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10. Sánchez-Corral P, Pérez-Caballero D, Huarte O, et al. Structural and
functional characterization of factor H mutations associated with
atypical hemolytic uremic syndrome. Am J Hum Genet. 2002;71(6):
1285-1295.

11. Schramm EC, Roumenina LT, Rybkine T, et al. Mapping interactions be-
tween complement C3 and regulators using mutations in atypical he-
molytic uremic syndrome. Blood. 2015;125(15):2359-2369.

12. Caprioli J, Noris M, Brioschi S, et al; International Registry of Recurrent and
Familial HUS/TTP. Genetics of HUS: the impact of MCP, CFH, and IF
mutations on clinical presentation, response to treatment, and outcome.
Blood. 2006;108(4):1267-1279.

13. Esparza-Gordillo J, Goicoechea de Jorge E, Buil A, et al. Predisposition to
atypical hemolytic uremic syndrome involves the concurrence of different
susceptibility alleles in the regulators of complement activation gene
cluster in 1q32. Hum Mol Genet. 2005;14(5):703-712.

14. Sullivan M, Erlic Z, Hoffmann MM, et al. Epidemiological approach to
identifying genetic predispositions for atypical hemolytic uremic syn-
drome. Ann Hum Genet. 2010;74(1):17-26.

15. Sullivan M, Rybicki LA, Winter A, et al. Age-related penetrance of he-
reditary atypical hemolytic uremic syndrome. Ann HumGenet. 2011;75(6):
639-647.

16. Bernabéu-Herrero ME, Jiménez-Alcázar M, Anter J, et al. Complement
factor H, FHR-3 and FHR-1 variants associate in an extended haplotype
conferring increased risk of atypical hemolytic uremic syndrome. Mol
Immunol. 2015;67(2 pt B):276-286.

17. Caprioli J, Castelletti F, Bucchioni S, et al; International Registry of Re-
current and Familial HUS/TTP. Complement factor H mutations and gene
polymorphisms in haemolytic uraemic syndrome: the C-257T, the A2089G
and the G2881T polymorphisms are strongly associated with the disease.
Hum Mol Genet. 2003;12(24):3385-3395.

18. Martı́nez-Barricarte R, Heurich M, López-Perrote A, et al. The molecular
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Patients with end-stage chronic liver disease (ie, cirrhosis) acquire
multiple and complex alterations in their hemostatic system.
Recent insights in the hemostatic changes in patients with cirrhosis
have indicated a balanced, but unstable hemostatic system in
these patients with a risk for both bleeding and thrombotic
complications including venous thromboembolism and portal
vein thrombosis.1,2 Prevention and treatment of thrombotic events
are a challenge because of a frequently prolonged baseline in-
ternational normalized ratio and substantially decreased levels of
antithrombin, impeding correct dosing and monitoring of vitamin
K antagonists and heparins, respectively.3,4 There is very limited
clinical experience with the new-generation direct oral anticoagulants

(DOACs) in patients with cirrhosis because these patients were
excluded from all clinical trials with these new agents. However,
DOACs have potential advantages over vitamin K antagonists and
heparins, such as the oral route of administration, the lack of re-
quirement of laboratorymonitoring, theirmechanismof action, and
the wider therapeutic window,4 which has resulted in increasing
interest from the hepatology community.

DOACs are contraindicated in patients with advanced liver dis-
ease accompanied with coagulopathy and clinically relevant
bleeding risk. Importantly, because all the DOACs are cleared
by the liver and kidney, drug accumulation with a potentially
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increased bleeding risk is a main concern, although published
pharmacokinetic studies have looked at a single dose only.5 In
addition, in vitro studies have shown altered anticoagulant
potency of DOACs in plasma from patients with cirrhosis.
Nevertheless, DOACs have been used in attempts to treat portal
vein thrombosis, venous thrombosis, and atrial fibrillation. Al-
though the available safety data are encouraging, most studies
were underpowered for efficacy end points.5-8

