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Introduction

Hepatocellular carcinoma (HCC) is considered the 
most common malignant primary liver cancer and the sixth 
common cause of cancer-related death worldwide [1]. 
Chronic hepatitis viruses (B and C) infections, alcoholic 
consumption, and metabolic disorders are considered the 
major leading HCC etiologies [2]. Detection of HCC at 
early stages is critical for good clinical outcomes as the 
prognosis of HCC patients is very poor when diagnosed 
at late stages. Although serum AFP (α-fetoprotein) is the 
most established tumor marker in HCC and is considered 
as the gold standard to which other markers are compared 
to, it was found to be normal in about 30% of the patients, 
especially in early stages [3]. Ultrasonography is an 
important tool for the diagnosis of HCC, however, it 
depends on the operator’s experience, and accordingly the 
validity of other biomarkers in the diagnosis of HCC needs 
to be investigated [4]. In this regard, there was an urgent 
need to identify more accurate and sensitive biomarkers 
for early detection of HCC patents. Cytokeratins (CKs) 
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are the major filament proteins in the breast tissue where 
any membrane integrity damage causes their release into 
the circulation [5]. Moreover, CKs have been known 
as cellular integrators in several neoplastic changes. 
Characteristic combinations of CKs are expressed by 
different epithelia according to the organ of origin and 
differentiation [6]. It has been confirmed that CK18 
secretion occurs in parallel with DNA synthesis, protein 
synthesis, and cell division and this suggests an important 
role of Ck18 in carcinogenesis [7]. Cytokeratine-19 (Ck19) 
is an intermediate filament with a molecular weight of 
around 40 kDa. During the embryonic development, CK19 
was detected in the primitive hepatic progenitor cells at 
the 4-10 weeks’ gestation. CK19-positive breast cancer 
cells showed strong association with invasion, epithelial-
mesenchymal transition (EMT) and angiogenesis. 
Moreover, knockdown of CK19 successfully inhibited 
the invasive capacity in human HCC cells [8].

Thus, herein, we performed a prospective clinical 
study in which non-invasive, simple and more accurate 
diagnostic score namely CK-HCC was developed. This 
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score was based on a combination of CK19, CK18, 
albumin, platelets count and AFP for more accurate 
diagnosis of HCC patients compared with the conventional 
AFP alone.

Materials and Methods

Patients
The current study includes two groups of patients; 

the first one involved 75 patients with liver cirrhosis (LC 
group) who have developed hepatocellular carcinoma 
confirmed by liver biopsy, radiobiology investigation, and 
elevated AFP up 200 U/L. All HCC patients were recruited 
from Damietta Cancer Institute in the period from October 
2017 till December 2018. The second group comprises 
50 HCV patients (HCV group) with liver cirrhosis and 
bearing no evidence of malignancy, which is confirmed by 
golden standard test or liver biopsy. The diagnosis of HCV 
was first tested by HCV antibodies, and then confirmed by 
real-time PCR analysis. All patients were scored according 
to Metavair score [9]. In addition, a control healthy group 
which involved 20 individuals with matched age and sex 
and have no evidence of any hepatitis markers. Exclusion 
criteria of the study include infection with HBV virus, 
bilharzia, metabolic liver disorders and autoimmune 
disease. No chemotherapy was applied for HCC patients 
until the sampling of blood samples.

Samples and biomarkers
Ten milliliters blood was collected from each patient 

(prior applying any therapy protocol) from each patient 
included in the current study as well as corresponding 
control. Each sample is divided into three tubes, one 
with EDTA to keep cells without clotting for assessment 
of platelets count, a second tube with sodium citrate to 
separate citrate plasma to assess INR, and the last one 
with no additive to be clotted and serum was collected for 
biochemical assessments. Liver functions were performed 
by an automated instrument analyzer (A25, Biosystem, 
Barcelona, Spain). AFP as a routine tumor marker 
was assayed with full automated chemiluminescence 
analyzer (Vidas, Biomerieux, France). Many indices 
for liver function assessment were calculated from 
its original equations like aspartate aminotransferase/
alanineaminotransferase (AST/ALT), AST platelets ratio 
index (APRI) [10]. Serum concentration of CK18 and 
CK19 were assayed by commercial ELISA kit (WKEA 
Med supplies Corp., Changchun, China). Informed 
consent was obtained from all individual participants 
included in the study.

