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INTRODUCTION

Liver cancer is one of the most frequently diagnosed cancers worldwide
taking 7" place among all cancer sites, being surpassed only by breast, lung,
prostate, skin, colon and stomach cancers. According to global cancer
statistics, in 2020 liver cancer was newly diagnosed for 905,677 patients or
almost 5% of new cancer cases of all sites. In the cancer-related death
statistics liver cancer takes 2" place worldwide. Only lung cancer is deadlier.
In 2020 liver cancer caused death of 830,180 patients or more than 8% of
cancer-related deaths of all sites [1]. Comparing incidence and mortality
rates, liver cancer takes place as the primary cancer site with the worst overall
prognosis as the number of cancer-related deaths almost reaches the number
of new cases per year. Hepatocellular carcinoma (HCC) is the most common
primary liver cancer. Unfortunately, according to the American predictions,
the incidence of HCC is increasing and is predicted to continue to rise in the
future [2]. This signalizes that there is still a need for far better diagnostic and
therapeutic modalities for this disease.

HCC develops in the background of liver cirrhosis in more than 80% of
cases [3]. The most common causes of chronic liver inflammation and cirrho-
sis globally as well as in Lithuania remain chronic viral infection (hepatitis C
and B) and chronic alcoholic hepatic injury [4, 5], although, incidence of
cirrhosis due to non-alcoholic fatty liver disease (NAFLD) or newly defined
metabolic dysfunction-associated fatty liver disease (MAFLD) is increasing,
especially in Western countries [6, 7].

All etiologic factors, being involved for a long time, induce chronic liver
inflammation by interrupting the regulation of hepatic immune system. High
regenerative capacity of the liver and induction of cell proliferation
compensates the damage caused by chronic inflammation-induced liver cell
death. This intensive regeneration is associated with the accumulation of
reactive oxygen species (ROS) and DNA mutations which eventually leads
to carcinogenesis and development of HCC. The tumor microenvironment
and its pro-inflammatory elements, especially cytokines, such as interleukin
(IL)-1a, IL-1pB, IL-6, IL-8 and tumor necrosis factor-a. (TNF-a.), play a key
role in this process [8—10]. Previous clinical and preclinical studies have
already demonstrated that levels of IL-6 as well as IL-8 in blood increase in
patients with HCC compared to cirrhotic patients without HCC [11-15].

The microenvironment of tumor or inflammatory liver tissue involves
not only pro-inflammatory but also anti-inflammatory cytokines, such as
IL-10 which role is to reduce pro-inflammatory immune responses, in the
carcinogenesis process as well [16—18]. The higher severity of chronic liver



damage and liver cirrhosis, usually the higher IL-10 plasma levels are
detected [19]. Several studies demonstrated that plasma IL-10 levels tend to
be elevated in HCC patients mostly due to cirrhotic process rather than tumor
load [20, 21].

The inflammation process in the liver is induced and kept also indirectly
through other pathways. Kupffer cells within the liver are activated to release
ROS and pro-inflammatory cytokines by various endotoxins, such as
lipopolysaccharides (LPS), which blood levels increases in cirrhotic patients
due to defective intestinal barrier [22, 23]. LPS, produced by gut bacteria,
causes systemic and hepatic inflammatory response by stimulating the release
of IL-8 and other proinflammatory cytokines via the toll-like receptor (TLR)
pathway [24, 25], in this way inducing carcinogenesis. LPS also stimulates
tumor cells to increase the production of vascular endothelial growth factor
(VEGF) which promotes proliferation of HCC cells and angiogenesis within
the tumor [26, 27].

As mentioned, increased gut permeability and bacterial translocation is
associated with chronic liver damage and hepatocarcinogenesis. Fatty acid-
binding proteins (FABP), which are small protein molecules released after
the damage of enterocytes, could serve as the biomarker for gut permeability
[28, 29]. Previously, FABP2 plasma levels were shown to be significantly
elevated in cirrhotic patients and to have correlation with grade of portal
hypertension [23].

The process of carcinogenesis is regulated not only by microenvironment
but also by various genetic and epigenetic factors. MicroRNAs (miRNAs) are
small non-coding RNA molecules controlling many gene targets and having
potential influence on almost every genetic pathway. Deregulation of miRNAs
could be associated with various types of cancers and may act as either tumor
suppressors or promoters [30]. Several studies demonstrated a clear link
between different miRNA molecules and carcinogenesis of HCC through
different pathways [31, 32].

When HCC is already developed in the cirrhotic liver, it is crucial to
detect it as early as possible as multiple radical therapeutical modalities, such
as resection and ablation, could be applied with total elimination of the
disease [33, 34]. In the later stages of HCC, usually radical therapeutical
approaches are not possible, except for liver transplantation with very limited
indications [35]. For more than ten years the main option for the first-line
systemic treatment was sorafenib, an oral multi-target tyrosine kinase
inhibitor, which was demonstrated to prolong survival in patients with HCC
in advanced stages [36]. Despite novel immunotherapies that have displaced
sorafenib in the first-line HCC treatment and ongoing clinical trials for other
molecules [37], sorafenib will remain the important option, especially when



immunotherapy is unavailable, contraindicated, or ineffective. To improve
efficacy of sorafenib therapy, several additional modalities for combination
therapy, such as selective internal radiation therapy (SIRT), were investi-
gated. Although the addition of SIRT, specifically *°Y radioembolization, has
not shown significant difference [38], further analysis has demonstrated
positive effect of addition of SIRT to sorafenib on survival rates for selected
patients with HCC [39].

Although recently the number of new molecules approved for the
treatment of advanced HCC is increasing, none of them has specific targets
or means to predict the efficacy or evaluate the prognosis of HCC patients.
Therefore, there is a need for all kind of biomarkers — diagnostic, prognostic,
predictive.

Alpha-fetoprotein (AFP) is the only biomarker used in everyday clinical
practice in management and surveillance of HCC as well as in the selection
of liver transplant recipients [40]. However, baseline AFP plasma levels are
usually normal and may be elevated due to chronic viral hepatitis or other
non-malignant reasons [41, 42].

Several other molecules, especially those having important role in
hepatocarcinogenesis, have been investigated as potential HCC biomarkers.
Inflammatory cytokines IL-6 and IL-8 have been shown to be related to
sorafenib resistance [43—45]. Shao et al. demonstrated that pretreatment IL-6
levels correlate with HCC patients’ survival after sorafenib treatment [46].
However, another study failed to detect prognostic value of pretreatment IL-
8 levels for sorafenib-treated patients [47]. Both IL-6 and IL-8 have been
shown to be able to predict response to treatment and survival in HCC
patients after transarterial chemoembolization (TACE) [48]. Similarly, IL-6
and IL-8 were associated with overall survival after *°Y radioembolization
[49]. Serum IL-10 levels were demonstrated to be the independent prognostic
factor for HCC patients [21]. Despite some significant findings, additional
investigations are needed to understand better the role of IL-6, IL-8 and
IL-10 for HCC patients.

