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   Anticoagulants have been in use for nearly a cen tury for the treat ment and pre ven tion of venous and arte rial throm bo em-
bolic dis or ders. The most dreaded com pli ca tion of anti co ag u lant treat ment is the occur rence of bleed ing, which may be 
seri ous and even life - threat en ing. All avail  able anti co ag u lants, which tar get either mul ti ple coag u la tion fac tors or indi vid-
ual com po nents of the tissue factor (TF) fac tor VIIa or the com mon path ways, have the poten tial to affect hemo sta sis and 
thus to increase bleed ing risk in treated patients. While direct oral anti co ag u lants intro duced an improve ment in care for 
eli gi ble patients in terms of safety, effi  cacy, and con ve nience of treat ment, there remain unmet clin i cal needs for patients 
requir ing anti co ag u lant drugs. Anticoagulant ther apy is some times avoided for fear of hem or rhagic com pli ca tions, and 
other patients are undertreated due to comorbidities and the per cep tion of increased bleed ing risk.  

  Evidence sug gests that the con tact path way of coag u la tion has a lim ited role in ini ti at ing phys i o logic in vivo coag u-
la tion and that it con trib utes to throm bo sis more than it does to hemo sta sis. Because inhi bi tion of the con tact path way 
is less likely to pro mote bleed ing, it is an attrac tive tar get for the devel op ment of anti co ag u lants with improved safety. 

 Preclinical and early clin i cal data indi cate that novel agents that selec tively tar get fac tor XI or fac tor XII can reduce 
venous and arte rial throm bo sis with out an increase in bleed ing com pli ca tions. 

  LEARNING OBJECTIVES 
    •  Understand the data in sup port of targeting the con tact path way for antithrombotic ther apy and its poten tial 

advan tages over existing anti co ag u lants 
   •  Become acquainted with the var i ous fac tor XI and fac tor XII targeting agents under devel op ment and their pro

spec tive indi ca tions  

  CLINICAL CASE 
  A 75  year  old man is referred for a total knee arthroplasty 
(TKA) due to osteoarthrosis of the right knee. His med i cal 
his tory includes pre vi ous symp tom atic dis tal deep vein 
throm bo sis sec ond ary to TKA in the con tra lat eral knee, 
pre vi ous gas tro in tes ti nal bleed ing asso ci ated with pep
tic ulcer dis ease, arte rial hyper ten sion con trolled with 
an  angio ten sin II recep tor blocker and hydro chlo ro thi a
zide, dyslipidemia treated with a statin, dia be tes mellitus 
con trolled with metformin and a sodium  glu cose cotrans
porter 2 inhib i tor, and dia betic nephrop a thy with base line 
cre at i nine clear ance (CrCl) of 32    mL / min.   

The patient requires antithrombotic ther apy for venous 
throm bo em bo lism (VTE) pro phy laxis. However, the risk of 
bleed ing in this patient is a con cern. Is there a safe and effec
tive ther a peu tic option for VTE pro phy laxis for this patient ?   

 Introduction 
 Thromboembolic dis eases are asso ci ated with sig nifi   cant 
mor bid ity and mor tal ity, and anticoagulation is the main
stay of treat ment. 1,2  Currently avail  able anti co ag u lants that 
tar get mul ti ple coag u la tion fac tors or sin gle com po nents 
of the com mon path way of coag u la tion can affect hemo
sta sis, and bleed ing com pli ca tions may coun ter weight the 
ben e fi ts of antithrombotic treat ment. 3  
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Consequently, there remains a need for effec tive anti co ag u
lants with a lower risk of bleed ing com pli ca tions. To accom plish 
this, focus has been placed on fac tor (F) XI and FXII, essen tial 
com po nents of the con tact (intrin sic) coag u la tion path way, 
which have been pro posed as new and prom is ing tar gets for 
anti co ag u lant ther apy with min i mal or no bleed ing risk.4,5

This review discusses the short com ings of existing anti co ag
u lants and the advances made in under stand ing the role of the 
con tact sys tem in throm bo sis and hemo sta sis as a new tar get 
for anti co ag u lant treat ment with improved safety, and it details 
the clin i cal data cur rently avail  able and the ongo ing stud ies with 
agents targeting FXI and FXII.

