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Abstract
Aim of the study: To estimate serum interleukin 8 (IL-8) level in patients with hepatocellular carcinoma (HCC)
compared to controls and patients with chronic hepatitis (CH) and liver cirrhosis (LC).
Material and methods: Three databases, i.e. PubMed, Web of Science, and Scopus, were searched up to November 2017 without language restriction. The mean difference (MD) and 95% confidence interval (CI) were used
by a random-effects analysis in RevMan version 5.3, and sensitivity analysis was performed as the secondary
analysis.
Results: Out of 239 studies found, 10 studies recruiting 659 HCC patients, 237 controls, 357 patients with LC,
and 48 patients with CH were included and analyzed in the meta-analysis. The pooled MDs were 39.48 (95%CI:
152.31, 406.47, p < 0.00001), 21.32 (95% CI: –6.04, 48.68, p = 0.13), and 36.46 (95% CI: 21.77, 51.15,
p < 0.00001) in the patients with HCC compared to the controls, the patients with LC and those with CH,
respectively.
Conclusions: An elevated serum IL-8 level in the HCC patients compared to the three other groups showed an
increased risk for this cytokine in HCC patients. Therefore, this interleukin can be used as a new biomarker replacing alpha-fetoprotein (AFP) or as a clinical assay for evaluation of the pathogenesis and probably the progression
or development of HCC.
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Introduction
Hepatocellular carcinoma is the sixth most common malignancy in the world and the third cancer in
terms of mortality, whose treatment, diagnosis, and
control are still a major concern [1]. This cancer is
sometimes accompanied by chronic liver diseases such
as hepatitis (hepatitis B virus [HBV] or hepatitis C virus
[HCV] infection) [2]. The presence of the interleukin 8
(IL-8) gene in a laboratory environment suggests that
ILs can contribute to the progression of liver diseases,
including chronic hepatitis (CH), liver cirrhosis (LC),
and hepatocellular carcinoma (HCC) [3, 4]. In addi-
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tion, meta-analyses have shown that the cytokines have
anti-inflammatory effects [5, 6]. IL-8 has been studied
as one of the most important cytokines in the process of inflammation and immunity of HCC [3, 7-15].
IL-8 may be a potential therapeutic target in the treatment of HCC [16]. Alpha-fetoprotein (AFP) is the
most important serum biomarker (as a gold standard)
in HCC with a sensitivity of 41% to 65% [17]. A number of studies have investigated whether IL-8 can be an
alternative to AFP in patients with HCC. This metaanalysis was designed to assess the serum IL-8 levels
in HCC patients compared to healthy controls and patients with LC and CH.

123

Ebrahim Shakiba, Masoud Sadeghi, Mohammad Shakiba

Material and methods

Study selection

Search strategy
We systematically searched the terms “IL-8” or “interleukin 8”, “liver cancer”, “HCC”, or “hepatocellular
carcinoma”, and “serum” in three databases – PubMed
(limited to human studies), Scopus (limited to articles), and Web of Science (limited to articles) – up to
November 2017 without language restriction in all databases.

Inclusion and exclusion criteria
The inclusion criteria consisted of studies with English-language abstract reporting the mean/median of
serum IL-8 level in HCC patients and healthy controls,
human studies, studies reporting the blood sample of
IL-8 after overnight fasting and HCC patients without chronic hepatitis or liver cirrhosis. The exclusion
criteria included studies with incomplete reports (insufficient information) of the data, conference papers,
review studies, animal studies, cross-sectional studies,
and studies reporting polymorphisms of IL-8.

One reviewer (M.S.) checked the titles and/or abstracts of each study and then evaluated the full texts
of the relevant articles (studies reporting IL-8 levels
in HCC patients compared with healthy controls that
met the eligibility criteria). The second reviewer (E.S.)
re-assessed them.

Data extraction
One of the reviewers (M.S) extracted the information of all the studies included in the meta-analysis
(Table 1).

Statistical analysis
Review Manager 5.3 (RevMan 5.3) was used to
estimate the mean difference (MD) and 95% confidence interval (CI) in a random-effects model. Q and
I-squared (I2) statistics were used to estimate heterogeneity across the studies if p < 0.1 (I2 > 50%). In the analyses, a p-value (2-sided) < 0.05 showed a statistically
significant difference. Subgroup analyses were conducted by comparison of two groups (HCC vs. control,

Table 1. Characteristics of studies included in the meta-analysis (n = 10)
First author, year

Country

No. of HCC
No. of healthy
No. of LC patients/
No. of CH
patients/mean age controls/mean age mean age (year)/ patients/mean age
(year)/male%
(year)/male%
male%
(year)/male%

Method (source)

Okada, 1994 [7]