Not only inflammatory cytokines but also other potential biomarkers for
HCC diagnosis and prognosis were identified: molecular cellular markers
(e.g., glypican-3 (GP3) [50, 51], des-y-carboxyprothrombin (DCP) [52]),
cancer stem cell markers (e.g., CD44 [53], CD90 [54]), non-cellular compo-
nents (e.g., transforming growth factor-B (TGF-B) [55], VEGF [56]),
miRNAs as well as circular RNAs (circRNAs) [57, 58], somatic genetic and
epigenetic alterations [59].

Previous analyses of hepatic tissue and blood has revealed miRNA
profiles as valuable biomarkers for early diagnosis for HCC, especially
associated with chronic viral hepatitis B and C [60-62]. However, most of
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studies analysed predefined miRNA panels or specific miRNAs by real-time
polymerase chain reaction (PCR) [60—62]. As miRNA molecules are
abundant in blood and their small size enables their analysis in different body
fluids and tissues, miRNA could be a valuable marker [63]. As miRNAs take
part in the carcinogenesis process, they could act as targets for future thera-
pies. Recently more and more therapeutic miRNA-targeted approaches are
investigated for various diseases, including HCC [64]. For all these reasons,
comprehensive high-throughput studies identifying the complete miRNA
profile with the best diagnostic and prognostic modalities are of high need
and importance.

In the present study, we investigated biomarkers having the biggest
potential for HCC diagnosis, prediction of treatment efficacy or survival.
First, we analyzed inflammatory molecules with broader evaluation of IL-6
and IL-8. Further, we performed detailed analysis of miRNA transcriptome
(miRNome) in HCC patients. As a result, we demonstrated significant and
clinically valuable results revealing new potential diagnostic, prognostic and
predictive biomarkers for HCC.

Aim and objectives

This study aimed to evaluate the diagnostic, predictive and prognostic
value of blood plasma molecular biomarkers — inflammatory mediators and
miRNA profiles — for HCC patients.

Objectives:

1. To investigate the value of blood plasma IL-6 and IL-8 levels before
treatment for prognosis of survival for HCC patients and prediction
of therapeutical efficacy in sorafenib-treated patients.

2. To investigate the value of blood plasma IL-6, IL-8, LPS and VEGF
levels during treatment for prognosis of survival for HCC patients.

3. To investigate the diagnostic and prognostic value of blood plasma
FABP2, IL-10 and LPS levels before treatment for HCC patients.

4. To investigate blood plasma miRNA profile and determine its value
for diagnosis, prediction of therapeutical efficacy and prognosis of
survival for HCC patients.
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SCIENTIFIC NOVELTY

This study provides (1) detailed analysis of plasma IL-6 and IL-8 in HCC
patients; (2) findings that demonstrate value of plasma IL-6 and IL-8 as the
prognostic biomarker for HCC; (3) additional analysis of other inflammatory
molecules — VEGF, LPS, FABP2, IL-10 — as potential plasma biomarkers for
HCC; (4) differential plasma miRNA expression profiles in HCC patients and
control cases and analysis of the most deregulated miRNAs; (5) detailed
analysis of miRNA profiles comparing plasma samples before the initiation
of HCC therapy, during or after the treatment and control plasma samples;
(6) novel findings that reveal significant potential diagnostic, treatment-
related and prognostic value of miRNA profiles for HCC patients.

Altogether, this was the first study to demonstrate the following: (1) clear
prognostic value not only of blood plasma IL-6 and IL-8 levels before
treatment but also of early reassessment of these molecules after starting HCC
therapy, additionally showing predictive treatment-related value of IL-6 and
IL-8 in sorafenib-treated patients; (2) value of potential inflammatory
biomarkers — VEGF, LPS, IL-10, FABP2 — in HCC patients; (3) complete
miRNome analysis and its diagnostic, prognostic and predictive value in
HCC patients, highlighting hsa-miR-215-5p which could be identified as
specific oncogenic miRNA with plasma expression levels related to HCC
therapies and survival prognosis of HCC patients. All these new findings
contribute to very important research on the best and most-effective approach
for early diagnosis, prediction of survival and treatment efficacy in HCC in
routinely minimally invasive blood test-based manner.
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THE LAYOUT OF THE DISSERTATION

This thesis is prepared based on five articles (listed in the section “List
of scientific papers”), all of them investigating the value of different
molecules in blood for diagnosis and prognosis of HCC as non-invasive
liquid biopsy-related biomarkers. The thesis is composed of two major parts:
investigation of diagnostic, prognostic and treatment-related value of
(1) inflammatory biomarkers; (2) miRNAs. The first part of the thesis is
divided in two smaller parts: (1) investigation of the role of inflammatory
cytokines IL-6 and IL-8; (2) additional investigation of the role of other
inflammatory molecules, such as IL-10, FABP2, LPS, VEGF, in HCC. The
results of four studies are published in peer-reviewed journals referred in Web
of Science: Journal of Cancer Research and Clinical Oncology, EJNMMI
Research, Medicina, Digestive Diseases. One publication is published in the
peer-reviewed journal (Frontiers in Gastroenterology) which is not listed in
the Clarivate Analytics Web of Science database. The layout of the thesis
design and structure is presented in Fig. 1.1.
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Fig. 1.1. Structure of the thesis

HCC — hepatocellular carcinoma, IL — interleukin, FABP2 — fatty acid-binding protein-2,
LPS — lipopolysaccharides, VEGF — vascular endothelial growth factor, SIRT — selective
internal radiotherapy. *IL-10 analysis included 45 HCC patients and 45 controls (due to
insufficient amount of blood).
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1. SUMMARY OF MATERIALS AND METHODS

1.1. Ethics

The post-hoc studies on inflammatory and miRNA biomarkers were part
of SORAMIC clinical trial (EudraCT, 2009-012576-27, registered 9 April
2010; ClinicalTrials.gov, NCT01126645, registered 20 May 2010). The study
on FABP2, IL-10 and LPS as well as inclusion of the control group into the
miRNome study were approved by Kaunas Regional Biomedical Research
Ethics Committee (Kaunas, Lithuania, No. BE-2-10, 27 December 2010; No.
BE-2-31, 14 February 2015). All participants signed informed consent before
the study. Study procedures were performed according to ethical principles
of Declaration of Helsinki.

1.2. Study design and selection of patients

Studies on inflammatory molecules (IL-6, IL-8, LPS, VEGF) as well as
study on miRNA profiles were performed as post-hoc analyses of plasma
samples available from SORAMIC (SORAfenib in combination with local
MICro-therapy guided by gadolinium-EOB-DTPA enhanced MRI) clinical
trial, which was a prospective phase II trial investigating the additional
benefit of radioembolization to sorafenib monotherapy for HCC patients.
Subgroups of HCC patients were selected from the palliative arm of this
clinical trial. The inclusion and exclusion criteria as well as treatment proto-
cols were described previously [38].

The patients with HCC within the study on inflammatory molecules
FABP2, IL-10 and LPS were enrolled retrospectively at the Gastroenterology
Department of Lithuanian University of Health Sciences from June 2010 to
May 2021. Both the control group within the study on inflammatory biomar-
kers FABP2, IL-10 and LPS as well as the control group of the miRNome
study were consisted of individuals from Hospital of Lithuanian University
of Health Sciences Kauno klinikos, aged 48—80 years, endoscopically diag-
nosed with diverticulosis of the colon and free of other chronic or malignant
diseases.

