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Abstract
Aims: Decreased plasma ADAMTS13 activity (ADAMTS13:AC) results in the accumulation of
unusually large von Willebrand factor multimers and platelet thrombi formation. Our aim was to
evaluate whether ADAMTS13:AC is a prognostic marker in patients with liver cirrhosis.
Methods: Plasma ADAMTSI13:AC and its related parameters were examined from 108 cirrhotic
patients.
Results: ADAMTSI13:AC decreased as the severity of liver disease increased (means: controls
100%, Child A-cirrhotics 79%, Child B-cirthotics 63%, and Child C-cirrhotics 31%).
ADAMTS13:AC markedly decreased in the cirrhotics with hepatorenal syndrome, refractory ascites
and hepatic encephalopathy. The cumulative survival time was the shortest (median 4.5 months) in
cirrhotics with a severe to moderate ADAMTS13:AC deficiency (<3~25%), followed by those with
a mild ADAMTS13:AC deficiency (25%~50%), and was the longest in those with a normal range
of activity (>50%). In contrast, based on the Child-Turcotte-Pugh (CTP) score, Child C-cirrhotics
had the worst survival, but the survival probabilities did not differ between Child A and B cirrhotics.
Based on the Model for End-Stage Liver Disease (MELD) score, the survival was the worst for
cirrhotics in the fourth quartile, while it was not different among cirrhotics in the first three quartiles.
In cirrhotics in the sequential study, ADAMTSI13:AC significantly decreased with the progression of
liver disturbance.
Conclusions: ADAMTS13:AC concomitantly decreases as the functional liver capacity decreases.
This activity may be a useful prognostic marker that is equal or superior to the CTP score and the
MELD score to predict not only the short-term prognosis but also the long-term survival of cirrhotic

patients.

Key words: ADAMTSI3 activity, CTP score, liver citrhosis, MELD score, prognosis
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INTRODUCTION

Once patients with liver cirrhosis (LC) develop a decompensated condition, the risk of early mortality
sharply increases'. Any patient with LC is at risk for specific life threatening complications such as
variceal bleeding, sepsis, or hepatorenal syndrome, and hepatopulmonary syndrome. Many studies
have examined factors that predict the survival of patients with LC". The Child score was originally
designed to assess the prognosis of cirrhotic patients undergoing surgical treatment for portal
hypertension in 1964* and thereafter its modified form, the Child-Turcotte-Pugh (CTP) score™ has
been widely used to prognosticate patients with LC'. However, this score includes some subjective
components and does not estimate other factors, such as renal and pulmonary dysfunction, that are
commonly associated with decompensated cirrhosis> .  Furthermore, the CTP score is not always
sufficient, particularly when predicting the short-term prognosis of patients’. The Model for
End-Stage Liver Disease (MELD) score was designed to assess the prognosis of cirrhotics who receive
a transjugular intrahepatic portosystemic shunt (TIPS) and has been used as a disease severity index
and a new liver organ allocation system for liver transplantation since 2002°. However, the main
causes of death, including variceal bleeding, ascites, hepatorenal syndrome and hepatopulmonary
syndrome, in advanced cirrhotics are not included in the MELD score’. Patients with advanced liver
diseases tend to bleed because of reduced plasma levels of several clotting factors and
thrombocytopenia, but they also exhibit thrombotic complications’. Portal or hepatic vein thrombosis
is often ohserved in advanced cirrhosis™®, and microthrombi formation was found in one or multiple
organs in half of autopsied cirthotics'®.  This hypercoagulable state may not only%aﬂ'ect hepatic
parenchymal extinction, the acceleration of liver fibrosis, and disease progression but also impact other
organs and potentially lead to multi-organ failure.

