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Background/Objectives: Circulating endothelial cells (CECs) are indicative of vascular injury and correlate with
severity of vascular diseases. A pilot study showed that the ratio of CEC to platelet count (CEC/PC) was effective
in predicting cirrhosis. Therefore, we evaluated CEC/PC in a larger cohort of patients, correlated it with
cirrhosis, and compared its operating characteristics with previously described biomarker for cirrhosis, the
AST/platelet ratio index (APRI). Methods: Fifty-three patients with cirrhosis, 20 matched healthy controls, and
9 patients with noncirrhotic liver disease were recruited. Peripheral blood sample was collected and analyzed
to enumerate nucleated CEC CD146+, CD105+, CD45— using a commercial assay. Results: Median CEC counts
were significantly higher in patients with cirrhosis (62 cells/4 mL, interquartile range [IQR]: 43.5-121) as com-
pared with controls (31cells/4mL, IQR: 22.2-40). The CEC/PC was also significantly elevated in cirrhotics
(0.69, IQR: 0.39-1.48) compared with controls (0.12, IQR: 0.09-0.20) and noncirrhotics (0.21, IQR: 0.08-0.43).
Receiver operator characteristic (ROC) analysis revealed that CEC cutoff value of >37 cells/4mL showed sensi-
tivity of 81% and specificity of 75% for differentiating cirrhosis from controls (area under the curve [AUC]: 0.80;
95% confidence interval [CI] 0.67-0.91). The CEC/PC ratio cutoff value of >0.23 showed sensitivity of 91% and
specificity of 82% (AUC: 0.92; 95% CI 0.83-0.99). The APRI cutoff value of >0.4 showed sensitivity of 94% and
specificity of 85% for differentiating cirrhosis from control patients (AUC: 0.96; 95% CI 0.90-1.0). A product of
CEC and APRI, termed CAPRI (CEC-APRI), effectively distinguished patients with cirrhosis from controls; with
cutoff value of >12.7, showing higher sensitivity of 98% and specificity of 85% (AUC: 0.98; 95% CI 0.96-1.0).
Conclusion: The CEC/PC ratio is significantly elevated in patients with cirrhosis and demonstrates comparable
operating characteristics to previously described APRI. Furthermore, CAPRI, compiled as product of CEC to
APRI showed outstanding ability to distinguish patients with cirrhosis from controls, although larger studies

are necessary for validation. (J CLIN Exp HEPATOL 2012;2:19-26)
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epatic fibrosis occurs in response to chronic
or repetitive liver injury, which can eventually
lead to cirrhosis and its complications of portal
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hypertension, hepatocellular carcinoma, and liver failure.!
Even though histopathological examination of a liver
biopsy specimen is currently the gold standard for the
staging of cirrhosis, various serologic and biochemical
tests are under evaluation to assess hepatic fibrosis in a
less invasive manner.?* This is particularly important for
monitoring disease progression and response to treat-
ment for drugs that have the potential to reverse hepatic
fibrosis.

Circulating endothelial cells (CECs) represent a cellular
marker of endothelial damage. Circulating endothelial cells
are present in very low quantities among healthy subjects®
but can gain access to the peripheral circulation after
sloughing from vessel walls following pathological injury
such as mechanical stress, change in adhesion molecule
expression, or matrix degradation.®” Circulating endothe-
lial cells are characterized by the expression of at least
two endothelial markers (i.e., CD146 and UEA-1) with the
absence of expression of leukocyte markers (i.e., CD14
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and CD45).8 Several recent studies suggest that CEC are
elevated in different forms of vascular injury, such as acute
coronary syndromes.” 12

Since cirrhosis and portal hypertension are associated
with vascular injury and endothelial damage,'>'* we hy-
pothesized that CEC count may be elevated in cirrhotic
patients as compared with healthy controls. Indeed, an
earlier pilot study conducted in a small patient cohort
suggested that the ratio of CEC to platelet count (CEC/PC)
could accurately predict cirrhosis and hepatic decompen-
sation.! Therefore, the aims of this study were to (1) deter-
mine if CEC/PC was significantly higher in subjects with
cirrhosis and portal hypertension compared with healthy
individuals in a larger cohort of patients and in a cohort
of patients with elevated liver tests but no cirrhosis,
(2) evaluate the sensitivity and specificity of CEC/PC for
distinguishing cirrhosis compared with another com-
monly utilized non-invasive diagnostic marker of cirrhosis,
the aspartate aminotransferase (AST) to platelet ratio in-
dex (APRI),'® and (3) evaluate the efficacy of a new index
for cirrhosis integrating CEC with APRI (CAPRI).

