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Introduction n 

Recentt insights in the mechanism of the coagulation cascade have revealed a pivotal role of 

thee complex formation between activated factor VII (FVIIa) and tissue factor (TF) in the 

initiationn of hemostasis. Tissue factor is expressed by various cell types that are localized 

inn the subendothelial space, such as adipocytes, epidermal keratinocytes, pericytes, 

fibroblasts,, and smooth muscle cells." Tissue factor normally not detectable in the 

circulation,, but after vascular injury, the molecule is exposed to the circulating blood and 

subsequentlyy forms a complex with circulating factor VII or factor Vil a a at the site of the 

bleeding,, resulting in further activation of factor VII to factor Vil a and factor X to factor 

Xa.. Hereafter, factor Xa converts prothrombin into thrombin by forming the prothrom-

binasee complex, which further consists of a phospholipid surface provided by factor V(a) 

andd calcium. Alternatively, the tissue factor/factor Vil a complex may activate factor IX to 

factorr IXa, which in conjunction with factor Vill a contributes to additional factor Xa 

generation.. As soon as FXa is activated and thrombin is generated, several negative feed-

backk mechanism starts to control the further generation of thrombin. Firstly, 

Antithrombinn inhibits thrombin and factor Xa. Secondly, generated thrombin binds to 

thrombomodulinn and this complex mediates activation of protein C. Activated protein C 

(APC)) and its co-factor protein S proteolytically degrade factors V and VIII . Lastly, tissue 

factorr pathway inhibitor (TFPI) is the major physiological inhibitor of the TF-FVIIa 

pathway.. In healthy persons, a continuous physiological low-grade activation of coagu-

lationn is present. The continuous TF-dependent activation of FIXa and FXa forms a nice 

equilibriumm with the continuous inhibition of thrombin and activation of fibrinolysis. 

Individualss suffering of a severe factor VII deficiency have substantially reduced levels of 

factorr X-activation peptides and prothrombin activation fragment Fl+2, which suggests a 

cruciall  role for factor VII in the continuous low-grade activation of coagulation. 

Bleedingg in patients with hemophilia A or B is normally treated by suppletion of factor 

VII II  or IX, respectively. However, in some patients, antibodies against factor VII I or factor 

FIXX abolish the hemostatic effect of the coagulation factor concentrates. In these patients, 

alternativee treatment is required. A similar situation occurs in previously healthy subjects 

whoo develop auto-antibodies towards factor VII I or another coagulation factor (acquired 

hemophilia).. Until recently, the treatment of bleeding in hemophiliacs with factor VII I or 

factorr IX antibody-tit res below 5-10 Bethesda units (BU)/ml basically consisted of 

overwhelmingg the inhibiting effect by increasing the dose of the coagulation factor 

concentrates,, although such treatment may also result in triggering additional antibody 

formationn anamnesis. ' Hemophiliacs with inhibitor titres > 10 BU/ml have also been 

treatedd with high-dose factor VII I infusions, ' but this treatment regimen, has only been 
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usedd to a limited extent due to the requirement of very large amounts of factor VII I 

concentratee and the consequent high costs. ' Another widely used treatment of 

hemophilicc patients with inhibitors includes infusion with concentrates containing 

purifiedd porcine FVIII.6,13'16 In a substantial number of patients treated with these 

concentrates,, however, cross-reactivity of the inhibitors occurs which causes rapid 

inactivationn of the infused product.1 'l Other alternative treatment strategies in 

hemophiliacss with inhibitors include plasmapheresis, plasma-exchange in combination 

withh immunosuppressive treatment and immuno-adsorption " Nonetheless, these 

proceduress are difficult to use in the management of acute bleeding episodes due to the 

requirementt of skilled personnel, sophisticated instrumentation and hours or days to 

achievee an adequate antibody reduction. Moreover, the efficacy of these methods tends to 

bee fluctuating. In order to find more convenient procedures to treat hemophilic patients 

withh inhibitors, agents that bypass factor VII I and factor IX have been developed. One of 

thee FVIII and FIX bypassing treatments that is able to induce hemostasis, consists of the 

administrationn of plasma preparations containing activated coagulation factors such as 

activatedd prothrombin complex concentrates (aPCCs). A frequently used aPCC for 

treatmentt of hemophilia patients with inhibitors is factor eight inhibitor by-passing agent 

