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High plasma soluble thrombomodulin levels
indicated poor prognosis of decompensated liver

cirrhosis: a prospective cohort study
Xinhuan Wei?", Xiaofei Du?’, Yali Liu3, Jun WuP and Jing Zhang?

prognosis.

Objective Hepatic sinusoidal endothelial injury is a prominent characteristic of liver cirrhosis. We determined plasma
soluble thrombomodulin (STM) levels in cirrhosis patients to evaluate the relationship between vascular injury and long-term

Methods A prospective single-center study was performed. The participants were followed up for every 6 months or until
death or transplantation. A chemiluminescent enzyme immunoassay was used to establish a baseline sTM.

Results Among the 219 patients with decompensated liver cirrhosis, 53.42% were caused by hepatitis B and hepatitis C.
Plasma sTM levels were much higher in cirrhosis than in healthy controls and increased parallel with Child-Pugh classification
(P < 0.01) and the amount of ascites (P = 0.04). After adjusting for sex, age, international normalized ratio, bilirubin, and other
potential factors, multivariate Cox regression revealed that per TU/ml elevation of plasma sTM causes an increase of 8% in
mortality, and per-SD elevation of thrombomodulin causes a 53% increase in mortality. As the mortality rates in low (5.90—
12.60 TU/ml) and medium (12.70-18.00 TU/ml) sTM levels were similar, so we chose the cutoff of 18.00 TU/ml to divide into
two groups, and K-M analysis indicated that patients with sTM >18.0 TU/ml| demonstrated an additional 2.01 times death risk
(95% CI, 1.13-7.93; P = 0.01) than those with sTM <18.0 TU/ml.

Conclusion Plasma sTM in cirrhosis was significantly increased in parallel with the severity of liver dysfunction. sSTM elevation
than 18 TU/ml indicated a poor prognosis of decompensated liver cirrhosis. Eur J Gastroenterol Hepatol 34: 1140-1146
Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Introduction

Liver sinusoidal endothelial cells (LSECs) form the wall
of the hepatic sinusoids. In addition to acting as a bar-
rier between hepatocytes and the bloodstream, LSECs
have multiple essential roles, such as regulation of the
vascular tone, inflammation, and thrombosis, autocrine
and immune response, participation in liver fibrosis, liver
generation [1,2], etc. In liver cirrhosis, extensive necrosis
of hepatocytes, formation of regenerative nodules, struc-
tural remodeling of hepatic lobules and diffuse connective
tissue hyperplasia result in the disorder of blood circu-
lation in the liver, which is characterized by the shrink-
age, occlusion, and distortion of the vascular bed, and

European Journal of Gastroenterology & Hepatology 2022, 34:1140-1146

Keywords: decompensated liver cirrhosis, endothelial cells, mortality,
thrombomodulin

@The Third Unit, Department of Hepatology, Beijing Youan Hospital, Capital
Medical University and PDepartment of Clinical Laboratory, Beijing Jishuitan
Hospital, Beijing, China

Correspondence to Jing Zhang, MD, The Third Unit, Department of Hepatology,
Beijing Youan Hospital, Capital Medical University, No.8 Youanmenwai Street,
Fengtai District, Beijing, 100069, China

Tel: +0086 133918596883; fax: +0086 10 63056962;

e-mail: ziyouan@ccmu.edu.cn

*Xinhuan Wei and Xiaofei Du contributed equally to the writing of this article.

Received 18 April 2022 Accepted 5 July 2022

This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-
NC-ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

0954-691X Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

the compression of blood vessels by regenerative nodules
and, thus, aggravating the damage of vascular endothelial
cells. Because vascular endothelial injury is involved in
the progression of liver cirrhosis and portal hypertension,
there were several markers of endothelial injury, such as
von Willebrand Factor (vWF), soluble P-selectin, soluble
VE-cadherin, soluble thrombomodulin (sTM), etc. [3].
vWF was the most investigated factor and could predict
the severity of cirrhosis and portal hypertension [4]. But
vWF levels varied widely in healthy individuals due to
genetic background. So extremely high values of vWF are
more valuable in predicting the prognosis of cirrhosis than
lower-level vWE sTM is a well-known and reliable marker
of endothelial injury in the early and advanced stages [5].
Thrombomodulin is an endothelial cell transmembranous
glycoprotein acting as a receptor for thrombin and plays
a key role in anticoagulation. TM was released into the
bloodstream as sTM with four degraded forms and dif-
ferent molecular weights when the endothelial cell was
stimulated by inflammation [6]. Previous studies showed
that sTM was correlated with the incidence of coronary
heart disease (CHD), renal failure, etc [6,7]. sSTM levels
were also found to be higher in acute and chronic liver
failure, chronic hepatitis, and cirrhosis in several studies
[8-10]. But these researches were limited by relatively
small sample size (dozens of patients), and none of them
was focused on the relationship of sTM with the outcome.