1.2.1. Study population of studies on inflammatory biomarkers

The study on prognostic and treatment-related value of baseline IL-6 and
IL-8 in sorafenib monotherapy-treated HCC patients involved 47 patients.
The study on prognostic value of baseline IL-6 and IL-8 in SIRT-sorafenib
combination therapy-treated HCC patients included 83 patients. Finally, the
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study on prognostic value of early reassessment of inflammatory biomarkers
involved 46 sorafenib monotherapy-treated HCC patients and 44 SIRT-
sorafenib combination therapy-treated HCC patients with both baseline and
follow-up blood samples available. All above mentioned HCC patient groups
were included from the palliative arm of SORAMIC clinical trial. These
subgroups of HCC patients were representative of the whole sorafenib-treated
or SIRT-sorafenib combination therapy-treated patient cohorts respectively
within this trial.

Detailed demographic and clinical characteristics of patients are des-
cribed in the respective articles: “Baseline Interleukin-6 and -8 predict
response and survival in patients with advanced hepatocellular carcinoma
treated with sorafenib monotherapy — an exploratory post hoc analysis of the
SORAMIC trial”, “Prognostic value of baseline interleukin 6 levels in liver
decompensation and survival in HCC patients undergoing radioemboli-
zation” and “Dynamics in Circulating Proinflammatory Biomarkers for Prog-
nostic Assessment of Patients With Advanced HCC”.

The study on prognostic and diagnostic value of baseline FABP2, IL-10
and LPS included 47 newly diagnosed HCC patients as the study group and
50 individuals as the control group. These groups were enrolled in Hospital
of Lithuanian University of Health Sciences as described above.

Detailed characteristics of both study and control groups are described in
the article “Diagnostic and Prognostic Value of IL-10, FABP2 and LPS Levels
in HCC Patients”.

1.2.2. Study population of miRNome study

In total 22 sorafenib monotherapy-treated HCC patients and 20 SIRT-
sorafenib combination therapy-treated patients from the palliative arm of
SORAMIC trial with both baseline and follow-up blood samples available
were included in this miRNome study population group. Also, 20 healthy
individuals were involved in the control group.

Detailed clinical characteristics of the study group as well as control
group are described in the article “miRNome profiling analysis reveals novel

hepatocellular carcinoma diagnostic, prognostic and treatment-related can-
didate biomarkers: post-hoc analysis of SORAMIC trial”.

1.3. Blood plasma samples

For each HCC patient within these studies blood samples were obtained
at the baseline, i.e. before initiation of any specific HCC treatment. In the
studies where follow-up evaluation was planned, additional blood samples
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were drawn 7 to 9 weeks after the initiation of treatment — either sorafenib
monotherapy or SIRT-sorafenib combination therapy. Individuals from the
control groups underwent the collection of blood at the time of inclusion to
the studies. Plasma was isolated from the whole blood according to standard
operating procedures and stored at —80°C.

1.4. Measurements of levels of inflammatory molecules

Enzyme-linked immunosorbent assay (ELISA) was used to measure
plasma levels of IL-6, IL-8, IL10, LPS, VEGF, FABP2. The following
ELISA kits were used in these studies: Human IL-6 Quantikine ELISA Kit
(R&D Sys, Minneapolis, MN, USA; D6050), Human IL-8/CXCL8 Quanti-
kine ELISA Kit (R&D Sys; D8000C), Human IL-10 Quantikine ELISA Kit
(R&D Sys; D1000B), Human VEGF Quantikine ELISA Kit (R&D Sys;
DVEO00), Human FABP2/I-FABP Quantikine ELISA Kit (R&D Sys; DFBP20),
Human LPS ELISA Kit (Cusabio, Houston, TX, USA; CSB-E09945h). Opti-
cal densities were measured using Tecan SUNRISE Microplate Absorbance
Reader (Tecan Group Ltd.) at 450 nm and 570 nm (as reference) wavelengths.
All sample processing and data analysis was performed according to manu-
facturer’s protocols

1.5. Isolation of nucleic acids, small RNA-seq library preparation
and next-generation sequencing

Previously prescribed methodology [65] was used for isolation of cir-
culating miRNAs and preparation of sequencing libraries. Plasma circulating
nucleic acids, including circulating miRNA fraction, was isolated using
QIAamp Circulating Nucleic Acid Kit (Qiagen, Germany) according to the
manufacturer’s instructions. Small RNA sequencing (smRNA-seq) libraries
were constructed using Illumina TruSeq Small RNA Sample Preparation Kit
(Illumina, United States) according to the manufacturer’s protocol. After the
quantification and quality assessment, the small RNA-seq libraries were
randomized and sequenced using Illumina HiSeq 2500 (1 x 50 bp single-end
reads).

Detailed descriptions are presented in the article “miRNome profiling
analysis reveals novel hepatocellular carcinoma diagnostic, prognostic and
treatment-related candidate biomarkers: post-hoc analysis of SORAMIC
trial”.
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1.6. Bioinformatics analysis

smRNA-seq data analysis was performed according to previously defined
methodology [65]. nf-core/smrnaseq pipeline v.1.0.0 was used to perform
read quality control, removal of 3* adapter sequences, mapping to mature and
hairpin miRNAs (miRBase v.22.1 [66]), and GRCh37 human reference geno-
me. Normalized counts were generated using the isomiRs package and diffe-
rential expression analysis was carried out using the DESeq2 Bioconductor
package v.1.32.0 [67]. The threshold for significant differential expression
was Bonferroni adjusted p-value <0.05 and absolute value of log> fold
change (FC) |logx FC| > 1.

Detailed descriptions are presented in the article “miRNome profiling
analysis reveals novel hepatocellular carcinoma diagnostic, prognostic and
treatment-related candidate biomarkers: post-hoc analysis of SORAMIC
trial”.

1.7. Statistical analysis

Statistical analysis of data within these studies was performed using
different software: for miRNome study — R (v. 4.1.0) and RStudio software
(v. 1.4.1106), for studies on prognostic and predictive value of IL-6 and IL-8 —
R (v. 3.5.0), for study on prognostic value of reassessment of inflammatory
biomarkers — SAS (v. 9.4), for study on value of FABP2, IL-10 and LPS —
IBM SPSS Statistics (v. 27.0).

The distribution of data was tested with Shapiro-Wilk normality test.
Depending on the normality of the distribution of data, statistical significance
was assessed by Student’s #-test, Man-Whitney U test or non-parametric
Wilcoxon rank-sum test. Correlations were evaluated with Chi-square and
Fisher’s exact tests. The receiver operating characteristic curve (ROC)
analysis was performed to determine the cut-off values and to evaluate the
diagnostic value. The Kaplan—-Meier method and log-rank test were used to
evaluate the prognostic value. Cox regression models were used to assess the
effects of cofounding factors and to identify prognostic factors of OS.
p values < 0.05 were considered statistically significant.