METHODS

Patients

This study was approved by the Institutional Review
Board of Mayo Clinic, Rochester. Patients attending the
outpatient hepatobiliary clinics, liver transplant clinics,
and hospital services at Mayo Clinic, Rochester, MN, were
screened for inclusion in the study. Fifty-three patients
with cirrhosis, 20 normal healthy subjects, and 9 patients
with noncirrhotic liver disease were enrolled after informed
consent. Inclusion criteria were age >18 years, a diagnosis of
cirrhosis by histology or by compatible imaging, labora-
tory (thrombocytopenia, elevated international normalized
ratio [INR], hypoalbuminemia), and clinical complica-
tions of cirrhosis/portal hypertension (one or more of the
following: splenomegaly, esophageal varices, ascites, hepatic
encephalopathy). Exclusion criteria included any systemic
or localized diseases associated with vascular injury (e.g.,
coronary artery disease, peripheral vascular disease, vascu-
litis, thromboembolic disease, malignancies, or transplan-
tation), critically ill patients, current smoking, or use of
statins, warfarin, nonsteroidal anti-inflammatory drugs or
immunosuppressive/immunomodulatory agents within
3 months of recruitment. Age and sex frequency-matched
volunteers served as controls. Controls did not report any
hepatic or vascular disease, which was confirmed by chart
review. The noncirrhotic group included patients with
elevated liver enzymes but without clinical, laboratory, or
radiologic features of cirrhosis.

Clinical Data

The following data were collected by chart review: serum
liver function tests, PC, coagulation parameters, clinical,
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and laboratory parameters required for model for end-
stage liver disease (MELD) score and Child-Turcotte-
Pugh (CTP) staging. The presence of splenomegaly and
ascites was determined by ultrasound examination. The
presence of esophageal varices was determined by diag-
nostic esophagogastroduodenoscopy (EGD). The APRI
was calculated by dividing the patient’s AST by the upper
limit of normal AST and then multiplying that number
by 100/PC.1¢

Circulating Endothelial Cell Enumeration

A 4mL sample of peripheral blood was obtained by
nontraumatic venipuncture from patients and controls
after discarding the first 2mL that were drawn. Samples
were processed within 72 hours of collection using the
CellSearch™ CEC kit and CellTracks® Analyzer IT (Veridex,
Raritan, NJ). The kits were purchased commercially for
this study. The number of CEC was enumerated by using
an immuno-magnetic isolation technique and quantifying
cells with a CEC phenotype of CD146+, CD105+, DAPI+,
and CD45-. The CEC count was expressed as cells/4mL.
Each gallery was reviewed by two independent operators
with expertize in cell search gallery interpretation who
were blinded to the origin of the samples. The final CEC
count was calculated as an average of the two values for
each case. Our prior studies showed very low intra- and
interobserver variability in CEC counts.’

Sample Size Calculation

Based on the prior pilot study,' the estimated difference
in the mean CEC for cases relative to controls was ex-
pected to be about 77 cells/4mL, with a standard devia-
tion of 102. This predicted that we would need a sample
size estimation of 76 patients (57 cases and 19 controls)
to have an 80% power (assuming an estimated type I
error of 0.05) to detect a statistically significant difference
between the two arms. Ultimately, we enrolled 58 cases
and 20 controls, but could not analyze five of the samples
because of an unanticipated delay in processing time
of >72 hours.