We conducted a prospective cirrhosis cohort and fol-
lowed them for every 6 months to see if there was a link
between baseline sTM and prognosis to find better cirrho-
sis progression markers.
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Patients and methods
Patient selection and enrollment criteria

This was a prospective observational study that was con-
ducted in the future. From August 2016 to February 2021,
hospitalized adult patients with decompensated liver cir-
rhosis were included in the study, with follow-up visits
every 6 months or until death or liver transplantation. The
study protocol was approved by Beijing Youan Hospital
Ethics Committee [NO: 2016-13] in June 2016. All patients
provided written informed consent. The research was per-
formed according to the guidelines of the 1975 Declaration
of Helsinki (6th revision, 2008). This study protocol was
registered in Clinical Trials (ChiCTR1900025035).

Laboratory tests, ultrasound, or radiology imaging
results were used to diagnose cirrhosis. Decompensated
liver cirrhosis was marked by the development of overt
clinical signs including ascites, bleeding, and hepatic
encephalopathy. The exclusion criteria were as followed:
hepatocellular carcinoma or any other malignancy, HIV-
coinfections, with severe cardiac, respiratory, kidney dis-
eases, or other severe diseases. Patients who did not have
any follow-up information were also excluded. Age and
sex-matched 50 healthy individuals were recruited from
Beijing Jishuitan Hospital as the healthy control group.

The standard care and data collection

The causes of cirrhosis include hepatitis B, hepatitis C, alco-
holic liver diseases, and autoimmune hepatitis. The viral
load was suppressed to below the lower detection limit in
all hepatitis B patients who received antiviral therapy. All
hepatitis C-associated cirrhosis achieved sustained viral
response by direct-acting antiviral agents. That is, the viral
load in all patients associated with hepatitis B virus (HBV)/
hepatitis C virus (HCV) was undetected at the time of
enrollment. All patients with alcoholic liver diseases were
suggested to quit drinking and given nutritional support
therapy. Immunosuppressants were used to treat autoim-
mune hepatitis unless there were contraindications. When
necessary, drugs to lower portal vein pressure such as non-
selective beta-blockers (NSBBs) were considered. Cirrhosis
complications were treated according to guidelines.

Demography data, liver functions, and complica-
tions of cirrhosis were recorded from Electronic Medical
Record System. The severity of cirrhosis was evaluated
by Child-Pugh score, model of end-stage liver disease
(MELD) score, and MELD-Na score. The MELD score
was calculated as 9.57xIn (Serum creatinine) +3.78xIn
(bilirubin) + 11.2xIn (INR) + 6.43x (0 for alcohol-re-
lated liver disease or for cholestatic liver disease; 1 for
all other causes) [11]. MELD-Na score was calculated
using the following formula, MELD-Na score = MELD
score + 1.59x (135-Na) with maximum and minimum Na
values of 135 and 120 mmol/l [12]. According to West
Haven criteria, hepatic encephalopathy was graded as
minimal, grade I, grade II, grade III, and grade IV [13].
According to clinical practice guidelines, ascites were
classified as mild, moderate, or large [14]. Patients were
followed up regularly in the outpatient department or
readmission to the hospital.
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Plasma sTM determination

The blood samples were collected in vacuum tubes contain-
ing 3.2% trisodium citrate (Vacutainer; Becton-Dickinson,
Meylan, France) and then centrifuged for 15 min at
1500 g. And the plasma was stored at -80 °C within 2 h.
sTM (TU/ml) was measured by chemiluminescent enzyme
immunoassay using an automated immunoassay system
(HISCL5000, Sysmex, Corollary regent, Japan).

