
Original Research Article

Diagnostic Value of Serum GPC3 and Survivin in HCC Individuals Attending Teaching Hospitals in Lagos, Nigeria
.







ABSTRACT
	Background: Hepatocellular carcinoma (HCC), the major form of liver cancer, is a significant health threat, especially in endemic areas like Nigeria, due to rising incidence and poor prognosis. 
Aim: This study was aimed to evaluate and compare serum levels of glypican-3 (GPC3), survivin, alpha-fetoprotein (AFP) and lactate dehydrogenase (LDH) in hepatitis B (HBV), cirrhosis and HCC patients in Lagos, Nigeria, to explore their potential roles as diagnostic biomarkers for HCC, especially in HBV patients.
Methodology: This observational case-control study was conducted at Lagos University Teaching Hospital, Lagos State University Teaching Hospital, College of Medicine (University of Lagos) and National Institute of Medical Research, Yaba, Lagos, between August 2018 and February 2023. The study recruited 500 participants (371 males, 129 females; age range 18-75 years) with HCC, Cirrhosis and HBV into the study, with age and sex-matched controls. Protein expression was quantified by Enzyme-Linked Immunosorbent Assay (ELISA). Data were analysed using GraphPad Prism 8.0 and SPSS v.25. P-value <0.05 was considered significant.
Results: Serum GPC3 and survivin levels were significantly reduced in HBV patients compared to healthy controls (P=.0003, .001), but showed no significant difference between HCC/cirrhosis and controls (P>0.05). A statistically significant difference between their levels in HBV and HCC/ cirrhosis was however recorded (P>0.001). There was no significant difference in LDH levels between controls and HBV, and between cirrhosis and HCC groups. However, obvious increases in LDH were observed in cirrhosis and HCC groups compared to controls. AFP levels increased significantly across the groups, with the highest levels observed in the HCC group.  The sensitivity, specificity and area under the receiver operating characteristic curve of GPC3 and survivin were significantly higher in differentiating HCC from HBV patients than HCC from healthy controls. 
	
Conclusion: Survivin, GPC3, and LDH are poor diagnostic markers for HCC as compared to AFP in the investigated population but may be used to manage HBV infection.
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1. INTRODUCTION 

