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Background: Tumor necrosis factor (TNF) family includes lymphotoxin-alpha (LTA) which 
is a pro-inflammatory cytokine which plays a role in hepatic fibrogenesis. LTA gene poly
morphism plays a role in different inflammatory and immunomodulatory diseases. This 
polymorphism is also suggested to affect chronic hepatitis C (CHC) infection course.
Aim: To study the contribution of LTA gene polymorphism in different chronic hepatitis 
C stages and hepatocellular carcinoma risk.
Patients and Methods: Our study included 108 chronic HCV patients grouped according 
to the disease stage. Group (A): CHC, group (B): liver cirrhosis (LC), group (C): LC with 
HCC, and group (D): healthy controls. Routine laboratory investigations, polymerase chain 
reaction (PCR) for quantification of HCV, abdominal ultrasonography, and Liver stiffness 
measurement (LSM) were done. Child–Turcotte–Pugh, Model for end-stage liver disease 
(MELD), and Fibrosis index based on 4 (FIB-4) scores were calculated. We used the PCR- 
restriction fragment length polymorphism technique for lymphotoxin-α genotyping.
Results: The A/G genotype was predominant in all groups. In HCC patients, G/G genotype 
was more frequent (31.8%) than in the LC group (19.4%), CHC group (17.8%), and controls 
(4.17%). A significant association was found between LTA genotypes and the child classes in 
HCC (P<0.01) but not in LC patients (P>0.05). HCC patients carrying A/G genotype had 
higher MELD scores than other genotypes. Multivariate binary logistic regression analysis 
confirmed that LTA G/G genotype and low platelet count were independent predictors for 
HCC development in patients with HCV-related LC.
Conclusion: Detection of LTA G/G genotype in chronic HCV patients could help to 
recognize high-risk patients for disease progression and HCC development.
Keywords: hepatitis C virus, lymphotoxin alpha, hepatocellular carcinoma, gene 
polymorphism

Introduction
Hepatitis C infection (HCV) is one of the primary causes of chronic liver illness 
around the world. The estimated anti-HCV antibody seropositivity is 100 million 
people with viremia in 71 million.1 HCV-related chronic liver diseases cause more 
than 350,000 deaths every year.2 There is a wide variation in the long-term natural 
history of the disease ranging from minimal necro-inflammatory changes to 
extensive fibrosis and cirrhosis with or without hepatocellular carcinoma 
(HCC).3 Many factors that determine the development of chronic infection with 
different outcomes are not well recognized, but the role of cytokines and the 
cellular mediated immunity in the pathogenesis and eradication of chronic HCV 
have been studied.4,5
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Activated macrophages secrete interleukin (IL)-1β and 
tumor necrosis factor (TNF)-α to promote HCV entry by 
disrupting hepatocyte tight junctions; however, the 
mechanism by which this occurred was unrecognized. 
The TNF superfamily members TNF-α, TNF-β, 
TWEAK, and LIGHT promote HCV infection through 
nuclear factor (NF)-κB and myosin light chain kinase 
(MLCK)-dependent pathway. These data highlight that 
viral entry and persistent infection may be promoted by 
HCV-induced TNF superfamily signaling responses6 and 
diversity in genetic elements can control and adjust the 
production of the cytokines.7 The pro-inflammatory cyto
kines TNF-α and lymphotoxin alpha (previously called 
TNF-β), are two members of TNF ligand superfamily 
genes that are encoded by the major histocompatibility 
complex class III region. Chromosome 6 carries the two 
genes at near locations. The same receptor is used and 
stimulation of NF-κB nuclear protein through the same 
immune-inflammatory responses.8

Lymphotoxin-a (LTA), is a close homolog of TNF-α9 

which has about 50% amino acid sequence identity to TNF- 
α. It carries out most TNF-α activities and both cytokines 
initiate similar biologic responses.10 LTA is produced in 
response to T cells stimulation and is involved in different 
inflammatory, immune-stimulatory, and antiviral responses. 
It can help communicate lymphocytes and stromal cells and 
subsequently induce cancer cells cytotoxicity.8,11,12 LTA has 
been implicated in the pathogenesis of acute and chronic 
HCV infection.13–15 As an important mediator of hepatic 
fibrogenesis, TNF-β is released by lymphocytes (T cells, 
B cells, and natural killer cells) as an inflammatory response 
in chronic HCV patients.10 Hepatic fibrogenesis is a result 
of triggering TNF receptor (TNFR) 1 and TNFR2 by TNF- 
β, inducing the classical and alternative NF-κB signaling 
pathways.16,17

