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Abstract Congenital haemophilia A (HA) is caused by deficiency of coagulation factor VIII (FVIII)
activity, leading to spontaneous or traumatic bleeding events. While FVIII replacement
therapy can treat and prevent bleeds, approximately 30% of patients with severe HA
develop inhibitor antibodies that render FVIII replacement therapy ineffective. The
bypassing agents (BPAs), activated prothrombin complex concentrate (aPCC) and
recombinant activated FVII, first approved in 1977 and 1996, respectively, act to
generate thrombin independent of pathways that involve factors IX and VIII. Both may
be used in patients with congenital haemophilia and inhibitors (PwHIs) for the
treatment and prevention of acute bleeds and quickly became standard of care.
However, individual patients respond differently to different agents. While both agents
are approved for on-demand treatment and perioperative management for patients
with congenital haemophilia with inhibitors, aPCC is currently the only BPA approved
worldwide for prophylaxis in PwHI. Non-factor therapies (NFTs) have a mechanism of
action distinct from BPAs and have reported higher efficacy rates as prophylactic
regimens. Nonetheless, treatment challenges remain with NFTs, particularly regarding
the potential for synergistic action on thrombin generation with concomitant use of
other haemostatic agents, such as BPAs, for the treatment of breakthrough bleeds and
in perioperativemanagement. Concomitant use of NFTs with other haemostatic agents
could increase the risk of adverse events such as thromboembolic events or thrombotic
microangiopathy. This review focuses on the origins, development and on-going role of
aPCC in the evolving treatment landscape in the management of PwHI.
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Introduction

Congenital haemophilia A (HA) and B (HB) are bleeding
disorders characterised by a deficiency of blood clotting
factor VIII (FVIII) or factor IX (FIX), respectively.1 The type
of FVIII/IX mutation present is a major determinant of
severity and bleeding tendency.1 Severe cases present with
bleeding and joint bleeds from early childhood, which,
without appropriate treatment and prevention, can result
in irreversible joint damage and chronic arthropathy.2

Strides have been made in the management of congenital
haemophilia over recent decades, including the introduction of
plasma-derived and recombinant clotting factor products, use
of prophylaxis as standard of care for bleeding prevention, and
appropriate surgical management.3–7 Such therapy has led to
improvements in the health of patients with haemophilia by
suppressing the onset of joint damage and arthropathy,
preventing life-threateningbleeds, and improvingpatientqual-
ity of life.8,9 Nevertheless, treatment challenges remain. First,
for patients receiving FVIII/IX products, intravenous infusion is
required up to every 2 days for patients with severe HA and at
least twiceweekly for thosewith severeHB.10,11Although high
infusion frequency can be reduced with the use of extended
half-life products, the frequency can still be burdensome.12

Second, treatment can be complicated by the development of
alloantibodies (inhibitors) that bind to FVIII or FIX, preventing
its haemostatic action.13 Such antibodies can neutralise thera-
peutically administered factor replacement products, and oc-
cur in up to 25 to 40% of severe HA patients, 5 to 15% of
moderate/mild HA patients and 1 to 5% of patientswith severe
HB.14 Anaphylactic reactions and nephrotic syndrome are also
not uncommon in patients with HB and inhibitors.15,16

The aetiology of inhibitor development is multifactorial,
including both genetic and treatment-related risk factors.17–20

Presence of inhibitors is associated with reduced treatment
efficacy, increased occurrence of life-threatening bleeds and
severe joint damage, which can lead to poor quality of life for
patients, family and caregivers; highermorbidity andmortali-
ty rates; and increased healthcare costs.21–23 Recommended
treatment of patients with congenital haemophilia and inhib-
itors (PwHIs) has focused on eradicating inhibitors using
immune tolerance induction (ITI) therapy.3–7,24,25 ITI
regimens vary and can be used with or without bypassing
agents (BPAs) for the treatment of breakthrough bleeding,
surgical setting and prophylaxis.7

BPAs were developed to ‘bypass’ the factors blocked by
inhibitors, and function by generating thrombin via
pathways that do not require activation of FVIII or FIX.26

Two BPAs are currently available: activated prothrombin
complex concentrate (aPCC, FEIBA [factor eight inhibitor
bypass activity]; Takeda, Lexington, Massachusetts, United
States) and recombinant activated FVII (rFVIIa, NovoSeven;
NovoNordisk, Bagsvaerd, Denmark). Both compounds have
been approved for on-demand treatment and perioperative
management for PwHIs, while aPCC is the only compound
approved worldwide for prophylaxis in PwHI.27–29

BothaPCCand rFVIIahave efficacy rates>80% in the control
of acute bleeding events, with comparable tolerability and low

rate of thrombotic complications, as concluded by a Cochrane
systematic review.30 The choice of BPA for on-demand treat-
mentmay be driven by several factors, including burden of the
infusionduetovolumeand infusiontime,experienceof treater
and/or patient preference.26 Furthermore, individuals may
show a better response to one agent over another, as reflected
in the FEIBA NovoSeven Comparative (FENOC) study,31 in
which 32% of patients reported efficacy for either aPCC or
rFVIIa at 6 hours post-treatment.31 Achievement of good
haemostatic efficacy within the first few hours of a bleed
can reduce the risk of cartilage destruction; therefore, selec-
tion of the most appropriate BPA for each individual is
important.31

Treatments with different mechanisms of action that aim
to address the challenges of treating PwHI are in develop-
ment. Here, we review the role of aPCC in an evolving
treatment landscape for patients with congenital HA with
inhibitors.

