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Abstract

Aim of the study: This meta-analysis evaluated serum interleukin-6 (IL-6) levels in hepatocellular carcinoma 
(HCC) patients compared with healthy controls and hepatitis and cirrhotic patients. 

Material and methods: The three databases PubMed, Scopus, and Web of Science were searched for assessment of 
IL-6 levels in HCC patients (without cirrhosis and hepatitis) compared with healthy controls (without HCC, cirrhosis 
and hepatitis) and the studies were selected based on inclusion and exclusion criteria. A random-effect meta-analysis 
was performed with RevMan 5.3 software, using mean difference (MD) and 95% confidence intervals (CIs). 

Results: Out of 503 studies searched in databases, 18 studies were included in the meta-analysis. The pooled 
analysis with continuous data demonstrated that the IL-6 level in HCC patients was significantly higher than that 
in healthy controls (MD = 12.44; 95% CI: 9.02-15.85; p < 0.00001). Also, the pooled analysis demonstrated 
that the IL-6 levels in cirrhotic patients (MD = –6.98; 95% CI: –12.91-1.05; p < 0.02) and patients with hepatitis 
(MD = –8.43; 95% CI: –11.91-4.95; p < 0.00001) were significantly lower than the level in HCC patients, and 
the subgroup analyses had high heterogeneity. 

Conclusions: The elevated IL-6 levels in HCC patients compared with hepatitis and cirrhosis patients and healthy 
controls may show a significant association of this cytokine with increased risk of HCC and its potential as a di-
agnostic marker for HCC in future diagnostic and therapeutic strategies.
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factor in cancer [6]. IL-6 appears to increase cholan-
giocarcinoma cells’ growth by stimulating a  mitogen- 
activated protein kinase signaling pathway [5, 7].  
Important risk factors of recurrence in successfully 
treated early-stage HCC patients are higher Child-
Pugh score, larger tumor size, low platelet count, liver 
cirrhosis, elevated a-fetoprotein (AFP) level, and high 
serum hepatitis B virus (HBV) load [8, 9]. AFP is the 
major tumor marker for HCC [10, 11] with a sensitivity 
of 41-65% [11]. Using AFP as a screening test in high 
risk patients can detect more early tumors and prolong 
the survival of patients [10]. Also, recognizing interleu-

Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignancies in the world and is highly prev-
alent in sub-Saharan Africa and Southeast Asia [1]. 
Most cases have chronic inflammatory liver diseases 
in the background [1, 2]. Inflammatory cytokines may 
have a positive or negative effect on development and 
progression of HCC [3]. Interleukin-6 (IL-6) as an im-
portant pro-inflammatory mediator is a potent mitogen 
for cholangiocytes and cholangiocarcinoma cells [4, 5]. 
Meanwhile, IL-6 is also known as an autocrine growth 
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kins can help immunotherapy treatments in HCC pa-
tients [12]. This meta-analysis aimed to evaluate serum 
IL-6 levels in HCC patients in comparison with healthy 
controls as well as hepatitis and cirrhotic patients.

Material and methods

Search strategies 

We used the keywords ‘IL-6’, ‘interleukin-6’, ‘liver 
cancer’, ‘HCC’ and ‘hepatocellular carcinoma’ in the 
three databases PubMed, Scopus and Web of Science 
from January 1980 to March 2017 for publications 
with an English abstract. 

Study selection

One author (M.S.) searched the articles, followed 
by the second author (M.R.), blinded to the first re-
viewer. If there was any disagreement between two re-
viewers, the third reviewer (E.S.) resolved the problem. 
All studies were searched for evaluation of IL-6 levels 
in the HCC patients compared with healthy controls, 
cirrhotic patients or patients with hepatitis. The inclu-
sion criteria for the studies included: i) studies report-
ing the mean or median IL-6 level in HCC patients and 
healthy controls; ii) HCC patients or healthy controls 
with liver diseases could be included in the study;  
iii) studies reporting healthy control, hepatitis or cir-
rhosis groups compared with a  HCC group; iv) only 
studies with an English-language abstract could be 
included; v) human studies; vi) HCC was confirmed 
histologically or based on biopsy or cytologic findings;  
vii) blood sample of IL-6 was taken after overnight fast-
ing. The exclusion criteria were: 1) the studies did not 
report mean or median IL-6 level; 2) data from incom-
plete reports (no sufficient information) and review 
studies were not eligible for this study; 3) studies re-
porting the healthy control with liver diseases.