Analysis

Statistical analyzes were performed using SPSS version
17.0 for PC. Continuous data were summarized using
median values with interquartile range (IQR). Ordinal
and categorical data were summarized with ratios or pro-
portions. Between-group differences were assessed using
the Mann-Whitney U test. For correlation studies, a
Spearman’s rank correlation coefficient was determined.
The optimal diagnostic threshold value of CEC, CEC/PC,
APRI, and CAPRY, for differentiating cirrhotics from con-
trols, was assessed using receiver operator characteristic
(ROC) curve methodology. Statistical significance was con-
sidered with P<0.0S.
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RESULTS

Patient Demographics

The study included 53 patients with cirrhosis (Table 1),
9 patients with noncirrhotic liver disease (Table 2), and 20
healthy volunteers. The cirrhotic patients included 31
females and 22 males with median age of 58 years (IQR
50-64). The noncirrhotic group with chronic liver disease
included 4 males and 5 females with median age of 59 years
(IQR 52-68). The control group included 11 females
and 9 males with a median age of 51 years (IQR 42-62). Of
53 cirrhotic patients, 42 had splenomegaly, 36 had esoph-
ageal varices, 31 had ascites, and 23 had encephalopathy.
Fourteen patients were Child A, 28 were Child B, and

Table 1 Patient demographic, clinical, and biochemical
features of cirrhotic cohort (n=53).

Median (range)
or number (%)

Demographics (units)/
(normal range)

Age (yr) 58 (50-64)
Females 31/53 (58)
Compensated cirrhosis (Child A) 14/53 (26)
Decompensated cirrhosis (Child B and C) 39/53 (74)
Etiology of liver disease
NASH 12/53 (23)
PSC 3/53 (5.6)
Alcohol 14/53 (26)
HCV 7/53 (13)
PBC 7/53 (13)
Autoimmune hepatitis 1/53 (2)
Alcohol +hepatitis C 5/53 (9.4)
Alcohol+NASH 1/53 (2)
Cryptogenic 3/53 (5.6)
Ascites 31/53 (57)
Splenomegaly 42/53 (80)
Esophageal varices 36/53 (68)
Encephalopathy 23/53 (39)
Platelet countx 108/L (150-450x 10%/L) 90 (20-348)
Total bilirubin (mg/dL) (0.1-1.0mg/dL) 1.8 (0-37)
Albumin (g/dL) (3.5-5.0g/dL) 3.5 (2-5)
Alanine aminotransferase (U/L) (7-55U/L) 40 (11-591)
Aspartate aminotransferase (U/L) (8-48U/L) 58 (18-531)
Alkaline phosphatase (U/L) (45-115 U/L) 133 (46-930)
INR (0.9-1.2) 1.2 (1-2)
Liver biopsy 15/53 (28)
Ultrasound abdomen 42/53 (79)
CT abdomen 34/53 (64)
MRI abdomen 23/53 (43)
EGD 38/53 (72)
Beta-blocker 26/53 (49)

CT: computed tomography; EGD: esophagogastroduodenoscopy;
HCV: hepatitis C virus; INR: international normalized ratio; MRI:
magnetic resonance imaging; NASH: non-alcoholic steatohepatitis;
PBC: primary biliary cirrhosis; PSC: primary sclerosing cholangitis.

11 were Child C. The median MELD score was 11 (IQR
9-15). Twenty-six patients were on beta-blockers for vari-
ces. A diagnosis of cirrhosis was made in patients by ab-
dominal ultrasound (42), computed tomography (CT)
(34), magnetic resonance imaging (MRI) (23), and liver
biopsy (15).

Circulating Endothelial Cell, Circulating
Endothelial Cell/Platelet Count Ratio,
APRI, and CAPRI in Healthy Individuals
and Patients

Median CEC values for different etiologies of cirrhosis are
depicted in Figure 1 and were not significantly different
between the etiologies. Median CEC levels were signifi-
cantly higher in patients with cirrhosis as compared with
controls (median [IQR]); cirrhosis: 62 cells/4mL (43.5-
121); controls: 31 cells/4mL (22.2-40); P<0.001; Mann-
Whitney) (Figure 2A). Median CEC levels in patients with
noncirrhotic liver disease were in an intermediate range
between controls and cirrhosis, however not significantly
different from either group (IQR; 35cells/4mL [20.2-
83.5]; P=0.06 and P=0.63, respectively; Mann-Whitney)
(Figure 2A). The PC was significantly lower in cirrhotic
patients compared with controls and noncirrhotic pa-
tients (IQR; cirrhosis: 90 [67-141]; controls: 238 [180-
247]; noncirrhotic liver disease: 202 [168-226] P<0.0001
and P=0.0006, respectively; Mann-Whitney) (Figure 2B).
The CEC/PC ratio was also significantly different in pa-
tients with cirrhosis compared with controls and noncir-
rhotics (IQR; cirrhosis: 0.69 [0.39-1.48]; controls: 0.12
[0.09-0.20]; noncirrhotic liver disease: 0.21 [0.08-0.43];
P<0.001 and P=0.0012, respectively; Mann-Whitney)
(Figure 2C). The previously established APRI* was also
significantly higher in patients with cirrhosis as compared
with controls (IQR; cirrhosis: 1.26 [0.82-2.32]; controls:
0.22 [0.19-0.30]; P<0.0001; Mann-Whitney) (Figure 2D).