Several studies examined the role of LT-α polymorphism 
in different immune-mediated diseases and it has been asso
ciated with diseases such as rheumatoid arthritis,18 systemic 
lupus erythematosus,19 cardiac diseases,20,21 and ankylosing 
spondylitis.12 Several polymorphisms of the LT-α gene were 
identified and Messer first reported the existence of a single 
nucleotide polymorphism (SNP) in the intron of LT-α at 
position 252 (G>A, designated rs909253, which is asso
ciated with overexpression of LT-α.22 As lymphotoxin α is 
an important mediator of hepatic fibrogenesis, it may be 
helpful to elucidate the contribution of LTA gene poly
morphism in different stages of CHC infection. We aimed 
to study the association of LTA gene polymorphism +252 

(rs909253) with the degree of fibrosis in chronic HCV 
patients and the severity of HCV-related liver cirrhosis 
(LC). Also, we aimed to study the contribution of this poly
morphism to the HCC risk in chronic HCV-infected patients.

Patients and Methods
Our case–control study was conducted in the Tropical 
Medicine and Gastroenterology Department, Sohag 
University Hospital in the period from 2/2016 to 2/2018. 
One hundred and eight chronic HCV patients in different 
stages of the disease were included. Chronic HCV infec
tion diagnosis was based on anti-HCV antibodies and HCV 
RNA positivity. They were grouped based on the disease 
clinical stage based on clinical, ultrasonographic, and 
laboratory criteria into three groups. Group A: twenty- 
eight patients with chronic hepatitis C without cirrhosis. 
Group B: thirty-six patients with HCV-related liver cirrho
sis without HCC. Group C: forty-four patients with HCV- 
related liver cirrhosis with HCC on top. The presence of 
hepatic focal lesion(s) on liver ultrasound was confirmed 
by triphasic computed tomography of the abdomen and/or 
magnetic resonance imaging (MRI) and serum alpha- 
fetoprotein measurement to confirm HCC diagnosis. 
HCC group staging was performed based on Barcelona 
clinic liver cancer (BCLC) staging.23

Exclusion of patients with hepatitis B co-infection and/ 
or HIV, history suggests autoimmune or drug-induced 
hepatitis, metastatic hepatic focal lesions, or any hepatic 
focal lesions other than HCC (benign focal lesion, primary 
hepatic tumors other than HCC). Also, patients who pre
viously received any treatment modality for HCC and 
those with extra-hepatic tumors were excluded. Also, 24 
apparently healthy sex and age-matched controls were 
included in the control group (Group D).

Ethical Consideration
All subjects signed a written informed consent at the 
enrollment time and the Ethical Committee of Sohag 
Faculty of Medicine approved the study protocol and our 
study complied with the Declaration of Helsinki.

Methods
All subjects included in the study were subjected to med
ical history, clinical evaluation, and abdominal ultrasono
graphy. Routine laboratory investigations were done; 
Complete blood count, liver function tests, serum creati
nine, prothrombin time and concentration, and 
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international normalization ratio (INR), and alpha- 
fetoprotein (AFP).

The following investigations were also done:

1. Quantification of HCV RNA by PCR: Using 
Applied biosystems ABI Prism 7000 Sequence 
detection system, the viral load of HCV RNA was 
recorded by IU/mL as low, moderate, and high 
viremia according to the reference values of the 
laboratory.
a. Low viremia: <100,000 IU/mL
b. Moderate viremia: 100,000–1,000,000 IU/mL
c. High viremia: >1,000,000 IU/mL

2. Acoustic radiation force impulse (ARFI) elastogra
phy was used to measure liver stiffness: Liver stiff
ness measurement (LSM) was performed using 
shear wave elastography measured in meters 
per second (m/sec) (Siemens, syngo S2000 
VC25B, AG, Germany). The degree of fibrosis evi
denced by PSWE was stratified to the corresponding 
METAVIR score with the following cutoffs accord
ing to Lupsor et al.24

● F0 means no scarring (0.8: 1.19 m/sec),
● F1 is mild fibrosis (1.2: 1.34 m/sec),
● F2 is moderate fibrosis (1.35: 1.60 m/sec)
● F3 is severe fibrosis (1.61: 2 m/sec)
● F4 is cirrhosis or advanced fibrosis (F4 >2 m/ 

sec).
3. Child–Turcotte–Pugh (CTP) score: The modified 

Child score was calculated for LC and HCC groups 
according to Pugh et al.25 This score depends on 
encephalopathy, ascites, albumin and levels of bilir
ubin, and INR. Patients were classified into classes 
A, B, and C.

