Emicizumab and the Clinical Coagulation L abor atory

L ear ning Objectives
The reader should be able to:

1. Discuss emicizumab, including its mechanism of action and its importance in the
treatment of hemophilia A.

2. Discuss how and to what extent emicizumab effects the accuracy of conventional
coagulation tests.

3. Discuss the use of unconventional global coagulation tests as alternatives to assess the
guantitation and effectiveness of emicizumab.
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activated factor VIII, FX —factor X, HA —hemophiliaA, OSA — one stage assay, PL —
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Abstract

Emicizumab, anove therapeutic agent for patients with hemophilia A, isahumanized,
asymmetric, bispecific, IgG4 monoclonal antibody designed to mimic the function of activated
factor VIII. Clinical studies have demonstrated its utility in the successful treatment of
hemophilia A patients with and without anti-factor V111 alloantibodies. The conventional
methods currently used for monitoring management of hemophilia A will be discussed along
with why they may be inappropriate for patients receiving emicizumab. Alternative methods, i.e
global testing, will be presented and discussed in the context of emicizumab. With the
increasing availability of treatment with emicizumab it isimportant the clinical laboratory
understands the mechanism, interaction with conventional coagulation assays, and alternative
methods for its monitoring. This review describes and discusses the different assays used to
measure the effectiveness of emicizumab, as well as monitor factor V111 activity in patients with

hemophilia A.
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I ntroduction

Hemophilia A (HA) is an X-linked hereditary bleeding disorder associated with bleeding into
joints and muscle tissues and is characterized by absent or reduced quantity or dysfunction of
coagulation factor VIII (FVI1I1). Administration of replacement factor concentrate with either
plasma derived or recombinant FV 111 concentrates forms the standard trestment in patients with
severe HA (<1% factor activity), with nearly all HA boys in the US, Canada, Australiaand
Northern Europe receiving prophylactic treatment, resulting in reduced morbidity and mortality
compared to on-demand therapy. Such replacement therapy has successfully changed the natural
history of severe HA. Previoudly, such patients experienced frequent bleeding events throughout
life that significantly reduced quality of life and shortened life-span. Now, patients adherent to a
regimen of regular replacement with concentrates of FV111 can essentially avert all but a small

number of bleeding events and experience a near-normal lifespan and quality of life

Despite these benefits, approximately 50% of severe HA patients have an annual bleed rate of
more than two despite regular replacement of the missing clotting factor administered as
prophylaxis.>® Achieving optimal outcomes is hindered by lack of adherence to the FVIII
dosing regimen which requires frequent, intravenous injections of concentrates of FV111"8 and
achieving circulating FV111 levels sufficient to prevent bleeding including with physical activity.’
Even if adherence to a prophylaxis regimen is optimal, bleeding still occurs resulting in long-

term morbidity, primarily from chronic synovitis and the development of debilitating joint

disease.®

Significant barriers still remain for the treatment of patients with HA. Extended half-life FVI1I
products (half-life ~1.5 fold of FV1I1) have been devel oped to reduce the frequency of

intravenous infusions; however, treatment is still required twice per week.'® Regardless of the
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product being administered, drawbacks such as high cost and complications associated with
securing venous access, particularly in infants, continue. The most feared and clinically
significant complication of factor replacement is the development of alloantibodies directed

against the exogenous FV 111 molecules.*™*? Inhibitorsto FVIII occur in approximately 1/3 of

those with severe HA, typically within the first 20 exposures to exogenous FV 111 early in the first

2-3 years of life* Most importantly, they render factor replacement therapy ineffective,
exposing patients to an unacceptably high risk of morbidity and mortality due to uncontrollable

bleeding.*

These important considerations have lead the way to developing alternative approaches for long-
term prophylaxis of HA patients with or without inhibitors. Among these approachesisthe
development of a new class of therapeutic agents not based on coagulation factors which act by
enhancing coagulation (emicizumab) or inhibiting anticoagulant pathways (fitusiran and
concizumab — under development and being tested in clinical studies).”™ These drugs require
methods other than the conventional coagulation tests for monitoring. Laboratory evaluation of

hemophiliawill, therefore, undergo dramatic changesin the near future.***

Thisreview will focus on the novel drug, emicizumab, arecently FDA-approved for the

treatment of HA patients without or with inhibitors.
Emicizumab
Development of Emicizumab

