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Abstract

Background: Emicizumab, a bispecific monoclonal antibody for hemophilia A (HA), has strong pharmacodynamic effects in sev-
eral coagulation assays resulting in dosing difficulties with Factor VIII (FVIIl) concentrates during bleeding emergencies.
Materials and Methods: Single and multiple regression models were studied to estimate FVIII activity using 27 archived plasma
samples from three patients with HA without inhibitor under emicizumab treatment. Explanatory variables were FVIII chromo-
genic assay (CSA), Ad|minl|, Ad|min2|, the number of seconds of APTT, and the FVIII one-stage assay (OSA), which were mea-
sured without idiotype antibodies. The response variable was FVIIl OSA measured with idiotype antibodies.

Results: In the simple linear model, the FVIII CSA regression coefficient was 1.04 and the intercept was —14.55 (r*=0.95; p <
0.001). In the multiple regression model, FVIII OSA and FVIII CSA were selected based on the Akaike Information Criterion, with
regression coefficients of 1.74 and 1.15, respectively, and an intercept of —92.03 (r*=0.96, p < 0.001).

Conclusions: The regression models can estimate the FVIII:C levels in patients with HA receiving emicizumab and would be

useful in a bleeding emergency and/or surgery.
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Background

Hemophilia A (HA) is an X-linked hereditary bleeding disorder
caused by deficiency of coagulation factor (F) VIII activity.
Under physiological conditions, FVIII is activated by thrombin
and subsequently acts as a cofactor for activated FIX (FIXa) to
facilitate the activation of FX. Consequently, reduced FVIII
activity leads to diminished generation of FXa, resulting in
insufficient coagulation potential and bleeding complications. '~
HA is classified into three types based on FVIII activity levels:
mild HA (5 to < 40% FVIII activity); moderate HA (1 to <
5%); and severe HA (< 1%).? Usually, HA is treated with intra-
venous administration of recombinant or plasma-derived FVIII
concentrates to restore hemostasis.* Routine supplementation
with FVIII has two major drawbacks aside from its expense:
the development of inhibitors and the need for frequent venous
access for FVIII injection. Inhibitors precluding the use of
FVIII make it difficult to control bleeding because alternative
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treatment agents (such as recombinant activated FVII and acti-
vated prothrombin complex concentrates) have shorter half-
lives, cost more than FVIII, and are not always effective.”™®

A new treatment option for patients with HA with FVIII
inhibitor is the subcutaneous, 1.5 mg/kg once-weekly adminis-
tration of emicizumab, a novel, bispecific, humanized monoclo-
nal antibody, which has been approved in several countries for
routine prophylaxis in patients with HA with FVIII inhibitor.’
Emicizumab mimics the function of FVIIIa by bridging FIXa
and FX to restore effective hemostasis.” Although emicizumab
and FVIII show some functional similarities, several key differ-
ences influence the results of standard laboratory assays when
conducted in the presence of emicizumab. This can result in
misleading interpretation of coagulation assays in patients
treated with emicizumab.® Emicizumab has strong pharmaco-
dynamic effects on activated partial thromboplastin time
(APTT)-based assays and chromogenic FVIII assays (CSA)
using human FX/FIXa.'” As a result of the interference of emi-
cizumab with APTT, the FVIII one-stage assay (OSA) reports
FVIII activities exceeding 150% in the presence of emicizu-
mab.'"'? Consequently, all variations of OSA and Bethesda
assays using OSA to interpret results should be avoided in the
management of patients receiving emicizumab. The FVIII
CSA using bovine FX/FIXa can measure FVIII:C accurately
because emicizumab does not interfere with bovine factors.
However, the availability of bovine reagents is now limited in
Japan;” hence, laboratory tests are needed to estimate FVIII:C
for patients with HA requiring FVIII infusions.

In a previous study, two anti-idiotype monoclonal antibodies
(mAbs) were developed (rcAQS8, amAb binding to the anti-FIXa
arm of emicizumab; and rcAJ540, an anti-FX arm mAb) and
assessed using APTT and FVIII OSA."* The addition of both
rcAQS8 and rcAJ540 to samples containing emicizumab almost
completely eliminated its binding potential for human FIXa
and FX. This implies that the assays measured FVIII activity
as they would in the absence of emicizumab.'> However, these
antibodies are not commercially available, and one needs to
apply to the pharmaceutical company to obtain them.
Therefore, FVIII activity cannot be accurately measured in the
case of a bleeding emergency in patients with HA receiving emi-
cizumab when FVIII concentrates are administered. In this
study, we studied regression models to estimate FVIII activity
in the presence of emicizumab to address this issue.

