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Keywords: This updated safety review summarises the large body of safety data available on the use of recombinant
Recombinant activated factor VII activated factor VII (rFVIla) in approved indications: haemophilia with inhibitors, congenital factor
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Inhibitors and spontaneous reports) were included. Overall, rFVIla has shown a consistently favourable safety

profile, with no unexpected safety concerns, in all approved indications. No confirmed cases of
neutralising antibodies against rFVIla have been reported in patients with congenital haemophilia,
acquired haemophilia or Glanzmann's thrombasthenia. The favourable safety profile of rFVlla can
be attributed to the recombinant nature of rFVIila and its localised mechanism of action at the site
of vascular injury. Recombinant FVlla activates factor X directly on the surface of activated platelets,
which are present only at the site of injury, meaning that systemic activation of coagulation is avoided
and the risk of thrombotic events (TEs) thus reduced. Nonetheless, close monitoring for signs and
symptoms of TE is warranted in all patients treated with any pro-haemostatic agent, including rFVila,
especially the elderly and any other patients with concomitant conditions and/or predisposing risk
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1. Introduction

Recombinant activated factor VII (rFVlla, eptacog alfa
activated, NovoSeven®, Novo Nordisk AfS, Bagsvaerd, Denmark)
is a bypassing agent originally developed for the management of
bleeding in haemophilia A and B patients with inhibitors to factor
(F) VIl or FIX, respectively [1]. First approved for use in Europe
in 1996, rFV1la is currently licensed for the treatment of bleeding
episodes and for the prevention of bleeding during surgery or
invasive procedures in patients with congenital haemophilia A or
B and inhibitors (>5 Bethesda units [BU]), and in those expected
to have a high anamnestic response to FVIII or FIX concentrates.
In Europe and some other regions of the world, rFVlla is also
approved for the treatment of bleeding episodes and prevention
of bleeding during surgery or invasive procedures in patients
with acquired haemophilia, congenital FVIl deficiency, and
Glanzmann's thrombasthenia with past or present refractoriness
to platelet transfusion (and in some countries where platelets
are not available) [1-3].
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The original formulation of rFVlla, which required storage
at 2-8°C, has now been replaced by a room temperature
stable formulation, which has been developed to be stored at
temperatures up to 25°C, and remains stable for 6 hours at 25°C
and for 24 hours at 5°C, once reconstituted [4]. Bioequivalence
between the original and new room temperature stable formu-
lation has been demonstrated. Furthermore, as the drug itself
remains the same in the new formulation, the activity established
for the original formulation of rFV1la is maintained [5].

All procoagulant agents have the potential to contribute
towards the development of thrombosis and thromboembolism
|6]. However, the incidence of thrombotic events (TEs) associated
with both standard (90 pg/kg) and higher (270 pg/kg) doses of
rFVIila within approved indications has remained low [1,7-9].
The consistently favourable safety profile of rFVila may be
attributable to its localised mechanism of action at the site of
vascular injury. Here, where tissue factor (TF) is expressed and
activated platelets are found [10], rFVlla binds to TF and this
initiates coagulation, which leads to the generation of small
amounts of thrombin [11]. This thrombin then goes on to activate
platelets. When administered in pharmacological doses, rFVila
activates FX on the surface of activated platelets [12,13]; FXa
then forms a complex with FVa to generate a large thrombin
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‘burst’ [14]. The thrombin burst produces a stable haemostatic
plug at the site of vascular injury {12}, resulting in bleeding
control. This localised action of rFVlla is therefore thought to
provide a local pharmacological effect without general activation
of coagulation [15]: in vitro studies have demonstrated a lack
of free thrombin generation following the addition of rFVila
to FVIIl- and FIX-deficient plasma, suggesting that rFVila does
not induce a hypercoagulable state in blood from patients with
haemophilia [16].

The last safety update on rFVlla (based on labelled indications
at the time) was published in 2008 and covered the period from
May 2003 to December 2006 |8)]. The reporting rate of serious
TEs at that time was much less than 1%, based on a Novo Nordisk
internal database and projected sales in congenital and acquired
haemophilia. However, as only data accrued from congenital
haemophilia with inhibitors and acquired haemophilia were
assessed 8], the aim of the current review is to provide an update
on rFVIla safety, using available data from clinical trials and post-
marketing use (e.g. registries, observational studies, literature
reports and spontaneous reports) in all licensed indications.

