
 

 

 University of Groningen

Factor VIII/protein C ratio independently predicts liver-related events but does not indicate a
hypercoagulable state in ACLD
Scheiner, Bernhard; Balcar, Lorenz; Nussbaumer, Rosa Johanna; Weinzierl, Johanna;
Paternostro, Rafael; Simbrunner, Benedikt; Hartl, Lukas; Jachs, Mathias; Bauer, David;
Stättermayer, Albert Friedrich
Published in:
Journal of Hepatology

DOI:
10.1016/j.jhep.2021.12.038

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Scheiner, B., Balcar, L., Nussbaumer, R. J., Weinzierl, J., Paternostro, R., Simbrunner, B., Hartl, L., Jachs,
M., Bauer, D., Stättermayer, A. F., Semmler, G., Pinter, M., Ay, C., Quehenberger, P., Trauner, M.,
Reiberger, T., Lisman, T., & Mandorfer, M. (2022). Factor VIII/protein C ratio independently predicts liver-
related events but does not indicate a hypercoagulable state in ACLD. Journal of Hepatology, 76(5), 1090-
1099. https://doi.org/10.1016/j.jhep.2021.12.038

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

https://doi.org/10.1016/j.jhep.2021.12.038
https://research.rug.nl/en/publications/377a57e8-e6c9-4362-ae3a-4ea5a8d0b391
https://doi.org/10.1016/j.jhep.2021.12.038


Research Article
Cirrhosis and Liver Failure
Factor VIII/protein C ratio independently predicts liver-
related events but does not indicate a hypercoagulable

state in ACLD
Graphical abstract

00 1122 2244 3366 4488 6600 7722 8844 9966
00

5500

110000

FFrr
eeee

ooff
dd ee

ccoo
mm

ppee
nnss

aatt
iioo

nn
oorr

ll iivv
eerr

-- rree
llaa

ttee
dd

mm
oorr

ttaa
lliitt

yy
((%%

))

FVIII/PC <2.53 (q1)
FVIII/PC 2.53-3.44 (q2)

LLoogg--rraannkk--tteesstt:: pp<<00..00000011

MMoonntthhss

FVIII/PC 3.44-4.97 (q3)
FVIII/PC≥4.97 (q4)AA

00 1122 2244
00

5500

110000

FFrr
eeee

ooff
AACC

LLFF
((%%

))

FVIII/PC <4.46
FVIII/PC≥4.46

LLoogg--rraannkk--tteesstt:: pp==00..00006699

MMoonntthhss

BB
00..22

00..44

00..66

00..88

11

00

MMoonntthhss

TTii
mm

ee--
ddee

ppee
nndd

eenn
ttAA

UU
RROO

CC
ss

((99
55%%

CC
II))

ffoo
rr tt

hhee
pprr

eedd
iicc

tt iioo
nn

ooff
AA CC

LLFF

CLIF-C ACLF-D

33 1122 2244
0.893

(0.831-0.955)
0.775

(0.681-0.869)
0.647

(0.540-0.753)

0.831
(0.737-0.924)

0.721
(0.614-0.829)

0.642
(0.542-0.742)

FVIII/PC
BB

FVIII/PC

Thrombosis Bleeding

Hypocoagulable Hypercoagulable

Factor VIII/protein C ratio independently predicts liver-related events but does not
indicate a hypercoagulable state in advanced chronic liver disease

FVIII/PC is a robust prognostic
indicator for hepatic

decompensation/death (A) and
ACLF-development (B)

But FVIII/PC does neither reflect
the coagulatory balance (TM-TGA)

nor the development of
thrombotic and bleeding events

FVIII/PC correlates with biomarkers
of different pathophysiological

mechanisms promoting disease
progression

Prognostic value Coagulation
Highlights
thrombosis in the blood vessels of
� Factor VIII/protein C (FVIII/PC) ratio has prognostic value in advanced
chronic liver disease.

� This may be explained by the link between FVIII/PC and patho-
physiological mechanisms promoting advanced chronic
liver disease.

� FVIII/PC was not associated with the development of bleeding or
thrombotic events.

� Thus, the prognostic value of FVIII/PC should not be mistaken as
evidence that hypercoagulability is a driver of disease progression.
https://doi.org/10.1016/j.jhep.2021.12.038
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the S
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Lay summary
A balanced coagulation system is
essential for preventing bleeding
episodes and blood clot formation
(thrombosis). Blood of patients
with advanced liver disease may
have increased coagulation poten-
tial, possibly promoting the wors-
ening of liver disease via

the liver. The ratio between the re-
sults of 2 blood tests (procoagulant
factor VIII to anticoagulant protein
C) has been suggested to reflect
these increases in coagulation po-
tential. Our study demonstrates, on
the one hand, that this ratio is a
versatile predictor of the develop-
ment of complications of cirrhosis,
yet on the other hand, that it is
unrelated to coagulation.
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Factor VIII/protein C ratio independently predicts liver-related
events but does not indicate a hypercoagulable state in ACLD

Bernhard Scheiner1,2,†, Lorenz Balcar1,2,†, Rosa Johanna Nussbaumer1, Johanna Weinzierl1,
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Hepatic Hemodynamic Lab, Division of Gastroenterology and Hepatology, Department of Internal Medicine III, Medical University of Vienna,
Vienna, Austria; 3Clinical Division of Haematology and Haemostaseology, Department of Internal Medicine I, Medical University of Vienna,
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Department of Surgery, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands
Background & Aims: It has been suggested that the ratio of correlated with biomarkers of different pathophysiological