Table 2 Patient demographic, clinical, and biochemical
features of the noncirrhotic liver disease cohort (n=9).

Median (range)
or number (%)

Demographics (units)/
(normal range)

Age (yr) 59 (35-80)
Females 5/9 (55)
Etiology of liver disease
NAFLD S1(E8)
HCV 2 (22)
Autoimmune hepatitis 2 (22)
Idiopathic 2 (22)
Platelet countx108/L (150-450x 10%/L) 202 (135-289)
Total bilirubin (mg/dL) (0.1-1.0 mg/dL) 0.9 (0.6-2.6)
Alanine aminotransferase (U/L) (7-55U/L) 70 (30-196)

Aspartate aminotransferase (U/L) (8-48U/L) 48 (23-143)
HCV: hepatitis C virus; NAFLD: non-alcoholic fatty liver disease.
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Figure 1 Median circulating endothelial cell counts for different etiologies of cirrhosis (n=53).
CEC: circulating endothelial cell; NASH: non-alcoholic steatohepatitis; PBC: primary biliary cirrhosis; PSC: primary sclerosing cholangitis.
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Figure 2 Box and whisker plots comparing circulating endothelial cells (CEC), platelet count (PC), CEC/PC ratio, aspartate aminotransferase
to platelet ratio index (APRI), and CAPRI (a product of CEC and APRI) for diagnosis of cirrhosis. (A) CEC were significantly increased in cirrhotic
patients compared with controls (P<0.001; Mann-Whitney); CEC in noncirrhotic patients were not significantly different from controls or cirrhosis
(P=0.06 and 0.63, respectively; Mann-Whitney); (B) PC was significantly lower in cirrhotic patients compared with controls (P<0.0001; Mann—
Whitney) and noncirrhotic liver disease patients (P=0.0006; Mann-Whitney); (C) CEC/PC ratio was significantly increased in cirrhotic patients
compared with controls (P<0.001; Mann-Whitney) and noncirrhotic liver disease patients (P=0.0012; Mann-Whitney); (D) APRI was significantly in-
creased in cirrhotic patients compared with controls (P <0.0001; Mann-Whitney) and noncirrhotic liver disease patients (P=0.0056; Mann-Whitney);
(E) CAPRI was significantly increased in cirrhotic patients compared with controls (P<0.0001; Mann-Whitney) and noncirrhotic liver disease pa-
tients (P=0.0019; Mann-Whitney).

The APRI in patients with noncirrhotic liver disease = Mann-Whitney) (Figure 2D). Because both APRI and CEC
was in an intermediate range between controls and cirrho- showed good discrimination characteristics, we examined
sis and significantly different from both cohorts (IQR; a product of the two variables, which we termed the CAPRI
0.50 [0.5-0.98]; P=0.0009 and P=0.0056, respectively; which could allow the integration of AST from the APRI
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Figure 3 Receiver operator characteristic (ROC) curve for circulating endothelial cells (CEC), platelet count (PC), CEC/PC ratio, aspartate ami-
notransferase to platelet ratio index (APRI), and CEC with APRI (CAPRI) for diagnosis of cirrhosis. (A) ROC curve for circulating endothelial cells
(CEC) for diagnosis of cirrhosis. A CEC cutoff value of 37 cells/4 mL showed sensitivity of 81% and specificity of 75% for differentiating cirrhosis
from controls. Area under the curve was 0.80. (B) ROC curve for PC for diagnosis of cirrhosis. The ROC analysis revealed that a PC cutoff value
of 179x 1083 cells/mL had a sensitivity of 85% and specificity of 81% for differentiating cirrhosis from controls. Area under the curve was 0.89.
(C) ROC curve for CEC/PC ratio for diagnosis of cirrhosis. A CEC/PC ratio at cutoff value of 0.23 showed a sensitivity of 91% and specificity of 82%.
Area under the curve was 0.92. (D) The ROC curve for AST/platelet ratio index (APRI) for diagnosis of cirrhosis. An APRI cutoff value of 0.4 showed
a sensitivity of 94% and specificity of 85%. Area under the curve was 0.96. (E) The ROC curve for CAPRI for diagnosis of cirrhosis. A CAPRI cutoff

value of 0.34 showed a sensitivity of 98% and specificity of 85%. Area under the curve was 0.98.