2. Methods
2.1. Data sources

The cumulative review period included data up to 31
December 2013. These data incorporated post-marketing data
from solicited and spontaneously reported cases, including
case reports from the literature. Solicited reports on adverse
events (AEs) were gathered from 16 post-marketing studies,
observational studies and registries (listed in Table 1), covering
all approved indications. The solicited reports included in this
analysis are those that were captured in the Novo Nordisk safety
database; some of these reports were limited to serious adverse
reactions only. Previous reviews have reported summarised
safety data collected from clinical trials conducted before
2006 in congenital haemophilia with inhibitors and acquired
haemophilia only [7,8]; this review includes detailed information
from four subsequent clinical trials conducted in patients with
congenital haemophilia and inhibitors between November
2007 and August 2012 [17-20], including the adept™2 trial
[18]. Safety information from the pre-licensure compassionate
use programme was also reviewed to capture immunogenicity
events in acquired haemophilia as well as potential TEs and
immunogenicity events in Glanzmann's thrombasthenia and
congenital FVII deficiency.

2.2, Safety data

The focus of this safety review is TEs and immunogenicity
in patients receiving rFVila for the treatment of congenital
haemophilia with inhibitors, acquired haemophilia, congenital
FVII deficiency or Glanzmann's thrombasthenia. It is important
to note that the cases reported and presented may not necessarily
be related to rFVIla treatment, but may be due to underlying
diseases or comorbidities.

2.2.1. Thrombotic events

TEs for this report were defined as either arterial, venous
or mixed, according to the Medical Dictionary of Regulatory
Activities (MedDRA). The rationale for this division lies in the
differing pathophysiologies traditionally ascribed to clots in
the arterial and venous systems [21-23]. While both types of
clots are composed of platelets and fibrin [22], arterial thrombi
typically occur at sites of arterial plaque rupture where shear
rates are high, resulting in platelet-rich ‘white thrombi’ [21,22].

[no notes on this page]

The primary risk factor for arterial thrombosis is atherosclerosis
[22-24]. As the arterial system is a high-flow, high-pressure
environment, arterial thrombi are prone to embolisation and
can therefore cause ischaemic injuries, especially in tissues with
a terminal vascular bed [23). Arterial TEs carry high morbidity
and mortality risks, and the most common types are myocardial
infarctions and ischaemic cerebrovascular accidents (CVA) [23,25].

In contrast, venous thrombi tend to develop at sites where the
vein wall is undamaged and where blood flow and shear stress
are low, producing ‘red thrombi' that are rich in red blood cells
[21-23]. The pathogenic mechanisms of venous thrombosis
are only partially understood, but a combination of stasis and
hypercoagulability is known to be crucial [23). Primary risk factors
include trauma and major orthopaedic or oncological surgery (23],
but venous thrombosis canoccur spontaneously inindividuals with
genetic abnormalities associated with hypercoagulability [26,27].
Examples of venous TEs include superficial vein thrombosis, deep
vein thrombosis (DVT) and pulmonary embolism. If DVT occurs
in the deep leg veins, there is a risk of clot dislodgement and
embolisation to the pulmonary circulation, resulting in pulmonary
embolism that may be lethal [23,28).

In this review, ‘mixed TEs' are those events that may be
classified as being either arterial or venous in nature (e.g.,
disseminated intravascular coagulation [DIC|, which is associated
with clot formation in both arteries and veins). If the source data
did not contain enough information to classify a TE as arterial or
venous, it was categorised as ‘mixed”.

2.2.2. Immunogenicity
Where possible, all occurrences of antibody development
were classified as either binding-only or neutralising antibodies.

3. Results
3.1. Overall exposure and adverse events: all indications

Overall, the estimated total number of rFVIla standard doses
(90 pg/kg) used across all approved indications between 1996
and 2013 is 4 million. The estimation of standard doses was
calculated based for an individual weighing 40 kg [7,8].

Fifteen percent of the total AEs were TEs reported from post-
marketing sources (Table 2). Overall, the majority of patients
(47%) with TEs recovered, or were recovering, at the time of
reporting, while 18% of the patients with TEs died (Table 3).

