
Citation: Dalbeni, A.; Natola, L.A.;

Garbin, M.; Zoncapè, M.; Cattazzo, F.;

Mantovani, A.; Vella, A.; Canè, S.;

Kassem, J.; Bevilacqua, M.; et al.

Interleukin-6: A New Marker of

Advanced-Sarcopenic HCC Cirrhotic

Patients. Cancers 2023, 15, 2406.

https://doi.org/10.3390/

cancers15092406

Academic Editors: Alexandre

Escargueil and Rosalba

D’Alessandro

Received: 7 March 2023

Revised: 14 April 2023

Accepted: 17 April 2023

Published: 22 April 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Article

Interleukin-6: A New Marker of Advanced-Sarcopenic HCC
Cirrhotic Patients
Andrea Dalbeni 1 , Leonardo Antonio Natola 1 , Marta Garbin 1, Mirko Zoncapè 1 , Filippo Cattazzo 1,
Anna Mantovani 1,* , Antonio Vella 2 , Stefania Canè 2, Jasmin Kassem 1, Michele Bevilacqua 1, Simone Conci 3,
Tommaso Campagnaro 3, Andrea Ruzzenente 3 , Alessandra Auriemma 4, Alessandro Drudi 5, Giovanna Zanoni 2,
Alfredo Guglielmi 3, Michele Milella 4 and David Sacerdoti 1

1 Internal Medicine Section C and Liver Unit, Department of Medicine, University of Verona,
37129 Verona, Italy; andrea.dalbeni@aovr.veneto.it (A.D.)

2 Immunology Section, Department of Medicine, University of Verona, 37129 Verona, Italy
3 General Surgery Section, Hepato-Biliary Unit, Department of Surgery, University of Verona,

37129 Verona, Italy
4 Medical Oncology Section, Department of Medicine, University of Verona, 37129 Verona, Italy
5 Radiology Section, Department of Diagnostic and Public Health, University of Verona, 37129 Verona, Italy
* Correspondence: anna.mantovani@aovr.veneto.it; Tel.: +39-0458124668

Simple Summary: The correlation between Child–Pugh class (CP) and hepatocellular carcinoma
(HCC) stage, and between HCC stage and sarcopenia is still not clear. Interleukin 6 (IL-6) promotes
the growth of the HCC microenvironment and could promote sarcopenia. We investigated whether
IL-6 is correlated with HCC stage and could represent a diagnostic marker for sarcopenia. IL-6
appears to be an effective biomarker for the diagnosis of advanced HCC patients. In addition, IL-6
could be considered a marker of cirrhotic HCC-related sarcopenia, suggesting further investigation
with BIA- or CT-dedicated software.

Abstract: Hepatocellular carcinoma (HCC) is the major cause of liver-related death worldwide.
Interleukin 6 (IL-6) promotes the growth of the HCC microenvironment. The correlation between
Child–Pugh (CP) and HCC stage and between HCC stage and sarcopenia is still not clear. Our aim
was to investigate whether IL-6 is correlated with HCC stage and could represent a diagnostic marker
for sarcopenia. Ninety-three HCC cirrhotic patients in different stages, according to BCLC-2022
(stages A, B, and C), were enrolled. Anthropometric and biochemical parameters, comprehensive
of IL-6, were collected. The skeletal muscle index (SMI) was measured using dedicated software
on computer tomography (CT) images. IL-6 level was higher in advanced (BCLC C) compared to
the early-intermediate (BCLC A-B) stages (21.4 vs. 7.7 pg/mL, p < 0.005). On multivariate analysis,
IL-6 levels were statistically dependent on the degree of liver disease severity (CP score) and HCC
stages (p = 0.001 and p = 0.044, respectively). Sarcopenic patients presented lower BMI (24.7 ± 5.3
vs. 28.5 ± 7.0), higher PMN/lymphocyte ratio (2.9 ± 2.4 vs. 2.3 ± 1.2) and increased values of
log (IL-6) (1.3 ± 0.6 vs. 1.1 ± 0.3). Univariate logistic regression between sarcopenia and log (IL-6)
showed a significant odds ratio (OR 14.88, p = 0.044) with an AUC of 0.72. IL-6 appears to be
an effective biomarker for the diagnosis of advanced cirrhotic HCC. In addition, IL-6 could be
considered a marker of cirrhotic HCC-related sarcopenia, suggesting further investigation with BIA-
or CT-dedicated software.

Keywords: hepatocellular carcinoma; sarcopenia; interleukin 6; Child-Pugh score

1. Introduction

Hepatocellular carcinoma (HCC) represents the fifth most frequent cancer in the world
and the fourth leading cause of cancer-related death [1]. Liver fibrosis and cirrhosis, as
consequences of chronic inflammation stimulated by different etiopathogenetic factors,
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such as viruses, alcohol, metabolic risk factors and others, represent in more than 90% of
cases the background for HCC development [1,2]. According to the main staging algorithm,
the new Barcelona Clinic Liver Cancer (BCLC), a specific treatment is proposed for different
HCC stages, from surgery to systemic therapy. The BCLC algorithm, considering tumor
status (defined by the number and size of neoplastic nodules, vascular or extra-hepatic
invasion), liver function through Child–Pugh (CP) score and tumor-related health status
considering patients’ Performance Status (PS); assigns treatment allocation to specific
prognostic subclasses [3].