Statistical methods

Categorical data were summarized as numbers and per-
centages and were analyzed using the Chi-square test.
Kolmogorov-Smirnov tests were performed for the
normality test. Continuous variables were described as
mean = SD or as medians (interquartile ranges) depend-
ing on whether they showed a Gaussian distribution, and
intergroup comparisons were analyzed with Student’s
t-test or one-way analysis of variance, or Mann—Whitney
U test. Spearman correlations were applied to analyze the
relationship between sTM and clinical indexes. Smooth
curve fitting was used to observe an association between
sTM and living status. After accounting for significant
confounders, we used multivariable Cox regression to
investigate the independent relationship between sTM and
cirrhosis patient mortality, and the hazard ratio (HR) and
[ were obtained. Three regression models were created to
demonstrate the results’ consistency. In the crude model,
no cofounders were adjusted, and in model I and model II,
confounders that changed the estimates of sTM on mor-
tality by more than 10% or were significantly associated
with mortality were adjusted. Besides, to clearly show the
influence, we calculated the per-SD increase. Given the dif-
ferences in the baseline characteristics, propensity-score
matching was used to identify a cohort of patients with
similar baseline characteristics. A 1:5 matching protocol
with a caliper width equal to 0.2 of the SD of the logit of
the propensity score was used for matching. Moreover,
for analysis of the mortality rates, Kaplan—-Meier (K-M)
survival curves and Cox regression were used. A sensi-
tivity analysis was done to ensure our analysis’ robust-
ness. A stratification analysis was conducted to examine
whether the association of sTM and overall mortality
differed across various subgroups classified by sex, age,
cause, Child-Pugh scores, ascites, hepatic encephalop-
athy, esophageal gastric variceal bleeding, white blood
cell (WBC), bilirubin, and creatinine. Statistical analyses
were performed using EmpowerStats software (http:/
www.empowerstats.com, X&Y solutions, Inc., Boston,
Massachusetts, USA) and R (http://www.R-project.
org) software. Graphs were performed with GraphPad
Prism software version 5 (GraphPad Software, La Jolla,
California, USA, 2012). P < 0.05 was considered statisti-
cally significant.

Results
Baseline clinical characteristics of the participants

A total of 377 cirrhosis patients were screened from
August 2016 to February 2021. Because of their HIV
coinfection, 23 patients were ruled out. In addition, 52
patients with other serious underlying diseases, such as
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cardiopulmonary diseases, kidney diseases, etc., were
excluded from the study. Sixty-four patients with compen-
sated liver cirrhosis were also excluded. Finally, 238 cases
were successfully enrolled and being followed up. Nineteen
patients were lost to follow-up and excluded. Finally, after
a median follow-up period of 9.57 (7.56-37.28) months,
219 cases were analyzed in the study (see Fig. 1 for the
flowchart), 66.21% of whom were male. The causes of
cirrhosis were mainly HBV and HCV infections (53.42%).
Sixteen of them used NSBB to lower portal hypertension.
Table 1 summarizes the clinical characteristics. We divided
sTM tertile groups into low (5.90-12.60 TU/ml), medium
(12.70-18.00 TU/ml), and high (18.10-46.20 TU/ml)
groups according to their baseline plasma sTM. The mor-
tality rates (including death and liver transplantation)
in the tertile groups were 4.55%, 5.80%, and 15.48%,
respectively, at the end of follow-up (P = 0.04). Patients in
higher sTM groups had higher MELD scores, MELD-Na
scores, Child-Pugh scores (P < 0.01), and a higher incident
rate of moderate-large ascites (P = 0.04).

Plasma sTM level in liver cirrhosis

Plasma sTM level in liver cirrhosis patients was much
higher than in healthy controls [16.20 (12.00-20.40) TU/
ml vs. 8.3 (7.3-9.8) TU/ml; P < 0.01]. Plasma sTM level
increased parallel with Child-Pugh grades and were 12.80
(10.60-17.60) TU/ml, 15.50 (12.20-19.90) TU/ml, and
18.50 (12.60-22.70) TU/ml in Child-Pugh A, B, and C,
respectively (P < 0.01).