4. Model for end-stage liver disease (MELD) score26 

was calculated to the cirrhotic and HCC groups. It is 
based on serum creatinine (mg/dl), total bilirubin 
(mg/dl), and INR. The following formula was 
used: MELD = 3.78 × loge (total bilirubin) + 11.2 × 
loge (INR) + 9.57 × loge (serum creatinine) + 6.43

5. Fibrosis index based on (FIB-4) score:27 The vari
ables included in the FIB-4 are as simple as age, 
AST, ALT, and platelet (PLT) count. The FIB-4 
index is calculated using the formula: FIB-4 = Age 
(years) ×AST (U/L)/[PLT (109/L) ×ALT1/2 (U/L)]

6. Lymphotoxin-α genotyping by PCR- Restriction 
Fragment Length Polymorphism (RFLP) techni
que: Genomic DNA was isolated from collected 

EDTA preserved blood by buffy coat method 
using Blood-Plant-Animal DNA Preparation 
Kits (Cat. No. PP-213S, Jena Bioscience, 
Germany). For LTA genotyping, we followed 
the method described previously by Jeng et al, 
2014. PCR amplification of the LTA gene was 
carried out using a forward primer with nucleo
tide sequence: (5ʹ-CCG TGC TTC GTG CTT 
TGG ACT A −3ʹ) and a reverse primer with 
nucleotide sequence: (5ʹ- AGA GGG GTG GTA 
GCT TGG GTT C-3ʹ). PCR master mix was 
Ready-to-use (MyTaq Red Mix 2x, Cat. No. 
BIO-25043, Bioline, London, UK) which con
tains dNTPs, MgCl2, and enhancers at optimal 
concentrations. PCR amplification mixture was 
performed in a final volume of 50 μL containing 
2.5 μL of each primer, 25 μL master mix, 5 μL 
Genomic DNA, and 15 μL deionized water. In 
each set of experiments, a negative control was 
included. It was prepared by replacing the DNA 
template with PCR-grade water. Thermal cycling 
using a Biometra thermocycler-T Gradient was 
done. Cycling conditions included one cycle of 
initial denaturation at 95 °C for 5 min, 35 cycles 
of denaturation at 94°C for 30 seconds, annealing 
at 59 °C for 40 seconds and extension at 72°C 
for 30 seconds, and final extension at 72°C for 
10 min. The reaction was stopped by cooling at 
4°C. After amplification, the genotypes of LTA 
+252 (rs909253) were determined by RFLP tech
nique. Digestion of 21.5 µL of the PCR product 
using 5 units (1 µL) of the fast digest enzyme 
Nco I (5000 units, Cat. No. EN-E2015-01, Jena 
Bioscience, Jena, Germany) was done. The 
digestion mixture also contained 2.5 µL 
Universal Buffer (UB) 1x and the final volume 
was 25 μL. The mixture was incubated at 37 °C 
for 1 hour then visualized by transillumination 
with UV-light after electrophoresis on a 2% agar
ose gel and staining with ethidium bromide. The 
variant G allele contains an Nco I site and is 
digested into 586 bp and 196 bp fragments. 
Nco I does not cleave the A allele (782 bp). 
The heterozygous genotype (A/G) includes the 
presence of all three fragments. The size of 
DNA fragments was determined directly by com
parison with the 100 bp DNA ladder marker 
(Figure 1).
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Statistical Analysis
Data were analyzed using STATA version 14.2 (Stata 
Statistical Software: Release 14.2 College Station, TX: 
StataCorp LP). Quantitative data were represented as mean 
± standard deviation, and range. Data were analyzed using 
Student’s t-test to compare means of two groups and ANOVA 
for comparison of more than two groups. Qualitative data 
were presented as numbers and percentages. Either the Chi- 
square test or Fisher exact test was used for comparison. 
P-value was considered significant if it was less than 0.05