Emicizumab (Hemlibra, ACE910, RG6013, RO5534262, created by Chugai Pharmaceutical Co,
Ltd, and co-developed by Chugai, Hoffmann-LaRoche and Genetech) is a humanized,

asymmetric, bispecific, IgG4 monoclonal antibody designed to mimic the function of activated
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factor VIII (FVI11a) which may be missing or defective due to a gene mutation in the F8 gene
resulting in HA. Its development is atechnological feat, briefly described here. Kitazawa et al
published in 2012 the compilation of nearly a decade of development of a bispecific antibody
with one Fab unit binding the active enzyme factor 1X (FIXa), and the other binding the
zymogen factor X (FX), uniting the coagulation factors together in the proper conformation for
activation of FX. Thiswas accomplished by developing 200 anti-factor IX (FIX) and 200 anti-
FX Fab units and combining them to create a library of 40,000 combinations. The antibody with
the combination of an ideal low binding affinity and superior activity in activated factor X (FXa)
production in the setting of clot formation was selected. This candidate antibody was tolerated at
high doses in animal models and corrected the hemostatic defect in aHA cynomolgus monkey

modéd.*°
Mechanism of Action

Emicizumab, through its bispecific monoclonal antibody structure, binds via one arm to the
epidermal growth factor (EGF)-like domain 1 of FIX/FIXa and the other arm to the EGF-like
domain of FX/FXa, mimicking the cofactor activity of FVIIla. Thisbridging leadsto a
significant acceleration of FIXa-mediated FX activation and ultimately to increased thrombin
generation.® (Figure 1) Despite the similarity in function between FV 111 and emicizumab recent
studies have demonstrated differences in binding affinity and disruption of normal hemostatic
regulation® which have implications for pharmacokinetics and dosing consideration for
emicizumab prophylactic usage. The functional mechanisms of emicizumab have recently been

reviewed.??®

Clinical Studies of Emicizumab
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Emicizumab has undergone extensive clinical evaluation in multiple global, multicenter clinical
trialsthat evaluated the safety, efficacy, and pharmacokinetics of emicizumab in HA patient
populations including pediatric, adolescent and adult HA patients with and without anti-FV 11
inhibitors. These studies were limited to small numbers of patients, especially those with
inhibitors, and none were done in head-to-head compari sons between emicizumab and current

HA therapies. They have been recently reviewed.***%

Briefly, these studies have shown substantial reductionsin bleeding rates as well as improvement
of health-related quality of life®? Advantages of emicizumab are that it is administered
subcutaneously rather than intravenously, weekly to monthly rather than 2-3 times per week, and
can be used in patients with or without inhibitors, offering the former patients for the first timea
convenient and prophylactic option. Following aloading dose of 3 mg/kg weekly for 4 weeks
and a maintenance dose of 1.5 mg/kg weekly, 3.0 mg/kg every 2 weeks or 6 mg/kg every 4
weeks, steady state levels can be achieved without the constant peak and troughs associated with
conventional FV 111 replacement therapies.® It has been speculated that any of these
maintenance doses prevents spontaneous bleeding and minor trauma-induced bleeds, that is,

changing the HA phenotype from severe (< 1% FV111) to mild (10%-15% FV111).%’

No anti-drug antibody was initially reported in the clinical studies; however, use of an optimized
enzyme linked immunosorbent assay (ELISA) drug immunoassay indicates antibodies were
present. Of 398 patients, 14 (3.5%) tested positive and anti-drug antibodies. For 7 patients, the
antibodies were classified as transient while 3 patients were classified as having neutralizing

potential (0.75% of the overall population).*

Early in the clinical studies several cases of thrombotic microangiopathy, thrombosis, and death

were noted in patients with anti-FV 11 inhibitors or break-through bleeding events receiving
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repeated, high doses (>100 U/kg/d for >1 day) of activated prothrombin complex concentrates
(APCC). It was postulated that this treatment regimen may lead to accumulation of large doses
of the substrates FIXa and FX, leading to a massive synergistic effect on increasing thrombin
generation. In vitro experiments show that an analogue of emicizumab, combined with APCC,
led to a 17-fold increase in thrombin generation, well above the normal physiologic range. Itis
now recommended not to administer APCC to persons treated with emicizumab, unless

