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Abstract: 

Background Early diagnosis of hepatocellular carcinoma enhances 

its effective management. Aim Evaluation of Midkine as a 

biomarker for diagnosis of hepatocellular carcinoma. Methods: 90 

subjects devided into three groups, Group I included 40 HCV 

patients with liver cirrhosis, Group II included 40 HCV cirrhotic 

patients with hepatocellular carcinoma and Group III included 10 

healthy subjects as a control group. Demographic, laboratory and 

imaging data were collected. All cirrhotic cases were evaluated by 

Child-Pugh and MELD scores while BCLC score and Okuda 

staging were applied for hepatocellular carcinoma cases. Serum 

Midkine was measured by ELISA technique. Results HCC group 

had significant elevation in Midkine level compared when to 

Cirrhotic and Control groups (3.5±2.5 ng/ml versus 1±0.7 ng/ml 

and 0.1±0.1 ng/ml) (p = 0.000). No significant correlations were 

found between Midkine and age, sex, site or size of focal lesion, 

Child classification, MELD score, Okuda staging or BCLC score. 

ROC analysis showed that the best cut-off value for Midkine was 

1.33ng/ml and for AFP was 41.3ng/ml. Area Under the Curve was 

higher in Midkine than AFP (0.921 and 0.79 respectively) with 

higher specificity of AFP than Midkine (97.5% and 82.5% 

respectively) and higher sensitivity of Midkine than AFP (87.5 and 

62.5% respectively). By combination of serum AFP and Midkine, AUC was 0.94 with specificity 

97.5 % and sensitivity 87.5%. 

Conclusion Midkine may be a sensitive biomarker for diagnosis of hepatocellular carcinoma and 

combination between alpha-fetoprotein and Midkine increases the accuracy in diagnosis. 
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Abbreviations: 

HCV:  Hepatitis C Virus. 

MELD: Model for End-Stage Liver Disease. 

BCLC: Barcelona Clinic Liver Cancer. 

ELISA: Enzyme-Linked Immunosorbent Assay. 

ROC: Receiver Operating Characteristic. 

AFP: Alpha-FetoProtein. 

AUC: Area Under the Curve. 

 

Introduction 

Hepatocellular carcinoma (HCC) is a major 

cause of human cancer related death [1]. 

Cirrhosis, the end stage of chronic liver 

diseas is a major risk factor for HCC and as 

it is present in 80 – 90% of HCC patients. 

The HCC risk in patients with liver cirrhosis 

depends on the degree of fibrosis. HCV and 

HBV and any agent casusing chronic liver 

injury and cirrhosis is considered an 

oncogenic agent e.g aflatoxin (AF), 

alcoholism and non-alcoholic steatohepatitis 

(NASH) [2].  

In Egypt, HCC is considered an important 

public health problem. In many Egyptian 

regional registries, liver cancer is the first 

most common cancer in men and comes as 

second in women (3). Regarding the etiology 

in Egypt, it was found that (95.7%) of cases 

were on top of hepatitis viral infections 

(HCV or HBV), with predominance for HCV 

(91.4%). This can be explained by the fact 

that the rate of HCV in Egypt was the highest 

in the world, with estimates ranging from 6 

to 28% [4]. 

Alpha-fetoprotein (AFP) is the most widely 

tested biomarker in HCC. However, AFP has 

a suboptimal performance as a serological 

test for surveillance for 2 reasons; firstly, the 

fluctuating levels of AFP in patients with 

cirrhosis might reflect flare of hepatitis viral 

infection, exacerbation of underlying chronic 

liver disease or HCC development [5]. 

Secondly, only a small proportion of tumors 

at an early stage (10–20%) are associated 

with elevated AFP serum levels [6]. 
 

Midkine (MK), which is known as neurite 

growth-promoting factor 2 (NEGF2) is a 

basic heparin-binding growth factor of low 

molecular weight. In humans, it is encoded 

by the MDK gene on chromosome 11 [7]. 

