WILEY

Online Proofing System Instructions

The Wiley Online Proofing System allows authors and proof reviewers to review PDF proofs, mark corrections, respond
to queries, upload replacement figures, and submit these changes directly from the PDF proof from the locally saved file
or while viewing it in your web browser.

1. For the best experience reviewing your proof in the Wiley Online
Proofing System please ensure you are connected to the internet.
This will allow the PDF proof to connect to the central Wiley Online
Proofing System server. If you are connected to the Wiley Online
Proofing System server you should see the icon with a green check Connected Disconnected
mark above in the yellow banner.

2. Please review the article proof on the following pages and mark any
corrections, changes, and query responses using the Annotation Tools
outlined on the next 2 pages.

3. To save your proof corrections, click the “Publish Comments”
button appearing above in the yellow banner. Publishing your
comments saves your corrections to the Wiley Online Proofing
System server. Corrections don’t have to be marked in one sitting,
you can publish corrections and log back in at a later time to add
more before you click the “Complete Proof Review” button below.

4. If you need to supply additional or replacement files bigger than
5 Megabytes (MB) do not attach them directly to the PDF Proof, Upload files

please click the “Upload Files” button to upload files:

Click Here

5. When your proof review is complete and you are ready to submit corrections to the publisher, please click
the “Complete Proof Review” button below:

Complete Proof Review

Click Here

IMPORTANT: Do not click the “Complete Proof Review” button without replying to all author queries found on
the last page of your proof. Incomplete proof reviews will cause a delay in publication.

IMPORTANT: Once you click “Complete Proof Review” you will not be able to publish further corrections.



USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION W l L E Y

Once you have Acrobat Reader open on your computer, click on the Comment tab at the right of the toolbar:
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This will open up a panel down the right side of the document. The majority of
tools you will use for annotating your proof will be in the Annotations section, @ @ @) E@ 8

pictured opposite. We've picked out some of these tools below:
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1. Replace (Ins) Tool —for replacing text.

% Strikes a line through text and opens up a text
box where replacement text can be entered.

How to use it
e Highlight a word or sentence.

e Click on the Replace (Ins) icon in the Annotations
section.

e Type the replacement text into the blue box that
appears.
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2. Strikethrough (Del) Tool —for deleting text.

Strikes a red line through text that is to be
deleted.

How to useit
e Highlight a word or sentence.

e Click on the Strikethrough (Del) icon in the
Annotations section.
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3. Add note to text Tool —for highlighting a section
to be changed to bold or italic.

E’ Highlights text in yellow and opens up a text
box where comments can be entered.

How to useit
e Highlight the relevant section of text.

o Click on the Add note to text icon in the
Annotations section.

e Type instruction on what should be changed
regarding the text into the yellow box that
appears.
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4. Add sticky note Tool — for making notes at
specific points in the text.

Marks a point in the proof where a comment
needs to be highlighted.

How to use it

e Click on the Add sticky note icon in the
Annotations section.

e Click at the point in the proof where the comment
should be inserted.

e Type the comment into the yellow box that
appears.
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5. Attach File Tool —for inserting large amounts of
text or replacement figures.

é Inserts an icon linking to the attached file in the
appropriate place in the text.

How to useiit

e Click on the Attach File icon in the Annotations
section.

e Click on the proof to where you'd like the attached
file to be linked.

e Select the file to be attached from your computer
or network.

e Select the colour and type of icon that will appear
in the proof. Click OK.
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6. Drawing Markups Tools —for drawing
shapes, lines and freeform annotations on
proofs and commenting on these marks.
Allows shapes, lines and freeform annotations to be
drawn on proofs and for comment to be made on
these marks.

~ Drawing Markups

How to use it

«  Click on one of the shapes in the Drawing Markups
section.

«  Click on the proof at the relevant point and draw the
selected shape with the cursor.

* To add a comment to the drawn shape, move the
cursor over the shape until an arrowhead appears.

« Double click on the shape and type any text in the
red box that appears.
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Summary: Accurate and precise potency determination by
manufacturers of different types of factor VIII product
(plasma-derived and recombinant FVIII [rFVIII]) is vital
to clinicians and patients using FVIII concentrates. A sep-
arate, but related, requirement is ascertaining the FVIII
activity levels in clinical samples for diagnosing and treat-
ing hemophilia A. The one-stage clotting assay (OSA)
and the chromogenic substrate assay (CSA) are the main
assays used for these measurements, with both assays
being used for potency assignments, and the OSA also
being widely used for clinical monitoring. Although the
assays can produce concordant results, discrepancies often
occur, e.g. when measuring FVIII levels in patients with
mild or moderate hemophilia A, or when assaying high-
purity FVIII products. Modifications to rFVIII proteins,
such as B-domain deletion (BDD), and technologies for
improving the pharmacokinetic profile of rFVIII may
exacerbate assay discrepancies. The CSA appears to be
essentially unaffected by these modifications. However,
the OSA underestimates the FVIII activity levels and
therapeutic potential of some further modified BDD
rFVIII products, especially those conjugated to poly(ethy-
lene glycol); the extent of the effects is dependent on the
specific OSA reagents used. Although the OSA remains
the preferred choice for clinical monitoring in Europe and
the USA, an awareness of the limitations of that assay
has prompted more laboratories to adopt the CSA.

