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Abstract
Background: Hepatocellular carcinoma (HCC) is one of the most common cancers and one of the main causes of
cancer-related deaths. As the overall survival of patients with cirrhosis has improved and the global incidence of
HCC has continued to increase, strategies for the early detection of HCC are urgently needed for better prognosis.
In this study, we aimed to assess the accuracy of endothelin-1 in the diagnosis of HCC in cirrhotic patients in
comparison with alpha-fetoprotein (AFP) and whether it could predict its vascular spread. This is a case–control
study that included 70 cirrhotic patients with or without hepatocellular carcinoma. Patients were subjected to
complete medical history taking, clinical examination and laboratory investigations including serum endothelin-1,
alpha-fetoprotein, abdominal ultrasound and Triphasic multi-slice computed tomography (CT; abdomen and pelvis).
The outcome results obtained for endothelin-1 were used to assess its diagnostic accuracy in HCC diagnosis and
the prediction of presence of vascular spread.
Results: There was a statistically significant increase in serum endothelin-1 in HCC in comparison to cirrhotic
patients and normal persons (P value < 0.001). Sensitivity, specificity, and positive and negative predictive values at
cut-off point of 5.2 pg/ml for HCC were 90%, 100%, 100%, and 90.9% respectively. There was no statistically
significant association between serum endothelin-1 level and portal vein thrombosis in HCC (P value = 0.547).
Conclusion: Endothelin-1 has high sensitivity and specificity for diagnosis of hepatocellular carcinoma. However, it
has little value for prediction of its vascular spread.
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Background
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors with high mortality and
morbidity, in addition to aggressive growth behavior and
a high recurrence rate [1]. HCC is common in patients
with liver cirrhosis; it usually develops following chronic
liver inflammation caused by hepatitis C (HCV) or B
(HBV) virus. Egypt has the highest prevalence of HCV in
the world. Therefore, HCC represents an important public health problem in Egypt [2]. The prognosis of well
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differentiated HCC is good following curative treatment
such as resection or local therapy, while the prognosis of
poorly differentiated HCC is poor due to greater tendency for vascular invasion and distant metastasis [3, 4].
As only small tumors are eligible for curative treatment
(radiofrequency, resection, or transplantation), surveillance of cirrhotic patients is recommended by European
and American societies [5]. Thus, the discovery of novel
markers to detect HCC appears to be the best strategy
for promoting the long-term therapeutic outcome [6, 7].
Current screening programs are based on alpha-fetoprotein
(AFP) assay and abdominal ultrasound scans (US) [8]. Concerning the modalities of surveillance, US sensitivity depends on the experience of the operator and on different
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factors of the tumor such as its site and size [9]. Also,
serum AFP is not so useful due to the high rate of falsenegative and false-positive results [10].
The endothelins (ETs) are a family of genes consisting
of three 21-amino-acid proteins including peptides ET1, ET-2, and ET-3 [11, 12]. Production of ETs was attributed to endothelial cells, later it was found that other
cell types, like macrophages, produce ETs [13]. Earlier
studies focused on the effects of ETs on systemic vasoregulation. Recent data suggested that they may regulate
blood flow in specific tissues. This is of great importance
for the liver, where changes in blood flow may play an
important role in major events like portal hypertension,
ascites formation, and hypoxic damage [14]. ET-1 is a very
potent vasoconstrictor and binds to ET-A and ET-B receptors to trigger the downstream signaling of cells [15]. ET-A
receptors are typically located on vascular smooth muscle
cells and mediate vasoconstriction, whereas ET-B receptors
are located on endothelial cells and stimulate endothelial
nitric oxide (NO) synthase activity and NO release [13, 16].
Many studies found that ET-1 and its receptors are over
expressed in many cancers including colon and ovarian
cancers [17, 18], and ET-1 expression in thyroid carcinoma
correlate with characteristics such as growth and lymph
node metastasis [19]. In prostate cancer, blocking of
endothelin receptor inhibits disease progression [20]. A
study reported that over expression of ET-1 triggers hepatocarcinogenesis in zebra fish [21]; however, studies about
its role in diagnosis of HCC were limited. The current
study aimed to assess the accuracy of endothelin-1 in the
diagnosis of hepatocellular carcinoma in cirrhotic patients
in comparison with alpha-fetoprotein in addition to its role
in the prediction of HCC vascular spread.