Statistical analysis 
Statistical analysis was performed with the Medcalc 

version 11.3.3.0 statistical software package. All data were 
presented as arithmetic mean ± standard deviation (X ± 
SD), and they were considered statistically significant 
if the two-sided p value was <0.05. Mann–Whitney U 
test was used for comparisons between independent 
groups. To assess and compare the diagnostic accuracy 
of biochemical markers for discriminating those with 
HCC from that with liver cirrhosis, we plotted receiver 

operating characteristic (ROC) curves. The best collection 
parameters were selected based on the significant 
difference between patients with cirrhosis versus HCC. 
The multivariant discriminate analysis (MDA) was carried 
out stepwise with the use of minimum Wilks’ lambda. 
The discriminate model is designed by the standardized 
canonical discriminate coefficients. The sign (plus or 
minus) depicts whether it is a direct or inverse relation 
of the independent variables with the dependent variable 
(HCC or cirrhosis). In addition, sensitivity, specificity, 
efficiency, and positive predictive value (PPV) and 
negative predictive value (NPV) were calculated.

Results

Patient’s characteristics 
Clinico-pathological and demographic parameters 

for LC, HCC, and healthy control were illustrated in 
Table 1. Serum albumin as well as platelets count showed 
significant decrease in HCC patients compared with LC 
group. In contrast, there was a significant increase of INR, 
AST/ALT ratio, APRI, bilirubin, AFP, CK18 and CK19 in 
HCC patients compared with LC group. Moreover, HCC 
patients were divided into 30 patients (40%) with stage 
I+II and 45 patients (60%) with stage III+IV. Non-tumor 
capsulation was represented in 60 patients (80%) while 15 
patients (20%) had complete encapsulation. As illustrated 
in Table 1, HCC patients with tumor grade I represent 
56% of total patients and patients with high tumor grade 
(II+III) represent 44%. According to tumor size, patients 
were classified into 13 patients (17%) with small tumor 
size and 62 patients (83%) with high tumor size. Vascular 
invasion was represented in 55 patients (73%). Further, 42 
patients showed multiple lesion (56%) whereas 33 patients 
(44%) showed single nodule.  

Diagnostic performance using area under the ROC curves
ROC curve analysis was performed to assess and 

compare the diagnostic utility of multiple biomarkers 
in order to find the best biomarkers to be chosen in our 
combination score. Parameters include age, AST, ALT, 
AST/ALT, albumin, total bilirubin, platelets count, 
INR, AFP, APRI, CK18 and CK19. The most effective 
biomarkers with high area under curves were as follows 
in descending order: CK19 (0.864) > albumin (0.811) > 
CK18 (0.795) > platelets count (0.783) > AFP (0.692). 
On other hand, age, AST, ALT, AST/ALT, APRI, INR, 
bilirubin had a low AUCs and thus they were excluded 
from the score (0.543, 0.514, 0.612, 0.617, 0.589,0.531, 
0.501, respectively) (Figure 1). 

Multivariate analysis and predictive model 
A predictive model was constructed using multivariate 

discriminant analysis. In order to enhance the diagnostic 
performance of AFP to be able to differentiate HCC 
patients from those with LC, we combined AFP with the 
other biomarkers of high AUC (mentioned previously). 
Simply, we started combination by combining two 
biomarkers (AFP and CK19), then combining three 
biomarkers (AFP, CK19 and CK18), then four biomarkers 
(AFP, CK19, CK18 and albumin) then five biomarkers 
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Figure 1. Area under Curve (AUC) of Biomarkers to Discriminate Patients with HCC from Cirrhotic Patients

Figure 2. Box Plots of CK-HCC Score to Discriminate 
HCC Patients from Those with Liver Cirrhosis as well 
as Healthy Control. The box represents the interquartile 
rang. The whishkers indicates the highest and lowest 
values, and the line across the box indicates the medium 
value.

Figure 3. ROC Curve of CK-HCC Score and AFP for 
Discriminating Patients with Hepatocellular Carcinoma 
from those with Liver Cirrhosis (AUCs were 0.919 and 
0.692, respectively.