In search of the holy grail: effec tive drugs that min i mize 
the risk of bleed ing
A brief his tor i cal per spec tive of anti co ag u lant treat ment
Anticoagulants have been in use for nearly a cen tury for both 
the treat ment and pre ven tion of venous and arte rial throm bo em
bolic dis or ders. Unfractionated hep a rin, a nat u rally occur ring gly
cos ami no gly can, was dis cov ered in 1916. Lowmolec u larweight 
hep a rin was devel oped in the 1980s, adding the advan tages of 
less fre quent sub cu ta ne ous admin is tra tion, lower risk of bleed
ing and hep a rininduced throm bo cy to pe nia, bet ter bio avail abil
ity, admin is tra tion at fixed doses, and lon ger halflife. Through 
bind ing and acti va tion of anti throm bin, hep a rins inac ti vate 
throm bin, FXa, and other coag u la tion pro te ases.6 Fondaparinux 
is a syn thetic hep a rin pentasaccharide with a sequence almost 
iden ti cal to the anti throm bin bind ing pentasaccharide found in 
hep a rin. It tar gets FXa activ ity, but it does not inhibit throm bin 
activ ity or release tis sue fac tor path way inhib i tor, offer ing an 
improved ther a peu tic index.7 Warfarin, dis cov ered in 1941 and 
approved for med i cal use in humans in 1954, and other vita min 
K antag o nists (VKAs) com pet i tively inhibit the vita min K epox ide 
reduc tase com plex 1, an enzyme essen tial for vita min K acti va
tion, con se quently reduc ing the syn the sis of bio log i cally active 
forms of the clot ting fac tors II, VII, IX, and X, as well as the native 
anti co ag u lants pro tein C and pro tein S. VKAs have sev eral dis ad
van tages attrib ut  able to their unpre dict able phar ma co ki net ics 
and phar ma co dy nam ics, a nar row ther a peu tic index, slow onset 
of activ ity, numer ous drug and food inter ac tions, and, there fore, 
need for rou tine mon i tor ing.8,9

Argatroban and bivalirudin are par en teral direct throm bin 
inhib i tors devel oped in the 1990s for use in var i ous antithrom
botic indi ca tions. Unlike hep a rin, direct throm bin inhib i tors do 
not require anti throm bin as a cofac tor for activ ity and can inhibit 
both sol u ble as well as clotbound throm bin. These agents 
have a ther a peu tic index com pa ra ble to that of hep a rins but 
are invalu able in con di tions where a con tra in di ca tion to hep a
rin exists, includ ing hep a rininduced throm bo cy to pe nia or an 
allergy to hep a rin.10

The direct oral anti co ag u lants (DOACs) were approved in 
the 2010s and act by selec tively targeting and inhibiting either 
throm bin (dabigatran) or FXa (apixaban, edoxaban, and rivar
oxaban).11 The DOACs were shown to be as effec tive and safer 
than VKAs in patients with atrial fibril la tion (AF) and VTE and 
offer prac ti cal advan tages thanks to the oral admin is tra tion at 
fixed doses with no need for lab o ra tory mon i tor ing. However, 
the DOACs also bear a nonnegligible bleed ing risk, regard less 
of the indi ca tion for which they were pre scribed.12,13 A time line 
illus trat ing key land marks in the devel op ment of anti co ag u lants 
is presented in Figure 1.

Patient categories at increased risk of bleed ing with anti
co ag u lant ther apy
The most impor tant, com mon, and dreaded com pli ca tion of 
anti co ag u lant treat ment is the occur rence of bleed ing, which 
may be seri ous, lifethreat en ing, or have dev as tat ing longterm 
con se quences. Anticoagulant ther apy is often avoided for fear of 
hem or rhagic com pli ca tions, and many patients are undertreated 
due to comorbidities or a precepted unac cept able bleed ing 
risk.3

All of the avail  able anti co ag u lant drugs have the poten tial to 
affect hemo sta sis and, thus, to increase bleed ing risk in treated 
patients. This risk is higher in cer tain patient pop u la tions.