procoagulant factor VIII to anticoagulant protein C (FVIII/PC)
reflects the hemostatic equilibrium. Moreover, FVIII/PC predicted
decompensation/death in a small study not accounting for portal
hypertension severity. We investigated (i) the prognostic value of
FVIII/PC (outcome-cohort) and (ii) whether FVIII/PC reflects the
hypercoagulable state (assessed by thrombomodulin-modified
thrombin generation assay [TM-TGA]) or the risk of bleeding/
thrombotic events in patients undergoing hepatic venous pres-
sure gradient (HVPG) measurement during follow-up.
Methods: (i) The outcome-cohort comprised 576 patients with
evidence of advanced chronic liver disease (liver stiffness mea-
surement >−10 kPa and/or HVPG >−6 mmHg). (ii) TM-TGA-cohort
patients (n = 142) were recruited from the prospective VIenna
CIrrhosis Study (VICIS: NCT03267615).
Results: (i) FVIII/PC significantly increased across clinical stages
(p <0.001) as well as HVPG (p <0.001) and MELD score (p <0.001)
strata and remained independently associated with
decompensation/liver-related death (adjusted hazard ratio 1.06;
95% CI 1.01–1.11; p = 0.013), even after multivariable adjustment.
It was also associated with acute-on-chronic liver failure (ACLF)
development (adjusted hazard ratio 1.10; 95% CI 1.02-1.19; p =
0.015) in patients with decompensated cirrhosis. (ii) FVIII/PC
showed a weak positive correlation with endogenous thrombin
potential (Spearman’s q = 0.255; p = 0.002), but this association
disappeared after adjusting for the severity of liver disease. FVIII/
PC was not associated with the development of bleeding (p =
0.272) or thrombotic events (p = 0.269). However, FVIII/PC
words: Coagulation; hypercoagulability; cirrhosis; portal hyperten-
; decompensation.
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mechanisms that promote liver disease progression.
Conclusion: FVIII/PC provides prognostic information regarding
hepatic decompensation/death and ACLF, independently of
established prognostic indicators. However, this is not evidence
that hypercoagulability drives disease progression, as the cor-
relation between FVIII/PC and thrombin generation is
confounded by liver disease severity and FVIII/PC was not asso-
ciated with thrombosis. Therefore, FVIII/PC does not reflect
coagulation and results from previous studies on FVIII/PC require
re-interpretation.
Clinical trial number: NCT03267615 (in part).
Lay summary: A balanced coagulation system is essential for
preventing bleeding episodes and blood clot formation (throm-
bosis). Blood of patients with advanced liver disease may have
increased coagulation potential, possibly promoting the wors-
ening of liver disease via thrombosis in the blood vessels of the
liver. The ratio between the results of 2 blood tests (procoagulant
factor VIII to anticoagulant protein C) has been suggested to
reflect these increases in coagulation potential. Our study dem-
onstrates, on the one hand, that this ratio is a versatile predictor
of the development of complications of cirrhosis, yet on the
other hand, that it is unrelated to coagulation.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of Euro-
pean Association for the Study of the Liver. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).

Introduction
As a consequence of abnormal routine coagulation tests and
thrombocytopenia, cirrhosis has long been considered an ac-
quired bleeding disorder.1 Indeed, the liver plays a central role in
coagulation and plasma levels of most procoagulant factors are
significantly reduced in patients with advanced chronic liver
disease (ACLD). However, these changes are balanced by
decreased levels of anticoagulant proteins2 and highly elevated
levels of von Willebrand factor (VWF).3 Based on the results of
thrombomodulin-modified thrombin generation assays (TM-
22 vol. 76 j 1090–1099
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TGAs), patients with cirrhosis are nowadays considered to have
fully competent coagulation system, which commonly turns into
a hypercoagulable state with disease progression.4 It has been
proposed that an overactive coagulation system drives disease
progression in patients with cirrhosis. Indeed, microthrombi in
the hepatic vein branches may trigger collagen formation by
activated hepatic stellate cells,5 possibly by inducing a so-called
congestive escalator.5 According to this vascular hypothesis of
liver disease progression, congestion due to vascular occlusions
leads to an intrahepatic compartment syndrome causing addi-
tional vascular lesions and parenchymal extinction. As a result, a
hypercoagulable state may promote disease progression and
thereby increase the development of liver-related events in pa-
tients who have already progressed to ACLD.4

As TM-TGAs require considerable expertise and are not
broadly available, simple laboratory parameters have been sug-
gested as surrogate markers for the hypercoagulable status. In
this context, the ratio of procoagulant factor VIII to PC (FVIII/PC)
has been shown to correlate with ex vivo thrombin generation.6

Additionally, the imbalance of FVIII/PC has even been suggested
as a major reason for hypercoagulability in ACLD7 and predicted
hepatic decompensation and death in a small study that did not
account for the severity of portal hypertension (PH).8 However,
others have questioned the utility of FVIII/PC as a marker of
hypercoagulability, as this ratio does not consider the complex
changes in pro- and anticoagulant proteins in patients with
ACLD.9,10 Indeed, to date, no study has directly correlated FVIII/PC
with TM-TGA results in a large thoroughly characterized cohort.

Therefore, we (i) investigated the prognostic value of FVIII/PC
after adjusting for other relevant variables including the hepatic
venous pressure gradient (HVPG), (ii) evaluated whether FVIII/PC
reflects the coagulatory balance and the risk of bleeding or
thrombotic events in large cohorts of patients undergoing HVPG
measurement, and (iii) investigated other pathophysiological
mechanisms correlated with FVIII/PC which may explain its
prognostic implications.

Patients and methods
Study design and patients
We performed a retrospective, single-center, cohort study in
patients with evidence suggestive/indicative of ACLD who were
undergoing HVPG measurement at the Vienna Hepatic Hemo-
dynamic Lab between 09/2003 and 12/2020 (outcome-cohort:
FVIII/PC cohort). Inclusion criteria were (i) liver stiffness mea-
surement (LSM) >−10 kPa and/or HVPG >−6 mmHg, (ii) valid HVPG
measurement, and (iii) availability of factor VIII (FVIII) and pro-
tein C (PC). Patients were excluded if any of the following criteria
were present: patients with a history of orthotopic liver trans-
plantation, any active malignancy, presence of portal vein
thrombosis (PVT), current anticoagulation and/or anti-platelet
therapy, evidence of bacterial infection, or missing information
on important laboratory parameters and/or clinical follow-up.
Data from patients in this cohort were published previously
with different research questions.11–18

In addition, we assessed biomarkers and performed TM-TGA
in an overlapping cohort of patients (n = 142) from the pro-
spective VIenna CIrrhosis Study (VICIS; NCT03267615;TM-TGA-
cohort) who were recruited between 02/2017 and 08/2020.