(FEIBA)) or Autoplex . The compound has shown to be an effective treatment in 

approximatelyy half of the bleeding episodes but its use, albeit rarely, has been complicated 

byy unpredictable effects on hemostasis such as the development of venous thrombo-

embolismm and even disseminated intravascular coagulation. 3 Moreover, the effect of 

treatmentt with FEIBA or Autoplex cannot be monitored due to the absence of objective 

testss that can measure treatment-efficacy. Finally, patients who were treated with FEIBA 

havee occasionally been compromised by the development of serious immunological or 

infectiouss complications and even anaphylactic reactions. ' Although the mode of action 

off  aPCCs such as FEIBA has never been absolutely determined, most investigators are of 

thee opinion that it is one or more of the activated factors in the aPCCs that possesses 

inhibitorr bypassing activity. The possible adverse events and the unpredictable response 

uponn treatment with aPCCs of hemophiliacs with inhibitors have raised the need for new 

treatmentt modalities. Based on the present knowledge of the initiation of coagulation in 

vivo,, it seems logical that such strategies are aimed at factor Vila. The first evidence that 

factorr Vil a might actually play a key role in a new treatment strategy for hemophilic 

patientss with inhibitors, was provided in 1983 by Hedner et al. who demonstrated efficacy 

off  treatment with purified human FVIIa in two patients with hemophilia and a high-titer 

inhibitorr who experienced bleeding. 
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ChapterChapter 11 

RecombinantRecombinant FVIIa in the treatment of hemophilia 

Thee introduction of rFVIIa resulted in a considerable improvement of treatment and 

clinicall  prospects of hemophilic patients with inhibitors. In 1988, a patient with severe 

hemophiliaa A with a high-titre inhibitor underwent an uncomplicated synovectomy of the 

kneee covered under rFVIIa, in combination with tranexamic acid. Since this first clinical 

use,, several clinical studies and case-reports have established the efficacy of rFVIIa for 

controll  of more than 2400 bleeding episodes from various sites in more than 500 patients 

withh hemophilia, most of whom had inhibitors to factors VII I or IX. In a randomized, 

double-blind,, multicenter dose-finding study, 78 patients received rFVIIa at two doses (35 

Mg/kgg or 70 /xg/kg) for 178 joint, muscle, and mucocutaneous bleeding episodes within 9 

hourss of the onset of bleeding. Although successful hemostasis was achieved in all 

patients,, no statistically significant difference was found between the two treatment-dose 

groupss in the mean number of injections required to control the bleedings. This absence of 

differencee in outcome might be explained by the delay up to 10 hours before the start of 

treatment,, especially since previous studies have demonstrated superior efficacy of 

immediatee treatment of bleeding in hemophiliacs versus delayed treatment in the 

preventionn of major hemarthrosis and subsequent development of synovitis and arthro-

pathy.44 '4 As in hemophilic patients without inhibitors, the introduction of home 

treatmentt with rFVIIa has resulted in decrease of the delay time between the onset of 

bleedingg and subsequent treatment in hemophilic patients with inhibitors. Since 1997, four 

clinicall  trials and at least one case report focusing on home treatment with rFVIIa have 

beenn published. (Table 1). Home treatment with rFVIIa was first described in a clinical 

triall  in which 21 hemophilic patients with a high-titre inhibitor were treated for 202 

bleedingg episodes, of which 158 episodes were treated at home. All first bleedings in this 

studyy were treated in the hospital in order to evaluate tolerability. Effective hemostasis 

wass obtained in 139 out of 158 bleedings (88%). Even better efficacy of rFVIIa treatment 

wass demonstrated in another trial in which a total of 614 bleeding episodes were treated in 

522 patients. The dose of rFVIIa was 90 ^g/kg at 3 hour intervals. u After a maximum of 

threee doses and one maintenance injection, effective hemostasis was obtained in 566 (92%) 

off  the 614 episodes with a mean of 2.2 doses. Recombinant FVIIa was partially effective or 

ineffectivee in 42 bleeding episodes (7%). The authors reported 32 (3.4%) adverse events 

duringg 937 rFVIIa infusions (serious: 7; non-serious: 25). All 7 serious adverse events were 

recurrentt bleedings, of which 5 occurred in a single patient. Similar results were found in a 

smallerr study in which 5 patients were treated with a fixed dose of 90 ^g/kg for 50 

bleedingg episodes. In 46 (92%) of the 50 episodes, effective hemostasis was achieved.4 