Sarcopenia, a progressive loss of skeletal muscle mass associated with a reduction in
muscle function and strength [4,5], is one of the most important predictors of complications,
such as cirrhotic decompensation, infections, quality of life and mortality, particularly
post-transplantation [4,6]. It has been documented that sarcopenia, in addition to cirrhosis,
is frequently associated with chronic pathological pictures, such as chronic obstructive
pulmonary disease, cardiovascular diseases and cancer, as well as with drug use and
aging [4,6]. A total of 48.1% of patients with liver cirrhosis present with sarcopenia, but
despite its high frequency, the pathophysiology of sarcopenia remains to date partially
unknown [7]. A growing body of literature highlights how pro-inflammatory cytokines,
such as interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α), contribute to the process
of protein homeostasis dysregulation and, consequently, to sarcopenia [7]. Nowadays,
sarcopenia is detectable with specific computer tomography (CT) software or through the
measurement of appendicular lean mass using bioelectrical impedance analysis (BIA).

To our knowledge, there are not any markers for sarcopenia detection, which link
with its severity. Pro-inflammatory cytokines, such as interleukin-6 (IL-6) and tumor
necrosis factor-α (TNF-α), contribute to the process of protein homeostasis dysregulation
and, consequently, to sarcopenia [7]. In fact, in sarcopenic patients, a negative correlation
has been shown between increased serum concentrations of IL-6 and TNF-α and reduced
muscle mass and strength, whereas a positive correlation has been reported for HCC and IL-
6 [7,8]. In particular, IL6 is a cytokine characterized by pleiotropic activity. In fact, it is able
to induce the production, at hepatocyte level, of acute phase proteins, such as fibrinogen,
hepcidin, C-reactive protein and serum amyloid A [9]. In addition, IL-6 stimulates the
acquired immune response, acting on antibody production and differentiation of cytotoxic
T cells [10] and promotes the proliferation and differentiation of non-immune cells, such as
synovial and dermal fibroblasts and bone marrow platelets [10]. IL-6 can affect neoplastic
progression, acting as an autocrine tumor growth factor as well as evading immunological
surveillance. Therefore, high levels of IL-6 should reflect the tumor size [11]. Moreover,
through a specific transduction pathway, IL-6 is able, after an initial phase of suppression
of p53 activity and, therefore, an alteration of apoptosis, to support the growth of aberrant
hepatocytes and promote cancer angiogenesis [12].

The aim of our study was to investigate whether high IL-6 levels are correlated with
HCC stage and whether it could represent a diagnostic marker for sarcopenia in patients
with HCC and cirrhosis.

2. Materials and Methods

This is a single-center retrospective study on prospectively collected data, approved
by the local Institutional Ethics Committee (Ethics Committee for Clinical Trials of Verona
and Rovigo, 2730CESC-VR/RO), in accordance with the Ethical Principles for Medical
Research Involving Human Subjects outlined in the 2013 Declaration of Helsinki. Ninety-
three consecutive HCC cirrhotic patients were enrolled from January 2020 to June 2021 in
the Liver Unit, Oncology Unit and Hepato-biliary Surgery Unit of Azienda Ospedaliera
Universitaria Integrata of Verona. The inclusion criteria were signature of the informed
consent for data collection, age over eighteen, previous or recent diagnosis of liver cirrhosis
including different etiologies (HCV, HBV, alcoholic, metabolic, autoimmune or others)
made through liver biopsy, blood tests and imaging and presence of HCC according to
BCLC 2022 criteria not previously treated with systemic therapy [3]. The different etiologies
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were defined considering the main specific European Association for the Study of the Liver
(EASL) guidelines. In particular, we considered as alcohol-related chronic liver disease a
daily alcohol consumption of 30 g/day, or a weekly consumption 7 drink units in women
and 14 drink units in men [13]. Metabolic chronic liver disease was defined by a biopsy-
proven non-alcoholic steatohepatitis or with the exclusion of both secondary causes and
alcohol consumption criteria [14–16]. The exclusion criteria were heart failure, grade III
renal failure and pregnancy.

Anthropometric parameters, anamnestic data, blood chemistry tests and IL-6 assays
were performed in all the enrolled patients. In addition, an abdominal CT scan with the
evaluation of sarcopenia using dedicated software (see paragraph below) was obtained.
The number of lesions, size of HCC nodules (>3 cm or >5 cm), neoplastic thrombosis (portal
and/or mesenteric and splanchnic) and/or vascular invasion were registered through CT
scan analysis. According to the BCLC 2022 update, the early-intermediate stage of HCC
(BCLC A-B) was defined by the presence of one- or two-three nodules smaller than 3 cm
or multinodular with preserved liver function, while the advanced stage (BCLC C) was
defined by the presence of portal invasion or extrahepatic metastases [3].

2.1. IL-6 Assay

The “Abcam Human in vitro ELISA (enzyme-linked immunosorbent assay)” kit was
used for the IL-6 assay (Boston, MA, USA) [17]. The sensitivity of the test was 7.8 pg/mL.
All patients in the study with values below this limit were, therefore, conventionally
assigned the value of 7.7 pg/mL. The IL-6 test was performed in all patients prior to any
HCC-specific therapy. The Child–Pugh score was calculated with the same blood sample.

2.2. Study of Muscle Mass

To quantify the muscle mass of the patients, CT image analysis was performed with
the Slice-O-Matic Version 5.0 (Tomo Vision, Magog, QC, Canada) software. Axial sections
were acquired at the level of the third lumbar vertebra (L3). Through the software, it is
possible to select specifically the skeletal muscle in a semi-automatic way by previously
setting the density values provided by the literature [18]. Specifically, the area of the lumbar
transverse muscle section (Lumbar Muscle Cross Sectional Area—LMCA) in cm2 was
obtained by setting the software to density values between −29 and +150 Hounsfield Units,
corresponding to skeletal muscle [18]. The images were then saved in the Digital Imaging
and Communications in Medicine (DICOM) format [19]. In sarcopenia studies, one of the
main parameters used is the skeletal muscle index (SMI), obtained by normalizing the lum-
bar muscle area for the patient’s height squared [13]. A lumbar skeletal muscle index value
lower than 39 cm2/m2 for women and 50 cm2/m2 for men, respectively, corresponding to
the cut-offs chosen by the EASL, was used for the diagnosis of sarcopenia [13,20].