The inci dence of AF, stroke, and VTE increases with age, and 
so does the risk of bleed ing com pli ca tions with anti co ag u lant 
treat ment. Although elderly patients have a higher abso lute ben
e fit from anti co ag u lant treat ment, bleed ing is a major con cern, 
even at lower doses of DOACs, par tic u larly in frail patients, those 
with renal dysfunction, and patients tak ing mul ti ple med i ca tions 
with poten tial drugdrug inter ac tions, who may also be prone to 
recur rent falls.14
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Figure 1. Key landmarks in the development of anticoagulants. FDA, Food and Drug Administration; LMWH, lowmolecularweight 
heparin; UFH, unfractionated heparin.
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Acute ische mic stroke in patients with AF is asso ci ated with 
a high risk for both hem or rhagic trans for ma tion and ische mic 
recur rence in the acute poststroke period. Large ische mic 
lesions, cere bral microbleeds, and throm bo lytic ther apy may 
all  increase the risk of hem or rhagic trans for ma tion, whereas 
high CHA2DS2VASc score [CHADS, Congestive heart failure, 
Hypertension, Age 75 or more, Diabetes, Stroke; VASc, Vascular 
disease, Age 65–74, Sex category (female sex)], high National 
Institutes of Health Stroke Scale score, and large ische mic 
lesions are all  asso ci ated with a higher risk for both ische mic 
recur rence and bleed ing.15 It is suggested that the best time 
for ini ti at ing anticoagulation for sec ond ary stroke pre ven tion is  
4 to 14 days from stroke onset. There is, how ever, a con cern 
that while early ini ti a tion increases the risk of hem or rhagic 
trans for ma tion, delayed ini ti a tion leaves the patient at risk for 
recur rent ische mic stroke.16 Moreover, the com bined use of anti
co ag u lants and antiplatelet agent in patients with AF and car
dio vas cu lar or cere bro vas cu lar dis ease sig nifi  cantly increases 
the risk of major bleed ing.17

Patients with can cer are at increased risk of VTE and recur
rent events, but also at increased risk of major bleed ing, regard
less of the choice of anti co ag u lant.18 Metastatic dis ease, pri mary 
gas tro in tes ti nal malig nan cies, chronic kid ney dis ease stage III 
or higher, and throm bo cy to pe nia <100 000 × 109/L are all asso ci
ated with increased risk of bleed ing.19 The chal lenge of bal anc ing 
com pet ing risks of bleed ing and recur rent VTE is greater in the 
set ting of throm bo cy to pe nia, which may require anti co ag u lant 
dose mod i fi ca tions.20,21

Patients with cir rho sis fre quently have com plex alter ations 
in their hemo static sys tem in which stan dard coag u la tion lab
o ra tory test may not rep re sent the actual hemo static bal ance.22 
Nevertheless, por tal hyper ten sion com pli cat ing liver cir rho sis 
may increase the risk of bleed ing from esoph a geal varices.23

Finally, patients with chronic kid ney dis ease have an increased 
risk of arte rial and venous throm bo sis, as well as an increased risk 
of bleed ing, attrib ut  able to plate let dys func tion.2426

All these patients may ben e fit from anti co ag u lants with an 
improved safety pro file, pref er a bly with min i mal renal clear
ance, and an enhanced effi cacy in patients with a high throm
botic risk.

The con tact path way of coag u la tion
The con tact path way of coag u la tion con sists of the pro teins FXI, 
FXII, prekallikrein, and highmolec u larweight kininogen (HK) and 
is involved in procoagulant and proinflammatory reac tions, thus 
linking inflam ma tory and coagulopathic responses. Evidence 
sug gests that it has a lim ited role in ini ti at ing phys i o logic in vivo 
coag u la tion and that it con trib utes to path o logic throm bo sis 
and inflam ma tion more than it does to hemo sta sis.2730

The con tact path way can be acti vated by expo sure of blood 
to in vivo acti va tors, includ ing extra cel lu lar nucleic acids, neu tro
phil extra cel lu lar traps, longchain polyphosphates from var i ous 
infec tious path o gens, and neg a tively charged arti fi cial sur faces 
of indwell ing med i cal devices. These neg a tively charged com
pounds bind FXII, induc ing acti va tion of the ser ine pro te ase 
FXIIa, which in turn acti vates HKbound prekallikrein, forming 
plasma kal li krein (PKa). PKa amplifies FXII acti va tion by pos i
tive feed back, induc ing sub se quent down stream acti va tion of 
both coag u la tion and inflam ma tion. FXIIa acti vates FXI to FXIa 
and trig gers the acti va tion of FIX, FX, and pro throm bin, whereas 

acti va tion of PKa results in cleav age of HK and the release of the 
vaso ac tive pep tide bradykinin.28,31