Nonee of the patients experienced adverse events. However, 4 bleeding episodes required 

hospitall  admittance because bleeding resulted from severe trauma or delay in start of 
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treatment.. The most recent trial reported effective hemostasis in 42 (79%) out of 53 

bleedingg episodes in 10 hemophilic patients with inhibitors.44 Compared with partially 

effectivee (11%) and ineffective treatments (10%), effective treatments started earlier and 

requiredd a smaller number of doses. These results clearly indicate that rFVII a can be 

effectivelyy used in hemophilic patients in the home-setting and again demonstrate that 

earlyy home treatment of bleeding compared to in hospital treatment in hemophilic 

patientss is probably associated with higher success rates, substantial decrease in damage to 

jointss and muscles and decrease in number of injections needed to achieve hemostasis. 

TableTable 1. Efficacy and safety of recombinant factor Vila in home treatment. 

Author r 

Key* * 
Ingerslev** * 
Laurian n 
Stewart t 
Santagostino o 

No. . 

cases s 

56 6 
5 5 

21 1 
1 1 
10 0 

No. . 

bleeds s 

614 4 
50 0 
158 8 
25 5 
53 3 

Dose e 

(Mg/kg) ) 

90 0 
90 0 
90 0 
90 0 
90 0 

Meann No. 
injections s 

2.2 2 
2.0 0 
3.8 8 
2.5 5 
2.0 0 

Duration n 
(days) ) 

0-2 2 
0-2 2 
0-2 2 
0-1 1 
0-2 2 

No.. cases with 
hemostasis s 

5666 (92%) 
466 (92%) 
1399 (88%) 
233 (92%) 
422 (79%) 

Adverse e 
events s 

322 (3.4%) 
00 (0.%) 
21(10%) ) 
22 (8%) 

33 (2.6%) 

*)*)  adverse events based on 937 treatment episodes (including intention-to-treat bleedings). 

**)**)  Four bleeding episodes required in hospital management because the bleeding resulted from severe 
traumatrauma or delay in start of treatment. 

***)***)  all adverse events were rebleedings. 

AcquiredAcquired hemophilia 

Acquiredd hemophilia, although classically associated with pregnancy, autoimmune diseases 

andd malignancy, arises most commonly as hemophilia A in elderly patients without any 

associatedd disease. " Bleeding episodes occur in up to 87% of the patients and tend to be 

moree severe as compared to patients with congenital hemophilia.45 This is most likely due 

too the location of bleeding. Bleeding in patients with congenital hemophilia is most 

frequentlyy located in the joints (hemarthrosis), whereas bleeding in acquired hemophilia 

havee a more variable presentation with manifestations in soft tissues, muscles and from 

mucosall  surfaces. Therapy of bleeding caused by acquired hemophilia consists of immune-

suppressionn or plasmapheresis. Since successful treatment of hemophilic patients with 

inhibitorss has been reported, rFVIIa has also been introduced as therapy for bleeding in 

patientss with acquired hemophilia. Efficacy of rFVIIa was evaluated in a trial by Hay et al. 

inn 1997. Thirty eight patients with acquired hemophilia were treated for 14 bleeding 
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episodess as first-line therapy and as salvage-therapy in 60 episodes. At a dose of 90 ^ig/kg 

withh a median of 28 doses given over a median period of 3.9 days, a good response was 

obtainedd in all 14 bleeds for which rFVIIa was used as first-line therapy. The response in 

thee rFVIIa as salvage-therapy for 60 bleeding episodes was good in 75%, partial in 17%, and 

poorr in 8% of theses cases. Three patients (8%) died from bleeding complications. An 

additionall  case report mentioned successful rFVIIa therapy in a patient with pregnancy 

relatedd acquired hemophilia. Given the historic mortality rate of 13 to 22% for patients 

receivingg littl e or no therapy, rFVIIa treatment appears to decrease the mortality rate in 

acquiredd hemophilia, in particular when given as first-line of therapy. 

VonVon Willebrand's disease 

Currently,, three types of von Willebrand's disease (vWD) are known. Bleeding in patients 

withh the first two types, I and Ila/IIb, can efficiently be treated with von Willebrand-factor 

(vWF)) containing concentrates. The most severe form of von Willebrand's disease, 

however,, is subtype III and is characterized by very low or absent von Willebrand protein 

plasmaa levels. Due to the absence of vWF, these patients can easily develop antibodies 

againstt the von Willebrand protein following therapy with vWF-containing concentrates. 

