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Hemophilia A (HA) is an X-linked hereditary bleeding disorder caused by deﬁciency of
coagulation factor (F) VIII activity. One of the greatest complications in the treatment
of HA is the development of neutralizing alloantibodies, known as FVIII inhibitors. HA
patients who develop FVIII inhibitors have limited treatment options available to them
and experience greater disease- and treatment-related burdens than HA patients
without FVIII inhibitors. Emicizumab, a recently approved bispeciﬁc monoclonal antibody, mimics the function of FVIIIa by bridging FIXa and FX to restore effective
hemostasis. Although emicizumab and FVIII show some functional similarities, several
key differences inﬂuence the results of standard laboratory assays when conducted in
the presence of emicizumab, and can result in a misleading interpretation of coagulation assays in emicizumab-treated patients. Here, we discuss current laboratory
monitoring methods, including activated partial thromboplastin time, FVIII one-stage
clotting assays, FVIII chromogenic assays, and global coagulations assays; address why
these conventional methods may be inappropriate for monitoring of HA patients
receiving emicizumab; and suggest alternative methods applicable to monitoring HA
treatment in an evolving treatment landscape.

Introduction
Hemophilia A (HA) is an X-linked hereditary bleeding disorder caused by deﬁciency of coagulation factor (F) VIII
activity. Under physiological conditions, FVIII is activated
by thrombin and subsequently acts as a cofactor for activated
FIX (FIXa) to facilitate the activation of FX. Consequently,
reduced FVIII activity leads to diminished generation of FXa,
resulting in insufﬁcient coagulation potential and bleeding
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complications. HA has three classiﬁcations determined by
FVIII activity levels: mild HA (5 to < 40% FVIII activity);
moderate HA (1 to < 5%); and severe HA (< 1%).1 Usually,
HA is treated via the intravenous administration of recombinant or plasma-derived FVIII concentrates to restore
hemostasis. Recombinant factor administration is required
every 2 to 3 days due to the approximate 12-hour half-life of
FVIII. Recent advances in technology have led to the development of extended half-life (EHL) factor products, resulting
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in reduced frequency of intravenous infusions and, consequently, reduced therapeutic burden.1
One of the greatest complications following FVIII replacement for the treatment of HA is the development of neutralizing alloantibodies against the replacement factor. These
antibodies, also known as FVIII inhibitors, develop in 25 to
30% of persons with severe HA and render FVIII replacement
therapies ineffectual, thus exposing HA patients to a greater
risk of spontaneous and traumatic bleeding episodes.2 HA
patients who develop FVIII inhibitors have limited treatment
options available to them; bypassing agents (BPAs), including
activated prothrombin complex concentrate and recombinant activated FVII, offer alternative treatment options but
are associated with a greater burden of treatment and
inconsistent bleeding control.3 Compared with those without FVIII inhibitors, HA patients with FVIII inhibitors are at
greater risk of disease-related morbidity and mortality.4
A new treatment option for HA patients with FVIII inhibitors is subcutaneous 1.5 mg/kg once-weekly administration of
emicizumab (HEMLIBRA; F. Hoffmann–La Roche, Basel, Switzerland), a novel, bispeciﬁc, humanized, monoclonal antibody,
which has been approved in several countries5,6 for routine
prophylaxis for HA patients with FVIII inhibitors. This initial
approval has now been expanded to include prophylaxis of 1.5
mg/kg emicizumab once-weekly, 3.0 mg/kg once every two
weeks, or 6.0 mg/kg every four weeks, irrespective of inhibitor
status (although the European Medicines Agency has approved
emicizumab for use in patients without inhibitors only for
those with severe [< 1% FVIII activity] HA).5,6 Emicizumab
mimics the function of FVIIIa by bridging FIXa and FX to restore
effective hemostasis.7 There is no evidence to suggest that
emicizumab induces the development of FVIII inhibitors, as
expected given the lack of structural homology between FVIII
and emicizumab.8 Risk of FVIII inhibitor development in
patients treated with emicizumab who receive infrequent
doses of FVIII for breakthrough bleeds or surgery continues
to be monitored in long-term follow-up. Results from the
phase III clinical trials in HA patients with FVIII inhibitors
and HA patients without FVIII inhibitors have previously been
published.9–12
Here, we discuss current laboratory monitoring methods
used during the management of HA, why these conventional methods may be inappropriate for monitoring of HA
patients receiving emicizumab, and alternative methods
for monitoring HA treatment in an evolving treatment
landscape.