Detailed descriptions are presented in respective publications.
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2. SUMMARY OF RESULTS

2.1. Analysis of inflammatory biomarkers

2.1.1. Role of baseline plasma IL-6 and IL-8

To determine the prognostic and treatment-related value of proinflam-
matory cytokines IL-6 and IL-8, blood samples of HCC patients before the
initiation of active treatment (baseline) were collected under the frames of the
SORAMIC clinical trial. Only sorafenib monotherapy-treated patients were
included in this study.

ROC curve analysis identified cut-off value of 8.58 pg/mL for baseline
IL-6 to be able to best predict survival in HCC patients (sensitivity 76.9%,
specificity 69.3%). Similarly, the optimal cut-off baseline IL-8 value of
57.9 pg/mL was defined (sensitivity 68%, specificity 73.2%).

Survival analysis revealed significant median OS differences comparing
low and high blood levels of both IL-6 and IL-8. Median OS for HCC patients
with low IL-6 concentrations was 30.3 months while those with high IL-6
levels had significantly shorter OS of 10.3 months (p <0.001) (Fig. 2.1).
Patients with high baseline IL-8 levels (10.3 months) also survived signifi-
cantly shorter than patients with low IL-8 levels (30.3 months, p =0.009)
(Fig. 2.2).

Median OS, months (95% CI)
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Fig. 2.1. Kaplan—Meier curve showing overall survival of HCC patients
grouped by baseline IL-6 levels according to cut-off value of 8.58 pg/mL
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Fig. 2.2. Kaplan—Meier curve showing overall survival of HCC patients
grouped by baseline IL-8 levels according to cut-off value of 59.7 pg/mL

Univariate analysis including various clinical and pathological parame-
ters demonstrated that high baseline IL-6 levels were significantly associated
with low albumin levels (< 36 g/L, p = 0.013), while high baseline IL-8 con-
centrations were associated with larger tumor diameter (p = 0.013).

Multivariate Cox regression analysis showed that both high baseline IL-6
(p=0.017) and IL-8 (p =0.044) levels were the only independent factors
predicting worse overall survival rates.

To evaluate combined IL-6 and IL-8 prognostic value, interleukin score
was created were score 0 signified that both IL-6 and IL-8 baseline levels
were below cut-off values, score 1 meant that levels of one interleukin were
above cut-off value and score 2 reflected that both IL-6 and IL-8 baseline
levels were above cut-off values. Median OS was significantly different across
different score groups — 37.7 months for score 0, 16.3 months for score 1 and
9.5 months for score 2 (p < 0.001) (Fig. 2.3).

23



Median OS, months (95% CI)
Score 0: 37.7 (14.8-NA)
Score 1: 16.3 (9.8-NA)
Score 2: 9.5 (5.2-14.3)
HR (95% CI) 2.4 (1.2-4.7)
p <0.001

1.00 1

e
Q9
oy

Survival probability
S
W
S

0.25 1
0.00 ]
0 10 20 30 40 50 60
Time
Strata: -+ Score=0 =+ Score=1 -+ Score =2

Fig. 2.3. Kaplan—Meier curve showing overall survival
of patients according to interleukin score

Predicting sorafenib therapy efficacy, correlation analysis between inter-
leukin levels and radiological response (according to mRECIST criteria) was
performed. Both low baseline IL-6 and IL-8 levels were associated with signi-
ficantly higher objective response rate comparing to higher than cut-off
values of IL-6 and IL-8 levels (IL-6: 46.6% vs. 19.2%, p = 0.007; IL-8: 50.0%
vs. 17.4%,p =0.011).

For more details of the results regarding prognostic and predictive value
of baseline IL-6 and IL-8 in sorafenib-treated HCC patients please refer to
the article “Baseline Interleukin-6 and -8 predict response and survival in
patients with advanced hepatocellular carcinoma treated with sorafenib
monotherapy — an exploratory post hoc analysis of the SORAMIC trial”.

To evaluate and compare the prognostic value of baseline IL-6 and IL-8
in HCC patients with different treatment modalities, blood samples were
collected before the initiation of *°Y radioembolization combined with sora-
fenib therapy also under the frames of the SORAMIC clinical trial. Similar
but not exactly the same previously defined cut-off values of 6.53 pg/mL for
IL-6 and 60.8 pg/mL for IL-8 were used (28283704).

As expected, median OS was significantly longer for HCC patients with
low IL-6 levels comparing with high IL-6 levels (19.0 vs. 7.8 months,
p <0.001) (Fig. 2.4 A). The same tendency appeared for IL-8 levels — low
concentration of IL-8 meant significantly longer survival (OS 16.0 vs.
8.4 months, p = 0.009) (Fig. 2.4 B).
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Fig. 2.4. Kaplan—Meier curves showing OS of HCC patients grouped
by baseline IL-6 (A) and IL-8 (B) according to cut-off values

Univariate analysis for this cohort including different clinical parameters
demonstrated that not only IL-6 and IL-8 levels had significant prognostic
value. Background liver cirrhosis (p = 0.032), worse liver function (Child-
Pugh class B vs. A, p=10.014), lower albumin levels (<36 g/L, p = 0.024),
higher bilirubin levels (> 17 umol/L, p =0.009) and higher mALBI score
(p =0.007) were associated with worse OS of HCC patients. Multivariate
analysis, however, revealed high IL-6 levels as the only independent progno-
stic factor for shorter OS.

Similarly, baseline blood IL-6 and IL-8 levels appeared to have prog-
nostic value not only for OS but also for PFS. HCC patients with low baseline
IL-6 (17.9 vs. 5.5 months, p < 0.001) and IL-8 (15.0 vs. 7.8 months, p =0.017)
concentrations had significantly longer PFS.
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Prognostic value of both interleukins for time to liver dysfunction
(defined as grade > 2 increase of bilirubin concentration) was also evaluated.
HCC patients with low baseline IL-6 levels had significantly longer time to
liver dysfunction comparing to those with high baseline IL-6 levels (32.6 vs.
9.7 months, p =0.003) (Fig. 2.5 A). Same tendency was shown for baseline
IL-8 levels; however, the difference was not significant (Fig. 2.5 B). Multi-
variate analysis demonstrated that high baseline IL-6 levels (p =0.016) as
well as high baseline bilirubin levels (p < 0.001) were independent prognostic
factors for liver dysfunction.
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Fig. 2.5. Kaplan—Meier curves showing time-to-liver dysfunction
of HCC patients grouped by baseline IL-6 (A) and IL-8 (B)
according to cut-off values
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For more details of the results regarding prognostic value of baseline IL-
6 and IL-8 in *°Y radioembolization and sorafenib combination-treated HCC
patients please refer to the article “Prognostic value of baseline interleukin 6
levels in liver decompensation and survival in HCC patients undergoing
radioembolization”.

2.1.2. Prognostic value of early reassessment of proinflammatory
biomarkers during HCC treatment

To evaluate whether changes in plasma levels of proinflammatory mole-
cules, such as IL-6, IL-8, VEGF and LPS, during active treatment of HCC
could add any prognostic value as potential biomarkers, plasma samples of
HCC patients who were under sorafenib monotherapy or SIRT-sorafenib
combination therapy, from two different time points (before and 7-9 weeks
after the initiation of the treatment) were compared.