Development of Activated Prothrombin
Complex Concentrate

The clinical use of prothrombin complex concentrates (PCCs)
was extended early beyond their basic use as a substitution
therapy for patients with prothrombin complex protein
deficiencies, particularly for those with a FIX deficiency
(HB), to the treatment of those with inhibitory antibodies
against FVIII and FIX. However, the clinical use of PCCs
remained a niche indication for many years. Only six treat-
ment episodes were reported until 1977.32–35 For a long
time, the clinical success of PCCs in the management of
patients with inhibitors was attributed to the activated
prothrombin complex enzyme in addition to the zymogen
content of the concentrates.36 Therefore, in the early 1970s,
the so-called auto-FIX concentrateswere developed as a new
therapeutic approach for treating HA patients with inhib-
itors.37 The independent development of commercial aPCCs
began around 1970 by two laboratories in parallel: Hyland
Laboratories in the United States developing anti-inhibitor
coagulant complex (Autoplex) and Immuno AG in Austria
developing aPCC (FEIBA), the latter of which became the
mainstay of treatment for patients with inhibitors.

aPCC is a plasma-derived, vapour-heated and nano-fil-
tered (35 nM) concentrate of primarily vitamin K-dependent
clotting factors (FII, FVII, FIX and FX) in both their zymogen
and active forms (►Table 1) that is proposed to act at cellular
surfaces near the site of injury.38 It has been commercially
available since 1977 to bypass the need for FVIII and FIX and
to control and prevent bleeding in PwHI.39 It is approved in
over 80 countries and is indicated for control of spontaneous
bleeds, perioperative management and routine prophylaxis
for patients with congenital HA or HB with inhibitors and for
the treatment of spontaneous bleeds and perioperative
management for patients with acquired HA. Please note
that indications do vary by country.27,40

The mechanism of action of aPCC is multi-site and
involves three main steps (►Fig. 1).41 First, FII–FXa complex
triggers immediate thrombin generation (TG) on the
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membrane surface of tissue-factor-bearing cells and activat-
ed platelets, bypassing the haemostatic cascade and prompt-
ing initial fibrin clot formation. In addition, thrombin-
mediated feedback reactions lead to activation of other
coagulant components and to further platelet activation.
Second, endogenous anti-tissue factor pathway inhibitors
slow down the reactions on tissue-factor-bearing cells. Zy-
mogen and procoagulant enzyme components of aPCC di-
rectly and indirectly amplify TG on activated platelet surfaces

resulting in a burst of thrombin. Due to the long half-life of
the zymogens, circulating substrate levels are elevated,
leading to long-lasting haemostasis that prevents the recur-
rence of bleeds. Third, aPCC contains the natural clotting
inhibitors protein C and protein S.41 A balanced increase in
these factors down-regulates coagulation and, thus, might
help to prevent thrombotic effects in absence of another
procoagulant trigger.38,42

aPCC in the Management of PwHI

aPCC has demonstrated control of bleeding episodes in
clinical trials and in over 40 years of real-world usage in
patients with congenital and acquired haemophilia with
FVIII or FIX inhibitors across a range of ages, from toddlers
to elderly patients, and in different clinical settings as on
demand,31,43–46 surgical,45,47,48 prophylactic28,44,49–51 and
concomitant with ITI therapy.52–56 A post-authorisation
safety study of PwHI receiving aPCC as prophylaxis or as
on-demand treatment reported the occurrence of 3 treat-
ment-related serious adverse events (AEs) in 3 (3.7%)
patients and 6 treatment-related non-serious AEs in 5
patients (6.2%). One deep vein thrombosis was reported in
an elderly patient; no other reports of thromboembolic
events (TEEs) or thrombotic microangiopathy (TMAs).28 A
meta-analysis of studies in PwHIs reported no TEEs with
long-term aPCC prophylaxis or under ITI regimen.57 In this
study, the incidence rate of TEEs for on-demand therapy was
5.09 (95% confidence interval [CI]: 0.01–1,795.6) per 100,000
infusions, and the pooled TEE incidence rate in congenital
haemophilia patients was <0.01 per 100,000 infusions.57 No
TMAs have been reported with the use of aPCC as monother-
apy to date.48,58 Key clinical and real-world observational
studies with aPCC are summarised in ►Table 2.

