
Use of thrombin generation assay to personalize
treatment of breakthrough bleeds in a patient with
hemophilia and inhibitors receiving prophylaxis with
emicizumab

The treatment of hemophilia consists of clotting factor
replacement to prevent and control bleeding. The devel-
opment of an inhibitor is one of the most serious compli-
cations of the disease, rendering patients refractory to
factor replacement therapy. Hemostasis may be achieved
in patients with high antibody titers by administering
bypassing agents (BPA).1,2 The two major BPA are activat-
ed prothrombin complex concentrate (APCC) and recom-
binant activated factor VII (rFVIIa). 
These agents have complex and multiple modes of

action, but in all cases, the final product generated by
BPA is thrombin. Our group and others have therefore
suggested that the thrombin generation assay (TGA) may
be a reasonable tool to assess the hemostatic properties
of these agents.3-6  

Emicizumab offers the potential of a novel treatment
approach for hemophilia A, with or without inhibitors.7

In case of breakthrough bleeding while on emicizumab
treatment, patients with inhibitors still require treatment
with BPA. Given the mechanism of action of emicizum-
ab, there may be some inherent risks associated when
combining this drug with additional anti-hemophilic
treatments, in particular with APCCs, which contain fac-
tor (F)IX/IXa and FX/Xa, major substrates of
emicizumab.8 Clinical observations support this hypothe-
sis, since several thrombotic complications, following
treatment with BPA, were reported during the HAVEN-1
study evaluating the efficacy and the safety of emicizum-
ab in the prophylaxis setting.9 Thus, it is recommended to
avoid combining APCC with emicizumab.
Our group and others reported promising results show-

ing a certain correlation between the clinical bleeding
phenotype of patients with hemophilia and their throm-
bin generation (TG) capacity.10,11 Furthermore, it has been
shown that a three-step protocol using TGA might be
useful in order to individually tailor bypassing therapy.3-6

Thus, one can hypothesize that the use of TGA may help
to limit adverse events that may occur when emicizumab
is used in combination with other procoagulant mole-
cules.
The patient was a 44-year-old with severe hemophilia

A patient with anti-FVIII alloantibodies of  7 BU.mL-1. He
underwent several surgeries for severe hemophilic
arthropathy. For each surgery, the dosage of BPAs was
adjusted using TGA. Platelet-poor and platelet-rich plas-
mas were prepared from venous blood collected into cit-
rate tubes loaded with corn trypsin inhibitor 1.45µM
(Haematologic Technologies, VT, USA). Calibrated auto-
mated TGA was used with a low tissue factor concentra-
tion of 1pM as previously described,3,10,11 and according to
the recent standardization recommendations published
by the International Society on Thrombosis and
Hemostasis (ISTH) FVIII/FIX subcommittee.12 The results
of the in vitro spiking experiments confirmed the higher
efficacy of the APCC in this particular patient, who was
a clinically poor responder to rFVIIa. After an infusion of
APCC  75 U.kg-1, a complete correction of endogenous
thrombin potential (ETP) was observed (mean ETP±SD =
1,334±212 nM.min) (Figure 1A). The patient underwent
seven orthopedic procedures with APCC  75 U.kg-1
infused every eight hours with satisfactory clinical effica-
cy. No perioperative bleeding complications occurred

with a blood loss ranging between 170 and 600 mL. For
several years, the patient was on APCC 75 U.kg-1 treat-
ment on demand.
In 2016, the patient participated in the HAVEN-1 trial.

On week six of the study, while receiving maintenance
doses of emicizumab 1.5 mg.kg-1 weekly, with stable plas-
ma concentrations, he gave his informed consent to test
the combined in vitro effect of emicizumab and BPA using
TGA. TGA was performed in the presence of five differ-
ent dosages of APCC (0-15-25–45–75–100 U.kg-1) and
rFVIIa (0-45–90–150-200–270 µg.kg-1). TG was measured
in the same pre-analytical and analytical conditions as
were the previous surgeries.12

