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Summary y 

InIn view of the central role of the tissue factor-factor Vil a pathway in the initiation of 

bloodd coagulation, novel therapeutic strategies aimed at inhibiting this catalytic complex 

aree currently being evaluated. A limitation of this new class of anticoagulants may be the 

lackk of an appropriate strategy to reverse the effect if a bleeding event occurs. The aim of 

thee present study was to investigate the in vivo potential of recombinant factor Vil a 

(rVIIa)) to induce thrombin generation in healthy subjects pretreated with recombinant 

NAPc22 (rNAPc2), a specific inhibitor of the tissue factor-factor Vil a complex, in a double-

blindd randomized cross-over study. 

Administrationn of rNAPc2 (3.5 (J.g/kg, s.c.) caused a prolongation of the prothrombin 

timee (PT) from 13.7 (  0.6) to 16.9 (  1.2) sec. The subsequent injection of rVIIa (90 

ug/kg,, i.v.) resulted in an immediate and complete correction of the PT and a marked 

generationn of thrombin, reflected by increased levels of prothrombin activation fragment 

Fll  + 2 and thrombin-antithrombin (TAT) complexes from 0.75 (  0.64) to 3.29 (  6.3) 

nmol/11 and from 2.4 (  0.6) to 10.7 (  3.9) fig/ml, respectively. Additionally, analysis of 

factorr X and IX activation peptides showed a 3.5-fold and a 3.8-fold increase of both 

indicess following the administration of rVIIa in the presence of rNAPc2. 

Thesee results suggest that during treatment with an inhibitor of the tissue factor-factor 

Vil aa complex, the infusion of rVIIa resulted in thrombin generation. Our results indicate 

thatt rVII a may be a good candidate as an antidote for inhibitors of tissue factor. 
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Introduction n 

Recentt experimental and clinical studies have shown that under normal physiological 

conditionss the initiation of blood coagulation is catalyzed by the tissue factor-factor Vil a 

pathway.'' Small amounts of activated serine protease factor VII (factor Vila) binds to 

tissuee factor, exposed to the blood as a consequence of vascular disruption or expressed on 

mononuclearr or endothelial cells during inflammatory challenge. The tissue factor-factor 

Vil aa complex is able to generate factor Xa via direct activation of factor X or indirectly 

followingg the activation of factor IX and subsequent formation of the tenase complex with 

thee activated co-factor factor VIII . It is well established that tissue factor plays a crucial role 

inn the many disease processes resulting from the activation of the blood coagulation 

responsee or thrombosis. For example, the systemic activation of blood coagulation in 

sepsis,, ultimately resulting in disseminated intravascular coagulation, was shown to be 

completelyy dependent on tissue factor.4 In addition, the abundant presence of tissue factor 

inn the atherosclerotic plaque has linked pathological plaque rupture to the subsequent 

thromboticc occlusion of a coronary artery leading to acute coronary syndromes such as 

unstablee angina and myocardial infarction.316 

InIn view of this central role of tissue factor-factor Vil a in the activation of coagulation, 

novell  therapeutic strategies aimed at inhibiting this catalytic complex are currently being 

evaluatedd in clinical trials.7'9 One of these inhibitors is recombinant Nematode 

Anticoagulantt Protein c2 (rNAPc2), which has been shown to potently and selectively 

inhibitt the tissue factor-factor Vil a complex in the presence of factor Xa which serves as a 

co-factor.100 In two phase I clinical trials, rNAPc2 has been shown to produce a dose-

dependentt anticoagulant effect following subcutaneous administration in normal 

volunteerss with a systemic half-life of > 50 hours.9 

Thee clinical success of inhibitors of the tissue factor-factor Vil a complex like rNAPc2, 

withh long elimination half-lives, may be limited due to the lack of an appropriate strategy 

too reverse the effect of these anticoagulants if a serious bleeding event is encountered. 

Recentt repons from in vitro studies indicate that therapeutic doses of recombinant factor 

Vil aa (rVIIa) may be able to induce activation of coagulation resulting in subsequent 

thrombinn generation possibly independent of tissue factor activity." The relevance of this 

mechanismm in vivo has, however, not been confirmed thus far, although recombinant 

factorr Vil a has been shown to be an important agent in controlling bleeding episodes in 

variouss clinical scenarios. 