In line with the current approach to treatment, the Future
of Immunotolerance Treatment (FIT) group recommends
that all patients with inhibitors should be offered at least
one attempt of ITI while under prophylaxis, using the exist-
ing management algorithm.25 The group has proposed a
hypothetical approach including non-factor therapies
(NFTs), but recommends that prospective clinical studies
are conducted to further explore the effect of combining
these agents with FVIII in ITI.25 As patients with inhibitors
have a higher potential for bleeding-related death23 and
additional daily burden,59 all patients should be given the
opportunity to eradicate inhibitors as it is the only proven
regimen to restore patient response to FVIII, which is the
fundamental deficiency. aPCC is part of the original ‘Bonn
Protocol’, first conceived in the 1970s in Bonn, Germany, by
Dr Hans-Hermann Brackmann for bleeding prevention dur-
ing ITI.54 The original protocol includes 100 IU FVIII/kg body
weight and 50 U aPCC/kg body weight twice daily until the
inhibitor titre decreased to <1 BU.54 Proposed molecular
mechanisms of ITI include T-cell exhaustion/anergy, inhibi-
tion of FVIII-specific memory B cell differentiation, forma-
tion of anti-idiotypic antibodies and, more recently, the
generation of FVIII-specific regulatory T cells.60,61 rFVIIa is
often regarded as the preferred substance for treatment of

Table 1 Haemostatic components of aPCC

Units per 1 U of FEIBAa

Prothrombin (factor II) 1.3� 0.3

Thrombin 0.01� 0.004

Factor VII 0.9� 0.1

Factor VIIa 1.5� 0.2

Factor IX 1.4� 0.1

Factor IXa approx. 0.0006

Factor X 1.1� 0.2

Factor Xa 0.06� 0.002

Factor VIII 0.03–0.1

Factor V approx. 0.6

Protein C 1.1� 0.2

Protein S approx. 0.4

Note: Activated prothrombin complex concentrate (aPCC) composition
based on data obtained during the release procedure of aPCC and
measured in the research laboratories at Baxter as described in the
methods.41,58
aOne unit of factor eight inhibitor bypass activity (FEIBA) is defined as
the amount of FEIBA capable of shortening the clotting time of high-
titre FVIII inhibitor plasma by 50%.

Intrinsic
pathway

Extrinsic
pathway

XII XIIa

XI XIa

IX IXa

X Xa X

VIII VIIIa

VIIa VII

TFPI

Prothrombin (II)

Fibrinogen (I) Fibrin (Ia)

XIII XIIIa

V Va

Protein C

Protein S

APC

TF-

TF

Common pathway

aPCC component

Thrombin (IIa)

Fig. 1 Mechanism of action for activated prothrombin complex
concentrate (aPCC). APC, activated protein C; TF, tissue factor; TFPI,
tissue factor pathway inhibitor.
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Table 2 Summary of aPCC clinical and real-world studies in PwHI

Reference
(first author
and year)

Study
name

Study design Inclusion criteria N Regimen/dose Duration of
treatment

Outcome

Brackmann
197753

– Case study Patient with HA
with inhibitors

1 ITI: initial 3,000 U
FVIIIþ 2,500 U FIX
daily, rising to
12,000 U FVIII
daily for 10 d, then
gradual reduc-
tions over 7 mo to
3,000 U
FVIIIþ 1,000 FIX
(aPCC)

7 mo No demonstrable
inhibitor after 7 mo
of treatment

Sjamsoedin
1981120

– Randomised,
double-blind,
clinical

Patients with HA
with inhibitors

15 On demand: 88
U/kg aPCC after
bleed or pro-
thrombin complex
concentrate; then
post 12 h for
muscle bleed or
post 6 h for
mucocutaneous
bleed, if necessary

24 h aPCC judged as
‘effective’ in 64%
episodes; control
judged as ‘effec-
tive’ in 52% epi-
sodes. Bleeding in
the same joint and
joint mobility
significantly
improved with
aPCC vs. control
(p¼ 0.0085 and
p¼ 0.006,
respectively)

Hilgartner
198343

– Open-label Patients with HA
or HB and inhibi-
tors aged �4 y

49 (46 HA;
3 HB)

On demand:
50–70 U/kg aPCC
at 12-h intervals

72 h 93% of 165 bleed-
ing episodes
in joints (102
episodes), mucous
membranes (20
episodes), muscle
and soft tissue (33
episodes), emer-
gency episodes (10
episodes; 3 CNS
bleeds and 4 surgi-
cal procedures)
were controlled.
36% were con-
trolled with 1 infu-
sion in 12 h, 42% by
�1 infusions in
36 h and 14% in
>36 h. No serious
side effects

Hilgartner
1990121

– Uncontrolled;
compared with
earlier aPCC study

Patients with HA
and inhibitors

41 (106
bleeding
episodes)

On demand: va-
pour-heated aPCC;
50 U/kg for mucus
membrane bleeds,
75 U/kg for joint
and muscle
haemorrhages

Maximum: 36 h 88% episodes were
controlled, 79%
within 36 h

Brackmann
199654

– Retrospective
study

Patients with HA
and inhibitors
undergoing ITI

81 Prophylaxis under
ITI: 100–150 IU/kg
FVIIIþ 50 U/kg
aPCC 2� daily un-
til <1 BU, then
150 IU/kg FVIII
2� daily

Mean: 10–15 mo For 22 patients
with high respond-
ing inhibitors, time
to<1 BU was 7 mo,
and time to FVIII
normalisation was
14.5 mo. For 15
moderate respond-
ers, time to <1 BU
was 2.4 mo, and
time to FVIII nor-
malisation was
10.7 mo

Négrier
199763

– Multicentre retro-
spective study

Patients with HA
or HB with inhibi-
tors receiving
aPCC

60 Prophylaxis:
65–510 U/kg/d
aPCC, typically as
65–100 U/kg
every 6–12 h

NA Efficacy was
judged as ‘good or
excellent’ in 81.3%
of episodes. Toler-
ance was assessed
as ‘good’ in 98.8%
of episodes