A dose-dependent increase of TG was observed with
both BPAs, in platelet-rich and platelet-poor plasma.
However, very low dosages of APCC, i.e., 15 to
25 U.kg-1, were sufficient to fully normalize TG in our
patient, and higher concentrations which were tested
induced very high TG capacity, suggesting a potential risk
of thrombosis (Figure 1B).
Six months later, the patient experienced an acute

spontaneous arterial bleeding while on prophylaxis with
emicizumab 1.5 mg.kg-1. He had a dissection of an aber-
rant renal artery, supplying the inferior pole of the left
kidney, resulting in a perirenal hematoma of 16x10x7cm
(Figure 1C). The patient was suffering from arterial dys-
plasia, high blood pressure and dyslipidemia. Based on
his predetermined response to BPAs, the patient was able
to benefit from an individually tailored bypassing therapy
with APCC. He received a single dose of 25 U.kg-1 fol-
lowed by 15 U.kg-1 every 12 hours for two weeks fol-
lowed by 15 U.kg-1 every 24 hours for one additional
week, making for a total treatment duration of three
weeks. The frequency of APCC infusions was reduced
from 12 hours to 24 hours on the basis of favorable clin-
ical evolution, normal hemoglobin levels for several days
and the ultrasound exam, which showed a significant
reduction of the perirenal hematoma. During the treat-
ment period, ETP was 2039nM.min with APCC 25 U.kg-
1 and 1488nM.min with APCC 15U.kg-1 (Figure 1D). In
our center, normal TG capacity is 1487±372nM.min
(mean ETP±2SD), as determined in 100 healthy volun-
teers.3 The patient safely recovered with no thrombotic
complications during the three weeks of APCC treat-
ment. No thromboprophylaxis was prescribed during the
treatment with APCC. 
Given the mechanism of action of emicizumab, we

hypothesized that during prophylaxis with emicizumab,
recombinant FIX (rFIX) concentrates containing activated
FIX (FIXa) might improve TG.13,14 We performed in vitro
spiking experiments with increasing concentrations (0–
25–50 and 100 IU/dL) of rFIX (Benefix®, Pfizer, France).
The patient had a normal plasma FIX level of 98 IU/dL.
We observed a dose-dependent correction of TG with no
hypercoagulability (Figure 1E). 
There is no routine laboratory assay to monitor the

efficacy of emicizumab.8 APTT-based clotting assays
determining FVIII activity or chromogenic FX activation
assays were previously suggested to estimate clotting
activity of emicizumab.13 However, these assays may not
reflect the combined effect of emicizumab and BPAs. As
the final product generated with both emicizumab and
BPA is thrombin, TGA could be a good approach to mon-
itor these therapies.
This case illustrates that TGA may help physicians to

determine the individual profile of patients receiving
combined treatment with BPA and emicizumab, and to
personalize bypassing therapy when treating break-
through bleeds. 
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Figure 1. Personalized management of breakthrough bleeds in a patient on prophylaxis with emicizumab. (A) Representative ex vivo thrombin generation
curve obtained before prophylaxis with emicizumab showing a full normalization of ETP one hour after the infusion of APCC 75 U.kg-1. Results were obtained in
platelet-poor plasma using a final concentration of tissue factor at 1pM and phospholipids at 4µM. (B) Representative thrombin generation results obtained
before and after the in vitro addition of BPAs during emicizumab prophylaxis of 1.5 mg.kg-1 weekly.  Two horizontal black lines represent the normal range of
thrombin generation (ETP= 1487±372 nM.min; mean±2SD). It is noteworthy that the baseline thrombin generation capacity induced by emicizumab 1.5 mg.kg-
1 was higher in platelet-rich plasma compared to platelet-poor plasma (ETP= 940 vs. 585 nM.min respectively). The efficacy of APCC was tested in platelet-
poor plasma using a final concentration of tissue factor at 1pM and phospholipids at 4µM. rFVIIa was tested in platelet-rich plasma in the presence of TF 1pM.
(C)  Contrast-enhanced CT scan of the abdomen and pelvis, showing a left perirenal hematoma (arrow). (D) Thrombin generation curves obtained during pro-
phylaxis with emicizumab, before initiating APCC (gray curve) and at day three of APCC treatment with 15 U.kg-1 showing a full normalization of ETP with no
hypercoagulability. In vivo thrombin generation capacity induced by emicizumab prophylaxis (gray curve Figure 1D, ETP=600 nM.min) was higher than that
observed in the absence of procoagulant treatment as represented in Figure 1A (gray curve ETP=115 nM.min). In addition, it was interesting to observe a pro-
longed action of APCC when combined with emicizumab. This might be explained by the mechanism of action and the prolonged half-life of emicizumab that
might influence the half-life of its targets FIX and FX. Results were obtained in platelet-poor plasma using a final concentration of tissue factor at 1pM and phos-
pholipids at 4µM. (E) Thrombin generation results obtained before and after the in vitro addition of rFIX (Benefix) during emicizumab prophylaxis of 1.5 mg.kg-
1 weekly.  The efficacy of rFIX 0-25-50-100 IU.kg-1 was tested in platelet-poor plasma using a final concentration of tissue factor at 1pM and phospholipids at
4µM. ETP: endogenous thrombin potential; APCC: activated prothrombin complex concentrate: rFVIIa: recombinant activated factor VII; FIX: factor IX.
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The HAVEN-1 study reported 9% of thrombotic com-
plications in patients who had received multiple infu-
sions of APCC, no thrombotic events were reported with
rFVIIa. Oldenburg et al.9 emphasized that the combined
use of APCC and emicizumab prophylaxis was associat-
ed with a substantial risk of toxic effects. The manufac-
turers recommend not administering more than 50U.kg-1
of APCC (and no more than 100U.kg-1 daily) or 90µg.kg-
1 of rFVIIa in patients receiving emicizumab prophylaxis. 
The higher potential of thrombotic events observed