ADAMTSI13 (a disintegrin-like and metalloproteinase with thrombospondin type-1 motifs 13) is a
metalloproteinase that specifically cleaves multimeric von Willebrand factor (VWF) between the
Tyr1605 and Met1606 residues in the A2 domain'>'2,  An ADAMTSI3 deficiency, caused either by
mutations in the ADAMTS13 gene'™ or by inhibitory autoantibodies against ADAMTSI 31516 results
in the accumulation of “unusually large” VWF multimers (UL-VWFM) in the plasma. This

accumulation leads to platelet clumping and/or thrombi under high shear stress and subsequent
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microcirculatory disturbances. ADAMTSI3 is produced exclusively in hepatic stellate cells (HSC)'”,
although platelets'®, vascular endothelial cells”, and kidney podocytes” have been implicated as
ADAMTSI13-producing cells. The plasma levels of VWF:Ag, the substrate for ADAMTSIS3,
substantially increases as liver disease progrcsscszm, and thrombocytopenia is commonly seen in
patients with advanced LC*?. Previous studies reported a significant reduction in ADAMTS13
activity (ADAMTS13:AC) in advanced LC? ¥, while ADAMTSI3 activity was unchanged in
another study”. Subsequently, we demonstrated that both the plasma ADAMTSI3 activity and
antigen levels decreased as the severity of cirrhosis increased, and an imbalance between the decreased
ADAMTS13:AC and increased levels of its substrate may reflect a state that predisposes patients with
advanced LC to platelet thrombus formation™. In addition, we have shown that ADAMTS13:AC is
reduced in patients with hepatic veno-occlusive diseaseao, alcoholic hepatitis3l, and those undergoing
living-donor—related liver transplantation””.  Thus, ADAMTSI3:AC likely decreases as the
functional liver capacity also declines in advanced liver diseases.

In this study, we investigated the relationship between ADAMTS13:AC and the prognosis of
patients with LC and examined whether the ADAMTSI13:AC is a useful prognostic factor for

cirrhotic patients compared to the CTP score and the MELD score.

MATERIALS AND METHODS

Patients

This study examined a total of 108 LC patients, including one patient with thrombotic
thrombocytopenic purpura (TTP)* (Table 1). Patients with a known history of coagulopathies,
platelet disorders, or liver transplantation at basal evaluation were excluded. The origin of liver
disease was hepatitis C virus (HCV) in 67 cases, hepatitis B virus (HBV) in 16 patients, alcohol
abuse in 10 patients, primary biliary cirrhosis (PBC) in 4 cases, and cryptogenic in 11 patients.
Cirrhosis was diagnosed based on physical findings and laboratory tests, and in many cases was
confirmed by histological criteria. Of the LC patients, 35 were Child A, 33 were Child B, and 40
were Child C according to Child-Pugh’s criteria’.  The MELD risk score (RS) was calculated
according to the following formula: RS=0.957 x log. (creatinine mg/dl) + 0.378 x log. (bilirubin
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mg/dl) + 1.120 x log. INR) + 0.643 x (cause of cirrhosis) in which the value for the cause of
cirrhosis was 0 for an alcoholic or cholestatic etiology and 1 for viral or other etiologies’. The
MELD score progressively increased from Child A to C. The platelet counts decreased with the
severity of chronic liver diseases. The spleen volume determined by computed tomography scans™
increased as liver disease progressed. The diagnosis of ascites, spontaneous bacterial peritonitis
(SBP), and hepatorenal syndrome was made according to the criteria previously described”.
Ascites was easily mobilized in 16 patients and refractory in 28. Ten out of 26 Child C-LC with
refractory ascites finally progressed to hepatorenal syndrome. SBP occurred in 10 Child C-LC with
refractory ascites, and this was complicated by hepatorenal syndrome in 7 patients. Forty-one LC
patients developed hepatic encephalopathy grade II or higher as described by the classification of
Trey et al.*” Sixty-seven LC patients had endoscopic signs of an impending variceal rupture
according to the criteria of Japanese Research Society for Portal Hypertensio %, The incidence of
endoscopic signs of an impending variceal rupture was higher in LC patients with Child B and Child
C than in Child A. Hepatocellular carcinoma (HCC) was detected in 22 patients (62.9%) with
Child A, 16 patients (48.5%) with Child B, and 19 patients (47.5%) with in Child C. The incidence
of HCC did not differ among three groups, but the Japan Integrated Staging (JIS) score™® obtained by
adding the tumor stage score of HCC and the CTP score progressively increased from Child A to C.
The portal thrombosis examined by Doppler-ultrasonography (US) was detected in 3 patients with
Child B and 3 with Child C (Table 1). Once patients were discharged, they were carefully followed
up by conventional liver function tests and tumor markers including « -fetoprotein and des-y