Current Methods in the Coagulation
Laboratory
Current laboratory methods are comprised of coagulation
tests and chromogenic substrate assays (CSAs), which ultimately aim to assess the coagulation potential of the patient.
Coagulation assays used for FVIII testing are based on
the format of activated partial thromboplastin time (aPTT).
The aPTT measures the time from standardized activation of
the intrinsic coagulation pathway by a contact-phase activator (ellagic acid, silica, or kaolin) to ﬁbrin clot formation
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after the ﬁnal addition of a calcium chloride solution as the
starting reagent.
One common laboratory test based on the aPTT is the
one-stage FVIII clotting assay (OSA), which measures the
ability of sample patient plasma to shorten the aPTT after
mixing it with FVIII-deﬁcient plasma.13,14 The mixture of
FVIII-deﬁcient plasma and the patient sample are incubated
with the aPTT reagent containing a contact-phase activator
and phospholipids, before calcium chloride is added to
initiate clot formation. In this assay, FVIII concentration is
considered to be the rate-determining step of measured
clotting time (CT).14 The FVIII OSA is the most widely used
coagulation assay, and can be used to measure even very
low levels of plasma FVIII activity.15 However, OSA results
are subject to interlaboratory variation, due in part to the
wide range of aPTT reagents available and clot detection
techniques used.14
An alternative to the FVIII OSA is the two-stage FVIII
clotting assay, which was ﬁrst developed in 1955 as a
modiﬁed thromboplastin dilution test.13,16 As with the FVIII
OSA, FVIII concentration is the rate-determining step in the
two-stage assay, but despite being less susceptible to reagent
variation, this assay is not commonly used in the clinical
setting due to its complexity.
Based on a similar principle to the two-stage clotting
assay, the FVIII CSA measures the FVIII-dependent activation
of FX using puriﬁed human or bovine coagulation factors.13,17 In the ﬁrst stage of this assay, patient plasma is
added to a reaction mixture that usually contains FIXa, FX,
calcium ions, phospholipids, and trace amounts of thrombin.
Thrombin triggers the activation of FVIII and the subsequent
FIXa-mediated activation of FX. In contrast to the FVIII OSA,
the addition of thrombin in the ﬁrst step means that activation of FVIII to FVIIIa is not a major inﬂuencing determinant
of the assay; FXa production is presumed to be proportional
to the FVIII concentration in the plasma sample. The step that
distinguishes the FVIII CSA from the original two-stage assay
is the addition of a FXa-selective chromogenic peptide substrate in the second phase of the assay to measure the
amount of FXa formed during the ﬁrst phase of the assay.
Increased absorbance due to cleavage of the substrate is
usually measured at a wavelength of 405 nm.13,17
In comparison to the FVIII OSA, the FVIII CSA procedure is
more standardized and, as such, offers higher interlaboratory
precision in the measurement of plasma FVIII activity.
Despite the beneﬁts of the CSA, it is considered to be a
comparatively complex and expensive assay to perform in
the clinical setting.18 However, the costs of the CSA can be
reduced through batch testing and by aliquoting and freezing
of reconstituted reagents.18
FVIII CSAs and OSAs often provide discordant measures
of FVIII activity; during diagnosis, discrepancies between
these two assays can lead to up to 10% of patients with mild
HA being misdiagnosed.16,19–21 With respect to the monitoring of FVIII replacement therapy, the FVIII OSA tends to
accurately measure plasma-derived and full-length recombinant FVIII concentrates. However, it has been known
that, depending on the aPTT reagent used, the true activity
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of B-domain deleted and/or EHL products may be underestimated by up to 50% when compared with the FVIII CSA
that, in accordance with the European Pharmacopoeia, is
used for the potency labeling of FVIII concentrates
approved under the aegis of the European Medicines
Agency.22 If the FVIII CSA is not available, the FVIII OSA
may be used for the accurate measurement of these factors
through the application of product-speciﬁc standards
(as for ReFacto) or established conversion factors (as proposed for Afstyla).23,24
In addition to aPTT, other global coagulation assays
include rotational thromboelastometry (TEM) (ROTEM; Pentapharm GmbH, Munich, Germany) and the thrombin generation assay (TGA), which can provide a more extensive
analysis of hemostatic activity.
ROTEM is a well-established and increasingly prominent
set of tests characterizing viscoelastic parameters of clot
formation in whole blood.25,26 There are several different
assays used with a ROTEM instrument, classed as activated
TEM (including intrinsic pathway [IN]TEM and extrinsic
pathway [EX]TEM) or nonactivated TEM (native coagulation
[NA]TEM).27 Data suggest that the NATEM method is more
sensitive to changes in coagulation than the activated counterparts.28 The parameters of clot formation deﬁned by
ROTEM are CT, clot formation time (CFT), maximum clot
ﬁrmness (MCF), and the clot lysis index.26
The TGA is usually triggered by tissue factor (TF) (extrinsic
pathway) or FXIa (intrinsic pathway), leading to thrombin
generation, which is monitored over time. The derived
curves are comprised of ﬁve parameters: lag time, endogenous thrombin potential, thrombin peak, time to peak, and
velocity index.29 While the TGA is increasingly used as a
measure of global coagulation in patients with bleeding
disorders, this method is yet to be standardized and there
is great interlaboratory variation.29,30
Monitoring of hemostasis also includes the determination
of the presence of FVIII inhibitors. In general, inhibitor assays
compare the residual FVIII activity in a mixture containing a
patient plasma sample and a source of FVIII (e.g., normal
pooled plasma [NPP]) with the residual FVIII activity in a
mixture of diluent and NPP, as measured by the FVIII OSA;
this comparison permits the quantiﬁcation of FVIII activity
reduction by FVIII inhibitors and allows the analysis of FVIII
inhibitor titers.31 In 1975, the inhibitor assay was standardized. Known as the Bethesda assay, this standardized
method deﬁnes one Bethesda unit as the amount of inhibitor
required in 1 mL of sample plasma to reduce the FVIII activity
in 1 mL of NPP by 50% in 2 hours at 37°C.31 Since then, the
Bethesda assay has evolved to include imidazole buffering of
the NPP, and the use of FVIII-deﬁcient plasma rather than
buffer in the control mixture and for dilution of high-titer
inhibitor plasma (Nijmegen-Bethesda Assay [NBA]).31 Heating of patient plasmas to 56°C for 30 minutes has been shown
to separate antigen–antibody complexes and denature FVIII,
so allowing for the accurate assessment of FVIII inhibitor
status in HA patients receiving FVIII products.32
Clot-based Bethesda assays are responsive to unspeciﬁc
inhibitors of coagulation such as antiphospholipid antiboThrombosis and Haemostasis
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dies showing a lupus anticoagulant phenotype and anticoagulants such as heparin, in addition to speciﬁc FVIII
inhibitors. This nonspeciﬁc sensitivity makes it difﬁcult to
distinguish between general inhibition of CT and FVIIIspeciﬁc inhibition.31 As the FVIII CSA has a more speciﬁc
endpoint (FXa cleavage), it is not responsive to general
coagulation inhibitors and, thus, allows for more speciﬁc
measurement of FVIII activity. Accordingly, a chromogenic
Bethesda Assay (CBA) has been described. This assay is
identical to the conventional NBA except for the incorporation of a FVIII CSA to determine residual FVIII activity.31 The
CBA is therefore more speciﬁc to FVIII inhibitors than the
original NBA.31
An enzyme-linked immunosorbent assay (ELISA) can also
be used to detect antibodies to FVIII.33,34 The ELISA may be
more sensitive to the presence of FVIII alloantibodies than
the NBA, but it cannot distinguish between clinically relevant
inhibitory antibodies and noninhibitory antibodies. As such,
ELISA and the NBA may be applied in combination; the ELISA
is used for the initial detection of antibodies of any form, and
the Bethesda assay is then used to conﬁrm the antibody as
inhibitory.31