with APCC may be explained by the major substrates of
emicizumab (FIXa and FX) as well as the product gener-
ated (activated factor X [FXa]), which are all supplied by
APCCs.8 In this patient, TG was substantially increased
after the in vitro addition of APCC 50U.kg-1, suggesting a
certain state of hypercoagulability and risk of thrombosis.
Thus, the use of APCC 50U.kg-1 might not be entirely
safe in all patients receiving emicizumab. In addition,
despite the absence of thrombosis observed during the
HAVEN-1 trial, no information is available on the coagu-
lation capacity of the patients receiving emicizumab pro-
phylaxis and multiple infusions of rFVIIa,  given every 2-
4 hours. In our patient, TG was above the normal range
after the in vitro addition of rFVIIa at high dosages
>150µg.kg-1. Therefore,  it may be wise to determine the
BPA dosages required to normalize TG for each patient
receiving prophylaxis with emicizumab.
Another concern is the cost of these therapies. In this

patient, a similar TG capacity was observed with APCC
15U.kg-1 and rFVIIa 90µg.kg-1, the latter being the most
expensive treatment option requiring frequent infusions.
The personalized approach, using global hemostasis
assays, may help to limit the cost of BPA in this context
and to choose the minimal dosage of BPA which is capa-
ble of normalizing the coagulation capacity of each single
patient. 
The individual coagulation capacity of patients receiv-

ing combined emicizumab and BPA may be very differ-
ent. Therefore, required dosages of APCC or rFVIIa to
achieve hemostasis may also differ from one individual to
another. TGA may be a valuable surrogate marker for the
combined use of procoagulant agents such as emicizum-
ab and BPAs.
FVIII is one of the least abundant coagulation factors in

plasma (0.001 µM). Given the higher levels of FIX (0.090
µM) and FX (0.135 µM), activated FVIII is therefore the
limiting factor for FXa formation. During prophylaxis
with emicizumab, the drug concentration in plasma is
around 0.370 µM.8 As a result, the rate-limiting factor for
FXa generation is no longer FVIIIa, but the concentration
of FIXa generated. One can therefore hypothesize that
the addition of rFIX concentrates containing FIXa, and a
higher rate of FIX activation by FXIa,14,15 might improve
FXa and TG in hemophilia A patients with emicizumab
prophylaxis. Our in vitro results confirmed this hypothesis
and showed that rFIX dose-dependently improved TG in
the presence of emicizumab.  In our patient, rFIX
100U.kg-1 normalized TG and induced a similar TG
capacity to APCC 15 U.kg-1, which had effectively
achieved hemostasis in the context of acute serious
bleeding. Thus, in patients receiving prophylaxis with
emicizumab, recombinant FIX concentrates may repre-

sent an alternative to BPA, with a lower potential risk of
thrombotic complications. 
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