Iff  tissue factor-independent thrombin generation can be achieved, then the 

administrationn of recombinant factor Vil a might be a suitable antidote to the tissue factor-

factorr Vil a class of anticoagulant agents. Therefore, the aim of the present double-blind, 
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randomized,, placebo-controlled crossover study was to investigate the in vivo potential of 

recombinantt factor Vil a to induce thrombin generation in healthy subjects pretreated with 

rNAPc2. . 

Methods s 

SubjectsSubjects and study design 
Thee study was approved by the research and medical ethical committees of the Academic 

Medicall  Center, Amsterdam, the Netherlands and was performed under Good Clinical 

Practicee guidelines at a specially equipped and staffed research unit at the Academic 

Medicall  Center, Amsterdam. Written informed consent was obtained from all subjects. 

Thee study was designed as a single center, randomized, placebo-controlled multiple-period 

crossoverr study. Six healthy male volunteers (mean age 22, range 21-26 years) were en-

rolledd in the study. Medical history, physical examination, and screening hematology and 

biochemistryy laboratory tests were completely normal in all subjects. The subjects did not 

usee any medication and had no signs or symptoms of illness in the month preceding the 

startt of the study. The volunteers were screened within 14 days prior to the start of the 

firstt study period. Blood pressure, heart rate, EKG and oxygen saturation were measured 

att hourly intervals (Dinamap 1846 SX; Critikon, Tampa, FL). All subjects were tested at 

threee different occasions in a random order, separated by a wash-out period of at least 10 

days.. Treatment consisted of rNAPc2, a specific inhibitor of the tissue factor/factor VII 

complex,, either in combination with recombinant factor Vil a or in combination with 

placebo.. At a third occasion they received recombinant factor Vil a alone (control). 

StudyStudy agents 
Recombinantt Nematode Anticoagulant Protein c2 (rNAPc2, Corvas Inc, San Diego, CA) 

iss a small protein anticoagulant is derived from the family of Nematode Anticoagulant 

Proteinss (NAPs), which were originally isolated from hematophagous hookworm nema-

todess and is currently produced as a recombinant protein under Good Manufacturing 

Practicess established by the United States Food and Drug Administration. RNAPc2 forms 

aa ternary inhibitory complex with factor Vila/tissue factor following the binding to factor 

Xaa at a site that is distinct from the catalytic center.10'16 Previous studies have shown a 

bioavailabilityy of 90-100% after subcutaneous administration in animals and an apparent 

terminall  half-life of greater than 50 hours in humans following a single subcutaneous 

administration.99 After dilution in sterile phosphate-buffered saline (65 mM sodium 

phosphate,, 80 mM NaCl, pH 7.0), rNAPc2 was administered in a volume of 0.3 mL at a 

dosee of 3.5 ug/kg as a single subcutaneous injection in the abdomen at the start of the 
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study.. The rationale for the dose of rNAPc2 was based on previous phase-I studies in 

humann volunteers, in which rNAPc2 was shown to produce a dose-dependent anti-

coagulantt effect and was considered safe and well tolerated in doses up to 5 ug/kg. 

Recombinantt factor Vil a (rVIIa, NovoSeven, Novo Nordisk, Denmark) was admini-

steredd as an intravenous bolus injection at a dose of 90 ug/kg in 10 ml saline, four hours 

afterr the administration of rNAPc2. The dose rationale for rVIIa was based on the 

clinicallyy effective dose in patients with bleeding disorders and previous studies with rVIIa 

inn human individuals using acenocoumarol. In the study period in which rNAPc2 was 

givenn in combination with placebo, an intravenous injection with 0.15 ml/kg saline was 

administered.. In the study period that the study subjects received rVIIa alone, the injection 

off  rVIIa was preceded (4 hrs) by the administration of saline s.c. (instead of rNAPc2). 

BloodBlood collection and processing 
Bloodd was drawn from the forearm by separate venipunctures before the administration of 

rNAPc2,, 4 hours after the administration of rNAPc2 but immediately prior to admini-

strationn of rVIIa/placebo, and at 0.5, 1, 1.5, 2, 3, 4, 6 and 20 hours after the administration 

off  rVIIa or placebo. 