Clinical trials or studies on rFVIla have been conducted only
in patients with congenital haemophilia and inhibitors, acquired
haemophilia and congenital FVIl deficiency. A total of one TE
has been reported in these indications (patients with congenital
haemophilia and inhibitors, no clinical trials performed in other
indications) over the current review period (January 2007 to
December 2013) and eight in the previous safety updates [7,8].

3.2. Congenital haemophilia with inhibitors

3.2.1. Thrombotic events

A summary of TEs (and associated outcomes) reported with
rFVIla use in congenital haemophilia with inhibitors throughout
the review period is provided in Tables 2, 3 and 4.

Thirteen percent of the AEs reported from post-marketing
sources for patients with congenital haemophilia treated with
rFVIla were TEs. The majority (44%) were venous TEs (Table 2),
and most patients (60.3%) had recovered without sequelae, or
were recovering, at the time of data collection; 12% of the
patients died (Table 3).

Since 2006, one TE was reported across the clinical trials
included in this analysis (Table 4). This TE was a thrombus of
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Post-marketing surveillance studies, observational/non-interventional studies and registries from which solicited reports on safety events were obtained
{1 January 1996 to 31 December 2013)

Movo Nordisk study
identification number
{publications, where
available)*

Study type

Description

Patients

Date

F7HRS-2117 (HRS/HTRS)
[Al-Mondhiry et al., 2012 [73];
Ma et al.. 2011, 2012 [74,75];
Parameswaran et al., 2005
|78])

F7-1947

F7-1948
(Takedani et al,, 2014 [77])

F7-1949

F7THAEM-3578
FTCONGDEF

[Mariani et al., 2011, 2012
[42,66])

F7HAEM-3578
F7CONGDEF-PPX
[Mapolitano et al., 2013 [67])
F7HAEM-3521

F7GLANZ

[Di Minno et al., 2013 [63];
Poon et al., 2013 [68])

F7HAEM-3537
(Hay et al.. 2013 [78])

F7HAEM-3507
[Chambost et al., 2013 [62])

F7HAEM-1921
[Birschmann et al., 2013 |61])

F7HAEM-1965
[Young et al., 2012 [79])

F7HAEM-3685
[Young et al., 2012 [80])

F7THAEM-3850
(Belhani et al., 2013 [81])

F7THAEM-3856

F7HAEM-3862

F7THAEM-3864
(Shapiro et al., 2014 [82])

NN7025-3601
(Kavakli et al., 2014 [65))

Registry (HRS/HTRS), Novo
Mordisk sponsored, post-
approval commitment

Observational,
post-approval commitment

Observational,
post-approval commitment

Observational,
post-approval commitment

Registry (STER),
post-approval commitment

Registry (STER)

Registry (GTR),
post-approval commitment

Observational (UKHCDO),
post-approval commitment

Observational (ONE),

post-approval commitment

Observational (WIRK)

Observational {DOSE)

Observational {PRO-PACT)

Observational {BAAGI)

Observational (AQUI-7}

Observational, post-
approval commitment

Observational

Observational (SMART-7)
post-approval commitment

Treatment with rFVlla for bleeds
and surgery
Treatment with rFVlla for bleeds
and surgery

Any treatment with rFVIla

Phase IV, treatment of bleeds
(Japan)

Phase IV, surgery (Japan)

Phase IV, immunogenicity
(Japan)

Phase IV, rFVlla treatment of
bleeds and surgery

Phase IV, prophylactic treatment

Phase IV, all treatment
maodalities, bleeds and surgery

Phase IV, high doses of rFVIla
for the treatment of bleeds

Phase IV, real-life use of rFVIla
(1-3 = 90 pg/kg and 1 = 270 pg/
kg) for the treatment of bleeds

Phase IV, rFVIla efficacy in
routine practice, treatment of
bleeds and surgery

Phase IV, real-life use of rFVIla
in the treatment of bleeds

Phase IV, rFVIla in prophylactic
use

Phase IV, real-life use of rFVIla
in the home treatment of joint
bleeds

Phase IV, use of rFVIla in the
treatment of bleeds and surgery
[France)

Phase IV, use of rFVIla (Japan)

Phase IV, retrospective
follow-up assessment of
F7HAEM/USA/3/USA and
F7THAEM/USA/4/USA

Phase IV, safety/

immunogenicity of rFV1la room
temperature stable formulation,
treatment of bleeds and surgery