2.3. Statistical Analysis

The analysis of the data obtained was carried out using Jamovi statistical spreadsheet
(Version 2.3, Sydney, Australia) and Python programming language (Beaverton, Oregon,
US). Categorical variables were expressed with frequency numbers and percentages, while
continuous variables are presented as mean ± standard deviation (SD) or median with
interquartile range (IQR), based on data distribution. The verification of the non-normality
of the variables was carried out using the Shapiro–Wilk test. The non-parametric Mann–
Whitney U test was used for variables with non-normal distribution to find statistically
significant differences between two independent populations. The Kruskal–Wallis test was
used as a non-parametric equivalent to the one-way ANOVA test to identify a statistically
significant difference between multiple groups. The chi-square test of independence was
used to evaluate a statistical significance present between two categorical variables.

Binary logistic regression (univariate and multivariate) was used to correlate multiple
independent variables with a binary dependent variable. Linear regression was used to
identify a possible relationship between a continuous dependent variable and one or more



Cancers 2023, 15, 2406 4 of 12

independent variables that are also continuous. In all cases, a statistically significant value
was considered when p < 0.05.

The ROC (receiver operating characteristic) curve and the AUC (area under the curve)
were used to quantify the discriminative capacities of a predictor evaluated with logistic
regression.

3. Results
3.1. General Characteristics and IL-6

Ninety-three consecutive HCC cirrhotic patients were enrolled from January 2020 to
June 2021. The general characteristics of the enrolled population (mean age 70 ± 15 years;
male 83.8%) are described in Table 1.

Regarding the distribution of cirrhosis etiologies, 29.2% was viral etiology, 27.5%
alcoholic, 14.2% metabolic, 26.4% presented an overlap among different etiologies and 7.6%
presented other etiopathogenesis.

A total of 60.3% of patients were in CP A, 31.3% in CP B and 8.4% in CP C. Sarcopenia,
based on the EASL criteria [20] was present in 57.6% of the population with a mean skeletal
muscle index (SMI) of 46.5 ± 12.9 cm2/m2. Of the 93 patients enrolled, 45 were in HCC
early-intermediate stage and 48 in HCC advanced stage. No patient included in our cohort
belonged to BCLC 0 and BCLC D stages. Dividing the population by considering HCC
stage, CP score was statistically different: patients with early-intermediate stage were in
91.1% of cases with CP A patients, 2.2% CP C, while patients with advanced stage were
31.3% in CP A and 14.5% in CP C.

IL-6 level was higher in advanced compared to early-intermediate stages (21.4 pg/mL
vs. 7.7 pg/mL, p < 0.005; log (IL-6) 1.45 ± 0.5 vs. 0.99 ± 0.2), but we also documented a sta-
tistically significant progressive increase in log (IL-6) in CP A/B/C classes (p-value < 0.001),
with log (IL-6) values of 0.886, 1.12 and 1.53 in CP A, B and C, respectively. In Figure 1, by
contour plot, we documented the trend of CP and log (IL-6) related to HCC stage. It can
be observed that patients with early-intermediate stage HCC had a lower CP score and
reduced log (IL-6) values; in contrast, the curves of patients with advanced HCC tended
toward higher CP and log (IL-6) values (p-value =< 0.001). The multicollinearity using
variable inflation factors (VIF) was equal to 1 considering IL-6 values and HCC stage.
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Table 1. General characteristics of the studied population subdivided considering HCC stages. Values
are presented as percentages, mean ± SD or median (IQR); p-values are presented when statistically
significant and highlighted in bold.

Variable
Total

Population
(n = 93)

Early-Intermediate
Stage (BCLC A-B)

HCC Patients (n = 45)

Advanced Stage
(BCLC C) HCC
Patients (n = 48)

