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Brno, Czech Republic; §§Hôpital Universitaire de Caen, Centre d’Hemophiles, Caen, France; and ––UO Immunoemat-

ologia, Azienda Ospedaliera, Cosenza, Italy

Summary. Many patients with haemophilia develop
inhibitors to factor VIII and require bypassing
agents to provide haemostatic cover for limb- or
life-threatening bleeding episodes. Due to the
reduced risk of blood-borne pathogen transmission
with recombinant products, on-demand recombin-
ant factor VIIa (rFVIIa; NovoSeven�) is the treat-
ment of choice for children with inhibitors. In
haemophiliac patients without inhibitors, primary
prophylaxis has been clinical practice for several
years. This paper summarises 13 case histories of
rFVIIa secondary prophylaxis for haemophilia
patients with inhibitors. This was a retrospective
survey of adult and paediatric severe haemophilia
patients with inhibitors treated with rFVIIa from
ten European Haemophilia Centres. There was a
wide variation in administered rFVIIa dose, from
200–250 lg kg)1 per week to 220 lg kg)1 daily. In
many cases, this was lower than the recommended

on-demand dose of rFVIIa. In 12/13 cases,
prophylaxis with rFVIIa considerably reduced the
number of bleeding episodes compared with previ-
ous treatment. Eight/nine patients were satisfied or
very satisfied with rFVIIa treatment, and in cases
reporting subjective quality of life (QoL), all were
improved, much improved, or significantly
improved. In haemophilia patients with inhibitors,
prophylaxis with rFVIIa is highly effective in
reducing the number of bleeding episodes and
results in good patient compliance and improved
QoL. Randomised controlled trials are needed to
confirm these findings. Results of a recently
completed clinical trial on secondary prophylaxis
with rFVIIa in frequently bleeding haemophilia
patients with inhibitors are expected in late 2006.
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Introduction

Neutralising antibodies (inhibitors) are a severe
complication of factor VIII usage. The incidence of
inhibitors varies widely according to the different
types and severities of haemophilia, occurring in up

to 36% of patients with severe haemophilia A [1].
Children with severe haemophilia A are also at
high risk of inhibitor development, and in this
population, the incidence of inhibitor development
may be more than 50% [2]. Although all haemo-
philia patients with inhibitors have some degree of
bleeding, a small subset develop more severe
bleeding complications such as life- or limb-
threatening bleeds or bleeding into the cranium
or peritoneal space. These patients also often
develop target joints and arthropathy leading to
permanent disability [3].
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Patients with low-titre inhibitors (low-responders),
can often be treated with higher or more frequent
doses of clotting factor. However, the majority of
haemophilia patients with inhibitors develop high-
titre inhibitors [>5 Bethesda Units (BU)] and are
usually treated with immune tolerance therapy (ITT)
[4]. Several studies have shown that ITT can effect-
ively remove inhibitors [5,6]. However, ITT fails in
up to 30% of patients, and about 10% of patients
are not eligible for ITT [6].

For pre-ITT patients as well as those who fail ITT or
are currently receiving ITT but are affected by break-
through bleedings, bypassing agents are often used to
provide adequate haemostatic cover. For patients with
inhibitors, recombinant factor VIIa (rFVIIa; Novo-
Seven�, Novo Nordisk, Bagsvaerd, Denmark) has
become the treatment of choice for acute life-threat-
ening bleeding episodes because, unlike plasma-
derived products, there is no risk of blood-borne
pathogen transmission [7–9]. rFVIIa is the safest
option for the treatment of patients who have not
been infected by viruses and, due to the risk of future
exposure to emerging or unknown viruses, also for
patients who have already been exposed to viruses
through the use of plasma products. Evidence in
several hundreds of haemophilia patients has demon-
strated that rFVIIa is a potent prohaemostatic agent
that may also have fewer side-effects than alternative
treatment strategies [8]. In haemophilia patients with
inhibitors, rFVIIa can induce effective haemostasis
during joint, muscle and soft tissue bleeds as well as
during minor and major surgery [10]. Unlike other
bypassing agents, rFVIIa does not contain any FVIII
antigen and does not produce an anamnestic response
[7,8]. The use of rFVIIa as a bypassing agent therefore
allows inhibitor titres to reduce to levels acceptable for
initiation of ITT (usually less than <5 BU) [11],
making it an ideal pre-ITT therapy.

