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Introduction: Discrepancies in the measurement of modified factor VIII (FVIII) prod-
ucts have been recognized, highlighting the need for adjustments in clinical labora-
tory practices to ensure effective monitoring of patients treated with these products,
particularly using the one-stage (activated partial thromboplastin time [aPTT]) assay.
Aim: To assess the ability of clinical laboratories to measure the activity of BAY 94-9027,
a PEGylated extended half-life FVIII product, using routine (predominantly one-stage)
assays in clinical laboratories

Methods: Blinded samples of FVIII-deficient plasma spiked with defined levels of
BAY 94-9027 and a recombinant FVIII product comparator were provided to 52 clini-
cal laboratories that routinely conduct FVIII testing. Samples were provided at 3 con-
centrations (low, medium and high), and laboratories analysed the samples using
routine in-house one-stage and, when available, chromogenic assays. Acceptable
spiked recovery (accuracy) of the local laboratory methods to measure BAY 94-9027
was the primary endpoint of the study.

Results: Accurate FVIII measurements were obtained at all concentrations for both
products using the chromogenic assay and most of the commonly used one-stage
reagents, both ellagic acid and silica based. Two specific silica-based reagents, APTT-
SP and PTT-A, underestimated BAY 94-9027 levels at all concentrations, consistent
with previous findings.

Conclusions: FVIII activity of BAY 94-9027 was accurately measured with most com-
monly used one-stage assays used in routine clinical practice. The chromogenic assay
was also accurate. It is recommended that clinical laboratories identify and avoid
specific inappropriate reagents, such as the APTT-SP and PTT-A, in their one-stage
assays for FVIII monitoring.
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1 | INTRODUCTION

Accurate measurement of factor VIII (FVIII) activity is important for
guiding treatment decisions.*? FVIII activity is typically measured
using the one-stage and, in some cases, the chromogenic assays.®
Although the one-stage assay is used in most laboratories world-
wide for postinfusion monitoring, results are highly variable and
may be influenced by reagents and different laboratory practices.®*
Because discrepancies in the measurement of modified FVIII prod-
ucts using the one-stage assays have been recognized, studies spe-
cifically addressing the ability of clinical laboratories to accurately
measure these products have been undertaken.>”

BAY 94-9027 is an extended half-life (EHL) FVIIl molecule. Safety
and efficacy have been demonstrated in multiple studies in adults,
adolescents and children using tailored regimens with dosing inter-
vals up to every 7 days.g'9 BAY 94-9027 is an engineered B-domain-
deleted recombinant FVIII (rFVIII) that is site-specifically conjugated
to a single 60-kD polyethylene glycol (PEG) molecule (2 x 30 kDa
branched) at a cysteine variant to reduce the clearance of FVIII and
prolong its activity in circulation.!®! Because BAY 94-9027 is a mod-
ified molecule, there is the potential for differences in performance
when it is measured in coagulation assays established for standard
FVIII products. Thus, this study was designed to assess the ability of
clinical laboratories to accurately measure FVIII activity after BAY

94-9027 administration using their routine assays and methods.

2 | METHODS

2.1 | Study design

The study consisted of 2 parts. In part 1, laboratories analysed
test samples using their in-house (one-stage or chromogenic) as-
says, reagents and standards (calibrators), which referenced back
to the World Health Organization (WHO) International Standard
used by the laboratory and controls; the WHO 8th International
Standard was provided to laboratories if requested. Laboratories
that had the capacity to measure samples using both the one-stage
and chromogenic assays were given an additional sample set to
test. Part 1 focused predominantly on testing in-house one-stage
reagents because the chromogenic assay was previously shown to
accurately measure BAY 94-9027 activity.'? In part 1, information
regarding assay type, instrument, reagents (activator kits, calibra-
tors, and factor-deficient plasma) and dilutions were also collected
from individual laboratories; differences in laboratory practices
have been shown to affect FVIII measurements.>* To ensure that
part 1 captured both the prevalence and heterogeneity of one-
stage assay kits used in the geographic region studied, laborato-
ries that had 22 routine one-stage assays were sometimes asked
to perform sample testing with one of the less commonly used kits
in the laboratory. In part 2 of the study, all participating laborato-
ries received additional sample sets and 2 silica-based one-stage
assay reagents—Pathromtin® SL (Siemens, Marburg, Germany) and
HemosIL® SynthASil (Instrumentation Laboratory, Bedford, MA,