absolutely indicated and only in an in-patient setting.>

Emicizumab was approved by the FDA in November 2017 for use as routine prophylaxis
administered once a week to prevent or reduce the frequency of bleeding episodes in adults and
children > 12 years of age with HA with FVI1II inhibitors. It was later approved by the FDA in
October 2018 for use in patients with hemophilia A without FVII1 inhibitors?®. The major
achievement of emicizumab over other HA therapeuticsisin its subcutaneous route for
administration, long half-life of 28 days, and increased efficacy in bleed prevention regardless of

the absence or presence of anti-FV 111 inhibitors.?>%

Laboratory Testing
Measurement of FVIII and FVIII inhibitors

Two functional assays most commonly used for quantification of FV 111 are the one-stage clotting
assay (OSA) and the chromogenic substrate assay (CSA) (Figure 2). The OSA measures the
ability of patient plasmato reduce the APTT clotting time of FVI1I or FIX deficient plasma
(obtained from congenitally deficient patients or immunodepleted normal pooled human
plasma). Different dilutions of patient plasma are added to deficient plasma and pre-incubated

with an APTT reagent containing phospholipid (PL) and a contact activator (e.g. silica, elagic
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acid, kaolin, polyphenols). After a set incubation time calcium chloride (Ca?*) is added and the
time to fibrin clot formation is measured according to the analyzer’ s methodology and algorithm.
Theresult isinterpolated from a calibration curve generated with a reference plasma of known
FVIII and FIX concentrations.® The large number of APTT reagents, deficient plasmas,

reference plasmas, instruments and combinations thereof resultsin ahigh level of variability.*>’

The CSA for FVIII isatwo-stage assay. In thefirst stage, areagent containing purified FIXa,
FX and thrombin, as well as PL and Ca®*, are added in optimal concentrations to the patient’s
plasma, resulting in the generation of FXa. This step does not require the extrinsic or intrinsic
pathways due to the direct activation of FVI11 by thrombin. In the second stage, the amount of
generated FXais measured by cleavage of a FXa-specific chromogenic substrate, releasing para-

nitroanaline which causes a color change detected spectrophotometrically at 405nm. 3383

Anti-FVI11 inhibitors can be identified in the laboratory most commonly using the OSA, but also
using the CSA or an ELISA.*° The classic Bethesda assay involves normal pooled plasmaas the
source of FV11I being incubated in undiluted patient plasmafor 2 hours at 37°C and then assayed
for residual FVI1Il viaOSA or CSA. Oneinhibitor unit (Bethesda Unit, BU) is defined as the
amount of patient plasmathat destroys 50% of the FV1I1 in the mixture, corrected for the
deterioration of FVIII in acontrol consisting of normal plasmaincubated with buffer. Positive
results may require further dilution of the patient plasmato be assayed to obtain an accurate
result.*>** The Nijmegen modification of this assay has been shown to increase the specificity of
low-titer FV 111 inhibitors. The modification involves buffering the normal pooled plasma, used
in patient and control mixtures, to pH 7.4 with imidazole buffer and using FV111-deficient plasma
in the control mixtures for preparing patient dilutions. Both adjustments maintain the pH of the

reaction mixture for the 2-hour incubation and thereby stabilize FV 111 in the pooled normal
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plasma®® In comparison to the OSA, the CSA procedure is more standardized and offers higher

interlaboratory precision in measurement of FVI11 plasma activity.*
Effect of emicizumab in current coagulation laboratory assays

While emicizumab mimics the activity of FV1lla, the structure as well as biochemical and
functional properties of the two molecules are known to be different. For example, emicizumab
binds to both human FIXaand FX resulting in interference with al intrinsic pathway clotting-
based assays. Also, emicizumab does not require activation by thrombin to facilitate propagation
of the clotting cascade, eliminating the major rate-limiting step to fibrin clot formation, resulting
in the APTT appearing to normalize at sub-therapeutic emicizumab concentrations, 2204647

Given the long half-life of emicizumab, residual interference on APTT and APT T-based assays

can continue for up to 6 months after discontinuation of treatment.”