FXI defi ciency is a rare auto so mal reces sive dis or der. Since 
FXI is required for driv ing clot for ma tion in the acti vated par
tial throm bo plas tin time assay, patients lacking FXI have mark
edly prolonged acti vated par tial throm bo plas tin times. Despite 
this, patients with very low FXI lev els may be asymp tom atic, 
and bleed ing in FXIdefi cient patients is typ i cally trau matic or 
sur gi cal, involv ing tis sues rich in fibri no lytic activ ity such as the 
mouth, nose, and uri nary tract.32 Patients with severe FXI defi
ciency have a reduced inci dence of deep vein throm bo sis and 
ische mic stroke, but FXI defi ciency does not con fer pro tec tion 
against acute myo car dial infarc tion.33

FXII defi ciency is inherited as an auto so mal reces sive dis or
der. It is not asso ci ated with any bleed ing risk. The rela tion ship 
between FXII and throm bo sis is not well established, yet evi dence 
sug gests FXII defi ciency is not pro tec tive against throm bo sis.34,35 
Nonetheless, due to its proinflammatory and prothrombotic 
prop er ties, FXII may be targeted in dis ease con di tions in which 
these down stream cas cades are dysregulated, such as hered i tary 
angioedema, neuroinflammatory and neu ro de gen er a tive dis or
ders,3436 and indwell ing med i cal device–related throm bo sis.37

Differentiating throm bo sis from hemo sta sis
Hemostasis and throm bo sis share sim i lar enzy matic reac tions 
but yield dif fer ent out comes.

While hemo sta sis is the nat u ral pro cess that halts bleed ing at 
injury sites by for ma tion of a local hemo static plug, throm bo sis 
is gen er ally path o logic, in which inter rup tion of blood flow may 
lead to organ dam age. Differentiating these pro cesses is key to 
the devel op ment of antithrombotic agents with min i mal effect 
on hemo sta sis.38

With some evi dence of its con tri bu tion to throm bo sis, the 
 con tact path way is an attrac tive tar get for the devel op ment of 
anti co ag u lants with an enhanced safety pro file, because due to 
its nature, inhi bi tion is less likely to pro mote bleed ing com pared 
with anti co ag u lants that tar get mul ti ple coag u la tion fac tors or the 
tissue factor (TF)FVIIa or the com mon path ways.38,39 Both FXI and 
FXII have received atten tion as poten tial tar gets in the devel op
ment of new anti co ag u lants with improved safety. Nevertheless, 
it is uncer tain whether FXI or FXII rep re sents a bet ter ther a peu tic 
tar get, weighing effi cacy vs safety. While severe FXI defi ciency was 
found to con fer pro tec tion from throm botic events, data for FXII 
are incon clu sive. On the other hand, because con gen i tal defi ciency 
of FXII is not asso ci ated with a bleed ing diath e sis, FXII may be per
ceived a safer tar get than FXI, although effi cacy may be hin dered 
since FXI acti va tion by TFFVIIa and throm bin may still occur.4,39

