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1  | INTRODUC TION

Emicizumab (Hemlibra®; Roche Chugai) is a bispecific humanised 
monoclonal antibody that restores to some extent the function 
of missing activated FVIII (FVIIIa) in patients with haemophilia 
A, by binding to activated factor IX (FIXa) and factor X (FX), 

thereby allowing activation of FX to FXa, resulting in coagula-
tion. Emicizumab obtained marketing authorisation (MA) in the 
European Union on 23 February 2018, as prophylaxis for bleed-
ing episodes in patients with haemophilia A having developed an 
anti-factor VIII inhibitor, with level II clinical added value (ASMR/
CAV II)1 and, since 11 March 2019 has also been authorised for 
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Abstract
Emicizumab, a bispecific humanised monoclonal antibody restoring to some extent 
the function of activated FVIII deficient in haemophilia A, represents a major thera-
peutic advance in the management of haemophilia A patients. No dosage adjustment 
is required, which leads to a major change for patients used to regular biological mon-
itoring which is particularly burdensome in the case of substitution therapy. In some 
circumstances, such as before an invasive procedure or in case of bleeding, biological 
monitoring will be necessary and emicizumab's interference with haemostasis tests, 
particularly those based on an activated partial thromboplastin times (aPTT), must 
be known to best interpret the tests and to select the most appropriate methods 
to guide therapy. The normalisation of aPTT in patients treated with emicizumab is 
not sufficient to consider haemostasis as normalised. In the event of administration 
of FVIII to a patient receiving emicizumab, the determination of FVIII should use a 
chromogenic method using non-human reagents. Coagulation global tests have been 
proposed to evaluate the biological response when using bypassing agents in pa-
tients treated with emicizumab, but the usefulness must be confirmed. The French 
group BIMHO presents proposals for biological monitoring of a patient treated with 
emicizumab according to clinical situations.
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use in haemophilia A patients without inhibitors (ASMR/CAV IV).2 
It therefore represents major therapeutic progress. The absence 
of homology between emicizumab and FVIII rules out any risk of 
cross reaction with inhibitors directed against FVIII, a major com-
plication of replacement therapy using FVIII concentrates, thus 
making it a preferential prophylactic treatment for haemophiliacs 
with inhibitors. Phase III clinical studies in adults and children have 
shown that a subcutaneous injection once a week, or every 2 or 
4 weeks, was significantly more effective in preventing induced or 
spontaneous bleeding compared with standard therapies (recom-
binant activated factor VII [rVIIa] or activated prothrombin com-
plex concentrates [aPCC]) in haemophiliacs with inhibitors. In the 

same way, emicizumab presented good level of safety and efficacy 
in haemophiliacs without inhibitors as compared to replacement 
therapy with FVIII concentrates in haemophiliacs without inhib-
itors.3-5 Subcutaneous administration with a single injection per 
week gives rise to a significant improvement in quality of life in 
patients for whom prophylaxis previously required intravenous 
infusion of FVIII concentrates 2-3 times per week.6 The emici-
zumab concentrations measured in the HAVEN clinical studies 
are stable from week 5 of treatment, between 40 and 80 µg/mL,3 
which implies predictable pharmacokinetics in all patients not re-
quiring regular laboratory monitoring. Despite these characteris-
tics of emicizumab, the French BIMHO Working Group (Biology of 

Tests Methods Impact of emicizumab

Prothrombin Time, INR Chronometric assay Acceptable

APTT, KCT (kaolin clotting 
time), ACT (activated 
clotting time)

Chronometric assay Substantial shortening 
starting from 10 µg/mL 
emicizumab

Fibrinogen Clauss method Acceptable

Derived fibrinogen Acceptable

Factors II, V, VII, X Chronometric assay Acceptable

FVIII Chronometric assay Uninterpretable activity

Chromogenic assay
(Human recombinant reagents)

Uninterpretable activity

Chromogenic assay
(Hybrid or bovine reagents)

Undetectable activity

ELISA Acceptable

FIX, FXI, FXII Chronometric assay Overestimation

ELISA Acceptable

Anti-FVIII titre (Bethesda 
method, Nijmegen 
method)

Chronometric assay Underestimation of 
inhibitor titres, false-
negative results

Chromogenic assay (bovine or 
hybrid reagents)

Acceptable

Protein C Chronometric assay Underestimation

Chromogenic assay Acceptable

ELISA Acceptable

Protein S Chronometric assay Underestimation

Immunoturbidimetry assay
(Free PS antigen)

Acceptable

ELISA Acceptable

Antithrombin Chromogenic assay Acceptable

Immunoturbidimetry assay
(AT antigen)

Acceptable

Lupus anticoagulant APTT False-negative results

dRVVT Acceptable

Activated protein C 
resistance (ratio)