with CEC and PC variables. The CAPRI was obtained by
multiplying patient’s CEC with their APRI (CEC/PC was
not used in CAPRI since the PC is already included in the
APRI). Median CAPRI values were significantly higher in
cirrhotic patients as compared with normal individuals
and patients with chronic liver disease without cirrhosis
(median [IQR]; cirrhosis: 82 [41.3-231.5]; controls: 6
[4-11.5]; noncirrhotic liver disease: 35 [5-44]; P<0.0001
and P=0.0019, respectively; Mann-Whitney) (Figure 2E).

Sensitivity and Specificity of Circulating
Endothelial Cell, Platelet Count, Circulating
Endothelial Cell/Platelet Count Ratio, APRI,
and CAPRI for Detecting Cirrhosis

Figures 3A-D depicts ROC analyzes for the ability of differ-
ent laboratory parameters to accurately identify cirrhotic

patients from control patients. Receiver operator charac-
teristic analyzes were not performed with the cohort of
patients with liver test elevations in the absence of cirrho-
sis due to the limited sample size of this cohort. We found
that a CEC cutoff value of 237 cells/4 mL showed sensitivity
of 81% and specificity of 75% for differentiating cirrhosis
from controls (area under the curve [AUC]: 0.80; 95% con-
fidence interval [CI] 0.67-0.91] (Figure 3A). A PC cutoff
value of >179 x 10° cells/uL showed sensitivity of 85% and
specificity of 81% (AUC: 0.89; 95% CI 0.81-0.97) (Figure 3B).
A CEC/PC ratio cutoff value of 20.23 showed sensitivity of
91% and specificity of 82% (AUC: 0.92; 95% CI 0.83-0.99)
(Figure 3C). An APRI cutoff value of >0.4 showed a sensi-
tivity of 94% and specificity of 85% (AUC: 0.96; 95% CI
0.90-1.0) (Figure 3D). A CAPRI cutoff value of >12.7
showed an even higher sensitivity of 98% and maintained
a specificity of 85% (AUC: 0.98; 95% CI 0.96-1.0) (Figure 3E).
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DISCUSSION

Circulating endothelial cells have been evaluated in several
diseases associated with vascular damage.!%1217-20

Since cirrhosis and its associated portal hypertension is
also viewed as a vascular disease,! this study assessed CEC
levels in cirrhosis. The results suggest that CEC levels are
significantly higher in patients with cirrhosis as compared
with healthy controls. Furthermore, the ratio of CEC/PC
is able to discriminate many of the patients with cirrhosis
from normal controls. This analysis was pursued to expand
on preliminary results obtained in a small preliminary pilot
study."® The results of this study corroborate the pilot
study in several ways. Median CEC levels for cirrhotics in
this sample were similar, albeit slightly lower (median of
62) than that observed in the pilot study (median of 74)
while median CEC levels for controls were very similar be-
tween the two studies (31 in this study and 28 in the prior
pilot study). The ROC analyzes also reveal similar results
to the pilot study, in which we found that the CEC count
had higher specificity for patients with cirrhosis than the
PC alone. Here, we find that CEC count has better sensi-
tivity and specificity than the PC. However, unlike the pi-
lot study, we could not confirm a significant correlation
of CEC/PC ratio with MELD or CTP scores (data not
shown) although the P value for the association between
CEC/PC count and MELD score did approach statistical
significance (P=0.09). Overall, the results do support the
concept that markers of vascular injury are increased in
liver cirrhosis.??