Japan

73/–/–

20/–/–

24/–/–

18/–/–

ELISA kit (Toray Fuji Bionics,
Tokyo, Japan)

Ren, 2003 [8]

China

59/50/71.2

15/–/–

–

–

ELISA kits (R&D Systems,
Minneapolis, MN)

Ren, 2003a [9]

China

55/median:
51/72.7

15/–/–

–

–

ELISA kits (R&D Systems,
Minneapolis, MN)

Tachibana, 2007 [10]

Japan

30/66.6/60

17/58.6/70.5

29/58/62.1

30/48.8/76.7

Sandwich ELISA

Zekri, 2010 [11]

Egypt

30/60.7/–

9/50.9/77.8

–

–

ELISA kits (R&D Systems, Inc.
614 McKinley Place N.E. MN
55413, USA)

Chao, 2012 [12]

Taiwan

73/matched/91.8

30/matched/
matched

–

–

ELISA kits (R&D Systems Inc.,
Minneapolis, MN, USA)

El-Tayeh, 2012 [13]

Egypt

37/median:
55/78.4

16/median:
46/68.7

28/median:
49/78.6

–

ELISA kits

Welling, 2012 [14]

USA

90/61/76.7

–

180/53/71.7

–

Bio-Plex kits (Millipore,
Billerica, MA)

Yahya, 2013 [3]

Egypt

20/matched/–

20/matched/65

–

–

ELISA kits (Orgenium
Laboratories Business
unit, Finland)

Zekri, 2015 [15]

Egypt

192/56.7/79

95/33.4/22

96/54/70

–

ELISA kits (R&D Systems,
Inc., USA)

ELISA – enzyme-linked immunosorbent assay, HCC – hepatocellular carcinoma, LC – liver cirrhosis, CH – chronic hepatitis
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Results
A total of 239 studies were found in databases. After removing duplications, 152 studies were screened.
Out of all studies screened, 129 studies were excluded
and the 23 remaining studies were assessed based on
their full text. After that, 13 other studies were omitted
with reasons (Fig. 1). Finally, 10 articles were included
and analyzed in the meta-analysis.
Table 1 presents some information of the studies
included in the meta-analysis. The studies were reported from 1994 to 2015. Four studies were reported
from Egypt [3, 11, 13, 15], two from Japan [7, 10], two
from China [8,9], one from Taiwan [12], and one from
the USA [14]. The studies had recruited 659 HCC patients, 237 controls, 357 patients with LC, and 48 patients with CH. The mean age, male percentage, and
measurement method of IL-8 are shown in Table 1.
Study or Subgroup

HCC
Mean
SD

Total

Control
Mean
SD

Total Weight

Records identified through database searching (n = 239)
PubMed: 43, Web of Science: 121, Scopus: 75
Records after duplicates
removed (n =152)

Screening
Included

Eligibility

HCC vs. liver cirrhotic, and HCC vs. liver hepatitis).
Sensitivity analysis was performed as the secondary
analysis to evaluate any effect of the individual data on
the pooled MDs that we used in two subgroup analyses
(patients with HCC patients vs. controls and HCC vs.
patients with LC). In addition, both Begg’s and Egger’s
tests were used to evaluate publication bias through
funnel plot analysis. We used pg/ml as the unit of measurement of serum IL-8.

Identification

Evaluation of serum interleukin 8 levels in hepatocellular carcinoma

Records screened
(n =152)

Records excluded
(n = 129)

Full-text articles assessed
for eligibility (n = 23)

Full-text articles excluded,
with reasons* (n = 13)

Studies included in
qualitative synthesis (n = 10)
Studies included in
quantitative synthesis
(meta-analysis) (n = 10)

*2 studies reported the polymorphisms of IL-8, 6 reported studies were cross-sectional
studies (just reported HCC group), 1 study was a conference paper, 1 study reported
plasma IL-8 level, 1 study did not report mean/median of IL-8 in controls, 1 study
reported HCC patients with chronic hepatitis, and 1 study reported HCC patients with
liver cirrhosis.
HCC – hepatocellular carcinoma

Fig. 1. Flowchart of the study

The forest plot of serum IL-8 levels in HCC patients
compared to healthy controls is shown in Figure 2.
The pooled MD for this analysis (569 HCC patients
vs. 227 controls) was 39.48 [95% CI: 152.31, 406.47,
p < 0.00001, I2 = 98% (p < 0.00001)].
Mean Difference
IV, Random, 95% CI