(AFP, CK19, CK18, albumin and platelets count). 
Multivariate discriminate analysis selects the most potent 
model for early prediction of HCC among hepatitis C virus 
patients. Our proposed model is named CK-HCC = CK 19 
(ng/ml)×0.001+ CK18 (ng/dl)×0.004 + AFP (U/L)×5.4 - 
Platelets count (×109)/L×0.003 – Albumin (g/L)×0.27–36. 
The score had a wide range from -0.68 to 4.2 and it showed 
high significance (P< 0.001. Figure 2) to differentiate 
patients with HCC from liver cirrhosis patients. CK-HCC 
score was calculated for each individual, it produced the 
highest AUC to differentiate HCC patients from those 
with liver cirrhosis (0.919) compared to AFP (0.692) as 
shown in Figure 3. The highest sensitivity (94%) and 
specificity (91%) was taken at a cut-off 1.3, where above 

1.3, patient is considered with HCC and below 1.3, patient 
is considered with liver cirrhosis. Further, sensitivity of 
AFP for detection of HCC after implantation to the newly 
developed score was shifted from 55% to 94%. 

Diagnostic performance of CK-HCC in comparison with 
AFP 

The diagnostic utility of CK-HCC score and AFP 
against tumor burden were illustrated in Table 2 and 
Table 3. The diagnostic power of CK-HCC score was 
the better one for discriminating patients with HCC 
from those with liver cirrhosis compared to AFP alone 
(AUC were 0.919 and 0.692, respectively). The AUCs 
of CK-HCC for differentiating patients with low TNM 
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Variable Healthy control
(n= 20)

CH patients
(n= 55)

HCC patients
(n = 75)

*P value

Age (years) 42.3 ± 5.2 46.1 ± 8.7 60.4 ± 10.7 < 0.0001
AST (U/L) 13.4 ± 8.6 53.2 ± 18.4 89 ± 12.8 < 0.0001
ALT (U/L) 15.7 ± 10.5 57.4 ± 14.1 102 ± 11.4 < 0.0001
AST/ALT (AAR) 0.42 ±0.05 0.92 ± 0.05 0.88 ± 0.09 0.005
Albumin (g/dl) 4.7 ± 0.41 4.1 ± 0.53 2.9 ± 0.57 < 0.0001
Total Bilirubin (mg/dl) 0.92 ±0.34 1.07 ± 0.21 3.7 ± 0.31 < 0.0001
Platelets count (×109)/L 342 ± 56 151 ± 57 55 ± 14 < 0.0001
INR 0.98 ± 0.21 1.5 ± 0.34 2.7 ± 0.55 < 0.0001
AFP (U/L) 1.3 ± 3.06 7.5 ± 2.1 219 ± 23 < 0.0001
APRI 0.31 ± 0.07 1.9 ± 0.11 2.3 ± 0.71 < 0.0001
CK 18 (ng/ml) 87.7 ± 31.9 67.1 ± 10.3 253.9 ± 80.1 < 0.0001
CK 19 (ng/ml) 25.3 ± 3.9 24.8 ± 1.85 63.7 ± 3.6 < 0.0001
Tumor stage, n (%)
     I + II 30 (40)
     III + IV 45 (60)
Tumor encapsulation, n (%)
     Non 60 (80)
     Complete 15 (20)
Tumor grade, n (%)
     I 49 (65)
     II + III 26 (44)
Tumor size, n (%)
     < 5cm 13 (17)
     >5 cm 62 (83)
Vascular invasion, n (%)
     Absent 55 (73)
     Present 20 (26)
Number of Lesion, n (%)
     Single 42 (56)
     Multiple 33 (44)

Table 1. Clinico-Pathological Data of Healthy Individuals and Patients with Liver Cirrhosis and Hepatocellular 
Carcinoma

*P> 0.05 considered not significant (NS), P< 0.05 considered significant. The reference group of p value were hepatocellular carcinoma (HCC) 
group and chronic hepatitis (CH) group. INR: international normalized ratio; AFP, alpha fetoprotein; APRI, [AST(U/L)/(40)]/[Platelet count 
×109/L]×100; AST, aspartate aminotransferase; ALT, alanine aminotransferase; Variables were expressed as mean ± SD.  