Correspondence: Flora Peyvandi, Angelo Bianchi Bonomi Hemophi-
lia and Thrombosis Center, Fondazione IRCCS Ca’ Granda Ospe-
dale Maggiore Policlinico, and Department of Pathophysiology and
Transplantation, University of Milan, Luigi Villa Foundation,
dan, Italy.
+39 02 55 107 09; fax: +39 02 54 100 12.
E-mail: flora.peyvandi@unimi.it

Received 1 September 2015

Manuscript handled by: S. Kitchen
Final decision: P. H. Reitsma, 22 November 2015

© 2015 International Society on Thrombosis and Haemostasis

Keywords: activated partial thromboplastin time; assay;
blood coagulation tests; factor VIII; hemophilia A.

Introduction

Adequate functioning of the coagulation cascade, which
involves a series of sequential proteolytic reactions that
activate coagulation factors and eventually result in the
formation of a fibrin clot, is needed for effective hemosta-
sis. Factor VIIL is a 2332 amino acid glycoprotein with a
discrete domain structure (Al-al-A2-a2-B-a3-A3-Cl-
C2) [1-3] that functions as a cofactor for activated FIX
(FIXa) in the pathway of the coagulation cascade. On
secretion, FVIII is predominantly processed into a hetero-
dimer containing a heavy chain (Al-al-A2-a2-B) and a
light chain (a3-A3-C1-C2) that are non-covalently bound
via a metal ion through the Al domain and the A3
domain [1-5]. This heterodimer circulates in a complex
with von Willebrand factor (VWF) [1]. Activation of
FVIII through proteolytic cleavage by thrombin generates
an activated FVIII (FVIIIa) heterotrimer (Alal/A2a2/
A3-C1-C2) [6], which is released from VWF. FVIIla
binds to the phospholipid bilayer of activated platelets,
and forms the tenase complex with FIXa in the presence
of calcium ions to activate FX [1,7].

Hemophilia A is a congenital disorder in which differ-
ent types of defect in the FVIII gene (FS) lead to a quali-
tative or quantitative deficiency of FVIII protein and
subsequent activity, resulting in prolonged bleeding after
trauma and recurrent spontaneous bleeding episodes. The
mainstay of treatment for hemophilia A is replacement
therapy with plasma-derived FVIII (pdFVIII) or recombi-
nant FVIII (rFVIII) concentrates, which include full-
length rFVIII proteins and modified rFVIII proteins with
deletion or truncation of the B domain. New further
modified rFVIII proteins, including a B-domain-truncated
single-chain construct composed of covalently bonded
heavy and light chains, and two-chain rFVIII proteins
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incorporating the fragment crystallizable (Fc) region of
immunoglobulin (Fc fusion) or covalent attachment of
poly(ethylene glycol) (PEG) molecules, have been devel-
oped.

In this review, we discuss the history and current situa-
tion relating to the use of the one-stage clotting assay
(OSA) and the chromogenic substrate assay (CSA) for
both manufacturers’ potency assignment and the diagno-
sis and clinical monitoring of FVIII:C measurements in
patients with hemophilia A.

FVIII activity assays

OSA

The one-stage activated partial thromboplastin time
(APTT) clotting assay measures activity of the intrinsic
and common pathways of the coagulation cascade. The
first diagnostic test for hemophilia A was proposed in
1953, in which evidence of hemophilia A was provided if
the patient’s plasma sample (test sample) showed a nor-
mal prothrombin time and a prolonged partial thrombo-
plastin time as compared with ‘normal’ plasma (reference
sample) [8]. FVIII activity was quantified by measuring
the ability of ‘normal’ plasma to shorten/correct the par-
tial thromboplastin time when added to hemophilic
plasma. The fundamental methodology of the OSA has
not changed over time. Serial dilutions of the test plasma
sample are mixed with equal volumes of FVIII-deficient
plasma plus phospholipids and surface activator reagents;
calcium ions are then added to start the coagulation reac-
tion, and the APTT is recorded (Fig. 1A) [9]. The OSA is
used with naturally or artificially depleted FVIII-deficient
plasma. Technical developments include the introduction
of combined phospholipid/activator reagents to aid
automation [10].