Finally, we also included a control cohort comprising 122
individuals with healthy livers.19,20 Detailed results on the
healthy cohort are displayed in Table S1.
Journal of Hepatology 20
Clinical stages of ACLD and definition of ACLF
Patients were classified according to recently defined prognostic/
clinical stages (CS). The definition was adapted from D’Amico
et al.21 and detailed characteristics are shown in the
supplementary materials and methods. Acute-on-chronic liver
failure (ACLF) was defined according to the EF-CLIF criteria.22

HVPG measurement
HVPG measurements were performed in adherence to a standard
operating procedure.23 A detailed description of the procedure
can be found in the supplementary materials and methods.

Measurement of key coagulation parameters
Routine laboratory tests and the determination of FVIII and PC as
well as biomarkers (VWF, lipopolysaccharide binding protein
[LBP], procalcitonin [PCT], interleukin 6 [IL-6], enhanced liver
fibrosis [ELF] test, mean arterial pressure, copeptin, renin, and
bile acids [BAs]) were performed by the ISO-certified Depart-
ment of Laboratory Medicine of the Medical University of Vienna
using commercially available methods that are applied in clinical
routine and blood samples obtained via a central venous line (i.e.,
the side port of the catheter introducer sheath) at the time of
HVPG measurement. A detailed description of FVIII and PC
measurements can be found in the supplementary materials
and methods.

Blood samples for TM-TGA measurement were also drawn
from a central venous line at the time of HVPG measurement and
TM-TGA measurements were performed at the Surgical Research
Laboratory, University Medical Center Groningen, The
Netherlands using a fluorometric method as previ-
ously described.2,24,25

Bleeding and thrombotic events
Detailed information regarding the definition and ascertainment
of bleeding and thrombotic events is provided in the
supplementary materials and methods.

Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics
27 (IBM, New York, NY, USA), R 3.4.1 (R Core Team, R Foundation
for Statistical Computing, Vienna, Austria) or GraphPad Prism 8
(GraphPad Software, CA, USA). Categorical variables were re-
ported as absolute (n) and relative frequencies (%), whereas
continuous variables as mean ± SD or median (IQR) as appro-
priate. Student’s t test was used for group comparisons of nor-
mally distributed variables and Mann-Whitney U test for non-
normally distributed variables. Group comparisons of categori-
cal variables were performed using either Chi-squared or Fisher’s
exact test. Simple and multiple linear regression analyses were
applied to evaluate factors associated with FVIII/PC as well as
with the individual variables FVIII and PC. A detailed description
of the rationale for variable selection for multivariable models is
shown in the supplementary materials and methods.

Patients were censored 6 months after the last visit at a
Vienna hospital association institution with the rationale that
patients may miss 1 routine three-monthly follow-up appoint-
ment but must be considered lost-to-follow-up once the patient
misses the second appointment. Follow-up time was calculated
as the time from HVPG measurement to the date of liver trans-
plantation, death, or last follow-up at one of the hospitals of the
Vienna hospital association. Uni- and multivariable Cox
22 vol. 76 j 1090–1099 1091



Research Article Cirrhosis and Liver Failure
regression analyses were performed to evaluate parameters
independently associated with the events of interest. In a first
step, we included all parameters potentially associated with
hepatic decompensation or liver-related death into univariable
Cox regression models. Parameters with a p value <0.1 in uni-
variable analysis were further included into 2 separate multi-
variable models (rationale for variable selection provided in the
supplementary materials and methods). The relationship be-
tween FVIII/PC and hepatic decompensation/liver-related death
was assessed using restricted cubic spline analysis.26 For the
graphical demonstration of the function, the reference was set at
the median FVIII/PC level of the outcome-cohort. We also per-
formed uni- and multivariable Cox regression analyses to eval-
uate parameters associated with ACLF development in patients
with dACLD. Patients with ACLF at baseline were not considered
for these analyses. Time-dependent area under the receiver-
operating characteristic curve (AUROC) analyses were per-
formed and the R-package ‘timeROC’ was used to compare the
prognostic performances for hepatic decompensation or liver-
related death (United Network for Organ Sharing model for
end-stage liver disease (2016) score [UNOS MELD (2016)-score],
A

B

History of OLT

Outcome-cohort

All patients

PSVD/INCPH or no ACLD

Any active malignancies

PVT, AC or anti-PLT therapy

CRP unavailable/bacterial infection

HVPG unavailable/unreliable

FVIII and PC unavailable

No information on clinical FU

Included into outcome-cohort n = 576

n = 11

n = 428

n = 121

n = 294

n = 203

n = 514

n = 339

n = 64

n = 2,550

Probable cACLD (LSM ≥10 kPa and HVPG <6 mmHg)

Outcome-cohort – Clinical stages

CS 0 (cACLD and 6-9 mmHg)

CS 1 (cACLD and HVPG ≥10 mmHg)

CS 2 (dACLD with variceal bleeding)

CS 3 (dACLD with non-bleeding decompensation)

CS 4 (≥2 decompensating events)

Fig. 1. Patient flowchart and number of patients within different CS in the
exclusion criteria for the outcome-cohort and the TM-TGA-cohort. (B) Number o
ACLD, (compensated/decompensated) advanced chronic liver disease; CRP, C-rea
venous pressure gradient; INCPH, idiopathic non-cirrhotic portal hypertension; O
platelet; PSVD, porto-sinusoidal vascular disease; PVT, portal vein thrombosis.
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HVPG, and FVIII/PC) and ACLF (chronic liver failure-consortium
acute-on-chronic liver failure-development [CLIF-C ACLF-D-
score]27 and FVIII/PC) over time. Time-dependent event rates
were obtained by the Kaplan-Meier method and groups were
compared by applying the log-rank test.