FVIII and Emicizumab: Similarities and
Differences
While emicizumab mimics the activity of FVIIIa, the two
molecules have no structural homology and have several
biochemical and functional differences (►Table 1).
The emicizumab clinical trials have highlighted further
differences between emicizumab and FVIII. Emicizumab
has a half-life of approximately 30 days5,6,35,36 and has
been shown to have achieved stable mean plasma concentrations by treatment week 4 in the clinical studies.9–12
Conversely, FVIII has a half-life of approximately 12 hours,37
dependent on several inter- and intraindividual factors.
Due to the prolonged half-life of emicizumab, stable mean
plasma concentrations of approximately 40 µg/mL are
achieved even with administration of 6 mg/kg emicizumab
once every four weeks, providing HA patients with prolonged protection from traumatic and spontaneous bleeding events.11 Furthermore, no association between
emicizumab and the development of de novo FVIII inhibitors has been found in any of the pivotal phase III clinical
trials, nor is emicizumab activity affected by the presence
of FVIII inhibitors.9–12
All of the above differences between FVIII and emicizumab inﬂuence the results of several standard laboratory
assays when conducted in the presence of emicizumab,
and can result in a misleading interpretation of coagulation
assays in emicizumab-treated patients. Moreover, the bleeding rate during emicizumab prophylaxis observed in the
clinical studies could suggest reversion to a mild hemophilia
phenotype. Yet, we do not know whether this correlation
holds true in all situations (during surgery, after trauma); the
mechanism of action of emicizumab is distinct from FVIII,
therefore, direct correlation to FVIII activity is not conclusive
and may lead to misinterpretation.38
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Table 1 A comparison of the properties of FVIII and emicizumab
FVIII