Data extraction

The name of author, year of publication, country, 
number/age/male (%) of HCC, cirrhosis, hepatitis and 
healthy control groups were the relevant data extracted 
from every study. 

Statistical analysis

A  random-effect meta-analysis was performed 
with Review Manager 5.3 (RevMan 5.3, The Cochrane 
Collaboration, Oxford, United Kingdom) using mean 
difference (MD) and 95% confidence intervals (CIs). 

Heterogeneity between estimates was assessed by the 
Q and I2 statistic that for the Q statistic. Heterogeneity 
was considered if p < 0.1 and also 95% CI and p-value 
(2-sided) < 0.05 was considered statistically significant 
in this meta-analysis. Publication bias was assessed 
through funnel plot analysis with Begg’s and Egger’s 
tests. If the data were presented using the standard er-
ror (SE), then the formula SE = SD

N
 was used to calcu-

late standard deviation (SD). If the data were presented 
using several SDs, the mean SD was calculated by the 
formula  SDmean = SD2

mean = SD2
A   SD2

B 
NA  NB  

+...+ (n = sample 

size) [3]. We used the formula for estimation of mean 
and SD if the study reported median plus range [13, 
14] or median plus interquartile range [15]. The unit 
of measurement of IL-6 in this meta-analysis is pg/ml.

Results

Study selection

Out of 503 studies searched in databases, 62 studies 
were assessed for eligibility. Of these studies, 44 stud-
ies were excluded with reasons (Figure 1). Therefore, 
18 studies reported the mean or median IL-6 level in 
HCC and healthy control groups and therefore were 
included in this meta-analysis. 

Fig. 1. Study flowchart

*7 studies didn’t report mean or median for groups; 4 studies didn’t have full-text and 
without complete information in abstract; 13 studies reported polymorphisms of IL-6;  
5 studies just reported HCC group; 6 studies were animal; 4 studies had non-English full 
text and without complete information in English abstract; 2 studies were review, 2 studies 
didn’t have relevant data, 1 study didn’t detect IL-6 level for all controls and HCC patients
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Study characteristics

The characteristics of 18 studies included in the me-
ta-analysis are shown in Table 1. All studies were pub-
lished in the period from 2000 to 2014. Three studies 
were reported in Italy [16-18], three in Egypt [19-21], 
three in Taiwan [22-24], two in Korea [25, 26], three in 
China [27-29], two in Turkey [30, 31], one in Thailand 
[32] and one in Japan [33]. In the meta-analysis, 1187 
HCC patients and 1414 healthy controls were included. 
Five studies reported the median IL-6 level [16-18, 22, 
23], five studies reported SE [20-23, 25] and one study 
reported two means and SDs for HCC patients [19].

Meta-analysis

Figure 2 shows MD of serum IL-6 levels in 1150 
HCC patients compared with 1377 healthy controls. 
The pooled analysis with continuous data demonstrat-
ed that the IL-6 level in HCC patients was significantly 
higher than that in healthy controls (MD = 12.44; 95% CI: 
9.02-15.85; p < 0.00001) and I2 = 99% (p < 0.00001).

Figure 3 shows MD of serum IL-6 levels in HCC 
patients compared with healthy controls in different 
countries. The pooled subgroup analysis with contin-
uous data demonstrated that the IL-6 levels in HCC 
patients were significantly higher than in healthy 

controls in Italy (MD = 12.92; 95% CI: 6.44-19.40;  
p < 0.0001), Egypt (MD = 11.99; 95% CI: 11.44-12.54; 
p < 0.00001), China (MD = 12.18; 95% CI: 3.28-21.08; 
p < 0.007) and Turkey (MD = 31.20; 95% CI: 20.90-
41.50; p < 0.00001) with I2 = 0% (p < 0.42), I2 = 0%  
(p < 0.67), I2 = 98% (p < 0.00001) and I2 = 23% (p < 0.25), 
respectively. This analysis did not show significantly 
higher levels of IL-6 in HCC patients than in healthy 
controls in Taiwan (MD = 6.21; 95% CI: –1.63-14.04;  
p < 0.12) or Korea (MD = 11.93; 95% CI: –6.60-30.47;  
p < 0.21) with I2 = 99% and I2 = 97%, respectively.