USA)—both provided by Bayer; these reagents have previously
been shown to accurately measure BAY 94-9027 in one-stage as-
says.13 Part 2 of the study was intended to assess the effect on
accuracy of results when guidance regarding specific one-stage re-
agents was provided to the laboratories. In addition, part 2 results
would further define the effect of one-stage kits on BAY 94-9027
measurement accuracy because the other reagents (ie, calibrators,
FVIlI-deficient or -depleted plasma) used for both parts 1 and 2
would be the same.

In both parts of the study, plasma samples spiked with antihae-
mophilic factor (recombinant) plasma/albumin-free method (rAHF-
PFM; Advate®, Shire, Westlake Village, CA, USA) were used as
comparators. Normal control plasma (Siemens) and unspiked pooled
haemophilic plasma served as high and low controls, respectively.
Laboratories were blinded with respect to the identity of the spiked
product (BAY 94-9027 or rAHF-PFM) or plasma control and target
levels. The comparator product and plasma controls were used to
ensure that laboratories were able to test FVIII activity accurately
using their routine practices. FVIII activity results of the analysed
samples as well as information regarding laboratory methodology
were documented on case report forms, which were verified for
completeness. FVIII spiked recovery, defined as 100x measured
FVIII level divided by nominal FVIII level, was the primary end-
point, with measured FVIII levels reported as a secondary endpoint.
Accuracy was assessed in terms of spiked recoveries falling within
the acceptance criteria (geometric mean of 80%-125% of the target

value).

2.2 | Field study assays

Part 1 of the study assessed the accuracy of in-house assays, both
one-stage and chromogenic (if available), to measure the activity of
BAY 94-9027 and rAHF-PFM at these different concentration lev-
els. Different concentrations of BAY 94-9027 and rAHF-PFM con-
centrates were added to pooled plasma from patients with severe
haemophilia A with normal levels of von Willebrand factor (HRF Inc.,
Raleigh, NC, USA) to generate pools of the different nominal FVIII
concentrations used in the study. Each laboratory received 3 sets
of 26 blinded and randomized samples with unique identifiers for
analysis (Table 1); an additional sample set was provided to the labo-
ratory if it had the capacity to measure FVIII using the chromogenic
assay. Each sample set consisted of triplicate BAY 94-9027 or rAHF-
PFM spiked at low (<10 IU/dL), medium (10-50 IU/dL), or high (50-
100 IU/dL) concentrations in pooled haemophilic plasma. Additional
samples (3 normal control plasma, 3 unspiked pooled haemophilic
plasma, and 2 extra samples from the other 24 BAY 94-9027 or
rAHF-PFM samples in the set) were included to prevent inadvertent
observer bias in testing and outcome. Nominal spiked target levels
were low (4.3 1U/dL), medium (37.5 IU/dL) and high (86.5 IU/dL) for
BAY 94-9027 and rAHF-PFM based on the labelled chromogenic
potency. The high control plasma contained 87.8 IU/dL FVIII based
on the one-stage assay, in line with standard laboratory calibration
practice.
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TABLE 1 Composition of each sample

Haemophilia & % WILEY--2

set Sample or spiked product Quantity in sample set FVIIl level®

BAY 94-9027 3 Low

3 Medium

3 High
Comparator product (rAHF-PFM) 3 Low

8 Medium

& High
Unspiked pooled haemophilic plasma (low 3 Negative

control)

Normal plasma (high control) 3 High
Additional random samples 2 Negative, low,

FVIII, factor VIII.

medium, or high

#Low < 10 IU/dL, medium = 10-50 IU/dL, high = 50-100 IU/dL.

For part 2, all sites received 1 kit each of Pathromtin SL and
SynthASil aPTT, with instructions to verify that each laboratory’s
test definition for the FVIII assay matched those provided in the
manufacturer’s instructions. Aside from these minimal but essential
modifications to the test definitions to allow FVIII detection of the
provided samples, no further modifications were recommended, and
no information was collected on how individual laboratories might
have modified the tests in part 2.