For patients with severe haemophilia, there is a
trend away from on-demand treatment towards
prophylactic regimens to prevent bleeding and sub-
sequent joint damage. Studies comparing prophy-
laxis and on-demand treatment in non-inhibitor
patients with severe haemophilia have shown that
prophylaxis reduces the risk of bleeding, reduces the
risk of arthropathies and reduces the number of
hospital visits and orthopaedic surgeries [12–15].
The fixed time of prophylaxis is also more conveni-
ent for patients who have school or work commit-
ments. Both national and international authorities
now recommend prophylaxis for non-inhibitor
patients with severe haemophilia [16].

To date, for severe haemophilia patients with
inhibitors, prophylaxis with rFVIIa has been repor-

ted in only three case reports involving four patients
[17–19]. In this article, we summarise data from 13
historic case histories collected from Haemophilia
Centres in six European countries.

Methodology

A retrospective survey was conducted in 2005 from
ten European Haemophilia centres (four in Italy, one
in Germany, one in France, two in Spain, one in
Switzerland, one in Czech Republic) where rFVIIa
was used to prevent bleeding episodes in haemophil-
iac patients with inhibitors. Haemophilia centres that
were known by the first author and/or Novo Nordisk
to have tried rFVIIa prophylaxis for the treatment of
haemophilia patients with inhibitors were sent
ad-hoc questionnaires to collect the principal char-
acteristics of patients and prophylactic regimens
from paediatric and adult patients. Here, we sum-
marise data from Haemophilia centres who provided
case studies that were considered by the first author
to provide sufficient follow-up data for inclusion in
this report. The main entry criteria was the availab-
ility of a detailed record of bleeding incidence.

Patients in these case studies were treated with
prophylactic rFVIIa for one of the following reasons:
as preparation for or during ITT, as preparation for
surgery, or to control frequent bleeding episodes,
particularly during physiotherapy for target joints.
Frequent bleeding was classified as one bleed/month.

In January 2006, an investigators� meeting of
clinical experts from the participating European
Haemophilia Centres took place in Rome for a
preliminary presentation of the case study results.
Full results from 13 case studies are reported here.

Results

Patient demographics

Patient demographics for the 13 case studies are
presented in Table 1. Twelve cases involved patients
with haemophilia A and one case involved a patient
with haemophilia B. Cases involved eight paediatric
patients (£18 years of age) and five adult patients. All
patients were high responders, with historical peak
titre >5 BU mL)1; two patients (cases 4 and 8) had a
low titre inhibitor, 5 and 8 BU mL)1, respectively,
when enrolled on prophylaxis (Table 1). All patients
had previously been treated with FVIII or FIX and had
subsequently developed inhibitors. The case studies
presented in this report involve patients with severe
haemophilia and inhibitors and the majority had
failed a number of previous treatments. The haemo-
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philia B patient (case 8) had experienced repeated
anaphylactic reactions when exposed to FIX.

There was a wide variation in the mean number of
bleeds per month before rFVIIa prophylaxis, ranging
from 0.25 (Case 9) to 8.33 (Case 11) bleeds per
month. The majority of cases (10/13) involved
patients with a mean of £2.2 bleeds per month, of
whom only three had <1.0 bleed per month. These
patients were children (2) and an adolescent (1) and
their treaters decided to start prophylaxis after the
first few haemarthrosis. Three cases (cases 10, 11,
and 12) involved patients with a mean of >4 bleeds
per month (Table 1).

Dosing

The duration of rFVIIa prophylaxis ranged from
4 months (Case 13) to 4 years (Case 7). Many

patients (8/13 cases) are continuing to receive treat-
ment with rFVIIa.

Prophylactic rFVIIa dosing frequency varied
between cases, from twice-daily to once-weekly
administration. There was a wide variation in the
administered dose, ranging from 200–250 to
1540 lg kg)1 per week (Cases 8 and 11 respectively)
(Table 2).

Efficacy

The mean number of bleeds per month before and
during rFVIIa prophylaxis for each case is shown
in Tables 1 and 2 respectively. In 12/13 cases, the
number of bleeds was lower during rFVIIa pro-
phylaxis compared with previous treatment
(Fig. 1).