stage, complete capsulation, low grade, small tumor size, 
absence of vascular invasion and single focal lesions 
from patients with non-malignancy (0.712, 0.813, 0.815, 
0.756, 0.891 and 0.761, respectively) which were better 
than AFP (0.544, 0.587, 0.685, 0.511, 0.578 and 0.611, 
respectively) (Figure 4). As illustrated in Table 3, AFP 
alone had a weak diagnostic power for differentiating 
HCC patients with small tumor size from those with 
liver cirrhosis where AUC was 0.512 versus CH-HCC 
score which produced AUC of 0.756. Noteworthy, AFP 
was unable to discriminate patients with low grade from 
those with LC (AUC of 0.501) compared with high AUC 
of 0.815 produced by our CK-HCC score.

Discussion

Chronic HCV infection plays a major role in the 

development of cirrhosis and hepatocellular carcinoma. 
AFP is recommended for surveillance of HCV patients 
even alone or combined with radiological imaging of 
the liver and because to its low sensitivity for accurate 
diagnosis of HCC patient, many efforts were applied 
to improve its sensitivity for early detection of HCC 
among hepatitis high risk patients. In the current study, 
all patients of HCC were positive to HCV infection and 
they have previously developed cirrhotic texture of liver 
tissue. Multiple indices was designed to improve diagnosis 
of HCC, but all of them were depending on routine 
biomarkers which reflect liver impairment. Unfortunately, 
all of these indices were not considered ideal because all 
parameters involved scores that were affected by other 
pathological state rather than development of HCC itself. 
Thus, in our study we were concerned with biomarkers 
that directly reflect tumor progression. Our chosen group 
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Figure 4. Area under ROC Curve (AUC) of CK-HCC Compared with AFP for early Diagnosis of HCC with 
Tumor Burden Feature Including Number of Hepatic Lesion, Vascular Invasion, Tumor Size, Tumor Grade, Tumor 
Encapsulation and TNM Stage  

Clinical data CTCs-HCC score
Sensitivity (%) Specificity (%) Accuracy (%) AUC

Tumor stage 
     I + II 82 83 73 0.712
     III + IV 79 81 72 0.773
Tumor encapsulation
     Non 84 78 71 0.868
     Complete 78 79 86 0.813
Tumor grade
     I  76 78 84 0.815
     II + III 80 73 81 0.756
Tumor size
     < 5cm 82 79 88 0.756
     > 5 cm 84 74 76 0.735
Vascular invasion
     Absent 78 88 83 0.891
     Present 81 91 76 0.761
Number of Lesion
     Single 81 75 78 0.761
     Multiple 78 71 84 0.811

Table 2. Diagnostic Performance of CK-HCC Score to Discriminate HCC Patients from Those with Liver Cirrhosis

of markers are considered simple, non-invasive and offer 
more accurate diagnosis of HCC on top HCV infection 
[11]. An optimal biomarker for HCC must be specific and 

sensitive to HCC and is not expressed in nonmalignant 
cirrhotic status. Accumulating evidence suggested that 
the aggressive behavior of hepatocellular carcinoma 
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Clinical data AFP
Sensitivity (%) Specificity (%) Accuracy (%) AUC

Tumor stage 
        I + II 61 81 69 0.613
        III + IV 72 79 73 0.527
Tumor encapsulation        
        Non 74 67 68 0.578
        Complete 81 71 84 0.599
Tumor grade
I  78 74 73 0.501
II + III 83 69 79 0.622
Tumor size
    < 5cm 79 73 81 0.512
> 5 cm 85 71 75 0.617
Vascular invasion
       Absent 74 87 75 0.589
       Present 76 89 68 0.532
Number of Lesion, 
       Single 88 61 77 0.603
       Multiple 79 83 81 0.578