CSA

The CSA is based on the same principle as the two-stage
clotting assay [11]. The common first stage involves incu-
bation of the plasma sample with FIXa, FX in excess,
thrombin (optional), calcium ions and phospholipids to
generate activated FX (FXa). The FVIII is activated, and
the resulting FVIIIa acts as a cofactor for FIXa to con-
vert FX to FXa. This is followed by a second stage to
determine the amount of FXa produced. The CSA was
developed after the synthesis of FXa-selective chro-
mogenic substrates [12,13]. In the second step, FXa
hydrolyzes the chromogenic substrate, and the color
intensity of the resulting product (generally, p-nitroaniline
released enzymatically) is directly proportional to the
amount of FXa, which in turn is directly proportional to
the amount of FVIII in the sample (Fig. 1B); therefore,
the composition of assay components ensures quantitative
assessment of FVIII activity [14].

Comparison of OSA and CSA

Both assays must fulfill three main requirements: they
must provide a robust measure of FVIII activity, be sensi-
tive to changes in pharmacokinetics, and be representative
of the in vivo situation. In common with the OSA, the
CSA is an indirect method of measuring FVIII activity,
with the FVIII level being determined by comparison
with a reference curve. Key features, advantages and limi-
tations of the OSA and the CSA are shown in Table 1.

Historically, the CSA has been technically more com-
plex to perform and more difficult to automate than the
OSA, although protocols are available for the CSA on
most modern automated equipment and are easy to per-
form. The CSA is also perceived as the slightly more
expensive option, although this may depend on how the
assay is implemented [15,16]. A further difference is that
clotting factors other than FVIII are present at physio-
logic concentrations, whereas, in the chromogenic—assay;
the initial FXa generation step is performed with concen-
trations of exogenous FX and FIXa as optimized by the
kit manufacturer, and a low concentration of bovine
thrombin may be present in order to accomplish activa-
tion of FVIII. Preactivation of FVIII increases activity in
the OSA but not in the CSA (provided that FXa produc-
tion is measured after a sufficiently long activation per-
iod), and the OSA is more likely to be affected by
impurities such as lipids or heparin [17]. In both the OSA
and the CSA performed on samples collected from
patients receiving direct-acting oral anticoagulants, arte-
facts may appear, with the observed FVIII concentration
being reduced [18]. Discussion continues over which assay
is best and provides a better indication of ‘true’ FVIII
activity [19-21]. Whichever assay is used, coagulant activ-
ity may be expressed in IU dL™', in ITU mL™', or as a
percentage. The FVIII reference range is 50-150 IU dL ',
0.5-1.5 TU mL~", or 50-150%; however, there is now a
preference for avoiding the reporting of activity as a per-
centage. It is worth nothing that both the OSA and the
CSA can be used in inhibitor assays, and it appears that
the CSA produces fewer false-positive results; however
such conclusions must be drawn cautiously [22].

Use of the CSA and OSA: potency assignment of FVIII

Potency assignments of both pdFVIII and rFVIII concen-
trates are required before release of an FVIII product by
regulatory authorities. FVIII potency measurement must
be accurate, as the two main purposes of potency labeling
of products are to define the quantity of active substance
in a vial and to guide dosing for treatment [23]. For
example, potency assignments are determined relative to
the current World Health Organization (WHO) Interna-
tional Standards (ISs) for FVIII [23] and are reported in
international units. These potency assignments must be
accurate to enable comparison between different products

© 2015 International Society on Thrombosis and Haemostasis
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Fig. 1. Schematics of FVIII activity assays. (A) One-stage clotting assay. (B) Chromogenic substrate assay. FIXa, activated FIX; FVa, acti-
vated FVa; FVIlla, activated FVIII; FXa, activated FX; FXIa, activated factor XI; pNA, para-nitroaniline.

(pdFVIII and rFVIII) and to ensure that products labeled
in international units contain the correct amount of FVIII
in the vial versus the labeled potency, and are therefore
not overpriced or underpriced. Furthermore, accurate
potency determination is vital to ensure optimal safety
and efficacy for patients, and to uphold the integrity of
the international unit. The dose based on the labeled
potency of a product and the expected FVIII recovery in
the patient should be established with data from clinical
pharmacokinetic studies [23]. A dosing guideline may
then be derived from which clinicians should be able to
determine the optimal efficacious and safe dose for a
specific patient. If manufacturers accurately and precisely
determine the amount of FVIII in a drug product, a clini-

© 2015 International Society on Thrombosis and Haemostasis

cian can be confident in the international unit assignment
and the appropriate dose based on standard clinical prac-
tice parameters, established pharmacokinetic data from
clinical trials, and product labeling guidance.

