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ABSTRACT 

Aim: The aim of the present case control study was to evaluate the diagnostic and prognostic role of alpha fetoprotein (AFP), 

vascular endothelial growth factor (VEGF), protein induced by vitamin k absence or antagonist-II (PIVKA-II), transforming growth 

factor beta-1 (TGF-β1), sialic acid and alpha-L-fucosidase (AFU) in the diagnosis and monitoring therapy in a sample of Jordanian 

patients with hepatocellular carcinoma in an attempt to find a promising tumor marker with the highest sensitivity and specificity. 

Methods and Materials: The study was conducted on four selected groups of patients and a control group. AFP, AFU, VEGF, PIVKA-II, 

TGF-β1 and sialic acid activities were assayed in the five studied groups. Results: Significant differences in the mean blood levels of 

the tumor markers were found on comparing HCC groups of patients (group III and IV) with the other studied groups. The blood 

levels of AFP, PIVKA-II, sialic acid and AFU activity were lower in HCC group without metastasis versus the HCC metastatic group. On 

the other hand, blood levels of VEGF and TGF-β1 were higher in the non-metastatic HCC patients when compared to the metastatic 

HCC patients. There were significant decreases in the mean values of all parameters in HCC patients without distant metastasis post-

treatment compared to the pre-treatment levels. Conclusion: The levels of AFP, PIVKA-II, TGF-β1, VEGF, sialic acid and AFU activity 

were found to offer highly specific and sensitive tumor biomarkers for hepatocellular carcinoma diagnosis and follow up of HCC 

post-therapy. 

 

Keywords: Biomarkers, hepatocellular carcinoma, alpha fetoprotein, VEGF, PIVKA-II 

 

 

1. INTRODUCTION  

Hepatocellular carcinoma (HCC) is one of the most common neoplasms. Because of late diagnosis, HCC is associated with cirrhosis 

and very bad prognosis. When a patient presents with clinical symptoms the tumor is usually in advanced stages and patient has 

little therapeutic options (Di Bisceglie, 2014). Therefore, early detection is important in HCC management. Advanced imaging 

modalities have been used for screening HCC (Ulmer, 2000) and several tumor biomarkers have been recently investigated in HCC 

for assessing diagnosis, and monitoring patients with diagnosed disease (Duffy, 2000). Although, the role of alpha fetoprotein (AFP) 

in the diagnosis of advanced HCC is well recognized, at least one third of the early HCC and 15-20% of the advanced HCC will be 

missed unless another diagnostic tool is used. Furthermore, AFP may be elevated in non-malignant liver diseases (Tsai et al., 1995). 

Protein induced by vitamin k absence or antagonist-II (PIVKA-II) is a tumor marker complementary to AFP in the diagnosis of HCC 

(Tang et al., 2005). Tumor progression is angiogenesis dependent; vascular endothelial growth factor (VEGF) is a key growth factor in 

that process. It has been suggested that VEGF levels in serum may be useful as a biomarker for tumor invasiveness and a prognostic 

factor in HCC (Fuhrmann-Benzakein, 2000). Transforming growth factor beta-1 (TGF- β1) is a potent growth inhibitor of normal 

hepatocytes and hepatoma cells. TGF- β1 is highly expressed in many malignant tumors including HCC (Zhang et al., 2004). 

Sialic acid is a member of a family of N- and O- acetyl derivatives of neuraminic acid, widely distributed in mammals. It is 

thought to be involved in receptor function, cell recognition and immunological reactions. It also, accounts for 60-80% of cell 

surface negativity in a variety of cell types. Sialic acid increases in serums of tumor bearing humans and animals, and thus is a 

possible indicator of malignant tumor growth (Isitmangil et al., 2001). Alpha-L-fucosidase (AFU) is a lysosomal enzyme present in all 

mammalian cells, involved in the catabolism of the fucose-containing glycoconjugates (Deugnier et al., 1984). Serum level of AFU 

activity increases in patients with HCC (Deugnier et al., 1984) which may be related to increased enzyme released by tumor cells 

(Zielke et al., 1972).  

The aim of the present study was to evaluate the diagnostic and prognostic role of AFP, PIVKA-II, VEGF, TGF- β1, sialic acid and 

AFU in the diagnosis and follow up of Jordanian patients with HCC in an attempt to detect a tumor biomarker with a reasonable 

specificity and sensitivity for early detection of HCC and patients monitoring after therapy.  