Table 1. Case study demographics.

Case

no.

Patient�s
age (years)

Haemophilia

type BU mL)1

Mean bleeds

per month before

prophylaxis

Follow up before

prophylaxis

(months)

Target

joint

1 5 A 500 2.14 48 Knee

2 4 A 7500 1.83 24 None

3 30 A 26 1.77 48 None

4 22 A 5 2.13 60 Knee

5 5 A 35 0.75 16 Knee

6 2 A 13 1.50 3 None

7 14 A 37 0.37 48 None

8 7 B 8 1.38 42 None

9 3 A 50 0.25 16 Knee

10 30 A 143 4.33 48 Shoulder,

elbow, knee

11 18 A 256 8.33 12 Elbow, ankle

12 9 A 126 5.66 12 Knee

13 16 A 346 2.20 72 Knee

Table 2. Recombinant factor VIIa

dosing and prophylaxis results (listed

from higher to lower weekly dose).
Case

no.

rFVIIa dose

(lg kg)1)

Approximately

weekly dose

(lg kg)1 week)1)

Mean bleeds

per month during

prophylaxis

Follow-up during

prophylaxis

(months)

1 200, six days week)1* 1200 0.91 12

2 160–170 daily** 1120–1190 0.08 12

3 130–200 eod 455–700 0.21 32

4 95 eod 315 0.25 24

5 80 daily five days week)1 400 0.25 20

6 100 three times week)1 300 0 5

7 90 bid 1260 0.14 50

8 200–250 week)1 200–250 1.0 6

9 330, once or twice

week)1

330–660 0.28 7

10 60 daily 420 1.0 6

11 220 daily 1540 2.25 28

12 210 daily 1470 1.37 40

13 195 eod 585 0.50 4

eod, every other day; bid, twice daily.

*Patient subsequently switched to 120 lg kg)1 every other day.

**Patient subsequently switched to 70 lg kg)1 daily.
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Patient compliance

Patient compliance was good, very good, or excellent
in all cases. Of the nine cases that recorded patient
satisfaction with treatment, eight patients reported
that they were satisfied with their treatment. Of those
cases that recorded subjective quality of life (QoL)
assessments, all were reported as improved, much
improved, or significantly improved.

Discussion

The management of high-titred inhibitor patients to
prevent bleeding, progression to arthropathy and
morbidity remains an important clinical challenge.
Whether or not prophylaxis with bypassing agents
can achieve this has yet to be answered in long-term,
prospective, comparative studies. One of the reasons
for this is that such studies meet with both organ-
isational and cost issues due to the relatively small
numbers of haemophilia patients with inhibitors.

Outside of the surgical setting, prophylactic use of
rFVIIa has been reported in only three case study
publications involving a total of four paediatric
haemophilia patients with inhibitors [17–19]. In all
of these patients, prophylactic use of rFVIIa suc-
cessfully reduced the number of bleeds. This paper
reports the successful use of rFVIIa as prophylaxis
in 13 case histories of adult and paediatric severe
haemophilia patients with inhibitors. Frequent
bleeding was classified as one bleed per month. In
cases 5, 7 and 9 prophylaxis was started albeit less
than one bleed per month with the rationale that,
prophylaxis for paediatric patients without inhibi-
tors, there is a general consensus among physicians
that treatment should be started before or after the
first joint bleed.

Due to its short half-life (approximately 2.9 h in
adults) and recommended dose frequency (every
2–4 h), rFVIIa may be viewed as an unlikely choice
for haemophilia prophylactic therapy [20]. However,
despite the theoretical drawbacks, our results dem-
onstrated that rFVIIa prophylaxis (from 3 months to
4 years� treatment duration) was highly effective in
reducing the number of bleeding episodes in haemo-
philia patients with inhibitors. Our results are in line
with the clinical observations of other groups, which
have reported successful use of rFVIIa prophylaxis
for up to 21 weeks in haemophilia patients with
inhibitors [17–19]. In a recent study evaluating the
efficacy of anti-inhibitor coagulant complex in
patients treated prophylactically for between 4 and
6 years, all of the joints had progressed and devel-
oped synovitis [21].