Methods
In this case–control study, 70 patients who attended to
Aswan University Hospital in the period from September
2016 to June 2018 were enrolled in the study after confirming the diagnosis of HCC by triphasic multi-slice
CT. Patients with previously ablated hepatocellular carcinoma and those with secondary liver metastasis or
with extra-hepatic malignancy were excluded from the
study.
All enrolled patients were subjected to complete history taking, through physical examination especially
manifestations of cirrhosis and portal hypertension and
imaging study in the form of abdominal ultrasonography
with stress on size, surface, and echopattern of the liver;
hepatic focal lesions as regard to their site, size number,
and echogenicity; portal vein diameter and its patency;
size of the spleen; and detection of porto-systemic collaterals, ascites or presence of abdominal lymphadenopathy. Patients who had hepatic focal lesion by ultrasound
were subjected to triphasic multi-slice CT abdomen &
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pelvis to confirm diagnosis of hepatocellular carcinoma
with full assessment of number, size, site, and extent of
the tumor, to detect the presence or absence of local
spread such as lymphadenopathy and the presence or
absence of vascular invasion such as portal vein thrombosis. Based on the results of triphasic multi-slice CT
abdomen, patients were diagnosed as having hepatocellular carcinoma (HCC) or not. Diagnosis of liver cirrhosis was based on liver function tests and abdominopelvic
ultrasound. Accordingly, patients were categorized into
3 groups: group I consisted of 30 patients with liver cirrhosis and HCC, group II consisted of 30 patients with
liver cirrhosis only; however, group III included 10 persons without liver cirrhosis or HCC as a control group.
From every studied subject 10 ml of venous blood
were drawn, under complete aseptic conditions. Each
sample was divided into three portions: 2 ml of blood
into EDTA (Ethylene Diamine Tetra Acetic Acid) vacutainer tubes used for complete blood count, done on sysmex XP-300 cell counter, 8 ml in plain tube which were
left for clotting then centrifuged for serum collection to be
used for routine and special parameter estimation. Routine
parameter estimation (glucose, renal and liver function
tests, etc) were done on fully automated chemistry analyzer
BT-3500 (Italy). The other 2 tubes (2 ml for each) have
been frozen at 20 °C for later use for estimation of both
serum Endothelin-1 (ET-1) level by ELISA technique and
alpha-fetoprotein which were done on automated chemilluminescence analyzer (Advia Centure, Siemens). Hemolyzed samples were excluded from the study.
ET-1 was determined by Sandwich ELISA technique
(SinoGeneclon Biotech Co.). First, Human ET-1 antibody
was adopted on coated microtiter plate to make solid
phase antibody, then ET-1 samples were added to wells
(patients, controls, and standards). ET-1 antibody was
combined with labeled HRP (horse radish peroxidase) to
form antibody-antigen-enzyme-antibody complex, then
after washing completely, TMB (tetra-methyl-benzidine)
substrate solution was added. TMB substrate turned blue
color at presence of enzyme-catalyzed HRP; reaction was
terminated by the addition of a stop solution and the color
change was measured at a wavelength of 450 nm. The
concentration of ET-1 in the samples was then determined by comparing the optical density (OD) of the samples to the standard curve.

Statistical analysis
Data were collected, coded, and revised then analyzed
using the Statistical Package for Social Science (IBM
SPSS) version 20. The data were presented as number
and percentages for the qualitative data. For the quantitative data with parametric distribution mean, standard deviations and ranges were calculated, while for
the quantitative data with non-parametric distribution,

Elbadry et al. Egyptian Liver Journal

(2020) 10:19

median with inter quartile range (IQR) was calculated.
Chi-square test was used in the comparison between
two groups with qualitative data and Fisher exact test
was used instead of the Chi-square test when the expected count in any cell was found to be less than 5.
The comparison between more than two groups with
quantitative data and parametric distribution was done by
using One-Way Analysis of Variance (ANOVA) test and
Kruskall–Wallis test was used in the comparison between
more than two groups with quantitative data and nonparametric distribution. Spearman correlation coefficients
were used to assess the significant relation between two
quantitative parameters in the same group. Receiver operating characteristic (ROC) curve was used to assess the best
cutoff point between the groups with its sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and area under the curve (AUC). The cutoff
point was estimated using the Youden index (J) method.
This method defines the optimal cut-point as the point
maximizing the Youden function which is the difference
between true positive rate and false positive rate over all
possible cut-point values [22]. The confidence interval was
set to 95% and the margin of error accepted was set to 5%.
So, the P value was considered significant as the following:
P < 0.05, Significant; P < 0.01, Highly significant.
The results of endothelin-1 were subjected to statistical analysis in comparison with clinical data & investigations in all patients to assess the accuracy of
endothelin-1 in diagnosis of HCC and assess its role in
detection of tumor prognosis. Sensitivity, specificity,
positive predictive value, negative predictive value, and
diagnostic accuracy were calculated for endothelin-1.
*Accuracy was defined by dividing the sum of the true
positives and true negatives by the total number of
samples evaluated. Pearson correlation (R) value was
calculated for each of them.