Chao, 2012
61
8
73
3
0.2
30 15.0%
58.00 [56.16, 59.84]
EI-Tayeh, 2012
181.35 93.05
37 59.91 18.8
6
8.3% 121.44 [87.90, 154.98]
Okada, 1994
48.4
60.8
73
1.8
5.8
20 13.1%
46.60 [32.42, 60.78]
Ren, 2003
21.36 34.44
59
1.63 2.59
15 14.2%
19.73 [10.84, 28.62]
Ren, 2003a
40.4
9.1
55
8.7
4.1
15 14.9%
31.70 [28.52, 34.88]
Tachibana, 2007
49.13 11.03
30 17.43 1.11
17 14.8%
31.70 [27.72, 35.68]
Yahya, 2013
39.42 30.35
20
2.86
0.8
20 13.3%
36.56 [23.25, 49.87]
Zekri, 2010
228.61
51.1
30 345.84 75.6
9
5.0% –117.23 [–169.90, –64.56]
Zekri, 2015
518.19 656.23
192 238.8 431.6
95
1.2% 279.39 [152.31, 406.47]
Total (95% CI)
569
227 100.0%
39.48 [24.97, 54.00]
Heterogeneity: Tau2 = 365.18; χ2 = 390.08, df = 8 (p < 0.00001); I2 = 98%
Test for overall effect: Z = 5.33 (p < 0.00001)

Mean Difference
IV, Random, 95% CI

–100

–50
Favours [HCC]

0

50
100
Favours [control]

Fig. 2. Forest plot of random effects of serum interleukin 8 (IL-8) levels in hepatocellular carcinoma (HCC) patients compared to healthy controls

Study or Subgroup

HCC
Mean
SD

Total

Mean

LC

SD

Total Weight

Mean Difference
IV, Random, 95% CI

EI-Tayeh, 2012
181.35 93.05
37 475.17 583.95
28
1.5% –293.82 [–512.18, –75.46]
Okada, 1994
48.4
60.8
73
8.6
8.6
24 45.1%
39.80 [25.43, 54.17]
Tachibana, 2007
49.13 11.03
30 32.12
3.8
29 50.9%
17.01 [12.83, 21.19]
Welling, 2012
37.6 3381
90
20.3 72.16 180
0.2%
17.30 [–681.29, 715.89]
Zekri, 2015
518.19 656.23
192 552.9 732.2
96
2.4% –34.71 [–208.11, 138.69]
Total (95% CI)
422
357 100.0%
21.32 [–6.04, 48.68]
Heterogeneity: Tau2 = 378.65; χ2 = 17.15, df = 4 (p = 0.002); I2 = 77%
–100
Test for overall effect: Z = 1.53 (p = 0.13)

Mean Difference
IV, Random, 95% CI

–50
Favours [HCC]

0

50
Favours [LC]

100

Fig. 3. Forest plot of random effects of serum interleukin 8 (IL-8) levels in hepatocellular carcinoma (HCC) patients compared to patients with liver cirrhosis (LC)
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Study or Subgroup

HCC
Mean
SD

Total

CH
Mean
SD

Okada, 1994
48.4
60.8
73
2.7
6.1
Tachibana, 2007
49.13 11.03
30 18.75 2.32
Total (95% CI)
103
Heterogeneity: Tau2 = 88.88; χ2 = 4.12, df = 1 (p = 0.04); I2 = 76%
Test for overall effect: Z = 4.86 (p < 0.00001)

Total Weight
18 39.7%
30 60.3%
48 100.0%

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

45.70 [31.47, 59.93]
30.38 [26.35, 34.41]
36.46 [21.77, 51.15]
–100

–50
Favours [HCC]

0

50
Favours [CH]

100

Fig. 4. Forest plot of random effects of serum interleukin 8 (IL-8) levels in hepatocellular carcinoma (HCC) patients compared to patients with chronic hepatitis (CH)

A

Figure 3 illustrates the forest plot of serum IL-8
levels in HCC patients compared to patients with LC.
The pooled MD for the analysis (422 HCC patients vs.
357 patients with LC) was 21.32 [95% CI: –6.04, 48.68,
p = 0.13, I2 = 77% (p = 0.002)].
The forest plot of serum IL-8 levels in HCC patients
compared to patients with CH is shown in Figure 4.
The pooled MD for the analysis (103 HCC patients vs.
48 patients with CH) was 36.46 [95% CI: 21.77, 51.15,
p < 0.00001, I2 = 76% (p = 0.04)].