Materials and Methods

Patients and Clinical Samples

Twenty-seven archived plasma samples from three patients (age
range, 43-78 years) with severe HA without inhibitor for FVIII
at the Tottori University Hospital, Tottori, Japan, from 2019 to
2021 were used in this study. These patients were given stand-
ard FVIII concentrates because of orthopedic surgery, prostate
biopsy, or appearance of bleeding events. All samples were col-
lected during the steady state of emicizumab therapy and using
standard venipuncture blood collection tubes containing one-

tenth volume of sodium citrate (3.2%/0.109 M) to provide a
final citrate concentration of 0.32%/0.0109 M. Platelet-poor
plasma was obtained after centrifugation of citrated whole
blood for 15 min at 1500 X g. All plasma samples were stored
at—80 °C and thawed at 37 °C immediately prior to the
assays. All samples were analyzed within 6 months. This
study was approved by the Ethics Committee at Tottori
University Faculty of Medicine (approval number: 19A056).

Coagulation Assays

Coagulation assays for APTT (Thrombocheck APTT-SLA
using ellagic acid and silica as triggers; Sysmex, Kobe, Japan),
FVIII OSA (FVIIl-deficient plasma; SIEMENS, Marburg,
Germany), and FVIII chromogenic assay (CSA) (Revohem
FVII chromogenic; Sysmex, Kobe, Japan) using human FX
and FIXa were performed using commercially available diag-
nostic kits according to instructions provided by the manufactur-
ers. Additionally, we used the parameters Adjusted minl| (Ad]
mnl|) and Adjusted |min2| (Admin2|), which are obtained
from the APTT clotting wave form calculated by the blood coag-
ulation analyzer CN-6000 (Sysmex, Kobe, Japan). With the
modified clot waveform analysis (CWA), the minimum trans-
mittance (0%) was set in the immediate post coagulation
phase, and Adlminl| and Adjmin2| were defined accordingly
as the maximum coagulation velocity and acceleration, respec-
tively, obtained from the first or second derivative of this
adjusted clot waveform.'* Samples from patients with HA
with emicizumab treatment were analyzed with or without anti-
idiotype antibodies (both rcAQ8 and rcAJ540)."* Plasma and
antibodies were mixed at a ratio of 20:1. These anti-idiotype anti-
bodies were kindly provided by Chugai Pharmaceutical, Tokyo.

Statistical Analysis

The following values measured without antibodies were used as
explanatory variables: FVIII CSA, Ad|minl|, Ad/min2| and the
number of seconds of APTT (APTT [s]) and FVIII OSA. FVIII
OSA measured with antibodies was the response variable in the
simple and multiple regression models. In the multiple regres-
sion (MR) analysis, variables were selected based on the
Akaike Information Criterion (AIC) using the stepwise
method in both directions, and the significance level of each
variable was set to P < 0.05. Statistical analysis was performed
using EZR software (ver. 1.54, Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a Japanese user
interface for R (ver. 4.0.3, The R Foundation for Statistical
Computing, Vienna, Austria).'

Results

To evaluate the linearity of FVIII:C measured with anti-
idiotype antibodies, we formulated different concentrations of
FVIII by mixing two plasma samples, before and after admin-
istration of FVIII concentrates. The R? between FVIII:C
values measured in vitro with antibodies and expected FVIII:
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C values was 0.997 (Figure 1), showing a good linearity over
the clinical range. Since FVIII OSA exceeded the upper limit
of measurement, the APTT (s) after mixing patient plasma
and FVIII-deficient plasma was used in the regression analysis.

In the simple linear regression (SLR) model, Adjminl|, Ad|
min2|, FVIII OSA, and FVIII CSA were significant variables,
with FVIII CSA being the most significant (regression coeffi-
cient=1.04, intercept= —14.55; adjusted R*=0.95; p <
0.001; AIC=125.69). FVIII:C estimation by Adjminl|, Ad]
min2| or FVIII OSA was inaccurate, giving negative values in
case of FVIII under 20%. In the MR model, FVIII OSA and
FVIII CSA were selected as explanatory variables based on
AIC, using the stepwise method with both directions. The
regression coefficient estimates of FVIII OSA and FVIII CSA
were 1.74 and 1.15, respectively, and the intercept of this
model was —92.03 (Table 1). In case of SLR (Figure 2A-E),
FVIII CSA showed the smallest AIC and this model estimated
FVIII better than the other models. The addition of FVIII OSA
to FVIII CSA improved the estimation slightly (Figure 2F).
This model had the smallest AIC and fitted well (adjusted R?
=0.96; p < 0.001; AIC=120.3). The variance inflation
factors were 2.05 and 2.05, for MR, respectively.

Discussion

Although emicizumab mimics the activity of FVIIIa, the two
molecules have no structural homology and have several bio-
chemical and functional differences. Emicizumab has a half-life
of approximately 30 days'*'® and achieves stable mean plasma
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Figure |. Evaluation of the linearity of FVII:C measured by
one-stage assay with neutralizing anti-idiotype antibodies. Two plasma
samples (which were taken before and after administration of FVIII
concentrates) were mixed to prepare a serial dilution, and FVIII:C was
measured by one-stage assay with (open circles) or without (closed
circles) antibodies.

concentrations by week 4 of treatment in clinical studies.'”'®

Conversely, FVIII has a half-life of approximately 12 h,"
which is dependent on several inter- and intra-individual factors.