p Value

Sex (M) 83.8% 86.7% 83.3% ns

Age (±SD) 70.0 ± 15.0 69.0 ± 17.0 72.0 ± 12.3 ns

BMI kg/m2 (±SD) 26.2 ± 6.5 27.2 ± 5.6 26.2 ± 5.9 ns

BMI > 30 37.1% 38.4% 36.0% ns

Etiopathogenesis

ns

Viral 29.2% 28.9% 33.3%

Alcoholic 27.5% 28.9% 18.7%

Metabolic 14.2% 13.3% 16.7%

Overlap 26.4% 26.7% 27.1%

Other 3.6% 2.2% 4.2%

BCLC Stages

BCLC 0 0% - -

BCLC A 19.3% 40% -

<0.001BCLC B 29% 60% -

BCLC C 51.6% - 100%

BCLC D 0% - -

Child-Pugh class

<0.001A 60.3% 91.1% 31.3%
B 31.3% 6.7% 54.2%
C 8.4% 2.2% 14.5%

MELD score 9 ± 5.1 9 ± 5.0 9.5 ± 5.3 ns

IL-6 (pg/mL) 7.7 (8.3) 7.7 (0.7) 21.4 (14.4) 0.042

log IL-6 1.1 ± 0.3 0.9 ± 0.2 1.4 ± 0.5 0.042

AFP (kU/L) 5.0 (33.1) 5.5 (10.8) 717 (1272) 0.005

Log AFP 1.3 ± 1.1 1.1 ± 0.9 1.5 ± 2.0 0.005

PMN (109/L) 3.2 ± 2.4 3.7 ± 2.2 2.9 ± 1.7 ns

Lymphocytes (109/L) 1.1 ± 0.7 1.4 ± 0.8 1.0 ± 0.7 ns

PLTs (109/L) 128 ± 85 129 ± 99 121 ± 72.3 ns

WBC (109/L) 5.6 ± 3 5.7 ± 2.4 5.1 ± 2.4 ns

Hb (g/L) 125 ± 30.5 134 ± 28 126 ± 26.3 <0.001

Creatinine (mg/dL) 0.8 ± 0.4 0.8 ± 0.3 0.8 ± 0.4 ns

PMNs/Lymphocytes 2.7 ± 2.2 2.7 ± 1.5 2.8 ± 2.3 ns

Skeletal muscle index (SMI) (cm2/m2) 46.5 ± 12.9 48.4 ± 16.1 46.0 ± 10.7 ns

Sarcopenia * 59.7% 50.0% 68.7% 0.05

Legend: HCC, hepatocarcinoma; AFP, alfa-fetoprotein; BMI, body mass index; BCLC, Barcelona clinic liver
cancer; Hb, hemoglobin; IL-6, interleukin-6; MELD, model for end-stage liver disease; PLTs, platelets; PMNs,
polymorphonucleates; WBC, white blood cells; ns, not significant. * not available for one patient.

In multivariate linear regression analysis, IL-6 was found to be statistically dependent
on the degree of severity of liver disease (CP score) and on the severity of neoplastic disease,
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with a p-value of <0.001 and 0.044, respectively. No statistically significant dependence was
demonstrated for age, gender and BMI (Table 2). Using logistic regression and a cut-off of
0.5, we identify an IL-6 value of 8.13 pg/mL as a predictor of advanced HCC.

Table 2. Multivariate linear regression considering IL6 and other variables.

Estimate t p

Age 0.60 1.54 ns

Gender −9.31 −1.04 ns

HCC stages 26.39 2.04 0.044

CP score 7.37 3.58 <0.001

BMI 0.85 1.62 ns
Legend: HCC, hepatocellular carcinoma; CP, Child-Pugh; BMI, body mass index; ns, not significant.

3.2. Sarcopenia Analysis

Subdividing the total population by considering the EASL sarcopenia criteria, there
were statistically significant differences in BMI (p = 0.004), advanced HCC (p < 0.05), log
(IL-6) (p = 0.031), lymphocytes (p = 0.005) and PMNs/lymphocytes ratio (p = 0.017) (Table 3).
Specifically, sarcopenic patients presented lower BMI (24.7 ± 5.3 vs. 28.5 ± 7.0), higher
PMN/lymphocyte ratios (2.9 ± 2.4 vs. 2.3 ± 1.2) and increased values of IL-6 and log (IL-6)
(1.3 ± 0.6 vs. 1.1 ± 0.3).

Table 3. Mann–Whitney U test for sarcopenic and non-sarcopenic HCC cirrhotic patients. Values
are presented as percentage, mean ± SD or median (IQR), p-values are presented when statistically
significant and highlighted in bold.

Variable Non-Sarcopenic
Patients (n = 37)

Sarcopenic Patients
(n = 55) p Value

Sex (M) 36.1% 45.8% ns

Age 68.0 ± 11.8 72.0 ± 15.0 ns

BMI, (kg/m2) 28.5 ± 7.0 24.7 ± 5.3 0.004

BMI > 30 50% 28% ns

Child–Pugh score A 70% 67% ns

MELD score 8.0 ± 3.0 9.0 ± 4.0 ns

HCC early-intermediate stage 59.5% 40% ns

HCC advance stage 40.5% 60% <0.005

IL-6 (pg/mL) 7.7 (8.3) 10.4 (28) <0.05

log IL-6 1.1 ± 0.3 1.3 ± 0.6 0.031

AFP (kU/L) 7.5 (77) 7.0 (40) ns

PMNs (×109/L) 2.9 ± 1.8 3.2 ± 2.5 ns

Lymphocytes (×109/L) 1.4 ± 0.9 1.0 ± 0.5 0.005

PLTs (×109/L) 131.0 ± 65.0 128.0 ± 83.0 ns

WBC (×109/L) 5.4 ± 2.5 5.3 ± 3.5 ns

Hb (g/L) 132.0 ± 21.5 130.0 ± 30.0 ns

Creatinine (mg/dL) 0.9 ± 0.3 0.8 ± 0.3 ns

PMNs/Lymphocytes ratio 2.3 ± 1.2 2.9 ± 2.4 0.017
Legend: AFP, alfa-fetoprotein; BMI, body mass index; Hb, hemoglobin; HCC, hepatocellular carcinoma, IL-6,
interleukin-6; MELD, model for end-stage liver disease; PLTs, platelets; PMNs, polymorphonucleates; WBC, white
blood cells; ns, not significant.
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Univariate logistic regression between sarcopenia and log (IL-6) showed a statistically
significant odds ratio (OR 14.88, p = 0.044) with an AUC of 0.72, a sensibility of 0.72 and
a specificity of 0.57 (Figure 2). The multicollinearity using variable inflation factors (VIF)
was 1.
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Figure 2. ROC Curve between sarcopenia and log (IL-6).

The multivariate binomial regression analysis revealed that only log (IL-6) (p = 0.05,
Estimate 3.69) demonstrates a nearly significant association with sarcopenia, but not the
other variables used in the model (CP score, PMNs/lymphocytes ratio, BMI) (Table 4).

Table 4. Univariate and multivariate binomial regression between sarcopenia and other variables.

