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Summary
Treatment and prevention of bleeding epi-
sodes in patients with severe haemophilia A 
require frequent intravenous injection of fac-
tor VIII. Inhibitory antibodies against factor 
VIII occur in approximately 30 % of these pa-
tients during the first exposure days and im-
mune tolerance induction to eradicate the in-
hibitor is challenging. Prevention of bleeds in 
patients with haemophilia A and inhibitors is 
less effective and there is ongoing research 
for alternative treatment options. A promis-
ing approach in 2016 is the development of 
emicizumab (ACE910), a bi-specific IgG anti-
body to factor IXa and factor X, that mimics 
the cofactor function of factor VIII. Due to the 
different structure of this antibody it cannot 
be neutralized by factor VIII inhibitors and 
has the possibility to achieve haemostasis in 
patients with severe haemophilia A with and 
without inhibitors. First studies in healthy 
volunteers and in patients showed a short-
ened activated partial thromboplastin time 
and increased peak height of thrombin gen-

eration in a dose-dependent manner. The half-
life of the drug was 4 to 5 weeks.  There were 
no clinical signs of thrombosis and no labora-
tory abnormalities indicating hypercoagulabil-
ity. In a first study with 18 patients with severe 
haemophilia A with and without inhibitors a 
remarkable reduction in the annualised bleed-
ing rate occurred. Safety of the drug has to be 
proven in ongoing research. Mimicking the co-
factor activity of factor VIII by a bispecific anti-
body for the treatment of severe haemophilia 
A is so far safe and seems to be effective and 
is one highlight in haemostasis 2016.
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Zusammenfassung
Zur Behandlung und Prophylaxe von Blutun-
gen bei Patienten mit schwerer Hämophilie A 
sind regelmäßige intravenöse Injektionen des 
fehlenden Faktors VIII notwendig. Inhibieren-
de Antikörper ((Hemmkörper) gegen Faktor 
VIII treten bei etwa 30 % der Patienten mit 
schwerer Hämophilie A während der ersten 

Expositionstage auf und machen eine auf-
wändige Immuntoleranztherapie notwendig.
Die Prophylaxe von Blutungen bei diesen Pa-
tienten ist weniger effektiv als die Prophyla-
xe mit Faktor VIII bei Patienten ohne Hemm-
körper, sodass nach alternativen Behand-
lungsmethoden gesucht wird. Ein vielver-
sprechender Ansatz im Jahr 2016 ist die Ent-
wicklung von Emicizumab (ACE910), einem 
bispezifischen IgG-Antikörper gegen die Fak-
toren IXa und X, der die Cofaktor-Aktivität 
des Faktors VIII imitiert. Aufgrund der ande-
ren Struktur dieses Antikörpers wird er nicht 
durch den Faktor-VIII-Hemmkörper in seiner 
Funktion beeinträchtigt und kann zu einer 
suffizienten Hämostase bei Patienten mit Hä-
mophilie A mit und ohne Hemmkörper füh-
ren. Erste Studien an gesunden Freiwilligen 
und Patienten zeigten eine dosisabhängige 
Korrektur der aPTT und eine verbesserte 
Thrombingenerierung. Die Halbwertszeit be-
trug 4–5 Wochen und es zeigten sich weder 
klinische Zeichen einer Thrombose noch auf-
fällige Laborwerte im Hinblick auf eine Hy-
perkoagulabilität. Die erste Studie mit 18 Pa-
tienten mit schwerer Hämophilie A mit und 
ohne Hemmkörper zeigte eine deutliche Re-
duktion der annualisierten Blutungsrate. Die 
Sicherheit des Antikörpers muss in weiteren 
Studien demonstriert werden. Die Imitation 
der Faktor-VIII-Cofaktor-Aktivität mit dem bi-
spezifischen Antikörper Emicizumab 
(ACE910) scheint bisher sicher und effektiv 
zu sein und ist ein Highlight in der Hämo-
stase im Jahr 2016.
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Haemophilia A is an X-linked bleeding dis-
order leading to the complete absence or 
decrease of clotting factor VIII. Treatment 
and prevention of bleeding episodes 
require intravenous injection of clotting 
factor VIII. Due to the half-life of factor 
VIII (8–12 hours), patients with severe 

haemophilia A have to inject factor VIII 
concentrates intravenously 3 times a week 
or every other day to prevent bleeding. 
This leads to more than 150 intravenous 
injections per year. 

The most serious complication of re-
placement therapy to factor VIII now-

adays is the development of inhibitory 
antibodies against factor VIII. These in-
hibitors occur in approximately 30 % of 
patients with severe  haemophilia A during 
the first 20 exposure days with factor VIII. 
In patients with high titer inhibitors 
(> 5 BU) treatment with factor VIII is no 
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Fig. 1 Schematic illustration of the action of activated factor VIII as a cofactor in coagulation (A) and 
emicizumab (ACE910), a bispecific antibody against factor IXa and factor X (B) (1).
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longer effective due to the rapid inacti-
vation of the infused factor VIII and by-
passing agents are necessary. Two bypass-
ing agents (recombinant factor VIIa and 
activated prothrombin complex) are avail-
able for treatment of acute bleeds in these 
patients. Unfortunately, treatment and 
prevention of bleeds in patients with hae-
mophilia A and inhibitors are less effec-
tive than the replacement therapy with 
factor VIII in patients without inhibitors. 
Both products have limitations concern-
ing efficacy to treat and prevent bleeds. So 
the major goal is to eradicate the inhibitor 
in these patients by achieving immune 
tolerance.