Emicizumab

FVIII is a heterodimeric protein with a molecular weight of
280 kDa and a normal plasma concentration of 0.4 nM.44
The half-life of FVIII is 12 hours

Emicizumab is a humanized bispeciﬁc monoclonal antibody
with a molecular weight of 150 kDa. The target plasma
concentration for prophylactic treatment of HA patients is
0.4 µM. The half-life of emicizumab is 30 days35,36

FVIII must be activated by thrombin-mediated proteolysis to
obtain its cofactor activity. The activity of FVIIIa is regulated by
spontaneous dissociation of the A2 domain as well as inactivation by activated protein C. Thus, FVIII exhibits on/off
mechanisms44

Emicizumab does not require an activation step to facilitate its
activity and there is no inactivation of the molecule. Thus,
there are no on/off mechanisms for emicizumab36,44

FVIIIa has high afﬁnity for its target factors. In the absence of a
phospholipid bilayer, FVIIIa binds to FIXa with an afﬁnity of
15 nM, and to FX with an afﬁnity of 0.3 µM. In contrast,
FVIIIa shows only weak-to-no binding to FIX64 and FXa.65,66
FVIIIa binds as well to human as to bovine FIXa and FX

Emicizumab does not distinguish between the precursor and
activated forms of its target factors. This is to say that
emicizumab has a similar afﬁnity for the precursors FIX and FX
and for the activated factors FIXa and FXa (1.6 and 1.9 µM vs.
1.5 and 1.0 µM, respectively).35 Emicizumab binds to human
but not to bovine FIX(a) and FX(a)

FVIIIa shows full cofactor activity; it promotes binding of FIXa
to phospholipids, stabilizes the active site of FIXa, and ﬁnally
bridges FIXa to FX44

Emicizumab shows partial cofactor activity by bridging FIXa to
FX. The process also depends on properly aligned target
proteins on the phospholipid surface44

The plasma concentration of FVIII (0.4 nM) is signiﬁcantly
lower than the concentrations of FIX and FX (90 and 135 nM,
respectively). This implies that tenase activity is limited by the
amount of FVIIIa generated44

Prophylactic treatment with emicizumab aims for a target
concentration of 0.4 µM, much greater than the plasma
concentrations of endogenous FX and FIXa. With emicizumab
in excess of its target proteins, the rate-limiting step for
activation of FX is the amount of FIXa generated10,44

As a cofactor, FVIIIa facilitates the activation of FX by FIXa by a
factor of 106.44 Thus, the catalytic efﬁciency of FIXa in the
presence of FVIIIa is 11-fold higher than that of FIXa in the
presence of emicizumab

As a cofactor, emicizumab facilitates the activation of FX by
FIXa by a factor of 9  104. Thus, the catalytic efﬁciency of
FIXa in the presence of emicizumab is 11-fold lower than
that of FIXa in the presence of FVIIIa35

Abbreviations: F, coagulation factor; HA, hemophilia A.

Impact and Interference of Emicizumab on
Current Laboratory Assays
The established structural and functional dissimilarities
between FVIII and emicizumab cause several interactions
and interferences with the monitoring assays outlined in
►Table 2.
As discussed previously, aPTT measures the time from
activation of the intrinsic coagulation pathway to ﬁbrin clot
formation. As emicizumab does not require activation by
thrombin to facilitate the propagation of the clotting cascade, a major rate-limiting step is eliminated and aPTT
appears to normalize at subtherapeutic emicizumab
concentrations.5,6,39
Given the long half-life of emicizumab, residual interference on aPTT can continue for up to 6 months after discontinuation of treatment.5,6 In general, those performing
aPTT-based assays must have knowledge of the fact that the
patient’s sample contains emicizumab to allow accurate
interpretation of the assay results.40 While this is likely to
be the case in hemophilia treatment centers where routine
monitoring of hemophilia takes place, it is recommended
that HA patients treated with emicizumab carry an emergency alert card. Emergency caregivers (e.g., hospital staff)
should be aware of the inﬂuence of emicizumab on aPTT (i.e.,
giving the appearance of full coagulation restoration even at
low levels), and the aPTT-based OSA. Misinterpretation of