-carboxy prothrombin every month as outpatients until death, which was the primary end-point to
estimate survival probabilities by the CTP score, the MELD score and ADAMTSI13:AC. Patients
with liver transplantation were, therefore, excluded. Image diagnosis by US, dynamic enhanced
computed tomography (CT), or dynamic enhanced magnetic resonance imaging (MRI) was
performed every three months to evaluate presence or absence of HCC or ascites. All subjects
provided informed consent to participate in the study. The study protocol was approved by the

Nara Medical University Hospital Ethics Committee.
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Determination of ADAMTS13:AC, VWF:Ag, VWF:RCo, UL-VWFMs and
ADAMTSI13:INH

Blood was obtained from patients at the time of admission or during their hospital stay. Samples
were stored in plastic tubes containing 1/10th the volume of 3.8% sodium citrate. Platelet-poor
plasma was prepared by centrifuging at 3000 x g at 4°C for 15 minutes and stored in aliquots at
—80°C until analysis. For 7 patients with L.C, a second plasma sample was taken between days 120
and 630 (mean: 345 days) during their second hospitalization because of hepatic encephalopathy in 3
patients, ascites augmentation in 4 patients, and variceal rupture in 1 patient. Plasma
ADAMTSI13:AC was determined by both a classic VWFM assaysg’ 0 and a sensitive chromogenic
enzyme-linked immunosorbent assay (ELISA, ADAMTS13-act-ELISA: Kainos Inc., Tokyo).
The normal values were 10223% in the VWEM assay” and 99+22% in the act-ELISA*'.  Plasma
VWF:Ag was measured using a rabbit polyclonal sandwich ELISA (Dako, Denmark), and its
normal level was 100+£53% (n=60, 20-39 years of age). VWF ristocetin cofactor activity
(VWF:RCo) was determined as described”, and its normal value was 100£15%. In 49 LC patients
with lower ADAMTS13:AC (less than 50% of the normal control), plasma UL-VWFMs were
analyzed by a vertical SDS—1.0% agarose gel electrophoresis system” and evaluated using NIH
image J. ADAMTSI13 inhibitor (ADAMTSI13:INH) was evaluated using plasma that was
heat-inactivated at 56°C for 30 minutes'> '®. One Bethesda unit of inhibitor was defined as the
amount of plasma that reduces ADAMTS13:AC to 50% of the control*, and its titer was defined to

be significant at >0.5 Bethesda Units (BU)/ml.

Statistical Analysis

Differences among cirrhotics with Child A, B and C, and healthy subjects were analyzed with the
Kruskal-Wallis rank test before pair-wise comparisons (Table 1 & Table 2). If the Kruskal-Wallis
rank test showed significant differences in each parameter among groups, pair-wise comparison in
each parameter was evaluated by Mann-Whitney U test for continuous variable. The X - test was
used for categorical data. Differences in the ADAMTS13:AC and CTP scores obtained by the

sequential study in identical patients were estimated by Wilcoxon signed-ranks test. Correlations
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were calculated by the Sperman rank test. The analyses were carried out using Statview statistical
software (version 5.0; SAS Institute, Cary, NC, USA). The Kaplan—Meier analysis was used to
evaluate the prognosis of cirrhotic patients according to the degree of the plasma ADAMTSI3
activity, the CTP score, and the MELD score (Figure 1, 2, and 3) by a log-rank test using StatMate
IV for Windows (AT0484, Advanced Technology for Medicine & Science, Tokyo, Japan). A
two-tailed p-value less than 0.05 was considered significant. All data are presented as the mean +

standard deviation (SD).