Development of agents to tar get FXI and FXII
Preclinical stud ies indi cated that knock out mice defi cient in 
one of the con tact pro teins were protected against artificially 
induced throm bo sis. Moreover, inhi bi tion of the con tact path
way by mono clo nal antibodies, anti sense oli go nu cle o tides, and 
small mol e cules targeting either FXI or FXII were found to pre vent 
both venous and arte rial throm bo sis in var i ous ani mal mod els in 
mam mals.29,30 The main advan tage of these new anti co ag u lants 
is their selec tiv ity to targeting sin gle mol e cules, which reduces 
the like li hood of offtar get adverse effects.4 Subsequent stud ies 
in human par tic i pants con firmed the safety of these agents in 
phase 1 and phase 2 clin i cal tri als.
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Agents directed against FXI include anti sense oli go nu cle o
tides (ASO)40,41 and DNA aptamers,42,43 which inhibit the bio syn
the sis of FXI, as well as FXI targeting mono clo nal antibodies and 
small mol e cules. ASOs bind to their com ple men tary mes sen ger 
RNA (mRNA) tar gets, thereby allowing for selec tive and cat a lytic 
deg ra da tion of the targeted mRNA, which leads to a reduc tion 
in the cor re spond ing pro tein lev els, with a high degree of tar
get selec tiv ity. FXI is syn the sized pri mar ily in the liver, an opti mal 
tar get tis sue for ASO ther apy.40,44 ASOs targeting FXI dem on
strated effec tive ness in var i ous ani mal mod els,40,4547 as well as in 
humans.4850 Numerous mono clo nal antibodies are under devel op
ment. These directly inhibit the acti va tion of FXI (abelacimab)5153 
or the acti va tion of FIX by FXIa (osocimab),5457 they or block 
FXIIamedi ated acti va tion of FXI (xisomab, O1A6 and 14E11).5861 
Notably, xisomab does not inhibit FXI acti va tion medi ated by 
throm bin, and although it binds FXI and not FXII, it has no effect 
on FXIa activ ity and thus may be con sid ered a back door inhib
i tor of FXIIa.59,60 Orally avail  able smallmol e cule inhib i tors of FXI 
include milvexian (BMS986177/JNJ70033093)6266 and asundex
ian (BAY 2433334).67,68 Parenteral small mol e cules directed at the 
active site or exosites of FXI (FXI BMS262084, BMS654457, and 
ONO8610539) were mostly stud ied in ani mal mod els.69,70 Natu
rally occur ring inhib i tors of FXIa include mol e cules derived from 
snakes (fasxiator), vam pire bats (desmolaris), and ticks (boophi
lin), none of which were stud ied in human par tic i pants.7173

Fewer agents in devel op ment tar get FXII. These include the 
mono clo nal anti body garadacimab (for merly known as CSL 
312)36,7477 and small mol e cules and ASOs, which so far have been 
inves ti gated only in ani mal mod els.74

FXI and FXII inhib i tors dif fer in their phar ma co logic prop
er ties, which will define their clin i cal appli ca tion. ASOs (IONIS 
FXIRx and fesomersen) and antibodies (abelacimab, osocimab, 
xisomab, and garadacimab) require par en teral admin is tra tion 
by sub cu ta ne ous or intra ve nous injec tion. Small mol e cules (mil
vexian and asundexian) can be deliv ered orally or par en ter ally. 
ASOs that tar get FXI mRNA, caus ing its deg ra da tion, have a slow 
onset of action since reduc tion lev els into the ther a peu tic range 
require 3 to 4 weeks, thus disqualifying them for use in acute 
set tings. By con trast, rapid inhi bi tion of FXI can be achieved by 
antibodies, DNA aptamers, and small mol e cules, which enables 
their use in both acute and chronic set tings.4,39 Last, ASOs and 
antibodies have long halflives (mean elim i na tion halflife of 52 
hours for FXIASO,40 2530 days for abelacimab, and 3044 days 
for osocimab),56 which may allow for less fre quent admin is tra tion 
but may also require rever sal strat e gies.78 On the other hand, 
smallmol e cule inhib i tors milvexian and asundexian have much 
shorter halflives and are expected to be admin is tered once or 
twice daily, sim i lar to DOACs.6468 The phar ma co logic prop er ties 
of these FXI and FXII inhib i tors are presented in Table 1.

In case of bleed ing com pli ca tions, grow ing evi dence sug
gests that patients with FXI defi ciency rarely require FXI replace
ment dur ing sur gery and may be typ i cally man aged with 
antifibrinolytics and occa sion ally recom bi nant FVIIa. Therefore, 
these strat e gies are expected to be effec tive for patients tak ing 
ther a peu tic FXI inhib i tors with bleed ing or who require urgent 
sur gery.78

Clinical tri als with FXI and FXII inhib i tors
A few FXI and FXII inhib i tors are at var i ous stages of clin i cal devel
op ment, with data from phase 2 stud ies avail  able for some. None 

of these agents has com pleted eval u a tions in phase 3 stud ies. We 
hereby pro vide an over view of selected clin i cal data cur rently 
avail  able and ongo ing stud ies with agents targeting FXI and FXII. 
Clinical data from phase 2 tri als are sum ma rized in Table 2, and 
ongo ing clin i cal tri als are presented in Table 3.