assay results would raise safety risks such as carrying out
surgical procedures when it is not safe to do so, and insufﬁcient treatment of serious bleeding events.
As a result of the interference of emicizumab with aPTT,
FVIII OSAs report FVIII activities exceeding 150% in the
presence of emicizumab.5,6,16,36 Furthermore, the interference of emicizumab on aPTT renders all aPTT-based assays
inaccurate, regardless of the reagents used.41,42 Consequently, all variations of OSAs and Bethesda assays using
OSA to interpret results should be avoided in the management of patients receiving emicizumab.
Interference analyses have shown that emicizumab does
not exert a similar effect on non–aPTT-based assays, such
as thrombin time and ﬁbrinogen assays, and does not
inﬂuence the extrinsic coagulation pathway and the regulation of hemostatic factors therein.40 As such, the global
coagulation assays ROTEM and the TGA are thought to
accurately measure coagulation in the presence of
emicizumab.25,42
Chromogenic assays, including antithrombin activity,
protein C activity, and plasminogen activity, are not inﬂuenced by the presence of emicizumab and continue to give
accurate results, with the exception of the FVIII CSA using
human-derived components, in which emicizumab affects
the reported FVIII activity.40
Emicizumab has varied effects on FVIII inhibitor detection
assays. As emicizumab is unaffected by the presence of FVIII
Thrombosis and Haemostasis
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Table 2 A summary of the interactions and interferences of emicizumab with commonly used monitoring assays

Global coagulation
assays

FVIII activity assays

Inhibitor assays

Standard assay

Sensitivity to FVIII/emicizumab

Recommendations for use in
the presence of emicizumab

aPTT

FVIII: sensitive
Emicizumab: oversensitive; normalizes at very low concentrations
of emicizumab39

Cannot be used to measure the
hemostatic potential of a
patient

ROTEM

FVIII: sensitive
Emicizumab: sensitive; EXTEM has
little-to-no response in the presence
of emicizumab and INTEM shows
marked response in the presence of
emicizumab, but no dose-dependent effect, while NATEM shows a
signiﬁcant dose-dependent
response to emicizumab52

May be used to measure global
coagulation in the presence of
emicizumab

TGA

FVIII: sensitive
Emicizumab: sensitive; shows a linear, dose-dependent increase in
thrombin generation when triggered with FXIa48

May be used to measure global
coagulation in the presence of
emicizumab

FVIII OSA (aPTT-based)

FVIII: sensitive
Emicizumab: oversensitive; normalizes at very low concentrations
of emicizumab16,36

Cannot be used to measure
emicizumab or FVIII activity

Modiﬁed FVIII OSA calibrated
against emicizumab

FVIII: slightly sensitive
Emicizumab: sensitive41,46

May be used to measure emicizumab plasma levels

FVIII CSA (bovine components: Siemens, etc.)

FVIII: sensitive
Emicizumab: insensitive; emicizumab does not accelerate FXa formation by bovine FIXa57

Cannot be used to measure
emicizumab activity. May be
used to measure FVIII activity
without interference from emicizumab in the sample

FVIII CSA (human components: Hyphen BIOPHEN)

FVIII: sensitive
Emicizumab: sensitive (within the
dynamic range of the assay)41

Reported FVIII cannot be viewed
as equivalent to FVIII activity
measured in patients treated
with FVIII. May only provide a
relative indication of the procoagulant activity of
emicizumab

Bethesda assays using FVIII
OSA

FVIII: sensitive
Emicizumab: false negative; as
emicizumab is not deactivated by
heat, it drives coagulation via
human FIX and FX in human plasma,
regardless of presence of inhibitors
to FVIII31

Cannot be used to measure FVIII
inhibitor titers in the presence of
emicizumab

CBA

FVIII: sensitive
Emicizumab: insensitive; this assay
uses a bovine protein-based chromogenic FVIII assay, which is not
affected by emicizumab42

Can be used to measure FVIII
inhibitor titers in the presence of
emicizumab

Abbreviations: aPTT, activated partial thromboplastin time; CBA, chromogenic Bethesda Assay; CSA, chromogenic assay; F, coagulation factor; OSA,
one-stage clotting assay.

inhibitors and is insensitive to heat treatment (i.e., it retains
its full activity), the FVIII OSA-based NBA will return artiﬁcial
(false-negative) results when emicizumab is present.31 However, immunoassays, including ELISA, are not affected by the
presence of emicizumab in the test sample and can be used to
monitor FVIII alloantibodies in the presence of emicizumab.
Thrombosis and Haemostasis
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Assay Alternatives
Due to the well-documented interference of emicizumab on
many of the commonly used hemophilia monitoring assays,
alternative methods are required (and available) for the
measurement of emicizumab plasma concentrations and
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FVIII activities, including the determination of FVIII inhibitor
titers in emicizumab-treated patients.