Since the coagulation function during administration of emici-
zumab is estimated to be approximately 15% of FVIII equivalent
activity,?” it is necessary to supplement FVIII concentrates at the
time of bleeding depending on the severity. However, emicizu-
mab influence the results of several standard laboratory assays
and can result in misleading interpretation of coagulation assays
in emicizumab-treated patients. In this study, we studied regres-
sion models to estimate FVIII activity in patients with HA
(without inhibitor) who received emicizumab therapy.
Regression analysis enables the identification and characterization
of relationships among multiple factors. It also enables the identi-
fication of prognostically relevant risk factors and the calculation
of risk scores for individual prognostication. In the SLR models,
Adjminl|, Adjmin2|, FVIII OSA, and FVIII CSA were significant
variables and FVIII CSA is clinically feasible for the estimation of
FVIIL:C. The absolute value of the intercept (— 14.55) of the
FVIII CSA model appeared to reflect the equivalent FVIII activity
of emicizumab during the maintenance phase of the treatment,
which is estimated to be approximately 15%.2° Therefore, the
absolute value of the intercept would be lower in patients
during the saturation phase of emicizumab treatment.

In the MR model, the addition of FVIII OSA improved the
estimation slightly and the regression coefficient was 1.74 for
APTT (s) in OSA. The coefficient means that FVIII:C length-
ens APTT in OSA. Because FVIII has a higher affinity for
FIXa/FX than for emicizumab, it seems that the action of emi-
cizumab is reduced in the presence of both, and the reduction
in APTT by emicizumab is reversed. Adjminl| and Ad|min2|
were also significant variables in the SLR model, which
should reflect the differences between FVIII and emicizumab.
Because emicizumab does not require an activation step by
thrombin-mediated proteolysis to obtain its cofactor activity,’
the coagulation velocity and acceleration of emicizumab are
slower than those of FVIIL.'

Some trials evaluating coagulation and fibrinolysis in
emicizumab-treated patients have been reported, such as modi-
fied CWA, thromboelastography, and the thrombin generation
assay.'*?!* Compared to these methods, estimation using
FVIII CSA is easier and available in many laboratories
because it does not require special equipment. Schmitt et al.
investigated the pharmacokinetics and pharmacodynamics of
emicizumab in patients with HA from the HAVEN 1 trial.**
They also assessed FVIII chromogenic activity, and the throm-
bin generation assay provided an indication of emicizumab pro-
coagulant activity.”* Furthermore, bovine CSA can measure
FVIIL:C accurately without interference of emicizumab;
however, its availability is now limited in some regions.” The
major limitations of this study are the small sample size and
age bias. It will be necessary to investigate whether this
model is appropriate for more adult and pediatric patients. In
addition, the impact of emicizumab function on extrinsic coag-
ulation in trauma and the diluted coagulopathy in surgery
remains to be investigated.
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Table |. Simple and multiple regression analyses of plasma samples from patients with hemophilia A without inhibitor for FVIII.

Multiple regression

Simple regression No selection AIC selection
PRC (95% Cl) Intercept r? PRC (95% Cl) Intercept r? PRC (95% Cl)  Intercept r2
APTT —9.11 24497  0.098 1.2 24676 096 ns
(—20.52-2.30) (—3.22-5.63)
Ad|minl| 46.15 —369.81 0.64 21.36 ns
(32.19-60.12) (—46.23-88.97)
Ad|min2| 209.32 23579  0.60 —57.99 ns
(139.65-279.0) (—362.16-246.16)
FVIIl OSA —7.49 351.68 0.39 2.24 1.74 -9203 096
(= 11.31-=3.67) (—0.20-4.69) (0.44-3.06)
FVIII CSA 1.04 —1455 0.95 1.05 115
(0.95-1.13) (0.83-1.27) (1.04-1.27)

APTT, activated partial thromboplastin time; OSA, one-stage assay; CSA, chromogenic assay; PRC, partial regression coefficient; Cl, confidence interval; AIC,

Akaike Information Criterion; ns, not selected.
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Figure 2. (A—F) Estimation of FVIII:C by each regression model. The X-axis denotes FVIII:C measured by one-stage assay with antibodies, and
the Y-axis denotes the FVIII:C estimated by each model. Estimated FVIII:C values were calculated with the partial regression coefficients and
intercepts as shown in Table | by simple regression models (A—E) and a multiple regression model (F). In the multiple regression model,
variables were selected based on the AIC using the stepwise method in both directions.

In patients with HA with inhibitor, bypassing agents such
as recombinant FVIla and activated prothrombin complex
concentrate are used, especially with high levels of inhibitors
where FVIII replacement is ineffective.>>?¢ Estimation of
FVIII:C is then redundant. However, in patients with lower
levels of inhibitor, the FVIII concentrates are still effective
and preferable because of cost. The current model using

FVIII OSA and FVII CSA may be helpful but should be
investigated further.

Conclusions

FVIII:C in patients with HA under emicizumab therapy can be
estimated using a regression model with FVIII CSA. The
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regression model would be useful in responding to a bleeding
emergency and/or surgery when specific reagents are not
available.
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