2.3 | Statistical analysis

All laboratories that provided data for 21 sample were included in the
full analysis set. The comparator product and plasma controls were
used to assess the ability of laboratories to measure FVIII based on
their in-house assays and laboratory methods. To minimize variabil-
ity resulting from general testing issues, laboratories that achieved
80% to 125% of the target value in 266% of the high control samples
(ie, 2 of 3 or 3 of 4 tests) in part 1 were included in the valid assess-
ments in high control (VAHC) analysis set. Statistical analyses were
performed using SAS® 9.2 software (SAS Institute Inc., Cary, NC,
USA). Results were analysed for intralaboratory and interlaboratory
variability. Sample statistics (mean, SD, median, quartiles, ranges)
were calculated for numeric data, and frequencies were calculated
for categorical data. Because of separate endpoints, results were an-
alysed separately for in-house reagents in part 1 and Bayer-provided
reagents (Pathromtin SL and SynthASil) in part 2.

3 | RESULTS

3.1 | Participating laboratories

Fifty-two laboratories from North America (n = 25), Europe (n = 26)
and Israel (n = 1) participated in the study. All 52 laboratories were
included in the full analysis set, and 48 laboratories qualified for the
VAHC analysis set, indicating that most laboratories could accu-

rately measure FVIII. In part 1, 36 laboratories tested samples using

only the one-stage assay, 3 tested samples using only the chromo-
genic assay and 13 used both assays. Assay reagents, including kit
and use of FVIlI-deficient or depleted plasma, varied in part 1 of the
study; differences in the analyzer and calibration practices were also
observed in part 1 (Table 2). In part 2, SynthASil and Pathromtin
SL were used to test samples in 52 and 51 laboratories, respectively,
which included some laboratories that used only the chromogenic
assay in part 1.

3.2 | Chromogenic assay results

Geometric mean FVIII recovery ranged from 104.4% to 117.1% for
BAY 94-9027, which was similar to results for rAHF-PFM (87.7%-
107.8%) using the chromogenic assay (Figure 1A). Accurate results
were obtained for all 3 chromogenic assay reagents used in part
1 (Figure 1B). Interlaboratory and intralaboratory variability (per-
centage coefficient of variation [CV]) was very low for high control
(pooled normal plasma), indicating that most laboratories could ac-
curately measure FVIII (Figure 1C and D). For all chromogenic assay
reagents, variability in results across different laboratories was low
(Figure 1C and D).

3.3 | One-stage assay results (overall)

Overall recoveries for both BAY 94-9027 and rAHF-PFM were also
similar for most of the one-stage reagents tested in parts 1 and 2
of the study (Figure 2A and B), and recovery was similar between
the VAHC analysis set and the full analysis set (data not shown).
Intralaboratory variability was comparable between BAY 94-9027,
rAHF-PFM and normal plasma in both parts 1 and 2 (Tables 3 and 4).
Interlaboratory variability was higher for BAY 94-9027 in part 1, but
percentage CV decreased in part 2 when all participating laborato-
ries used the Pathromtin SL and SynthASil kits, which can accurately
measure BAY 94-9027 and full-length FVIII (Tables 3 and 4).
Because the overall one-stage assay data suggested some dif-

ferences between the results obtained with in-house assays (part
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TABLE 2 One-stage and chromogenic assay methods used in
part 1

One-stage
assay (n = 49)

Chromogenic
assay (n = 16)