The interference analyses have shown emicizumab renders all APTT-based assays inaccurate,
regardless of the reagents used. Emicizumab does not exert asimilar effect on non-APT T-based
clotting assays, such as thrombin time and fibrinogen assays. Chromogenic assays (e.g, protein
C, antithrombin), ELISA (e.g., plasminogen) and latex immunoaggl utination tests (e.g., D-dimer,
free protein S, von Willebrand antigen and activity) are not influenced by the presence of
emicizumab, continuing to give accurate results. Thereis aweak, reagent-dependent effect by
emicizumab on PT and PT-based factor assays but is considered unlikely to be of clinical
relevance.® (Table 1) Thus, selected conventional coagulation methods may be inappropriate for
monitoring of HA patients receiving emicizumab. Alternative methods may be necessary to

monitor such patients.

Measurement of FVII1 and FVIII inhibitorsin the presence of emicizumab
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Although emicizumab is effective in preventing bleeding eventsin HA patients, patients may
require FVI1I concentrates in certain situations during which it may be necessary to measure the

FVIII activity level attained with the infused FV1I concentrate.

As mentioned previously, emicizumab selectively binds human FIXaand FX. Thiscan lead to

falsely elevated OSAs measurements of FV 111, with activities exceeding 150%. Consequently, all

variations of OSAs and Bethesda assays using OSA should be avoided in the management of

patients receiving emicizumab.*®

A FVIII CSA utilizing bovine factors, on the other hand, would not be influenced by the
presence of emicizumab, as the FIXaand FX in the reaction mixture only binds to the
endogenous FV1I1 in the human plasma sample, thus, reflecting the FV 111 activity in the sample
and not the coagulation potential of emicizumab. This same kit can be used to accurately

measure FV111 inhibitor titers.*

In Japan, the addition of anti-idiotype monoclonal antibodies to render emicizumab inactive,
eliminating itsinterference with APT T-based clotting assays, has been reported to accurately

measure FV 11 activity.® However, the assay is presently not availablein the U.S.

Finally, immunoassays are not affected by the presence of emicizumab and samples obtained
during emicizumab treatment can be used in the solid-phase indirect anti-FV 111 ELISA assay to

detect and monitor FV111 alloantibodies.™
M easurement of emicizumab

The current use of emicizumab does not require laboratory monitoring in the clinical setting as
demonstrated by the efficacy of emicizumab in the recent clinical studies. However, there are

scenarios in which determination of the emicizumab concentration may be needed, such as
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breakthrough bleeding and subsequent treatment with on-demand coagulation factors, surgical

procedures, or inhibitor monitoring.

In the clinical studies emicizumab concentrations have been determined by a validated sandwich
ELISA. However, this assay is prepared in-house and is not commercially available® A
modified version of the OSA FVIII activity assay using an emicizumab-specific calibrator and
plasma-based controls has been developed and commercialized in Europe (distributed by
Haemochrom Diagnostica GmbH, Essen, Germany). The reagents are availablein the U.S. but
are not FDA-approved. This assay follows that of the traditional FV111 OSA but calibrated with
an emicuzumab calibrator and a predilution of the patient sample (1:8) to enable a dynamic range
between 10 and 100 pg/ml of emicizumab in the original plasma sample. Abstracts reporting
excellent precision and reproducibility®, significant correlation with the non-commercial ELISA
method™, and reliability in establishing whether or not emicizumab concentrations are within the
previously determined efficacious range (30 — 70 pg/ml)* have been published for this assay.
This assay is recognized as the easiest and most accurate method for monitoring emicizumab

concentration in plasma
Global Testing

The on-going clinical studies of emicizumab in severe HA patients with and without inhibitors
have shown impressive reductions in annual bleeding rate compared to patients receiving
standard FV111 therapy.?* Despite these impressive reductionsin annual bleeding rates and the 4-
week half-life of emicizumab, the best way to monitor emicizumab remains unanswered.
Significant inter-patient variance in emicizumab metabolism and the potential for antibody
development emphasizes the need for accurate laboratory monitoring.?* Since emicizumab

interferes with coagulation tests that measure the intrinsic pathway, monitoring response to