RESULTS

Clinical outcome (Table 1)

During a median follow-up of 475 days (range; 5 to 2406 days), 42 LC patients died within 5 to
1161 days after they had provided samples. Of'these, 5 cirrhotic patients were classified as Child A,
6 as Child B, and 31 as Child C (Table 1). The cause of death in Child A patients was HCC in 4
patients and acute myocardial infarction in 1 patient, that in Child B patients was HCC in 5 patients
and gastrointestinal bleeding in 1 patient, and that in Child C patients was HCC in 17 patients,

hepatic failure in 7 patients, hepatorenal syndrome in 6 patients, and TTP in 1 patient (Table 1).

Determination of ADAMTS13:AC and its related parameters (Table 2)

Based on the VWFM assay, the plasma ADAMTS13:AC was 56+34% in LC patients, which was
significantly lower than that in healthy subjects (p<0.001). This activity progressively decreased as
cirrhosis advanced from Child A to C (Table 2). The ADAMTSI13:AC determined by the
act-ELISA also decreased as the cirrhosis severity increased and was consistent with the results of
the VWFM assay (1=0.831, p<0.001). VWF:Ag was significantly higher in LC patients than in
healthy subjects, and was higher in patients with Child B and C than in those with Child A, but there
was no difference between Child B and Child C patients. The VWF:RCo values were higher in LC
patients than in healthy subjects but did not differ among the subgroups of LC patients from Child A
to C. The ratio of VWF:RCo to VWF:Ag was lower in patients with LC (0.54+0.45, p<0.001) than

in healthy subjects, but there were no differences among LC patients with Child A, B, and C. In
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contrast, the ratio of VWF:RCo to ADAMTS13:AC significantly increased with the progression of
liver disease. With respect to the VWFM analyses, 2 Child A cirrhotics had only degraded-VWFM,
8 and 5 Child B cirrhotics had degraded-VWFM and normal-VWFM, respectively, and 6, 20, and 8
Child C cirrhotics had degraded-VWFM, normal-VWFM, and UL-VWFM, respectively. The
incidence of ADAMTS13:INH was increased from cirrhotic patients with Child A to C (Table 2).
The inhibitory activity was 2.0 BU/mI* in one LC patient with TTP and 3.0 BU/ml in a patient with
a severe ADAMTS13:AC deficiency, but was in the marginal zone between 0.5 and 1.0 BU/ml in

the remaining patients.

Relationship of plasma ADAMTS13:AC to clinical variables

Regarding the influence of HCC complicated with LC on the plasma levels of ADAMTSI13:AC,
Child A LC patients with HCC had a significantly lower ADAMTS13:AC than those without HCC
(69+22% vs. 103£11%, p<0.001), but there were no differences between with and without HCC
both in LC patients with Child B and Child C. Furthermore, the plasma ADAMTS13:AC levels
were lower in patients with a JIS score of 4 (32+28%, p<(0.05) and JIS score of 5 (26 29%, p<0.05)
than in patients with a JIS score of 0 (67+24%), score of 1 (65+37%), and score of 2 (69+:22%). In
addition, the ADAMTSI13:AC levels were significantly lower in LC patients with the following
clinical conditions than in those without; hepatic encephalopathy (28+24% vs. 71£29%, p<0.001),
hepatorenal syndrome (13+12% vs. 61+33%, p<0.001), and severe esophageal varices (46+33% vs.
75+34%, p<0.05). Moreover, patients with refractory ascites had a lower ADAMTSI3:AC
(25£17%) than those without ascites (70+30%, p<0.001) or those with easily mobilized ascites
(56+37%, p<0.001). The ADAMTS13:AC was lower in cirrhotic patients with portal thrombosis
than those without (18+19% vs. 58+34%, p<0.005). In 7 cirrhotics in the sequential study, the
ADAMTSI13:AC significantly decreased with the progression of liver disturbance
(ADAMTSI13:AC 67£23% — 47%29%, p<0.02, Child score 7.7+2.3 — 8.9£2.7).