 

2. MATERIALS AND METHODS 

Four selected groups of patients were enrolled in the present study according to clinical, laboratory, ultrasonographic and 

histopathological evaluation. This study began on December 2017 and ended on September 2019. The patients were selected from 

the Jordanian Royal Medical Services Hospitals and from Ministry of Health Hospitals, Jordan.  

The study was ethically approved by the Ethics Committee, Faculty of Medicine, Mutah University, Jordan. An informed consent 

was obtained from each subject included in the study. 

The included groups were in this order: 

Group I: 27 patients with liver cirrhosis 
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Group II: 22 patients with benign hepatic focal lesion including hemangioma, amoebic liver abscess and pyogenic liver abscess. 

Group III: 16 HCC patients without metastasis 

Group IV: 19 HCC patients with distant metastasis. 

Control group: consisted of thirty healthy, age and sex matched subjects without any evidence of liver diseases. 

Exclusion criteria: patients with multiple focal lesions and patients with portal vein thrombosis were excluded. The age and sex of 

studied groups are shown in Table 1.  

 

Table 1 Age and sex of the different studied groups 

Groups 
Number of  

samples 

Age Sex 

Range (year) Mean ±SD Female Male 

Control 30 27-61 44.3±7.9 12 (40%) 18 (60%) 

Group I 27 25-59 43.6±5.4 10 (37%) 17(63%) 

Group II 22 26-60 48.1±8.8 5 (23%) 17 (77%) 

Group III 16 29-55 40.7±6.4 5 (31%) 11 (69%) 

Group IV 19 42-62 46.5±8.1 4 (21%) 15 (79%) 

 

Blood samples     

Plasma samples: six milliliter peripheral venous blood was withdrawn from each patient and control subjects. Immediately 1.8 ml of 

each blood sample was added to sodium citrate, centrifuged at 3000 xg at 4 oC for 30 minutes and the plasma aliquots were 

transferred to microtubes and stored at -80 oC. At the time of assay, the plasma samples were thawed at room temperature for 

estimating PIVKA-II and TGF-β1. It is very important to prevent platelets degranulation during plasma collection for the assay of 

TGF-β1 because platelets constitute one of the main sources of TGF-β1. So, plasma was separated from cells within one hour and 

platelet depleted plasma was collected.  

 

Serum samples: the remainder of blood samples were taken and transferred to disposable tubes. They were promptly centrifuged at 

4 oC, and aliquots of serum were immediately stored at -80 oC, till assaying the remainder of parameters. 

 

Clinical assessment 

All patients were subjected to: Clinical assessment by taking history and clinical examination. 

Laboratory evaluation including: liver function tests (bilirubin, AST, ALT, ALP, prothrombin time and activity, serum total proteins and 

serum albumin). 

Serological examination for amoebiasis 

 

Hepatitis biomarkers: 

a. HCV: anti HCV antibodies using ELISA technique (Murex Diagnostic, England DAI, 5LR) and PCR for HCV RNA. 

b. HBV: HBsAg, anti-HBcAb using ELISA technique (Sorin Biomedica) and PCR for HBV 

 

Imaging techniques including: 

1- Abdominal ultrasonography with Doppler examination 

2- Triphasic CT (abdomen and pelvis) 

3- Patients with HCC were subjected to bone scan and MRI of brain, chest and abdomen to detect distant metastasis. 

Liver biopsy and histopathological evaluation for HCC patient groups 

 

Tumor biomarkers assay 

AFU activity was measured by modified Zielke et al. (1972) method. Sialic acid was assayed using the method adopted by Sugiyama 

et al. (1988). AFP was measured by sandwich quantitative ELISA technique using kits supplied by Biosource (Biosource International, 

California, USA) (Uotila et al., 1982). PIVKA-II and TGF-β1 were assayed by sandwich quantitative ELISA technique using kits supplied 

by Diagnostic Stago (Diagnostic Stago, France) and Biosource (Biosource International, California, USA), respectively (Keyt et al., 

1996; Meguro and Yamada, 1982). VEGF levels were estimated by competitive enzyme immunoassay using kits supplied by 

Cytimmune (Cytimmune, Science, Inc. Maryland, USA) (Massague, 1990). All studied tumor biomarkers were assayed again in 

patients of group III six month after the successful treatment.  
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Statistical analysis 

Continuous variables were expressed as mean ±SD for normally distributed data and by median for the non-parametric data. 