Measurement of Emicizumab
In a preclinical study of BS23, the precursor for emicizumab,
FVIII-like activity was extrapolated from emicizumab concentrations in an attempt to identify potential efﬁcacious dosing
regimens for use in the later clinical trials.7 With improved
understanding of the characteristics of emicizumab, and as the
differences between emicizumab and FVIII became more
apparent, it was accepted that FVIII-like activity was not
appropriate for this task and efﬁcacious emicizumab concentrations, as used in the HAVEN clinical studies, were instead
estimated from the ﬁrst in vivo studies of emicizumab.39,43
Due to the mechanistic differences between emicizumab and
FVIII, the aim of hemostatic monitoring in the presence of
emicizumab should be to determine emicizumab plasma
concentrations rather than “equivalent” FVIII activity. Moreover, FVIII-like activities that correspond to the therapeutic
dose of emicizumab will vary across coagulation assays. For
example, in the aPTT-based FVIII assay, 0.1 U/mL FVIII activity
corresponds to 4.0 nM emicizumab, but matches 250 nM
emicizumab in TF-based TGAs and 500 nM emicizumab in
FXIa-induced TGAs.44 The assays were developed with FVIII as
the limiting factor, which is not the case for emicizumab as it is
present in excess to the relevant components. Rather, the FIXa
levels generated in these assay systems determine the apparent activity of emicizumab, leading to apparent disparities
between assays.45
A modiﬁed version of the traditional aPTT-based FVIII OSA
(r2 Diagnostics, South Bend, Indiana, United States), which has
been calibrated against emicizumab and includes a dedicated
plasma emicizumab calibrator as well as plasma-based controls, has recently been developed and commercialized in
many countries including Germany, Switzerland, and Austria
(distributed by Haemochrom Diagnostica GmbH, Essen, Germany) to enable the accurate measurement of plasma emicizumab concentration.46 This assay follows the same method as
the traditional FVIII OSA, but is instead calibrated against
emicizumab and deploys a higher predilution of the patient
sample (1:8) to enable a dynamic range between 10 and 100
µg/mL of emicizumab in the original plasma sample. In a recent
analysis, this novel method was shown to have excellent
precision and reproducibility.46 In a second analysis, samples
containing emicizumab analyzed with the modiﬁed FVIII OSA
showed emicizumab levels that signiﬁcantly correlated with
the noncommercial ELISA method previously used in the
HAVEN trials.41 Results to date indicate that the modiﬁed FVIII
OSA may be used to establish whether or not emicizumab
plasma concentrations are within the previously determined
efﬁcacious range (30–70 µg/mL; efﬁcacy does not increase
further above mean plasma concentrations of 25–30 µg/
mL).47 Currently, this assay is recognized as the easiest and
most accurate method by which to monitor emicizumab
concentration in plasma.
While a FVIII CSA utilizing human-derived FIXa and FX is
responsive to the presence of emicizumab,41 this assay is not
recommended for use as a measure of emicizumab activity.
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Despite the observed linear correlation with emicizumab
plasma levels,48 CSA-reported FVIII activity is not directly
equivalent to emicizumab levels, and comparison of these
activities should be performed for qualitative purposes only
and should be conducted with caution. Furthermore,
reported FVIII-like activity is also inﬂuenced by any FVIII
in the sample and may not be speciﬁcally attributed to either
FVIII or emicizumab. However, the inﬂuence of FVIII may be
eliminated by heat treatment of the plasma sample to
improve the sensitivity of the assay for emicizumab. Furthermore, the available emicizumab plasma calibrator and controls applied in the modiﬁed FVIII OSA for measurement of
plasma emicizumab levels may, in theory, also be used in
conjunction with the FVIII CSA based on human factors. To
date, however, no data on the performance of such an assay
combination are available.
In the clinical setting, the modiﬁed FVIII OSA calibrated
against emicizumab may be used to monitor emicizumab
plasma concentrations in HA patients. Plasma concentrations
can be matched to the effective range of emicizumab, which
showed a sufﬁcient hemostatic potential in clinical
trials.9–12,49 However, the reported efﬁcacy of emicizumab in
the recent HAVEN clinical trials9–12 suggests that such treatment does not need to be monitored routinely in the clinical
setting, except for in the case of breakthrough bleeding and
subsequent treatment with on-demand coagulation factors,
surgical procedures, or inhibitor monitoring.50
With regard to global coagulation assays, both ROTEM and
TGA can be used to monitor hemostasis in emicizumabtreated patients, although these assays are not used widespread in the clinical setting.25,42
ROTEM (NATEM) was used to monitor the Ca2þ-triggered
hemostatic functions of patients treated with emicizumab
initially in a phase I trial of Japanese patients.51 Here,
samples spiked with emicizumab ex vivo were shown to
have improved hemostatic function in an emicizumab dosedependent manner, irrespective of the presence of FVIII
inhibitors.51 More recently, nonactivated ROTEM methods
(NATEM) have been generally shown to be more informative
in terms of the global coagulation response to emicizumab
than the activated EXTEM and INTEM methods.52 In this
analysis, EXTEM was shown to have little-to-no response in
the presence of emicizumab, and while INTEM demonstrated
a marked response to the presence of emicizumab, there was
no signiﬁcant difference between results at different concentrations of emicizumab. NATEM, on the other hand,
showed a signiﬁcant dose-dependent response to emicizumab. This effect was most noticeable in terms of CT and CFT,
while α-angle and MCF were less indicative of hemostatic
activity in this study.52 While the sensitivity of ROTEM to
emicizumab has been demonstrated through the use of both
ex vivo spiking studies and the analysis of postinfusion
samples, there is some evidence to suggest that analyzing
samples spiked with emicizumab ex vivo overestimates
hemostatic function,53 and further research into the accuracy of ROTEM in emicizumab-treated patients is required.
The TGA shows a linear, dose-dependent increase in
thrombin generation in the presence of emicizumab,48
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and, as such, can be used to monitor the global hemostatic
response in patients treated with emicizumab. TGA has been
demonstrated to be more responsive to emicizumab when
FXIa is used as the trigger rather than TF.54 Moreover,
emicizumab has been shown to have similar activity to FVIII
in TGA.55 Additionally, the TGA can be used to monitor the
cumulative effect of emicizumab and BPAs in patients with
FVIII inhibitors, and can therefore be used as a tool to
individually tailor BPA therapy.56 This is of particular interest
as patients treated with emicizumab are expected to continue to use BPAs for the treatment of breakthrough bleeding
events, as in the HAVEN clinical trials.9–12