The Japan Society of Hepatology, Tokyo, Japan
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Relationship of prognosis to the CTP score, MELD score and plasma ADAMTS13:AC (Fig.
12 &3)

Figures 1 to 3 show the actuarial curves calculated for the survival of the different patient subgroups,
according to the three CTP classes, the quartiles of the MELD risk score (first quartile, RS: 0-0.36,
second quartile, RS: 0.37-0.73, third quartile, RS: 0.74-1.37, and fourth quartile, RS: 1.38-4.32), or
the three ADAMTS13:AC classes (severe to moderate deficiency: <25% of the normal control, mild
deficiency: 25-50% of the normal control, and normal range: > 50%). Child C patients had worse
survival than Child A and B patients (Figure 1)(Log rank test among the three groups, p<0.0001;
Child C vs. Child A, p<0.0001; Child C vs. Child B, p<0.0001), but the survival probabilities were
not different between Child A and Child B patients. In addition, the survival of patients
corresponding to the fourth quartile of the MELD RS was worse than that of patients corresponding
to the first three RS quartiles, while the survival of the patients in the first three RS quartiles did not
differ among them (Log rank test among the four groups, p<0.0001; fourth quartile vs. others,
p<0.0001). In contrast, the cumulative survival was clearly different among patients with a severe
to moderate ADAMTS13:AC deficiency, mild ADAMTS13:AC deficiency, and normal range of
ADAMTSI13:AC (Log rank test among the three groups, p<0.0001; severe to moderate deficiency
vs. mild deficiency, p=0.0219; mild deficiency vs. normal range, p=0.0287; severe to moderate
deficiency vs. normal range, p<0.0001)(Figure 3). The median survival time was the lowest (4.5

months) in cirrhotic patients with a severe to moderate ADAMTS13:AC deficiency.

DISCUSSION

In this study, we demonstrated that cumulative survival differed according to the levels of plasma
ADAMTSI13:AC in patients with LC; the survival time was the shortest in cirrhotics with a severe to
moderate ADAMTS13:AC deficiency, followed by those with a mild ADAMTS13:AC deficiency,
and was the longest in those with a normal range of activity (Figure 3). In contrast, based on the
CTP score, Child C patients had the worst survival, but the survival probabilities of Child A and
Child B pétients did not differ (Figure 1). Based on the MELD score, survival was the poorest in