The relationship between sTM, laboratory indexes, and
mortality

sTM was mild positive related to prothrombin time (PT)
(r = 0.15; P = 0.03), INR (r = 0.15; P = 0.03), total bil-
irubin (r = 0.19; P < 0.01), MELD (r = 0.22; P < 0.01),
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MELD-Na (r = 0.21; P < 0.01), creatinine (r = 0.22;
P < 0.01), and WBC (r = 0.23; P < 0.01), while show-
ing no significant relationship with neutrophils (r = 0.08;
P =0.21). The smooth curve demonstrated a positive rela-
tionship between sTM levels and mortality risk (Fig. 2).

The relationship of plasma sTM level with outcome

To investigate the prognostic significance of sTM, we
used sTM as the independent variable and mortality as
the dependent variable, whereas sex, age, INR, activated
partial thromboplastin time (APTT), fibrinogen, WBC,
bilirubin, albumin, and creatinine as covariates to adjust
in multivariate regression analysis. To prove the stability
of the results, sSTM was described as the original values
and per-SD values. In the crude model, none was adjusted,
and in model I, sex, age, fibrinogen, and creatinine were
adjusted, whereas in model II, sex, age, INR, APTT,
fibrinogen, WBC, bilirubin, albumin, and creatinine were
adjusted. Model II in the multivariate regression demon-
strated that per TU/ml increment in sTM was associated
with an increase of 8% in overall mortality, and an SD
increase in sTM level was associated with a 53% higher
risk of overall mortality (Table 2). After propensity-score
matching, the effect of sSTM remained HR = 1.07 [95%
confidence interval (CI), 1.03-1.24; P = 0.03].

Subgroup analysis

Sex, age, etiology, Child-Pugh classification, ascites,
hepatic encephalopathy, esophageal gastric variceal bleed-
ing, WBC, bilirubin, and creatinine as stratification varia-
bles were used to observe the trend of effect sizes in these
variables in subgroup analysis for mortality (Fig. 3). There
was no significant difference in relationships between
sTM and risks of mortality in the subgroup analyses
(P-interaction > 0.05).

Screened eligible patients of initial

2016 to February 2021 (n=377)

diagonosis of liver cirrhosis from August

Exclusion criteria:

| HIV-coinfections (n=23)

Patients with severe cardiac, respiratory,
kidney disease or other severe diseases (n=52)

A4

Patients with liver cirrhosis (n=302)

Exclusion criteria:
»| Patients with compensated liver cirrhosis (n=64)
Patients with no follow-up data (n=19)

y

Final analysis (n=219)

Fig. 1. Flowchart for patients’ screening.
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Survival analysis of plasma levels of sTM

In survival analysis, plasma sTM level in 199 survived
patients was 15.60 (11.80-20.20) TU/ml, which was much
lower than that in 20 patients of death or liver transplant
[20.00 (14.00-24.60); P < 0.01]. As the mortality rates in
low (5.90-12.60 TU/ml) and medium (12.70-18.00 TU/
ml) tertile STM levels were similar, so we chose the cutoff
of 18.0 TU/ml to divide the patients into high sTM groups
(18.10-46.2 TU/ml) and low sTM group (5.90-18.00 TU/
ml). K-M survival curves showed that the high sTM group
had significantly higher mortality (15.48%) than patients
in the low sTM group (5.19%) (log-rank test: P < 0.01;
Fig. 4). After adjustments for sex, age, INR, APTT, fibrino-
gen, WBC, total bilirubin, and albumin, patients in the high
sTM group (>18 TU/ml) tend to demonstrate a significantly
higher death risk (HR = 3.01; 95% CI, 1.13-7.93; P = 0.01).

Discussion

LSECs play a key role in the development and progres-
sion of liver cirrhosis. As a reliable endothelial cell injury
marker, sSTM was first discovered as a prognostic factor of
liver cirrhosis in the prospective study. sTM levels increased
significantly in liver cirrhosis patients compared with the
healthy controls and paralleled with liver dysfunction.
Patients with sTM higher than 18 TU/ml demonstrated a
significantly higher death risk than those with lower sTM.