Currently,, only one report showed successful use of rFVIIa in three patients with type III 

vWDD who underwent dental surgery. The patients were treated with a bolus dose of 150-

2000 /ig/kg rFVIIa, followed by doses of 90 /xg/kg rFVIIa at two-hour intervals for 48 

hours.. Effective and safe hemostasis was achieved, but the administration of rFVIIa was 

combinedd with tranexamic acid and local application of fibrin glue. Therefore, the 

effectivee hemostasis cannot solely be attributed to rFVIIa. In a recent case report by our 

group,, we describe a patient with life-threatening hematuria and gastro-intestinal bleeding 

causedd by acquired von Willebrand's disease associated with monoclonal gammopathy of 

undeterminedd significance (MGUS). Standard therapy with desmopressin, von Willebrand 

factorr concentrates, tranexamic acid and immunoglobulin failed to achieve adequate 

hemostasis.. However, treatment with rFVIIa arrested the bleeding completely. Obviously, 

moree similar cases must be awaited in order to provide further evidence for rFVIIa in 

therapyy for type III von Willebrand's disease and acquired von Willebrand's disease. 

PlateletPlatelet disorders 

Onee of the hypotheses on the possible mechanism of action of rFVIIa is based on the 

observationn of rFVIIa induced FXa generation on the surface of activated platelets. 

Recombinantt factor Vil a thereby provides sufficient thrombin to achieve local fibrin 

formation,, even in the presence of only a small number of activated platelets. Based on 

thiss hypothesis, rFVIIa might also achieve hemostasis in patients with a low platelet count 
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orr impaired platelet function. The first clinical confirmation of this hypothesis dates from 

19966 in a report on the use of rFVIIa in a patient with a platelet-membrane disorder.52 A 

patientt with Glanzmann's thrombasthenia who had become resistant to platelet 

transfusionn was successfully treated for severe epistaxis with rFVIIa, after failure of local 

measuress and anti-fibrinolytic treatment. Hereafter, additional publications reported 

successfull  use of rFVIIa in patients with Glanzmann's thrombasthenia.53'35 The efficacy of 

rFVIIaa has also been demonstrated in a case series of 74 patients with thrombocytopenia, 

Bernard-Soulierr Syndrome, thrombocytopathy due to severe uremia and acquired platelet 

functionn disorder due to myelodysplastic syndrome. ° The dosing of rFVIIa in these 

patientss varied between 77 and 110 /xg/kg, and patients received one or more bolus 

injections.. . Obviously, these indications need further validation, since large properly 

controlledd clinical trials have not been conducted yet. 

FactorFactor VII deficiency 

Patientss with congenital or acquired factor VII deficiency with plasma levels of < 1% 

experiencee a severe bleeding tendency. In case of a congenital factor VII deficiency, 

bleedingg and peri-operative blood loss can be efficiently managed with human ultra-pure 

factorr VII concentrates. The treatment of bleeding in acquired factor VII deficiency, 

however,, is more difficult. Since most cases of acquired factor VII deficiency are associated 

withh impaired liver function, the deficiency of factor VII is often accompanied by 

decreasedd plasma levels of other vitamin K-dependent coagulation factors such as factor X, 

prothrombinn and, to a lesser extent, factor IX. The current treatment of bleeding in these 

patientss consists of the administration of plasma or Prothrombin Complex Concentrates 

(PCC's).. The use of plasma and PCC's, however, has important drawbacks: In order to 

achievee normal plasma levels of the decreased coagulation factors, large volumes of plasma 

aree required which may cause volume overload. Moreover, the use of PCC's has 

infrequentlyy been associated with the occurrence of serious immunological or infectious 

complications,, anaphylactic reactions and thromboembolic complications. The alternative 

treatmentt in patients with factor VII deficiency consists of rFVIIa and has already shown 

somee promising results, including treatment of spontaneous bleeding episodes, surgical 

bleedss and the prevention of bleeding following liver biopsy.6"63 Moreover rFVIIa was 

successfullyy used in the management of pulmonary hemorrhage secondary to aspergillus 

infectionn in a patient with leukemia and an acquired factor VII deficiency. 4 Substitution of 

thee missing FVII protein is sufficient in these patients, which implicates that relatively low 

dosess of 20-30 Mg/kg rFVIIa are required. In view of the low incidence of severe factor 