(Continued)
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Table 2 (Continued)

Reference
(first author
and year)

Study
name

Study design Inclusion criteria N Regimen/dose Duration of
treatment

Outcome

Oldenburg
199952

– Open-label Patients with HA
and inhibitors un-
dergoing ITI

60 Prophylaxis under
ITI: 100 IU/kg
FVIIIþ 50 U/kg
aPCC 2� daily
until <1 BU;
150 IU/kg FVIII
2� daily until no
inhibitor detected
and FVIII half-life
normalised

Median (range)
time to <1 BU: 5.4
(0.2–97.3) mo; to
FVIII half-life nor-
malisation: 14.1
(1.8–103.2) mo

Successful immune
tolerance was
achieved in 52
patients (86.7%);
therapy failed in 8
patients (13.3%).
The immune toler-
ance achieved was
long-lasting in all 52
patients, with no in-
hibitor relapse in up
to 20 y of follow-up

Ehrlich
2002122

– 10-y pharmacovi-
gilance (all spon-
taneously
reported throm-
botic AEs)

Patients with
inhibitors
receiving aPCC

– Safety: equivalent
to 3.95� 105 typ-
ical infusions dis-
tributed
worldwide

– 16 AEs docu-
mented over 10-y
period (incidence
of 4.05 per 105

infusions). DIC
(n¼ 7) and myo-
cardial infarction
(n¼ 5) were the
most frequent.
One fatality in an
87-y-old metastatic
cancer patient. In
13/16 (81%)
patients, known
risk factors were
present (overdose,
obesity, serum lip-
id abnormalities)

Bui 2002123 – Case study Post-surgical pa-
tient supported by
ECMO treated
with rFVIIa, then
switched to aPCC

1 Post-surgery on
demand: rFVIIa:
7.8 mg (90 μg/kg)
then 4.8 mg. aPCC
dose not recorded

NA Patient died 20min
after aPCC treat-
ment due to aPCC-
precipitated
thrombosis; clots
were noted in the
ECMO tubing

Rosenfeld
2002124

– Case study Patients with se-
vere HA and
inhibitors receiv-
ing prolonged se-
quential aPCC and
rFVIIa

1 On demand: aPCC
75 U/kg daily for 2
d then every 12 h
for 1 d; then rFVIIa
90 µg/kg every 2 h
for 2 d then every
6 h for 2 d; then
aPCC 75 U/kg ev-
ery 12 h

14 d Patient developed
pulmonary embo-
lism after sequen-
tial therapy

Dimichele
200648

– Post-marketing
surveillance study

Patients with HA
and inhibitors re-
ceiving aPCC

63 NA NA >4,500 infusions in
204 treatment
courses in 63
patients. The inci-
dence of AEs was
low (<0.04%). No
thrombotic com-
plications were
reported. Efficacy
was considered
good or excellent
in 82% of acute
treatments and
91% of surgeries

Astermark
200731

FENOC Head-to-head,
open-label, cross-
over equivalency
study of aPCC vs.
rFVIIa

Patients with HA
and inhibitors

48 On demand: 1
dose of aPCC (75–
100 U/kg; target
dose, 85 U/kg) or 2
doses of rFVIIa
(90–120 μg/kg;
target dose,
105 μg/kg �2) IV.
Second dose of
rFVIIa

NA Efficacy 6 h post-
infusion: aPCC and
rFVIIa appear to
exhibit a similar ef-
fect on joint
bleeds, although
the efficacy be-
tween products is
rated differently by
a substantial pro-
portion of patients.

Hämostaseologie Vol. 40 No. 5/2020

aPCC in Congenital Haemophilia with Inhibitors Brackmann et al.610



Table 2 (Continued)

Reference
(first author
and year)

Study
name

Study design Inclusion criteria N Regimen/dose Duration of
treatment

Outcome

administered 2 h
after the first dose

CI for the differ-
ence inpercen-
tages of efficacy
reported for each
product only
slightly exceeded
the 15% boundary
(�11.4 to�15.7%),
p¼ 0.059

Schneider-
man 2007125

– Retrospective
chart review

Hospitalised chil-
dren aged 18 mo
to 16 y with severe
refractory haemo-
philia and
inhibitors

4 (35 hospi-
tal
admissions)

On demand: se-
quential (�6 h
intervals) aPCC
(32–80 U/kg) and
rFVIIa (103–209
µg/kg)

– No clinical signs of
thrombosis. Reso-
lution of bleeds af-
ter a median of 3 d
sequential therapy

Ettingshau-
sen 201064

– Long-term pro-
spective study

Paediatric patients
(5.4–15 y) with HA
and high-respond-
ing inhibitors who
had failed, inter-
rupted, or refused
immune tolerance
therapy

7 Prophylaxis: aPCC
50–100 U/kg, at
frequencies from
3 times weekly up
to twice daily

0.1–1.9 y at start
of any therapy;
1.5–11.8 y at start
of aPCC
prophylaxis

Mean annual spon-
taneous joint bleed
incidence rate: 1.5
(95% CI: 0.7–3.0);
no or mild osteo-
arthropathic alter-
ations; no
thrombotic com-
plications, DIC or
viral transmission