Univariate Analysis Multivariate Analysis

Estimate t p Estimate t p

BMI > 30 −0.91 −1.27 0.20 −1.74 −1.85 ns

Log (IL-6) 2.7 2.0 0.044 3.63 1.89 0.05

PMNs/Lymphocytes 0.18 1.42 0.15 0.13 0.79 ns

HCC stages −0.41 −0.57 0.56 −0.36 −0.41 ns

CP score −0.38 −0.55 0.58 −0.73 −0.42 ns
Legend: BMI, body mass index; IL-6, interleukin-6; PMNs, polymorphonucleates; HCC, hepatocellular carcinoma;
CP, Child-Pugh; ns, not significant.

Moreover, the multivariate binomial logistic regression between sarcopenia and all
the variables in the model (BMI, log (IL-6), PMNs/lymphocytes, HCC stages and CP score)
showed an AUC of 0.86, a sensibility of 0.91 and a specificity of 0.64 (Figure 3).
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In another model of multivariate linear regression, an inverse significant correla-
tion was present between the skeletal muscle index (expressed as a continuous variable)
and log (IL-6) (Estimate = −7.58) and female sex (Estimate = −10.26), but not with BMI,
PMNs/lymphocytes ratio, HCC stages and CP score (Table 5).

Table 5. Univariate and multivariate linear regression between SMI and other variables.

Univariate Analysis Multivariate Analysis

Estimate t p Estimate t p

Sex (females) −7.85 −1.85 0.07 −10.26 11.69 0.02

BMI 0.60 1.94 0.06 −0.90 −0.20 ns

Log (IL-6) −2.27 −1.43 0.16 −7.58 −2.13 0.04

PMNs/Lymphocytes −0.39 −1.39 0.17 −0.07 −0.18 ns

HCC stages 0.67 0.23 0.82 −1.20 −0.40 ns

CP score 3.18 1.14 0.26 −0.20 −0.27 ns
Legend: BMI, body mass index; IL-6, interleukin-6; PMNs, polymorphonucleates; HCC, hepatocellular carcinoma;
CP, Child-Pugh; ns, not significant.

In Figure 4, we visually documented, by contour plot, the trend of CP score and log
(IL-6), according to the presence or absence of sarcopenia. Non-sarcopenic cirrhotic HCC
patients had lower IL-6 levels at the same CP score; in contrast, the curves of sarcopenic
patients trend towards higher CP scores and IL-6 values. Using Spearman’s test, IL-6 and
sarcopenia had a p-value = 0.014; CP and sarcopenia has a p = 0.057, while IL-6 and CP had
a p = 0.007.
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4. Discussion

In this study, we intended to further investigate whether IL-6 levels correlate with
HCC stages in cirrhotic patients.

The first finding is that the increase in IL-6 values in HCC patients correlates with
cancer stage, confirming the results of Choi et al. [21]. In the study conducted by Xu
et al. [22], the IL-6/STAT3 signaling pathway would promote the development and progres-
sion of HCC through numerous mechanisms of action: stimulation of liver cancer stem cell
(LCSCs) proliferation, inhibition of p53 onco-suppressor gene transcription and promotion
of the expression of anti-apoptotic cytokines, such as Bcl-xl and Bcl-2. In addition, IL-6
receptor activation results in increased expression of vascular endothelial growth factor
(VEGF), thus promoting HCC neo-angiogenesis and metastasis, through induction of met-
alloproteases responsible for basement membrane degradation. In the study by Myoiin
et al. [23], response to systemic therapy with Atezolizumab/Bevacizumab was observed
using CT or MRI in 64 patients with advanced HCC. Thirty-four plasma proteins were
measured in the enrolled patients, demonstrating a significant correlation only for IL-6
and INF-alpha with disease progression. It was documented that high IL-6 levels were
associated with a higher rate of macrovascular invasion compared with patients with lower
plasma values, suggesting not only a positive correlation between IL-6 concentration and
neoplastic progression but also a worse prognosis of patients undergoing immunotherapy.
In agreement with our results, Myoiin and colleagues described a correlation between
elevated plasma levels of IL-6 and advanced stage of disease; however, the patients enrolled
were all with CP A; therefore, they were not able to show, as described in our study, a
correlation between cirrhosis progression and IL-6 levels. Higher values of IL-6 in Myoiin’s
study seem to be closely related to the neoplasm alone, and to the lower responsiveness to
therapy, as also described in the studies of Xu et al. and Shao et al. [22,24].

In the study by Xu et al. [22], the role of the IL-6/STAT3 pathway in the progression
and recurrence of HCC and the possibility of its inhibition was described as a possible
future therapeutic approach, specifically through monoclonal antibodies specific for IL-
6 (Siltuximab and ADL518) and IL-6R (Tocilizumab) or STAT3-activated Jak inhibitors
(Ruxolitinib) or STAT3 inhibitors (LLL12 andC188-9). In our study, the correlation between
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high IL-6 levels and advanced HCC stage was concordant. Moreover, the correlation of
plasma IL-6 values with the severity of hepatopathy, an aspect not shown in the studies by
Shao et al. [24] and Miojin et al. [23], was also demonstrated. For these reasons, IL-6 could
be studied as a biomarker of cancer stage.