Spearman’s correlation and linear regression analyses were
conducted to investigate potential associations between FVIII/PC
and TM-TGA results as well as biomarkers. A heatmap plot was
used for graphical illustration of associations between FVIII/PC
and biomarkers. The level of significance was set at a 2-sided p
value <0.05.
Ethics
The study was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by the local ethics
committee (EK1446/2018 and EK1262/2017). The requirement of
written informed consent for the retrospective outcome-cohort
was waived by the ethics committee. All patients included in
the prospective TM-TGA-cohort (i.e., VICIS-study) provided
written informed consent for study participation.
TM-TGA-cohort

All patients

History of OLT

Pre-/Post-/non-cirrhotic PH

Any active malignancies

PVT, AC or anti-PLT therapy

CRP unavailable/bacterial infection

HVPG unavailable/unreliable

FVIII and PC unavailable

Insufficient blood samples

Included into TM-TGA-cohort n = 142

n = 473

n = 8

n = 23

n = 70

n = 61

n = 22

n = 4

n = 107

n = 36

n = 576

n = 35

n = 88

n = 153

n = 47

n = 139

n = 114

outcome-cohort. (A) Patient flowchart showing the application of in- and
f patients within different CS in the outcome-cohort. AC, anticoagulant; (c/d)
ctive protein; CS, clinical stage; FU, follow-up; FVIII, factor VIII; HVPG, hepatic
LT, orthotopic liver transplantation; PC, protein C; PH, portal hypertension; PLT,

22 vol. 76 j 1090–1099



Results
Patient selection and characteristics of the outcome-cohort
and comparison with the healthy cohort
Overall, 2,550 individual patients underwent HVPG measure-
ment at the Vienna General Hospital during the study period and
were considered for inclusion in the outcome-cohort. After
applying the in- and exclusion criteria, 576 patients were
included in the outcome-cohort (Fig. 1). At baseline, 276 (48%)
patients were compensated, while 300 (52%) had already
experienced hepatic decompensation, and 15 (3%) presented
with ACLF at study inclusion. The number of patients within
different CS is shown in the supplementary results. Mean
HVPG was 16±7 mmHg, and mean UNOS MELD (2016)-score
was 12±5 points.

Median FVIII/PC was 3.4 (IQR 2.5–5.0) in the outcome-cohort
compared to 1.3 (IQR 1.0–1.5) in the healthy cohort (p <0.001).
More detailed information on patient characteristics is displayed
in Tables S1 and S2.

FVIII/PC increases with liver disease severity in the
outcome-cohort
As shown in Fig. 2 and Table S3, FVIII/PC consistently increased
with liver disease/PH severity.

Univariable and multivariable analyses of factors associated
with FVIII/PC in the outcome-cohort
Results of the uni- and multivariable analysis (Tables S6, S7, S8)
are provided in the supplementary materials and methods.
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Fig. 2. Comparison of FVIII/PC to disease severity in the outcome-cohort.
Comparison according to (A) Child-Pugh, (B) UNOS MELD (2016)-score and (C)
HVPG strata as well as (D) clinical stages in the outcome-cohort. CS, clinical
stage; FVIII, factor VIII; HVPG, hepatic venous pressure gradient; MELD, model
for end-stage liver disease; PC, protein C; UNOS MELD (2016) score, United
Network for Organ Sharing model for end-stage liver disease (2016) score.
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Impact of FVIII/PC on hepatic decompensation/liver-related
death in the outcome-cohort
Median follow-up in the outcome-cohort was 31.8 (IQR
12.0–60.3) months. FVIII/PC not only increased with liver disease
severity in cross-sectional analyses but was also longitudinally
associated with hepatic decompensation or liver-related death
(hazard ratio [HR] 1.11; 95% CI 1.08–1.13; p <0.001). Importantly,
using restricted cubic spline analysis, we found that the risk for
hepatic decompensation/liver-related death increased almost
linearly with increasing FVIII/PC (Fig. S1). Its independent prog-
nostic value was confirmed in 2 multivariable models (model 1:
adjusted HR [aHR] 1.06; 95% CI 1.01–1.11; p = 0.013; model 2: aHR
1.08; 95% CI 1.04–1.13; p <0.001), which were adjusted for age,
etiology of liver disease, HVPG, and C-reactive protein (CRP) as
well as Child-Pugh score, sodium, and serum creatinine levels in
model 1 and UNOS MELD (2016)-score, CS and serum albumin
levels in model 2 (Table 1). Next, we evaluated the prognostic
performance of FVIII/PC for hepatic decompensation/liver-
related death and compared it to UNOS MELD (2016)-score and
HVPG in time-dependent AUROC analyses for the following time
points: 3, 12, 24, 36, 48, and 60 months. Importantly, time-
dependent AUROC of FVIII/PC for hepatic decompensation/
liver-related death was comparable to those of UNOS MELD
(2016)-score at all tested time points as well as to those of HVPG
at most time points (Fig. 3). Stratifying the outcome-cohort ac-
cording to FVIII/PC quartiles (q1: <2.53, q2: 2.53-3.44, q3: 3.44-
4.97, q4: >−4.97) identified patient groups with a distinct prog-
nosis (log-rank p <0.0001; Fig. 4). While the probability of
remaining free of hepatic decompensation/liver-related death at
1 year was high in q1 (96.1%) and q2 (88.8%) patients, it signif-
icantly decreased in patients with a higher FVIII/PC (q3: 73.9%,
q4: 65.8%). These differences were even more pronounced at 5
years (q1: 84.7%, q2: 62.8%, q3: 50.0%, q4: 36.8%; log-rank
p <0.0001).