Antisense oli go nu cle o tides
IONISFXIRx (alter na tive names: BAY2306001; FXI ASO; ISIS 
404071; ISIS416858; ISISFXIRX) was the first FXItargeting agent 
to be devel oped. In a phase 2 trial com par ing the safety and effi
cacy of IONISFXIRx with those of enoxaparin for post op er a tive 
thromboprophylaxis in 315 patients under go ing elec tive total 
knee arthroplasty, IONISFXIRx showed either noninferior (200
mg reg i men) or supe rior (300mg reg i men) effi cacy over enoxa
parin, with no increase in bleed ing rates.48

Fesomersen (for merly known as ION957943, IONISFXILRx, 
and BAY2976217) is a newly devel oped Nace tyl galac tos amine 
(GN3) ligandcon ju gated (LICA) con ju gated 2′MOE chi me
ric ASO targeting FXI, with enhanced affin ity to hepa to cytes, 
allowing less fre quent admin is tra tion and lower ASO doses, thus 
reduc ing the poten tial for local adverse reac tions.41 The ongo ing 
RETHINc ESRD trial (NCT04534114) inves ti gates the safety, phar
ma co ki net ics, and phar ma co dy nam ics of fesomersen for the 
pre ven tion of car dio vas cu lar events in patients with endstage 
renal dis ease (ESRD) under go ing hemo di al y sis, and its results are 
expected shortly.

Abelacimab (MAA868)
An openlabel, phase 2, pro spec tive trial (ANT005 TKA) ran
dom ized 412 patients who were under go ing total knee arthro
plasty to receive 1 of 3 reg i mens of abelacimab (30  mg, 75  mg, 
or 150  mg) admin is tered post op er a tively as a sin gle intra ve
nous dose or to receive 40  mg enoxaparin admin is tered sub
cu ta ne ously once daily. The pri mary effi cacy out come was 
con firmed VTE, detected by man da tory venog ra phy of the 
oper ated leg involved in the oper a tion or objec tive con fir ma
tion of symp tom atic events, whereas the prin ci pal safety out
come was a com pos ite of major or clin i cally rel e vant non ma jor 
bleed ing up to 30 days after sur gery. All 3 abelacimab reg i
mens met the cri te rion for noninferiority to enoxaparin, with 
the 75mg and 150mg reg i mens being supe rior to enoxaparin 
(P < .001 for supe ri or ity for both reg i mens). Rates of bleed ing 
and seri ous adverse events were com pa ra bly low with all 4 
treat ment reg i mens.53

Studies com par ing the safety and tol er a bil ity of abelacimab 
to those of rivaroxaban for the pre ven tion of stroke and sys temic 
emboli in patients with AF (AZALEATIMI 71, NCT04755283), 
apixaban for the treat ment of can cerasso ci ated VTE (ASTER, 
NCT05171049), and dalteparin for the treat ment of gas tro in
tes ti nal and gen i to uri nary can cer–asso ci ated VTE (MAGNOLIA, 
NCT05171075) are cur rently ongo ing.

Osocimab (BAY 1213790)
The phase 2 noninferiority FOXTROT trial (NCT03276143) com
pared the safety and effi cacy of 4 dif fer ent doses of osocimab 
given before or after sur gery with those of enoxaparin and 
apixaban for the pre ven tion of VTE in 813 adult patients under
go ing elec tive pri mary total knee arthroplasty. The effi cacy of 
post op er a tive osocimab doses of 0.6 to 1.8  mg/kg, assessed by 
man da tory bilat eral venog ra phy performed 10 to 13 days after 
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sur gery, was noninferior to that of enoxaparin. Furthermore, the 
pre op er a tive dose of 1.8  mg/kg of osocimab met cri te ria for  
supe ri or ity com pared with enoxaparin, but it was asso ci ated 
with higher bleed ing rates.57

The cur rently ongo ing CONVERT trial (NCT04523220) eval
u ates 2 dose reg i mens of osocimab given as a oncemonthly 
sub cu ta ne ous injec tion for the pre ven tion of throm bo em bolic 
events in patients with ESRD who have a high car dio vas cu lar risk 
and require hemo di al y sis.