CHwI, AH, FVII CD, GT

CHwI, AH, FVII CD, GT

AH

CHwl, AH

CHwl, AH

CHwl, AH

FVII CD

FVIICD

CHwI

CHwl

CHwI, AH, FVII CD, GT

CHwl

CHwl

CHwl

AH

FVII CD

CHwI, AH

CHwl

October 1999-December 2003

January 2004-December 2008

MNovember 2007 -November 2011

March 1999-March 2010

March 1999-March 2010

March 1999-March 2010

March 2004-January 2012

March 2004-January 2012

December 2004-December 2011

January 2008-June 2011

March 2008-]July 2010

March 2008-December 2010

June 2008-July 2009

August 2008-]June 2010

October 2010-April 2012

December 2010-October 2013

March 2011 -September 2014

April 2011 -January 2012

November 2012 [ongoing)

HRS, Hemophilia Research Society; HTRS, Hemaostasis and Thrombosis Research Society; rFVIla, recombinant activated factor VII; CHwI, congenital haemophilia

with inhibitors; AH, acquired haemophili

FVII CD, congenital factor VII deficiency; GT, Glanzmann's thrombasthenia; STER, Seven Treatment Evaluation

Registry; GTR, Glanzmann's Thrombasthenia Registry; UKHCDO, United Kingdom Haemophilia Centre Doctors” Organisation; DOSE, Dosing Observational Study

in Haemophilia.

* Data from some of the post-marketing surveillance studies, observational studies and registries from which solicited reports on safety events were obtained

have not been published.
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Table 2
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Overall distribution of thrombotic events (TEs) in approved indications reported for recombinant activated factor VII from post-marketing sources, observational
studies, registries, spontaneous reporting, and literature cases. Cumulative data up to 31 December 2013

Total no. of cases (patients}

with one or more TEs Mo. of arterial TEs

Mo. of venous TEs Mo. of mixed TEs Total no. of TEs

Acquired haemophilia 50 21 12 21 54
Congenital factor VII deficiency 38 7 24 14 45
Glanzmann's thrombasthenia 8 0 7 5 1z
Congenital haemophilia 73 13 37 34 84
Total 169 41 80 74 195
Table 3

Outcomes of thrombotic events (TEs) in approved indications reported for recombinant activated factor VII from post-marketing sources, observational studies,
registries, spontaneous reporting, and literature cases. Cumulative data up to 31 December 2013

Number of cases reported with the following outcomes:

Total no. of cases ( patients) Recovered| Recovered with
with one or more TEs Fatal recovering sequelae Mot recovered Unknown
Acquired haemophilia 50 19 14 4 4 9
Congenital factor VII deficiency 38 (1] 20 5 5 8
Glanzmann's thrombasthenia 8 2 1 1 3 1
Congenital haemophilia 73 9 44 2 [ 12
Total 169 30 79 12 18 30

an arteriovenous fistula (AVF) in a 53-year-old inhibitor patient
who administered rFVIla and tranexamic acid through the AVF
to treat a bleed in the palm of his hand. The patient, who was
withdrawn from the trial as a result of the AVF thrombosis, had
several comorbidities [18].

3.2.2. Immunogenicity
3.2.2.1. Neutralising antibodies

No confirmed cases of neutralising antibodies have been reported
to date in rFVIla-treated patients with congenital haemophilia.

3.2.2.2. Clinically non-significant binding antibodies

Low-titre, binding, non-neutralising antibodies towards rFVIla
have been detected in clinical trials involving administration
of rFVIla. In these trials, extensive antibody assessments were
undertaken, with multiple assessments per patient. Five patients
with haemophilia A or B tested positive for transient binding
antibodies towards rFVIla in two clinical trials involving treatment
with rFVIla; for three of the patients, the binding antibodies were
already present at screening/baseline [18,29]. In addition, one
case of binding, non-neutralising antibody formation towards
trial product(rFVlla was reported in a patient with haemophilia
involved in a clinical trial with glycoPEGylated rFVila (N7-GP)
[30]. A comprehensive survey of immunogenicity of rFvila in
267 patients over 9 years reported that non-specific, but rFVIla-
binding, non-neutralising antibodies were found in approximately
5% of patients with haemophilia A, prior to exposure to rFV1la [31].
The binding, non-neutralising antibody results have all been of
very low titre (i.e., close to the cut-off value for the assay), and
there has been no effect of the low-titre antibodies on the clinical
outcome, treatment efficacy or pharmacokinetics. [n the cases in
which there were multiple exposures to rFVIla, the antibodies did
not increase in titre with rFVIla use.