Finally, we aimed at identifying patients with dACLD and a
low UNOS MELD (2016)-score (i.e., <15 points), who are at
increased risk for further hepatic decompensation/liver-related
death, in order to demonstrate the prognostic ability of FVIII/
PC in this specific clinical context. In this subgroup, a FVIII/PC
above the Youden’s index-optimized cut-off for hepatic
decompensation/liver-related death (>−3.32) identified patients
with a particularly poor prognosis. Rates of further hepatic
decompensation/liver-related death were 40% at 1 year and 53%
at 2 years in patients with a FVIII/PC >−3.32 (49.7%), compared to
15% at 1 year and 29% at 2 years in those with a FVIII/PC <3.32
(50.3%; p = 0.0047; Fig. S2).

Impact of FVIII/PC on ACLF development in the
outcome-cohort
Among patients with dACLD without ACLF at baseline, 74
(13.2%) patients developed ACLF during follow-up. We per-
formed a univariable Cox regression analysis in patients with
dACLD and found that FVIII/PC was predictive of the develop-
ment of ACLF (HR 1.13; 95% CI 1.05-1.21; p <0.001): this may be
explained by its associations with pathophysiological mecha-
nisms predisposing to further decompensation and ACLF
development (as demonstrated later). Importantly, FVIII/PC
conferred prognostic information regarding ACLF development
(aHR 1.10; 95% CI 1.02-1.19; p = 0.015), independently of the
CLIF-C ACLF-D-score (Table S9). Time-dependent AUROC values
were comparable between FVIII/PC and CLIF-C ACLF-D-score
22 vol. 76 j 1090–1099 1093



Table 1. Uni- and multivariable Cox regression analyses of factors associated with hepatic decompensation/liver-related death in the outcome-cohort.

Patient characteristics

Univariable

Model 1
(incl. Child-Pugh score, so-

dium, and creatinine)
Model 2

(incl. MELD, CS, and albumin)

HR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value

Age, year 1.02 (1.01-1.04) <0.001 1.02 (1.01-1.03) 0.002 1.03 (1.01-1.04) <0.001
Etiology
ALD 1 1 1
Viral 0.26 (0.18-0.36) <0.001 0.69 (0.47-1.02) 0.060 0.77 (0.52-1.14) 0.190
NAFLD 0.62 (0.40-0.98) 0.041 1.41 (0.88-2.25) 0.152 1.30 (0.80-2.11) 0.295
Other 0.49 (0.32-0.77) 0.002 1.10 (0.69-1.77) 0.684 1.11 (0.70-1.78) 0.654

HVPG, mmHg 1.13 (1.10-1.16) <0.001 1.07 (1.05-1.10) <0.001 1.05 (1.02-1.08) 0.003
UNOS MELD (2016) score, point 1.13 (1.10-1.15) <0.001 - - 1.01 (0.97-1.05) 0.637
Child-Pugh score
A 1 1 - -
B 5.43 (3.86-7.63) <0.001 2.29 (1.54-3.40) <0.001 - -
C 9.32 (6.13-14.15) <0.001 3.14 (1.81-5.46) <0.001 - -

CS
Probable cACLD/CS 0 1 - 1
CS 1 5.08 (1.79-14.47) 0.002 - - 3.00 (1.02-8.83) 0.046
CS 2 18.69 (6.23-56.06) <0.001 - - 7.78 (2.46-24.58) <0.001
CS 3 27.05 (9.85-74.33) <0.001 - - 9.59 (3.24-28.38) <0.001
CS 4 33.26 (12.14-91.15) <0.001 - - 12.06 (4.07-35.79) <0.001

Sodium, mmol × L-1 0.87 (0.84-0.89) <0.001 0.93 (0.90-0.97) <0.001 - -
Creatinine, mg × dl-1 1.51 (1.22-1.87) <0.001 1.54 (1.15-2.07) 0.004 - -
Albumin, g × L-1 0.89 (0.87-0.92) <0.001 - - 0.98 (0.95-1.02) 0.275
CRP, mg × L-1 2.53 (2.10-3.05) <0.001 1.44 (1.13-1.84) 0.004 1.49 (1.16-1.92) 0.002
FVIII/PC 1.11 (1.08-1.13) <0.001 1.06 (1.01-1.11) 0.013 1.08 (1.04-1.13) <0.001

P values in bold designate values <0.05. ALD, alcohol-related liver disease; cACLD, compensated advanced chronic liver disease; CRP, C-reactive protein; CS, clinical stage; FVIII,
factor VIII; (a)HR, adjusted hazard ratio; HVPG, hepatic venous pressure gradient; MELD, model for end-stage liver disease; NAFLD, non-alcoholic fatty liver disease; PC,
protein C.
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(Fig. S3). Indeed, stratifying patients with dACLD according to a
Youden’s index-optimized cut-off for ACLF development (>−4.46)
discriminated between patients at low vs. high risk of devel-
oping ACLF during follow-up (Fig. 5).
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Fig. 3. Time-dependent AUROC analyses assessing the performance of
UNOS MELD (2016), HVPG, and FVIII/PC for prognostication of hepatic
decompensation/liver-related death in the outcome-cohort. AUROC, area
under the receiver-operating characteristic curve; FVIII, factor VIII; HVPG,
hepatic venous pressure gradient; PC, protein C; UNOS MELD (2016) score,
United Network for Organ Sharing model for end-stage liver disease
(2016) score.
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Associations between FVIII/PC and biomarkers in the TM-
TGA cohort
Next, we evaluated the correlation of FVIII/PC as well as FVIII and
PC individually with the severity of liver disease (UNOS MELD
[2016]-score and HVPG), markers of endothelial dysfunction
(VWF), markers of bacterial translocation (LBP) and systemic
inflammation (CRP, PCT, and IL-6) as well as liver fibrogenesis/
matrix remodeling (ELF test), markers of hyperdynamic circula-
tion/systemic hemodynamic impairment (mean arterial pres-
sure, copeptin, renin, and serum sodium), and serum BA levels.