11
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emicizumab therapy by the traditional coagulation tests, including the global APTT test and
FVI1II, therefore, isunreliable® Thereis growing interest in the use of other global assays,
specifically whole blood thromboelastography (TEG) and thrombin generation assay (TGA), to
monitor the patient’s coagulation status during hemophilia therapy. Other assays have been
reported, each in asingle publication in the literature®®>*>® which will not be discussed in this

review.
General Principleof TEG

The thrombeleastographic principle, first introduced by Hellmut Hartert in 1948%°, has been
modernized in the computerized version of the TEG 5000 device manufactured by Haemonetics
(Braintree, MA) and the ROTEM manufactured by Tem International (Munich, Germany).
These methods measure the dynamic viscoel astic properties of whole blood during clot
formation and fibrinolysis, and are believed to better represent the true physiologic mechanisms
of hemostasis compared to traditional coagulation assays. The devices consist of a heated
cylindrical sample cup into which apin is suspended. Inthe TEG 5000, the cup oscillates at
+4°45' every 5 seconds with the pin is suspended fredly into the cup by atorsion wire. In the
ROTEM, the cup is stationary while the pin transduction system oscillates at +4°45’ every 6
seconds. Once the oscillation begins, the forming clot resultsin a physical connection by strands
of fibrin between the cup and the pin, transferring the torque of the cup to the pin. The elastic
strength of this connection increases gradually as the properties of the forming clot change and a
mechanical electrical transducer is used to convert the rotation of the pin to an electrical signal,
which isthen recorded by the computer. The computer software produces both a qualitative,

graphical representation (Figure 3) and quantitative parameters (Table 2), which allow one to
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evaluate the phases of thrombin generation, clot formation and firmness, and fibrinolysis and

judge the adequacy of a patient’s coagulation system.®-

Although thromboel astography is a general term, it mostly refers to the TEG 5000 device while
thromboel astometry refers to the ROTEM. For the purpose of thisreview, the term TEG will be

used to refer to both devices.

General Principle of TGA

Genetic or acquired deficiency of thrombin, the key enzyme involved in maintaining hemostas's,
resultsin ableeding diathesi s, and excessive production of thrombin is associated with a
thrombotic risk. TGAs alow for measurement of the amount and rate of thrombin generated
and, therefore, can be used to evaluate the patient’ s overall hemostatic capacity. First described
in 1953 by Macfarlane and Biggs™, the TGA assay has been modified significantly over the
years to make the test more practical using chromogenic or fluorescent thrombin substrates,
allowing continuous measurement of thrombin activity in plasma. TF, PLs, and Ca2+ are added
to the sample plasmato induce thrombin formation. The final thrombin generation curve
(thrombogram) is characterized by the lag phase (coagulation initiation), thrombin burst leading
to peak thrombin concentration (accel eration and propogation), and reduction of thrombin
generation due to the presence of natural anticoagulants (termination). Parameters that are
reported include the lag time, peak time, peak height, and area under the curve (AUC, or
endogenous thrombin potential, ETP) (Figure 4).°%%* Since TGA measures thrombin generation
taking into account the function of other pro- and anticoagulant factorsin the sample, it is

considered to provide amore physiologic evaluation of the clotting system
Performance | ssues and Limitations of TEG and TGA
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The two assays differ in anumber of important ways. First, although both assays can
accommodate whole blood, platelet-rich and platelet-poor plasma, the vast magjority of studies
done thus far with each device have used whole blood for TEG and platelet-poor plasma for
TGA. Second, the TEG demonstrates the dynamics of clot formation overtime while the TGA
demonstrates thrombin generation over time. The advantages of TEG are that it uses whole
blood and measures clot formation, which comes closer to the idealized coagulation assay, while
TGA measures a surrogate marker for clot formation. The main advantage of the TGA isthat by
using platelet-poor plasma, samples can be stored, allowing for testing to be done at any time and
in an on-site or reference laboratory whereas TEG assays must be done within 2 hours of

sampling, requiring it to be done locally.®-%%

Although the number of devices and reagents available for use with respect to global hemostasis
is somewhat limited, the use of different activators and different amounts of activators, addition
or not of contact factor inhibitors, and addition or not of fibrinolytic reagents has led to
considerable confusion in the literature and challenges when comparing different results from
different studies. The Scientific and Standardisation Subcommittee on FVI1I, FIX, and Rare
Coagulation Disorders of the International Society on Thrombosis and Haemostasi s recently
published recommendations regarding standardization of the approach for TEG and TGA in

