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ABSTRACT
Introduction: Anticoagulants are used as preventive agents in deep vein thrombosis to 
prevent blood clots, venous and arterial thromboembolism, but the current therapy of 
anticoagulants have several limitations like patient variable response, enhanced chances 
of bleeding and heparin-induced thrombocytopenia (HIT). Factor VIIa and factor IXa 
play an important role in coagulation cascade and hence are promising targets for drug 
development. FIXa has been targeted by various means including oral inhibitors (TTP889), 
monoclonal antibodies (SB249417) and RNA aptamers which have passed various phases 
of clinical trials. Objectives: Though advances in development of inhibitors of FVIIa/TF 
and FIXa have reached various phases of clinical trials none of the clinical trial candidates 
have reached the market. Methodology: This review summarizes available information on 
FVIIa/TF and FIXa, their active site, crystallographic structure, available inhibitors, early-
phase clinical trial study and also the recent efforts in the discovery of FVIIa/TF and FIXa 
inhibitors. Summary: Despite the fact that more complexity is observed in designing of 
anticoagulant as FVIIa/TF complex and FIXa inhibitors, these will remain an important 
and validated target for the design and development of anticoagulants.
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INTRODUCTION
Coagulation Cascade
Our human body is designed to maintain 
a complex network of  vasculature that is 
capable of  continuously circulating blood 
for decades. It is also responsible for its 
own repair when internal or external forces 
disturb the integrity of  this system. Blood 
coagulation means conversion of  fluid 
blood to a solid clot or gel like structure. The  
conversion of  soluble fibrinogen to insoluble  
fibrin is the main event in the blood coag-
ulation cascade.1 It is composed of  two 
separate pathways known as the extrinsic 
or tissue factor pathway (because some 
components come from outside the blood) 
and the intrinsic or contact factor pathway 
(because all the components are present in 
blood).2 Extrinsic pathway is mainly impor-
tant in controlling blood coagulation.1 The 

extrinsic pathway is initiated when factor 
VIIa (FVIIa) and tissue factor (TF) comes  
together. TF is the most important originator 
of  coagulation.3 The initiation of  extrinsic 
pathway is triggered by activation of  TF 
which is the cellular receptor for factor VII 
which undergoes an active site modification 
in the presence of  Ca2+. This results in the 
quick activation of  factor VII to VIIa. Even 
though segregated from TF, FVIIa is always 
present in the circulating blood at low basal 
levels. When TF is exposed to the blood, it 
forms a complex with circulating free FVIIa 
which will lead to a formation of  TF/FVIIa 
complex, which can be considered as the  
beginning of  thrombin generation4. During 
the amplification phase, thrombin continues  
to activate platelets5 as well as FVIII, FV 
and FXI. At the beginning of  the intrinsic  
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pathway, factor XIIa will activate FXI to FXIa. The 
coagulation FIX is activated by FXIa which leads to the 
formation of  intrinsic complex which is composed of   
FIXa, FVIIIa, Ca2+ and anionic phospholipids. This  
further leads to an activation of  FX and its subsequent 
formation of  prothrombinase complex. This complex 
of  prothrombinase produces thrombin over 1,00,000 
times faster than free FXa.6 