cirrhotics in the fourth quartile, while it did not differ among cirrhotics in the first three quartiles
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(Figure 2). The CTP score is not always sufficient to predict short-term prognosis’, and the MELD
score has been applied as a disease severity index to perform organ allocation for liver
transplantation in patients with significantly advanced liver diseases. Remarkably, the median
survival time was the lowest (4.5 months) in cirthotics with a severe to moderate ADAMTS13:AC
deficiency, and the actuarial curve was very similar or almost identical to that of patients belonging
to the fourth quartile the MELD score (Figures 2 & 3).  Moreover, the three cumulative survival
curves stratified by the degree of decrease in the ADAMTS13:AC were clearly different during a
median follow-up of 475 days (from 5 to 2406 days). Based on previous reports and ours, the
degree of decrease in plasma ADAMTSI13:AC may be a useful marker to predict not only the
short-term prognosis, but also the long-term survival of patients with LC. It is important to be able
to evaluate the prognosis of cirthotic patients using only one parameter, such as ADAMTSI13:AC,
because both the CTP score and the MELD score are calculated based on a scoring system that
encompasses several parameters (bilirubin, albumin, prothrombin time, ascites, and encephalopathy
in the former, and creatinine, bilirubin, prothrombin time, and cause of cirrhosis in the latter).
Interestingly, ADAMTS13:AC significantly decreased with the progression of liver disturbance
in the 7 LC patients with the sequential study. These patients were admitted to the hospital for a
second time because of hepatic encephalopathy in 3 patients, ascites augmentation in 4 patients, and
variceal rupture in 1 patient. We previously demonstrated that plasma ADAMTS13:AC was
remarkably low in LC patients with hepatic encephalopathy, hepatorenal syndrome and refractory
ascites™ A multivariate analysis identified blood ammonia, serum creatinine and spleen volume as
independent factors that contribute to the decrease in ADAMTSI13:AC, indicating that
ADAMTSI13:AC is closely related to the severity of hepatic encephalopathy, renal dysfunction and
splenomegaly in LC patientszg. These selected parameters are intimately related to factors that
comprise the CTP score or the MELD score and predict the prognosis of cirrhotic patients.
Alternatively, the ADAMTS13:AC was lower in 3 Child B and 3 Child C LC patients with portal
thrombosis than those without, but further studies will be needed to elucidate the significance of
lower ADAMTSI13:AC associated with portal thrombus formation from the point of decreased

functional liver capacity in more LC patients with portal thrombosis.
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The levels of VWF:Ag, the substrate of ADAMTSI3, progressively increased as the functional
liver capacity decreased, probably due to the neocapilarization of hepatic endothelial cells that leads

to liver fibrosis, increased endothelial production induced by endotoxin®*

and/or increased
synthesis by extrahepatic endothelial cells®. VWF:RCo relative to ADAMTS13:AC increased as
chronic liver disease progressed, and VWF multimers appeared to shift from a degraded- to
normal-VWFM and finally to UL-VWFM as the functional liver capacity and renal function
deteriorated, indicating that advanced cirrhosis may predispose patients to platelet microthrombi
formation”. The marked impairment in the enzyme to substrate ratio, i.e., decreased ADAMTS13
to increased VWF:Ag, may lead to platelet hyperaggregability and subsequent microcirculatory
disturbances not only in the liver but also in other organs, leading to multi-organ failure. Indeed,
portal or hepatic vein thrombosis is often observed in advanced LC patients routinely screened with
Doppler ultrasound®, and in cirrhotic liver tissue removed at tran5plantation9. Moreover,
microthrombi were found in one or more organs in half of cirthotic livers at autopsy'".

Plasma ADAMTSI13:AC may decrease in advanced cirrhosis due to reduced ADAMTSI13
production in HSCs"", enhanced consumption to degrade large quantities of VWF:Ag™, and/or its
plasma inhibitor™'®.  We detected plasma ADAMTS13:INH in 83% of patients with a severe to
moderate ADAMTSI13:AC deficiency, but the ADAMTS13 inhibitory activity was in the marginal
zone between 0.5 and 1.0 BU/ml in most cases except one TTP patient (2.0 BU/ml)* and one patient
with a severe ADAMTSI3:AC deficiency (3.0 BU/ml)”. We could detect IgG-type
autoantibodies in 5 end-stage cirrhotic patients with a severe ADAMTS13:AC deficiency
(Q%)zg. One patient had characteristic clinical features of TTP. However, the remaining 4
patients did not show any apparent clinical features of TTP, but were indistinguishable from the
typical TTP patient based on ADAMTS13:AC and the presence of anti-ADAMTS13 autoantibodies.
These results indicate that some end-stage cirrhotic patients with extremely low ADAMTS13:AC
and the IgG ADAMTS13 inhibitor might have a condition similar to TTP or have “subclinical” TTP.
Together with our present results, these findings suggest that the degree of decrease in plasma
ADAMTSI13:AC may be a useful predictor that is closely related to the pathogenesis of hepatic