Importantly, FVIII and PC did not correlate with each other
(Spearman’s q = -0.003; p = 0.972), indicating that both param-
eters reflect distinct pathophysiological processes.

As demonstrated in Fig. 6, FVIII/PC showed moderate to
strong correlations with UNOS MELD (2016)-score (q = 0.500; p
<0.001), HVPG (q = 0.442; p <0.001), VWF (q = 0.628; p <0.001),
serum sodium (q = -0.487; p <0.001), and renin (q = 0.450; p
<0.001), as well as associations with systemic inflammation: CRP
(q = 0.230; p = 0.006), IL-6 (q = 0.381; p <0.001), and PCT (q =
0.257; p = 0.002). Finally, it also strongly correlated with the ELF
test as an indicator of fibrogenesis/matrix remodeling (q = 0.613;
p <0.001) and BAs (q = 0.664; p <0.001). Further results on the
correlations of FVIII and PC individually as well as correlations of
FVIII/PC with these biomarkers among compensated and
decompensated patients are reported in the supplementary
materials and methods (Fig. S4).

TM-TGA results in the TM-TGA-cohort
Detailed in- and exclusion criteria as well as patient character-
istics of the TM-TGA-cohort are shown in Fig. 1 as well as the
supplementary materials and methods. Endogenous thrombin
potential (ETP) measured by TM-TGA increased with severity of
22 vol. 76 j 1090–1099
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Fig. 4. Probability of remaining free of hepatic decompensation/liver-
related death according to FVIII/PC quartiles in the outcome-cohort. FVIII,
factor VIII; PC, protein C.
liver disease (p = 0.007) and PH (p = 0.010) and was significantly
higher in patients with dACLD (p = 0.026; Table S10). Peak
thrombin generation statistically significantly increased with PH
severity (p = 0.037) and was also significantly higher in patients
with dACLD (p = 0.039). In contrast, we observed no conclusive
associations between peak thrombin generation and liver dis-
ease severity (Child-Pugh and UNOS MELD [2016]-scores).
Interestingly, FVIII/PC showed a weak positive correlation with
ETP (Spearman’s q = 0.255; p = 0.002) and peak thrombin gen-
eration (q = 0.187; p = 0.027). However, this association dis-
appeared after adjusting for the severity of underlying liver
disease, as assessed by Child-Pugh score (model 1): p = 0.332 for
ETP and p = 0.167 for peak thrombin generation. Similar results
were obtained when adjusting for UNOS MELD (2016) (model 2;
p = 0.410 for ETP and p = 0.377 for peak thrombin generation)
and HVPG (model 3: p = 0.641 for ETP and p = 0.344 for peak
thrombin generation). Detailed results are displayed in Table 2
and 3.
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Fig. 5. Kaplan-Meier analysis stratifying patients with dACLD from the
outcome-cohort according to FVIII/PC <4.46 vs. >−4.46 (Youden’s index-
optimized cut-off for ACLF development). ACLF, acute-on-chronic liver fail-
ure; dACLD, decompensated advanced chronic liver disease; FVIII, factor VIII;
HVPG, hepatic venous pressure gradient; MELD, model for end-stage liver
disease; PC, protein C.

Journal of Hepatology 20
Thrombotic and bleeding events during follow-up
Major bleeding events were observed in 44 (7.6%) patients and
bleeding episodes were attributed to PH in 35 (6.3%) patients. In
the TM-TGA-cohort, major bleeding events occurred in 5 (3.5%)
and portal hypertensive bleeding episodes in 4 (2.8%). Throm-
botic events were diagnosed in 50 (8.7%) patients in the
outcome-cohort and 9 (6.3%) patients in the TM-TGA-
cohort (Table S11).

FVIII/PC was neither associated with the incidence of major
bleeding nor with the occurrence of thrombotic events during
follow-up in the outcome-cohort. Furthermore, TM-TGA results
were not associated with the occurrence of these events during
follow-up in the TM-TGA-cohort (median follow-up: 10.6
months [IQR 2.7–24.3]; Table S12).

Discussion
Changes in hemostatic parameters are commonly observed in
patients with cirrhosis28 and predict clinical outcomes.8,29

Kalambokis and colleagues reported that VWF and FVIII levels
as well as FVIII/PC were independently linked to the presence of
ascites and varices at baseline.8 This is not surprising, since
plasma activity/levels of FVIII and the platelet-adhesive protein
VWF (which stabilizes FVIII in the circulation) increase with
more advanced liver dysfunction in patients with cirrhosis.16,30,31

In contrast to FVIII, PC levels are reduced in patients with ACLD
and more severe liver disease due to impaired hepatic synthetic
function.32 As a result, and in line with the study by Kalambokis
and colleagues,8 we observed steady increases of the FVIII/PC
with disease severity. Moreover, FVIII/PC was also independently
associated with hepatic injury (as assessed by aspartate amino-
transferase): this may be explained by the association between
FVIII and aspartate aminotransferase that has also been observed
in a previous study by our group which was based on a partly
overlapping patient cohort.16 Interestingly, FVIII/PC was also
associated with components of the metabolic syndrome, i.e.
arterial hypertension and low HDL levels. However, in patients
with ACLD, HDL may also be interpreted as a marker of sys-
temic inflammation.33