Bloodd samples for measurement of clotting times, prothrombin fragment Fl + 2, TAT 

complexes,, and plasma rNAPc2-levels were collected in tubes containing 3.2% (wt/vol) 

sodiumm citrate; the ratio of anticoagulant to blood was 1:9 (vol/vol). Blood for the 

measurementt of factor IX and X peptide was taken in a tube containing 38 mM citric acid, 

755 mM sodium citrate, 136 mM dextrose, 6 mM EDTA, 6 mM adenosine and 25 U/ml 

heparin;; the ratio of anticoagulant to blood was 1:5 (vol/vol). These samples were placed 

inn melting ice immediately and centrifuged at 2000 x g for 20 minutes at 4°C. For 

determinationn of plasma levels of factor Vila, blood was collected in tubes, containing a 

mixturee of 1 M benzamidine, 100 mM EDTA and 1 mg/ml soybean trypsin inhibitor; the 

ratioo of anticoagulant to blood was 1:9 (vol/vol). Plasma was obtained by centrifugation at 

roomm temperature for 20 minutes at 1600 x g. All plasma samples were stored at -70°C 

untill  assayed. 

Assays Assays 

Thee activated partial thromboplastin time (aPTT) and prothrombin time (PT) were 

determinedd by standard methods on a ML A 1600C apparatus using Actin FS (Dade 

Internationall  Inc, Aguada, PR) and Thromborel S (Behnng, Marburg, Germany), res-

pectively.. Thrombin generation was assessed by measuring the prothrombin activation 

fragmentt Fl + 2 and thrombin-antithrombin (TAT) complexes. Both parameters were 

assayedd by ELISA's (Behring, Marburg, Germany). 
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Forr measurement of factor IX and X activation, factor IX activation peptide and factor X 

activationn peptide were assayed by a radioimmunoassay, as previously described. ' 

Thee plasma levels of factor Vil a were determined by using a newly developed enzyme 

capturee assay for determining factor Vil a activity in human plasma, according to a previously 

describedd principle.20 Briefly, solid-phase bound monoclonal antibodies raised against 

recombinantt factor Vil a (rVIIa) enable capturing of rVIIa. In the next step, bound rVIIa is 

allowedd to convert a chromogenic substrate during incubation in TPJS-BSA buffer at pH 7.9. 

Lightt absorption at 405 nm minus 540 nm was shown to be linearly correlated with rVIIa 

concentrations/ / 

Thee plasma concentration of rNAPc2 was analyzed by sandwich ELISA. The assay used 

polyclonall  antibodies that were raised against rNAPc2 and affinity purified. The antibody 

wass immobilized on a 96-well microtiter plate and bound antigens present in the standards 

andd samples. The detector antibody was the same antibody conjugated to horseradish 

peroxidasee and bound to the immobilized antibody-antigen complex. TMB (tetramethyl-

benzidinee dihydrochloride hydrate) substrate (97%) was added which was converted to a blue 

coloredd product by the horseradish peroxidase. The reaction was stopped by sulfuric acid and 

thee resulting yellow coior was quantitated by reading absorbance at 450 nm minus 650 nm. A 

standardd curve was calculated by linear regression and used for quantitation of the controls 

andd samples. 

StatisticalStatistical analysis 

Statisticall  analysis was performed by ANOVA and subsequent Newman-Keuls tests. A p-

valuee of 0.05 was considered to represent a statistical significant difference. Values are 

presentedd as mean + SD (SEM in figures). 

Results s 

ClottingClotting times and factor Vila levels 

Thee administration of rNAPc2 caused a prolongation of the prothrombin time, which was 

similarr for all subjects in both study periods in which rNAPc2 was given. As shown in 

figuree la, the PT increased from 13.0  0.8 sec. at baseline to 15.4  1.2 sec. at 4 hours 

afterr administration of rNAPc2 (p<0.05). The subsequent injection of rVIIa resulted in an 

immediatee over-correction of the PT to 9.7  0.5 sec, which was significant as compared 

withh the sustained prolongation of the PT in the placebo controls (p< 0.001). Treatment 

withh rVIIa alone also depressed the PT from 12.0  0.8 sec. at baseline to a minimum of 

8.99 + 0.3 sec. 30 minutes after rVIIa administration. The difference in the shortening of 

thee PT between the rNAPc2 + rVIIa and rVIIa alone treatment groups was significant 
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(p<0.05).. The effect of rVII a administration on the PT gradually decreased after 4 hours, 

butt was still present at 6 hours after administration. The activated partial thromboplastin 

timee (aPTT) was not affected by the administration of rNAPc2 and was only slightly 

shortenedd in the rNAPc2 treated subjects after administration of rVII a (table 1). 

TableTable 1. Mean activated partial thromboplastin time (aPTT) of six healthy volunteers after the 
bolusbolus injection ofrNAPcl and/or rVIIa. 