Here, we studied in vivo anticoagulant effects of the anti-Xa
targeting DOAC edoxaban (60 mg once daily, administered for
7 consecutive days). Sixteen adult patients with an established
diagnosis of cirrhosis were enrolled from the outpatient hepato-
logy clinic of the University Medical Center Groningen, The
Netherlands. In addition, 16 healthy volunteers were included as
a control group. Cirrhosis had to be confirmed via FibroScan
suggestive for F4 fibrosis, histology compatible with cirrhosis, or
via diagnostic imaging. Characteristics of patients and controls are

shown in Table 1. Exclusion criteria were the presence of malig-
nancy, renal failure requiring intervention with drugs or dialysis
(creatinine clearance of ,50 mL/min); weight ,60 kg; active in-
fection; a known hereditary bleeding disorder; use of anticoagulant
drugs in the past 10 days; use of cyclosporine, dronedarone,
erythromycin, or ketoconazole; history of thrombotic disease; recent
variceal bleeding or known varices grade 2 or 3; pregnancy; or HIV
positivity. Additional exclusion criteria for the control group included
the presence of known liver disease and a history of clinically relevant
bleeding complications. The study protocol was approved by the
local medical ethical committee (METc 2016/226), and was
registered at Netherlands Trial Register (NTR6397). Written in-
formed consent was obtained from each subject before inclusion
in the study.

Blood samples were drawn by venipuncture twice at day 1
(baseline and 2 hours after the first dose) and once on day 3
and day 7 at peak level, 2 hours after ingestion of edoxaban. The
blood was processed to platelet-poor plasma by double centri-
fugation at 2000g and 10000g respectively for 10 minutes.
Plasma was stored at 280°C until use.

We estimated ex vivo plasma anticoagulant capacity by
thrombomodulin-modified calibrated automated thrombinography.9

At baseline, the endogenous thrombin potential (ETP) was
substantially higher in patients compared with controls
(707 [482-789] nM IIa 3 min vs 403 [304-506] nM IIa 3 min,
P, .05). On days 1, 3, and 7, ETP decreased in both patients and
controls, but remained significantly and substantially higher in
patients compared with the healthy subjects (Figure 1A). The
percentual decrease of the ETP on edoxaban compared with
baseline was significantly lower in patients compared with
controls at all time points (P , .05). D-dimer levels decreased
significantly over time in controls compared with baseline
(P , .05), but remained similar compared with baseline in
patients (Figure 1B). We estimated edoxaban plasma levels by
edoxaban-calibrated anti-Xa assays on the ACL 300 TOP (Werfen,
Breda, The Netherlands) with BIOPHEN heparin purchased from
Nodia (Amsterdam, The Netherlands), calibrated with the BIO-
PHEN Edoxaban calibrator from Nodia. In patients and controls
alike, anti-Xa levels remained relatively constant during the week of
administration, withmedian plasma levels;200 ng/mL (Figure 1C).
At day 3, 2 of the patients had particularly low edoxaban plasma
levels, which may have been caused by lack of compliance. Two
patients experienced a minor nosebleed. One patient decided not
to participate any further after this event. Mild bruisingmainly at the
site of venipuncturewaspresent in 4patients and5healthy controls.
No further adverse events occurred.

This is the first study to monitor the effect of repeated exposure
to edoxaban in a therapeutic dose in patients with cirrhosis. We
chose to study a 7-day exposure time to ensure we would reach
steady state, which is achieved after 3 days of dosing in healthy
individuals. We found that edoxaban reduces ex vivo hemostatic
potential and in vivo activation of coagulation less efficiently in
patients compared with controls, despite similar plasma levels.
Specifically, the relative decrease of the ETP was lower in pa-
tients compared with controls. In addition, the absolute on-drug
ETP level was twofold higher in patients, suggesting insufficient
anticoagulant activity in patients. Indeed, D-dimer levels clearly
decreased over time in controls, but remained similar in patients.
These results are in linewith in vitro studies that showedXa-inhibiting

Table 1. Baseline clinical and laboratory characteristics

Patients
(n 5 16)

Controls
(n 5 16)

Age 60 [48-65] 49 [42-58]*

Female 6 (38) 7 (44)

Etiology of liver disease
Cholestatic liver disease 4
Nonalcoholic steatohepatitis 2
Alcoholic steatohepatitis 4
Autoimmune hepatitis 2
Hepatitis C virus 1
Hemochromatosis 1
Overlap syndromes 2

BMI, kg/m2 28.7 [5] 26.4 [4.4]

Diabetes 4 (25) 1 (6)

CVD 5 (31) 2 (13)

CTP A 15 (94) —

CTP B 1 (6) —

Ascites 2 (13) —

Encephalopathy 0 —

APTT, s 34.4 [4.2] 32.2 [2.7]

PT, s 12.3 [2.4] 11.0 [0.7]*

INR 1.1 [0.2] 1.0 [0.1]*

Fibrinogen, g/L 2.8 [0.9] 3.1 [0.7]

Prothrombin, % 65 [15] 102 [11]*

D-dimer, ng/mL 517 [308-1049] 185 [124-276]*

Data are expressed as number (%), mean [SD], or median [IQR].