[bookmark: _Hlk172083679][bookmark: _Hlk172083754]Hepatocellular carcinoma (HCC) has been a significant threat to health, quality of life and overall life expectancy, especially in highly endemic areas, due to its rising incidence, poor prognosis, and late presentation.1 According to the Global Cancer Statistics, 2022, liver cancer is the fourth most common cancer in Africa, with incidence and mortality rates of 6.2% and 9.2% respectively.2 In Nigeria, it is the third leading cause of cancer-related death among males and the sixth most common cancer among both sexes with incidence and mortality rates of 3.4% and 5.3% respectively.2 
Hepatitis B virus (HBV) infection is the most prominent risk factor for HCC development, accounting for ~50% of cases.3 In Africa, approximately 60 million people live with chronic HBV infection with an estimated prevalence of 6.2%.2 Nigeria is ranked as one of the countries that is hyper-endemic for HBV infection in Africa (>8%) and approximately nine in ten Nigerians who live with chronic HBV are unaware of their infection status, and are missing from the global public health statistics due to a lack of resources, awareness, and political will for addressing Nigeria’s HBV plight.4 Consequently, Nigeria has one of the highest rates of HBV-attributable cancer in West Africa, with an age-standardized incidence estimate of 2.6 to <5.1 cases per 100,000 persons/year.5 In fact, the lifetime risk of developing HCC for people with chronic hepatitis B (CHB) reaches as high as 40%.6 Regardless of etiology, patients with HCC are frequently challenged by impairment of liver function because of chronic liver disease and cirrhosis. In addition to liver tumour burden, inadequate liver functional reserve creates difficulty in clinical management and negatively affect prognosis. 7 
Glypican-3 (GPC3) is a heparan sulphate proteoglycan (HSPG) which has six subtypes, namely, GPCs 1-6, with similar structures consisting of a 60-70kDa protein connected to the cell membrane by a glycosylphosphatidylinositol (GPI) anchor, 14 conserved cysteine residues, and the last 50 residues at the carboxyl end modified by the heparan sulphate (HS) side-chain. GPC3 has been implicated in a variety of processes including cell growth, differentiation, and migration. It can regulate cell proliferation by modulating Wnt, hedgehog, hepatocyte growth factor (HGF), and other signalling pathways hence, the specific expression of GPC3 in tumour cells has received widespread attention.8,9 Survivin is an anti-apoptotic protein (molecular weight, 16.5kDa) that plays an important role in inhibiting apoptosis in multicellular organisms and is over expressed in many tumours, including HCC. Overexpression of survivin has been shown to be associated with protection against apoptosis and propensity for metastasis in tumour cells, but this effect was not observed in normal cells.10 International guidelines for liver cancer screening recommend ultrasonography with AFP testing (Frenette et al, 2019) however, poor specificity and sensitivity of AFP in HCC screening when used alone have been reported mostly because a third of HCC patients, especially those with an early tumour stage, have negative AFP expression as determined by serum cutoff levels.11 Also, AFP serum levels are elevated during hepatic inflammation, thus, hepatocyte damage and regeneration even in the absence of HCC may contribute to the observed poor specificity.11
[bookmark: _Hlk172085221]This study, therefore, aimed at assessing the levels of glypican 3 (GPC3), survivin, alpha fetoprotein (AFP) and lactate dehydrogenase (LDH) in hepatitis B (HBV), cirrhosis and HCC patients living in Lagos, Nigeria and the possible establishment of their roles as biomarkers for HCC diagnosis. The study also sought to compare the influence of hepatitis B virus, cirrhosis and hepatocellular carcinoma on liver and kidney function by evaluating the levels of several biochemical enzymes and other blood parameters in patients recruited from two tertiary teaching hospitals in Lagos, Nigeria.

2. MATERIALS AND METHODS

[bookmark: _Hlk147510692]2.1 Study participants and population 
This was an observational case-control study in which HCC (100), HBV (200) and liver cirrhotic (100) patients were recruited from the gastroenterology clinics of Lagos University Teaching Hospital, Idi- Araba and Lagos State University Teaching Hospital, Ikeja in Lagos state, Nigeria between August 2018 and February 2023. The sample size was determined as described by Charan and Biswas, 2013. Age and sex matched healthy volunteers (100) were recruited as controls for the study. 
2.1.1 Inclusion criteria
Subjects who were willing to partake in the study; clinically, radiologically and/or histologically confirmed, treatment naive and gave oral and written informed consent were included 
2.1.2 Exclusion criteria
Subjects who were pregnant, HIV positive, undergoing pre- or post- operative chemotherapy or below/ above the stipulated age were excluded from the study.
2.2 Sample Collection and Preparation. 
Intravenous blood samples were collected into properly labelled lithium heparin, EDTA and plain vacutainers. Blood in plain bottles was allowed to clot by leaving it undisturbed at room temperature for about 30 minutes and then centrifuging at 3000 rpm for 10 minutes to obtain the serum. Plasma was obtained by centrifuging whole blood in lithium heparin bottles at 3000 rpm for 10 minutes. The supernatant was carefully collected as plasma and immediately used for the biochemical analyses. Whole blood in EDTA bottle was immediately used for haematology analysis. Serum samples were stored in aliquots at -80⁰C in an Ultralow freezer (Platinum 500, Angelantoni, Italy) until use to avoid freeze-thawing. 
2.3 Biochemical Analyses
[bookmark: _Hlk171824642]Levels of aspartate transferase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), albumin, (ALB), total protein, (TP), lactate dehydrogenase (LDH), urea, creatinine, total and conjugated bilirubin, (TB and CB) were spectrophotometrically determined using Cobas kits on COBAS C311 automated analyzer (ROCHE Diagnostics, Basel, Switzerland) and following the manufacturer’s protocol. Haemoglobin (Hb), red blood cell count (RBC), white blood cell count (WBC), and platelets were assayed for using the Mindray BC 2800 haematology analyzer (Shenzhen Mindray Biomedical Electronics Ltd, China).