It has been suggested that the biological effect of
rFVIIa is actually much longer than indicated by its
half-life [17,18]. There are a number of possible
explanations for this. First, rFVIIa prolongs the
haemostatic effect by improving the stability of the
clot structure. It has been reported that rFVIIa
enhances platelet activation and thrombin generation
on the thrombin-activated platelet surface, contribu-
ting to the formation of tighter, more stable fibrin
haemostatic plugs that are resistant to premature
lysis [9,22]. Indeed, rFVIIa has been successfully used
in a number of patients experiencing massive bleed-
ing from various etiologies [9]. It has been hypo-
thesised that, following regular daily dosing of
rFVIIa, the extravascular diffusion of rFVIIa at the
site of injury may increase its local concentration and
contribute haemostasis of the plug [23]. Second, we
suggest that regular treatment with rFVIIa may
prevent small bleeds (such as microhaemarthroses),
which often develop over a period of hours or days,
from developing into more severe bleeding episodes.
It is possible that further benefits can be obtained
from administration of rFVIIa at bedtime, which
may prevent small bleeds that began during the day
from becoming more severe during the night (P.
Petrini, personal communication). As demonstrated
in vitro in an umbilical vein model, long-term rFVIIa
administration may also result in the uptake of tissue
factor-FVIIa complex by extracellular matrix [24].
Finally, it has been reported that rFVIIa has several
tissue-factor-mediated non-haemostatic properties,
including the induction of intracellular signalling
and inhibition of apoptosis, as well as angiogenesis
and chronic inflammation, all of which are mecha-
nisms involved in the progressive joint damage
characteristic of arthrophathy [25–31]. Increased
tissue-factor and reduced tissue-factor pathway
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inhibitor concentration has been reported in rheu-
matoid arthritis and experimental murine antigen-
induced arthritis [29]. In this animal model, systemic
administration of active site-blocked recombinant
activated factor VII (rFVIIai) led to decreased
synovial thickness and decreased joint cartilage
damage [29]. Long-term administration of rFVIIa,
above that which reduces fibrin deposition, may
saturate the over-expressed and de-encrypted tissue-
factor at the level of the hypertrophic synovial tissues
characteristic of haemophiliac arthropathy. In addi-
tion, the minimal dosage of rFVIIa used during the
prophylaxis regimen (60 lg kg)1) may achieve a
plasma concentration that is 150–300 times greater
than the endogenous FVII concentration in haemo-
philic plasma (5–10 ng mL)1).

The standard recommended dose of rFVIIa is
90–120 lg kg)1 every 2–4 h. In the cases presented
here, there was a wide variation both in dose
concentration and frequency of rFVIIa dose. How-
ever, excellent efficacy was observed in patients
receiving rFVIIa daily and in those receiving the
drug only once or twice per week, suggesting that
the optimal dose of rFVIIa is likely to be patient-
and bleeding-dependent. In some cases, physicians
used doses that were lower than the recommended
dose, mainly due to concerns over the cost of
treatment. Although this variation in dose may be
perceived as a study limitation, it led to the
discovery that low doses of rFVIIa can achieve
very good success rates. This unexpected finding
may offer some hope for physicians that may
struggle with the annual cost of prophylactic
therapy as it approaches approximately Euro 0.8
per lg. There are several factors that should be
considered when evaluating the cost-benefit of such
as treatment. First, the amount of drug used for
rFVIIa prophylaxis does not differ significantly
from that used during on-demand treatment. In
addition, rFVIIa does not produce an anamnestic
response. Therefore, the success rate of ITT and
the overall cost of treatment is likely to be lower
compared with the use of drugs that may produce
anamnestic responses, such as anti-inhibitor coagu-
lant complex, in which anamnestic responses have
occurred in 31.5% of treated patients [32]. It is
also noteworthy that prophylactic treatment with
rFVIIa achieved a high level of patient compliance
and satisfaction, and many patients reported
improvements in their QoL, a measure that is very
difficult to evaluate in monetary terms.