Endothelial cells produce the transmembranous gly-
coprotein TM. Except for the brain, TM is found in all
human arteries, veins, capillaries, and lymphatics [15].
Acting as a scaffold for thrombin, TM accelerates the acti-
vation of protein C and accordingly accelerates degrading
factor Va and factor VIlla, thereby, restraining the coagu-
lation reactions and restricting fibrin formation [16]. So,
TM mediates the antifibrinolytic effect at a lower level and
the profibrinolytic effect at a higher level. When endothe-
lium cells were injured by inflammation, increased shear
stress, or other factors, TM shed into plasm from the
surface and formed sTM whose molecular weights were
much lower than cellular TM [17]. There were 4-6 frag-
ments of sTM [18] with different molecular weights but a
similar anticoagulation function to TM [15,19]. The liver
and kidney cleared sTM, and it was found in both plasma
and urine [6].

Several studies verified that sTM was a sensitive
marker of endothelial cell injury. Ishii et al. [18] found
that when umbilical vein endothelial cells were treated
with N-formyl-methionyl-leucy-phenylalanine or lipopol-
ysaccharide (LPS), sTM in the medium increased in a
time-dependent manner and paralleled with the extent of
cell damage. When culture mediums were supplemented
with hydrogen peroxide, neutrophil proteases protein-
ase-3, elastase, or cathepsin G, Boehme et al. [5] discov-
ered that sTM increased rapidly. The authors hypothesized
that sSTM was released rather than secreted by injured
endothelial cells and that it could be used as both an early
and advanced stage marker. Other studies observed simi-
lar results [20,21].

As a reliable marker of endothelial cell injury, sTM was
found to be related to many vascular-associated diseases,
such as CHD, renal failure, disseminated intravascular
coagulation, vasculitis, etc. In a cohort of sepsis with and
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without acute kidney injury, the plasma sTM was 23.6 U/
ml vs. 15.6 U/ml, respectively, (P < 0.001) and served as an
independent predictive factor rather than E-selectin, PAI-
1, and protein C [22]. In a case—control study, sTM was
found to have an inverse relationship with a CHD occur-
rence [7]. Aleksic et al. [17] found that lower sTM tertile
amplified the CHD risk of higher fibrinogen. Ruef et al.
[23] found that sTM level increased significantly paral-
leled from the control group, stable angina, and acute cor-
onary syndromes group. A similar result was also reached
by Mezaki T [24].

sTM is also a marker of LSECs injury. In a rat model,
sTM and the expression of sinusoidal TM increased dur-
ing acute liver injury induced by D-galactosamine, espe-
cially in the necrotic area and around the central vein,
suggesting that sTM was related to endothelial injury
and parenchymal necrosis [10]. Several studies had pre-
viously determined sTM in various liver diseases, but
the results were inconsistent. In a case—control study,
Biguzzi et al. found that sTM was elevated in hepato-
cellular carcinoma patients (42.1 = 2.0 ng/ml) than in
cirrhosis patients (28.3 = 2.1 ng/ml; P = 0.039), and
sTM level did not relate to the outcome of cirrhosis indi-
viduals [25]. Takano et al. [6] used two kinds of ELISA
methods to detect plasma sTM. They found that sTM,
including all fragments of sTM, increased in acute liver
failure patients. sTM, on the other hand, remained stable
in cirrhosis patients, whereas the ratio of smaller sTM
to larger sSTM decreased. In chronic hepatitis and early
cirrhosis, the plasma sTM maintained similar to healthy
controls [6].

All of the studies mentioned above failed to find a link
between sTM and cirrhosis outcomes. The reason may
be that the studies were cross-sectional studies or case—
control studies with a relatively small number of patients.
We enrolled 219 decompensated cirrhosis patients in our
study and followed them up for every 6 months. All the
results showed that sSTM was related to liver dysfunction.
First, in the low, medium, and high sTM tertile groups,
the inflammation and liver function factors were all sig-
nificantly increased, including bilirubin, albumin, and PT.
In addition, the Child-Pugh score, MELD, and MELD-Na
score also increased in the medium and high sTM tertile
groups. Correlation study also found the positive relation-
ships of sTM with PT, bilirubin, INR, MELD score, and
MELD-Na score. These results all supported that sTM
was correlated with liver dysfunction. As a marker of liver
dysfunction, increasing sTM was found positively corre-
lated with the death risk of cirrhosis. The correlation was
very stable and not interfered with by other factors, such
as sex, age, WBC count, etc. The cutoff value of 18.0 TU/
ml could identify the patients with higher death risk.
In this study, the sTM level in healthy controls was 8.3
(7.3-9.8) TU/ml, and according to the other studies, the
normal range of sTM is 3.8-13.3 TU/ml [26]. When we
chose the cutoff of 18.0 TU/ml to divide into two groups,
the mortality rate was much higher in high sTM groups.
This indicates the threshold effect of sTM relationship
with mortality.