MK is strongly expressed during 

embryogenesis whose expression is weakly 

undetectable in healthy adult tissues [8]. It 

has role in carcinogenesis of many solid 

organs including hepatocellular carcinoma 

through anti-apoptosis, proliferation, 

mitogenesis, transformation, migration and 

angiogenesis [9]. Serum MDK is elevated in 

most HCC cases and may have a potential 

diagnostic role in AFP-negative and early 

stage tumors [10]. This study was conducted 

to evaluate serum Midkine level as a 

biomarker for diagnosis of hepatocellular 

carcinoma. 
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Subjects and Methods 

Subjects 

This cross-sectional study was conducted on 

90 subjects divided into three groups Group I: 

Included 40 naive HCV cirrhotic patients 

without HCC, Group II: Included 40 naive 

HCV cirrhotic patients with HCC, Group III: 

Include 10 apparently healthy subjects. The 

study was conducted at Hepatology, 

Gastroenterology and Infectious Disease 

department, Benha University Hospitals 

during the period from November 2016 to 

December 2017. 

 The study was conducted after approval of 

local ethical committee on research at Benha 

University and informative written consent 

was taken from each patient before starting 

the work. Patients < 18 years old, HCC 

patients with tumor stage Barcelona D and 

who had previous treatment or interventional 

therapy, patients with HBV infection and 

patients with extra hepatic malignancy were 

excluded from the study. 

 

Methods 

 All participants were subjected to; complete 

history taking, thorough clinical examination, 

radiological assessment by abdominal 

ultrasonography and abdominal tri -phasic CT 

with contrast (Good enhancement at arterial 

phase and rapid washout at portal and delayed 

phases in HCC cases. [11]. Child-Pugh 

classification [12], Model for End-Stage Liver  

Disease (MELD) [13] score were calculated 

for all cirrhotic and HCC patients. Barcelona 

Clinic Liver Cancer (BCLC) score [14] and 

OKUDA staging system [15] also were 

applied for all HCC patients. Laboratory 

investigations were performed to all enrolled 

subjects including; complete blood picture, 

liver function tests, serum creatinine, Viral 

markers (HCV Ab and HBs Ag) and Serum 

Alpha-Fetoprotein (AFP) and Serum Midkine 

level. 

 

Sampling 

         Seven milliliters of venous blood from 

anterior cubital vein were withdrawn under 

aseptic conditions, then divided into the 

following: 1 ml was evacuated in  EDTA 

containing vacutainer for measuring the 

complete blood count via automated 

hematology system (Sysmex XE 5000; 

Sysmex America, Inc), 1.6ml was evacuated 

in sodium citrate containing vacutainer for 

PT, INR measurement. The remaining whole 

blood was evacuated in plain tube without 

anticoagulant, allowed to clot for 30 minutes 

at room temperature then centrifuged for 15 

minutes at 1000 × g for serum separation. The 

separated serum was aliquoted, and stored at 

≤−20°C until assayed. It was used for the 

following assays: Biochemical tests using; 

Biosystem A15 autoanalyzer (Biosystems 

SA) by appropriate chemical principles. 

These tests included the following: Liver 
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function tests: serum albumin, total and direct 

bilirubin, liver enzymes including aspartate 

aminotransferase (AST) and alanine 

aminotransferase (ALT), Serum creatinine, 

Serum AFP level measurement by ELISA 

assay using Calbiotech AFP ELISA kit 

E0203-2 with research assay range (10 - 

400ng/ml), Serum Midkine level was 

measured by Sandwich – ELISA technique 

using human Midkine ELISA Kit, 

Elabscience, China E-EL-H2297, with assay 

range (0.16 - 10 ng/mL). 

 

Statistical analysis 

Statistical presentation and analysis was 

performed using the Statistical Package for 

Social Sciences (SPSS) vs. 23 (IBM, 

Endicott, Broome_County, NY, USA). For 

quantitative data, the mean and standard 

deviation (SD) were calculated, while 

frequency and percentage were calculated for 

qualitative data.The paired samples T test 

used to compare the means of two variables 

for a single group while  One way ANOVA 

(analysis of variance):- Used to compare 

between more than two groups of numerical 

(parametric) data followed by post-hoc tukey . 