2.4 ELISA assay
The levels of survivin, glypican 3 and AFP were analysed using commercial ELISA kits (survivin [CAT#: SL2201Hu], GPC3 [CAT#: SL2033Hu], Sunlong Biotech Co Ltd, Hangzhou, China, AFP [CAT#: 1925-300], Monobind Inc, California, USA). The procedure was carried out according to the manufacturer’s protocol. Standards were diluted as instructed and pipetted into the designated microplate wells leaving the first well empty as the blank/ control. Serum samples were added to the sample wells. Incubation, dilution, and repeated washings were done as instructed. After colour development and termination, absorbance was read immediately at 450nm using a microplate reader.
2.5 Statistical Analyses
[bookmark: _Hlk147540714]Data was analysed using GraphPad Prism 8.0 and IBM Statistical Package for Social Science (SPSS) software v.25. Data are expressed as mean with standard error of mean. Comparison of means among two or more groups of variables was done using the unpaired student’s t-test and analysis of variance (ANOVA) test where appropriate. Categorical variables were tested for statistical significance with the Pearson Chi-square test. The receiver operating characteristic curve was used to determine cut off values and assess the performance and diagnostic ability of the biomarkers. P-values <0.05 was considered statistically significant.

3. RESULTS AND DISCUSSION

In Nigeria, diagnosis of HCC has always been at an advanced stage, where the prospect of survival is minimal, because most patients only present themselves for diagnosis when physical symptoms have occurred. Early HCC diagnosis will improve the efficacy of treatment and quality of life hence, screening molecular markers with high specificity and good sensitivity is of great significance. 
3.1. Demographics of study population
The study involved 500 subjects, as shown in Table 1, with a mean age of 48.65 years and a male-to-female ratio of about 3:1 in each group. The majority of the subjects in the study groups (83.25%) were married. Early satiety, jaundice, abdominal pain, and swelling varied significantly across the groups, especially in the cirrhosis and HCC groups. Smoking and alcohol intake also varied significantly across the groups.
Table 1: Demographic Characteristics of Study Population
	Variables
	Controls
(n=100)
	HBV
(n=200)
	Cirrhosis
(n=100)
	HCC
(n=100)
	P value

	Gender
	Male (n)
Female (n)
	75
25
	148
52
	73
27
	75
25
	0.986

	Age in years
	49.12 ± 1.250
	48.55 ± 1.301
	47.61 ± 1.329
	49.33 ± 1.237
	0.781

	Smoking (n)
	Yes
No
	1
99
	6
194
	11
89
	9
91
	0.002**

	Alcohol (n)
	Ever
Never
	19
81
	54
146
	51
49
	33
67
	0.000***

	Early satiety (n)
	Yes
No
	1
99 
	11
189
	70
30
	84
16
	0.000***

	Jaundice (n)
	Yes
No
	0
100
	3
197
	65
35
	73
27
	0.000***

	Abdominal pain (n)
	Yes
No
	4
96
	40
160
	77
23
	97
3
	0.000***

	Abdominal swelling (n)
	Yes
No
	0
100
	4
196
	74 
26
	92
8
	0.000***

	Previous Surgery (n)
	Yes
No
	5
95
	16
184
	15
85
	19
81
	0.003**

	Marital status
	Single
Married
Divorced/Widowed
	41
58
1
	85
112
3
	13
78
9
	7
85
8
	0.000***

	Diabetes (Yes/ No)
	