Leissinger
201144

PRO-FEIBA Prospective, ran-
domised, cross-
over study

Patients with HA
>2 y of age, with
high-titre
inhibitors

26 Prophylaxis:
85 U/kg� 15%
aPCC on 3 non-
consecutive d/wk
On demand:
85 U/kg� 15%
aPCC

6 mo Mean 5.0 bleeding
events on prophy-
laxis vs. 13.1 with
on-demand treat-
ment; representing
a 62% reduction
with prophylaxis vs.
on-demand
(p< 0.001). 16
(62%) patients had
�50% reduction in
bleeding events on
prophylaxis (overall
84% reduction).
Mean 5.0 bleeding
events on prophy-
laxis vs. 13.1 with
on-demand treat-
ment; representing
a 62% reduction
with prophylaxis vs.
on-demand (p
<0.001). 16 (62%)
patients had �50%
reduction in bleed-
ing events on pro-
phylaxis (overall 84%
reduction)

Zülfikar
201245

– Multicentre regis-
try study in Turkey

Patients with HA
and inhibitors

37 On demand: medi-
an 50 U/kg aPCC
every 12 h (acute
bleeds), 100 U/kg
aPCC every 12 h
(surgical
haemostasis)
On demand:
85 U/kg aPCC

Median: 2
infusions

112 treatment
courses; 90 for
acute bleeds, 22
for surgical hae-
mostasis. Consid-
ered success in 92%
of acute bleeds and
86% surgeries

Négrier
201347

SURF Open-label, non-
interventional,
post-authorisation
study

Patients undergo-
ing surgical inter-
vention with aPCC

35 Perioperative: 50–
100 U/kg aPCC;
not exceeding sin-
gle dose of
100 U/kg or daily
dose of 200 U/kg.
50–100 U/kg ad-
ministered every

Varied Haemostasis
’good’ or ’excel-
lent’ in 91.2% of
surgical proce-
dures; ’fair’ in 8.8%

(Continued)
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bleeds before and during ITI due to the potential for anam-
nestic response with aPCC, owing to the presence of trace
amounts of FVIII that may promote a rise in inhibitor titre.62

An anamnestic response has been reported in up to 50% of
patients treatedwith aPCC50,63–65; nevertheless, no compro-
mise in aPCC prophylactic efficacy has been reported, and
inhibitor titres have been shown to reduce to expected
levels.50,63–65 ITI registries report successful treatment in
50 to 80% of patients with HA66–69 and in 31% of patients
with HB.67 Those patients who are not successfully tolerated
or not directed to ITI are usually treatedwith prophylactic or
on-demand doses of BPAs and/or prophylactic NFTs.

The haemostatic efficacy of aPCC may be enhanced by
dose optimisation, with dosage and duration of treatment
being dependent on the location and extent of bleeding, the
patient’s clinical condition and their response.70 A clearly
defined unit of potency is required for dosage calculations
and clinical management. The potency designation of aPCC is
expressed in arbitrary units: 1 unit of aPCC shortens the
activated partial thromboplastin time (aPTT) of FVIII inhibi-
tor-containing reference plasma by 50%.58 Due to its mecha-
nism of action, which concludes with TG, there is risk of
thrombosis. To avoid this expected AE, the maximum daily
dosage recommendation of aPCC for approved indications as
monotherapy is 200 U/kg of body weight (100 U/kg per

infusion).27 However, there are no standardised assays for
the monitoring of response to BPAs, and although global
assays such as thromboelastography71 and TG assays72 can
be useful to determine coagulation response, responses are
typically evaluated by assessment of individual clinical
response.

Two prospective studies assessing aPCC in the treatment
of PwHI are on-going: FEIBA GO (FEIBA Global Outcome;
EUPAS6691) and FEIBA STAR (FEIBA Reconstitution Volume
Reduction and Faster Infusion Study; NCT02764489).

FEIBA GO is a prospective, non-interventional, multi-
centre cohort study in patients with HA or HB and high-
responding inhibitors treated with aPCC, with a planned 4-
year observation period. The study aims to assess the real-
world haemostatic effectiveness and safety in individuals
with aPCC treatment in routine clinical practice.73 Long-term
prophylactic outcome data from a real-world setting will be
captured in an attempt to address the lack of data in this
patient group.

FEIBA STAR is a phase 3b/4, prospective, multi-centre,
open-label, randomised, crossover study assessing the toler-
ability and safety of aPCC reconstituted in regular or 50%
reduced volume and of faster infusion rates (4 and 10 U/kg/
min, in comparison to the standard rate of 2 U/kg/min at the
regular volume) in patients with HA or HB with inhibitors.74

Table 2 (Continued)

Reference
(first author
and year)

Study
name

Study design Inclusion criteria N Regimen/dose Duration of
treatment

Outcome

6–12 h during or
after surgery

Antunes
201449

PROOF Randomised com-
parison of on-de-
mand vs.
prophylactic aPCC

Patients with HA
or HB and inhibi-
tors receiving
aPCC

36 Prophylaxis:
85� 15 U/kg aPCC
every other day.
On-demand: at
discretion of
investigator

12 mo Median ABR for on-
demand: 28.7;
prophylaxis: 7.9
(72.5% reduction)