3.3. Acquired haemophilia

3.3.1. Thrombotic events

Summaries of TEs in patients with acquired haemophilia
from post-marketing data sources are detailed in Tables 2 and 3.
Thirteen percent of the events reported in rFV1la-treated patients
with acquired haemophilia were TEs in the review period. An

[no notes on this page]

equal proportion of these TEs (39%) were either arterial or mixed
(Table 2); a fatal outcome occurred in 38% of patients with one or
more TEs, while 28% of patients were recovering, or had already
recovered, at the time of reporting (Table 3).

Up to December 2006, TEs associated with rFVIla in acquired
haemophilia were reported in the clinical trials or pre-licensure
compassionate use studies [7,8]. No clinical trials have been
conducted in acquired haemophilia patients since 2006.

3.3.2. Immunogenicity

Mo cases of binding or neutralising antibodies against rFVila
in acquired haemophilia patients have been reported in the
clinical trials, post-marketing data sources or compassionate use
programme [32,33].

3.4. Glanzmann's thrombasthenia

3.4.1. Thrombotic events

Due to the rarity of Glanzmann's thrombasthenia, no clinical
trials of rFVIla have been performed by Novo Nordisk A/fS in this
indication. Therefore, data on TE events are available only from
post-marketing sources. Over the review period, 25% of the AEs
reported in Glanzmann's thrombasthenia patients were TEs,
either venous (58%) or mixed (42%) (Table 2). A fatal outcome
occurred in two patients (25%) with one or more TEs; of two
further patients (25%), one recovered completely and the other
recovered with sequelae (Table 3).

3.4.2. Immunogenicity
No anti-rFVIla antibodies have been reported in Glanzmann'’s
thrombasthenia patients in post-marketing studies.

3.5. Congenital FVII deficiency

3.5.1. Thrombogenicity

Patients with congenital FVII deficiency have been reported
to have a relatively high risk of developing TEs [34], especially
when compared with patients suffering from other rare factor
deficiencies [35,36). In the current review, 22.5% of the AEs
reported in congenital FVII deficiency patients from post-
marketing sources were TEs, the majority of which (53%) were
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Table 4

Thrombogenicity in congenital haemophilia with inhibitors [ clinical trials): 2007-2013

Mo. of patients

exposed Trial number and study design Total no. of TEs TE details Reported outcomes

Morfini and Bjerre, [y Phase Ib, PK and safety of original versus room [ NA NA
2011 [19] temperature stable formulation of rFVIla, 270 pglkg
NN1007-1862 Mo bleeding episodes

(MNovember 2007-June 2008)
de Paula et al., 2012 17 Phase II, randomised, double-blind, controlled, dose- 1] NA NA
[17] escalation study; rFVIla used as comparator
MN1731-1804 19 bleeds treated

(June 2007-June 2010}

NCTOD486278
Ljung et al., 2013 [20] 23 Phase II, randomised, double-blind, dose-escalation L NA NA
NN7128-1907 study of N7-GP; rFVIla was used to treat all

breakthrough bleeds at the patients’ normal doses

181486492 [Obs+Tri+FU) bleeds treated (=359 bleeds

treated)

(September 2009-March 2011)

NCTD0951405
Lentz et al., 2014 [18] 57 Phase I1I, randomised, double-blind, cross-over study; 1 Thrombus of the Fatal: 0

rFVIla used as a comparator
227 bleeds treated

(July 2011 -August 2012)
NCTO1392547

MN1731-3562

arteriovenous
fistula, judged by the
investigator to be
possibly related to
rFVlla

Mot recovered: 1

MA, not available; TEs, thrombaotic events; rFVIla, recombinant activated factor VII; PK, pharmacokinetics: N7-GP, glycoPEGylated rFVlla; Obs, observation period;

Trt, treatment period; FU, follow-up period.

*While 24 patients with haemophilia were included in this trial, only six were congenital haemophilia patients with inhibitors.

venous (Table 2). None of the reported TEs were fatal, and more
than half of the affected patients (53%) had recovered, or were
recovering, at the time of data capture (Table 3).