	1/99
	0/200
	6/94
	3/97
	0.004**


HCC: Hepatocellular carcinoma, HBV: hepatitis B, HCV: hepatitis C virus, n: frequency, P value with superscript ** and ***signifies statistical significance at p less than 0.005 and 0.0005 respectively.
We observed from this study that HCC is a male-dominant disease with incidence approximately 3-fold higher in males than in females. This aligns with previous findings in Northeastern Nigeria, Southern Nigeria and other parts of the world (Okonkwo et al, 2016, Muhammad et al, 2022) and could be attributed to hormonal differences (e.g., increased androgen signalling effect of testosterone with subsequent promotion of liver cell proliferation) and exposure to risk factors (Kanda et al, 2017). Previous studies have documented smoking and alcohol as significant risk factors for HCC and cirrhosis (Lin et al, 2013, Suresh et al, 2020) while others reported that the association between HCC risk and smoking or alcohol consumption is insignificant (Han et al, 2012; Olubuyide & Bamgboye, 1990). Our study aligns with the former, showing a significant association with both smoking and alcohol consumption. Early satiety, jaundice, abdominal pain, and swelling were all observed among the liver cirrhosis and HCC groups in this study, consistent with reports from earlier studies (Muhammad et al, 2022; Liu, 2020).
3.2. Levels of Biochemical parameters
This study observed a significant increase in AST, ALT, ALP, ALB, TB and CB levels (P<0.001) within and across the groups (Table 2), especially in cirrhosis and HCC while total protein (TP) showed a significant decrease across the groups, except in the HCC group. Albumin levels decreased in cirrhosis and HCC cases when compared to the healthy controls (p=0.000). There was a significant change in the levels of all the haematological indices (p<0.05) reported in all the groups studied. HB and HCT levels reduced significantly in the cirrhosis (10.96±0.26 g/dL, 37.52 ± 4.57%) and HCC (10.35 ± 0.26g/dL, 31.5 ± 0.80%) when compared to the control group (13.43g/dL and 40.61%), respectively. White blood cells levels increased significantly in the cirrhosis and HCC groups while the HCC group also had a significant increase in PLT count (p<0.05). 


Table 2: Serum levels of Survivin, GPC3, AFP, LDH and other Biochemical Parameters among all the Study Groups
	Parameters
	Controls 
	HBV 
	Cirrhosis 
	HCC 
	P-value

	Survivin (pg/ml)
	228.30±5.04
	202.20±5.88a
	222.1±5.88b
	229.0±4.71b
	0.0003

	GPC3 (pg/ml)
	184.10±5.55
	156.10±3.74a
	189.80±5.30b
	184.40±4.07b
	0.000

	AFP (ng/ml)
	2.28±0.08
	5.42±0.06acd
	12.51±0.14abd
	29.31±0,66
	0.000

	LDH (IU/L)
	184.30±5.62
	190.7±5.41cd
	424.5±16.47ab
	409.7±15.81ab
	0.000

	AST(IU/L)
	21.88 ± 0.68 
	29.41± 2.53a
	119.0±12.84ab
	252.4±57.76abc
	0.000

	ALT(IU/L)
	16.22 ± 1.05 
	30.45± 4.28a
	61.64 ± 6.12ab
	87.06±12.71abc
	0.000

	ALP(IU/L)
	67.60 ± 2.08 
	74.32± 2.99a
	239.80±22.80ab 
	430.10±59.75abc
	0.000

	ALB(g/L)
	46.20 ± 0.33 
	47.04±2.17 
	29.99 ± 0.98ab
	31.90 ± 0.84abc
	0.000

	TP(g/L)
	80.12 ± 0.59 
	76.88± 0.62a
	74.15 ± 1.44a
	77.78 ± 1.29a
	0.001

	TB (μmol/L)
	12.38 ± 0.86 
	12.87± 1.03 
	69.28 ± 9.73ab
	79.28 ± 11.53abc
	0.000