Currently, the OSA and the CSA are used to assign
potency. The European Medicines Agency (EMA)
requires the CSA to be used. However, although the
EMA stipulates that the CSA should be used, approval
of the OSA for potency labeling by regulators is possible,
albeit infrequently sought, provided that equivalence of
results obtained with both methods is shown [24]. The
US Food and Drug Administration (FDA) has no such
guidance; currently all but two FVIII products are labeled
by use of the OSA. Because the majority of laboratories
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Table 1 Main features, advantages and limitations of the one-stage clotting assay (OSA) and chromogenic substrate assay (CSA) for determi-

nation of FVIII activity

OSA

CSA

Main features

One-stage procedure

Physiologic concentrations of clotting

factors other than FVIII

Recommended by the US FDA as

the reference method for FVIII
potency assignment
Simple and rapid
Inexpensive
Easy to automate

Advantages

Widely used for clinical monitoring

Detects some mild hemophilia

variants where the OSA result is

lower than the CSA result
Limitations (particularly Sensitive to FVIII activation
with respect to new

modified rFVIII products) assay conditions and analyzers

may result in high interlaboratory

variability
Sensitive to lupus AC, heparin,

DOAC drugs, and lipid impurities
Less sensitive at low FVIII concentrations

Overestimates FVIII activity in

some patients with a mild hemophilia

A phenotype

Higher interlaboratory variability
than the chromogenic assay for
rFVIII products

Underestimates FVIII activity for
BDD rFVIII products

Some reagents may not be suitable for

measuring the FVIII activity of
new modified rFVIII products

Measures the ability of reference plasma
to shorten the APTT of hemophilic plasma

Large variety of assay kits, reagents,

Measures the ability of FVIII to act as a cofactor
for FIX to activate FX
Two-stage procedure: generation of FXa followed
by reaction of FXa with a chromogenic substrate and
photometric measurement
Highly diluted concentrations of clotting factors
Recommended by the EMA as the reference method
for FVIII potency assignment
Not sensitive to FVIII activation
FVIII-deficient plasma not required
Suitable across all FVIII concentrations
Insensitive to lupus AC
Lower interlaboratory variability than the OSA
Detects some mild hemophilia variants where
the CSA result is lower than the OSA result
More expensive than the OSA
Not as widely used as the OSA, particularly
for diagnosis and monitoring
Perceived to be more difficult to automate than the OSA
Perceived to be technically complex
Overestimates FVIII activity in some patients
with a mild hemophilia A phenotype
Sensitive to DOAC drugs

AC, anticoagulant; APTT, activated partial thromboplastin time; BDD, B-domain deletion; DOAC, direct oral anticoagulant; EMA, European
Medicines Agency; FDA, Food and Drug Administration; FXa, activated FX; rFVIII, recombinant FVIII.

in the USA use the OSA to monitor, the FDA’s prefer-
ence has been to label by use of the OSA, but decisions
on potency labeling should not be driven by a desire to
adapt to standard clinical laboratory practice; rather, it
should be supported by thorough characterization of the
in vitro properties of the new product and data on in vivo
efficacy. The Subcommittee of the Scientific and Stan-
dardization Committee of the ISTH (SSC ISTH) has pub-
lished recommendations for potency labeling as a
guidance to manufacturers; these state that harmonization
of the approach for assigning potency is vital, particularly
for the new modified rFVIIT products [23]. The method
of choice for labeling is irrelevant when both the OSA
and CSA agree, but it is crucial when there are significant
discrepancies. An example of potency labeling issues
occurred with ReFacto (Pfizer, Sandwich, UK). The
results from a different study revealed that the
CSA-assigned potency for the product-specific ReFacto
laboratory standard (RLS) was ~ 20% too high [25].

Subsequently, the RLS was recalibrated, and this resulted
in a 20% increase in the ReFacto protein level in each
vial for the same labeled potency. Consequently, the ther-
apeutic potential of ReFacto may have been overesti-
mated by the previous potency label [26], and this may
explain early reports of poorer efficacy of B-domain dele-
tion (BDD) products than would be expected on the basis
of the labeled potency [27-29]. Owing to the differences
in potencies assigned by the OSA and the CSA, the suc-
cessor products have different labeled potencies in the
USA and the European Union (EU), with 1 TU of Xyn-
tha (Wyeth Pharmaceuticals, Collegeville, PA, USA)
(USA; OSA) being equivalent to 1.38 TU of ReFacto AF
(Pfizer, Sandwich, UK) (EU; CSA) [30].

Use of the CSA and the OSA: clinical monitoring

The diagnosis of hemophilia A, monitoring of FVIII
target levels during treatment, determination of the

© 2015 International Society on Thrombosis and Haemostasis
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pharmacokinetics of FVIII replacement therapiesg and the
successful perioperative management of FVIII levels in
patients with hemophilia A require estimates of FVIIL:C
with acceptable levels of accuracy and precision. In prac-
tice, variability of approximately 10-20% is tolerated for
clinical monitoring, owing to the inherent differences in
pharmacokinetic and clinical efficacy responses of individ-
ual patients to FVIII replacement products. The impact
of discrepancies between the OSA and the CSA in clinical
practice has recently been reviewed, with an emphasis on
diagnosis and the management of inhibitors [11]. Overall,
the OSA remains widely used for the diagnosis of
hemophilia A and clinical monitoring of FVIII replace-
ment therapy, because it is simple, rapid, inexpensive, and
easy to automate.