Mo TE complications were recorded in the compassionate use
studies that included patients with congenital FVII deficiency
[37-39). No clinical trials have been conducted on rFVIla use in
this rare bleeding disorder.

3.5.2. Immunogenicity

From post-marketing sources, 13 cases of inhibitor develop-
ment were reported in 12 patients with congenital FVII deficiency
(one patient had two events reported in the database). In most
of these cases, the inhibitor had no clinical consequences, and
treatment with rFVIla continued to be beneficial, although
higher doses were required in some cases.

In the compassionate use studies, two patients with FVII
deficiency developed antibodies. The first patient was a
7-month-old girl who was given an rFVlla dose of 800 pg/kg by
mistake on the first day of a treatment episode. This patient did
not suffer any TE complications, and further rFVIila treatment
was administered at the recommended dose [37]. The second
patient was a 4-year-old boy who was found to have transient,
low-titre alloantibodies against FVIl when assayed 3 months
after a single rFVila treatment episode. Clinical response to
rFVIla was reported to be excellent, and the antibody was most
likely not inhibitory [37,39]. Both FVll-deficient patients had
received plasma-derived FVII prior to rFVIla - it is possible that
antibody development may have been induced by one or both of
these agents [39].

4. Discussion

This updated safety review covers data accrued on rFVIla from
its first post-licensure use, up to December 2013. Data from the
compassionate use programme, which ran between 1988 and
1999 in Europe and North America [40] were also included.

[no notes on this page]

A substantial body of safety data for rFVIla has now been
accumulated from clinical trials and post-marketing data,
highlighting a good safety record with no unexpected safety
concerns in approved indications. As expected when administering
a recombinant version of the native protein, in patients without a
deficiency in that protein, there have been no confirmed cases of
neutralising antibodies against rFVIla in congenital haemophilia,
acquired haemophilia or Glanzmann's thrombasthenia. The
data review did reveal several cases of inhibitor development in
congenital FVII-deficient patients treated with rFV1la, but this is as
expected: rFVIla is used as replacement therapy in FVII deficiency
[41-44], and one of the most relevant side-effects of such
replacement therapy is the development of inhibitors against FVII,
regardless of the treatment used [41]. Antibody formation against
FVII might therefore be reasonably anticipated [44] and indeed,
a recent publication has reported the presence of inhibitors in
2.6% of FVll-deficient patients [45]. There is currently very limited
information available in the literature about inhibitor formation in
FVll-deficient patients, although isolated reports of FV1l inhibitors
associated with rFVIla use have been published [43,44 46].

Inhibitor testing has been routinely performed for FVII-
deficient patients exposed to rFVIla as part of Novo Nordisk's
post-marketing commitment. The Seven Treatment Evaluation
Registry (STER) was a multicentre, prospective, observational,
web-based registry established to collect data on treatment
modalities and outcomes in congenital FVIl deficiency [41.42).
The primary objectives of the registry were to: (i) describe
treatment modalities for bleeds in a well-defined, carefully
characterised, international cohort of FVIl-deficient patients;
(ii) study the occurrence of inhibitors/antibodies to FVII,
with inhibitor testing carried out in a centralised fashion;
(iii) evaluate thrombotic complications; and (iv) describe, and
evaluate the efficacy of, available treatments in real-life clinical
settings (including surgery) [41,42]. The STER provided the core
of the pharmacovigilance surveillance programme for rFVlla in
patients with congenital FVII deficiency.
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It has generally been assumed that bleeding disorders
protect against the development of thrombosis and related
mortality [47-51]. However, more recent data suggest that the
presence of a coagulation disorder may not be protective after
all: cardiovascular diseases (CVDs) are becoming more common
in haemophilia patients, and the prevalence of cardiovascular
risk factors is at least similar to that in the general population
and, in some cases, may even be higher [52,53]. Well-
established risk factors for arterial thrombosis and CVD include
smoking, hypertension, obesity, high cholesterol, diabetes and
a family history of CVD [21-23,47,54|, and the presence of
these comorbid conditions may also predispose patients with
coagulation disorders to thrombosis. Furthermore, there is
evidence to suggest that traditional cardiovascular risk factors
may also play a role in venous thrombosis [23], and that arterial
disease may directly promote venous thrombosis in certain
circumstances (e.g., following stroke or myocardial infarction)
[22]. As these risk factors tend to increase over time, their
effects worsen with age.