In theory, sSTM should also act as a marker of portal
hypertension. But sTM was only found correlated with
the number of ascites and did not correlate with platelet
count, esophageal gastric variceal bleeding, and hepatic
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Table 1. Clinical characteristics of patients with liver cirrhosis

sTM tertile (TU/ml) All patients Low sTM group (5.90-12.60) Medium sTM group (12.70-18.00) High sTM group (18.10-46.20) P
N 219 66 69 84
Age (years) 57.32 + 10.96 55.00 + 9.34 57.80 + 10.39 58.76 + 12.34 0.10
Male (N/%) 145(66.21%) 45 (68.18%) 42 (60.87%) 58 (69.05%) 0.52
Causes (N/%)

HBV 70 (31.96%) 23 (34.85%) 24 (34.78%) 23 (27.38%) 0.26
HCV 47 (21.46%) 18 (27.27%) 17 (24.64%) 12 (14.29%)

Alcoholic 63 (28.77%) 18 (27.27%) 17(24.64%) 28 (33.33%)

Autoimmune 13 (5.94%) 1(1.52%) 5(7.25%) 7 (8.33%)

Others/unknown 26 (11.87%) 6 (9.09%) 6 (8.70%) 14 (16.67)

WBC (x10%I) 3.40 (2.29-4.96) 2.73 (2.06-4.54) 3.39 (2.20-5.00) 3.75 (2.78-5.50) 0.03
Neutrophils (x10%/1) 2.09 (1.42-3.08) 1.62 (1.07-2.73) 1.84 (1.41-3.08) 2.21 (1.63-3.32) 0.01
Hemoglobin (g/1) 96.72 + 26.81 97.54 + 28.80 98.26 + 26.15 94.82 + 25.91 0.70
Platelet (x10%1) 65.00 (43.00-90.00) 66.00 (42.25-84.25) 66.00 (42.00-95.00) 60.50 (45.75-91.25) 0.47
ALT (U/l) 21.00 (12.00-29.00) 17.00 (12.00-25.75) 20.00 (13.00-29.00) 22.50 (12.00-33.25) 0.23
AST (U/1) 33.00 (24.00-50.00) 28.50 (22.25-39.75) 35.00 (23.00-52.00) 35.00 (26.75-52.50) 0.09
Bilirubin (umol/l) 33.40 (22.05-62.75) 29.45 (20.23-51.62) 27.90 (22.10-45.50) 42.05 (26.75-71.35) <0.01
Albumin (g/1) 31.24 + 5.00 32.24 + 5.09 31.67 +4.77 30.12 + 4.94 0.02
Creatinine (umol/l) 64.00 (52.00-81.80) 58.00 (51.00-74.97) 60.00 (49.00-78.60) 69.60 (57.50-86.50) <0.01
PT(s) 15.60 (14.05-18.60) 15.50 (14.35-17.40) 15.00 (13.60-18.10) 16.65 (14.28-21.10) <0.01
INR 1.39 (1.25-1.65) 1.38 (1.28-1.55) 1.34 (1.21-1.62) 1.48 (1.27-1.87) <0.01
Child-Pugh scores 9.00 (7.00-11.00) 8.00 (7.00-10.00) 8.00 (7.00-9.00) 10.00 (8.00-12.00) <0.01
Child-Pugh classification

Child-Pugh A 35 (15.98%) 16(24.24%) 13 (18.84%) 6 (7.14%) <0.01
Child-Pugh B 103 (47.03%) 29 (43.94%) 40 (57.97%) 34 (40.48%)