Although the OSA is widely used, there are numerous
assay kits, reagents, assay conditions, analyzers and com-
binations thereof available for the OSA, leaving the
method riddled with variation. The interlaboratory vari-
ability of the OSA increases if the recommended technical
standardization procedures are not followed [17]; these
include the use of FVIII-deficient plasma containing a
normal level of VWF, inclusion of albumin (1% w/v) in
all assay buffers, and predilution with hemophilic plasma
(or its equivalent) for the assay of all rFVIII or high-pur-
ity pdFVIII concentrates [17,31]. Standardization of assay
procedures has reduced the variations observed for the
OSA in collaborative studies to some extent [32-34].
Although the OSA accurately assesses FVIII activity for
pdFVIII, it has a tendency to underestimate FVIII activ-
ity for some rFVIII products, particularly BDD rFVIII
proteins, with OSA-based estimates often being 20-50%
below chromogenically determined values [34-38]. Manu-
facturers will need to provide guidance to clinicians
whose laboratories are using the OSA to measure FVIII:
C of products that have been clinically validated and then
labeled by use of the CSA, in order to allow appropriate
interpretation of ene-stage data.

The CSA is currently in use in many specialty clinical
laboratories [39], and validation of the CSA for routine
clinical laboratory environments is currently under inves-
tigation [40]. In Europe, it is accepted that the CSA
shows lower variation than the OSA [33,34]. At low
FVIIIL:C levels (3-5%), the CSA is considered to be more
sensitive than the OSA [24], and may show greater preci-
sion [41], but the latter has not been consistently demon-
strated [42,43]. The CSA is generally more reproducible
across laboratories (Table 2). The improvements in sensi-
tivity and precision obtained with the CSA over the OSA
are clear advantages, but its complexity adds to the oper-
ator burden, and the additional step and reagents intro-
duce a hypothetical risk of increased errors. The lower
number of commercially available CSA kits than of OSA
kits may limit interlaboratory variation, but, conversely,
reduced competition between manufacturers may sustain
elevated prices. It is also possible that the effective cost of

© 2015 International Society on Thrombosis and Haemostasis
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the CSA is increased by the limited use of the kit, as it is
only suitable for assaying FVIII, unlike the OSA, which
is a modification of the APTT assay used for routine
coagulation monitoring, and by the lack of kits designed
for assaying a small number of samples. The majority of
CSA kits are formulated such that the whole CSA kit
must be used for assaying, which may result in wastage in
centers with few patients with hemophilia A. This limita-
tion may be circumvented by aliquoting and freezing
reagents, but utilization of stored frozen aliquots should
be validated by any laboratory embarking on such a
protocol.

Discrepancies between the OSA and the CSA

Measurement of FVIII activity with the OSA and the
CSA can provide comparable results, but discrepancies
between the two types of assay occur in a number of cir-
cumstances. These include measurements of FVIII activity
in patients with specific hemophilia A phenotypes or
genetic mutations [21,44], and when high-purity pdFVIIIT
concentrates and rFVIII products are assayed [34-38].
The discrepancies may be exacerbated by modifications to
rEFVIII, such as B-demain-deletion, [36], the length of the
B-domain linker [45], and technologies designed to
improve the pharmacokinetics of rFVIII, including
PEGylation [41,42,46,47]. The factors known to result in
assay discrepancies are detailed in Table 2.

Patients with non-severe hemophilia A

Assay discrepancies have been observed in approximately
one-third of patients with non-severe hemophilia A
[21,44]. The FVIII activity level may be higher when
determined with the OSA than when determined with the
chromogenic/two-stage assay [21,48-57] or vice versa
[21,55,58,59].

Lower FVIII activity (> 2-fold difference) when it—is
measured with the CSA than—-whenitis—measured with
the OSA is associated with the presence of missense
mutations localized in the A1-A2-A3 domain interfaces,
e.g. Dp.Arg546Trp, p.ArgS50Gly and p.Arg550His
[21,54,55,60], p.Asn7131le [52], and p.His1973Leu [56].
These mutations are associated with reductions in the sta-
bility of the FVIII heterodimer and A2 domain in the
activated heterotrimer (FVIIIa), and disruption of inter-
domain protein—protein interactions [21,54]. As FVIIla is
only generated once calcium ions have been added during
the final rapid clotting stage of the OSA, the effect of
instability of the FVIIla heterotrimer is minimized. In
contrast, during the incubation of the CSA first step, in
which FVIII is proteolytically activated to form FVIIIa, a
higher rate of A2 dissociation is favored, and would thus
tend to reduce the observed FVIII activity [21,54].