These findings may explain the occurrence of TEs in patients
with (often severe) coagulation disorders. While patients may
be inherently anti-coagulated due to clotting factor deficiency,
this protection will be reduced over time as patients age and
develop risk factors, comorbid conditions and the use of central
venous access devices 7] that predispose them to thrombosis.
Additionally, all protective effects will be removed upon
replacement of the clotting factor or restoration of normal (or
near-normal) haemostasis. In this current review, only one new
TE was reported in clinical trials of rFVIla in haemophilia patients
with inhibitors since 2006 (Table 4) and 84 TEs (mainly venous/
mixed and non-fatal) occurred in this population across all
post-marketing data sources (Table 2). In acquired haemophilia
patients, 54 TEs were reported from post-marketing sources
(Table 2). This is perhaps unsurprising, given that the acquired
haemophilia population is typically older, with multiple
underlying risk factors for thrombosis. Various combinations of
age, comorbid conditions and concomitant treatment with factor
concentrates or plasma-derived activated prothrombin complex
concentrate have been proposed as potential contributory factors
to all cases of cerebrovascular thrombosis or DIC [7].

Recombinant FVIla is the only recombinant product available
for patients with congenital FVII deficiency, thus making it the
only alternative to plasma-derived products. A relatively high
frequency of (particularly venous) thrombotic phenomena has
previously been observed in this patient population [36], leading
to the conclusion that FVIl deficiency may not protect against
thrombosis [36,55-58]. In line with these findings, reported
TEs constitute a higher fraction of all reported AEs (22.5%)
from post-marketing sources in the current review. Current
literature suggests that prothrombotic risk factors are present
in the majority of FVll-deficient patients with TEs [36,55-58].
Genetic factors may also play a role [55,57,58], indicating that
FVII deficiency associated with thrombosis is a complex clinical
scenario [58]. However, a reporting bias in relation to the post-
marketing sources should perhaps also be considered as inherent
to spontaneous reporting.

Finally, more safety data on rFVlla use in older patients are
available today than in previous years, collected largely through
post-marketing surveillance studies [59]. As the number of elderly
patients is expected to increase over time, it will be important to
continue monitoring the treatment outcomes for these patients
carefully. According to current knowledge, however, the safety
profile in elderly haemophilia patients appears to be similar to
that in the general population; importantly, no safety signals
have been observed to date specifically in the elderly [60]. Due
to post-marketing commitments, which include reporting safety

data on rFVIla use [9,42,60-68], our understanding of optimal
therapeutic strategies in the different approved indications has
increased. Indeed, the United Kingdom Haemophilia Centre
Doctors’ Organisation (UKHCDO) has published a number of
guidelines on the diagnosis and treatment of haemophilia with
inhibitors and rare bleeding disorders over recent years [69-72].

5. Conclusions

This review presents the largest collection of safety data
available on rFVIla use in approved indications (congenital
haemophilia with inhibitors, acquired haemophilia, Glanzmann's

thrombasthenia and congenital FVII deficiency). A growing
body of evidence from both clinical trials and extensive post-

marketing data shows that rFVIla has a consistently favourable
safety profile, with a low overall reported number of TEs

compared with the estimated number of administered doses,
across all approved indications. These findings can be attributed
to the recombinant nature of rFVila and its localised mode of
action: rFVIla activates FX directly on the surface of activated
platelets [12,13], which are present only at the site of injury —
meaning that systemic activation of coagulation is avoided and
the risk of TEs thus reduced. Nonetheless, close monitoring for
signs and symptoms of TEs is warranted in all patients treated
with rFVIla (or any pro-haemostatic_agent), particularly the
elderly and any other patients with concomitapt conditions
and/or predisposing risk factors for thrombosis. The risk of
inhibitor development against rFVIla is apparently low in
congenital haemophilia with inhibitors, acquired haemophilia
and Glanzmann's thrombasthenia. Taken together, the findings
of this updated safety review show that despite substantial
use, relatively few AEs and safety concerns have occurred when
rFVIla is used in relation to its licensed indications. Recombinant
FVlla has a favourable safety profile in approved indications and
is well tolerated.
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