First, analysis demonstrated that both baseline (tho = —0.3024, p = 0.0038)
and follow-up (rho =-0.3192, p = 0.0022) levels of IL-6 negatively correlated
with OS.

ROC curve analysis identified a concentration of follow-up IL-6 of
24.18 pg/mL being able to best distinguish patients with OS longer and
shorter than 12 months (sensitivity 42.9%, specificity 87.5%). Median OS of
these two distinguished groups (patients with follow-up IL-6 levels lower and
higher than 24.18 pg/mL) were 17.0 and 7.7 months accordingly (p < 0.0001)
(Fig. 2.6 A). Median PFS also was significantly different in these two groups:
9.6 months for HCC patients with lower follow-up IL-6 levels vs. 5.0 months
for those with higher levels (p = 0.0278) (Fig. 2.6 C).

ROC curve analysis revealed increase of IL-6 levels from baseline to
follow-up time point in absolute numbers with cut-off value of 16.8 pg/mL
to best distinguish HCC patients with OS shorter and longer than 12 months
(sensitivity 38.1%, specificity 85.4%). Patients with increase in IL-6 levels
of less than 16.8 pg/mL had significantly longer median OS of 16.3 months
comparing to 8.9 months for those with greater increase of IL-6 concentra-
tions during therapy (p = 0.0354) (Fig. 2.7 A).

HCC patients with baseline IL-6 levels more than 9.7 ng/mL had signifi-
cantly worse prognosis when their IL-6 concentrations increased more than
16.8 pg/mL at the follow-up time point comparing with those with less
pronounced increase: median OS of 6.8 months vs. 11.3 months accordingly.
The best prognosis was shown for patients with low baseline IL-6 levels and
less increase during HCC therapy (Fig. 2.8).
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There was no significant correlation detected between OS and percentage
change of IL-6 concentrations as well as between PFS and both absolute and
percentage difference in IL-6 levels (Fig. 2.7 C).

Analysis of IL-8 levels demonstrated significant correlation between OS
and both baseline (tho =—0.3913, p = 0.0001) and follow-up (rho =-0.4370,
p <0.0001) levels. Follow-up IL-8 concentration cut-off value of 75.25 ng/mL
appeared to be the most suitable for survival prognosis with median OS of
28.5 months vs. 10.3 months for those with follow-up IL-8 levels below and
above the threshold (p <0.0001) (Fig. 2.6 B). However, this IL-8 cut-off
level did not correlate with PFS (Fig. 2.6 D). Similarly, the absolute and per-
centage changes in IL-8 plasma levels did not have significant correlation
neither with OS (Fig. 2.7 B) nor with PFS (Fig. 2.7 D).

Multivariate Cox regression analysis including various clinical HCC
parameters revealed that HCC patients’ OS is impacted by these independent
factors: baseline levels of both IL-6 and IL-8 as well as liver function and
portal vein infiltration status.

Both baseline (p =0.0275) and follow-up (p =0.0109) IL-8 levels as
well as follow-up IL-6 levels (p = 0.0267) correlated with liver decompensa-
tion defined by increase of ALBI grade at the follow-up time point. However,
there was no such correlation with baseline IL-6 levels (p = 0.2413).

Serum LPS and VEGF levels did not appear to have any correlation with
survival of HCC patients in this cohort at baseline and follow-up levels as
well as the difference during the therapy.

For more details of the results as well as tables and additional figures
regarding prognostic value of reassessment of IL-6, IL-8, LPS and VEGF
please refer to the article “Dynamics in Circulating Proinflammatory Bio-
markers for Prognostic Assessment of Patients With Advanced HCC”.
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Fig. 2.6. Kaplan-Meier curves grouped by follow-up plasma levels

according to cut-off values (A) OS and IL-6, cut-off at 24.2 pg/mL,

(B) OS and IL-8, cut-off at 75.2 pg/mL, (C) PFS and IL-6, cut-off
at 24.2 pg/mL, and (D) PFS and IL-8, cut-off at 75.2 pg/mL
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Fig. 2.7. Kaplan-Meier curves grouped by absolute difference between
baseline and follow-up levels according to cut-off values (A) OS and
absolute difference in IL-6, cut-off at 16.8 pg/mL, (B) OS and absolute
difference in IL-8, cut-off at —29.4 pg/mL, (C) PFS and absolute difference
in IL-6, cut-off at 16.8 pg/mL and (D) PF'S and absolute difference
in IL-8, cut-off at —29.4 pg/mL
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2.1.3. Value of IL-10, LPS and FABP2

Besides significant prognostic value of proinflammatory cytokines IL-6
and IL-8, other molecules directly or not directly involved in chronic liver
inflammation and HCC carcinogenesis processes were studied. We investi-
gated diagnostic and prognostic value of anti-inflammatory cytokine IL-10,
endotoxin lipopolysaccharide (LPS) and gut permeability marker fatty acid-
binding protein 2 (FABP2) for HCC patients. For this purpose, blood samples
were drawn from newly diagnosed HCC patients and healthy individuals
(controls).

Analysis revealed that levels of both IL-10 (9.94 vs. 4.89 pg/mL,
p <0.001) and FABP2 (2345 vs. 1327 pg/mL, p = 0.026) were significantly
higher in HCC patients than in healthy individuals. However, difference of
LPS levels in these two groups was not significant and was even higher in
healthy controls (Table 2.1).
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Table 2.1. Plasma FABP2, IL-10 and LPS levels in HCC patients and healthy
individuals

Controls (n = 50) HCC patients (n = 47) p value
FABP2 1327 (518.5-8388) 2345 (326.3-4587) 0.026
IL-10 4.89 (0.036-53) * 9.94 (0.04-564.1) * <0.001
LPS 56.38 (4.74-436.4) 51.95 (12.37-148.8) 0.263

Concentrations of FABP2, IL-10 and LPS expressed as median (min-max) (pg/mL). HCC —
hepatocellular carcinoma; min — minimum value; max — maximum value; FABP2 — fatty
acid-binding protein 2; IL — interleukin; LPS — lipopolysaccharide. * Due to insufficient
amount of blood for analysis of IL-10, samples of 45 HCC patients and 45 controls were
used.

ROC curve analysis suggested a cut-off value of 2479 pg/mL for FABP2
to best distinguish HCC patients with longer and shorter than median OS of
17 months (sensitivity 66.7%, specificity 55.6%, AUC 0.622). However, there
was no significant difference between median OS of HCC patients with high
and low FABP2 levels (Fig. 2.9).
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Fig. 2.9. Kaplan—Meier curve showing OS of HCC patients grouped
by baseline FABP2 according to cut-off value
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Cut-off values for IL-10 as well as LPS to significantly predict prognosis
of HCC patients could not be identified. ROC curve analysis with different
OS of 6, 12 and 24 months did not add any significant prognostic value for
FABP2, IL-10 and LPS.

For more details on analysis of diagnostic and prognostic value of
FABP2, IL-10 and LPS please refer to the article “Diagnostic and Prognostic
Value of IL-10, FABP2 and LPS Levels in HCC Patients”.