The MDs of serum IL-6 levels in 329 cirrhotic pa-
tients versus 397 controls, 603 patients with hepatitis 
versus 424 controls, 329 cirrhotic patients versus 353 
HCC patients and 640 patients with hepatitis versus 
252 HCC patients are shown in Figure 4. The pooled 
analysis with continuous data demonstrated that the 
IL-6 levels in cirrhotic patients (MD = 9.22; 95% CI: 
4.75-13.68; p < 0.0001) and patients with hepatitis  
(MD = 2.15; 95% CI: 1.24-3.07; p < 0.00001) were sig-
nificantly higher than in healthy controls with I2 = 99% 
and I2 = 98%, respectively. Also, the pooled analysis 
demonstrated that the IL-6 levels in cirrhotic patients 
(MD = –6.98; 95% CI: –12.91- –1.05; p < 0.02) and pa-
tients with hepatitis (MD = –8.43; 95% CI: –11.91-4.95; 
p < 0.00001) were significantly lower than in HCC pa-
tients with I2 = 84% and I2 = 97%, respectively.

Table 1. Characteristics of studies included in meta-analysis (n = 18)

Hepatitis 
(n/Mean age, yrs/male %)

Cirrhosis  
(n/Mean age, yrs/male %)

Controls  
(n/Mean age, yrs/male %)

HCC patients  
(n/Mean age, yrs/male %)

CountryStudy (year)

––27/–/–67/63.4/89.6TaiwanChau (2000) [22]

––28/55.4/67.887/62.2/68.9ItalyGiannitrapani (2002) [16]

––12/–/–11/–/–TurkeyCoskun (2004) [30]

–23/45.5/4725/37.1/4422/59.8/68.0TurkeyAtaseven (2006) [31]

–72/56.5/66.742/54.9/73.893/62.2/65.6ItalySoresi (2006) [17]

––23/53.5/65.226/62.8/65.3KoreaCheon (2007) [25]

––10/–/–70/55.0/85.7ThailandTangkijvanich (2007) [32]

–30/matched/matched30/matched/matched30/Median: 62.3/70.0ItalyPorta (2008) [18]

37/Median: 55.0/89.0––37/Median: 55.0/89.0ChinaWong (2009) [27]

––25/34.0/56.050/54.9/68.0EgyptEl-Folly (2010) [19]

––18/–/–32/–/–ChinaPang (2011) [28]

––30/matched/matched73/matched/matchedTaiwanChao (2012) [23]

––24/–/–110/58.6/71.8KoreaJang (2012) [26]

291/43.8/63.257/52.9/82.5139/43.9/56.847/60.1/80.9TaiwanKao (2012) [24]

–31/53.7/83.915/50.7/73.340/57.6/77.5EgyptMetwaly (2012) [20]

20/–/65.020/–/75.020/–/5020/–/60.0EgyptOthman (2013) [21]

292/43.9/72.7153/51.6/72.5265/41.6/72.8148/60.2/74.3ChinaTang (2013) [29]

––644/63.7/60.1224/66.4/60.7JapanOhishi (2014) [33]

HCC – hepatocellular carcinoma, n – number
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Publication bias

A funnel plot for every analysis is shown in Figure 4. 
The results of Begg’s and Egger’s tests revealed that no 
publication biases existed in terms of the comparison of 
serum IL-6 levels in HCC and healthy control groups 
(Figure 5A), the comparison of serum IL-6 levels in cir-
rhosis and healthy control groups (Figure 5B), the com-
parison of serum IL-6 levels in hepatitis and healthy 
control groups (Figure 5C), the comparison of serum 
IL-6 levels in cirrhosis and HCC groups (Figure 5D) 
and the comparison of serum IL-6 levels in hepatitis and 
healthy control groups (Figure 5E).

Discussion

This meta-analysis showed that serum IL-6 level in 
HCC patients was significantly higher than in healthy 
controls and patients with hepatitis and cirrhosis. Also, 
IL-6 levels in patients with hepatitis and cirrhosis were 
significantly higher than in healthy controls. IL-6 is 
the most important cytokine in predicting survival of 
HCC [26]. A high serum IL-6 level is an indicator of 
the tumor burden, i.e. tumor size, stage, and aggressive-
ness such as portal vein invasion and metastasis. IL-6 is 
a pleiotropic cytokine that has a central role in hema-
topoiesis and acute phase responses [18, 34]. A num-
ber of studies [4, 17, 20, 21, 35, 36] have reported that 
IL-6 concentration was significantly higher in the HCC 
group than healthy controls and liver cirrhosis patients. 
Porta et al. [18] reported that IL-6 titers were 4-fold 
higher in HCC vs. cirrhotic patients and 25-fold higher 
than in healthy controls. 

