected by the presence of FVIII inhibitors
Thrombosis and Haemostasis
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(providing effective bleed control in PwHA both
with/without FVIII inhibitors), and lack of induction of FVIII
inhibitors.11,23
The HAVEN 1 dosing regimen of 3 mg/kg once weekly
emicizumab for 4 weeks followed by 1.5 mg/kg once weekly
emicizumab thereafter was selected by population PK/efﬁcacy
modeling9 to rapidly achieve and to maintain thereafter
therapeutic emicizumab Ctrough. At the end of the loading
dose period, mean Ctrough levels slightly above 50 µg/mL
were achieved on average among the study population, and
were maintained thereafter with 1.5 mg/kg once weekly dosing for the entire study duration (> 16 months). Owing to its
long elimination half-life of approximately 1 month,23 minimal peak-trough ﬂuctuation is expected with emicizumab.9
This provided sustained therapeutic exposure to emicizumab
for the majority of participants. Based on an estimated potential conversion factor of 0.3 U/dL of FVIII activity per µg/mL of
emicizumab,6 a mean steady-state Ctrough of  50 µg/mL is
expected to continuously provide an equivalent FVIII activity
of  15 U/dL. This sustained level of protection, which is
considered sufﬁcient to reduce the risk of joint bleeding,27
was conﬁrmed by the substantial reduction in individual ABRs
for most participants in HAVEN 1.10
Activation of FX by emicizumab/FIXa and the subsequent
downstream effects on the coagulation cascade were monitored
in HAVEN 1 via various PD markers. Unlike FVIII, emicizumab
does not require a rate-limiting activation step but instead
directly mimics the cofactor activity of FVIIIa.5 Therefore, the
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Fig. 3 Safety biomarkers during once-weekly dosing with emicizumab (n ¼ 112). FIX antigen (A), FX antigen (B), D-dimer (C), prothrombin
fragment 1 and 2 (PF1.2) (D). Dashed lines: individual proﬁles; red line: mean proﬁle for FIX and FX antigen; median and interquartile range for
D-dimer and prothrombin fragment 1 and 2. Upper limit of normal values: D-dimer (0.5 µg/mL); PF1.2 (1.2 nmol/L).

shortening effect of emicizumab on aPTT is considerably greater
than that of FVIII. Consequently, conventional aPTT-based
assays (1-stage) that measure FVIII activity are signiﬁcantly
affected by emicizumab and report artiﬁcially elevated FVIII
activity.28 In the present study, the FVIII-like activity of emicizumab was monitored with a chromogenic FVIII activity assay
using human FIXa and FX. FVIII-like activity increased with
emicizumab loading doses, achieving activity levels of approximately 30 U/dL at the end of the loading dose period (week 5).
With the administration of maintenance emicizumab doses,
FVIII-like activity stabilized at approximately 20 U/dL on average among the study population, corresponding to approximately 20% of the FVIII-like activity seen in healthy subjects.29
The slight apparent decline in FVIII-like activity over time is
thought to be the result of a signal drift in the assay (i.e., a change
in signal level [FVIII activity] at a given emicizumab concentration with time), likely due to a change in the manufacture of
multiple assay kits. This explanation for the artifact in the
chromogenic FVIII activity assay was further supported by
the absence of a similar decline or difference between groups
in either emicizumab plasma concentration or TG.
Chromogenic FVIII-like activity and emicizumab concentration levels were well correlated, with a linear increase in FVIIIlike activity with emicizumab plasma concentration up to 80
µg/mL (►Supplementary Fig. S5, available in the online version). Of note, reported FVIII-like activity for PwHA treated with
emicizumab should not be interpreted as equivalent to FVIII
activity reported in participants treated with FVIII. Due to the

different enzymatic cofactor properties of the two molecules,
FVIII-like activity can only be used as an approximation of
hemostatic emicizumab activity in vivo.5,19 Nevertheless, the
increase and steady maintenance of FVIII-like activity provides
a relative indication of the procoagulant activity of emicizumab.
Similarly, TG (peak height) increased following the initiation
of treatment with emicizumab. By the end of the loading dose
period, TG peak height of approximately 110 nM, equivalent to
20 to 30% of that in healthy people (316–488 nM),23 was
observed and sustained thereafter with emicizumab 1.5 mg/kg
once weekly maintenance doses. TG was well correlated with
emicizumab plasma concentration (►Supplementary Fig. S6,
available in the online version). This was, however, associated
with relatively large variability, possibly due in part to the
concomitant use of BPAs for the treatment of breakthrough
bleeding; such variability also aligns with data reported for TG
values in both PwHA and healthy people.30–32 These TG peak
height results conﬁrmed the procoagulant effect of emicizumab and demonstrated the ability of TG assays to provide an
indication of emicizumab procoagulant activity. Although
availability of TG assays is limited to specialized laboratories,
this usage was evidenced by a recently published case in which
TG was used to guide the management of breakthrough bleeds
with BPAs in a participant receiving emicizumab.33
Comparison of the measured values of FVIII-like activity
and TG peak height in this study with available reference
data suggests that the procoagulant activity achieved in
HAVEN 1 corresponded to approximately 15 to 30% of that
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Fig. 4 Pharmacokinetic/pharmacodynamic relationships. Correlation between emicizumab plasma concentrations and chromogenic FVIII-like
activity (A), peak height of thrombin generation (B), activated partial thromboplastin time (C). (A) Gap at 10 U/dL reﬂects the use of two
different calibration curves. (C) Line indicates model.