Ewing
201550

– Retrospective
chart review

Children aged�13
y with severe HA
and inhibitors re-
ceiving aPCC
prophylaxis

16 Prophylaxis: 70–
100 IU/kg aPCC,
3–7 times weekly

Median (range): 9
(2.6–20.5) y

AJBR reduced from
4 (0–48) at base-
line to 1 (0–7) after
1 y of prophylaxis

Négrier
201628

PASS Post-authorisation
safety surveillance
(real-world study)

Patients with HA
or HB and inhibi-
tors receiving
aPCC for 1 y

81 Prophylaxis: mean
(SD) 80.5
(27.8) U/kg/d
aPCC
On-demand: mean
(SD) 104.9 (41.9)
U/kg/d aPCC

12 mo Haemostatic effec-
tiveness judged as
‘good/excellent’ in
90.1% patients

Windyga
201973

FEIBA GO Observational
study

Patients with con-
genital HA and
inhibitors

53 Prophylaxis:
median (range)
61.0 (50–98) U/kg
per infusion aPCC
On-demand: me-
dian (range) 56.8
(2.3–62.5) U/kg
per infusion aPCC

12 mo Mean (SD) ABR for
patients with >12
mo follow-up: pro-
phylaxis (n¼ 21):
7.1 (9.3); on-de-
mand (n¼ 6): 11.4
(12.8). Mean (SD)
AJBR: prophylaxis
(n¼ 21): 4.2 (5.1),
on-demand
(n¼ 6): 7.3 (7.9)

Abbreviations: ABR, annualised bleeding rate; AE, adverse event; AJBR, annualised joint bleeding rate; aPCC, activated prothrombin complex
concentrate; CI, confidence interval; DIC, disseminated intravascular coagulation; ECMO, extracorporeal membrane oxygenation; FEIBA, factor eight
inhibitor bypass activity; HA, haemophilia A; HB, haemophilia B; ITI, immune tolerance induction; IV, intravenous; NA, not applicable; PwHI, patients
with haemophilia and inhibitors; rFVIIa, recombinant activated factor VIIa; SD, standard deviation.
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The aim of the study is to clarify if reducing infusion volumes
and accelerating infusion rates for aPCCwill lead to increased
adherence to aPCC prophylaxis.

Non-Factor Therapies

Despite the beneficial results of BPAs, efficacy can be incon-
sistent, and a subset of patients on prophylactic therapy
showa poor response.75 This has prompted the development
of NFTs, with alternative mechanisms of action that aim to
offer treatment options that are long-acting, subcutaneously
administered, and efficacious irrespective of the presence of
inhibitors.

To date, only one NFT – emicizumab (Hemlibra; Roche,
Basel, Switzerland) – has been approved for routine prophy-
laxis to prevent or reduce the frequency of bleeding episodes
in patients with congenital HA with (U.S. Food and Drug
Administration [FDA] 10/2017, European Medicines Agency
[EMA] 2/2018) or without FVIII inhibitors for HA of any
severity (FDA 10/2018) or for severe HA only (EMA 3/
2019).76 Emicizumab is a bi-specific monoclonal immuno-
globulin G antibody that bridges activated FIX and FX to
replace the function of missing activated FVIII, thereby
enhancing coagulation and restoring haemostasis.77 With a
half-life of approximately 30 days, emicizumab is suitable for
once weekly, fortnightly or monthly prophylaxis,78 and has
demonstrated prevention of bleeds in patients with inhib-
itors in clinical studies. In a phase 3 trial in adult PwHI, once-
weekly emicizumab prophylaxis was associatedwith a lower
rate of treated bleeding events compared with no prophy-
laxis (2.9 [95% CI: 1.7–5.0] vs. 23.3 events [95% CI: 12.3–
43.9]).79 However, limited data are available for periopera-
tive use.

Although some case studies report the successful use of
emicizumab prophylaxis in conjunction with perioperative
rFVIIa,80–83 there is a lack of suitable assays for BPAs and
emicizumab that allow the precise monitoring of coagulation
and treatment response, necessary to guide therapy when
undertaking surgical procedures.71,72,84,85 aPTT-based clot-
ting assays, which determine FVIII activity, are not suitable for
the estimation of clotting with emicizumab when used in
conjunction with BPAs, because the assay is unable to reflect
the combined effect on thrombin by these products, and the
sensitivity of thromboelastography is currently not sufficient
for guiding therapy. However, correlations between the clini-
cal bleeding phenotype of patients and their TG capacity have
been demonstrated, and as thrombin is the final product
generated by combined treatment with these products, it
has been proposed that the TG assaymight be amore relevant
test for monitoring and guiding therapy using these regimens.
A three-step protocol using TG assay has been proposed to
individually tailor bypassing therapy and thereby limit AEs
that may occur when combining with emicizumab.86–89