Chi-square test was used to compare between 

groups as regard qualitative data. Correlations 

were done using Spearman correlation; “r” is 

the correlation coefficient. The receiver 

operator characteristic (ROC) curve with 95% 

confidence interval (CI) was performed to 

determine cutoff values for serum midkine 

and AFP. Sensitivity, specificity, positive 

predictive value (PPV) and negative 

predictive value (NPV) in diagnosis of HCC. 

The threshold of significance was fixed at 5% 

level (p value). Significance was detected 

according to P-value as follow: P>0.05=Non-

significant, P<0.05=significant and p<0.001= 

highly significant. 

Results 

 This study was conducted on 90 patients who 

were divided in to 40 HCV cirrhotic patients 

without HCC with mean age 59.4 ± 7.8years 

(male 82.5% and female 17.5%), 40 HCV 

cirrhotic patients with HCC with mean age 

53.9 ± 6.8 years (male 62.5% and female 

37.5%) and ten apparently healthy subjects 

served as a control group with mean age 35.4 

± 8.1 years (male 60% and female 40%). 

There was a highly statistically significant 

difference between the studied groups as 

regard age (p = 0.000) which was highest in 

cirrhotic group and there was male 

predominance in all groups but it was highest 

in Cirrhotic group with statistically significant 

difference (p=0.045). Child-pugh score was 

calculated for Cirrhotic and HCC patients and 

Child A was more predominant in HCC group 

(25 patients 62.5%) while, Child B was more 

predominant in cirrhotic group (30 patients 

75%). BCLC scoring system was applied for 

HCC cases and most of HCC cases were in 

stage A (22) patients (55%) followed by stage 
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C (15) patients (37.5%) while only (3) 

patients were in stage B (7.5%), Table(1). 

 

Table (1): Demographic data and prognostic indices of 

HCC patients. 
 

Variables (Group II) 

HCC 

No = 40 

 

Age (years) (Mean±SD)  53.9±6.8 

Sex (No,%) Male 25 (62.5%) 

Female 15 (37.5%) 

Child grade 

(No,%) 

 % 

A 25 (62.5) 

B 15 (37.5) 

C 0 (0) 

MELD score (Mean±SD) 11.6±5.4 

 

BCLC staging 

(No,%) 

 

0 0 (0) 

A 22 (55) 

B 3 (7.5) 

C 15 (37.5) 

    SD = Standard Deviation 

 

As regard mean level of serum AFP, it was 

higher among HCC group than cirrhosis 

group (134.3±127.8ng/ml versus 

6.7±0.9ng/ml, P = 0.000) and healthy control 

group (134.3±127.8 versus 1.7±0.7, P = 

0.0001). Figure (1). 

 

The mean level of serum midkine was much 

higher in HCC group in comparison to 

cirrhosis and control groups (3.5±2.5ng/ml 

versus 1±0.7 and 0.1±0.1ng/ml respectively), 

(p = 0.000). Meanwhile, serum midkine was 

more elevated in cirrhosis group when 

compared with Control group (1±0.7 versus 

0.1±0.1) but not reaching a statistically 

significant difference (P = 0.313). Figure (2). 

 

There was no significant corealtion between 

serum midkine level and serum AFP, different 

stages of Child score, MELD score, Okuda 

staging, different stages of BCLC and focal 

lesion size or site (all P was > 0.05). 

ROC curve was performed to identify the 

diagnostic performance of both Midkine 

(MK) and AFP for diagnosis of hepatocellular 

carcinoma (HCC). As regard serum Midkine, 

at cutoff of >1.33 ng/ mL showed a diagnostic 

specificity of 82.5%, PPV 83.3%, sensitivity 

of 87.5% and NPV 86.8%. The area under the 

curve (AUC) (95%CI) was 0.921 (0.87-0.97) 

and Accuracy was 85%. 