Patients with mutations such as p.Tyr365Cys and
p-Glu739Lys show higher levels of FVIII activity with the
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Table 2 Factors resulting in discrepancies between the one-stage
clotting assay (OSA) and chromogenic substrate assay (CSA) for
determination of FVIII activity

Factor CSA/OSA, Causes of discrepancy

Missense mutations in F§
Localized in
the A1-A2-A3
domain interfaces

<0.5

These mutations are
associated with reduced
stability of the FVIII
heterodimer and
FVIIIa heterotrimer

The effect is minimized
in the OSA, wheras
the incubation
performed during the
first step of the CSA
favors a higher rate of
A2 dissociation,
leading to a reduction
in observed FVIII
activity

These mutations affect
thrombin activation or
FVIII binding to FIXa
or VWF

The OSA is sensitive to
alterations in thrombin
binding or cleavage of
FVIII, whereas the
CSA is not

To be determined

Located close to or
within thrombin
cleavage, FIX-binding
or VWF-binding sites

rFVIII products Approximately
1.1-1.3%

Modifications to rFVIII
BDD/B-domain

truncation

> 11 For ReFacto, the
difference can be
corrected by the type
and concentration of
the phospholipid used
in the OSA

Some other B-domain-
modified rFVIII
products do not show
significant discrepancies

Interaction of the PEG
moiety with silica-based
reagents in the OSA
results in prolonged
APTT and
underestimation of
FVIII activity

PEGylation

APTT, activated partial thromboplastin time; BDD, B-domain dele-
tion; FIXa, activated FIX; FVIIIa, activated FVIII; PEG, poly(ethy-
lene glycol); rFVIII, recombinant FVIII; VWF, von Willebrand
factor. tValues of the CSA/OSA ratio vary but, in general, FVIII
activities obtained with the CSA are higher than those obtained with
the OSA.

CSA than with the OSA [21,44,58,59]. The majority of
mutations associated with this type of discrepancy are
located close to or within thrombin cleavage sites, or
FIX-binding or VWF-binding sites, and thus affect
thrombin activation or FVIII binding to FIXa or VWF
[21]. In the OSA, the physiologic thrombin concentrations

initially formed activate FVIII in a short period of time,
making the assay sensitive to any alterations to thrombin
binding or cleavage of FVIII. In contrast, the requirement
for incubation in the CSA means that changes in the
affinity of thrombin for FVIII and/or changes in the
FVIII activation kinetics will be overcome by the excess
thrombin activating diluted FVIII [21].

In the majority of cases of hemophilia A, FVIII activ-
ity measured with either assay is low enough that the
correct diagnosis will be made. However, approximately
5-10% of patients with mild hemophilia A show FVIII
activity within the normal range when it is measured with
one type of assay, but lower FVIII activity when it is
measured with the other [21,61]. In these patients, diagno-
sis may be missed if only one assay is used. In most cases,
the clinical phenotype correlates more closely with the
lower FVIII activity obtained from either of these assays
[21,61,62], but exceptions have been documented [63].
Thus, combined use of the OSA and the CSA is recom-
mended for the diagnosis of mild hemophilia A
[21,44,61,62,64,65].

Existing rFVIII products

Assay discrepancies have been noted for full-length
rFVIII products, with higher FVIIIT activity levels being
measured with the CSA than with the OSA [33-38]. Gen-
erally, the discrepancies are 8§-20% [33,34,36], and thus
not clinically significant (i.e. within the accepted variation
of < 20%), although reports of differences of ~ 40% exist
[37]. However, the assay discrepancy for BDD rFVIII can
be much larger, with the OSA giving values 20-50%
lower than the CSA [34-38]. Plasma levels of the BDD
rFVIII product ReFacto were up to ~ 50% lower when
measured with the OSA than when measured with the
CSA [36]. Laboratories using the OSA assay to measure
ReFacto postinfusion plasma samples were provided with
a product-specific reference standard to correct the under-
estimation.