Results
Demographic data and ultrasonography findings in the 
included patients are shown in Table 1. Splenomegaly was 
more frequent in LC and HCC groups. Portal vein thrombo
sis was detected in 13.64% of patients in the HCC group. 
Ascites were more frequent in patients with liver cirrhosis. 
Routine laboratory tests revealed thrombocytopenia in all 
patients groups (CHC, LC, HCC) compared to the controls 
and in LC and HCC groups compared to the CHC group 
(P<0.0001). HCC patients had higher serum levels of ALT 
and AST than LC and CHC groups (P<0.0001 for each). 
Also, there were significantly lower serum albumin and 

higher serum bilirubin in both LC and HCC groups com
pared to the CHC group (P<0.0001 for each). AFP level was 
significantly higher in HCC than the CHC group (P<0.0001). 
Table 2 shows the results of hepatitis C viral load, FIB 4, and 
LSM determined by ARFI in CHC patients. Most of the 
patients had low viremia. Most patients (57%) were in F2 
and F3 determined by ARFI. Patients in LC and HCC groups 
were classified according to their Child–Turcotte–Pugh, and 
MELD scores Table 3. Based on the BCLC staging system, 
the largest proportion of HCC cases was in stage C (38.64%) 
followed by stage B (34.1%). Less frequently, 20.45% of 
cases were in stage A and 6.82% in stage D.

Results of PCR Amplification and RFLP 
Genotyping of LTA Gene +252
Figure 2 shows the distribution of LTA genotype in 
patients groups and controls. A/A genotype was the most 
frequent one in the controls (50%), followed by the A/G 
genotype and lastly G/G which was the rarest. On the 
other hand, in all patients groups, the A/G genotype was 
the predominant variant and A/A genotype was present in 
about 1/3 of cases and the A/G and G/G were present in 
nearly 2/3 of patients. In HCC patients, G/G genotype was 

Figure 1 Representative gel picture showing PCR-RFLP analysis of NcoI LTA gene polymorphism on ethidium bromide-stained 2% agarose gel. M stands for molecular size 
marker (100 bp DNA ladder); lane 3 represents homozygous G/G genotype; lanes 1,2,6,8 represents heterozygous A/G genotype, and lanes 4,5,9 represents homozygous A/ 
A genotype.
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significantly more frequent (31.8%) than that in LC group 
(19.4%; P<0.01), CHC group (17.8%; P=0.03) and healthy 
controls (4.17%; P<0.01).

LTA Genotypes and Other Parameters
In CHC patients, Table 4 shows no significant association 
between the three genotypes and LSM by ARFI, FIB 4, 
and HC viral load. There was a statistically significant 
association between LTA genotypes and the Child classes 
in HCC patients (P<0.01) but not in LC patients (P>0.05). 

We noticed that most HCC patients with A/G genotype 
were in Child class C and most patients with G/G geno
type were in Child B. HCC patients carrying A/G geno
type had significantly higher MELD score than other 
genotypes (P=0.006). However, no statistically significant 
difference was found between the three genotypes regard
ing BCLC stages, ultrasonography findings, or AFP levels 
in HCC patients (P>0.05).

Univariate and Multivariate Logistic 
Regression Analysis of Factors Predicting 
HCC
Univariate binary logistic regression analysis revealed that 
age, platelet count, carriage of LTA G/G genotype, and 

Table 1 Demographic Data and Ultrasonography Findings in the Studied Patients

Variable CHC 
n=28

LC 
n=36

LC with HCC n=44 P value

Age (years)

Mean±SD 39.25±11.2 56±7.74 53.5±7.63 0.0001
(range) (20–67) (41–70) (30–67)

Sex (Male/Female) 24/4 24/12 32/12 0.0001

Size of liver: Enlarged 0 14 (38.89%) 6 (13.64%) 0.001
Normal 28 (100%) 22 (61.11%) 36 (81.82%)

Reduced 0 0 2 (4.55%)

HFL No No Yes

PV Thrombosis 0 0 6 (13.64%)

Splenomegaly 10 (35.71%) 24 (66.67%) 34 (77.27%) 0.002

Ascites 0 28 (77.78%) 22 (50.00%)

Note: P-value < 0.05 is statistically significant. 
Abbreviations: CHC, chronic hepatitis C; LC, liver cirrhosis; HCC, hepatocellular carcinoma; HFL, hepatic focal lesion; PV, portal vein.