The previously discussed use of anti-idiotype antibodies
to neutralize emicizumab can also be implemented in the
FVIII OSA-based NBA, removing the inﬂuence of emicizumab
and thus allowing the accurate measurement of FVIII inhibitor titers.58 Again, this method may not become widely
available.
A solid-phase indirect anti-FVIII ELISA (e.g., LIFECODES
FVIII antibody screen, Immucor GTI Diagnostics Inc., Waukesha, Wisconsin, United States; ZYMUTEST Anti-VIII IgG
Mono-Strip, CoaChrom Diagnostica GmbH, Vienna), may
be used to detect FVIII alloantibodies.61 The presence of
emicizumab does not inﬂuence the results of this assay.

Measurement of FVIII Activity in the Presence of
Emicizumab

Measurement of Anti-Emicizumab Antibodies

As discussed above, emicizumab selectively binds to human
FIXa and FX. Thus, a FVIII CSA based on bovine factors is
unaffected by the presence of emicizumab, as FIXa and FX in
the reaction mixture will only bind to endogenous or infused
FVIII in the sample. This is to say that FVIII activity, as
measured by the bovine FVIII CSA, reﬂects the FVIII activity
in the sample and does not account for the coagulation
potential of emicizumab. Therefore, the bovine assay continues to provide an accurate measurement of endogenous or
infused FVIII activity independent of emicizumab.57 This
assay may be particularly useful in cases where emicizumab
and FVIII are used in parallel, such as following trauma,
during surgery, or during immune tolerance induction.
Where a FVIII CSA based on bovine factors is not available,
there is no easy way to monitor FVIII independently of
emicizumab. In Japan, anti-idiotype emicizumab monoclonal antibodies (mAbs) have been suggested as an alternative
route for the measurement of FVIII activity in patients
receiving emicizumab by rendering the antibody inactive
and eliminating its capacity to interfere with traditional
aPTT-based clotting assays.58 Two anti-idiotype antibodies
were developed (rcAQ8, a mAb binding to the anti-FIXa arm
of emicizumab, and rcAJ540, an anti-FX arm mAb) and
assessed using aPTT and FVIII OSA; the authors concluded
that the addition of both rcAQ8 and rcAJ540 to samples
containing emicizumab almost completely eliminated its
binding potential for human FIXa and FX, meaning the assays
used measured FVIII activity as they would in the absence of
emicizumab.58 However, it is currently unknown whether
these assays will be commercialized outside of Japan, Korea,
and Taiwan.