Results
This study included 60 patients and 10 persons as a control group; those who attended to Aswan University
Hospital from September 2016 to June 2018; mean age
was 62.66 ± 8.8 years, 57 patients (81.42%) were men and
30 (42.58%) were from urban areas.
Based on the presence or absence of cirrhosis and/or
HCC the studied subjects were categorized into 3
groups; the demographic, clinical laboratory data, and
Child score classification of patients with groups I & II
(patients having cirrhosis with or without HCC) are
shown in Tables 1 and 2. As regards group III, apparently, the healthy control group (no cirrhosis or HCC),
their mean age was 60.5 ± 8 years and 80% of them were
male. Regarding the size of the liver and spleen, there
was no statistically significant difference between
groups I & II as regard splenomegaly. However, there
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Table 1 Comparison between the study groups (I and II) as
regards demographic, clinical, and laboratory data at baseline
Group I
n = 30

Group II
n = 30

P value

HBV

6.7%

0.0%

0.31

HCV

80.0%

80.0%

1.00

Unknown

13.3%

20.0%

0.62

DM

16.7%

13.4%

0.76

Hypertension

16.7%

23.4%

0.67

History of ascites

70.0%

50.0%

0.36

History of lower
limb edema

80.0%

50.0%

0.16

Abdominal pain

46.7%

10.0%

0.06

Abdominal tenderness

10.0%

10.0%

1.00

Bleeding tendency

56.7%

53.3%

0.71

History of GIT bleeding

36.7%

40.0%

0.79

History of hepatic
encephalopathy

53.3%

46.7%

0.61

Clinical presence
of hepatic encephalopathy

73.3%

60.0%

0.71

Hb (mean ± SD)

10.82 ± 2.43

9.16 ± 2.85

0.09

WBCs (mean ± SD)

7.70 ± 3.76

6.25 ± 4.14

0.23

Platelets (mean ± SD)

143.40 ± 67.63

93.70 ± 80.59

0.03

Albumin (g/dl)

2.8 ± 0.7

2.6 ± 0.5

0.10

Total bilirubin (mg/dl)

3.14 ± 2.9

3.5 ± 3.7

0.61

ALT (IU/l)

68.3 ± 20.2

65.5 ± 20

0.21

AST (IU/l)

54.2 ± 15.8

48.1 ± 8

0.18

PT (s)

16.8 ± 6.7

16.6 ± 1.8

0.83

Creatinine (mg/dl)

1.6 ± 0.9

1.8 ± 0.9

0.71

P.V.T

26.7%

0.0%

NA

Metastasis

0.0%

0.0%

NA

Bold values indicate significance
There was no statistically significant difference between groups I & II as
regards demographic, clinical, and laboratory data at baseline

was a significant increase in hepatomegaly in group I in
comparison to group II (P value = 0.013). Staging of
HCC cases according to BCLC staging: 5 cases were
early stage (A), 5 cases were intermediate stage (B), 3
cases were advanced stage (C), and 17 cases were terminal stage (D) [23]. As regards the HFL detection, US
revealed that 10% of the cases had heterogenous
Table 2 Comparison between the study groups (I and II) as
regards child score at baseline
Child score

Group I

Group II

P value

A

16.7%

13.3%

0.822

B

23.3%

30.0%

C

60.0%

56.7%

Bold values indicate significance
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Table 3 Comparison between the study groups (I and II) as regards EGD findings
EGD
Findings

Group I

Group II

P value

Endothelin-1 level (mean ± SD)