Conventional biochemical and serological tests such
as PC, when examined alone, are of limited value for the
assessment of fibrosis.?> As a result, percutaneous liver
biopsy is the gold standard for the diagnosis and staging
of cirrhosis.?* However, liver biopsy has limitations for
assessing cirrhosis because of its invasive nature and as-
sociated complications.? In addition, since only a minute
fraction of the liver is analyzed, it is susceptible to sam-
pling variation.”® These issues provided the rationale for
the development of non-invasive blood assays to estimate
the level of hepatic fibrosis to aid in treatment decisions
and monitor either progression or resolution of fibrosis.?
These include Fibrotest, Actitest, and another non-invasive
marker, coined enhanced liver fibrosis (ELF) panel.?”8
Fibrotest involves assessment of alfa 2 macroglobulin, alfa
2 globulin (haptoglobin), gamma globulin, apolipopro-
tein Al, gamma glutamyl transferase, and total bilirubin,
and uses a proprietary calculation that is determined from
each of the variables. Actitest is a modification of
the Fibrotest that incorporates alanine aminotransferase
(ALT) thereby reflecting both liver fibrosis and necro-
inflammatory activity.27’29 The ELF comprises hyaluronic
acid, amino-terminal propeptide of type III collagen, and
tissue inhibitor of metalloproteinase 1, combined in an
algorithm.3%3! While these tests may be effective, some
are also expensive and not yet fully validated, which has
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limited their widespread integration into the clinic, and
led some investigators to focus on potential utility of sim-
pler, alternative nomograms such as APRI.

The APRI is calculated by generating the ratio of AST
to the upper limit of normal AST and multiplying the
value by 100/PC.*° This index is composed of easily avail-
able laboratory tests. Many analyzes of APRI have focused
on patients with hepatitis C virus (HCV), HCV/human
immunodeficiency virus (HIV) co-infection, and alcoholic
liver disease.3?3° Variable test characteristics have been re-
ported with APRI depending in part upon specific cut-
point values and differing patient populations. A recent
meta-analysis of 22 studies, predominantly involving pa-
tients with chronic HCV, concluded that APRI appears
most useful for excluding significant fibrosis in HCV.3
However, some studies have concluded that APRI may not
have adequate clinical accuracy for detection of cirrho-
sis.1%25 This has led to the advent of new algorithms that
include modifications of APRI or its integration with ad-
ditional tests.>’~3° For example, a group has proposed an
index composed of the AST/ALT ratio, platelets, and INR.
This model had an AUC 0f 0.81 in a validation set. In our
study, since CEC/PC performance was similar to APRI, we
pursued a conceptually comparable approach by examin-
ing whether APRI with its AST variable may improve CEC/
PC test performance characteristics. This combination of
AST, PC, and CEC, which we termed CAPRI, had greater
sensitivity in predicting cirrhosis, when compared with
APRI or CEC/PC alone. Furthermore, there was no over-
lap between normals and those with cirrhosis, an impor-
tant feature for an initial test of diagnostic accuracy.
Although, the results of CAPRI are promising, further
validation studies in larger populations will be required
especially as the CAPRI emanated from a post hoc
analysis.

In this study, we also analyzed a third group of patients
with hepatitis but no cirrhosis based on clinical, radio-
graphic, and/or histological criteria. These patients showed
significantly lower CEC/PC and CAPRI scores compared
with the cirrhosis group suggesting that these tests could
be useful for distinguishing cirrhosis not only from nor-
mal patients but also in patients with liver test elevations.
However, larger studies will be required in the future to
validate this concept. Currently, the CEC cost for a given
patient would be about $200. Although, this compares
favorably to tests such as magnetic resonance elastogra-
phy or liver biopsy, it would certainly be more than the
APRI. However, the cost of CEC would likely decrease with
more widespread use owing to increased vendor avail-
ability and marketplace competition. Finally, similarly to
serum transaminases,*® CEC may be altered in critically
ill patients and therefore its use may be limited to the
ambulatory setting when evaluating for cirrhosis.

In summary, this study in a relatively large and well-
characterized patient cohort validates the findings of an
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earlier pilot study by showing that CEC levels are elevated
in patients with cirrhosis, and that the ratio of CEC/PC is
a useful index for differentiating cirrhotic from control
patients. Additionally, we have developed a novel score
termed CAPRI, which demonstrates greater sensitivity in
predicting cirrhosis compared with the more established
APRI score. Larger studies are necessary for further valida-
tion of CEC/PC and CAPRI in comparison to APRI and
other non-invasive tests. Monitoring of CEC and CAPRI
at different stages of disease may also help to determine
their diagnostic role in the earlier stages of fibrosis.
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