Timee (h)*  rNAPc2 + placebo rNAPC2 + rVII a rVII a alone 

00 27.2  1.2 27.0  2.2 26.0  0.6 

0.55 27.0  1.2 24.7  2.1 24.8  0.8 

11 27.3  1.1 25.3  2.0 24.5  0.9 

1.55 27.3  1.1 25.2  1.8 24.3  0.8 

22 27.3  1.5 25.5  1.7 25.0  0.7 

33 27.0  1.2 25.3  2.1 25.0  0.7 

44 26.8  1.3 25.5  1.9 25.0  1.7 

66 26.8  1.1 25.5  1.0 25.5  0.7 

2020 26.7  1.1 27.3  1.9 25.3 + 1.3 

*):*):  time following administration ofrVJIa 

TreatmentTreatment consisted ofrNAPd at a s.c. bolus dose of 3.5 /Jg/kg in combination with rVIIa at an i.v. bolus 

dosedose of 90 /Jg/kg, or rNA Pc2 (3.5 /Jg/kg) in combination with placebo, or r Vila (90 /Jg/kg) alone. 

Ann identical decrease in aPTT was seen in the subjects who received rVII a alone, 

confirmingg that rNAPc2 is exclusively affecting the factor Vila/tissue factor-mediated 

initiatingg pathway at the dose used in this study. 

Thee plasma levels of factor Vil a were below the limi t of detection in the period prior to 

thee administration of rVII a (figure lb). The plasma levels increased sharply immediately 

followingg the administration of rVII a and reached peak values of 23.7 5 nmol/1 at 30 

minutess after administration. Hereafter, the levels gradually decreased and were below the 

limi tt of detection at 20 hours after administration. The calculated half-life of rVII a in this 

experimentt was approximately 120 minutes (which is slightly shorter than the reported 

halff  lif e of rVII a of 170 minutes in patients with hemophilia and acquired inhibitors to 

factorr VII I or IX).1 As shown in figure lb, the administration of rNAPc2 had no effect on 

thee plasma levels of factor Vila. 
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ThrombinThrombin generation 

Ass shown in figure 2, there was a non-significant trend towards lower levels of circulating 

markerss for thrombin generation (Fl + 2, TAT complexes) after injection of rNAPc2. 

Administrationn of rVIIa in subjects pretreated with rNAPc2 resulted in a marked increase 

inn thrombin generation, as reflected by a sharp rise in plasma levels of both Fl + 2 and 

TATT complexes, which reached a maximum 30 to 60 minutes following the administration 

off  rVIIa. Both Fl + 2 and TAT complexes showed a significant 3.6-fold and 4.5-fold 

increasee with peak levels of 3.2 (  1.5) nmol/1 and 10.7 (  1.6) ug/1, respectively, in 

responsee to rVIIa administration (figure 2). The injection of rVIIa alone resulted in an 

additionall  increase in thrombin generation of 25-40% over that observed in subjects 

receivingg both rNAPc2 and rVIIa, with Fl+2 and TAT complexes peak levels of 4.0 (

0.3)) nmol/1 and 14 (  1.3) ug/1, respectively (p<0.05). Therefore, these results suggest 

thatt rNAPc2 significantly blunted thrombin generation induced by rVIIa. 

Factorr IX and X activation 

Thee plasma levels of factor X activation peptide after the administration of rNAPc2 decreased 

graduallyy during the observation period, but this change was not statistically significant. As 

shownn in figure 3, the observed thrombin generation following the administration of rVIIa 

appearedd to be mediated by the activation of factor IX and X activation, as evidenced by the 

significantt increase in activation peptides derived from these zymogens. Maximal plasma levels 

off  factor FX and X activation peptides were reached between 60 and 90 minutes following the 

administrationn of rVIIa. Pre-treatment with rNAPc2 resulted in lower rVHa-induced peak 

levelss of factor X activation peptide and a trend toward lower rVIIa-induced peak levels of 

factorr FX activation peptide as compared with injection of rVIIa alone. Factor FX activation 

peptidee increased from 221 (  41}  pmol/1 to 839 (  157) pmol/1 following the administration 

off  rVIIa and pre-treatment with rNAPc2 as compared with a maximal level of 977 (  65) 

pmol/11 achieved after the administration of rVIIa alone (p = 0.07). Levels of factor X activation 

peptidee rose from 87 (  23) pmol/1 to 302 (+61) pmol/1 after injection of rVHa preceded by 

rNAPc22 and to 387 (  12) pmol/1 after the injection of rVIIa alone (p < 0.05). 