Immune tolerance induction requires high 
doses of factor VIII and imposes a high 
burden on the patient with the necessity of 
up to twice daily intravenous injections, 
which usually require a port system.

Bi-specific antibodies – 
a promising new approach

There is ongoing research for alternative 
treatment options to treat and prevent 
bleeds in patients with haemophilia A and 
inhibitors without the burden of multiple 
intravenous injections.

One of the most promising approaches 
in 2016 – combining the prophylactic treat-
ment of patients with haemophilia A and 
inhibitors with the possibility of subcu-
taneous injections – is the development of 
emicizumab (ACE910), a bi-specific IgG 
antibody to factor IXa and factor X that 
mimics the cofactor activity of factor VIII. 
Factor VIII is a cofactor in the coagulation 
system which promotes interaction be-
tween activated factor IX and factor X and 
allows the generation of activated factor X 
(▶Fig. 1). Due to the different structure of
this antibody it cannot be neutralized by 
factor VIII inhibitors and has the potential 
to achieve haemostasis in patients with 
haemophilia A with and without inhibitors 
(1).

A study in a non-human primate model 
of acquired haemophilia A showed that a 
single bolus of emicizumab (ACE910) re-
sulted in a haemostatic activity and showed 
a long half-life (3 weeks) and a high subcu-

taneous bioavailability (nearly 100 %). In a 
long-term primate model of acquired hae-
mophilia A, multiple weekly subcutaneous 
doses of emicizumab (ACE910) success-
fully prevented bleeding in these animals 
(2).

The first-in-human study (3) was con-
ducted in healthy male adults (40 Japanese 
and 24 Caucasian men) receiving a single 
subcutaneous injection of emicizumab 
(ACE910) up to 1 mg/kg bodyweight. This 
dose is assumed to generate the same 
amount of thrombin as 0.10 IU/ml factor 
VIII coagulant activity. Emicizumab 
(ACE910) showed a linear PK profile in 
these healthy volunteers without affecting 
the concentration of factor IX and factor X. 
Emicizumab (ACE910) had a half-life of 
4–5 weeks. 

In ex vivo factor VIII neutralized plasma 
of the participants, emicizumab (ACE910) 
shortened activated partial thromboplastin 
time and increased peak height of throm-
bin generation in a dose-dependent 
manner. There were no clinical signs of 
thrombosis and no laboratory abnormal-
ities indicating hypercoagulability (like 
elevated D-Dimer) in these healthy volun-
teers with a normal coagulation system. 

Two of the participants receiving emi-
cizumab (ACE910) were positive for anti-
ACE910 antibodies (anti-drug antibodies). 

One of them was tested positive for anti-
drug antibodies both before and after emi-
cizumab (ACE910) administration, but the 
other one became anti-drug antibody posi-
tive after receiving emicizumab (ACE910). 
In this subject the elimination half-life of 
emicizumab (ACE910) was reduced indi-
cating that this was maybe a potentially 
functional anti-drug antibody.

The first study in patients with hae-
mophilia A enrolled in a 12-weeks open-
label non-randomised dose escalation trial 
(4) 18 Japanese patients with severe hae-
mophilia A with and without inhibitors. In 
this study emicizumab (ACE910) was 
given subcutaneously at a dose of 0.3, 1.0 
or 3.0 mg/kg bodyweight weekly (cohorts 
1, 2 and 3, respectively). These doses re-
sulted in plasma emicizumab (ACE910) 
trough levels of 10, 30 and 90 µg/ml, re-
spectively. These levels seem to have an 
equivalent haemostatic activity like ap-
proximately 3, 9 and 27 IU/ml factor VIII 
coagulant activity. 

No serious adverse events and no clini-
cally relevant coagulation abnormalities 
occurred. Plasma concentrations of emi-
cizumab (ACE910) increased in a dose-
 dependent manner and there was a mea -
surable effect by a shortened activated 
partial -thromboplastin time throughout 
the study. 
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mophilia A and inhibitors will take advan-
tage of this new therapy due to the limi-
tations of prophylactic treatment with by-
passing agents.

The main question will be the immuno-
genicity of emicizumab (ACE910) itself. 
The number of patients who might develop 
anti-drug antibodies with impact on the 
product half-life is still an open question in 
long-term treatment. Up to know no con-
cerns of a thrombotic risk of emicizumab 
(ACE910) have been raised in the pub-
lished studies. Safety is paramount in the 
treatment of patients with haemophilia A, 
and the current treatment options with fac-
tor VIII concentrates have a long track of 
safety. Emicizumab (ACE910) will have to 
prove safety in a reasonable number of pa-
tients in the future.

Mimicking the cofactor activity of factor 
VIII by a bispecific antibody is a simple and 
so far convincing idea and therefore a 
highlight in haemostasis 2016. 
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The median annualised bleeding rates in 
cohorts 1, 2, and 3 decreased from 32.5 to 
4.4, 18.3 to 0.0, and 15.2 to 0.0. Eight out of 
11 patients with factor VIII inhibitors (73 %) 
experienced no bleeding event and 5 of 7 pa-
tients without factor VIII inhibitors (71 %). 
All bleeding events in the study were treated 
successfully with the replacement of factor 
VIII. In this study no patient developed anti-
bodies against emicizumab (ACE910). 

Conclusion

Analysing the mentioned publications, 
emicizumab (ACE910) has the potential to 
change the treatment of patients with se-
vere haemo philia A fundamentally from 
regular intravenous injections to once 
weekly sub cuta neous injections. Taking 
into account the long half-life of the anti-
body even subcutaneous injections every 4 
weeks might be possible for the prevention 
of bleeds. Especially patients with hae-
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