Child-Pugh C 81 (36.99%) 21 (31.82%) 16 (23.19%) 44 (52.38%)

MELD scores 8.41 (4.20-12.18) 7.35(3.92-11.11) 6.68 (2.92-11.99) 9.25 (6.93-16.17) <0.01
MELD-Na scores 8.71 (4.57-15.24) 8.56 (4.42-12.12) 7.27 (3.03-11.99) 9.81 (7.58-19.84) <0.01
Ascites

None 18 (8.22%) 7 (10.61%) 4 (5.80%) 7 (8.33%) 0.04
Mild 123 (56.16%) 39 (59.09%) 44 (63.77%) 40 (47.62%)

Moderate-large 78 (35.62%) 20 (30.30%) 21 (30.43%) 37 (44.05%)

Hepatic encephalopathy

No 181 (82.65%) 57 (86.36%) 58 (84.06%) 66 (78.57%) 0.53
Grade 1-2 34 (15.53%) 9 (13.64%) 9 (13.04%) 16 (19.05%)

Grade 3-4 4 (1.83%) 0 (0.0%) 2 (2.90%) 2 (2.38%)

Esophageal gastric varices bleeding

No 156 (71.23%) 45 (68.18%) 52 (75.36%) 59 (70.24%) 0.23
Yes 63 (28.77%) 21 (31.82%) 17 (24.64%) 25 (29.76%)

Clinical outcome

Survive 199 (90.87%) 63 (95.45%) 65 (94.20%) 71 (84.52%) 0.04

Death/LT

15(6.85%)/5(2.28%)

2 (3.03%)/1(1.52%)

2 (2.90%)/2(2.90%) 11(13.10%)/2(2.38 %)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio; LT, liver trans-
plantation; MELD, model of end-stage liver disease; PT, prothrombin time; TM, thrombomodulin; WBC, white blood cell.
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Fig. 2. Fitted curves of the soluble thrombomodulin and mortality risk

relationship. The solid circle dots represent the smooth curve fit, and the
hollow circle dots represent the 95% of confidence interval from the fit
(logarithm-like hood ratio test, P < 0.01). sTM, soluble thrombomodulin.

Table 2. Multivariate Cox regression for soluble thrombomodulin and
mortality

Nonadjusted Model | Model Il

Mortality HR(95%Cl) P HR@©5%Cl) P HR@5%Cl) P

sTM (TU/m) 1.08 0.01 1.09 0.01 1.08 0.04
(1.02-1.15) (1.02-1.17) (1.00-1.17)
Per-SD 1.59 0.01 1.53 0.01 1.53 0.03

increase  (1.17-2.15) (1.06-2.20) (1.00-2.32)

In model |, sex, age, fibrinogen, and creatinine were adjusted, whereas, in
model Il, sex, age, INR, APTT, fibrinogen, WBC, bilirubin, albumin, and creati-
nine were adjusted.

Cl, confidence interval; HR, hazard ratio; sTM, soluble thrombomodulin; WBC,
white blood cell.