The prognostic importance of VWF levels for longitudinal
outcome prediction has been studied extensively in patients
with cirrhosis.14,34,35 Moreover, PC was independently associated
with 3-month mortality in a recent retrospective study in pa-
tients with cirrhosis.36 However, the prognostic importance of
FVIII/PC in ACLD has not been sufficiently studied in large,
thoroughly characterized patient cohorts. In one study, the
prognostic accuracy of FVIII/PC was equal to UNOS MELD (2016)-
score for the prediction of mortality, and FVIII/PC cut-offs for the
prediction of new-onset ascites, variceal bleeding, and death
were introduced.8 However, this study was performed in a rather
small cohort of only 102 patients and did not adjust for CS, PH
severity, and systemic inflammation. While Child-Pugh and
UNOS MELD (2016)-scores are useful to quantify liver dysfunc-
tion,37,38 CS may better reflect the patients’ clinical situation.39

Moreover, PH and systemic inflammation are the main mecha-
nisms promoting first/further hepatic decompensation and ACLF
development.40,41 Accordingly, this study was unable to evaluate
whether the observed association between FVIII/PC and clinical
outcomes was confounded by these well-established de-
terminants of disease progression/prognostic factors. In our
cohort comprising almost 600 patients, we were able to confirm
the prognostic importance of FVIII/PC even in different fully
22 vol. 76 j 1090–1099 1095
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adjusted models, considering not only liver disease and PH
severity, but also CS and even systemic inflammation. Impor-
tantly, in our outcome-cohort, time-dependent AUROC of FVIII/
PC – a parameter that can be easily calculated – for hepatic
decompensation/liver-related death were as high as those for
UNOS MELD (2016)-score at all evaluated time points. Addi-
tionally, it was almost as high as those of HVPG, which is possibly
the strongest prognostic factor in patients with ACLD, but can
only be obtained by invasive, resource-intensive hemodynamic
assessments, which require considerable expertise and are not
broadly available.23 Moreover, FVIII/PC quartiles showed a good
ability to discriminate between patients with a favorable, inter-
mediate, or a poor prognosis.

In addition, FVIII/PC identified patients with dACLD and a low
UNOS MELD (2016)-score (i.e., <15 points) who were at increased
risk for further hepatic decompensation/liver-related death.
Disease-modifying therapies may be particularly beneficial in
these patients, if indicated in the individual clinical context;
moreover, timely evaluation for liver transplantation may be
considered. The ability of FVIII/PC to improve the predictive
ability of MELD on the waiting list deserves further study.
However, prognostication/organ allocation on the waiting list for
liver transplantation are particularly sensitive topics and our
Table 2. Correlations between FVIII/PC and TM-TGA parameters.

Unadjusted correlations q p value

FVIII/PC – ETP 0.255 0.002
FVIII/PC - peak thrombin generation 0.187 0.027
FVIII/PC – velocity index 0.163 0.055
FVIII/PC – lag time −0.081 0.346

P values in bold designate values <0.05. ETP, endogenous thrombin potential; FVIII,
factor VIII; PC, protein C; TM-TGA, thrombomodulin-modified thrombin genera-
tion assay.

1096 Journal of Hepatology 20
cohort was not ideal for such investigations due to the inclusion
of patients without an indication or with contraindications for
liver transplantation – accordingly, we abstained from con-
ducting analyses on MELD score improvement.

FVIII/PC was independently associated with the development
of ACLF, and its predictive power was equal to that of the CLIF-C
ACLF-D-score, the most capable ACLF prediction score which was
derived from the PREDICT-study.27 Of note, the CLIF-C ACLF-D-
score was developed in another clinical context (from patients
hospitalized for acute decompensation), and thus, its applica-
bility may be limited in our study, indicating that this is not
necessarily a fair comparison. We hypothesize that FVIII/PC re-
flects the risk of (hepatic decompensation/liver-related death
and) ACLF development due to its associations with biomarkers
of pathophysiological hallmarks of ACLD/pathophysiological
mechanisms promoting ACLD progression, as investigated in
detail in the TM-TGA-cohort. Indeed, FVIII/PC was not only
associated with PH severity,42 but also with systemic inflam-
mation,11–13,35 liver fibrogenesis/matrix remodeling,43 BA
levels,44 and hyperdynamic circulation/systemic hemodynamic
impairment.45 These are important drivers of disease progres-
sion in ACLD, i.e., the transition from cACLD to dACLD as well as
the development of further decompensation, ACLF,
and death.11–13,35

Additionally, FVIII/PC has been suggested as a simple marker
of the hemostatic equilibrium (which cannot be investigated by
routine coagulation tests) as it correlates with the ex vivo
thrombin generation using a simplified approach (i.e., the Pro-
tac®-induced coagulation inhibition – PICI%6,46). TM-TGA may be
considered the best test to assess the plasmatic coagulation
system/hemostatic balance in patients with ACLD.4 However,
even though these assays are well-studied in patients with
cirrhosis, they are performed under experimental conditions and
have limitations that are inherent to ex vivo coagulation tests.
Finally, there is still no broad consensus on the amount of TM
that needs to be added in vitro.1 Nevertheless, from a clinical
perspective, assessing the current hemostatic situation in a pa-
tient with cirrhosis would be important, as the rebalanced he-
mostatic equilibrium may easily tip, thereby eventually
contributing to bleeding or thrombosis.47 Indeed, Kalambokis
and colleagues speculated that FVIII/PC identifies patients with a
procoagulant imbalance for whom anticoagulation may be
particularly beneficial.8 The authors substantiated their hypoth-
esis by demonstrating an association between higher FVIII/PC
values and the incidence of PVT.29 However, other studies did not
confirm this association48 and some concerns regarding the
biological plausibility of ratios such as FVIII/PC have been
raised.10 Therefore, we evaluated the correlation of FVIII/PC and
ETP/peak thrombin generation by TM-TGA in the TM-TGA-cohort
which comprised 142 patients with ACLD and comparable
characteristics. While FVIII/PC showed a positive correlationwith
both parameters in unadjusted analysis, these associations dis-
appeared after adjusting for the severity of underlying liver
disease (Child-Pugh or UNOS MELD [2016]-scores) as well as PH
(HVPG) in multivariable regression analysis. Therefore, FVIII/PC
reflects the severity of underlying liver disease, rather than being
an indicator of procoagulant imbalance on an individual pa-
tient level.