Chronometric assay Underestimation

Von Willebrand Factor Assay of activity Acceptable

Antigen assay Acceptable

D-dimers Immunoturbidimetry assay Acceptable

TA B L E  1   Interferences of emicizumab 
on commonly used coagulation 
tests11,13,22,28
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Haemorrhagic Disorders, under the aegis of GFHT: Groupe Français 
d'étude sur l'Hémostase et la Thrombose) was interested in studying 
haemostasis in patients treated with emicizumab since there is a 
risk in rare cases of developing a potentially neutralising antibody 
to emicizumab7,8 which can result in treatment failure. Access to 
a test reflecting the biological efficacy of emicizumab is therefore 
desirable in such situations. Furthermore, in cases of bleeding, or 
procedures entailing a risk of bleeding, it is essential to have ac-
cess to laboratory tests,9 and to know how to interpret these tests 
in patients receiving emicizumab in these situations.10 National 
proposals for laboratory monitoring of patients treated with emi-
cizumab are described according to different clinical situations.

2  | EMICIZUMAB AND COAGUL ATION 
TESTS

2.1 | Emicizumab interference with coagulation 
tests

As demonstrated in the studies on plasma from severe hae-
mophilia A patients and normal plasma spiked with emicizumab 
different haemostasis tests are affected by the presence of emi-
cizumab, which should be taken into consideration for interpreta-
tion (Table 1).11-13

2.1.1 | Rapid shortening of activated partial 
thromboplastin time (aPTT)

A substantial shortening in activated partial thromboplastin time 
(aPTT) is observed from low concentrations of circulating emici-
zumab regardless of the type of reagent used.13 This shortening is 
dose-dependent up to 10 µg/mL. However, this short aPTT does not 
mean a normal thrombin generation. Indeed, the thrombin genera-
tion which measured in sample spiked with 50 µg/mL of emicizumab 
corresponds to that measured in a minor haemophilia A patient.14 
The strong impact of emicizumab in reducing aPTT is explained by its 
mechanism of action. Indeed unlike FVIII, this bispecific humanised 
monoclonal antibody does not require prior activation by thrombin 
and is therefore immediately effective. aPTT is thus a highly sensi-
tive test but its normalisation in no way implies effective haemosta-
sis. Furthermore, emicizumab interference will be observed with all 
tests based on aPTT.

2.1.2 | Assay of FVIII activity: variable results 
according to the methods

One-stage FVIII assay
As One-stage assay (OSA) of FVIII is based on aPTT, it is influenced 
by the presence of emicizumab. Paradoxically, in a patient with 
severe haemophilia A treated with emicizumab, clotting activity 

equivalent to that obtained with FVIII levels greater than 1.50 IU/
mL is, nevertheless, measured.13 However, no validated correlation 
exists between this coagulant activity (mimicking FVIII) and the pa-
tient's haemostatic status. Factor VIII (or rather “pseudo-FVIII”) OSA 
should not therefore be performed in patients receiving emicizumab.

Chromogenic assay of FVIII
FVIII activity (FVIII:C) measurement using chromogenic technique 
in patients receiving emicizumab differs according to the reagents 
origins (ie, human or animal). The use of a human recombinant 
reagent kit (Biophen FVIII®:CR, Sysmex) detects FVIII activity 
which increases with emicizumab in a concentration-dependent 
manner. This humanised antibody effectively recognises the FIXa 
and FX present in these reagents. Moreover in our experience, 
considerable variability is observed between reagent batches, 
and the chromogenic method with human reagents does not 
allow reliable monitoring or assessment of haemostatic status 
in patients treated with emicizumab.15 Because no binding be-
tween emicizumab and animal clotting factors is effective, no 
detectable activity exists when combined human/animal rea-
gents (Technochrom FVIII®:CR, containing human FIXa reagent 
and bovine FX reagents) or only animal reagents (Technoclone; 
Coamatic factor VIII®, Chromogenix; Berichrom FVIII®, Siemens; 
Trinichrom®, Stago) are used for chromogenic assay of FVIII.16,17 
Such a test is, however, very useful if FVIII concentrate replace-
ment therapy is administered in combination with emicizumab, 
for monitoring treatment with exogenous FVIII. It is also the only 
method available to determine the titre of an anti-FVIII inhibitor 
in patients receiving emicizumab.