Student t test was used to compare levels of the studied biomarkers in group III of patients before and after therapy. Universal 

correlations were performed using Pearson correlation and p value <0.05 was considered statistically significant. Multiple receiver 

operating characteristic curves (ROC curves) were drawn to assess the validity of the tumor biomarkers. 

 

Ethics approval and consent to participate  

The study protocol was approved by the ethical committee at Faculty of Medicine, Mutah University, Mutah Jordan, reference 

number 20127, dated 12/08/2012. Participation was voluntary and all contributors received detailed information about the aims of 

this research.  

 

3. RESULTS 

Table 2 show liver function tests of the studied groups. The mean levels of total bilirubin and AST were significantly higher in liver 

cirrhosis and the two HCC (III and IV) groups versus the benign hepatic focal lesion (HFL) and the control groups (p<0.001). The 

mean level of alkaline phosphatase was significantly higher in the HCC groups (with and without distant metastasis (p<0.001).   

 

Table 2 Liver function tests of the studied groups are presented as mean±SD 

Parameter 
Control 

group 
Group I Group II Group III Group IV 

Total bilirubin (mg/dl) 0.70±0.08 2.10±0.27a, c, d, e 0.63±0.11b, c, d, e 2.67±0.37a, c, e 5.75±0.37a, b, c, d 

Aspartate aminotransferase (AST) (U/l) 19.10±1.59 88.80±4.80a, c, d, e 23.31±2.93a, b, d, e 103.18±3.11a, b, c, e 106.54±2.84a, b, c, d 

Alanine aminotransferase (ALT) (U/l) 25.10±1.75 33.40±1.99a, c, d, e 23.62±2.14a, b, d, e 64.12±1.97a, b, c 64.87±1.51a, b, c 

Alkaline phosphatase (ALP) (U/l) 104.50±2.18 182.40±7.99a, c, d, e 165.19±4.72a, b, d, e 375.79±7.95a, b, c, e 452.67±23.09a, b, c, d 

Total protein (g/dl) 7.17±0.40 6.57±0.47a, c, d, e 7.33±0.30b, d, e 7.04±0.44b, c 7.04±0.31b 

Albumin (g/dl) 3.50±0.37 3.19±0.35a, b, e 3.76±.34a, b, e 3.09±0.26a, c, e 2.86±0.17a, b, c, d 

Prothrombin concentration % 89.80±1.66 78.02±3.44a, b, c, d, e 83.83±3.65a, b, d, e 73.70±1.89a, b, c, e 64.69±2.19a, b, c, d 

a =P<0.001 is highly significant when compared to the control group 

b = P<0.001 is highly significant when compared to group I     

c = P<0.001 is highly significant when compared to group II 

d = P<0.001 is highly significant when compared to group III    

e = P<0.001 is highly significant when compared to group IV 

 

Table 3 The levels of AFP, PIVKA-II, TGF-β1, VEGF, sialic acid and AFU in the five studied groups are presented as mean±SD 

Biomarker Control group Group I Group II Group III Group IV 

AFP (ng/ml) 2.46±0.69 5.79±0.48a, c, d, e 2.30±0.57d, e 570.39±94.76a, b, c, e 1998.85±202.13a, b, c, d 

PIVKA-II 

(mAU/ml) 
1.49±0.63 1.88±0.44d, e 1.77±0.42d, e 15.54±2.77a, b, c, e 45.38±9.88a, b, c, d 

TGF-β1 

(ng/ml) 
20.25±2.44 19.84±2.02d, e 21.25±3.45d, e 42.99±3.91a, b, c 37.52±6.51a, b, c 

VEGF 

(pg/ml) 
147.53±48.99 251.75±68.55a, d, e 245.58±148.96a, d, e 2528.93±167.55a, b, c, e 1738.63±277.15a, b, c, d 