encephalopathy. Because sTM is cleared by hepatocytes,
we hypothesized that the level of sSTM was also affected
by the liver function. Another finding in the study was the
relationship between sTM and creatinine. The kidney also
cleared sTM, indicating that the clearance rate of both the
liver and the kidney had a significant impact on the sTM
level. We deduced that sTM was a prognostic factor of
survival mostly due to its relationship with liver function
rather than portal hypertension.
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DEATH HR 95%ClI Interaction p-value
Al o 1.08 (1.00, 1.17) 0.04
Gender 0.35
Male - 1.06 (0.99, 1.14)
Female —.— 1.13 (1.01,1.28)
Age (years) 0.68
Low (28 - 52) re 1.11 (0.99, 1.24)
Middle (53 - 61) —— 1.10 (1.00, 121)
High (62 - 86) —— 1.06 (0.94,1.20)
Etiology 0.12
HBY —_— 132 (0.98,1.78)
HCV r. 1.10 (1.01,1.20)
Immune 0.77 (0.40, 1.47)
Alcoholic —.— 0.97 (0.83, 1.14)
Others —_— 1.30 (0.93, 1.80)
Child-Pugh classification 0.32
Child-Pugh A 0.96 (0.60, 1.52)
Child-Pugh B —— 113 (1.02, 1.26)
Child-Pugh C —— 1.04 (0.95,1.13)
Ascites 0.57
No e — 1.07 (0.86, 1.33)
Mild r. 111 (1.01,121)
Moderate—large —— 1.01 (0.91, 1.13)
Hepatic encephalopathy 0.22
No Xy 1.12 (1.03,1.21)
Yes — 1.01 091, 1.11)
Esophageal gastric varices bleeding 0.97
No - 1.08 (1.01, 1.15)
Yes ——— 1.07 (0.86, 1.34)
WBC (x10°/L) 0.06
Low (0.8 - 2.6) —— 1.14 (0.99,1.32)
Middle (2.7 - 4.5) —— 1.09 (0.99, 1.20)
High (4.5 - 69.0) . 1.04 (0.94,1.14)
Bilirubin (umol/L) 0.07
Low (7.0 - 25.0) —— 1.16 (0.99, 1.36)
Middle (25.4 - 45.8) —— 1.07 (0.97,1.17)
High (46.1 - 771.1) —— 1.07 (0.96, 1.19)
Creatinine (mmol/L) 0.84
Low (23.8 - 55.4) —.— 108 (0.94,1.24)
Middle (55.5 - 75.4) —— 1.08 (0.99, 1.18)
High (75.8 - 233.0) —— 1.12 (0.99,1.27)
035 050 071 10 141 20
Fig. 3. Subgroup analysis of the association between soluble thrombomodulin and mortality. HBV, hepatitis B virus; HCV, hepatitis C virus; WBC, white
blood cell.
In the study, we did not aim to explore the reason for
sTM group vascular endothelial injury. But the results showed that
2 4 — s18TU/Mm the amount of WBC and neutrophil ratio were signifi-
: - >18TUml cantly different in the three sSTM groups. As Kume et al.
- [27] reported that TM antigen and activity levels were
. R . significantly decreased in sinusoidal cells isolated from
2 o 7 (- LPS-treated rats and recombinant TM protects against LPS-
kS R eeEE T : induced liver dysfunction, which indicates that decreased
< sinusoidal TM levels may result in liver dysfunction. And
g8 2 - La Mura et al. [28] also found that TM immunoreactivity
T R was almost totally lost in endothelial cells 24 h after LPS
s injection, thus further confirming the involvement of the
an~ | endothelium in the pathogenesis of liver damage induced
° by endotoxemia. Other researches also demonstrated that
tumor necrosis factor [29] and other cytokines also aggra-
vate vascular endothelial injury in liver cirrhosis, which
S can lead to the continuous increase of sTM level. Thus
' ' ‘ | : ' we speculated that inflammation may damage endothelial
0 200 400 600 800 1000 1200

Follow-up time (days)

Fig. 4. Kaplan—Meier survival curves for the mortality. sSTM, soluble

thrombomodulin.

cells, thus resulting in an increase in sTM levels.

In cirrhosis, baseline plasma sTM was found to be signif-
icantly elevated and correlated with the severity of liver dys-
function and survival. But there was a paradox that higher
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level sTM tends to promote anticoagulation which should
alleviate disease progression. We guessed that elevated sTM
could not totally reverse but may partly relieve the hyperco-
agulability tendency in the sinusoid. The balance still tends to
coagulation rather than anticoagulation. However, in-vitro
or in-vivo studies should be used to verify the deduction.
However, the study had some limitations. First, other
vascular endothelial injury markers were not determined
together, so there was no way to compare their clinical sig-
nificance or see if combining them would be more effective.
And patients with chronic hepatitis were not included in the
study, even though vascular endothelial injury may occur
before fibrosis. Besides, because this was a single-center
study, our findings should be confirmed in other cohorts.
Also, the samples were not tested in duplicates, which may
result in inspection error, and were failed to monitor dynam-
ically. And liver tissue pathology was not performed in this
study, so the source of sTM is unclear and needs to be ver-
ified in further study. And the proportion of patients with
NSBBs was small, so the effect of drug was not analyzed.
In conclusion, we clarified that baseline sTM was a
useful marker to predict cirrhosis outcome through a pro-
spective cohort with a relatively large sample size.
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