Xisomab (AB023)
A ran dom ized, dou bleblind, phase 2 study com pared xisomab 
with pla cebo in 24 patients with ESRD under go ing hep a rinfree 
hemo di al y sis (NCT03612856). Preliminary results sug gest xis
omab treat ment to be well tol er ated, with less fre quent occlu
sive events requir ing hemo di al y sis cir cuit exchange.61 Another 
phase 2 trial is cur rently eval u at ing xisomab for the pre ven tion of 
cath e terasso ci ated throm bo sis in patients with can cer receiv
ing che mo ther apy (NCT04465760).

Table 1. Characteristics, mech a nism of action, and phar ma co logic prop er ties of FXI and FXII inhib i tors

Mechanism of action Route of  
admin is tra tion

Onset of 
action Halflife Administration 

fre quency
Renal 
excre tion

Metabolism 
by CYP

Potential 
for food 
and drug 
inter ac tions

DNA 
aptamers: 
11.16, 12.7,  
and FELIAP

Bind over large  
sur face areas on a 
tar get pro tein and 
block spe cific  
mac ro mo lec u lar 
inter ac tions

IV or SC Rapid 
(min utes to 
hours)

Short  
(min utes to 
hours)

Daily No No No

ASOs: IONIS 
FXIRx (ISIS 
416858) and 
fesomersen

Inhibit the  
bio syn the sis of FXI

SC Slow (weeks) Long (weeks) Once weekly 
to once 
monthly

No No No

Antibodies

Abelacimab 
(MAA868)

Binds to the cat a lytic 
domain of FXI and 
locks it in the inac tive 
zymo gen con for
ma tion, pre vent ing 
its acti va tion by 
FXII/throm bin

IV or SC Rapid (hours) Long (weeks) Once monthly No No No

Osocimab 
(BAY 1213790)

Binds next to the 
active site of FXIa and 
inhib its the acti va tion 
of fac tor IX

IV or SC Rapid (hours) Long  
(30–44 days)

Once monthly No No No

Xisomab 
(AB023)

Inhibits FXIIa 
medi ated acti va tion 
of FXI but not FXI 
acti va tion by  
throm bin

IV Rapid (hours) Days to 
weeks,  
halflife 
increases 
with high 
doses

Once monthly No No No

Garadacimab 
(CSL312)

Binds to the cat a lytic 
domain of FXIIa and 
inhib its its pro te ase 
activ ity

IV or SC Rapid (hours) Long (weeks) Once monthly No No No

Small mol e cules

Milvexian  
(BMS986177/ 
JNJ70033093)

Active sitedirected 
inhib i tor of FXI

Oral Rapid 
(min utes to 
hours)
Saturable 
absorp tion 
with doses 
≥300  mg

Short  
(ter mi nal  
halflife  
8.3–13.8 
hours)

Once or twice 
daily

Yes, <20% Yes Yes

Asundexian 
(BAY 2433334)

Active sitedirected 
inhib i tor of FXI

Oral Rapid 
(min utes to 
hours)

Short  
(ter mi nal  
halflife  
15.8–17.8 
hours)

Once daily Yes, <15% Yes Yes

CYP, cyto chrome P450; IV intra ve nous; SC, sub cu ta ne ous.
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Garadacimab (CSL312)
Since FXII is involved in proinflammatory responses and 
acti va tion of the kal li kreinkinin sys tem, the role of the FXII 
targeting anti body garadacimab was stud ied for the pre
ven tion of attacks in 32 patients with C1ester ase inhib i tor 
defi cient hered i tary angioedema, in whom it sig nifi  cantly 
reduced the num ber of monthly attacks.36 Additional stud ies cur
rently inves ti gate its role in pre vent ing respi ra tory dete ri o ra tion 
in patients with coronavirus dis ease 2019 (NCT04409509) and  
in the treat ment of patients with idi o pathic pul mo nary fibro sis 
(NCT05130970). A phase 2 clin i cal study to assess the effi cacy 
and safety of garadacimab for the pre ven tion of cath e ter 
asso ci ated throm bo sis in patients with can cer receiv ing 
che mo ther apy through a cen tral cath e ter was planned but  
with drawn by the spon sor.