failure, including encephalopathy and/or renal disturbance, in patients with advanced LC.
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Altematively, various clinical conditions, including infection, malignancies, and certain drugs,
can lead to acquired TTP®. In addition, some patients with congenital TTP whose
ADAMTSI13:AC is extremely low (<0.5%) due to mutations in the ADAMTS13 gene showed no
apparent clinical features during their childhood except mild to moderate thrombocytopenia during
stressful conditions such as infection, but apparently developed “TTP” during the third trimester of
pregnancy when VWF production from placental endothelial cells markedly increases”. This
condition is called “masqueraded TTP in congenital Upshaw—Schulman syndrome”. Furthermore,
recently, sepsis-induced multi-organ failure was shown to be closely related to the decrease in
ADAMTSI13:AC and increase in VWF:Ag”™. This finding indicates that the enzyme to substrate
ratio is extremely important in the formation of platelet microthrombi and subsequent
microcirculatory disturbances that lead to multi-organ failure. In advanced cirrhotics, endotoxemia
is frequently detected”, and SBP sometimes occurs®™. HCC becomes highly complicated as the
cirthotic stage progresses’’, which suggests that these patients are at high risk for platelet
microthrombi formation. Therefore, LC patients with a moderate ADAMTS13:AC deficiency
(3—25%) who have no apparent IgG ADAMTS13 inhibitor and whose inhibitory activity is in the
marginal zone (0.5—1.0 BU/ml) may be especially prone to a poorer prognosis when infection and
endotoxemia to augment VWF production from endothelial cell precipitates, ultimately resulting in
the shortest survival.

In summary, the plasma ADAMTSI3:AC concomitantly decreases as the functional liver
capacity declines, and the degree of activity is closely related to the prognosis of patients with LC.

Therefore, ADAMTSI13 activity may be a useful marker to predict the clinical outcome in advanced
cirrhosis.
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Figure legends

Figure 1 Cumulative survival rate of 108 patients with liver cirrhosis according to the Child
classification. Child C patients had worse survival than Child A and B patients, but the survival
probabilities were not different between Child A and Child B patients (Log rank test among the three
groups, p<0.0001; Child C vs. Child A, p<0.0001; Child C vs. Child B, p<0.0001). The red, blue,
and green lines indicate cirrhotic patients with Child A, Child B, and Child C, respectively.

Figure 2 Cumulative survival rate of 108 patients with liver cirrhosis according to the Model for
End-Stage Liver Disease (MELD) score. The survival of patients corresponding to the fourth
quartile of the MELD risk score (RS) calculated by the formula’ was worse than that of patients
corresponding to the first three RS quartiles, while the survival of the patients in the first three RS
quartiles did not differ among them (Log rank test among the four groups, p<0.0001; fourth quartile
vs. others, p<0.0001). The red, blue, green, and pink lines indicate cirrhotic patients with first RS

quartile, second RS quartile, third RS quartile, and fourth RS quartile, respectively.

Figure 3 Cumulative survival rate of 108 patients with liver cirrhosis according to ADAMTS13
activity (ADAMTS13:AC). The survival rate was clearly differentiated among patients with a
severe to moderate ADAMTSI13:AC deficiency, mild ADAMTS13:AC deficiency, and normal
range of ADAMTSI13: AC (Log rank test among the three groups, p<0.0001; severe to moderate
deficiency vs. mild deficiency, p=0.0219; mild deficiency vs. normal range, p=0.0287; severe to
moderate deficiency vs. normal range, p<0.0001). The median survival time was the lowest (4.5
months) in cirrhotic patients with a severe to moderate ADAMTS13:AC deficiency. The red, blue,
and green lines indicate cirrhotic patients with normal range of ADAMTSI13:AC (> 50%), mild
ADAMTSI3:AC deficiency (25-50% of the normal control) , a severe to moderate
ADAMTS13:AC deficiency (<25% of the normal control), respectively.
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