Another interesting finding is that IL-6 emerges for the first time as a potential specific
marker of sarcopenia in HCC cirrhotic patients (VIF = 1; OR 14.8, p = 0.04). Moreover,
non-sarcopenic patients exhibited lower IL-6 levels at the same CP class, while, in contrast,
sarcopenic patients tended to present higher CP class and IL-6 values or other markers
of systemic inflammation, such as the PMNs/lymphocyte ratio. The correlation between
sarcopenia and IL-6 has already been described for several types of cancer, suggesting that
IL-6 is a central regulator of cancer progression and cancer-associated cachexia [25–27].
Furthermore, several studies evaluated the effects of IL-6 inhibitors (such as Clazakizumab
or Tocilizumab) on increased body weight but only few case reports ameliorated cancer-
associated cachexia [28–30]. Although sex is a considered variable in the detection of
sarcopenia, gender resulted a significant variable in the multivariate analysis. The cor-
relation between SMI and female gender could reflect the possible effect of menopause,
as the mean age of our cohort was 70 years old and the high prevalence of sarcopenia in
postmenopausal women has already been described [31].

To our knowledge, only Choi et al. [21] described in HCC patients a correlation
between three different cytokines (including IL-6), sarcopenia and survival; however, that
study did not propose IL-6 as a marker of sarcopenia. From our data, we believe that
IL-6 could be useful to detect HCC, especially in case of tumor infiltration, and possibly
sarcopenia in all stages of cirrhosis (CP classes A, B or C).

Our study has some limitations: first, this is a single-center study with a relatively
small sample. The lack of a cirrhotic control group to clarify the role of IL-6 in predicting
sarcopenia in this context alone could also be considered a limitation. Moreover, the lack
of a control group consisting of non-cirrhotic HCC patients could be also considered a
limitation. IL-6 is a cytokine released during inflammatory processes: it is involved in
innate and adaptive immune responses, but also in the activation of metabolic and catabolic
pathways in muscle tissue, depending on patients’ condition and muscle state [31]. When
there is prolonged exposure to IL-6, muscle catabolism and atrophy are observed, probably
due to a lower level of muscle anabolism and activation of different energy production
pathways [31].

Hence, IL-6 could be considered a clinical biomarker of sarcopenia and general frailty
in patients. In their review, Picca et al. highlighted how, in sarcopenic and frail subjects,
there was a chronic state of low-grade inflammation, sustained by various stimuli (i.e., gut
microbiota, pathogens, cellular debris or misplaced intracellular components). As a conse-
quence, several cytokines (and especially IL-1, IL-6 and TNF-α) exhibited an important role
in this context. In particular, IL-6 was associated with frailty and sarcopenia in people aged
75 years [32,33].

Future studies should focus also on non-HCC cirrhotic patients to confirm our ob-
servations and to compare the usefulness of IL-6 in both HCC and non-HCC cirrhotic
patients.

IL-6, as demonstrated by the logistic regression and multicollinearity model, could be
considered a marker of cirrhotic HCC-related sarcopenia, suggesting further investigation
with BIA- or CT-dedicated software.

5. Conclusions

In conclusion, our study showed that IL-6 can be considered a useful biomarker for
HCC stages, as well as a possible target for future therapies showing a direct role in cancer
development. Moreover, IL-6 emerges for the first time as a potential specific marker of
sarcopenia in HCC cirrhotic patients, which is useful especially when other diagnostic tools
for detecting early stages of sarcopenia are not available.



Cancers 2023, 15, 2406 11 of 12

Author Contributions: Conceptualization, A.D. (Andrea Dalbeni) and A.A.; Data curation, M.Z.,
A.M. and J.K.; Formal analysis, M.Z., F.C. and M.B.; Investigation, J.K., S.C. (Simone Conci), T.C., A.R.,
A.D. (Alessandro Drudi) and G.Z.; Methodology, A.V. and S.C. (Stefania Canè); Supervision, A.G.,
M.M. and D.S.; Writing—original draft, L.A.N. and M.G.; Writing—review & editing, A.D. (Andrea
Dalbeni) and A.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee for Clinical Trials of Verona and Rovigo (protocol
code 2730CESC-VR/RO, approved 20/05/2020).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: All data are explicated within the article and tables. Any other clarifi-
cation is available on request from the corresponding author.

Acknowledgments: Thanks to Karim Kassem (Politecnico Milano-Ingegneria Biomedica) for the
help in the statistical analysis.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Chidambaranathan-Reghupaty, S.; Fisher, P.B.; Sarkar, D. Hepatocellular carcinoma (HCC): Epidemiology, etiology and molecular

classification. Adv. Cancer Res. 2021, 149, 1–61. [CrossRef]
2. O’Rourke, J.M.; Sagar, V.M.; Shah, T.; Shetty, S. Carcinogenesis on the background of liver fibrosis: Implications for the

management of hepatocellular cancer. World J. Gastroenterol. 2018, 24, 4436–4447. [CrossRef]
3. Reig, M.; Forner, A.; Rimola, J.; Ferrer-Fàbrega, J.; Burrel, M.; Garcia-Criado, Á.; Kelley, R.K.; Galle, P.R.; Mazzaferro, V.; Salem, R.;

et al. BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. J. Hepatol. 2022, 76, 681–693.
[CrossRef]

4. Perisetti, A.; Goyal, H.; Yendala, R.; Chandan, S.; Tharian, B.; Thandassery, R.B. Sarcopenia in hepatocellular carcinoma: Current
knowledge and future directions. World J. Gastroenterol. 2022, 28, 432–448. [CrossRef] [PubMed]

5. Landi, F.; Calvani, R.; Cesari, M.; Tosato, M.; Martone, A.M.; Ortolani, E.; Savera, G.; Salini, S.; Sisto, A.; Picca, A.; et al. Sarcopenia:
An Overview on Current Definitions, Diagnosis and Treatment. Curr. Protein Pept. Sci. 2018, 19, 633–638. [CrossRef]

6. Kim, S.E.; Kim, D.J. Sarcopenia as a prognostic indicator of liver cirrhosis. J. Cachexia Sarcopenia Muscle 2022, 13, 8–10. [CrossRef]
7. Tandon, P.; Montano-Loza, A.J.; Lai, J.C.; Dasarathy, S.; Merli, M. Sarcopenia and frailty in decompensated cirrhosis. J Hepatol.