 As regard serum AFP, at the cutoff >41.3 

ng/mL, showed the diagnostic specificity 97.5 

%, PPV 96.15% both higher than Midkine, 
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sensitivity of 62.5%, NPV 72.22%, AUC (CI 

95%) was 0.79 (0.69-0.9), both lower than 

Midkine with highly significant difference 

(P< 0.001). In combination of serum AFP and 

Midkine it was shown the diagnostic 

specificity was 97.5 %, PPV 97.2%, NPV 

88.6% AUC was increased to 0.94 and 

accuracy was increased to 92.5%. Table (2), 

figures (3,4,5). 

Table (2): Diagnostic Performance of AFP, Midkine 

and combined AFP and Midkine in diagnosis of HCC.  
 

 

Variables 

AFP 

(ng/ml) 

Midkine 

(ng/ml) 

Combined 

AFP and 

Midkine 

Comparis

on 

between 

AFP and 

Midkine 

Area under the 

ROC curve       

(AUC) – CI    

95 % 

0.79 

(0.69-

0.9) 

0.921 

(0.87-

0.97) 

0.94(0.88-

0.99) 

 

Cut off point > 41.3 

ng/ml 

>1.33 

ng/ml 

AFP: >41.3 

ng /ml 

Midkine: 

>1.33 

ng/ml 

 

Sensitivity % 62.50 87.50 87.50  

Specificity % 97.5 82.50 97.5  

PPV % 96.15 83.3 97.2  

NPV % 72.22 86.8 88.6  

Accuracy % 80 85.0 92.5  

P-value < 0.001* < 0.001* < 0.001* 0.02* 

 

 

 

 

 

 

Discussion 

This study was carried out to estimate the 

level of serum Midkine in cirrhotic patients 

with and without HCC and evaluate its 

potential diagnostic role of HCC. 

 

In the present study the mean age in HCC 

group was (53.9 ± 6.8 years). This result was 

in agreement with another study conducted on 

2013 which reported that the most frequent 

age category affected by HCC was between 

51 and 60 years [16]. Also, another two 
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studies done on 2013 found that the oldest age 

was in the HCC group (56.05±5.352, 

55.6±7.9 years) respectively [17,18]. In this 

study, there was male predominance in HCC 

group (62.5%) and this result was in 

agreement with two studies on 2013 and 

another one on 2005 which reported that HCC 

is more prevalent in male than female 

[17,18,19] and that can be explained by 

higher exposure of the males than females to 

risk factors as HCV virus infection, smoking 

and alcohol intake, Parkin and 

colleagues[20]. 

 

The present study showed that serum AFP was 

higher in HCC group with mean level 

(134.3±127.8ng/ml) followed by Cirrhotic and 

lowest in Control groups (6.7±0.9ng/ml and 

1.7±0.7ng/ml respectively)with a highly 

statistically significant difference (P=0.000). 

Similar results were obtained by three different 

studies done on 2015, 2012 and 2010 as they 

reported that serum AFP was higher among 

HCC group than liver Cirrhosis group and 

healthy group [21,22,23]. 

  

The present study revealed that serum 

Midkine level was significantly increased in 

HCC group with mean level (3.5±2.5ng/ml) 

followed by Cirrhotic and Control groups 

(1±0.7 and 0.1±0.1ng/ml respectively) with a 

highly statistically significant difference (P= 

0.000) toward HCC group. This result was in 

agreement with Zhu and colleagues on 2013 

and another two studies on 2015 and 2011 

who reported that serum Midkine was 

significantly elevated in patients with 

hepatocellular carcinoma compared with liver 

cirrhosis patients and healthy controls [10, 21, 

24]. 

 

In the present study there was non-significant 

correlation between MK and AFP levels and 

this was in agreement with Zhu and 

colleagues and Shaheen and colleagues [10, 

21] who reported that there was no correlation 

between both markers but it comes in contrary 

with Haque and colleagues who found a 

significant positive correlation between the 

mean levels of MK and AFP in HCC (p<0.05) 

[25]. This difference can be explained by 

difference in patients number as his study was 

conducted on 60 patients only. 