There are two limitations to this report that should
be mentioned. First, it is well known that patients
with inhibitors may have dramatic shifts in their

bleeding patterns. In this respect, the lack of control
in these cases prevents any detailed evaluation of
efficacy. Second, as mentioned earlier, there was a
wide variation in dose between these cases. Future
studies will be required to define the minimally
effective dose to achieve the best clinical outcome at
the lowest possible cost.

Due to the number of cases we have presented, it is
impossible to present detailed information of each
case. Rather, we have attempted to provide an
overview summarising the experience of the partici-
pating European Haemophilia Centres to demon-
strate the potential efficacy of rFVIIa as prophylactic
treatment of haemophilia patients with inhibitors.
The recently completed clinical trial on secondary
prophylaxis with rFVIIa in frequently bleeding hae-
mophilia patients with inhibitors has addressed these
same questions. Results of this trial are expected at
the end of 2006.

Conclusions

Our experience adds to that reported from other
groups and, in these cases, rFVIIa prophylaxis
dramatically reduced the number of bleeding epi-
sodes with good patient compliance and improved
QoL. This efficacy was demonstrated even at low
doses, making rFVIIa a potentially cost-effective
approach for haemostatic control in selected haemo-
philia patients with inhibitors.

Addendum
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of the paper.

Acknowledgements

The authors would like to acknowledge that this
work has been supported, in part, by an unrestricted
educational grant from Novo Nordisk.

The assistance of Dr Joan Thomas in writing this
paper has been very much appreciated.

Disclosures

Drs M Morfini, R Kobelt, GF Rivolta, and J Blatny
have received grant support from Novo Nordisk.

RFVIIA PROPHYLAXIS FOR HAEMOPHILIA INHIBITOR PATIENTS 5

� 2007 The Authors
Journal compilation � 2007 Blackwell Publishing Ltd Haemophilia (2007), 1–6



References

1 Darby SC, Keeling DM, Spooner RJ et al. The inci-
dence of factor VIII and factor IX inhibitors in the
hemophilia population of the UK and their effect on
subsequent mortality, 1977–99. J Thromb Haemost
2004; 2: 1047–54.

2 Ehrenforth S, Kreuz W, Scharrer I et al. Incidence of
development of factor VIII and factor IX inhibitors in
haemophiliacs. Lancet 1992; 339: 594–8.

3 Dimichele D. Inhibitors: resolving diagnostic and
therapeutic dilemmas. Haemophilia 2002; 8: 280–7.

4 Lusher JM. Inhibitor antibodies to factor VIII and
factor IX: management. Semin Thromb Hemost 2000;
26: 179–88.

5 Mauser-Bunschoten EP, Nieuwenhuis HK, Roosen-
daal G, van den Berg HM. Low-dose immune toler-
ance induction in hemophilia A patients with
inhibitors. Blood 1995; 86: 983–8.

6 Di Michele D. Immune tolerance: a synopsis of the
international experience. Haemophilia 1998; 4:
568–73.

7 Smith OP. Recombinant factor VIIa in the management
of surgery and acute bleeding episodes in children with
haemophilia and high-responding inhibitors. Patho-
physiol Haemost Thromb 2002; 32 (Suppl. 1): 22–5.

8 Levi M, Peters M, Buller HR. Efficacy and safety of
recombinant factor VIIa for treatment of severe
bleeding: a systematic review. Crit Care Med 2005; 33:
883–90.

9 Hedner U. Potential role of recombinant factor VIIa as
a hemostatic agent. Clin Adv Hematol Oncol 2003; 2:
112–9.

10 Shapiro AD, Gilchrist GS, Hoots WK, Cooper HA,
Gastineau DA. Prospective, randomised trial of two
doses of rFVIIa (NovoSeven) in haemophilia patients
with inhibitors undergoing surgery. Thromb Haemost
1998; 80: 773–8.

11 Johannessen M, Andreasen RB, Nordfang O. Decline
of factor VIII and factor IX inhibitors during long-term
treatment with NovoSeven. Blood Coagul Fibrinolysis
2000; 11: 239–42.

12 Khoriaty R, Taher A, Inati A, Lee C. A comparison
between prophylaxis and on demand treatment for
severe haemophilia. Clin Lab Haematol 2005; 27:
320–3.

13 Hoots WK, Nugent DJ. Evidence for the benefits of
prophylaxis in the management of hemophilia A.
Thromb Haemost 2006; 96: 433–40.