Anticoagulants 
Anticoagulants are the class of  drugs that works to 
prevent blood coagulation, which is used for coagula-
tion disorders and also as prophylactic in patients with 
mechanical heart valves as a lifelong therapy.7 Blood  
Clotting is the complex process guided by bimolecular  
proteins, known as clotting factors. In past decade 
these clotting factors have emerged as potential targets 
for anticoagulant molecules.8 Parenteral anticoagulants 
like synthetic analogues of  heparin and low-molecular-
weight heparin are in clinical use. Fondaparinux was 
the first synthetic highly specific pentasaccharide used 
in treatment of  venous thromboembolism (VTE). 
Idraparinux, a long-acting pentasaccharide administered 
subcutaneously, which is also used in the treatment of  
VTE and for prophylaxis of  cardio embolic events in 
patients having atrial fibrillation.9 Common anticoagu-
lants, like warfarin or heparin and its derivatives are 
indirect inhibitors which act as vitamin K antagonist or 
antithrombin, respectively. Warfarin is the only orally 
active anticoagulant which is clinically used now-a-days. 
Coumarin derivatives like warfarin has been the drug of  
choice for the prevention and treatment of  arterial and 
venous thrombotic disorders for more than 40 years. 
Treatment with Warfarin becomes precarious as it has 
a lower therapeutic window requires critical dose moni-
toring.10 Rivaroxaban and Apixaban have been approved 
for treatment of  venous thromboembolism (VTE), 
prevention after elective hip or knee replacement in 
adults, stroke prevention and systemic embolization in 
non-valvular atrial fibrillation.11,12 Ximelagatran was the 
first oral direct thrombin inhibitor and had confirmed 
efficacy for prevention and treatment of  VTE, stroke 
prevention and recurrent coronary events after acute 
myocardial infarction. But it was withdrawn by Astra-
Zeneca in the year 2006 because of  liver toxicity.13,14 
Currently available anticoagulant therapy suffer from 
some limitations including inability to act on the clot 
bound thrombin, variable patient responses, heparin-
induced thrombocytopenia (HIT) and the enhanced 
chance of  bleeding.15,16

FVIIa and FIXa Inhibitors as Anticoagulants

FVIIa and FIXa inhibitors are the different class of  
anticoagulant agents. FVIIa and FIXa are the impor-
tant targets in coagulation cascade due to their strategic 
presence at the junction of  both extrinsic and intrinsic 
pathways. These agents may further act as selective and 
potent antithrombotic. Coagulation cascade and sites of  
action of  anticoagulant drugs are shown in Figure 1. 
Development of  anticoagulant strategies are based on 
agents that are particularly used either as therapeutic or  
prophylactic agents. The initiation of  coagulation  
process can be inhibited by agents that target FVIIa 
and TF complex, while generation of  thrombin can 
be blocked by the drugs that target FIXa, Xa, FVa and 
FVIIIa, whereas thrombin inhibitors are used to prevent 
the formation of  fibrin.9 

ACTIVE SITE CARACTERIZATION 
FVIIa active site
In the development of  orally active small molecules,  
success in preclinical models and clinical trials of  FVIIa/
TF inhibitors was an important achievement.17 FVII is 
an enzyme of  the serine protease class, formerly known 
as proconvertin. The X-ray crystallographic structure 
of  FVIIa/TF complex was first published in 1996 by 
Banner et al.18 FVIIa is a serine protease class of  enzyme 
which consists of  3 pockets S1, S2, S3. There are some 
differences in the active site of  the three pockets and 
these differences can prove handy in development of  
specific ligands for these pockets. The S1 pocket of  all  
the serine protease family have the same catalytic  
harmony SER195-HIS57-ASP102, also having high 
degree of  homology in their amino acid sequence and 
spatial arrangement in the protease domain and active 

Figure 1: Coagulation cascade and sites of action of anti
coagulants (Oral anticoagulants, Heparin, lowmolecular 
weight heparins LMWHs). Figure showing the coagulation pro
cess and general anticoagulants used at each stage in both 

extrinsic and intrinsic pathway.
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site. The characteristic feature of  this serine protease 
has a deep S1 pocket with ASP189 acidic amino acid at 
the bottom i. e. the catalytic domain of  S1 pocket, which 
forms salt bridge with basic ARG or LYS.19,20 Whereas, 
S2 shows the TRP215 in the beta-sheet region and 
HIS57 in the S3 pocket at beta-sheet region.16 Majority 
of  the FVIIa inhibitors reported till date have a benza-
midine or amidine P1 moiety. SER190 in S1 pocket is 
an important for FVIIa. Some of  the FVIIa inhibitors 
shown H-bond interactions with SER190 which shows 
significant interaction for anticoagulant activity.21,22 The 
ribbon structure of  FVIIa and active site residues after 
minimization of  energy (MMFF force field used) is 
shown in Figure 2.23-25