Milvexian (BMS986177/JNJ70033093)
In a par al lelgroup, phase 2 trial (the AXIOMATICTKR study, 
NCT03891524), post op er a tive admin is tra tion of oral milvexian 
was effec tive for the pre ven tion of VTE in 1242 patients under
go ing knee arthroplasty and was asso ci ated with a low risk of 
bleed ing or seri ous adverse events.66 The cur rently ongo ing 
phase 2 AXIOMATICSSP trial (NCT03766581) is aimed to deter
mine whether the addi tion of milvexian to dualantiplatelet ther
apy with aspi rin and clopidogrel is more effec tive than stan dard 
ther apy for sec ond ary stroke pre ven tion.

Asundexian (BAY 2433334)
The mul ti cen ter, ran dom ized, dou bleblind, phase 2 PACIFICAF 
trial (NCT04218266) com pared the effi cacy and safety of oral 
asundexian with those of apixaban in 753 patients with AF, in 
whom daily asundexian doses of either 20  mg or 50  mg resulted 
in lower rates of bleed ing com pared with apixaban, with near
com plete in vivo FXIa inhi bi tion.68

The PACIFICAMI (NCT04304534) and PACIFICSTROKE 
(NCT04304508) tri als com pared oral asundexian with pla cebo 
on top of dualantiplatelet ther apy for the pre ven tion of car dio
vas cu lar events in patients with acute myo car dial infarc tion or 
fol low ing noncardioembolic stroke, respec tively. Both tri als have 
been recently com pleted, and their results are pend ing.

Conclusion
While DOACs intro duced an improve ment in care for eli gi ble 
patients in terms of safety, effi cacy, and con ve nience of treat
ment, there remain unmet clin i cal needs for patients requir ing 
anti co ag u lant drugs.

With evi dence of its con tri bu tion to throm bo sis, the con tact 
path way of coag u la tion is an attrac tive tar get for the devel op
ment of anti co ag u lants with an enhanced safety pro file because, 
due to its nature, inhi bi tion is less likely to pro mote bleed ing 
com pared with anti co ag u lants that tar get mul ti ple coag u la tion 
fac tors or the TFFVIIa or the com mon path ways.

Preclinical and early clin i cal data indi cate that novel agents 
that selec tively tar get FXI or FXII can reduce venous and arte
rial throm bo sis with out an increase in bleed ing com pli ca
tions. Proving their supe ri or ity or noninferiority com pared 
with existing anti co ag u lants is the ulti mate chal lenge. Since 
cur rent event rates are grate fully low, this would require the 
design ing of largescale clin i cal tri als, which carry sig nifi  cant 
costs.

Like with DOACs, devel op ment of these agents started with 
tri als on VTE pre ven tion in high VTE risk ortho pe dic sur gery 
and pre ven tion of stroke and sys temic emboli in patients with 
AF. Next steps could be focus ing on clin i cal sce nar ios in which 
DOACs have not been tested or are contraindicated.

With many agents under devel op ment, the pros pect of FXI 
and FXII inhi bi tion as a novel approach to safer anticoagulation 
looks prom is ing.

CLINICAL CASE (Con tin ued)
The patient was con sid ered for recruit ment to a clin i cal trial 
eval u at ing a FXItargeting mono clo nal anti body, but a CrCl 
of 32 mL/min pre cluded his par tic i pa tion due to an exclu sion 
cri te rion of CrCl <60 mL/min. The patient even tu ally received 
VTE pro phy laxis with enoxaparin 40  mg once daily, starting  
12 hours fol low ing sur gery, which was switched to a direct 
FXa inhib i tor upon his dis charge from the hos pi tal. The patient 
arrived at the emer gency depart ment on post op er a tive day 
3 with recur rence of upper gas tro in tes ti nal bleed ing and a 
reduc tion in hemo glo bin level of 2.3  g/dL. Anticoagulant ther
apy was stopped and the patient received 2 units of packed 
red blood cells. A gas tros copy revealed bleed ing stig mata 
from pep tic ulcer dis ease. He was man aged con ser va tively 
with a highdose pro ton pump inhib i tor and discharged  
3 days later.
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