VIII  deficiency, a few repons on the use of rFVIIa in factor VII deficient patients and 

extrapolationn into general clinical practice is therefore difficult. 
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SurgerySurgery in patients with coagulation disorders 

Surgeryy in hemophiliacs with inhibitors has always been a therapeutic challenge due to the 

frequentt occurrence of uncontrollable bleeding. Not long ago, elective surgery was even 

consideredd contraindicated. Since the first successful surgical procedure covered under 

rFVIIaa in a hemophilic patient with a high-titer inhibitor in 1988, the possibility for 

essentiall  surgery in hemophilic patients with inhibitors has been improved considerably. 

Severall  clinical trials focusing on rFVIIa administration during surgery in hemophiliacs 

havee been reported (Table 2). In a prospective, double blind study rFVIIa at a dose of 35 

versusversus 90 ^g/kg was evaluated in the initiation and maintenance of hemostasis in 

hemophiliaa patients with inhibitors during and after elective surgery. Evaluation of 

efficacyy showed that twenty-three out of 29 patients successfully completed the study with 

satisfactoryy hemostasis. Five patients (all but one in the low-dose group) needed extra doses 

andd were regarded as treatment failures. One patient in the low-dose group developed 

thrombosiss of the right internal jugular vein following central venous catheter placement. 

Thee authors conclude that rFVIIa, administered at 90 Mg/kg, appears to be efficacious as 

first-linee treatment in both minor and major surgical procedures. These results are in 

accordancee with a smaller previous study that reported excellent or efficient hemostasis 

afterr treatment with rFVIIa (89 jig/kg to 118 ^g/kg, every 2 hours) in 12 out of 13 patients 

whoo underwent life-saving or essential surgical procedures. In one patient, the outcome of 

rFVIIaa treatment was not reported. These studies demonstrate that elective surgery in 

hemophilicc patients with inhibitors has become feasible by using rFVIIa. Several 

additionall  case repons have shown the efficacy of rFVIIa during surgery including a total 

kneee arthroplasty, multiple dental extraction and implantation of a central venous catheter 

andd treatment of spontaneous massive intra-abdominal bleeding. ' ' Recombinant FVIIa 

hass also been used during surgery in non- hemophilic patients who underwent orthotopic 

liverr transplantation. These operations are frequently complicated by considerable blood 

loss.. A single prophylactic dose of 80 /ug/kg rFVIIa significantly decreased blood loss and 

bloodd product requirements in these patients. With the more widespread use of rFVIIa 

duringg surgical interventions, individual cases of 
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TableTable 2. Efficacy and safety of recombinant Factor Vila during and after surgery 

Author r 

Ingerslev v 

Lusher r 

Shapiro o 

Shapiro o 

Morfini i 

Type e off  sur 

Majorr Minor 

13 3 

21 1 

5 5 

6 6 

2 2 

--

57 7 

10 0 

8 8 

--

gery y 

Oral l 

--

25 5 

--

--

1 1 

Dose e 

35 5 

35-90 0 

35 5 

90 0 

90-120 0 

Duration n 

(mean)* * 

5 -43 3 

UK K 

2-26 6 

(10) ) 

3-17 7 

(8) ) 

1-3 3 

Responsee to treatment 

(%) ) 

Major r 

92 2 

81 1 

Minor r 

--

86 6 

60-100 0 

83-100 0 

100 0 --

Oral l 

--

92 2 

--

--

100 0 

Adverse e 
events s 

UK K 

UK K 

5 5 

1 1 

UK K 

^Duration^Duration is expressed as number of days with rFVJIa treatment. 

UK:UK: unknown, data missing. 

-:-:  not measured 

unsuccessfull  hemostasis in surgery have also been reported. Failure of rFVIIa to achieve 

hemostasis,, however, was in one case probably due to the presence of DIC. DIC must be 

consideredd as an important contraindication for the use of rFVIIa. During DIC, the 

activationn of coagulation is completely dependent on tissue factor-factor Vil a and could 

thereforee strongly be stimulated by administration of additional factor Vila. In the other 

casee no undue bleeding was observed during the first 26 h after surgery. In the period 

hereafter,, sub-optimal continuous dosing of rFVIIa was started, upon which the patient 

developedd wound bleeding and hematomas. ' . Recently, a randomized double blinded 

studyy was started to evaluate safety and efficacy of administration of a single bolus dose of 

rFVIIaa in patients with an in principal normal hemostasis who experience blood loss 

duringg and after transabdominal prostatectomy. The outcome of this study wil l provide 

informationn about the usefulness of rFVIIa in patients with a normal hemostasis who 

undergoo surgery associated with (significant) blood loss. 