Sialic acid 

(mg/dl) 
79.23±20.18 86.09±19.13d, e 106.87±27.19a, b, d, e 131.54±45.31a, b, e 223.25±33.19a, b, d 

AFU 

(nmol/ml/h) 
334.43±96.12 576.20±110.99a, d, e 679.72±65.97a, b, d, e 966.50±127.55a, b, e 1804.05±169.95a, b, d 

a =P<0.001 is highly significant when compared to the control group 

b =P<0.001 is highly significant when compared to group I         

c =P<0.001 is highly significant when compared to group II 

d =P<0.001 is highly significant when compared to group III      

e =P<0.001 is highly significant when compared to group IV 
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Table 3 shows the levels of AFP, PIVKA-II, TGF-β1, VEGF, sialic acid and AFU in the five studied groups. A statistically significant 

differences in the mean blood levels of AFP, PIVKA-II, TGF-β1, VEGF, sialic acid and AFU activity were observed in the HCC groups 

(with and without distant metastasis) versus the control group, the benign HFL and cirrhotic groups (p<0.001). The mean levels of 

AFP, PIVKA-II, sialic acid and AFU activity were significantly higher (p<0.001) in the group of HCC patients with distant metastasis 

when compared to the corresponding values in the group of HCC patients without distant metastasis. On the other hand, the mean 

value of VEGF was significantly higher (p<0.001) in the HCC patients without metastasis (group III) versus the HCC patients with 

distant metastasis (group IV), while, no significant difference was detected in the mean level of plasma TGF-β1 between both groups 

(p>0.001).      

Table 4 shows results of the levels of AFP, PIVKA-II, TGF-β1, VEGF, sialic acid and AFU in the third group of patients (HCC patients 

without distant metastasis) before and 6 month post-therapy. The results of the mean levels of the six tumor biomarkers revealed 

statistically significant decrease (p<0.001) in their levels in HCC patients of group III before versus six month post-therapy.   

 

Table 4 The levels of AFP, PIVKA-II, TGF-β1, VEGF, sialic acid and AFU in the third group of patients (HCC patients without distant 

metastasis) before and 6 month post-therapy are presented as mean±SD 

 Before treatment (n=16) 6 month post-therapy (n=16) 

AFP (ng/ml) 570.39±94.76 28.19±2.46a 

PIVKA-II (mAU/ml) 15.54±2.77 3.68±1.47a 

TGF-β1 (ng/ml) 42.99±3.91 15.09±1.33a 

VEGF (pg/ml) 2528.93±167.55 400.69±124.24a 

Sialic acid (mg/dl) 131.54±45.31 31.39±5.64a 

AFU (nmol/ml/h) 966.50±127.55 509.13±71.8a 

a =P<0.001 is highly significant when compared to the levels of the biomarkers in the patients post-therapy. 

 

Table 5 shows the correlations between AFP and other biomarkers in HCC patients while Table 6 shows cutoff value, sensitivity 

%, specificity %, PPV %, NPV %, and AUC for the studied biomarkers. Multiple receiver operating characteristic curve (ROC) (Figure 1) 

revealed that the area under curve (AUC) for AFP, PIVKA-II, TGF-β1, VEGF, sialic acid and AFU were (1.00, 1.00, 1.00, 1.00, 0.895 and 

0.977, respectively).  

 

 

Figure 1 Multiple ROC curves for AFP, PIVKA-II, TGF-β1, VEGF, sialic acid and AFU 

 

At 31 ng/ml, 11.7 mAU/ml, 712 pg/ml and 30.4 ng/ml cutoff values for AFP, PIVK-II, VEGF and TGF-β1, respectively, the 

sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were 100 % for each one of the four 

biomarkers  while, sialic acid, at 104 mg/dl cutoff value, the sensitivity, specificity, PPV and NPV were 77.14%, 94.94%, 84.51 % and 
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88.75%, respectively and for AFU, at 447 nmol/ml/h cutoff value, the sensitivity, specificity, PPV and NPV were 85.71%, 97.47%, 

82.01%, and 88.39%, respectively (Table 6).     

 

Table 5 Correlations between AFP and the other studied biomarkers in HCC groups of patients (with and without distant metastasis) 

 P value Correlation coefficient (r) 

AFP and PIVKA-II 0.231* 0.041 

AFP and TGF-B1 0.176* 0.342 

AFP and VEGF 0.077* 0.419 

AFP and Sialic acid 0.193* 0.286 

AFP and AFU 0.351* 0.383 

* No statistically significant correlation between AFP and the other markers (Table 5).  