P value

13.3%

10.0%

< 0.001

4.705 ± 1.3

0.002

Grade 2 varices

20.0%

20.0%

6.150 ± 1.7

Grade 3 varices

23.3%

50.0%

5.505 ± 2.22

Grade 4 varices

13.3%

0.0%

7.725 ± 1.56

Mild PHG

16.7%

10.0%

4.307 ± 2.24

Not done

13.3%

10.0%

EGD esophago-gastro-duodenoscopy, PHG portal hypertensive gastropathy
Bold values indicate significance

lesions, 33.3% had multiple lesions, and 56.7% had single HFL. While the CT revealed 50% of the cases had
multiple lesions and 50% had a single lesion. There was
statistically significant increase in EGD findings as
regards studied groups showing increase in grading of
varices in group I in comparison to group II (P value is
< 0.001; Table 3). Endothelin-1 has significant positive
correlation with AFP in group I (R = 0.6, P value <
0.001). However, it has no correlation with AFP in
group II. Moreover, there was no statistically significant
correlation between endothelin-1 level and portal vein
thrombosis in group I (Table 4). ROC analysis of AFP
in group I versus group II showed that the cutoff point
is ≥ 25.5 ng/ml, AUC (Area Under the Curve) is 0.14,
30% sensitivity, and 24% specificity. While group II versus group III showed that the cutoff point is ≥ 7 ng/ml,
AUC is 0.94, 91% sensitivity, and 70% specificity (Table 5).
On the other hand, endothelin-1 in group I versus group
II showed that at the cutoff point > 5.2 pg/ml, AUC is
0.98, 90% sensitivity, 100% specificity, 100% positive predictive value, and 90.9% negative predictive value, while
endothelin-1 in group II versus group III showed that at
the cutoff point > 2.4 pg/ml, AUC is 1, 100% sensitivity,
specificity, positive predictive value and negative predictive value (Table 6).

Discussion
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors. It occurs in more than 90%
of cases in patients with cirrhosis. HCC occurs in most
of its cases in patients with liver cirrhosis, which usually

develops following chronic liver inflammation caused by
hepatitis C (HCV) or B (HBV) virus. Because of high
prevalence of HCV in Egypt and cirrhosis therefore,
HCC represents an important public health problem in
Egypt. Surveillance of cirrhotic patients is recommended
by European and American societies. All patients with
cirrhosis are candidates for surveillance regardless of the
cause of the underlying liver disease. A number of serum
markers have been proposed and several are currently
used in clinical practice as a method for HCC diagnosis.
The endothelins (ETs) are a family of genes consisting of
three 21-amino-acid proteins including peptides (ET-1,
ET-2, and ET-3), at first described as vasoconstrictors.
Studies have found that ET-1 and its receptors are over
expressed in many cancers. Our study showed that there
was a statistically significant increase in ET-1 level in
liver cirrhosis group in comparison to the normal control group. We also found that ET-1 has no correlation
with alpha-fetoprotein level in liver cirrhosis (P value =
0.503). These results were consistent in immunoperoxidase study, Western blot, immunogold electron microscopic study, and in situ hybridization. Immunogold
electron microscopy clearly localized endothelin B receptor (ETBR) on hepatic stellate cells (HSCs) and sinusoidal endothelial cells (SECs), and morphometric
analysis showed marked increase in ETBR expression
on HSCs and SECs in cirrhotic liver [24]. Also, it is
consistent with what is believed for more than a decade
that there has been major interest in the possible role
of ET-1 in the pathogenesis of cirrhosis, its contribution to portal hypertension, and the possibility that

Table 4 Comparison between the study groups as regards AFP and endothelin-1 levels
Group I

Group II

Group III

One-way ANOVA
P value

Mean

SD

Mean

SD

Mean

SD

F

AFP

3394.15

1989.31

17.11

9.10

1.24

0.35

2.846

0.063

Endothelin-1

8.18

0.76

4.68

1.15

1.56

0.61

432.377

< 0.001

Endothelin-1

Group I VS Group II

Group I VS Group III

Group II VS Group III

< 0.001

< 0.001

< 0.001
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Table 5 Cutoff point, sensitivity, and specificity of AFP between different groups
Variable

Cutoff point

AUC, 95% CI

Sensitivity

Specificity

Group I versus group II

≥ 25.5 ng/ml

0.14 (0.1–0.28)

30%

24%

Group II versus group III

≥ 7 ng/ml

0.94 (0.87–0.99)