14 Manco-Johnson M. Initial results of a randomized,
prospective trial of prophylaxis to prevent joint disease
in young children with factor viii deficiency. Blood
2005; 16 (Abstract 8).

15 Gringeri A. Prospective controlled studies on prophy-
laxis: an Italian approach. Haemophilia 2003; 9
(Suppl. 1) : 38–42.

16 Geraghty S, Dunkley T, Harrington C, Lindvall K,
Maahs J, Sek J. Practice patterns in haemophilia A

therapy–global progress towards optimal care.
Haemophilia 2006; 12: 75–81.

17 Cooper HA, Jones CP, Campion E, Roberts HR,
Hedner U. Rationale for the use of high dose rFVIIa in
a high-titre inhibitor patient with haemophilia B during
major orthopaedic procedures. Haemophilia 2001; 7:
517–22.

18 Saxon BR, Shanks D, Jory CB, Williams V. Effective
prophylaxis with daily recombinant factor VIIa
(rFVIIa-Novoseven) in a child with high titre inhibitors
and a target joint. Thromb Haemost 2001; 86: 1126–7.

19 Young G, McDaniel M, Nugent DJ. Prophylactic
recombinant factor VIIa in haemophilia patients with
inhibitors. Haemophilia 2005; 11: 203–7.

20 Lindley CM, Sawyer WT, Macik BG et al. Pharmaco-
kinetics and pharmacodynamics of recombinant factor
VIIa. Clin Pharmacol Ther 1994; 55: 638–48.

21 Hilgartner MW, Makipernaa A, Dimichele DM. Long-
term FEIBA prophylaxis does not prevent progression
of existing joint disease. Haemophilia 2003; 9: 261–8.

22 Wolberg AS, Allen GA, Monroe DM, Hedner U,
Roberts HR, Hoffman M. High dose factor VIIa
improves clot structure and stability in a model of
haemophilia B. Br J Haematol 2005; 131: 645–55.

23 Hedner U. Potential role of recombinant factor FVIIa
in prophylaxis in severe hemophilia patients with
inhibitors. J Thromb Haemost 2006; 4: 2498–500.

24 Almus FE, Rao LV, Fleck RA, Rapaport SI. Properties
of factor VIIa/tissue factor complexes in an umbilical
vein model. Blood 1990; 76: 354–60.

25 Sorensen BB, Rao LV, Tornehave D, Gammeltoft S,
Petersen LC. Antiapoptotic effect of coagulation factor
VIIa. Blood 2003; 102: 1708–15.

26 Versteeg HH, Spek CA, Slofstra SH, Diks SH, Richel
DJ, Peppelenbosch MP. FVIIa:TF induces cell survival
via G12/G13-dependent Jak/STAT activation and
BclXL production. Circ Res 2004; 94: 1032–40.

27 Bokarewa MI, Morrissey J, Tarkowski A. Intra-arti-
cular tissue factor/factor VII complex induces chronic
arthritis. Inflamm Res 2002; 51: 471–7.

28 Bokarewa MI, Morrissey JH, Tarkowski A. Tissue
factor as a proinflammatory agent. Arthritis Res 2002;
4: 190–5.

29 Busso N, Morard C, Salvi R, Peclat V, So A. Role of the
tissue factor pathway in synovial inflammation. Arth-
ritis Rheum 2003; 48: 651–9.

30 So AK, Varisco PA, Kemkes-Matthes B et al. Arthritis
is linked to local and systemic activation of coagulation
and fibrinolysis pathways. J Thromb Haemost 2003; 1:
2510–5.

31 Hoots WK. Pathogenesis of hemophilic arthropathy.
Semin Hematol 2006; 43: S18–22.

32 Negrier C, Goudemand J, Sultan Y, Bertrand M,
Rothschild C, Lauroua P. Multicenter retrospective
study on the utilisation of FEIBA in France in patients
with factor VIII and factor IX inhibitors. French
FEIBA Study Group. Thromb Haemost 1997; 77:
1113–9.

6 M. MORFINI et al.

� 2007 The Authors
Haemophilia (2007), 1–6 Journal compilation � 2007 Blackwell Publishing Ltd