	CB (μmol/L) 
	3.31 ± 0.19 
	5.97 ± 0.79 
	44.50 ± 7.02ab
	49.87 ± 8.20abc
	0.000

	HB (g/dL)
	13.43 ± 0.22
	14.07± 0.69 
	10.96 ± 0.26ab
	10.35 ± 0.26ab 
	0.000

	WBC(x109/L) 
	5.71 ± 0.15 
	5.55 ± 0.12 
	7.63 ± 0.53ab
	11.91 ± 0.69abc
	0.000

	RBC(x1012/L) 
	4.86 ± 0.06 
	5.55 ± 0.12 
	7.63 ± 0.53ab
	11.91 ± 0.69abc
	0.000

	PLT(x109/L) 
	225.50±6.78
	206.40±4.91a
	175.20±13.84ab
	280.20±17.91abc
	0.000

	HCT (%)
	40.61 ± 0.52 
	40.10 ± 0.45 
	37.52 ± 4.57ab
	31.5 ± 0.80abc
	0.005


Lettered superscripts signify level of statistical significance at p<0.05. a, b, c, d represents significant difference from controls, HBV, cirrhosis and HCC respectively. GPC3- glypican 3, AFP- Alpha fetoprotein, LDH- lactate dehydrogenase, AST- Aspartate transaminase, ALT- Alanine transferase, ALP- Alkaline phosphatase, TP- total protein, ALB- albumin, TB- total bilirubin, CB- conjugated bilirubin, HB- Hemoglobin, RBC- red blood cell count, WBC- white blood cell count, PLT- platelets and HCT- hematocrit. Values are expressed as mean ± SEM.
The increase in liver enzyme levels explains why HBV-infected individuals are at a greater risk of developing HCC or cirrhosis compared to non-infected individuals (Yin et al, 2025). Liver degeneration and impaired function are associated with cirrhosis and HCC, as evidenced by the significant increase in liver enzymes levels (AST, ALT, ALP, TB, CB) in these groups. Albumin levels were significantly reduced in the cirrhosis and HCC groups but not in the HBV group, while TP levels remained unchanged. Hypoalbuminemia is a well-known risk factor for mortality and other important adverse outcomes across various patient populations and has been linked to poorer prognosis in individuals with liver diseases (Kim et al, 2017). Both cirrhosis and HCC were characterized by significant deviations from normal in all tested haematological indices (Hgb, WBC, RBC, PLT, HCT). Studies have shown that abnormal haematological indices in cirrhotic patients could result from portal hypertension and splenic sequestration (Aino et al, 2014; You et al, 2016). 
3.3. Serum Survivin, Glypican 3, LDH and AFP levels	Comment by IfeOluwa Akinwunmi: This section was reorganized and editted to correct repetition and ensure an interesting flow of the discussion. Please note that the deleted parts are repititions of points already made before.
Despite various reports on serum survivin levels in HCC across different populations, this is the first study in the Nigerian population, as far as we know. Healthy individuals generally exhibit high levels of serum survivin, which is associated with normal cellular functions such as cell proliferation and survival. Our study found no statistically significant difference between serum survivin levels in healthy controls and HCC patients (p=0.997), as well as between healthy controls and cirrhotic patients (p=0.818) (Table 2). Some studies however reported a significant increase in serum survivin levels but they were mostly conducted on liver tissues while others focused on HCV-associated HCC patients (Kanda et al, 2017; Halla et al, 2019; Akpinar et al, 2020; Kapiris et al, 2019; El-Attar et al, 2010; Gunaldi et al, 2018). Survivin has been shown to inhibit apoptosis in HCC via various ways such as inhibiting caspase activity and binding to hepatitis B X-interacting protein thereby, inducing HCC cell proliferation, and conferring radiotherapy and drug resistance to HCC (Kanda et al, 2017; Halla et al, 2019). El Attar and his colleagues reported a significant increase in serum survivin levels in HCV patients compared to controls (p=0.039) and attributed it to increased apoptosis of hepatocytes due to HCV infection, but they found no significant difference between HCC and control groups, just as observed in this study (El-Attar et al, 2010). Our study also agrees with Jia et al. (2015), who concluded that serum survivin is not a promising serological marker for HCC diagnosis, as there was no significant difference in its levels between HCC and healthy controls, even after testing with two different ELISA kits (p=0.144, p=0.449). Matteucci and colleagues (2014) observed a significant reduction in serum survivin-immunoglobulin complex levels in HCC subjects compared to healthy controls (p=0.022).  In this current study, serum survivin levels were significantly reduced in HBV patients compared to controls, but showed no significant difference between HCC/ cirrhosis and controls. The reduction in serum survivin in HBV patients may be due to its sequestration into liver tissue to support anti-apoptotic functions induced by the viral infection. The subsequent significant increase observed in cirrhotic and HCC groups as compared to the HBV group might relate to hepatic degeneration, increased hepatocyte proliferation, and disease progression, reflecting an altered regulatory mechanism in HCC, potentially contributing to the cancer development and progression. 