Table 2 The Results of FIB 4, LSM and Hepatitis C Viral Load in 
CHC Group

Variable Chronic Hepatitis C (n=28)

FIB 4 score

Mean±SD 1.31±0.89
Range 0.39–3.25

LSM
F0 4 (14.29%)

F1 6 (21.43%)
F2 8 (28.57%)

F3 8 (28.57%)

F4 2 (7.14%)

HCV viral load

Low viremia 12 (42.86%)
Moderate viremia 8 (28.57%)

High viremia 8 (28.57%)

Abbreviations: FIB, fibrosis index based; LSM, liver stiffness measurement; HCV, 
hepatitis C virus.

Table 3 Child–Turcotte–Pugh and MELD Scores in LC and HCC 
Groups

Variable LC 
n=36

HCC 
n=44

P value

Child–Turcotte–Pugh score
A 4 (11.11%) 7 (15.81%) 0.53
B 12 (33.33%) 18 (40.91%)

C 20 (55.56%) 19 (43.18%)

MELD score
Mean±SD 16.82±4.99 17.73±4.93 0.52

(range) (8–25) (8–31)

Note: P-value <0.05 is statistically significant. 
Abbreviations: LC, liver cirrhosis; HCC, hepatocellular carcinoma; MELD, Model 
for end-stage liver disease.

Infection and Drug Resistance 2021:14                                                                                             https://doi.org/10.2147/IDR.S306879                                                                                                                                                                                                                       

DovePress                                                                                                                       
1925

Dovepress                                                                                                                                                             Galal et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Child B and C scores were the significant factors asso
ciated with HCC development. Multivariate binary logistic 
regression analysis confirmed that carriage of LTA G/G 
genotype (OR: 01.09, CI 95%: 1.01–1.40; P=0.01) and 
platelet count (OR: 0.97, CI 95%: 0.95–0.99; P=0.008) 
were independent predictors for HCC development in 
patients with HCV-related LC as shown in Table 5.

Discussion
Chronic hepatic inflammation is the hallmark of chronic 
HCV infection.28,29 Stimulated hepatic Kupffer cells acti
vate nuclear factor-κB to produce pro-inflammatory cyto
kines including TNF β and TNF α in response to hepatic 
injury30 resulting in adverse hepatic fibrosis.17,31 Genetic 
variations among different individuals can alter the cyto
kine proteins’ function and this can change the risk32,33 

and clinical outcomes of HCC.34 The current study inves
tigates the possible association between the LTA gene 
polymorphism and severity of HCV-related chronic liver 
diseases including CHC, liver cirrhosis, and HCC in 
patients in upper Egypt and its role in disease 
progression.

In this study, cirrhotic and HCC patients were older 
than CHC patients. These findings agree with HCV natural 
history. Mittal and El-Serag35 and Elgamal36 reported that 
the incidence of HCC increases with age. On other hand, 
our study demonstrates a male predominance among all 
groups of chronic liver diseases and it was more prominent 
in the group (A). Most studies report that HCV infection 

disproportionately affects males more than females.36–39 

Males are known to be at a higher risk of HCC compared 
with females.40,41 The causes of the difference in HCC risk 
remain unclear, it may be due to higher prevalence of 
known risk factors amongst men as HCV infection (eg 
through injection drug use, tattooing), smoking39 alcohol 
consumption, higher body mass index, and also increased 
iron stores.42 One of the suggested explanations for this 
sexual dimorphism is the protective role of estrogen.40

Our study demonstrates that platelet count was signifi
cantly lower in all patients groups (A, B, C) compared to 
the controls (data not shown). Similarly, both groups (B,C) 
had significantly lower platelet count compared to the 
group (A). Thrombocytopenia could be attributed to sple
nomegaly and hypersplenism secondary to portal hyper
tension. It may also be due to decreased activity of 
thrombopoietin.43 Scheiner et al44 found that thrombocy
topenia is likely a reflection of HCC phenotypes with 
different natural histories; where thrombocytopenia is 
associated with smaller tumor size, less vascular invasion 
and extrahepatic spread, and better survival compared to 
patients with normal platelets count or thrombocytosis.