2021, 75, S147–S162. [CrossRef] [PubMed]
8. Bano, G.; Trevisan, C.; Carraro, S.; Solmi, M.; Luchini, C.; Stubbs, B.; Manzato, E.; Sergi, G.; Veronese, N. Inflammation and

sarcopenia: A systematic review and meta-analysis. Maturitas 2017, 96, 10–15. [CrossRef] [PubMed]
9. Heinrich, P.C.; Castell, J.V.; Andus, T. Interleukin-6 and the acute phase response. Biochem. J. 1990, 265, 621–636. [CrossRef]

[PubMed]
10. Tanaka, T.; Narazaki, M.; Kishimoto, T. IL-6 in inflammation, immunity, and disease. Cold Spring Harb. Perspect. Biol. 2014, 6,

a016295. [CrossRef]
11. Malaguarnera, M.; Di Fazio, I.; Laurino, A.; Romeo, M.A.; Giugno, I.; Trovato, B.A. Role de l’interleukine 6 dans le carcinome

hépatocellulaire [Role of interleukin 6 in hepatocellular carcinoma]. Bull Cancer 1996, 83, 379–384.
12. Bergmann, J.; Müller, M.; Baumann, N.; Reichert, M.; Heneweer, C.; Bolik, J.; Lücke, K.; Gruber, S.; Carambia, A.; Boretius, S.; et al.

IL-6 trans-signaling is essential for the development of hepatocellular carcinoma in mice. Hepatology 2017, 65, 89–103. [CrossRef]
13. Manuela, M.; Berzigotti, A.; Zelber-Sagi, S.; Dasarathy, S.; Montagnese, S.; Genton, L.; Plauth, M.; Parés, A. EASL Clinical Practice

Guidelines on nutrition in chronic liver disease. J. Hepatol. 2019, 70, 172–193. [CrossRef]
14. Paolo, A.; Bernardi, M.; Villanueva, C.; Francoz, C.; Mookerjee, R.P.; Trebicka, J.; Krag, A.; Laleman, W.; Gines, P. EASL Clinical

Practice Guidelines for the management of patients with decompensated cirrhosis. J. Hepatol. 2018, 69, 406–460. [CrossRef]
15. Galle, P.R.; Forner, A.; Llovet, J.M.; Mazzaferro, V.; Piscaglia, F.; Raoul, J.L.; Schirmacher, P.; Vilgrain, V. EASL Clinical Practice

Guidelines: Management of hepatocellular carcinoma. J. Hepatol. 2018, 69, 182–236. [CrossRef] [PubMed]
16. European Association for the Study of The Liver; European Association for the Study of Diabetes. EASL-EASD-EASO Clinical

Practice Guidelines for the management of non-alcoholic fatty liver disease. Diabetologia 2016, 59, 1121–1140. [CrossRef]
17. Human IL-6 ELISA Kit (ab46027)|Abcam. Available online: https://www.abcam.com/human-il-6-elisa-kit-ab46027.html

(accessed on 1 January 2020).
18. CT Images Using Slice-O-Matic ® Medical Imaging Software|Download Scientific Diagram. Available online: https:

//www.researchgate.net/figure/CT-images-using-Slice-O-Matic-R-medical-imaging-software-Representative-abdominal-
CT_fig1_286395627 (accessed on 1 January 2020).

https://doi.org/10.1016/bs.acr.2020.10.001
https://doi.org/10.3748/wjg.v24.i39.4436
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.3748/wjg.v28.i4.432
https://www.ncbi.nlm.nih.gov/pubmed/35125828
https://doi.org/10.2174/1389203718666170607113459
https://doi.org/10.1002/jcsm.12869
https://doi.org/10.1016/j.jhep.2021.01.025
https://www.ncbi.nlm.nih.gov/pubmed/34039486
https://doi.org/10.1016/j.maturitas.2016.11.006
https://www.ncbi.nlm.nih.gov/pubmed/28041587
https://doi.org/10.1042/bj2650621
https://www.ncbi.nlm.nih.gov/pubmed/1689567
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1002/hep.28874
https://doi.org/10.1016/j.jhep.2018.06.024
https://doi.org/10.1016/j.jhep.2018.03.024
https://doi.org/10.1016/j.jhep.2018.03.019
https://www.ncbi.nlm.nih.gov/pubmed/29628281
https://doi.org/10.1007/s00125-016-3902-y
https://www.abcam.com/human-il-6-elisa-kit-ab46027.html
https://www.researchgate.net/figure/CT-images-using-Slice-O-Matic-R-medical-imaging-software-Representative-abdominal-CT_fig1_286395627
https://www.researchgate.net/figure/CT-images-using-Slice-O-Matic-R-medical-imaging-software-Representative-abdominal-CT_fig1_286395627
https://www.researchgate.net/figure/CT-images-using-Slice-O-Matic-R-medical-imaging-software-Representative-abdominal-CT_fig1_286395627


Cancers 2023, 15, 2406 12 of 12

19. Segmentation and Linear Measurement for Body Composition Analysis using Slice-O-Matic and Horos Protocol (Translated to
Italian). Available online: https://www.jove.com/it/t/61674?language=Italian (accessed on 1 January 2020).