seen in healthy normo-coagulative people.23,29 This suggests
that persons with severe hemophilia A treated with emicizumab prophylaxis at a maintenance dose of 1.5 mg/kg/week
could theoretically be converted to a mild hemophilia disease phenotype. Of note, similar ﬁndings have recently been
obtained with human chromogenic FVIII and TG assays from
direct comparisons between healthy adults, PwHA and FVIII
inhibitors receiving emicizumab, and persons with mild
hemophilia A without FVIII inhibitors receiving no therapy.34
FIX and FX, the target antigens of emicizumab, have
the potential to impact its procoagulant activity.31 However,
in the range of concentrations seen in this study (FIX,
6–12 ng/mL; FX, 11–32 ng/mL), FIX and FX concentrations
did not affect the PK/PD relationships between emicizumab
and FVIII-like activity (►Supplementary Fig. S3, available in
the online version) or TG (►Supplementary Fig. S4, available
in the online version).
As reported in previous studies, emicizumab had a strong
effect on aPTT.6,26 aPTT was shortened to within normal limits
after the ﬁrst dose of emicizumab and remained largely within
these limits thereafter. The normalization of aPTT at low
emicizumab concentrations ( 5 µg/mL), with an estimated
IC50 of 1.1 µg/mL, is thought to be a direct consequence of the
mechanism of action of emicizumab (as discussed above) and
its resulting interference with clotting time-based assay methods.6 Normalization of aPTT occurs at subtherapeutic emicizumab concentrations.9,35,36 Consequently, aPTT is not an
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accurate marker of hemostasis in the presence of emicizumab
and should not be used to monitor emicizumab efﬁcacy.
However, in the presence of unanticipated bleeding event
together with low values of FVIII-like activity, marked increase
of aPTT could be an indicator of the presence of anti-emicizumab antibody or noncompliance.
Emicizumab is not expected to affect the extrinsic pathway of the coagulation cascade. However, emicizumab has
potential for a modest interference effect on the activation of
FX by the FVIIa–TF complex due to the binding of emicizumab to FX and subsequent steric hindrance.37 De facto, a tiny
increase of PT was noticed after the ﬁrst dose of emicizumab.
This corresponded to approximately 0.05 INR units and was
not considered clinically relevant. PT remained stable thereafter throughout the duration of the study.
Owing to its low target-antigen afﬁnity, emicizumab had
no effect on FIX or FX concentrations, conﬁrming previous
ﬁndings.6 Slightly elevated FIX and FX concentrations were
observed, mainly at baseline (i.e., in the absence of emicizumab); these are believed to reﬂect previous use of aPCC
containing both FIX and FX38 before study entry.
In terms of the safety markers, emicizumab had no effect on
D-dimer or PF1.2 levels. Overall, this is consistent with the
inability of emicizumab to activate coagulation in the absence of
an initiating signal. There were isolated instances in which
changes in these markers were observed; however, these
appeared to be related to the use of BPAs (aPCC and rFVIIa)

Emicizumab Pharmacokinetics and Pharmacodynamics
either before study entry or for treatment of breakthrough
bleeding (►Supplementary Fig. S7, available in the online
version). Furthermore, emicizumab had no effect on platelet
count, ﬁbrinogen, or VWF:Ag (►Supplementary Fig. S2, available in the online version). The absence of PT prolongation,
platelet count decrease, or ﬁbrinogen decrease in participants
treated with emicizumab conﬁrms that emicizumab alone does
not induce consumptive coagulopathy. Altogether, these results
were aligned with the overall safety proﬁle of emicizumab.10–13
In conclusion, the PK proﬁle of 1.5 mg/kg subcutaneously
once weekly emicizumab in HAVEN 1 was consistent with
population PK models and provides prophylactic bleed
control in a majority of PwHA with FVIII inhibitors.9 With
regard to PD, both chromogenic FVIII-like activity and TG
correlated with emicizumab concentrations and demonstrated stable activity throughout the maintenance-dosing
period. Due to the differing biochemical characteristics of
FVIII and emicizumab, the chromogenic FVIII assay may
only be used to approximate PD effects of emicizumab in
PwHA. TG, which provides a global assessment of coagulation, may have potential to conﬁrm the pharmacological
effect of emicizumab and guide BPA use in emicizumabtreated PwHA in case of surgeries or breakthrough bleeding.
In addition to standardization of the TG assay, further
investigations are needed to conﬁrm this conclusion. FIX
and FX levels and a panel of coagulation assays and markers
including D-dimer were unaffected by emicizumab. aPTT,
which is normalized at subtherapeutic emicizumab levels,
should not be used to guide clinical decisions regarding
PwHA receiving emicizumab. Studies are underway to
determine the effects of emicizumab on different assay
classes not examined here, to inform appropriate changes
in clinical laboratory practice to better accommodate
emicizumab.28

What is known about this topic?
• Emicizumab, a humanized, bispeciﬁc antibody, mimics
missing activated factor VIII (FVIII) function in persons
with hemophilia A (PwHA).
• In the HAVEN 1 study, emicizumab administered subcutaneously once a week resulted in a decrease in the
annualized bleed rate of PwHA with FVIII inhibitors
when compared with on-demand and prophylactic
treatment with bypassing agents.
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