Finally, direct clinical endpoints were assessed to substantiate
this claim. FVIII/PC was associated with neither thrombotic nor
major bleeding events. Not unexpectedly, TGA results were also
22 vol. 76 j 1090–1099



Table 3. Multiple linear regression analyses evaluating the association between FVIII/PC and TM-TGA parameters, while adjusting for Child-Pugh score
(model 1), UNOS MELD (2016)-score (model 2), or PH severity (model 3) in the TM-TGA-cohort.

Adjusted correlations

ETP
Peak

thrombin generation Velocity index Lag time

B p value B p value B p value B p value

Model 1
FVIII/PC −7.103 0.332 −1.870 0.167 −1.331 0.134 0.025 0.094
Child-Pugh score, point 28.424 0.210 5.243 0.210 4.575 0.096 −0.100 0.028

Model 2
FVIII/PC −6.215 0.410 −1.233 0.377 −0.867 0.345 0.011 0.480
UNOS MELD (2016) score, point 8.479 0.342 0.628 0.702 0.729 0.501 −0.009 0.623

Model 3
FVIII/PC −2.782 0.641 −1.048 0.344 −0.570 0.436 0.008 0.523
HVPG, mmHg 11.819 0.023 1.840 0.055 1.006 0.113 −0.020 0.055

P values in bold designate values <0.05. ETP, endogenous thrombin potential; FVIII, factor VIII; PC, protein C; TM-TGA, thrombomodulin-modified thrombin generation assay;
UNOS MELD (2016) score, United Network for Organ Sharing model for end-stage liver disease (2016) score.
not associated with the occurrence of thrombotic events and
major bleeding episodes. The latter finding has repeatedly been
reported in the literature, as spontaneous bleeding events in
patients with cirrhosis are rare and do not seem to be related to
the coagulatory balance, but rather occur due to PH or inter-
current conditions such as renal failure and infections.49

Accordingly, the majority of bleeding episodes observed in our
study were considered to be associated with PH. Similarly,
procedure-related bleeding events are rare, and they are more
likely attributed to local factors than coagulation.49,50 A recent
large prospective study evaluating factors associated with the
development of PVT (the most common thrombotic event in
patients with ACLD) did not observe any association between
acquired or inherited hemostatic disorders (including FVIII/PC)
and the development of PVT, after adjusting for liver disease
severity and portal blood flow velocity.51 For TM-TGA, we would
like to abstain from drawing firm conclusions based on our data,
as sample size/follow-up duration in the TM-TGA cohort were
considerably shorter, which led to a very low number of events,
and thus, insufficient statistical power. However, it seems
implausible that any coagulation test performed at baseline can
predict the incidence of bleeding or thrombotic events in the
long-term, independently of the severity of underlying liver
disease and related factors. Finally, it still remains to be estab-
lished whether procoagulant imbalance (regardless of the
method used to detect it) is a cause or a consequence of liver
disease progression.9 Our study cannot answer this question;
however, it provides important evidence against the misuse/
misinterpretation of FVIII/PC as a marker of the coagulatory
balance in this context.

Our study has several limitations: First of all, TM-TGAs were
not assessed in all patients. However, severity of liver disease/
PH, as expressed by UNOS MELD (2016) and Child-Pugh scores
as well as HVPG, and FVIII/PC were comparable between the 2
cohorts and, therefore, we believe that results of the TM-TGA-
cohort can be extrapolated to the outcome-cohort. Further-
more, a considerable number of patients had to be excluded due
to missing FVIII/PC values, which is explained by the fact that
laboratory workup in patients undergoing HVPG measurement
changed over time. However, we compared baseline character-
istics of patients excluded due to missing FVIII and/or PC to
patients who were included and did not find any clinically
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meaningful differences (data not shown), suggesting that
missing values are non-informative. Furthermore, due to the
retrospective design of the study, we cannot exclude that some
hepatic decompensation events may have been missed. How-
ever, we have thoroughly reviewed electronic health records of
the Vienna hospital association and also nation-wide electronic
health records (for the more recent years). In addition, we have
also performed searches of the liver transplant database of our
institution (i.e., the only transplant center in eastern Austria) and
examined the nation-wide death registry. Finally, our study
largely relies on regression modelling, and we have to
acknowledge its inherent limitations. Even though we attemp-
ted to avoid redundancy when selecting variables and addi-
tionally checked for multicollinearity in multiple linear
regression models, we cannot exclude residual multicollinearity.
Additionally, we were unable to consider several potentially
important prognostic indicators (e.g., control of the primary
etiological factor and co-factors as well as sarcopenia/frailty), as
they have not been recorded systematically. Nevertheless, pa-
tients included in our study were extensively characterized in
terms of PH severity, prognostic scores, CS and routine labora-
tory parameters including markers of systemic inflammation –

importantly, all of these aspects have been considered in
our analyses.

In conclusion, FVIII/PC increases across the CS of ACLD as
well as with severity of hepatic dysfunction and of PH. Even
after fully adjusting for these and other established prog-
nostic factors, FVIII/PC remained a robust prognostic indicator
for hepatic decompensation or liver-related death and
conferred CLIF-C ACLF-D-score-independent prognostic infor-
mation towards ACLF development in patients with dACLD.
This may be explained by the link between FVIII/PC and
pathophysiological mechanisms promoting ACLD progression.
Therefore, FVIII/PC should be further evaluated as a prog-
nostic parameter in a prospective cohort of patients with
ACLD. Importantly, the prognostic relevance of FVIII/PC
should not be mistaken as evidence for the concept of pro-
coagulant imbalance as a driver of disease progression, as the
correlation between FVIII/PC and TM-TGA is only a result of
confounding by liver disease severity and FVIII/PC was not
predictive of thrombotic events. Thus, FVIII/PC does not
reflect the hemostatic balance.
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