Kit, n (%)
Actin FS (Siemens) 8(16.3) 0
Actin FSL (Siemens) 8(16.3) 0
Pathromtin SL (Siemens) 6(12.2) 0
C.K. Prest (Stago) 3(6.1) 0
PTT-A (Stago) 6(12.2) 0
HemoslL SynthASil (IL) 15(30.6) 0
HemosIL APTT-SP (IL) 2(4.1) 0
FVIIl chromogenic (Siemens) 0 6(37.5)
HemosIL ELECTRACHOME o 3(18.8)
(Siemens)
Chromogenix Coamatic (IL) 0 7 (43.8)
Missing 1(2.0)
Analyzer, n (%)
ACL (IL) 13(26.5) 5(31.2)
Stago 7(14.3) 1(6.3)
BSC XP (Siemens) 8(16.3) 2(12.5)
CS2100i (Sysmex) 3(6.1)
CA-7000 (Sysmex) 1(2.0)
CS-5100 (Sysmex) 1(2.0)
MC10 plus (Merlin) 1(2.0)
Plate reader (Dynex) 0 1(6.3)
Not specified 15 (30.6) 7 (43.8)
Deficient plasma, n (%)
FVIII depleted 39 (79.6) N/A
Congenital FVIII deficient 6(12.2) N/A
Not specified 4(8.2) N/A
Calibration frequency, n (%)
Daily 9(18.4) 2(12.5)
Weekly 1(2.0) 0
According to individual 38 (77.6) 14 (87.5)
laboratory practice
Missing 1(2.0) 0
Calibrators, n (%)
Freshly prepared 44 (89.8) 15(93.8)
Frozen 4(8.2) 1(6.3)
Not specified 1(2.0) 0
FVIII activity of calibrator assigned to WHO IS, n (%)
Yes 46(93.9) 14 (82.4)
Not specified 3(6.1) 2(17.6)

FVIII, factor VIII; IL, Instrumentation Laboratory; N/A, not applicable;
WHO IS, World Health Organization International Standard.

1) versus specific appropriate assays (part 2), the data were further
analysed. Part 1 results were analysed to determine if all one-stage

assays were comparable in performance, whereas part 2 results

were assessed to determine whether further improvements in assay
outcomes were possible when guidance regarding appropriate one-

stage reagents was given.

3.4 | One-stage assay results (part 1)

In part 1, accurate results for BAY 94-9027 were obtained at all
levels with the ellagic acid-based reagent Actin® FSL (Siemens) and
were within or close to range for medium and high levels with the
silica-based reagents SynthASil and Pathromtin SL (Figure 3A); an-
alyzersused are listed in Table 2. ACL (Instrumentation Laboratory)
was used for SynthASil and BSC XP (Siemens, Erlangen, Germany)
and CS2100i (Sysmex, Kobe, Japan) for Pathromtin SL in part 1 of
the study. These results confirmed the previous findings'>* that
both ellagic acid- and silica-based reagents can be used to meas-
ure FVIII activity after BAY 94-9027 administration. Increased
variability was seen with the kaolin-based reagent C.K. Prest®
(Stago, Asniéres sur Seine, France) versus other one-stage rea-
gents. Actin FS also overestimated activity, particularly at low con-
centrations (Figure 3A). The interlaboratory and intralaboratory
variabilities with these kits were generally low for BAY 94-9027
and comparable to rAHF-PFM (Figure 3B and C). Two silica-based
reagents, PTT-A and APTT-SP, underestimated FVIII recovery
(<25% and <18%, respectively; Figure 3A) at all concentrations of
BAY 94-9027, which confirmed previous in vitro study find-
ings.'2'* The intralaboratory and interlaboratory variations for
BAY 94-9027 obtained with these 2 kits were higher versus other
one-stage kits (Figure 3B and C). The one-stage assay interlabo-
ratory variability for recoveries measured by laboratories with
these 2 reagents was 275%, whereas the variability with the other
one-stage reagents was generally <25% (Figure 3B). The results
obtained from these specific reagents indicate that they likely con-
tributed to the overall one-stage assay interlaboratory variability
for BAY 94-9027 in part 1 (Table 3) and further demonstrate the
importance of using appropriate one-stage assay reagents when
measuring BAY 94-9027 activity.

3.5 | One-stage assay results with specified kits
(part 2)