 

Table 6 The cutoff value, sensitivity %, specificity %, PPV %, NPV %, and AUC for the studied biomarkers 

 cutoff value Sensitivity %  Specificity % PPV % NPV % AUC 

AFP (ng/ml) 31 100 100 100 100 1.00 

PIVKA-II (mAU/ml) 11.7 100 100 100 100 1.00 

TGF-β1 (ng/ml) 30.4 100 100 100 100 1.00 

VEGF (pg/ml) 712 100 100 100 100 1.00 

Sialic acid (mg/dl) 104 77.14 94.94 84.51 88.75 0.895 

AFU (nmol/ml/h) 447 85.71 97.47 82.01 88.39 0.977 

 

4. DISCUSSION 

HCC is the most common primary liver cancer, in its advanced stage, the therapeutic options are limited and the disease often recurs 

even after aggressive local treatment (Bupathi et al., 2015; Yin et al., 2016; Zhu et al., 2011). Because majority of patients with HCC 

develop cirrhotic livers, its surveillance with AFP and ultrasonography has been recommended for persons with cirrhosis. However, 

AFP is not efficiently sensitive for early diagnosis of the disease (He et al., 2005). In addition, non-specific elevation of the serum 

levels of AFP has been frequently found in patients with non-malignant hepatocellular disorders such as acute hepatitis, chronic 

hepatitis and liver cirrhosis (Song et al., 2002). Thus, new serological markers with sufficient sensitivity and specificity are required for 

the early detection of the disease and monitoring the response to therapy. Therefore, evaluating the blood levels of TGF-β1, VEGF, 

sialic acid and AFU activity in diagnosis and follow up of patients with HCC is to detect a unique tumor biomarker with the highest 

sensitivity and specificity for these purposes. 

 In the present study, statistically, there was significant difference in the mean levels of AFP in the HCC groups (with and without 

metastasis) compared to the control, benign focal lesions and the cirrhotic groups, which is in agreement with the demonstrated 

results in other studies (Hamamura et al., 2000; Soresi et al., 2003). Moreover, a significant difference was detected in the levels of 

AFP in the metastatic HCC group versus the non-metastatic group. Our results regarding the sensitivity, specificity, PPV and NPV 

values for AFP at 31 ng/ml cutoff value were higher than what obtained by Soresi et al. (2003) which could be attributed to the 

difference in the number of the studied population, and the methods used for the assay. It was reported that PIVKA-II is a significant 

prognostic factor for recurrent HCC (Kaibori et al., 2004). Furthermore, combined elevation of tissue PIVK-II expression and plasma 

PIVKA-II levels were found in cases with poor prognosis (Tang et al., 2005). In our study, HCC patients (groups III and IV) revealed 

significantly higher levels of PIVKA-II when compared to the other groups. Plasma levels of PIVKA-II were found to be higher in the 

metastatic HCC patients than those without metastasis.  

In the current study, PIVKA-II yielded at 11.7 mAU/ml cutoff values an AUC of 1.00, the sensitivity and specificity were the same 

(100%). Gotoh et al (2004) stated that PIVKA-II has a higher AUC than AFP in HCC diagnosis by ROC analyses, different sensitivities 

and specificities of 62%, 95% (Mita et al., 1988) and 53.3% and 85.6% (Cui et al., 2003) were reported at 40 mAU/ml cutoff values, 

respectively. However, such difference could be due to the selection of different cutoff values, variation in tumor size, number of 

masses or due to the difference in number of studied cases. The results of assaying VEGF in the present study revealed higher levels 

in the HCC group without metastasis versus the HCC group of patients with distant metastasis. Similarly, Zetter (Zetter, 1998) 

reported a high rate of expression of VEGF in small sized and well-differentiated HCCs. It was suggested by Zetter (1998) that VEGF 

plays important role in a relatively early disease stage. In agreement with those results, Mathonnet et al. (2006) reported that VEGF 

level gradually decreases with tumor size increase.  On the other hand, Tseng et al. (2004) demonstrated that serum VEGF level in 
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HCC patients showed a positive correlation with tumor size. Furthermore, Poon et al. (2004) reported that the high serum level of 

VEGF was significantly associated with venous invasion and advanced tumor stage. Moreover, Sun et al. (2005) and Yao et al. (2005) 

showed that the high rate of expression of VEGF is a useful predictor of vascular invasion and metastasis of liver tumors.     