The main causes of morbidity and mortality in chronic 
liver disease are fibrosis and cirrhosis.17,28 TNF β or lym
photoxin α (LTα) is an important mediator of hepatic 
fibrogenesis10 and is up-regulated in hepatitis-associated 
HCC. Different polymorphic sites are present in the LTA 
gene but there is an SNP at position rs909253 (G>A) in the 
intron of LTA, which is related to substitution at amino acid 

Figure 2 Distribution of LTA genotypes in the studied groups showing that A/A is the predominant genotype in the control group (50%). G/G genotype is more frequent in 
HCC group (31.8%) than the other studied groups (17.9% in CHC,19.4% in LC and 4.2% in control group).
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position 26 encoded in exon-3 of the LTA gene. It has been 
shown that over-expression of LTA is due to this 
polymorphism.8 Our results revealed a predominance of A/ 
A genotype in the control group (50%), followed by the A/G 
(45.8%) and lastly the G/G variant (4.17%). These results are 
in accordance with previous studies in Taiwan.31,45

On the other hand, the A/G genotype was the predo
minant variant in CHC (46.4%) and LC (47.2%) patients 

in our study. G/G genotype was more predominant in HCC 
patients (group C) (31.8%) than LC patients (group B) 
(19.4%; P<0.01), group (A) (17.8%; P=0.03), and healthy 
controls. These findings are consistent with Jeng et al31 

and Tsai et al.45 In the group (A), liver stiffness assessed 
by ARFI elastography showed that most of the patients 
were in the F2-F3 stage. We found a significant positive 
correlation between FIB 4 and LSM using ARFI. The 

Table 4 The Relation Between LTA Genotypes and Other Parameters

CHC A/A (N=10) A/G (N=13) G/G (N=5) P value

LSM
F0 2 (20.00%) 2 (15.38%) 0 0.53
F1 4 (40.00%) 1 (7.69%) 1 (20.00%)
F2 2 (20.00%) 4 (30.77%) 2 (40.00%)

F3 2 (20.00%) 4 (30.77%) 2 (40.00%)

F4 0 2 (15.38%) 0

FIB 4
Mean±SD 1.28±1.04 1.25±0.94 1.50±0.41 0.32
Median (range) 0.91 (0.43–3.21) 0.89 (0.39–3.25) 1.48 (0.85–1.85)

HC viral load
Low viremia 4 (40.00%) 6 (46.15%) 2 (40.00%) 0.67
Moderate viremia 4 (40.00%) 2 (15.38%) 2 (40.00%)

High viremia 2 (20.00%) 5 (38.46%) 1 (20.00%)

LC A/A (N=12) A/G (N=17) G/G (N=7)

Child class
A (N=4) 0 2 (11.76%) 2 (28.57%) 0.10
B (N=12) 2 (16.67%) 8 (47.06%) 2 (28.57%)

C (N=20) 10 (83.33%) 7 (41.18%) 3 (42.86%)

HCC A/A (N=14) A/G (N=16) G/G (N=14)

MELD score
Mean±SD 18.14±3.76 20.13±4.94 14.57±4.52 0.006
(range) (14–24) (14–31) (8–21)

BCLC stage
A (n=9) 4 (28.57%) 1 (6.25%) 4 (28.57%) 0.29
B (n=15) 4 (28.57%) 6 (37.50%) 5 (35.71%)

C (n=17) 5 (35.71%) 9 (56.25%) 3 (21.43%)
D (n=3) 1 (7.14%) 0 2 (14.29%)

Child class
A (N=7) 21.43% 6.25% 21.43% 0.01
B (N=18) 42.86% 25% 57.14%
C (N=19) 35.71% 68.75% 21.43%

AFP (ng/mL)
Mean±SD 

Median (range)

467.43±444.54 

544 (15–1432)

445.44±505.52 

266 (17–1432)

601.64±520.03 

664.5 (16–1432)

0.60

Note: P-value <0.05 is statistically significant. 
Abbreviations: CHC, chronic hepatitis C; LSM, liver stiffness measurement; FIB, fibrosis index based; HC, Hepatitis C; LC, liver cirrhosis; HCC, hepatocellular carcinoma; 
MELD, Model for end-stage liver disease; BCLC, Barcelona clinic liver cancer; AFP, alpha fetoprotein.
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present study did not find any significant association 
between LTA genotypes and LSM by ARFI, FIB 4, or 
HCV viral load. Goyal et al13 studied the association of 
TNF β polymorphism and disease severity in HCV 
patients based on their histological stage. They concluded 
that SNP in the TNF β gene might affect the natural course 
of and the disease progression of chronic HCV infection.

Cagin et al46 found that portal vein thrombosis was 
associated with severe liver disease and HCC, and it could 
be a sign of the advanced stage of HCC. Only six (13.6%) 
of the studied HCC patients had portal vein thrombosis. 
Gomaa et al47 also reported a comparable frequency and 
this could be explained by portal vein invasion by malig
nant thrombus. Regarding LTA genotypes, two of them 
had A/G and four patients had G/G genotype.