APTT, activated partial thromboplastin time; BMI, body mass index; CVD, cardiovascular
disease; CTP, Child Turcotte Pugh; INR, international normalized ratio; PT,
prothrombin time.

*P , .05.
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DOACs to have decreased anticoagulant effects in plasma from
patients with cirrhosis.10,11 However, although we find evidence
of a less effective downregulation of coagulation by edoxaban in
patients with cirrhosis, clinical studies are required to assess
whether this translates to a less effective antithrombotic effect in
patients in both a prophylactic and a treatment setting.

Our data show that edoxaban accumulation resulting from
decreased clearance does not occur in patients with mild cir-
rhosis. Whether drug accumulation occurs in patients with more
advanced cirrhosis or in patients with cirrhosis combined with
poor renal function requires further study. DOACs are cleared in
part by metabolic inactivation in the liver, and in part by renal
excretion. The route of elimination of edoxaban is;50% hepatic
and 50% renal, which is roughly comparable to that of rivar-
oxaban (65 vs 35%) and apixaban (75 vs 25%), whereas dabi-
gatran is cleared primarily by the kidneys (20% vs 80%). Future
studies will be required to examine whether the slightly in-
creased role of the liver in clearing rivaroxaban and apixaban
results in drug accumulation at lower levels of hepatic failure.
Based on our data, plasma levels of edoxaban should be as high
as or perhaps somewhat higher in patients with cirrhosis com-
pared with patients with intact liver function to obtain optimal
anticoagulant effects. Although therapeutic drug levels of
edoxaban have not yet been firmly established, peak levels
between 120 and 250 ng/mL have been found in patients
considered to be adequately treated with 60 mg once daily.12

Because edoxaban clearance may change when patients
develop worsening liver disease, we propose to monitor drug

levels in patients with cirrhosis using edoxaban-calibrated anti-Xa
assays, which previously has been shown to be suitable for DOAC
monitoring of patients with cirrhosis3 to obtain values considered
therapeutic or slightly supratherapeutic in the general population.

In published studies, Xa-directed DOACs dosing tends to be
conservative with reduced or low doses in a large proportion of
patients.5-8 Also, in the ongoing CIRROXABAN trial (clinicaltrials.
gov NCT02643212), which is a placebo-controlled trial on
rivaroxaban in cirrhosis, a reduced dose was chosen. We have
only studied patients withmild cirrhosis, and future studies should
explore pharmacokinetics and pharmacodynamics of DOACs in
patients with more advanced disease that are at increased risk for
both thrombotic andbleeding complications.Nevertheless, given
the hypercoagulable state of patients with cirrhosis of all sever-
ities,13 our results argue for a reevaluation of the conservative
dosing regimens that have been used so far. However, although
more stringent anticoagulation might lead to a better efficacy,
it might also increase bleeding risk in these patients with a known
complex and vulnerable hemostatic status.1,2

Taken together, edoxaban plasma levels are similar between
patients with cirrhosis and healthy controls after 7 days of
treatment. However, edoxaban less efficiently reduces ex vivo
hemostatic potential and in vivo activation of coagulation. These
data suggest that reduced dosing is not necessary and would
lead to undertreatment, which is not desirable in these already
hypercoagulable patients. Whether dose escalations are war-
ranted requires further study.
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Figure 1. Anticoagulant effects of edoxaban in healthy volunteers and patients with cirrhosis. (A) Endogenous thrombin potential (ETP), (B) D-dimer levels, and (C)
edoxaban-calibrated anti-Xa levels at baseline and in samples taken at 3 time points during administration of 60 mg edoxaban once daily to 16 patients with cirrhosis
and 16 healthy controls. Horizontal lines represent medians. Values in patients and controls at a single time point were compared using Student t test or Mann-Whitney
U test as appropriate. The Wilcoxon signed-rank test was used to assess differences between time points within a single group. #P , .05 vs controls; 1P , .05 vs
baseline.
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