hemophilia.®>®

TEG and TGA monitoring of HA patients on emicizumab therapy

Both in vitro and in vivo studies have been reported demonstrating the ability of TEG to predict
clinical response to the bypassing agents (BPAs), APCC and recombinant human activated factor
VIl (rhFVIla), in HA patients with inhibitors and to improve clinical performance of rhFVIla

during surgery.®”® Similarly, differencesin TGA resultsto in vitro addition of FVII1 or normal
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plasmato plasma samples from patients with HA or FVI11-deficient plasma have been shown,
which may provide relevant clinical information to guide prophylaxis, as well as surgical
management of patientswith HA.*™ TGA has also been used to safely guide therapy with

multiple bypassing agents for the management of bleeding in HA patients with inhibitors.”>"

With the information obtained in these early studies, the use of TEG and TGA to monitor
hemostasisin HA patients was done in the emicizumab clinical trials. Nonactivated (Ca 2+-
triggered) TEG has shown samples spiked with emicizumab ex vivo have improved hemostatic
function in a dose-dependent manner, irrespective of the presence of FVIII inhibitors and has
been shown to more informative in terms of global coagulation response to emicizumab than
other activators (such as kaolin, TF, etc) with TEG. However, there is some evidence to suggest
analyzing samples spiked with emicizumab ex vivo overestimates hemostatic function, and
further research into the accuracy of TEG in emicizumab-treated patientsis needed.” TGA
shows a linear, dose dependent increase in thrombin generation in the presence of emicizumab
and can be used to monitor global hemostatic response in patients treated with emicizumab.”
TGA has also been shown to monitor the cumulative effect of APCC or rhFVIlawith FVIII
inhibitors and can be used as atool to individually tailor BPA therapy. Thisis of particular
interest as patients treated with BPAs for the treatment of breakthrough bleeding events, asin the

various clinical trials.?"®

The results of an in vitro evaluation of clot formation and thrombin generation using TEG and
TGA, respectively, for combinations of a sequence-identical analog of emicizumab with APCC
or rhFV1la have been reported. The analog in combination with APCC resulted in a 17-fold
increase in thrombin generation over the analog alone, producing a probable hypercoagulable

state which was confirmed by TEG. The analog in combination with rhFVIla also produced an
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increase in thrombin generation, but it did not reach the normal range. This data suggests that

considerable additional research is still warranted.*

Three case reports describing the use of global assays to help guide BPA treatment in four HA
patients with anti-FVI11 inhibitors have recently appeared in the literature. One report performed
TEG and TGA for 2 HA patients after 1 and 2 months of treatment, reporting TEG showed
complete correction while TGA showed marked improvement, but only 1/3 that of a healthy
volunteer, consistent with a mild hemophilia phenotype.” The other two reports used in vitro
TEG and TGA testing of the patient’s plasmawith different concentrations of APCC or rhFVlla
to determine which BPA to use as well asto inform about itsideal dose.””" In both reports the

patients were successfully supported during surgical procedures.
Conclusion

Emicizumab is anovel therapeutic antibody that has been shown in clinical studiesto be
efficacious in the treatment of HA with and without inhibitors. The benefits of emicizumab
include subcutaneous administration, a half-life of 28 days allowing for reduced dosing
frequency, as infrequent as monthly, greater prophylactic efficacy and benefits irrespective of the

presence of anti-FVI11 inhibitors.

Its introduction into the clinical practice of hemophiliatreatment requires adjustmentsin clinical
laboratories that monitor FV 111 activity and anti-FV 111 inhibitor levels. Such laboratories must
understand that the structural and functional differences between emicizumab and FVI111 mean
that many of the conventional assays used to monitor conventional HA treatment are no longer
accurate when emicizumab is present in the sample. Specifically, emicizumab, even at

subtherapeutic concentration, results in a shortened APTT, rendering the most commonly used
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APTT-based coagulation assays inaccurate. For example, when samples from patients receiving
simultaneous emicizumab and conventional FV1I1 replacement products are referred for FVI11
assessment and/or inhibitor screening/titration, a chromogenic FV 111 assay utilizing bovine
reagents would be required for the accurate measurement of FV 111 activity. Thus, itis
imperative the laboratory personne receives accurate information about the patient’ s therapy
treatment. Communication between the ordering physician and clinical laboratory is essential

for delivery of accurate and appropriate results.