Dosing Dosing 

Severall  studies have focused on optimal dosing of rFVIIa. The agent can be administered 

byy intravenous bolus injections (17.5 - 120 /ig/kg) or as continuous intravenous infusion (6 

-- 30 /zg/kg/hour) . According to ample clinical experience with rFVIIa in acute bleedings 

andd in surgery in hemophilia patients, a dose of 90 /^g/kg given as a bolus every second 
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hourr for at least 24 hours appears to be most effective.39,67'" In the period hereafter, time-

intervalss between the bolus injections can be prolonged to 4 or 6 hours. The 

administrationn of bolus injections, however, is rather inconvenient when prolonged 

treatmentt is indicated. Moreover, a missed or delayed bolus injection might induce 

secondaryy bleeding.74 An alternative mode of administration, which has been adopted 

globallyy by an increasing number of hemophilia treatment centers, consists of continuous 

infusionn of rFVIIa. The method, generally administered at a dose of 17.5 /xg/kg/hour, has 

provedd to be cost-effective and more convenient compared to bolus administration. It 

hass been postulated, though not proven that continuous administration, may result in an 

insufficientt therapeutic effect in certain cases. A possible explanation might be the fact that 

duringg the first 48 hours following major surgery or serious bleeding, peak levels in 

thrombinn generation are required to prevent rebleeding. These peak-levels do not occur 

duringg continuous administration of recombinant factor Vila. The development of 

thrombophlebitis,, although only reported in uncontrolled case-reports, might be another 

drawbackk of continuous rFVIIa infusion.78 Additional strategies including direct infusion 

off  rFVIIa in a central vein or parallel infusion of dextrose or saline might be used as 

antiphlebiticc measure.74 Summarizing, dose and type of administration of rFVIIa during 

andd after surgery should be adjusted according to clinical response and the type of surgery. 

Inn individual situations where peaks in thrombin generation are required, temporary 

administrationn of bolus injections with rFVIIa might be more advantageous than 

continuouss infusion from a theoretical perspective. 

MechanismMechanism of action 

Thee mechanism of action of rFVIIa has been a matter of extensive debate over the last 

years.. Recent insights in the mechanism of the coagulation cascade have revealed that the 

processs of hemostasis is initiated by the complex formation between activated factor VII 

(FVIIa)) and tissue factor.1 Based on this new insight, two possible mechanisms of action of 

rFVIIaa have been proposed. The most widely accepted mechanism of action consists of 

complexx formation between tissue factor and recombinant FVIIa at sites where tissue 

factorr is exposed, such as damaged vessel walls during surgical procedures. Subsequently, 

thee tissue factor/rFVIIa-complex generates thrombin by activation of both factors X and 

IXX in the presence of activated platelets. This process appears to induce only local 

thrombinn generation, since TF and anionic phospholipids do not normally circulate in the 

plasma.. Moreover, the rFVIIa-mediated thrombin generation is probably short lasting due 

too the relatively short plasma-elimination half-life of rFVIIa. An alternative recently 

hypothesizedd mechanism of action of rFVIIa may be that the therapeutic efficacy of 

rFVIIaa is primarily based on the inhibitory effect of the zymogen factor VII on thrombin 
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generationn by competitive binding to tissue factor that is overcome by pharmacological 

dosess of activated factor VII . A third possible mechanism of action was first reported in 

19900 and consists of rFVIIa-mediated activation of FX and subsequent thrombin 

generationn independent of TF in the presence of sufficient phospholipid surface on 

activatedd platelets. " Additional evidence for this hypothesis was provided by 

demonstrationn of rFVIIa-induced activation of factor X on human monocytes lacking 

TF.. Similarly, another report showed tissue factor-independent thrombin generation 

afterr the infusion of rFVIIa on the surface of activated platelets.82,83 Either way, rFVIIa 

appearss to plays a key role in the initiation of coagulation, although its exact mechanism 

off  action still has to be elucidated in additional future studies. 