A second consideration concerns the safety of the patients
receiving emicizumab concomitantly with other haemo-
static agents, like BPAs, for breakthrough bleeds. Despite
high efficacy rates with emicizumab prophylaxis, 36% of
patients still experienced breakthrough bleeds that may

have required additional treatment.90 However, a potential
synergistic and cumulative effect between emicizumab and
aPCC is thought to exist.91 While emicizumab acts by bridg-
ing activated FIX (FIXa) and FX, allowing the coagulation
cascade to continue, aPCC increases the availability of FIX/
FIXa. The combination of both agents, utilising different
mechanisms of action, can result in excessive TG and in-
creased thrombosis risk.91 In HAVEN 1, a phase 3 trial of
emicizumab prophylaxis in adult PwHI, TMAwas reported in
three patients and TEE in two patients (cavernous sinus
thrombosis and skin necrosis-superficial thrombophlebitis)
who received concurrent therapywith emicizumab and aPCC
for breakthrough bleeding (cumulative dose >100 U/kg/day
aPCC for more than 24 hours).92 Two of the three patients
who developed TMA received both rFVIIa and aPCC (one
patient received rFVIIa first then aPCC, the other patient
received aPCC first then rFVIIa). The authors concluded that
the TMA events were driven by the synergistic effects of high
cumulative doses of aPCC in combination with emicizumab.
Considering the absence of report of such AEs in this popu-
lation (TMA has not previously been reported with emici-
zumab alone in >5,200 patients as of September 2019,
including >350 patients enrolled in clinical studies as of
April 2017,93 or with aPCC alone to date49,58,94,95), it has
been inferred that the risk of TMA is likely to arise from novel
interactions between aPCC and emicizumab96 and most
likely represents a mechanism distinct from the known
processes leading to TMA.92 Indeed, in vitro experiments
with aPCC and a sequence-identical analogue of emicizumab
showelevated procoagulant activity demonstrated by exces-
sive TG with combinations of aPCC and sequence-identical
analogue of emicizumab at clinically relevant doses.91 In
HAVEN 1, all TEEs occurred with concomitant aPCC and
emicizumab using aPCC at doses of >100 U/kg/day for
>24 hours. In contrast, no events occurred with lower-dose
aPCC or for treatment durations�24 hours, which is now the
recommended dose when used to treat patients receiving
emicizumab.93 In contrast to TMAs, TEEs have also been
observed with emicizumab-treated patients who are not
receiving aPCC. As of March 31, 2020, 18 cases of TEEs
have been reported in patients receiving emicizumab in
any setting (including in patients without inhibitors), two
of which included concomitant use of aPCC exceeding 100 U/
kg/day.24,97 The use of aPCC or other haemostatic agents is
unknown in the 16 additional cases. One case was reported
from HAVEN 3, the phase 3 clinical trial of emicizumab for
the treatment of patientswithHAwithout inhibitors. Further
clinical experience and additional research are needed to
more fully elucidate the safety implications of integrating
different therapies into the existing treatment landscape for
PwHI.

Other Therapies in Development

Other NFTs in development are summarised in►Table 3 and
include anti-tissue factor pathway inhibitors, aptamers and
small interfering RNA directed against anti-thrombin III. One
study points toward a benefit with concomitant use of
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fitusiran and aPCC, with reported dosages of aPCC of 14 to
75 U/kg (13 infusions for 6 bleeds in 3 patients; mean of 2.2
infusions per bleed) and rFVIIa of 93 to 133 µg/kg (6
infusions for 4 bleeds in 3 patients; mean of 1.5 infusions
per bleed). No complications were reported in this study,98

although a sinus vein thrombosis had occurred in a
fitusiran-treated patient receiving repeated infusions of
FVIII product,12 which is suggestive of similar concerns of
synergistic and cumulative effects as seen with emicizumab
and concomitant aPCC. In vitro and in vivo studies suggest a
therapeutic benefit with concomitant concizumab and low-
dose aPCC,99,100 and a synergistic haemostatic effect was
reported with concomitant concizumab and rFVIIa in hu-
man blood under haemophilia conditions,101 but further
data are required.

Several rFVIIa compounds are in development for PwHI
(►Table 3). An rFVIIa biosimilar protease, activated eptacog
alfa (Coagil-VII; Generium), has been approved for PwHI
undergoing surgery in Russia.102However, very little clinical
data have been published to date. A series of case studies
with the substance reported about the experience of 10
patients given Coagil-VII after switching from NovoSeven.
There were therapeutic failures in four patients and allergic
reactions in two patients, for whom it was necessary to
revert to NovoSeven, and a good clinical response was
achieved in those patients.103 A second rFVIIa biosimilar is
in development in PwHI (AryoSeven; Aryogen), with a simi-
lar response to rFVII (NovoSeven) reported in a clinical
study.104

Another FVIIa product, MC710, being developed by the
Chemo-Sero Therapeutic Research Institute (Japan), is a
1:10 protein weight ratio mixture of plasma-derived acti-
vated FVIIa and FX.105 In a phase 3, open-label study of 21
joint, muscle and subcutaneous bleeding episodes in 14
male patients, individuals received one or two doses of
intravenously administered MC710 at 60 or 120 μg/kg once
or twice (to a maximum of 180 μg/kg) for up to five
bleeding episodes per patient. Nineteen episode treat-
ments were rated ‘excellent’ or ‘effective’ 8 hours after
the last treatment.105