PlasmaPlasma levels ofrNAPd 

Maximumm plasma concentrations of rNAPc2 of 60.6 (  3.7) ng/ml for the rVIIa group and 

68.55 (  4.0) ng/ml for the placebo group occurred at 6.7 (  0.6) hours and at 8.5 (  3.1) 

hourss following the administration of rNAPc2, respectively. The area under the plasma 

concentration-timee curve (AUC 0-24) was comparable for each group; 1172 (  72) 

ng/hr/mll  for the rVIIa group versus 1298 (  100) ng/hr/ml for the placebo group. 

Estimationn of the apparent terminal half life (tw) was 72.6 ) hours for the rVIIa group 

andd 78.2 ) for the placebo group. (Data not shown). 
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FigureFigure 1 Effect of the administration of rNAPc2 and/or rVIIa on the prothrombin time and 
factorfactor Vila plasma levels in healthy volunteers. Healthy subjects (n = 6) received at t = -4 a s.c. 
injectioninjection ofrNAPd (3.5 /Jg/kg), followed after 4 hours by either rVIIa (90 /Jg/kg i.v.,  &-) or placebo
O-).O-). At a third occasion, no rNAPc-2 was given and 90 /Jg/kg rVIIa was administered at t = 0 (-A-). 
DataData represent mean  SD. Statistically significant differences (p<0.05) between treatment with 
rNAPc2/VllarNAPc2/Vlla and rNAPcl alone are indicated with * and between rNAPcl/VUa and rVJla alone are 
indicatedindicated with it. 



ChapterChapter 9 

OO ^ rr  ' ' ' ' ' ' L 

-600 0 60 120 180 240 300 360 

timetime (minutes) 

iss r 

oo " - 1 — H — ' ' ' ' ' '  L-
-600 0 60 120 180 240 300 360 

timetime (minutes) 

FigureFigure 2 Effect of the administration of rNAPd and/or rVIIa on markers for thrombin 
generation.generation. Healthy subjects (n = 6) received at t=-4 as. c. injection of rNAPd (3.5 fjg/kg), followed after 
44 hours by either rVIIa (90 fJg/kg i.v., - *-) or placebo (• O-). At a third occasion, no rNAPc-2 was given 
andand 90 /Jg/kg rVJla was administered at t = 0 (-A-). Data represent mean +SD. Statistically significant 
differencesdifferences (p < 0.05) between treatment with rNAPd/VlIa and rNAPd alone are indicated with # and 
betweenbetween rNAPcl/VIla and rVIIa alone are indicated with *. 
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FigureFigure 3 Effect of the administration of rNAPc2 and/or rVHa on activation peptides of factor IX 
andand X. Healthy subjects (n = 6) received at t=-4 a s.c. injection ofrNAPri (3.5 fJg/kg), followed after 4 
hourshours by either rVIIa (90 /Jg/kg i.v. , - 9-) or placebo (- O-). At a third occasion, no rNAPc-2 was given 
andand 90 /Jg/kg rVIIa was administered at t = 0 (-A-). Data represent mean  Statistically significant 
differencesdifferences (p < 0.05) between treatment with rNAPc2/VIIa and rVIIa alone are indicated with *. 
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Discussion n 

Thee physiological initiation of the blood coagulation response to vascular injury or 

inflammationn is exclusively mediated by the exposure of tissue factor to the serine protease 

factorr Vil a which circulates at low levels in the blood. The resulting factor Vila/tissue factor 

complexx catalyzes the proteolytic activation of zymogen factor X to the active protease factor 

Xa,, which is then incorporated into the prothrombinase complex on appropriate membrane 

surfacee with factor Va. The prothrombinase complex catalyzes the formation of thrombin 

throughh the proteolytic activation of circulating prothrombin. The tissue factor-factor VTia-

factorr Xa complex can also indirectly contribute to factor Xa generation through the 

activationn of zymogen factor IX to factor IXa, which when bound to factor Vill a on an 

appropriatee membrane surface forms the tenase complex, that generates additional factor Xa. 

Wee previously confirmed this pivotal role of tissue factor in the initiation of factor Xa- and 

factorr IXa-mediated thrombin generation in a chimpanzee model. 