Glypican 3 interacts with other cell surface proteins to restrain cell proliferation by inhibiting the hedgehog signalling pathway, a developmental pathway critical for cell proliferation, cell specialization, and the normal shaping (patterning) of many parts of the body during embryonic development (Wu et al, 2016). In some cell types, it acts as tumour suppressors by inhibiting cell growth and development or causes self-destruction (apoptosis) in cells that are no longer needed (Li et al, 2020). This might explain the significant decrease in GPC3 levels in HBV group compared to controls observed in our study (Table 2). We also observed that there was no statistically significant difference between the serum levels of GPC3 in HCC/ cirrhosis and healthy controls (p= 0.999, p= 0.831) but recorded a marked and significant increase in those two groups compared to HBV group (p=0.0001). Our study agrees with Lembas et al, (2024) who evaluated serum GPC3 levels in HCC and healthy controls and found no significant difference between the two groups. They also reported that both the sensitivity and specificity for HCC diagnosis were higher with AFP than GPC3 serum levels. Sun and his colleagues (2017) reported similarly that serum GPC3 level in HCC patients is lower than that of the cirrhosis group, just as observed in this study though statistically insignificant.  However, several other studies have found significant increase in the GPC3 levels of HCC compared to controls, but many of these studies, however, either make use of liver tissues, plasma samples, more advanced methods, patients with chronic liver diseases as controls, or HCV-associated HCC patients (Nojima et al, 2023; Sun et al, 2017; Liu et al, 2020; Lee et al, 2014; Ivanora et al, 2025; Sung et al, 2003). Oke and colleagues (2019) reported that serum GPC3 levels significantly reduced in HCC cases compared to healthy controls but explained that the low levels observed might be due to lack of a widely acceptable serum GPC3 cut-off value, variations in assay kits used and stage of the disease. It had been previously reported that GPC3 is highly sensitive and specific for the detection of small HCC, especially when the tumour size is less than 3cm, where it had good diagnostic ability and accuracy but in larger tumour sizes (>3cm), poor diagnostic ability, sensitivity and specificity were recorded (Wu et al, 2016). The serum GPC3 levels observed could be due to advanced disease since our study did not take into account the different stages of HCC. Serum GPC3, though not optimistic for HCC diagnosis individually, might play an important role in detecting HCC in and managing HBV patients. Further studies/ investigations are however warranted to confirm this possible role. 
LDH is a key enzyme that catalyses the conversion of pyruvate to lactate and it is up-regulated under hypoxic conditions. Levels of LDH in the healthy controls and HBV were not significantly different (p=0.9397) but a marked increase (p<0.0001) was observed in the cirrhotic and HCC groups. Serum LDH levels could reflect the degree of intra-tumour hypoxia since hypoxic circumstances in tumours may promote cancer development. It reflects both the tumour aggressiveness and the degree of liver fibrosis in HCC patients (Yada et al, 2016). The expression patterns of LDH and AFP were similar in this study as they both showed a significant increase across all the groups, with the highest being in HCC. Our findings are similar to several other studies which reported LDH as an important prognostic factor of HCC as high LDH serum levels seems to predict a poorer outcome (Yada et al, 2016; Kong et al, 2018; Faloppi et al, 2016; Xie et al, 2024; Zhang et al, 2015). 
There was no significant association between survivin/ LDH levels and age in all the four groups except for the HBV group which showed an obvious negative correlation for LDH (r=-0.3045, p=0.0883) and a strong, statistically significant positive correlation for GPC3 (r=0.4193, p= 0.0008) (Table 3).
Table 3: Correlation between the biomarkers and age among healthy controls, HBV, cirrhosis and HCC patients.
	Lab Parameters
	Survivin vs age
	GPC3 vs age
	AFP vs age
	LDH vs age