To measure the concentration and activity of emicizumab amodified FVIII OSA calibrated
against emicizumab can be used in the clinical setting; however, this assay is presently not

availableinthe U.S.

There isincreased interest in global assays such as TEG and TGA for monitoring coagulation
potential in HA patients receiving emicizumab. Both assays have been reported to provide
clinically relevant information. The TGA has been shown to be useful in predicting an
appropriate therapeutic concentration of the common BPAs, APCC and rhFVl1la. Further
research, however, is necessary to confirm the accuracy of TEG and TGA in the presence of
emicizumab. The ability to measure of emicizumab activity and concentration in the coagulation
laboratory may require a shift from the functional assays of the past to assays that are specifically

tailored for use in the patients receiving emicizumab.
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L egends

Figure 1. Schematic illustrations of cofactor actions of FV1lla and a bispecific antibody
promoting the interaction between FIXaand FX. (A) FVIllaformsacomplex with FIXaand
supports the interaction between FIXa and FX through its binding ability to both factors on
the phospholipid membrane. (B) A bispecific antibody binding to FIXa and FX would
promote the interaction between FIXa and FX and exert FV 11l mimetic activity on the
phospholipid membrane. Reproduced under the terms of the Creative Commons Attribution
license. Sampei Z, Igawa T, Soeda T, Okuyama-Nishida Y, Moriyama C, Wakabayashi T.,
eta.®

Figure 2. Schematicsof FVIII activity assays. (A) One-stage clotting assay. (B)
Chromogenic substrate assay. CaCl,, calcium chloride; CSA, chromogenic substrate assay;
Fll, factor 1l (prothrombin); FIX, factor IX; FIXa, activated FIXa; FV1II, factor VIII; factor
Vllla, activated FVIII; FX, factor X; FXa, activated FX; FXI1, factor XI; PL, phospholipid;
pNA, para-nitroanaline.

Figure 3. Normal thromboelastogram (TEG). Reproduced under the terms of STM
permission guidelines (2014). Chitlur M, Young G.%*

Figure 4. Typical thrombin generation assay (TGA) with relevant parameters. Reproduced

with permission from the American Association for Clinical Chemistry. Tripodi A.%

Table 1. Effect of emicizumab on clinical coagulation assays. APCR, activated protein C
resistance; APTT, activated partial thromboplastin time; FX111, factor XI11; OSA, one-stage

clotting assay; PT, prothrombin time; VWF, von Willebrand factor; Xa, activated factor X

Table 2. Comparison of terms for TEG 5000 and ROTEM
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Table 1. Effect of emicizumab on clinical coagulation assays.

Assays Affected by Emicizumab

Assays Unaffected by Emicizumab

APTT

APTT-based APCR assay

APTT-based OSA factor assay

APTT-based protein C assay

APTT-based protein S assay

Bethesda assay (clotting based) for FV11I
inhibitor titer

PT (weak effect)

Fibrinogen, PT-derived (weak effect)

Activated clotting time (ACT)

Fibrinogen, according to Clauss

Thrombin Time

PT-based OSA factor assay

PT-activator based APCR

Bethesda assay (bovine chromogenic) for
FVIII inhibitor titer

Chromogenic assays (e.g., Antithrombin,
Anti-Xa activity, Protein C, Plasminogen)

ELISA assays (e.g., Plasminogen antigen,
Protein S antigen (Free, Total), D-Dimer,
VWF-antigen, VWF-activity, FXI11-
Antigen)

Genetic tests for coagulation factors (e.g.
Factor VV Mutation, Prothrombin 20210)
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Table 2. Comparison of terms for TEG 5000 and ROTEM

TEG 5000 term ROTEM term Units Clot formation property
Reaction time (R) Clotting time (CT) Seconds/minutes | Clot initiation
Kinetic time (K) Clot formation time (CFT) Seconds/minutes | Clot propagation
Alphaangle Alphaangle Degrees Clot propagation
Maximal amplitude (MA) | Maximum clot firmness (MA) | Millimeters Clot rigidity
Clot elastic modulus (G) | Shear elastic modulus (G) Dynes/cm’ Clot easticity
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