In part 2, the accuracy and variance in BAY 94-9027 assay perfor-
mance was assessed when laboratories were given appropriate rea-
gents, although no guidance was given regarding the analyzers to
be used. In addition to the FVIII spiked recoveries falling within the
expected range with both Pathromtin SL and SynthASil (Figure 2B),
the interlaboratory variability was reduced for BAY 94-9027 in part
2 when using these reagents (Table 4) versus part 1 using in-house
kits (Table 3); variability was comparable to rAHF-PFM and high con-
trol, demonstrating that laboratories were uniformly able to accu-
rately measure FVIII activity (Table 4). These results also indicated
that laboratories can accurately measure FVIII activity with BAY 94-
9027 using one-stage assays with appropriate reagents and a variety
of analyzers.
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FIGURE 1 Chromogenic assay data
showing overall FVIII recovery (A), FVIII
recovery by assay kit (B), interlaboratory
variability (C), and intralaboratory
variability (D). Low, medium and high
levels were 4.3, 37.5 and 86.5 IU/dL FVIII,
respectively; the high control (normal
plasma) contained 87.8 IU/dL FVIII. The
acceptable range is indicated by grey
shading in panels A and B. Data are
geometric mean; data in the table in panel
A are geometric mean + geometric SD.
CV, coefficient of variation; FVIII, factor
VIII; IL, Instrumentation Laboratory;
rAHF-PFM, antihaemophilic factor
(recombinant) plasma/albumin-free
method
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Discrepancies in the measurement of modified FVIII products
have been recognized and highlight the need for adjustments in

clinical laboratory practices to ensure effective monitoring of

stage assay.n? This international laboratory study was designed
to assess the ability of clinical laboratories to measure the activ-
ity of BAY 94-9027, a PEGylated EHL FVIII product, using routine
one-stage assays in clinical laboratories. Overall, the results of the
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TABLE 3
BAY 94-9027
CcV, % Low® Medium® High®
Interlaboratory 91.96 108.04 122.23
Intralaboratory 5.35 3.95 3.11

Haemophilia & K WILEY-

Interlaboratory and intralaboratory variability for the one-stage assay (Part 1) in the full analysis set®

rAHF-PFM
Low® Medium® High® High Control®
23.45 17.46 13.57 11.41

6.55 4.85 2.75 3.38

CV, coefficient of variation; FVIII, factor VIII; rAHF-PFM, antihaemophilic factor (recombinant) plasma/albumin-free method.

an =49,

bLow, medium, and high levels were 4.3, 37.5, and 86.5 IU/dL, respectively; the high control (normal plasma) contained 87.8 IU/dL FVIII.

TABLE 4
BAY 94-9027
CV, % Low? Medium? High?
Interlaboratory
Pathromtin SL, n = 51 63.43 26.98 24.50
SynthASil, n = 52 36.60 19.47 19.73
Intralaboratory
Pathromtin SL, n = 51 7.60 6.08 3.46
SynthASil, n = 52 4.96 3.22 3.48

Interlaboratory and intralaboratory variability for the one-stage assay (part 2) in the full analysis set

rAHF-PFM
Low? Medium?® High? High control®
61.99 22.36 15.59 20.52
32.95 16.76 13.42 14.31
6.41 6.11 3.92 3.58
5.42 5.27 3.48 3.26

CV, coefficient of variation; FVIII, factor VIII; rAHF-PFM, antihaemophilic factor (recombinant) plasma/albumin-free method.
ILow, medium, and high levels were 4.3, 37.5 and 86.5 IU/dL, respectively; the high control (normal plasma) contained 87.8 IU/dL FVIII.

study showed that selected one-stage and chromogenic methods
already established in most clinical laboratories can accurately
measure BAY 94-9027. Accurate results at all BAY 94-9027 levels
were observed with test sites using the ellagic acid-based reagent
Actin FSL and silica-based reagents Pathromtin SL and SynthASil
in part 2 of the study, when all sites used these specific reagents.
Actin FS and the kaolin-based reagent C.K. Prest showed some
overestimation of BAY 94-9027 activity, particularly at lower con-
centrations, versus the selected one-stage assay reagents tested.
Two specific silica-based one-stage assays, APTT-SP and PTT-A,
underestimated BAY 94-9027 activity at all concentrations; this is
consistent with previous findings.'>*

These data expand upon the existing literature on assay perfor-
mance with BAY 94-9027.12% Earlier studies have shown that FVIII
activity measurements for BAY 94-9027 spiked into FVIII-deficient
plasma were similar to the WHO 8th International Standard using
both chromogenic assay and ellagic acid-based one-stage assays.
These studies also showed that specific silica-based one-stage as-
says underestimated BAY 94-9027 activity.'>** Another earlier
study showed that other commonly used silica-based one-stage as-
says (Pathromtin SL and SynthASil) were able to provide accurate
measurements,’® which contradicted earlier conclusions that only
ellagic acid-based activators can be used to measure FVIII activity
with BAY 94-9027.12'* These important findings have been repli-
cated and confirmed by this international laboratory study.