Assay discrepancies have been observed for postinfu-
sion samples of FVIII concentrates, with evidence that
the difference is greater for rFVIII than for pdFVIII
products. In the collaborative studies to calibrate the 5th
and 6th WHO IS FVIII concentrates, the chromogenic/
one-stage potencies of a rFVIII concentrate versus the
WHO plasma standard were 1.48 and 1.26, respectively
[30]. In a UK survey of postinfusion samples, the CSA
gave significantly higher results than the OSA for
Kogenate FS (Bayer Pharma AG, Berlin, Germany)
(32% difference; P < 0.0001) but not for Advate (Baxter
AG, Vienna, Austria) or ReFacto AF, when calibrated
with a plasma standard [66]. The APTT reagent type
markedly affected one-stage FVIII activities for
ReFacto AF and Advate, but not for Kogenate FS [66].
For plasma-derived products, the situation depends on
the test systems and product type. A mAb-purified
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concentrate (Hemofil M; Baxter Healthcare Corporation,
Westlake Village, CA, USA) showed 17-28% higher
recovery when measured with the CSA than whenmea-
sured with the OSA [67], whereas mean CSA/OSA ratios
of 0.97-1.11 have been observed for Hemofil M, Emoclot
(Kedrion S.p.A., Barga, Italy) and Fanhdi (Grifols UK,
Cambridge, UK) in clinical samples [68]. Postinfusion
samples of recombinant and high-purity plasma-derived
products are therefore regarded as concentrates diluted in
a patient’s plasma. To provide a ‘like versus like’ compar-
ison, a concentrate standard (similar to the administered
product) is proposed to be diluted in hemophilic plasma
and used as the reference instead of a plasma standard
[30].

New modified rFVIII products

The advent of rFVIII products with additional modifica-
tions designed to improve the pharmacokinetic properties
of FVIII presents further challenges for the determination
of FVIII activity [66]. Potential assay discrepancies are
under investigation for these new products, and the cur-
rently reported data are shown in Table 3. It appears
that BDD/truncation on its own does not necessarily lead
to significant assay discrepancies. This is supported by
the similar results for both Advate (full-length rFVIII)
and NovoEight (Novo Nordisk A/S, Bagsverd, Den-
mark) (B-domain-truncated rFVIII) in a comparative
field study [41], in which, despite discrepancies between
the OSA and CSA, their magnitude was similar. In addi-
tion, the comparative field study for Eloctate (Biogen,
Cambridge, MA, USA) (rVIII-Fc fusion protein) con-
cluded that clinically insignificant assay discrepancies
occurred as compared with a full-length FVIII product
[42]. In common with the NovoEight comparative field
study, the OSA overestimated FVIII activity at low con-
centrations, and better dose linearity was observed for
the CSA [41,42]. Assay discrepancies have been noted for
FVIIT activity levels for the B-domain-truncated single-
chain construct rVIII-SingleChain [69], but data are not
yet available on the extent of the discrepancies. The
underlying reason why some B-domain modifications
result in assay discrepancies remains to be elucidated,
although it may be that the length of the B-domain linker
is important [45].

Assay discrepancies that are likely to be clinically rele-
vant are apparent for the N8-GP (Novo Nordisk A/S)
and BAY 94-9027 (Bayer Pharma AG) PEGylated rFVIII
products. Although the PEG moiety does not appear to
affect the CSA, it does seem to interact with silica-based
APTT reagents, resulting in prolonged APTT and under-
estimation of FVIII activity in the OSA [46,47,70]. Ellagic
acid and polyphenol APTT reagents do not appear to
cause these issues, and it may therefore still be possible to
monitor PEGylated rFVIII products with the OSA
[46,47,70]. For BAX 855 (Baxter Healthcare Corpora-
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tion), a PEGylated full-length rFVIII, data have not been
reported on assay discrepancies. However, a modified
assay specific for PEGylated rFVIII that combines the
use of an anti-PEG antibody with a CSA has recently
been developed and validated for the measurement of
BAX 855 [71]. Although the mechanism for interference
of the PEG moiety with particular APTT reagents has
not been elucidated, the size and position of the PEG
molecule on the rFVIII protein may play a role [70,72].

Options for resolving FVIII assay discrepancies

When the product manufacturers’ preferred method of
clinical monitoring, such as the CSA, is not available
there are several options for resolving FVIII activity assay
discrepancies with the available clinical laboratory meth-
ods.

Product-specific reference standard

This method was used with ReFacto and its successor
ReFacto AF, when the CSA was not available. Accurate
FVIII activities could be determined for ReFacto and
ReFacto AF with the OSA, as long as the RLS or
RLS-AF standard was used, respectively, instead of a
plasma standard [35,73,74]. There are several advantages
to this approach: it facilitates the standardization of
results between assays; it is consistent with the ‘like ver-
sus like” principle recommended by the SSC ISTH; and
it provides greater reliability for critical determination of
FVIII activity (e.g. in clinical monitoring). However, dis-
advantages must also be considered. Using a product-
specific standard can be difficult to implement in routine
laboratory procedures. Each assay and product standard
may need to be validated on specific analyzers, so
switching between standards would be time-consuming.
Additionally, as the number of rFVIII products
increases, the number of accompanying reference stan-
dards will probably also increase. Integrating further
multiple reference standards into standard laboratory
practice may prove challenging, requiring good commu-
nication between the hemophilia treatment center and
the laboratory. Not only would clinical laboratories that
support patient monitoring need to be informed of the
specific rFVIIT product that the patient is receiving, but
they would also have to indicate which product-specific
standard was used to obtain the reported result. In sum-
mary, although a product-specific standard provides a
method for accurately determining FVIII activity with
the OSA, in reality it is unlikely that most clinical labo-
ratories would embrace this change; rather, they would
continue to use their own internal procedures. For
PEGylated rFVIII products, product-specific standards
may also be necessary for potency measurements; a pro-
duct-specific standard for N8-GP is currently under eval-
uation [46,47].
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Recommendation to use/not use specific reagents/kits