Among patients with a low (< 20 ng/ml) AFP lev-
el, IL-6 expression was significantly associated with the 
presence of HCC [36]. IL-6 may play an extremely im-
portant role in determining liver disease progression. 
Statistically significant differences were demonstrated 
in the level of IL-6 in patients of advanced liver disease 
compared with those of mild or moderate to severe liv-
er disease [24]. In patients with advanced HCC, elevat-
ed levels of IL-6 were found, correlating with the tumor 
burden [37]. Soresi et al. [17] concluded that IL-6 val-
ues in HCC stage III were higher than in stages I and II 
of the disease. Also, El-Folly et al. [19] found that the 
mean IL-6 levels in patients with Child classification C 
was higher than in those with Child A and B. One study 
showed that serum IL-6 levels were also elevated in pa-
tients with relatively early and resectable disease and 
were also correlated with tumor size [22]. Two studies 
[4, 22] found that there was no significant correlation 
between IL-6 and AFP levels, but other studies report-
ed an association between serum IL-6 level and AFP 
levels [19-21, 27, 36].
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Fig. 5. Funnel plot of random effect of comparison of serum IL-6 levels in  
(A) hepatocellular carcinoma (HCC) and healthy control groups, (B) cirrhosis  
and healthy control group, (C) hepatitis and healthy control groups, (D) cirrhosis 
and HCC groups, (E) hepatitis and HCC groups 
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Ehab et al. [38] reported that HCC patients have sig-
nificantly higher levels of AFP and serum IL-6 than cir-
rhotic patients without HCC. Moreover, elevated serum 
levels of IL-6 were significantly associated with increased 
risk of HCC, especially among obese patients [33]. 
Othman et al. [21] found that the tumor size has a high 
correlation with IL-6 level and measuring this cytokine 
may help to identify a group of HCC patients with low 
AFP. Also, Soresi et al. [17] concluded that IL-6 lev-
els in patients with liver cirrhosis associated HCC are 
higher than in patients with liver cirrhosis alone and 

controls, indicating that production of this cytokine 
is increased by tumor cells. Combination of IL-6 and 
AFP in the study of Wong et al. [27] improved the sen-
sitivity in diagnosing HCC or predicting future HCC 
development. High serum IL-6 level can predict the 
development of HCC in chronic hepatitis B patients, 
and has moderate accuracy in predicting future cancer, 
and also the diagnostic value of IL-6 increases when it 
is associated with AFP measurement. The combination 
of these two markers can create new hopes in earlier 
diagnosis of HCC [19].
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Limitations

There was a liver disease with HCC or healthy con-
trol in several studies. There was a  difference in the 
percentage of each liver disease in the patients and 
also stage of HCC. Matching of the mean age between 
HCC patients and healthy controls was not performed 
in several studies. There was a low number of patients 
and controls in several studies. There was high hetero-
geneity between the studies in each analysis, but there 
was no bias. There was a difference in consumption of 
alcohol in the studies. There were differences in the 
score of Child-Pugh and AFP levels for HCC patients, 
cirrhosis and hepatitis groups between the studies. 
There was hepatitis virus related to cirrhotic patients 
in some studies. 

Conclusions

The elevated IL-6 levels in HCC patients compared 
with patients with hepatitis or cirrhosis and healthy 
controls may show a significant association of this cy-
tokine with increased risk of HCC and its potential as 
a diagnostic marker for HCC. The geographical area, 
lifestyle-related, clinicopathological factors and AFP 
levels may affect IL-6 levels in HCC patients. There-
fore, clinicians should consider the roles of IL-6 and 
AFP in future diagnostic and therapeutic strategies. 
The future studies on the impact of each clinicopatho-
logical factor on IL-6 level can be done in HCC pa-
tients without cirrhosis and hepatitis compared with 
healthy controls in a large sample size with control of 
lifestyle-related and clinicopathological factors and 
AFP levels in similar areas.
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