FIXa active site
FIX is also known as Christmas factor which is a serine 
protease family enzyme of  coagulation cascade. Defi-
ciency of  FIX leads to hemophilia B. FIX was discovered 
in 1952 when a young boy named Stephen Christmas 
who lacks this factor which led to haemophilia.26 FIX 
is synthesized in liver which plays an important role in 
the blood coagulation and share a common domain18. 
N-terminal GLA domain contain 12 γ-carboxy glu-
tamic acid residues. Epidermal growth factor (EGF)–
like domains of  N-terminal are responsible for binding 
with TF.27,28 Distraction in the EGF domains indicates 
reduced binding of  FVIIa/TF and FVIIIa29 Figure 3.  
FIXa mainly comes under the intrinsic pathway of  
blood coagulation which further leads to activation of  
FX therefore FIXa is the main target for development 
of  novel anticoagulants.30,31 The activity of  FIX is regu-
lated by various factors like anti-thrombin III, nexin-2/
amyloid α-protein precursor, protein Z-dependent pro-
tease inhibitor and neutrophil elastase.32-34 The serine 

protease domain of  FIX is required for blood coagula-
tion which act as a catalytic amino acid. Serine prote-
ase contain SER, HIS, and ASP which forms cleavage 
at ARG and VAL to form a salt bridge with ASP. The 
shape and size of  second pocket of  FIXa is similar to 
trypsin, FXa and thrombin. LYS98 and ARG143 in 
pocket S1 are essential for FIXa inhibition, active site 
amino acids of  FIXa binding pocket S1 (PDB ID 3LC5) 
Figure 4. TYR99 in FIXa is able to produce different 
types of  conformations that depends on which type 
of  ligand binds with the active site. Normally TYR99 
is observed to block pocket 2nd and 4th pocket.35 The 
ribbon structure of  FIXa and active site residues after 
energy minimization (MMFF force field used) is shown 
in Figure 5.23-25

FVIIa INHIBITORS
There are number of  FVIIa/TF inhibitors which are 
reported and some of  them shows in-vivo efficacy after 
IV administration, but the main challenge remains into 

Figure 2: Ribbon structure of FVIIa and active site residues of 
pocket S1 created using Vlife MDS 4.3 PDB ID (1CVW). Figure 
showing active site amino acids which are responsible for in

hibition of FVIIa leads to coagulation.

Figure 3: FIX structurefunction domains: AminoGLA  
domain, EGFlike domain etc. Figure showing the (EGF) and  

catalytic like domains of Nterminal which are liable for  
binding with TF.

Figure 4: Active site amino acids of FIXa binding pocket S1 
(PDB ID 3LC5). LYS98 and ARG143 in pocket S1 are essential 

for FIXa inhibition. Shape of pocket S1 is like U or V shape.

Figure 5: Ribbon structure of FIXa and active site residues 
pocket S1 PDB ID (3LC5). Active site amino acids responsible 

for FIXa inhibition.
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the invention of  an oral bioavailability of  drug. Oral 
bioavailability of  drug is successful only when there is a 
significant achievement between the inhibitor character-
istics and their pharmacokinetic properties. 

2Aryl substituted 4H3, 1Benzoxazin4ones
They act by selective acylation of  the FVIIa SER195 
by benzoxazinone lactone.36 IC50 of  FVIIa/TF complex 
inhibition is 0.82 µM while for FXa is 112 µM. Main two 
factors that affect inhibitory activity are electronegative 
groups present on 2-aryl ring and benzoxazinone ring at 
positions 5, 6, 7, and 8.

5azaindole derivatives 
Incorporation of  an alkyl moiety on the initial urea 
lead will increase in potency and selectivity of  the com-
pound. The amidine containing analog shows good 
potency for FVIIa versus the FXa. Reported Ki= 0.013 
µM and more than 200 fold selectivity with FVIIa.37

5amidino2(2hydroxybiphenyl3yl)
benzimidazole derivatives
Incorporation of  2-hydroxy on the terminal aryl ring 
shows significant increase in potency and selectivity 
towards FVIIa. Hydrogen bond interaction between a 
hydroxyl group on distal ring of  the biaryl system and 
LYS192 will increase selectivity and potency for FVIIa. 
Having Ki= 0.074 µM.38

2[5(5carbamimidoyl1Hbenzoimidazol2yl)50
fluoro6,20dihydroxybiphenyl3yl] succinic acid 
scaffold
Selective and potent FVIIa/TF inhibitors were gener-
ated through structure based drug design and phar-
macokinetic properties were evaluated by baboon 
thrombosis model. Allometric scaling predict that it 
could be appropriate for human. FVIIa/TF inhibitory 
analog were developed by exploring the para position 
on the C-ring phenol with the urea by one methylene 
unit. Ki= 0.002 µM.39

Pyridinone based inhibitor
By replacing nitrogen at position 4 of  pyrazinone,  
pyridinone based inhibitors are produced.40 Developed 
compound have IC50= 84 nM against FVIIa/TF.