ClinicalClinical Safety of recombinant FVIIa 

Duee to the mechanism of action of rFVIIa, its administration or application might induce 

adverse,, coagulation-related events in clinical situations where there is exposure of tissue 

factorr to the circulation. Extensive tissue damage, sepsis or extensive atherosclerosis might 

predisposee to such events. During clinical development and in the period hereafter, 

differentt studies have been carried out to evaluate its safety. A dose dependent 

thrombogenicc potential of rFVIIa was shown in an in vivo rabbit jugular vein stasis model 

whenn rFVIIa was infused in combination with a high concentrations of recombinant 

solublee tissue factor. In another study, rabbits were treated with increasing doses of 

rFVIIaa and/or FEIBA. Both compounds caused clear thrombus formation after 30 minutes 

off  venous stasis, but only FEIBA induced a significant and dose-dependent decrease of 

platelett counts as well as plasma fibrinogen, and increase in activated partial 

thromboplastinn time (aPTT) at three hours after administration, indicating a general 

consumptionn of coagulation factors. 

Sincee large randomized controlled studies on efficacy have not yet been carried out, the 

safetyy of rFVIIa in humans, so far, is based on low-evidence case-reports reported in the 

literature.. Recently, all reported rFVIIa-related thromboembolic events up until April 

19988 were extensively discussed in three articles.86"88 Among more than 2400 bleeding 

episodess treated with rFVIIa, fourteen serious adverse events were reported (0.7%). These 

casess included venous thromboembolism (3 cases); acute myocardial infarction (2 cases); 

transientt ischaemic events (3 cases); symptoms of ataxia (1 case); "laboratory signs of 

DIC"(44 cases) and one patient had a clinical DIC.89 A critical analysis of these cases, 

however,, revealed that in most patients, the thromboembolic events occurred under 

"thrombogenicc circumstances", such as surgery, trauma or immobilization. More recently, 

aa case-report described acute myocardial infarction following administration of rFVIIa in a 

72-yearr old patient with severe hemophilia A and a high titer of antifactor VII I antibodies 



ChapterChapter 11 

off  40 Bethesda units. This patient received recombinant FVIIa immediately preceding a 

dentall  extraction and developed an acute anteroseptal myocardial infarction a few hours 

later.. The authors conclude that the myocardial infarction was probably caused by a 

combinationn of increased tissue factor concentration due to advanced atheromatous 

coronaryy disease and the infusion of rFVIIa. . 

Therefore,, these cases illustrate only a potential but not necessary relation between 

rFVIIaa treatment and the development of adverse thromboembolic events. In addition in 

19577 occasions of rFVIIa treatment, a total of 71 non-serious adverse events were recorded, 

consideredd possibly or probably related to treatment, including hypertension, skin 

reactions,, fever, headache, epistaxis, and decreased plasma fibrinogen. It is unclear to 

whichh extent publication bias contributes to the reported incidence of adverse events. 

Thee safety of rFVIIa has also been evaluated in healthy volunteers pretreated with 

Aceno-coumarol.91,922 Recombinant factor Vil a was administered in a dose range of 5 to 320 

/ig/kgg body weight in subjects with an INR of >2. In none of the subjects, adverse events 

occurred.911 In a trial that is currently ongoing, safety and efficacy of rFVIIa administration 

inn male patients without coagulation defects who undergo abdominal prostatectomy are 

studiedd (Friederich, P.W, this thesis, chapter 12). In this double-blind placebo controlled 

study,, a single bolus dose of rFVIIa is administered in a dose range of 20 to 40 ^g/kg body 

weight.. Until now, 30 patients have been enrolled in the study. In none of the patients 

clinicall  signs and symptoms as well as ultrasonography of the venous system of the legs 

weree suspected for venous thromboembolism and no other adverse reactions were 

encounteredd during the 10-day study period. Until additional clinical evidence comes 

available,, however, the use of rFVIIa in bleeding individuals or in clinical trials should be 

carriedd out with utmost caution with specific attention to signs and symptoms of 

thromboembolicc adverse events. 

Conclusion n 
Recombinantt FVIIa appears to be a relatively safe and efficient method to induce a pro-
hemostaticc effect in individuals with and without hemostatic disorders who experience 
severee bleedings. Future controlled clinical trials in larger number of patients, however, are 
requiredd to provide additional evidence for safety and efficacy of rFVIIa-treatment. 
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