The rFVIIa variant marzeptacog alfa (MarzAA; Catalyst
Biosciences)was designed to combine higher clot-generating
activity and longer activity at the site of bleeding and
therefore improve efficacy.106 It is anticipated that the com-
pound could be used for both subcutaneous prophylactic
treatment and intravenous acute treatment, and may be
valuable for patients with HB with inhibitors, or patients
with HA with inhibitors who failed emicizumab.107,108 The
compound has achieved orphan status and is currently in
phase 2 trials for patientswithHAorHBwith inhibitors; nine
patients with high annual bleeding rates (ABRs) before the
study (15.2–26.7 bleeds per year) have successfully complet-
ed long-term daily dosing with the compound. Seven partic-
ipants experienced no bleeds with a 30-µg/kg dose and two
others who escalated their dose to 60 µg/kg had clinically
significant reductions in ABR and proportion of days with
bleeding. No anti-drug antibodies were detected, but further
safety data are needed.109

Eptacog beta (LR769; Hema Biologics/LFB) is a trans-
genic recombinant human FVIIa produced in rabbits and
approved by FDA on April 1, 2020 for the treatment of
bleeding episodes in HA or HB patients with inhibitors.110

In a pivotal phase 3 study of two initial dose regimens in
468 bleeding events in 27 PwHIs, both study arms met the
primary endpoint of haemostatic success (evidence of
cessation of bleeding).110 The majority (85%) of the bleed-
ing events treated with the initial 225-µg/kg dose required
no further therapy. Currently, two additional phase 3 trials
are investigating the use of eptacog beta in paediatric and
surgical PwHIs.111

Encouraging results from clinical trials have also stimu-
lated considerable interest in the application of gene therapy
for the treatment of haemophilia, using in vivo gene transfer
to the liver using adeno-associated viral vectors. Results from
recent clinical trials suggested some therapeutic expression,
and in some cases a curative effect.112 Although the presence
or history of inhibitors has until recently been considered an
exclusion criterion for studies with gene therapy for haemo-
philia,113 gene therapy trials are now underway for haemo-
philia patients with inhibitors. These include SPK-8016
(Spark Therapeutics), in phase 1/2 development for patients
with HA and inhibitors,114 and AMT-180 (uniQure), in pre-
clinical development for patients with HA with past or
current inhibitors.114

Use of aPCC in PwHIs in the Evolving
Treatment Landscape

As we enter an era of therapies for PwHIs with higher efficacy
for prophylaxis, theuse of BPAs is expected todecrease in such
clinical settings.115 However, the use of aPCC is still recom-
mended in recent treatment guidelines for haemophilia.3–7

Various scenarios in which the use of aPCC may remain
necessary include (1) treatment of breakthrough bleeds or
(2) as surgical prophylaxis in patients under NFT prophylaxis.
Findings from the HAVEN 1 trial and the interim analysis of
the STASEY study indicate that up to 37% of patients still
experienced bleedings.31,92 Recent data, supported by clinical
experience, indicate that aPCC< 50 U/kg is sufficient to fully
restore TG and has been shown to elicit a good clinical
response.24,85,116–119 (3) When following high-dose ITI
regimens, such as the Bonn Protocol. For example, there are
currently insufficient data to fully understand whether high-
dose ITI is compatible with emicizumab; therefore, until such
evidence becomes available, aPCC may represent an alterna-
tive to emicizumab as prophylaxiswhen on an ITI regimen. (4)
For treatment of acutebleedingwhile following an ITI protocol
with addition of emicizumab, where use of aPCC (lower dose)
or rFVIIa is essential. (5) Patients with HBwith inhibitors, and
(6) patients with acquired HA,25 for whom emicizumab is not
indicated.76 (7) Well-controlled patients who achieve �50%
reduction in the number of bleeds44 under a current aPCC
prophylaxis regimen, e.g. patients with an ABR of<4 per year,
or patients who have succeeded with ITI. (8) On-demand
treatment in low income and developing countries, where
access to new products may be limited (►Table 4).
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Conclusions

Since the 1970s, aPCC has been used for the treatment and
prevention of acute bleeds in PwHIs and, later with rFVIIa,
became standard of care. Even after more than 40 years,
aPCC has a continuing role in the treatment of acute bleeds,
prophylaxis, and surgical management in this patient
group. Its most notable uses are for prophylaxis in patients
for whom emicizumab is not available or applicable, for
patients initially receiving rFVIIa who do not respond to
treatment, and for low-dose treatment of breakthrough
bleeds or surgery. However, there remains a need for
alternative treatments for breakthrough bleeding (either
spontaneous or post-trauma) and surgical applications that
do not carry a risk of excess TGwith concomitant usage with
prophylactic treatment. As further data are generated with
the newer therapeutic molecules and gene therapies for
PwHI, there will be a need to identify the patient profiles
that benefit most from each treatment, or combinations of
treatments, for example, with the use of surrogate markers
of haemostasis to enable selection of a suitable manage-
ment strategy. Understanding the potential risks of unex-
pected AEs when integrating new therapies into the
treatment armamentarium is vital, as already observed
with the integration of emicizumab with aPCC. Consequent-
ly, there is a need for further exploration of potential
synergistic effects between agents, of dose-ranging for the
avoidance of TMA and other thrombotic risks, and for
monitoring studies of combination therapies with aPCC.
Considering inter-patient variability, it will be important
for all haemostatic agents to remain available, with recom-
mendations on how to use them, to ensure optimal treat-
ment and for prevention of bleeding episodes as well as
patient safety.
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