4amino5azaindole derivatives as inhibitors
Substitution at the C5 position to enhance selectivity 
and potency are achieved on 5-amidino-benzimidazole 
analogs that contain acid moiety at C5 position of  the 
central aryl ring having Ki= 0.081 µM.41

FIXa INHIBITORS
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FIXa inhibitory strategies are emerging trends in drug 
design and development of  drugs used as anticoagulant,  
because of  promising results in the preclinical trials. 
FIX inhibitors displays an effective anticoagulation 
which will be helpful in reducing the risk of  bleeding 
compared with unfractionated heparin. FIXa plays a key 
role in maintaining internal homeostasis in the intrinsic 
pathway of  the coagulation.

5amidinobenzimidazole analogue
In order to enhance potency towards FIXa and increase 
selectivity over the FVIIa and FXa, replacement of  
central phenol was done with the polar heterocycle like 
hydroxy pyrazole lead to promising results. Increases 
potency towards FIXa Ki= 0.05 µM. Also increases 
selectivity and activity against FVIIa, FXa and APTT.42

Pyrazolopyridine and benzimidazole derivatives
In order to develop FIXa inhibitors of  pyrazolo-pyridine  
derivatives substitution with para-triazole significantly 
increases potency Ki= 0.09 µM. whereas in benz-
imidazole derivatives potency is further improved by  
phenyl substitution Ki= 0.016 µM. Further optimization  
needed to improve potency and selectivity towards the 
FIXa.43

Pyrazolo-pyridine analog

Benzimidazole analog 

2amidino benzothiophene derivatives
From the QSAR study of  2-amidinobenzothiophene 
derivatives of  FIXa inhibitors, properties like steric, 
hydrophobic and H-bond are taken in to consideration. 
Modifications at 2nd position of  the benzene ring and 6th 
position of  the benzothiophene will increase the activity 

against FIXa. pIC50= 8.70 nM; in particular electrostatic 
and hydrophilic substituent’s at 2nd position and hydro-
phobic group at 3rd position of  the phenyl ring increases 
activity and selectivity against FIXa. Also the pharmaco-
phore study conclude that the aromatic features that are 
required for pi-stacking interaction with FIXa receptor 
which are contributed by benzothiophene and other to 
heterocyclic rings in the derivatives. The amidine group 
contributing the positive ionizable characteristic feature 
which is responsible for interaction with acidic amino 
acid like ASP.44-46

Oral FIXa inhibitors 
TTP889 was the proprietary oral FIXa inhibitor manu-
factured by Transtech Pharma Winston Salem, North 
Carolina US. The inhibition was investigated by the 
FIXIT study.47 TTP889 show antithrombotic activity in 
rat and porcine arteriovenous shunt models. The FIXIT 
study was performed to determine the antithrombotic 
efficacy and safety of  TTP889 in patients. A group 
of  261 patients undergoing hip fracture surgery was 
received TTP889 (300 mg daily) or placebo beginning 
6-10 days after surgery, and standard prophylaxis for 5-9 
days. Treatment was continued for three weeks followed 
by bilateral venography. The primary outcome was VTE 
which occurred in 32.1% of  patients randomized to 
TTP889 and 28.2% of  patients those receiving placebo. 
Major bleeding complications were not observed. The 
markers like thrombin generation and fibrin formation 
were checked after 14 and 28 days from the surgery and  
did not find much difference between TTP889 and  
placebo treated patients. Due to these results, develop-
ment of  TTP889 was halted.47,48

RNA Aptamers 
These are oligonucleotides having ability to bind receptor  
with high affinity and selectivity. Pegnivacogin (RNA 
aptamer) is currently available FIXa inhibitor under  
development. It is the only drug developed with comple-
mentary antidote known as anivamersen. Pegnivacogin  
successfully completed Phase I and Phase II clinical trials  
and now phase III clinical trial have been started. 
Aptamers have the ability to bind to target with high  
affinity and selectivity.49 Pegnivacogin binds with FIXa 
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selectively with high affinity as well as it also obstructs 
the activation of  FXa by FVIIa/TF complex. Which 
leads to prolongation of  the APTT time.50,51 