Measurement of FVIII Inhibitors in the Presence of
Emicizumab
In the absence of emicizumab, the NBA based on a FVIII OSA
is most commonly used to determine the inhibitor status of
HA patients receiving FVIII replacement; the CBA is rarely
used in this setting due to higher costs and greater complexity.5,6,42,59 However, when based on a bovine FVIII CSA, the
CBA is insensitive to emicizumab and accurately measures
residual FVIII activity.42 This assay was used during the
HAVEN study program to monitor FVIII inhibitor titers over
time.9–12,60
Thrombosis and Haemostasis

Vol. 119

No. 9/2019

During drug development, emicizumab was engineered to
overcome identiﬁed product-related risk factors62 for antiemicizumab antibody (ADA) development via methods
including humanization and bispeciﬁc immunoglobulin G
puriﬁcation.8 While the immunogenicity of emicizumab is
expected to be lower than that of FVIII,7 ADA development
has been reported across the HAVEN clinical program.63
While ADAs are distinct from FVIII inhibitors, they also can
be neutralizing or nonneutralizing, and have the potential to
inﬂuence the efﬁcacy, safety, and pharmacokinetics of emicizumab. Until now, no patient- or disease-related risk
factors attributed to the increased likelihood of ADA development have been identiﬁed.
In the emicizumab clinical trials, ADAs in patient plasma
were detected using an Food and Drug Administrationvalidated electrochemiluminescence immunoassay method
(phase I only), or using ELISA (phase III).63 Using the ELISA
method, 14 of 398 (3.5%) participants tested positive for antiemicizumab ADAs; 7 of these cases were transient, while 3
were considered to have neutralizing potential.63
In the case that neutralizing ADAs are suspected, for
example, in patients with increasing bleeding rates, noncompliance to the prescribed emicizumab regimen should
ﬁrst be ruled out as the cause. To do this, the next scheduled
emicizumab dose could be administered at the patient’s
treatment center to allow for the monitoring of plasma
emicizumab concentrations using the modiﬁed FVIII OSA
calibrated against emicizumab following administration. If
emicizumab plasma concentrations are not seen to increase
following administration, the presence of neutralizing ADAs
is inferred.
At present, no commercial assay for the direct identiﬁcation of emicizumab ADAs is available. Instead, functional
assays may be used to indirectly detect the possible presence
of ADAs when suspected as the cause of reduced bleed
control. For example, neutralizing ADAs have been shown
to prolong the shortening effect of emicizumab on aPTT.36
When using aPTT-based clotting assays, such observations
can imply the presence of inhibitory ADAs in the sample if
the patient is adherent to treatment. Since aPTT normalizes
at subtherapeutic emicizumab concentrations, aPTT will
only be prolonged when more than 90% of emicizumab is
neutralized by ADAs. Due to the higher predilution of the
patient sample, a reduction in reported emicizumab plasma
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concentrations in the modiﬁed FVIII OSA calibrated against
emicizumab might, therefore, indicate the presence of a
neutralizing ADA earlier than standard aPTT tests.
However, as the incidence of ADAs with neutralizing
potential is relatively low,63 routine monitoring of ADAs is
not necessarily required. Even in circumstances when ADAs
are identiﬁed, patients may remain on their prescribed
emicizumab treatment and continue to achieve therapeutic
bleed control. Across the HAVEN program, only one participant discontinued from emicizumab treatment due to loss of
efﬁcacy following development of ADAs with neutralizing
potential. Of 398 participants, 13 others who tested positive
for ADAs had antibodies classiﬁed as transient (n ¼ 7), without neutralizing potential (n ¼ 4), or antibodies with neutralizing potential that did not reduce the efﬁcacy of
emicizumab such that bleed protection was compromised
(n ¼ 2).63

Conclusion
Emicizumab is a novel therapeutic antibody that has been
shown to be efﬁcacious and well tolerated in several clinical
trials, and represents a paradigm shift in the management of
HA.9–12 While treatment with emicizumab offers HA
patients reduced burden of treatment, its incorporation
into the clinical landscape requires some adjustments to
the well-established monitoring techniques currently used.
Structural and functional differences between emicizumab and FVIII mean that many of the assays most frequently
used to monitor the coagulation potential of HA patients are
no longer accurate when emicizumab is present in the
sample.40 Most notably, emicizumab has a considerable
shortening effect on the aPTT, rendering many of the most
commonly used aPTT-based coagulation assays inaccurate in
the presence of even low levels of emicizumab.
To measure the concentration and activity of emicizumab
itself, the modiﬁed FVIII OSA calibrated against emicizumab
offers a cheap and simple method that can be used in the
clinical setting to monitor emicizumab plasma concentrations.46 With regard to global assessment of hemostatic
ability, both ROTEM and the TGA can be used in the presence
of emicizumab.48,52 Further research is required to conﬁrm
the accuracy of ROTEM and TGA in emicizumab-treated
patients. Also, their current use is primarily in a research
setting; these techniques have not been fully adopted for
routine clinical use.
Overall, the measurement of emicizumab in the hemostasis laboratory requires a shift from the functional assays of
the past to assays that are speciﬁcally tailored for use in
patients receiving emicizumab.
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