Table 3. Diagnostic Performance of AFP to Discriminate HCC Patients from those with Liver Cirrhosis

could be partially attributed to the presence of malignant 
hepatocytes that gained entry into circulation, either before 
or during surgery. Therefore, identification of these small 
populations of cells in patients’ blood together with the 
search for sensitive biological biomarkers are highly 
recommended for better patient management [12]. In the 
present study, we validated the utility of immunological 
technique as a rapid and highly sensitive technique 
for the follow-up of HCV infected patients at different 
disease stages. This was achieved through detecting the 
interaction of CK antibodies with its antigens, which 
are present in the cytoplasm of hepatocytes. Our data 
indicated that flow cytometry was able to identify a 
significant concentration of CK18 and CK19 in the serum 
of HCC patients compared to CH and control groups. In 
an attempt to identify sensitive diagnostic markers that 
can help to differentiate between CH and HCC in HCV-
infected patients and thus permit early detection of HCC, 
we construct a simple score based on combination of 
cytokeratins and routine available biochemical markers 
which associated with liver impairment. This provides 
evidence that biomarkers could be used as indicators to 
predict HCC in CH patients. In current study, CK19 was 
significantly elevated in HCC patients compared to CH 
patients that, which is in agreement with previous reports 
[13]. Recently it was reported that, CK19 can predict HCC 
with high sensitivity (87%) and specificity (100%), and 
can thus be used as a prognostic factor which is associated 
with increased metastatic potential and early recurrence 
[14] so, it was chosen as the basic index for construction 
of our score. As a tumor marker, CK18 has been well 
studied in different cancers as esophageal squamous cell 
carcinoma, renal cell carcinoma, oral cavity carcinoma, 
lung cancer, human breast and colorectal cancer [15]. 

Moreover, it was reported that both circulating and 
hepatic CK18 were significantly elevated in patients of 
chronic hepatitis compared to healthy controls which 
in line with our findings [7]. That elevation may be due 
to liver apoptosis and consequently could be useful for 
monitoring disease activity in chronic HCV and liver 
cirrhosis patients. In agreement with previous reports, 
our result showed a significant elevation of CK18 in HCC 
patient compared to CH patients and this suggests that 
CK18 measurement may improve non-invasive diagnosis 
of HCC [16, 17]. In addition, an in vitro study showed 
that cytokeratin-18 expression was significantly higher 
in six HCC cell lines examined than in the control cells 
using immunofluorescence staining and microscopic 
examination [18]. Consequently, that CK18 may drive 
neoplastic transformation of glutathione S-transferase in 
rat hepatocytes, causing HCC [19]. So, we could suggest 
that cytokeratins play important roles in the development 
and progression of HCV-associated HCC. In HCC patients, 
thrombocytopenia may occur due to a reduction in 
synthesis of thrombopoietin, which in turn increased slenic 
sequestration of platelets secondary to portal hypertension 
or the myelosuppressive action of HCV infection [20]. In 
the current study, it was observed that platelets count was 
significantly reduced in HCC patients. Further activation 
of platelets ensues from the original tumor; triggering 
enhanced growth of the tumor as a result of the release 
of platelets granules [21]. Release of the contents of the 
granules from platelets hinders the ability of the immune 
surveillance system against malignancy through cloaking 
tumor cells and protecting the tumor cells from natural 
killer (NK) cells by providing a physical barrier and also 
placing major histocompatibility complex (MHC) class I 
antigen into the vicinity of the tumor cell surface [22, 23]. 
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Thus, platelets count was taken in our consideration for 
monitoring liver status and development of malignancy. 
Liver is considered a huge reserve for albumin, so its 
decreased levels may reflect liver impairment and is 
considered main liver function monitor and thus albumin 
is used in liver assessment during development of HCC 
[24]. It was reported that, serum albumin is an important 
factor for use in several scoring systems, such as the 
Child–Pugh and CLIP score systems [25]. In the current 
study, serum albumin was significantly decreased in 
HCC patients compared to cirrhotic patents, so it was 
taken in our consideration during construction of our 
score. Herein, for the first time, we report the clinical 
validation of four biomarkers (CK19, CK18, albumin and 
platelets count) in combination with AFP to improve the 
accuracy for diagnosis of HCC among hepatitis C high 
risk patients. CK-HCC score could potentially be used to 
diagnose HCC, especially in the early stages and will help 
to resolve the deficiencies of AFP in the testing of AFP 
negative patients. The possibility of discriminating HCC 
from healthy individuals and patients with cirrhosis offers 
hope for the early detection of HCC. Our score could be 
used as blood tests for the noninvasive diagnosis of HCC 
to reduce the need for the invasive liver biopsy.
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