CURRENT STATUS OF FVIIa AND FIXa INHIBITORS
Here we summarize the current status of  development 
of  FVIIa and FIXa inhibitors as an emerging class of   
novel anticoagulant drug like candidate. Though number  
of  FVIIa and FIXa inhibitors are reported which are 
successful during in-silico designing, in-vitro, in-vivo 
assays, but only few of  them get promising outcomes in 
pre-clinical and clinical trials. Some of  them have been 
stopped during clinical trials. Table 1 contain class of  
drugs that are successful in clinical trials. Some of  them 
have been stopped due to negative results in clinical trial. 

SUMMARY
Current therapy of  anticoagulants have several limitations,  
including enhanced chance of  bleeding, variable patient 
response and narrow clinical applications. As inhibition 
of  FVIIa and FIXa lead to blockage of  both intrinsic 
and extrinsic pathways of  coagulation, these two factors 
play a fundamental role in coagulation cascade, which 
are activated by TF or contact initiated activation. Even 
though major efforts and some success was achieved 
in discovery of  potent synthetic inhibitors of  FVIIa/
TF and FIXa, no compounds have been advanced into 
clinical trials. FIX inhibitors constantly show effective 
anticoagulation and reduced risk of  bleeding. The only 
orally available FIXa inhibitor TTP889 has undergone 
clinical trials (Phase I and Phase II) and it was well toler-
ated in humans. But it is recommended that only partial 
inhibition was not an effective drug design strategy for 
the prophylaxis of  VTE in patients with hip fracture 
surgery. Due to negative results in FIXIT study develop-
ment of  TTP889 was stopped. Development of  orally 

available anticoagulant with complimentary reversible 
antidote is the major challenge in the drug design and  
development. After warfarin only RNA aptamers  
(Pegnivacogin) was developed with reversible antidote 
anivamersen. RNA aptamer with antidote anivamersen 
can produce effective coagulation and quick reversal in  
clinical trial Phase I study and in animal models. Clinical  
trials of  RNA aptamer are currently in progress and 
Phase III trials have been started which will provide 
safety and pharmacokinetic profile and the required 
information will be beneficial for the development of  
novel drug. Even though such complexity is observed 
in designing of  anticoagulant as FVIIa/TF complex and 
FIXa inhibitors, these will remain a significant and vali-
dated target for the development of  the next generation 
anti coagulants.

CONCLUSION
As anticoagulants are used as preventive agents to pre-
vent blood clots. They have some limitations. FVIIa and 
FIXa are the important targets in designing of  novel 
anticoagulants, due to their tactical presence at the 
junction of  both extrinsic and intrinsic pathways. This 
review is expected to serve the needs of  Pharmaceutical 
Sciences student in particular and also researchers of  
other related profession such as Medicine.
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Table 1: Clinical trial status of FIXa inhibitors.5254

Class of Drug Mechanism of 
Action Pharmacokinetics Pharmacod-

ynamics Antidote Clinical development 
phase

Oral inhibitors
TTP889 Still not available

t1/2= 20 hrs in 
Humans Data not 

available No Development has 
been stopped

RNA aptamers
pegnivacogin

Oligonucleotide binds  
FIX/FIXa

t1/2= 12 hrs in primate 
model Dose dependent

Reversible 
antidote 

Anivamersen

Completed Phase I & 
II started Phase III trial

Active site-blocker 
Inhibitors IXai

Competitively block 
active site

t1/2= 90 min in primate 
model Dose dependent No Development has 

been stopped

Monoclonal 
antibodies 
SB 249417

Murine antibody, 
humanized 

against GLA domain

t1/2= 90 hrs in primate 
model

Dose dependent
Kd 20 nmol/L No Development has 

been stopped
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ABBREVIATION USED
HIT: Heparin-induced thrombocytopenia; TF: Tissue 
Factor; VTE: Venous Thromboembolism; EGF: Epi-
dermal Growth Factor.
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