2.1.3 | One-stage assay of factors IX, XI and XII

Because of the sensitivity of aPTT to emicizumab, there is a risk of 
an overestimation the FIX, FXI and FXII levels measured using one-
stage–based assays.11

2.1.4 | Detection and titration of anti-factor VIII 
inhibitor: adaptation of the Bethesda method

In certain clinical situations such as invasive surgery/procedures or 
bleeding,9 the choice of treatment for patients with haemophilia 
A with inhibitor and treated with emicizumab is based on accurate 
evaluation of inhibitor titre. If titre is less than 5 BU/mL, the inhibi-
tor is potentially neutralised by exogenous FVIII, and treatment with 
FVIII may be considered. The activity of FVIII administered may 
thus be assayed using a chromogenic method, with animal-origin 
reagents. Inhibitor titre must be determined using chromogenic 
methods insensitive to the presence of emicizumab, and conven-
tional Bethesda or Nijmegen methods, based on one-stage assay of 
FVIII in the different mixtures (Figure 1), cannot be used. As shown 
in Figure 2, FVIII levels measured in test mixtures (patient + control) 
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of 15 plasma samples from non-inhibitor haemophilia A patients, 
treated with emicizumab, are overestimated by the one-stage assay 
or chromogenic method using human reagents.17 Only the chromo-
genic method with animal-origin reagents is suitable to determine 
the titre of anti-factor VIII inhibitor without interference due to 
emicizumab.

2.1.5 | Other haemostasis tests affected 
by emicizumab

All chronometric tests based on aPTT are affected by emicizumab: 
the anticoagulant activity of protein C and protein S determined 
by the chronometric technique and the activated protein C resist-
ance ratio are underestimated. Only chromogenic assay of protein 
C, assay of free protein S antigen and the test for the FV Leiden 
mutation may be interpreted in patients during emicizumab treat-
ment (Table 1).11

2.2 | Measurement of plasma emicizumab activity

The specific emicizumab activity can be determined by using a 
modified aPTT-based FVIII OSA (mOSA) which has been calibrated 
against a specific emicizumab calibrator (r2 diagnostics, South Bend, 
IN, USA). Hence, the aPTT correction in a plasma mixture from 
patient with FVIII-deficient plasma is proportional to emicizumab 
concentration. This test has been introduced in some French labora-
tories and is as robust as OSA FVIII assay regarding inter- and intra-
assay variability coefficients of variation less than 5% respectively.15 
These results were in accordance with the study of Hoffmann et al.18 
Interestingly, Bowyer et al13 demonstrated a good linearity with 
various aPTT reagents and concluded that mOSA calibrated with 
an emicizumab calibrator can be used to quantify the emicizumab 
concentration in plasma. However, in our experience, this assay is in-
fluenced by the presence of exogenous FVIII and should not be used 
in patients having received such therapeutic agents in combination 
with emicizumab.15

F I G U R E  1   Screening and titration of an anti-VIII inhibitor by Bethesda method in the presence of emicizumab using the one-stage assay 
or chromogenic assay
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3  | WHICH L ABOR ATORY TESTS ARE 
REQUIRED TO MONITOR HAEMOSTA SIS IN 
PATIENTS RECEIVING TRE ATMENT WITH 
EMICIZUMAB?

The different HAVEN 1, 2, 3 and 4 clinical studies showed that emici-
zumab prophylaxis is effective and does not require any dose adjust-
ments, or therefore regular monitoring of haemostasis.3,5 However, 
haemostasis investigations may be necessary in certain situations 
summarised in Figure 3.

3.1 | Absence of clinical bleeding symptoms

In phase III study evaluating prophylaxis with a weekly subcuta-
neous injection of emicizumab 1.5 mg/kg after 4 loading doses of 
3 mg/kg in inhibitor patients with haemophilia A over 12 years of 
age, the mean plasma concentrations of emicizumab were stable and 
around 45 µg/mL once the steady state had been reached after week 
five of treatment.3 Chronometric assay of emicizumab concentra-
tion, performed at the Lyon, Lille and Paris Necker centres, confirms 
these results, with values ranging from 30 to 80 µg/mL observed 
after week 5 of treatment in inhibitor patients with haemophilia A 
over 2 years of age (Figure 4).15 These pharmacokinetic data show 

F I G U R E  2   FVIII level measured in the test mixture 
(patient + control) compared to the control mixture obtained for 15 
plasmas of haemophilia A patients without inhibitor treated with 
emicizumab according to the techniques used for screening and 
titration of an anti-VIII inhibitor by Bethesda technique17

F I G U R E  3   Assessing a patient treated with emicizumab according to clinical situations. Emicizumab measurement is now available in 
some French laboratories (Paris Neker, Lyon, Lille, Nantes, Tours) associated with haemophilia treatment centre. In these laboratories, once 
the calibration assay is performed, the turn-around time is the same as the FVIII OSA. If specific methods are not available (emicizumab 
measurement, chromogenic assay of FVIII, modified Bethesda), clinical laboratory can contact a laboratory associated with haemophilia 
centre (https://mhemo.fr/) to perform them. In the case of urgent situation (ie urgent surgery) the French network on inherited bleeding 
disorders (MHEMO), the French Reference Centre on Haemophilia (CRH), in collaboration with the French Working Group on Perioperative 
Haemostasis (GIHP) have been working together to make French national guidelines for the management of people with haemophilia A 
treated with emicizumab in case of bleeding or invasive procedures9

https://mhemo.fr/
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that specific monitoring of haemostasis is not necessary in the ab-
sence of bleeding symptoms or surgery.