2.2. Analysis of miRNome profiles

To evaluate the potential role of miRNA molecules for diagnosis, prog-
nosis and prediction of treatment response for HCC patients, plasma samples
were collected from HCC patients at two different time points (before and
7-9 weeks after the initiation of HCC treatment) under the frames of above
mentioned SORAMIC clinical trial. Both groups of HCC patients who under-
went radioembolization and sorafenib combination therapy as well as sora-
fenib monotherapy were included. Blood samples were also drawn from
healthy individuals as the control group.

2.2.1. Diagnostic value of miRNome

Plasma smRNA-seq was performed and miRNA expression profiles
were determined for HCC baseline samples as well as control samples. In
total 711 miRNAs were identified (annotated in miRbase v22.1). After data
filtering and pre-processing 408 miRNAs were retained for further differen-
tial expression analysis.

Comparing HCC baseline and control plasma samples, 42 differentially
expressed miRNAs were identified out of which 16 appeared to be up-
regulated and 26 were down-regulated. The similarity of samples and overlap
between two analyzed clusters were demonstrated by multidimensional scaling
analysis (MDS) of normalized miRNA expression (Fig. 2.10 A). Top five up-
regulated miRNAs were hsa-miR-576-5p, -200b-3p, -374a-3p, -140-5p,
-1228-5p, and top five down-regulated miRNAs were hsa-miR-219a-2-3p,
-218-5p, -129-5p, -132-3p, -3960 (Fig. 2.10 B).
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Fig. 2.10. (A) Multidimensional scaling plot based on normalised
expression values showing the similarity corresponding to control (n = 20)
and HCC (n = 42) plasma samples, (B) Volcano plot showing the
differentially expressed miRNAs between hepatocellular carcinoma and
controls

(A) Each dot corresponds to a sample, the centroid represents the group mean, and the ellipse
presents the mean standard error (SEM) based confidence. The rug plots along the x and y
axis show distributions of each dot’s value; (B) The orange and dark grey dots represent the
up-regulated and down-regulated miRNAs, the most deregulated miRNAs are highlighted.
Dashed lines indicate p value < 0.05 and |logz FC| > 1.
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Correlation analysis between these deregulated miRNAs and main clini-
cal parameters of HCC patients revealed that none of differentially expressed
miRNAs had links with baseline plasma alpha-fetoprotein (AFP) levels as
well as absolute and percentage difference in AFP levels. Only one deregu-
lated miRNA (hsa-miR-142-5p) appeared to be able to distinguish different
HCC stages (BCLC stages B and C).

To discriminate newly diagnosed HCC patients and healthy controls,
analysis of normalized miRNA read counts were performed based on feature
selection and random forest classificator algorithms. 10 miRNAs (hsa-let-7b-
5p, hsa-let-7c-5p, hsa-miR-124-3p, hsa-miR-125b-5p, hsa-miR-219a-2-3p,
hsa-miR-3960, hsa-miR-432-5p, hsa-miR-6734-5p, hsa-miR-7-5p, hsa-miR-
95-3p) were confirmed as the important attribute. ROC curve analysis of
these 10 miRNAs pointed out the best performance of hsa-let-7b-5p
(AUC = 85.6%) and hsa-miR-3960 (AUC = 85.9%) (Fig. 2.11). Combination
of all 10 miRNAs appeared to have even better performance with AUC of
92.68% when distinguishing HCC baseline and control groups.
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Fig. 2.11. ROC curves for the discrimination performance of
(A) hsa-let-7b-5p, (B) hsa-let-7c-5p, (C) hsa-miR-124-3p,
(D) hsa-miR-125b-5p, (E) hsa-miR-219a-2-3p, (F) hsa-miR-3960),
(G) hsa-miR-432-5p, (H) hsa-miR-6734-5p, (I) hsa-miR-7-5p,
(Y) hsa-miR-95-3p between HCC baseline and control groups

The shaded area represents a 95% confidence interval (CI). AUC — the area under the curve.
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2.2.2. Treatment-related value of miRNome

To evaluate influence of HCC therapies on changes in miRNA profiles,
HCC baseline plasma samples were compared with samples collected 7-9
weeks after the start of treatment in both sorafenib monotherapy and SIRT-
sorafenib combination therapy groups.

When receiving sorafenib monotherapy, two miRNAs — hsa-miR-483-
5p (logx FC = 1.75; padj = 2.30 x 102) and hsa-miR-23b-3p (log> FC = 1.60;
padj = 2.96 x 10?) — were found to be up-regulated while two other
miRNAs — hsa-miR-215-5p (log: FC = -3.65; padj = 7.72 x 107*) and hsa-
miR-192-5p (logx FC = -2.27; padj = 1.11 x 1072) — were down-regulated,
comparing baseline and follow-up samples (Fig. 2.12 A). However, SIRT-
sorafenib combination therapy appeared to have less influence — the only
miRNA — hsa-miR-215-5p (log FC = -3.88; padj = 4.84 x 10°) — was
deregulated (down-regulated) in this comparison group (Fig. 2.12 B).

BL-Sorafenib vs. 7-9 weeks-Sorafenib BL-SIRT/Sorafenib vs. 7-9 weeks-SIRT/Sorafenib

O 1 ] Q [
hsa-miR-215-5p i hsa-miR-215-5p |
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Fig. 2.12. Volcano plot demonstrating differentially expressed plasma
miRNAs when comparing HCC baseline and follow-up (7-9 weeks after
initiation of treatment) plasma samples: (A) sorafenib monotherapy
therapy group; (B) SIRT-sorafenib combination therapy group

To determine if miRNA profiles could act as predictors of treatment
efficacy, plasma samples of responders and non-responders (defined according
to radiological mRECIST criteria) were compared in both treatment groups.
Three miRNAs — hsa-miR-183-5p (log> FC = 3.17, padj = 3.07 x 107%;
hsa-miR-28-3p (log> FC =4.45, padj = 1.61 x 107*); hsa-miR-1246 (log, FC =
4.53, padj = 2.26 x 107) were found out to be significantly up-regulated
comparing responders and non-responders to sorafenib monotherapy. ROC
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curve analysis showed discrimination performance of AUC more than 75% for
all three miRNAs: hsa-miR-183-5p — 75.5% (Fig. 2.13 A), hsa-miR-28-3p —
83.2% (Fig. 2.13 B), and hsa-miR-1246 — 78.6% (Fig. 2.13 C). However, no
significantly deregulated miRNAs were detecting in response to SIRT-sora-
fenib combination therapy group.
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Fig. 2.13. ROC curves for the discrimination performance of
(A) hsa-miR-183-5p, (B) hsa-miR-28-3p, (C) hsa-miR-1246 between
sorafenib monotherapy-treated responders and non-responders

The shaded area represents a 95% confidence interval (CI). AUC — the area under the curve.