With the use of selected commonly available one-stage assay re-
agents, we anticipate BAY 94-9027 activity measurement to be re-

producible. This is confirmed by the low interlaboratory variability in

recovery measurements seen when appropriate one-stage reagents
are used. Standardization of reagents and laboratory practices may
further decrease variability when measuring FVIII with all products
in clinical practice.

It has been shown that discrepancies and variability in results
using different assays or reagents have been documented for all
modified rFVIIl products, including B-domain-deleted and EHL
products.’” 17 Although the methods used to modify FVIII vary
among manufacturers of EHL products,2 it is apparent that some
modified proteins behave differently in some one-stage assays com-
pared with unmodified FVIII products.15 The variable performance
of modified rFVIIlI products (eg, Afstyla® [CSL Behring, Marburg,
Germany], N8-GP [Novo Nordisk, Bagsveerd, Denmark], and
BAY 94-9027) in one-stage assays may reflect the sensitivity of the
modified rFVIII product to variations in contact activation. More re-
cently, available reagents, such as SynthASil, also appear to provide
accurate results with different PEGylated molecules compared with
some older reagents. This possibility is supported by work from Gu
et al,* who assessed the ability of the SynthAFax kit (which can ac-
curately measure BAY 94-9027 activity) and the APTT-SP kit (which
underestimates BAY 94-9027 activity) to accelerate turbidity devel-
opment during plasma clot formation in the aPTT reaction. With the
SynthAFax kit, haemophilia A plasma spiked with different doses of
BAY 94-9027 or the WHO 8th International Standard had similar
clot times. In contrast, use of the APTT-SP kit revealed a delayed
appearance of the peak for BAY 94-9027 compared with the WHO
8th International Standard, indicating a slower acceleration of tur-
bidity development and a prolonged clot time with the APTT-SP kit
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FIGURE 3 One-stage assay data showing FVIII recovery by assay kit (A), interlaboratory variability (B) and intralaboratory variability (C).
Low, medium and high levels were 4.3, 37.5 and 86.5 IU/dL FVIII, respectively; the high control (normal plasma) contained 87.8 IU/dL FVIII.
The acceptable range is indicated by grey shading in panel A. Data are geometric mean. CV, coefficient of variation; FVIII, factor VIII; IL,
Instrumentation Laboratory; rAHF-PFM, antihaemophilic factor (recombinant) plasma/albumin-free method

compared with the SynthAFax kit. Thus, underestimation of activity
with these particular reagents may be related to PEG disturbance of
silica-mediated contact activation (“possibly due to interference of
contact activation on the silica surface by the 60-kDa PEG moiety of
the conjugated FVII1"*4).

As previously reported,® and as confirmed in this study, there is
a wide range of one-stage assay reagents and laboratory practices
used worldwide to measure FVIII activity. Without global standard-
ization of assays and methods, clinicians and clinical laboratories
must be informed of the specific modified FVIII product each patient
has received so that the appropriate assay and reagents can be used
for optimal monitoring.2 As reported in this study and others,”*¢ the
availability of assay- and reagent-specific data is vital to assist clini-
cal laboratories in choosing the appropriate assay conditions to en-
sure safe and effective postinfusion monitoring. Given the number
of available aPTT assays, the assays tested in field studies are by
no means exhaustive, and laboratories should determine that they
have suitable assays available before undertaking patient monitor-
ing. One approach may be the one adopted by the UK Haemophilia
Centres Doctors’ Organisation, which recommends that laboratories
use an assay that has been validated for use with the specific EHL
product being measured.'®

5 | CONCLUSION

This international laboratory study indicated that BAY 94-9027 ac-
tivity can be accurately measured with most common silica- and el-
lagic acid-based one-stage and chromogenic reagents used in clinical
laboratories. Two specific silica-based assays, PTT-A and APTT-SP,
underestimated results and should be avoided when measuring
plasma samples that contain BAY 94-9027. It remains important that
clinical laboratories test the accuracy of their local procedures be-

fore monitoring patients treated with FVIII products.
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