3.2 | Surgery or bleeding episode

3.2.1 | FVIII replacement therapy

The FVIII:C measurement is recommended for dose adjustment 
when patients are treated with FVIII concentrate. When FVIII re-
placement therapy is associated with emicizumab, the use of FVIII 
assay method insensitive to emicizumab is mandatory. Chromogenic 
assay with animal-origin reagents allows accurate determination of 
exogenous FVIII if the assay has been verified as suitable for moni-
toring that concentrate.

3.2.2 | Bypassing agents

The choice of treatment will focus on the use of bypassing agents 
such as rFVIIa or aPCC when FVIII replacement therapy cannot be 
used (ie anti-FVIII inhibitor > 5 UB/mL). However, the concomitant 
use of aPCC with emicizumab to control bleeding has been asso-
ciated with the development of thrombotic microangiopathies and 
venous thrombotic events. First-line treatment with rFVIIa is there-
fore recommended.9 Appropriate laboratory monitoring may be rel-
evant when prescribing emicizumab together with a bypassing agent 
to ensure that the patient's haemostatic status is sufficient to allow 
surgery. Haemostasis cannot be monitored using conventional co-
agulation tests; however, several studies have evaluated the benefit 
of global tests, such as the thrombin generation assay (TGA)19-21 and 
thromboelastometry.22-24 In vitro and ex vivo studies have shown 
that the TGA is useful in selecting and adjusting doses of a bypassing 
agent,19 although the correlation with the clinical phenotype has yet 
to be validated.20 In vitro studies show that thromboelastometry is 
sensitive to emicizumab, whether or not used in combination with 

a bypassing agent. However, this only concerns studies on spiked 
samples, and additional ex vivo investigations are necessary in order 
to clarify the role of this general test in the laboratory work-up to 
monitor patients receiving concomitant treatment with emicizumab 
and a bypassing agent.

3.3 | Unusual bleeding symptoms

In the event of unusual bleeding symptoms, it is worthwhile meas-
uring the plasma activity of emicizumab in order to determine the 
presence of anti-emicizumab neutralising antibodies (anti-drug an-
tibodies, ADA), since rare cases have been described6,8 or to dem-
onstrate poor treatment compliance and adherence (Figure 4).25 In 
such situations, although aPTT is sensitive to low emicizumab con-
centrations,26 substantial prolongation of aPTT may be detected and 
emicizumab plasma activity may be below the usual plasma concen-
trations at the steady state (30-80 µg/mL). No immunological test to 
characterise ADA is currently available but a recent study showed 
that ADA may be detected by a functional assay based on a modified 
version of the Bethesda assay.27

4  | CONCLUSION

Treatment with emicizumab has considerably improved quality 
of life in inhibitor patients with severe haemophilia by simplifying 
prophylaxis, with weekly subcutaneous administration of the drug, 
and also by reducing or, indeed, removing regular laboratory tests 
to monitor haemostasis. The haemostasis tests, which were es-
sential for patients receiving factor VIII replacement therapy, for 
dose adjustment or when patients developed inhibitors, cannot be 
interpreted with the usual methods in patients receiving treatment 
with emicizumab. aPTT normalisation with emicizumab offers false 
reassurance as this only reflects a moderate increase in haemostatic 
capacity, rather than normalisation. The knowledge of emicizumab 

F I G U R E  4   Evolution of emicizumab concentration as a function of time in 20 patients followed in 3 French centres (Lyon, Paris Necker 
and Lille).15 Ten weeks after treatment initiation, plasma emicizumab concentrations are 27 to 80.6 µg/mL (mean: 56.2 ± 14.8 µg/mL). An 
asymptomatic patient showed a transient reduction in emicizumab concentration to 7.1 µg/mL (red line), possibly due to a punctual poor 
compliance or transient anti-drug antibodies (ADA)
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impact on haemostasis tests is essential. Our algorithm aims to se-
lect the appropriate tests in special circumstances such as surgery or 
bleeding events. Lastly, the development of new tests, suitable for 
monitoring patients in these special situations when co-administra-
tion of a bypassing agent may be necessary in order to avoid haem-
orrhagic or thrombotic risk, represents a new challenge for biologists 
in the field of haemostasis.
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