91%

70%

AUC area under the curve, CI confidence interval

endothelin antagonists might be used in the treatment
of portal hypertension [25, 26]. Matrix metalloproteinases (MMPs) have significant role in tumor invasion
and metastasis processes [27]. Activation of endothelin
(A) receptor (ETAR) was found to upregulate the expression and secretion of MMP-3 in HCC cells [28].
Raised levels of ET-1 in specimens of various cancers
are also well established. ETAR has been implicated in
growth, migration, and metastasis of many tumors [29].
Patients with primary or metastatic colorectal cancers
are found to have elevated plasma ET-1 levels [18, 30].
ET receptors are over expressed in specimens of prostate [31, 32], breast [33], and lung cancer [32]. Kitagawa
et al. demonstrated significant cellular proliferation in
human meningioma cells in response to ET-1 [33].
Ovarian cancer cell lines produce ET1 and have ETA
receptors [34] and ET-1 was found to enhance the migration of human chondrosarcoma [35]. ET-1 has previously been demonstrated to serve an important role
in other human cancers such as bladder cancer [34]. Increased levels of ET-1 have been reported previously in
HCC [36, 37]. Serum ET-1 is increased in HCC patients
and it is related to the tumor size [38]. In a recent
study, it was found that ETAR, but not ETBR was over
expressed in HCC cells [28].
ET-1 secretion in HCC is stimulated by many cytokines and growth factors [39]. Elevated levels of ET-1
have been observed in HCC tissues compared with normal liver tissues [40]. It has previously been established
that ET-1 upregulation increases HCC cell proliferation,
invasion and migration, and inhibits apoptosis [41]. Furthermore, microRNA-1 is able to inhibit HCC cell proliferation partially by targeting ET-1 [42]. The results of a
study, by Lu et al., indicate that liver expression of ET-1
induces hepatocarcinogenesis [43]. Our study showed
that there was a statistically significant increase in ET-1
level in HCC in comparison to liver cirrhosis and normal control (P value < 0.001). In another study, increased
levels of endothelin 1 (ET-1) and nitrites and nitrates
(NOx, the end products of NO metabolism) have been

documented in hepatocellular carcinoma. Eighteen patients
with virus-related HCC (six Okuda stage I, six Okuda stage
II, and six Okuda stage III) were included in the study and
were compared with 22 patients with viral cirrhosis (14 decompensated, eight compensated) and seven normal controls. ET-1 was measured with an ELISA assay. Compared
with decompensated cirrhosis patients (9.57 ± 0.32 pg/ml),
compensated cirrhosis patients (9.46 ± 0.50 pg/ml) and controls (8.84 ± 0.61 pg/ml), serum levels of ET-1 in patients
with HCC were significantly higher (13.25 ± 0.82 pg/ml,
P < 0.001, P < 0.004, and P < 0.001, respectively). When
HCC patients were grouped according to the Okuda staging system all groups had ET-1 levels that were higher
than decompensated cirrhosis, compensated cirrhosis, and
the controls (stage I 11.88 ± 0.90 pg/ml, stage II 11.89 ±
0.44 pg/ml, stage III 15.98 ± 1.92). Only HCC stage III had
significantly higher ET-1 levels compared to all other
groups (P < 0.03 in all cases). Patients with decompensated
cirrhosis and compensated cirrhosis had slightly higher
mean levels of serum ET-1 from the controls but no statistically significant difference was established [14]. In our
study, we found that at cutoff value 5.2 pg/ml for ET-1 in
HCC group, sensitivity, specificity, and positive and negative predictive values were calculated (90%, 100%, 100%,
90.9%, respectively) suggesting high sensitivity & specificity
of ET-1 for diagnosis of HCC. ET-1 expression as well as
ETAR expression was associated with vascular invasion and
tumor stage in HCC [28]. As regard vascular spread of
HCC (proven by presence of portal vein invasion), we
found—in our study—that there was no statistically significant association between endothelin-1 and portal vein
thrombosis in HCC (P value = 0.547). This means that
endothelin-1 is less accurate in determination of vascular
invasion of the tumor.

Conclusion
Serum level of endothelin-1 is of high sensitivity & specificity in the diagnosis of hepatocellular carcinoma.
However, its value in prediction of its vascular spread is
limited.

Table 6 Cutoff point, sensitivity, and specificity of endothelin-1 between different groups
Cutoff point

AUC

Sensitivity

Specificity

-PV

+PV

Group I versus group II

> 5.2 g/ml

0.982

90

100

90.9

100

Group II versus group III

> 2.4 pg/ml

1.000

100

100

100

100

AUC area under the curve, -PV negative predictive value, +PV positive predictive value
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IRB: Institutional Review Board; MMP: Matrix metalloproteinases; NO: Nitric
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predictive value; ROC: Receiver operating characteristic; SD: Standard
deviation; SECs: Sinusoidal endothelial cells; SPSS: Statistical Package for
Social Science; TMB: Tetra-methyl-benzidine; US: Ultrasound scans
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