As the assay discrepancies for PEGylated rFVIII products
are often related to particular OSA reagents/activators
giving erroneous results, e.g. silica-based APTT reagents
[46,47,70], clinical monitoring may be possible with the
OSA as long as only manufacturer-recommended assay
reagents (i.e. ellagic acid activators) are used. This
approach may force clinical laboratories to adjust their
choice of APTT reagents according to the rEVIII product
prescribed by clinicians; however, this depends on the
freedom that individual laboratories may have regarding
the purchasing of Kkits. Alternatively, product-specific
standards may be used to overcome the limitations of the
OSA with respect to these modified rFVIII products
[46,47]. The situation concerning other rFVIII modifica-
tions — BDD, B-domain truncation, and Fc fusion — is
less clear. For these products, FVIII activity determina-
tion with the OSA without specifically recommended
reagents may be feasible, but is likely to be product-
dependent.

Manufacturer-guided clinical interpretation

Acceptable clinical interpretation of the FVIII activity of
products that produce systematic discrepancies across
reagents may be possible if well characterized, and if a
correction factor is applied according to the manufac-
turer’s guidelines. However, the feasibility of this
approach would need to be demonstrated for individual
products, and would be dependent on the OSA underesti-
mation being predictable across the entire range of FVIII:
C values observed in clinical practice (the relationship
may be non-linear) and the variability being consistent
with other rFVIII full-length products.

Conclusions

New modified rFVIII products pose challenges for FVIII
potency and activity measurement, and their behavior in
both the OSA the CSA must be fully characterized [23].
Despite being commonly used worldwide, because of its
simplicity and widespread dissemination, the OSA has
several limitations with respect to determination of FVIII
activity levels for some BDD and other modified rFVIII
products, particularly those that contain a PEG moiety.
However, as it remains the method of choice in a number
of countries, including the USA, options to convert inac-
curate OSA results should be implemented and guided by
the manufacturers, e.g. product-specific standards, avoid-
ance of certain APTT reagents, or generalized guidance if
there is systematic underestimation or overestimation of
activity.

Clinical interpretation of all patient laboratory data is
necessary for appropriate clinical decision-making. As the
laboratory practice adjusts to fully support clinical moni-


Inserted Text
rFVIII, recombinant FVIII;

Inserted Text
BDD, B-domain deletion;

Cross-Out

Inserted Text
BDD

Comment on Text
Please move line back to align with 'Prolonged APTT ...' above

Comment on Text
Please take back onto previous line

Inserted Text
and 


12 F. Peyvandi et al

toring of rFVIII activity in patients, the onus will be on
clinicians. As manufacturers fully characterize the rFVIII
products coming to market, appropriate guidance should
be given regarding recommended laboratory methods and
variance noted across methods used in current clinical
practice. This will allow emergent interpretation of clini-
cal results and permit clinicians to use alternative refer-
ence laboratories if needed in non-emergent settings.
When reporting FVIII activity, laboratories will need to
note, at a minimum, the current methods used in the lab-
oratory, i.e. OSA or CSA, in addition to the activators
used. Acceptable clinical interpretation of FVIII activity
of products that produce systematic discrepancies across
reagents may be possible if well characterized. This will
be especially useful for ease of local laboratory evalua-
tions when the local laboratory is unable to integrate
multiple methods into practice.

Currently, the CSA is used less frequently than the
OSA for clinical monitoring. However, its precision and
suitability across all FVIII concentrations make it an
attractive option. The evolution of CSA use may be accel-
erated if it is used to perform potency measurements and
clinical monitoring during phase III studies of new modi-
fied rFVIII products, but considerable barriers remain.
Less expensive CSA kits and reagents, and kits designed
for lower sample throughput, will be needed if clinical
laboratories are to consider their routine use. Overall, the
ability of the CSA to accurately measure the FVIII activ-
ity levels of new modified rFVIIT products will increase
its role in potency assignment and probably also in clini-
cal monitoring in the future.

Addendum

F. Peyvandi, J. Oldenburg, and K. Friedman: contributed
to the design of this review, and identified the priorities
and needs of the scientific community. F. Peyvandi: coor-
dinated the review. All authors: critically reviewed the
manuscript, providing substantial input, and gave final
approval of the version to be published.
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