TGF-β1 is a potent cytokine involved in a number of different functions such as epithelial mesenchymal transition, tissue 

morphogenesis, angiogenesis, and hence tumor progression, invasion and metastasis. In liver tissues, TGF-β1 has a profibrotic 

activity, stimulating extracellular matrix production and is involved in the pathogenesis of liver cirrhosis. In other tissues, it stimulates 

integrin expression in different types of normal and cancer cells (Giannelli et al., 2002). In the present study, the mean levels of TGF-

β1 were found to be higher in HCC groups of patients compared to controls, benign focal lesion and cirrhotic groups of patients 

which is in consistent with the results obtained by Gianluigi et al. (2002) who reported that increased secretion of TGF-β1 by cancer 

cells is thought to facilitate tumor progression by suppressing the immune surveillance and stimulating of tumor stroma. 

The unique structural feature of sialic acid, which includes a negative charge due to a carboxyl group, enables it to play 

important roles in cellular functions such as cell-to-cell recognition and transformation to malignancy (Isitmangil et al., 2001).  As 

sialic acid lacked tumor specificity, it might contribute towards the early detection of tumor progression and metastasis during both 

therapy and follow up. It was concluded that total serum sialic acid level reflected the development of malignancy and should be 

considered as a supportive evidence of being tumor biomarker for many malignant conditions (Isitmangil et al., 2001). In the present 

study, patient with malignancy revealed significantly higher levels of sialic acid when compared to the other groups, and the levels 

was higher in metastatic HCC patients than the non-metastatic patients. This is in agreement with Cai et al. (1998) who reported that 

most patients with HCC have elevated levels of serum sialic acid and its determination yields high diagnostic values to differentiate 

between HCC and benign hepatobiliary diseases.  

In the present study, the sensitivity, the specificity, PPV and NPV at 104 mg/dl cutoff value of sialic acid were different from the 

results reported by Cai et al. (1998). However, the differences may be due the different stages of HCC. In the present study, HCC 

patients (groups III and IV) showed significantly higher levels of AFU when compared to other groups; those results are consistent 

with the reported results of Deugnier et al. (1984) and Giardina et al. (1992). The serum level of AFU was found to be higher in the 

metastatic HCC patients than the non-metastatic ones. In addition, our results were in agreement with Marotta et al. (1991) who 

stated that HCC is able to release significant amounts of AFU into blood stream which correlates with the size of the tumor and 

provides a useful tumor biomarker in the follow up of HCC treated patients.  

Our ROC analyses for AFU at 447 nmol/ml/h cutoff value revealed approximated values with those reported by Giardina et al. 

(1992). Our results showed no significant correlation between the levels of AFP and AFU activity. Those findings confirm what was 

reported by Ishii et al. (2000) and Cui et al. (2003) who found no correlation between the levels of AFP PIVKA-II in the HCC patients, 

while Shirai et al. (1994) could not find a significant correlation between AFP level and TGF-β1 in HCC patients. Furthermore, serum 

AFP and AFU activity were independent with no correlation between them as evidenced by Cai et al. (1998). 

 

5. CONCLUSION  

In conclusion, our study confirmed that the levels of AFP, PIVKA-II, TGF-β1, VEGF, sialic acid and AFU activity provide highly specific 

and sensitive tumor biomarkers for HCC which should be applied on a large scale of cancers with respect to clinicopathological 

variables. It is recommended to use combined measurements of tumor biomarkers as screening tools for early diagnosis of 

susceptible individuals to eliminate any possibilities for the false negative or false positive results during the assay of any single 

studied tumor biomarkers alone. They could be used as prognostic biomarkers to avoid the need of more invasive procedures. The 

combined use of easy and cheap tumor biomarkers with sufficient sensitivity and specificity is of great value in the follow up of HCC 

patients. Also, according to our results, those biomarkers offer potential tools in therapy monitoring.  
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