	Controls
	R
	-0.1798
	-0.2230
	-0.1489
	0.0397

	
	p value
	0.1655
	0.0841
	0.1393
	0.6953

	HBV
	R
	-0.0476
	0.4193
	-0.0483
	-0.3045

	
	p value
	0.7086
	0.0008***
	0.5657
	0.0083**

	Cirrhosis
	R
	-0.0143
	-0.0895
	-0.0021
	-0.0344

	
	p value
	0.9115
	0.4819
	0.9855
	0.8596

	HCC
	R
	0.0366
	-0.0227
	0.0096
	-0.0465

	
	p value
	0.7721
	0.8543
	0.9292
	0.7974


HBV- hepatitis B, HCC- hepatocellular carcinoma, GPC3- glypican 3, AFP- alpha fetoprotein, LDH- lactate dehydrogenase, r= correlation coefficient.  ** and *** indicate statistical significance at p-value < 0.005 and 0.0005 respectively.

3.4. ROC analysis of Survivin, GPC3, LDH and AFP
Receivers Operative Characteristics (ROC) analysis for distinguishing between HCC and controls showed the area under the curve (Figure 1C) for survivin, glypican 3 and LDH are 0.57, 0.55 and 0.88 respectively. However, this value increased to 0.70, 0.78 and 0.91 for HBV versus HCC with a significant increase in sensitivity and specificity (Fig 1D, Table 4). Among the four biomarkers assessed (GPC3, survivin, AFP, and LDH), LDH had the highest sensitivity, specificity, and area-under-curve (90.9%, 82.4% and 0.91) at a cut-off value of 219pg/ml (AUC= 0.91) in differentiating HCC from HBV patients, followed by AFP (81.3%, 80% and 0.87), GPC3 and survivin. We, therefore suggest that it be used together with AFP, GPC3 and survivin for HCC detection and prediction in HBV-infected individuals.


Figure I: Receivers Operating Characteristics curves for GPC3, survivin, LDH and AFP between [A] healthy controls and HBV, [B] healthy controls and cirrhosis, [C] healthy controls and HCC and [D] HBV and HCC groups.

Table 4: Sensitivity and specificity of diagnostic values of GPC3, survivin AFP and lactate dehydrogenase in the diagnosis of HCC.
	Tests
	AUC (95% CI)
	Cut off value
	Sensitivity (%)
	Specificity (%)