The present study demonstrates that the majority of 
patients in liver cirrhosis group (B) and HCC group (C) 
had an advanced stage of the disease according to the 
Child and MELD scores. In the group (B), we found no 
significant association between LTA genotype and Child 
class. However, in HCC patients group (C), a significant 
association existed. Most patients with A/G genotype 
were in Child class C and most patients with G/G geno
type were in Child class B. Meanwhile, HCC patients 
carrying A/G genotype had significantly higher MELD 
scores than those carrying the G/G genotype. When we 
stratified HCC patients according to the BCLC staging 
system,23 we found that the largest proportion (39%) was 
in the advanced stage C, followed by 34% in the inter
mediate stage B, then 20.5% in the early stage A and 

a minority (7%) were in the terminal stage D. Moreover, 
the present study did not find a significant association 
between both BCLC staging and AFP level, and LTA 
genotype. Jeng et al31 reported that factors like Child 
C cirrhosis, thrombocytopenia, and AFP > 400 were 
associated with carrying TNF β G/G genotype. They 
also found that this genotype was a biomarker of poor 
survival of patients with HCC in their study.

Univariate logistic regression analysis of factors pre
dicting the risk of HCC in our study revealed that age, 
platelet count, LTA genotype, and Child class B and 
C are significant predictors. However, multivariate ana
lysis identified only platelet count and LTA G/G geno
type as independent predictors of HCC in HCV-infected 
patients. Consistent with our results, Huang et al,48 

Everson et al,49 and Yilmaz et al50 stated that platelet 
count is a well-known risk factor for HCC development 
in patients with cirrhosis. Thus, follow-up of platelet 
counts in patients with known cirrhosis can be used to 
assess the risk of HCC development. Previous studies 
have shown that increasing age,35,51 male sex,51–53 dia
betes mellitus54,55 are independent risk factors for the 
development of HCC. Jeng et al31 reported independent 
and additive effects between TNF β G/G genotype and 
chronic HBV/HCV infection on risk of HCC and this 
genotype may be used as a biomarker of poor survival. 
Similarly, Tsai et al45 found independent and additive 
interactions between TNF β G/G genotype, chronic viral 
hepatitis, and habits of substance use (as smoking, alco
hol, and betel quid chewing) on the risk of HCC.

Table 5 Univariate and Multivariate Binary Logistic Regression Analysis of Predictors of HCC

Univariate Analysis Multivariate Analysis

Variable Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value

Age 1.04 (1.00–1.09) 0.03 0.99 (0.94–1.05) 0.83

Male gender 1.13 (0.47–2.69) 0.79
Thrombocytopenia 0.97 (0.96–0.99) 0.001 0.97 (0.95–0.99) 0.008

LTA genotype
A/A 1.12 (0.49–2.54) 0.78

A/G 1.54 (0.70–3.39) 0.28

G/G 1.09 (1.01–1.40) 0.01 1.09 (1.01–1.40) 0.01

Child class
B vs A 6.86 (2.29–20.52) 0.001 2.06 (0.58–7.26) 0.26
C vs A 4.34 (1.55–12.18) 0.005 1.07 (0.30–3.84) 0.91

Note: P-value <0.05 is statistically significant. 
Abbreviation: LTA, Lymphotoxin-α.
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Our study had certain limitations. Firstly, this study is 
hospital-based and not a population-based study; therefore, 
it has a relatively small sample size. Second, all patients 
and controls were from Upper Egypt (mostly from Sohag 
Governorate).

In conclusion, we found a significant association 
between LTA polymorphism (G/G genotype) and HCC 
development and disease severity in patients with HCV- 
related liver cirrhosis. LTA G/G genotype and thrombo
cytopenia may be used as markers to predict the risk of 
HCC in patients with HCV-related liver cirrhosis. 
Chronic HCV-infected patients with this variant should 
receive more intensive screening for early detection 
of HCC.

Abbreviations
HCV, hepatitis C virus; LTA, lymphotoxin alpha; CHC, 
chronic hepatitis C; HCC, hepatocellular carcinoma; LC, 
liver cirrhosis; PCR, polymerase chain reaction; LSM, 
liver stiffness measurement; MELD, model for end-stage 
liver disease; FIB-4, fibrosis index based on 4.
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