0
20

SE (MD)

40
60
80
100

B

–100

–50

0
MD

50

100

Publication bias
Figure 5 shows the pooled data of serum IL-8 in
three subgroup analyses. Egger’s and Begg’s tests did
not reveal publication bias among the included studies (Figs. 5A and 5B). These tests could not be run on
the results of serum IL-8 level in patients with HCC
patients compared to patients with CH because there
were less than three studies in this subgroup analysis
(Fig. 5C).
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Sensitivity analysis
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Fig. 5. Funnel plot (random-effects model) of serum interleukin 8 (IL-8) in HCC
patients compared to (A) healthy controls, (B) patients with liver cirrhosis (LC),
and (C) patients with chronic hepatitis (CH).
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Sensitivity analysis deleting each study at a time
was done following the changes in the pooled MDs
and 95% CIs (Table 2). We deleted the study by Zekri et al. [11] because outlier data in the subgroup
analysis of the comparison of serum IL-8 level in patients with HCC patients compared to healthy controls
showed that the pooled MD reached 47.31 [95% CI:
33.06, 61.55, p = 0.00001, I2 = 98%]. Also, we deleted
the study by El-Tayeh et al. [13] because outlier data in
the subgroup analysis of the comparison of serum IL-8
level in the HCC compared to the LC indicated that
the pooled MD reached 26.28 [95% CI: 6.43, 46.12,
p = 0.009, I2 = 68%].

Discussion
The results of this meta-analysis showed that the serum IL-8 level in patients with HCC was significantly
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Table 2. Sensitivity analysis for pooled random-effects mean difference (MD) estimates in subgroups
Subgroup

Removed study

Reason for removal

Z

p

Heterogeneity

MD

95% CI (min, max)

HCC vs. control

Zekri, 2010 [11]

Outlier study

6.51

< 0.00001

98%

47.31

33.06, 61.55

El-Tayeh, 2012 [13]

Outlier study

2.60

0.009

68%

26.28

6.43, 46.12

HCC vs. LC

higher than in other groups (healthy controls, and patients with LC and CH). Studies [3, 7-10, 12, 13] have
shown a highly significant level of IL-8 in the serum
of HCC patients compared to healthy controls, except
one study [11]. In addition, out of five studies [7, 10,
13-15], three studies reported significant differences
between HCC patients and cirrhotic patients (lowered
level in one study and elevated level in two studies),
and out of two studies [13, 15] reporting serum IL-8
level in patients with HCC compared to patients with
CH, both studies reported an elevated level of IL-8.
IL-8 contributes to human malignancies such as
HCC and plays its role through participation in the
vascular invasion and angiogenesis or tumor proliferation [18]. Attention to IL-8 can control angiogenesis
and HCC invasion [8], and IL acts in favor of progressive inflammation, permanent cell damage, and HCV
infection [19]. One study [15] reported that the accuracy of diagnosis of IL-8 was poor for rapid diagnosis
of HCC. HCV infection is an important reason for the
progression of LC and HC [20], suggesting the direct
and indirect roles of HCV in the pathogenesis of HCC
[21]. One study [3] showed that patients with HCV
infection had a higher level of IL-8 compared with
control subjects, which is in agreement with another
study [22], and HCC patients with or without cirrhosis had an elevated level of IL-8 compared to patients
with HCV infection [3]. Also, serum IL-8 levels are
associated with cirrhosis, and therefore based on the
previous results, HCV can activate the IL-8 promoter
and HCV-E2 upregulates the production of IL-8 [22].
Serum IL-8 levels rose as the disease developed from
CH to LC and then to HCC, which could indicate that
increased potency might lead not only to the immune
response against HCV infection but also to the progression of HCC [23].
Alpha-fetoprotein (AFP) is the single most significant tumor marker for HCC. One major mistake is to
assume that AFP is critical for early detection of cancer [24]. El-Tayeh et al. [13] recommended that AFP
for HCC has a low sensitivity, and IL-8 is suggested to
be evaluated simultaneously to obtain the HCC diagnosis. All forms of AFP enhanced the baseline expression of cytokines [25]. IL-8 is approximately the same
as the predictor of AFP in determining the presence
of HCC [14] and independently predicts the survival
rate in HCC patients, especially in patients with early
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HCC [8, 14]. One study showed a positive correlation
between tumor size and IL-8 in HCC patients, while
the serum AFP level was not related to the tumor size
[18]. Limitations of the included studies in the meta-analysis were: 1) the relationship of HCV and HBV
with HCC in some studies, 2) the mean age and sex
mismatch between the groups in most studies; 3) the
low number of participants in most studies, and 4) the
difference in AFP levels and Child-Pugh score. These
differences caused high heterogeneity among the studies in this meta-analysis. However, regarding the high
heterogeneity, there was no publication bias in the subgroup analyses.

Conclusions
An elevated level of serum IL-8 in the HCC patients
compared to the three other groups (healthy controls,
cirrhotic patients, and patients with CH) can show
the increased risk for this cytokine in HCC patients.
Therefore, the cytokine can be used as a new biomarker replacing AFP or as a clinical assay for evaluation
of the pathogenesis and probably the progression or
development of HCC. Further studies with a larger
number of participants and control of factors involved
in HCC are needed to evaluate the correlation between
IL-8 and AFP to achieve a better and more accurate
conclusion.
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