2.2.3. Prognostic value of miRNome

For survival analysis samples of HCC patients were grouped into three
groups: (I) baseline, (IT) follow-up for sorafenib monotherapy-treated patients,
(III) follow-up for SIRT-sorafenib combination-treated patients. Analysis re-
vealed two miRNAs — hsa-miR-215-5p (log, FC = 3.39, padj = 1.06 x 1072);
hsa-miR-25-5p (log, FC = —6.05, padj = 1.06 x 102) — to be significantly
deregulated in Group II when comparing death and non-death outcomes. No
miRNAs were found to be associated with survival in Group I and Group III.

HCC patients were grouped into two groups according to relevant
miRNA cut-off expression level (above or below the median). Survival of
these groups revealed that low hsa-miR-215-5p expression level is signifi-
cantly associated (p = 0.031) with better survival prognosis of HCC patients
with rather big difference in median OS (26.9 vs. 10.5 months) (Fig. 2.14).
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Fig. 2.14. Kaplan—Meier survival analysis of HCC patients with low (dark
grey line) and high (orange line) expression of plasma miRNA:
(A) hsa-miR-215-5p, (B) hsa-miR-25-5p

A 95% CI (estimated from a log hazard) is presented in the shadowed area. The tick marks
indicate censored events, and the dashed line indicates the median survival time.

For more details on results from miRNome analysis, please refer to the
article “miRNome profiling analysis reveals novel hepatocellular carcinoma
diagnostic, prognostic and treatment-related candidate biomarkers: post-hoc
analysis of SORAMIC trial*.
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3. DISCUSSION

The detection of biomarkers capable to distinguish patients with early
HCC from cirrhotic patients as well as to reliably select HCC patients with
the best predicted response to different therapeutic modalities and to predict
the course of the disease and overall survival is of high priority as HCC
remains one of deadliest cancer worldwide [1]. There is a wide variety of
candidate biomarkers for HCC diagnosis, prognosis and prediction of treat-
ment efficacy, having a role in carcinogenesis or progression of HCC and
being shown to have some value for this purpose [68]. However, up until now
only AFP is widely used in clinical practice, not for HCC diagnosis but only
for surveillance or selection of liver transplant recipients [40]. Thus, there is
a high need for complex studies investigating, identifying, and implementing
HCC biomarkers, especially minimally invasive, without a need for liver
biopsies. Inflammatory cytokines as well as miRNAs could be easily detected
and evaluated in the blood and some evidence of relationship with HCC. This
thesis presents a study on both inflammatory molecules and miRNAs as
potential HCC biomarkers.

First, we performed analysis of baseline IL-6 and IL-8, defining them as
prognostic biomarkers of overall survival in sorafenib monotherapy-treated
HCC patients with cut-off values of 8.58 pg/mL and 57.9 pg/mL for IL-6 and
IL-8, respectively. After adjusting for multiple factors in the multivariate
analysis, baseline IL-6 and IL-8 remained the only independent prognostic
factors for overall survival of HCC patients. Furthermore, the same cut-off
values of both IL-6 and IL-8 were also able to distinguish responders and
non-responders to sorafenib therapy according to follow-up radiological
imaging. We also performed similar analysis of baseline IL-6 and IL-8 in
radioembolization-sorafenib combination therapy-treated HCC patients,
demonstrating that blood baseline IL-6 levels are independent prognostic
factor for survival and liver dysfunction in these patients.

These findings were in accordance with previous studies that have
demonstrated that higher IL-6 and IL-8 levels are associated with higher risk
of developing HCC [69,70] as well as have correlation with advanced stages
of chronic liver disease and worse liver function in HCC patients [15, 71-73].
Correlation between IL-6 and IL-8 levels and HCC therapies also was
demonstrated before — lower IL-6 and IL-8 plasma levels were associated
with better overall survival and better response to locoregional HCC therapies
[49, 73, 74]. Differently from our study, Japanese study by Miyahara et al.
has shown no correlation between baseline IL-8 and overall survival or
response to sorafenib [47]. The only study before ours, demonstrating
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prognostic value of IL-6 in HCC patients treated with sorafenib monotherapy,
was performed by Shao et al. in an Asian cohort [46]. Different baseline
IL-6 cut-off value of 4.28 pg/mL was found to predict survival of HCC
patients. This discrepancy may be caused by differences between European
and Asian patients, also having in mind different dominant etiologies of
chronic liver disease in these cohorts (alcoholic liver disease in European
cohort vs. viral hepatitis in Asian cohort). This also may signalize a need of
different cut-off values for different populations. Our analysis has not re-
vealed any significant influence of etiology of chronic liver disease to IL-6
and IL-8 values. IL-6 cut-off value defined in our study is in between
previously described cut-off values for blood IL-6 to predict survival of HCC
patients treated with radioembolization (6.53 pg/mL) [49] and chemoembo-
lization (10 pg/mL) [73].

In the recent years, a few immunotherapy-related combination treatment
regimens were approved for HCC treatment. Combination of atezolizumab
with bevacizumab (Imbravel50) [75], tremelimumab with durvalumab
(HIMALAYA) [76], camrelizumab with rivoceranib (CARES-310) [77],
tislelizumab monotherapy (RATIONALE-301) [78] have demonstrated
improved both overall survival and progression-free survival for patients with
advanced HCC comparing to sorafenib. However, not all HCC patients are
candidates for immunotherapy, e.g., organ transplant recipients, patients with
chronic autoimmune diseases, patients with worse liver function (class B
according to Child-Pugh classification), as they were not included in these
clinical trials. Additionally, immunotherapy has its toxicities and is not cost-
effective yet as compared with sorafenib [79]. Therefore, sorafenib will
remain as the important treatment choice not only for the second line but also
first line therapy, especially in countries with limited resources. Imbravel50
trial demonstrated that the survival rate at 12 months of patients treated with
the combination of atezolizumab and bevacizumab was 67.2% while our
analysis revealed that sorafenib-treated patients with low IL-6 or IL-8 levels
had very similar survival rates at the same time point (66.6%). This illustrates
the potential of IL-6 and IL-8 as valuable biomarkers for risk stratification
and better selection of treatment approach in individualized manner.

Additionally, we performed analysis of early reassessment of blood IL-6
and IL-8 in HCC patients. This analysis suggested that repeated measurement
of IL-6 during or after treatment (7-9 weeks after initiation of sorafenib with
or without radioembolization) has prognostic value for these patients. An
increase of 16.8 pg/mL or more from baseline IL-6 level is associated with
worse prognosis of HCC patients’ survival. High baseline IL-6 levels (above
9.7 pg/mL) and higher increase of IL-6 levels during 7-9 weeks’ time (above
16.8 pg/mL) are associated with the worst outcomes with median OS of only
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6.8 months. The best survival rate (median OS of 24.7 months) was achieved
in patients with low baseline IL-6 levels (below 9.7 pg/mL) and lower
increase of IL-6 at follow-up (less than 16.8 pg/mL). However, no significant
similar value was detected for reassessment of plasma IL-8 levels. Previous
studies also demonstrated similar tendencies. For instance, Wu et al. showed
that reassessment of IL-6 levels after chemoembolization (rather than before
treatment) better predicts tumor response in HCC patients [80].