20. Son, S.W.; Song, D.S.; Chang, U.I.; Yang, J.M. Definition of Sarcopenia in Chronic Liver Disease. Life 2021, 11, 349. [CrossRef]
[PubMed]

21. Choi, K.; Jang, H.Y.; Ahn, J.M.; Hwang, S.H.; Chung, J.W.; Choi, Y.S.; Kim, J.-W.; Jang, E.S.; Choi, G.H.; Jeong, S.-H. The association
of the serum levels of myostatin, follistatin, and interleukin-6 with sarcopenia, and their impacts on survival in patients with
hepatocellular carcinoma. Clin. Mol. Hepatol. 2020, 26, 492–505. [CrossRef]

22. Xu, J.; Lin, H.; Wu, G.; Zhu, M.; Li, M. IL-6/STAT3 Is a Promising Therapeutic Target for Hepatocellular Carcinoma. Front. Oncol.
2021, 11, 760971. [CrossRef] [PubMed]

23. Myojin, Y.; Kodama, T.; Sakamori, R.; Maesaka, K.; Matsumae, T.; Sawai, Y.; Imai, Y.; Ohkawa, K.; Miyazaki, M.; Tanaka,
S.; et al. Interleukin-6 Is a Circulating Prognostic Biomarker for Hepatocellular Carcinoma Patients Treated with Combined
Immunotherapy. Cancers 2022, 14, 883. [CrossRef] [PubMed]

24. Shao, Y.Y.; Lin, H.; Li, Y.S.; Lee, Y.-H.; Chen, H.-M.; Cheng, A.-L.; Hsu, C.-H. High plasma interleukin-6 levels associated with
poor prognosis of patients with advanced hepatocellular carcinoma. Jpn. J. Clin. Oncol. 2017, 47, 949–953. [CrossRef] [PubMed]

25. Carson, J.A.; Baltgalvis, K.A. Interleukin 6 as a key regulator of muscle mass during cachexia. Exerc. Sport Sci. Rev. 2010, 38,
168–176. [CrossRef]

26. Kumari, N.; Dwarakanath, B.S.; Das, A.; Bhatt, A.N. Role of interleukin-6 in cancer progression and therapeutic resistance. Tumor
Biol. 2016, 37, 11553–11572. [CrossRef] [PubMed]

27. White, P.J. IL-6, cancer and cachexia: Metabolic dysfunction creates the perfect storm. Transl. Cancer Res. 2017, 6, S280–S285.
[CrossRef] [PubMed]

28. Bayliss, T.J.; Smith, J.T.; Schuster, M.; Dragne, K.H.; Rigas, J.R. A humanized anti-IL-6 antibody (ALD518) in non-small cell lung
cancer. Expert Opin. Biol. 2011, 11, 1663–1668. [CrossRef] [PubMed]

29. Ando, K.; Takahashi, F.; Motojima, S.; Nakashima, K.; Kaneko, N.; Hoshi, K.; Takahashi, K. Possible role for tocilizumab, an
anti-interleukin-6 receptor antibody, in treating cancer cachexia. J. Clin. Oncol. 2013, 31, e69–e72. [CrossRef] [PubMed]

30. Hirata, H.; Tetsumoto, S.; Kijima, T.; Kida, H.; Kumagai, T.; Takahashi, R.; Otani, Y.; Inoue, K.; Kuhara, H.; Shimada, K.; et al.
Favorable responses to tocilizumab in two patients with cancer-related cachexia. J. Pain Symptom Manag. 2013, 46, e9–e13.
[CrossRef]

31. Liu, J.H. Sarcopenia and menopause. Menopause 2023, 30, 119–120. [CrossRef] [PubMed]
32. Belizário, J.E.; Fontes-Oliveira, C.C.; Borges, J.P.; Kashiabara, J.A.; Vannier, E. Skeletal muscle wasting and renewal: A pivotal role

of myokine IL-6. SpringerPlus 2016, 5, 619. [CrossRef]
33. Picca, A.; Coelho-Junior, H.J.; Calvani, R.; Marzetti, E.; Vetrano, D.L. Biomarkers shared by frailty and sarcopenia in older adults:

A systematic review and meta-analysis. Ageing Res. Rev. 2022, 73, 101530. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.jove.com/it/t/61674?language=Italian
https://doi.org/10.3390/life11040349
https://www.ncbi.nlm.nih.gov/pubmed/33923561
https://doi.org/10.3350/cmh.2020.0005
https://doi.org/10.3389/fonc.2021.760971
https://www.ncbi.nlm.nih.gov/pubmed/34976809
https://doi.org/10.3390/cancers14040883
https://www.ncbi.nlm.nih.gov/pubmed/35205631
https://doi.org/10.1093/jjco/hyx103
https://www.ncbi.nlm.nih.gov/pubmed/28981732
https://doi.org/10.1097/JES.0b013e3181f44f11
https://doi.org/10.1007/s13277-016-5098-7
https://www.ncbi.nlm.nih.gov/pubmed/27260630
https://doi.org/10.21037/tcr.2017.03.52
https://www.ncbi.nlm.nih.gov/pubmed/30766805
https://doi.org/10.1517/14712598.2011.627850
https://www.ncbi.nlm.nih.gov/pubmed/21995322
https://doi.org/10.1200/JCO.2012.44.2020
https://www.ncbi.nlm.nih.gov/pubmed/23129740
https://doi.org/10.1016/j.jpainsymman.2013.01.009
https://doi.org/10.1097/GME.0000000000002140
https://www.ncbi.nlm.nih.gov/pubmed/36574637
https://doi.org/10.1186/s40064-016-2197-2
https://doi.org/10.1016/j.arr.2021.101530

	Introduction 
	Materials and Methods 
	IL-6 Assay 
	Study of Muscle Mass 
	Statistical Analysis 

	Results 
	General Characteristics and IL-6 
	Sarcopenia Analysis 

	Discussion 
	Conclusions 
	References