	Healthy controls versus Hepatitis B patients

	GPC3
	0.72 (0.6278-0.8059)
	163.0pg/ml
	60.66
	62.30

	Survivin
	0.76 (0.6773-0.8425)
	200.5pg/ml
	56.25
	85.25

	LDH
	0.62 (0.5308-0.6997)
	166.1u/l
	52.70
	63

	AFP
	0.66 (0.5950-0.7319)
	2.84ng/ml
	62.76
	63

	Healthy controls versus cirrhotic patients

	GPC3
	0.52 (0.4159-0.6217)
	177.8pg/ml
	59.38
	54.10

	Survivin
	0.62 (0.5260-0.7218)
	214.9pg/ml
	50.79
	62.30

	LDH
	0.79 (0.6874-0.8954)
	213.8u/l
	78.57
	61

	AFP
	0.83 (0.7717-0.8924)
	4.62ng/ml
	81.40
	78

	Healthy controls versus hepatocellular carcinoma patients

	GPC3
	0.55 (0.4431-0.6480)
	175.5pg/ml
	61.76
	52.46

	Survivin
	0.57 (0.4723-0.6724)
	220.8pg/ml
	56.92
	52.46

	LDH
	0.88 (0.8048-0.9510)
	274.5u/l
	84.85
	84

	AFP
	0.92 (0.8752-0.9653)
	5.23ng/ml
	89.89
	81

	Hepatitis B patients versus hepatocellular carcinoma patients

	GPC3
	0.78 (0.5889-0.8008)
	169.8pg/ml
	70.59
	72.13

	Survivin
	0.70 (0.6042-0.8171)
	203.1pg/ml
	72.31
	60.94

	LDH
	0.91 (0.7643-0.9686)
	219u/l
	90.90
	82.43

	AFP
	0.87 (0.8186-0.9268)
	9.72ng/ml
	84.27
	80


GPC3- glypican 3, AFP- alpha fetoprotein, LDH- lactate dehydrogenase, AUC- area under curve.

In this study, the correlation between the biomarkers (survivin, GPC3, AFP and LDH) and baseline biochemical parameters such as liver function enzymes, were also evaluated. We found no significant correlation between the parameters considered and survivin, AFP and LDH (p>0.05) (Table 5). However, there was a significant positive correlation between GPC3 and AST (r=0.596, p=0.000).
Table 5: Correlation of survivin, glypican 3, AFP and LDH with various biochemical parameters in the HCC population
	 
	Survivin
	Glypican 3
	AFP
	LDH

	Parameters
	r
	P
	r
	P
	R
	P
	R
	P

	AST
	-0.026
	0.796
	0.596
	0.000**
	-0.062
	0.540
	0.110
	0.271

	ALT
	-0.011
	0.914
	0.054
	0.591
	-0.036
	0.720
	0.045
	0.656

	ALP
	-0.024
	0.812
	0.030
	0.766
	0.125
	0.216
	0.128
	0.204

	ALB
	0.108
	0.287
	-0.133
	0.189
	0.035
	0.729
	-0.159
	0.114

	TP
	0.137
	0.175
	-0.072
	0.475
	0.047
	0.641
	0.149
	0.140

	TB
	-0.053
	0.601
	0.098
	0.330
	0.056
	0.579
	-0.044
	0.666

	SURV
	1
	-
	0.050
	0.620
	0.011
	0.912
	0.074
	0.466

	GPC3
	-0.050
	0.620
	1
	-
	0.038
	0.707
	-0.012
	0.906

	AFP
	0.011
	0.912
	0.038
	0.707
	1
	-
	0.018
	0.856

	LDH
	0.074
	0.466
	-0.012
	0.906
	0.018
	0.856
	1
	-



                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
It was initially decided to perform histological analysis of the biomarkers, but liver tissue samples could not be obtained because volunteers were unwilling to undergo the invasive procedure, and many could not afford the biopsy costs. However, the serum marker results are consistent with previous studies, and analyzing these serum biomarkers offers a non-invasive, less costly way to assess disease diagnosis, especially in at-risk group (HBV). Additionally, the study was limited to a single state. We also did not evaluate different stages of carcinoma. We, therefore, recommend a larger, multi-centre study across multiple regions to better understand all the parameters examined here at various disease stages, which will provide more representative results and help determine an optimal cut-off value for these biomarkers. Tur study is however unique in that it compares the serum levels of these biomarkers in healthy controls, HBV, cirrhosis and HCC patients. Despite the reduction of serum survivin and GPC3 levels in HBV patients compared to healthy subjects, the increase observed in cirrhosis and HCC cases implies their possible usefulness for HBV management.

4. CONCLUSION

Survivin, GPC3 and LDH are poor diagnostic markers for HCC but may be used to manage HBV infection. Further work is however recommended to establish the effect in HBV progression. The similar lactate dehydrogenase activity in cirrhosis and HCC indicates the onset of hepatocyte membrane degradation at the cirrhotic stage that progresses into HCC phase. 
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