Basedd on the notion of the essential role of the tissue factor-factor Vil a complex in the 

initiationn of coagulation, recombinant factor Vil a was developed and was indeed shown to be 

aa potent pro-hemostatic agent in patients with severe coagulation disorders.' Recent in vitro 

studies,, however, have questioned the tissue factor-dependency of coagulation activation, 

showingg generation of thrombin in the presence of relatively high concentrations of factor 

Vil aa and in the absence of tissue factor bearing cells. ' On the basis of these experiments, it 

wass hypothesized that factor Vil a might be able to contribute to thrombin generation by a 

tissuee factor-independent mechanism, although it was unclear whether this mechanism might 

playy a role in vivo. Our present experiments in human subjects demonstrate that during 

inhibitionn of the tissue factor-factor Vil a complex with rNAPc2, a potent inhibitor of the 

tissuee factor-factor Vita complex, the administration of factor Vil a is still able to induce 

thrombinn generation. In fact, the factor Vila-induced 4- to 5-fold elevation in markers for 

thrombinn generation is only about 25% blocked by pre-treatment with rNAPc2. 

Wee can provide a number of possible explanations for these observations. First, the dose 

off  rNAPc2 may not have been sufficient to completely block the amount of tissue factor-

factorr Vil a complex following the administration of recombinant factor Vila. This is 

supportedd by the fact that administration of a dose of 5 ug/kg in a previous study led to an 

increasee in the extent of PT elevation compared to what was observed using the 3.5 (ig/kg 

dosee used in this study. 

Therefore,, it is likely that the extent of factor Vila/tissue factor inhibition by rNAPc2, 

resultingg in the observed elevation of the PT in this study, is not maximal and thus there may 

bee additional capacity for further thrombin generation following the administration of rVIIa 

viaa a tissue factor-mediated pathway. An alternative explanation might be provided by the 
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hypothesiss that factor Vil a is able to overcome the inhibitory effect of factor VII on thrombin 

generation,, thereby displacing factor VII bound to tissue factor resulting in additional 

thrombinn generation. ' This mechanism may also explain why the plasma level of 

recombinantt factor VHa required for adequate hemostatic efficiency far exceeds the Kd for 

bindingg of factor Vil a to tissue factor.' Another explanation may be provided by recent 

studiess in a cell-based model of the coagulation system, demonstrating the ability of high 

concentrationss of factor Vil a to restore platelet surface-localized and prothrombinase-

mediatedd thrombin generation. Lastly, and partly in accordance with the previous 

explanation,, it has been shown in a model of thrombus formation on a collagen- coated glass 

slidee (i.e. in the absence of tissue factor-bearing cells) that tissue factor might still play a role in 

thee blood clot formation. 

Interestingly,, our present observations indicate that factor Vila-induced activation of 

factorr IX and X is sustained much longer than the effect on thrombin generation. In fact, 

att the time of the almost complete disappearance of the markers for thrombin generation, 

plasmaa levels of factor IX and factor X activation peptide are still very high. Since 

differencess in plasma elimination time of these molecular markers cannot explain this 

discrepancy,23'288 the most likely explanation for this phenomenon is the inhibition of 

thrombinn generation by physiological anticoagulant pathways, such as the protein C 

pathway.. Generated thrombin probably activates protein C, which in turn will effectively 

blockk thrombin generation upon factor IX and X activation by proteolytic degradation of 

factorss Va and Villa. Hence, it is likely that factor Vila-mediated thrombin generation is 

containedd by activation of physiological anticoagulant pathways. 

Thee ability of factor Vil a to produce thrombin generation during inhibition of tissue 

factorr activity is attractive in view of the upcoming introduction of pharmacological tissue 

factorr inhibitors. Because of the pivotal role of tissue factor in the initiation of blood 

coagulationn and the pathogenesis of thrombosis, it is quite understandable that a novel 

generationn of anticoagulant agents like rNAPc2 are being developed to interfere with this 

pathway.1;; Additionally, recombinant tissue factor pathway inhibitor (TFPI), which like 

rNAPc22 potently inhibits the factor Vila-tissue factor complex is being investigated in 

initiall  clinical trials. However, anticoagulant treatment with inhibitors of this type with 

prolongedd elimination half-lives may be associated with an enhanced risk of bleeding, 

whichh is currently being evaluated in ongoing clinical trials. The observation, however, 

thatt administration of factor Vil a is able to induce transient thrombin generation during 

thee partial inhibition of tissue factor-factor Vila, indicates that rVIIa may be an effective 

antidotee in this situation. 

Inn conclusion, we demonstrate the ability of factor Vil a to generate thrombin during 

inhibitionn of the tissue factor/factor Vil a complex in vivo. Recombinant factor Vil a may 
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thereforee be a suitable antidote if anti-tissue factor pathway-directed anticoagulant 
treatmentt is complicated by bleeding. 
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