 

In the current work, there was no significant 

correlation between Midkine (MK) serum 

level and age, sex, radiological characters of 

the focal lesion or different laboratory 

parameters all and this result was in partial 

agreement with Elgarem and coworkers, 

and Saad and colleagues as they found no 

significant correlation between MK and age, 

different laboratory markers except for a 

significant negative correlation between MK 

and serum bilirubin level [17, 18]. Also, 

Shaheen and colleagues on 2015 found a 

non- significant correlation between MK and 

size of the focal lesion [21]. There was non-
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significant correlation between MK and 

Barcelona (BCLC) stages in HCC groups. 

Similar results were reported on 2013 and 

2015 as there was a non-significant 

association between serum MK levels and 

Barcelona stages [10, 21]. 

 

In the present study, MK at a cutoff value > 

1.33ng/ml had 87.5% sensitivity, 82.5% 

specificity, 83.3% PPV and 86.8% NPV with 

AUC 0.921. This results were higher than 

AFP at cutoff value > 41.3 ng/ml which had 

lower sensitivity (62.5%), higher specificity 

(97.5%) and higher PPV 96.15% but lower 

NPV (72.22%) with AUC (0.79). These 

results were in agreement with another study 

done on 2015 which reported that MK  had 

92.5% sensitivity, 83.3% specificity with 

AUC 0.9 in HCC diagnosis compared to AFP 

which had 40% sensitivity, 96.7% specificity 

with AUC 0.6 [21]. Similar results were 

reported by Zhu and coworkers who found 

that MK was more sensitive (86.9%) with 

AUC 0.9 than AFP in diagnosis of HCC [10].   

 

The present study revealed that the 

combination MK at a cutoff point (>1.33 

ng/mL) and AFP at a cutoff point (>41.3 

ng/mL) for discrimination of HCC patients 

from cirrhotic patients was attaining the same 

diagnostic sensitivity of MK which was 

(87.5%) but increased the specificity MK 

from (82.5%) to (97.5%),  and increased the 

diagnostic sensitivity of AFP from (62.5%) to 

(87.5%) and  was attaining the same 

specificity which was (97.5%). This result 

was supported by Zhu and colleagues who 

revealed that the diagnostic sensitivity of 

serum AFP alone was 40% [10]. However, 

the combined use of MK and AFP increases 

the diagnostic sensitivity especially in very 

early HCC to reach 97%. 

 

But, this results was in disagreement with 

Elgarem and colleagues who reported that 

measurement of MK and AFP gene 

expression did not improve either the 

specificity or sensitivity in diagnosis and 

discrimination of HCC from liver cirrhosis 

[17]. This can be explained that in Elgarem´s 

study serum AFP and tissue expression of 

Midkine were assessed while in the present 

study both serum AFP and Midkine were 

assessed. 
 

The present study revealed that combind use 

of MK at cutoff point (>1.33 ng/ml) and AFP 

at a cutoff point (>41.3 ng/ml), the Area 

under the curve (AUC) was (0.94) which 

larger than AUC of either MK (0.921) or AFP 

alone (0.79) and this difference reached a 

highly significant level (P < 0.001). 

 

This result comes in agreement with another 

results were reported on 2015 where AUC of 

combined MK and AFP to diagnose HCC was 

was larger than that of MK alone (0.963 

versus 0.941) or AFP alone (0.963 versus 
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0.671) but that difference did not reach a 

significant level [21]. 

 

Conclusion 

Midkine (MK) may serve as a novel 

diagnostic tumor marker for the detection of 

hepatocellular carcinoma as its level was 

found to be significantly elevated in HCC 

patients. Combining serum midkine to alpha 

fetoprotein led to an increase in the sensitivity 

and specificity of hepatocellular carcinoma 

detection than its use alone. Further studies 

with larger population are needed to justify its 

implementation in clinical practice. 
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