Repeated measurements of both IL-6 and IL-8 concentrations had prog-
nostic value for predicting future deterioration of liver function in HCC
patients. This is of high importance in clinical practice as preserved liver
function is the key factor for active HCC treatment. Reassessment of IL-6
and IL-8 levels may help to identify patients with HCC who are at risk for
impairment of liver function and, thus, discontinuation of treatment not due
to cancer progression but rather due to liver dysfunction. Analysis of baseline
IL levels in radioembolization-sorafenib combination-treated patients also
demonstrated similar value in predicting time to liver dysfunction — the
higher baseline IL-6 concentration (also tendency but not significance for
IL-8), the shorter time to liver impairment. These findings were in accordance
with previous pre-clinical and clinical studies demonstrating the important
role of both IL-6 and IL-8 in the progression of chronic liver inflammation as
well as carcinogenesis [9, 81, 82].

VEGF, which promotes tumor angiogenesis, has been previously demon-
strated prognostic value in HCC patients [83, 84]. Sorafenib, which has been
the main therapeutical option for systemic HCC treatment for a long time, is
multi-tyrosine kinase inhibitor and is targeted to block VEGF receptors as
well [85]. Atezolizumab in combination with bevacizumab, binding to
VEGF, at the moment is approved as the first line treatment for HCC. There-
fore, blood VEGF levels seem as promising biomarker for HCC, already
being demonstrated as having prognostic value in patients treated with loco-
regional therapies, resection or transplantation [83]. Decrease in VEGF levels
during sorafenib therapy was shown to be associated with better survival rates
in patients with chronic viral hepatitis-related HCC [86]. However, in our
study we did not observe any prognostic potential of blood VEGF levels for
HCC patients. This might be explained by small patient numbers and
relatively small fraction of patients with underlying chronic viral hepatitis.

It is previously described that LPS, which are cell wall components of
Gram-negative bacteria in digestive tract, levels in systemic circulation
correlate with the progression of chronic liver disease and liver dysfunction
[87-90]. LPS take part in inducing proinflammatory tumor microenviron-
ment as well as in promoting tumor progression [24, 25]. Our study, however,
does not support using LPS levels measurements in the peripheral blood for
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prognostic purposes in HCC patients. We found no significant difference in
plasma LPS levels in HCC vs. healthy individuals. Possibly, LPS concentra-
tions in portal system or liver tissue may have bigger value than systemic
levels.

By causing bacterial translocation from the gut, increased intestinal
permeability may be one of the most important factors in development of
chronic liver injury. Recent studies have demonstrated that faecal levels of
one of intestinal permeability markers — FABP2 — are significantly elevated
in cirrhotic patients and correlate with disease severity [91]. Similar correla-
tion was observed measuring FAPB2 levels in peripheral blood [23]. High
FABP2 levels were also shown to be associated with higher rates of cirrhotic
patients’ mortality from variceal bleeding [92]. Up to now there were no
studies investigating relationship between blood FABP2 levels and HCC. Our
study revealed significantly higher FABP2 levels in HCC patients compared
to healthy individuals. This might be associated with underlying liver cirrhosis
rather that HCC itself. However, FABP2 measurements in plasma appeared
to not be a suitable prognostic tool for HCC patients probably as this molecule
is not specific for HCC and is not directly involved in hepatocarcinogenesis.

Similarly to FABP2, our study confirmed that plasma IL-10 levels are
significantly elevated comparing to healthy individuals. This finding is in line
with previous findings where higher IL-10 levels were shown to be associated
with advanced stages of chronic liver disease while IL-10 polymorphisms
also were demonstrated to have relations with both liver cirrhosis and HCC
[19, 93]. Our analysis has not shown any prognostic potential of plasma
IL-10. The detected increase in IL-10 levels in HCC patients most likely is
associated with cirrhosis and chronic inflammation rather than tumor activity
as IL-10 is well described as having a big role in inflammation processes [17].

To sum up, our study has demonstrated that baseline measurements of
plasma IL-6 levels and in most cases IL-8 levels as well as early reassessment
of these molecules have clear prognostic value being able to predict survival,
liver dysfunction and response to treatment in HCC patients. However, other
inflammatory biomarkers — IL-10, VEGF, LPS, FABP2 — have not shown
significant value for HCC patients. Further broader investigations on these
molecules are needed.

For a more detailed discussion on the value of inflammatory molecules,
please refer to the papers “Baseline Interleukin-6 and -8 predict response and
survival in patients with advanced hepatocellular carcinoma treated with
sorafenib monotherapy — an exploratory post hoc analysis of the SORAMIC
trial”, “Prognostic value of baseline interleukin 6 levels in liver decom-
pensation and survival in HCC patients undergoing radioembolization”,
“Dynamics in Circulating Proinflammatory Biomarkers for Prognostic
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Assessment of Patients With Advanced HCC” and “Diagnostic and Prog-
nostic Value of IL-10, FABP2 and LPS Levels in HCC Patients”.

The second part of our study involved plasma miRNA profile or miRNome
analysis in order to determine such profile and assess its diagnostic, prog-
nostic and predictive value for patients with HCC.

This study revealed clearly different profiles of circulating miRNome in
baseline plasma samples of treatment-naive HCC patients comparing to
plasma samples of healthy individuals. Some similarities and differences
have been detected when comparing the most deregulated miRNAs from our
analysis to previous findings in this field. hsa-miR-576-5p has been pre-
viously reported to be up-regulated in NAFLD [94], yet we have reported the
link between deregulation of this miRNA and HCC for the first time. While
Wau et al. have previously demonstrated a down-regulation of has-miR-200b-
3p in HCC tissue [95], our findings indicate a significant up-regulation of this
miRNA in HCC plasma samples compared to controls. Functional studies
have identified the roles of hsa-miR-374a-5p and hsa-miR-140-5p in HCC in
vitro [96, 97], yet up to our analysis there were no other studies reporting
deregulation of these miRNAs in HCC patients. Cho et al. reported a decrea-
sed level of hsa-miR-1228-5p in cervical cancer [98], while Sonoda et al.
associated this miRNA with cerebrovascular disorders [99]. Our study re-
vealed an up-regulation of this miRNA in plasma from HCC patients for the
first time. To our knowledge, down-regulation of hsa-miR-219-2-3p and hsa-
miR-218-5p in plasma has not been previously reported in HCC patients. hsa-
miR-219-2-3p has been implicated in gastric carcinogenesis, pituitary adeno-
ma development and glioblastomas [100-102], while only in vitro studies
have highlighted the role of hsa-miR-218-5p in regulating cell proliferation,
metastasis, and invasion [103]. Consistent with our results, Shaker et al.
demonstrated down-regulation of hsa-miR-129-5p in HCC patients’ serum
samples and its great performance in HCC discrimination analysis (sensitivity
100%, specificity 97.2%, AUC = 0.997) [104]. Functional studies have
supported these findings showing the important role of hsa-miR-129-5p in
proliferation, metastasis, and progression of HCC [105]. We observed redu-
ced plasma levels of hsa-miR-132-3p. In contrast, previous work of Wen et
al. and Yuan et al. reported opposite findings — increased expression of hsa-
miR-132-3p in HCC cases [106, 107]. Although some studies suggest the
potential roles of exosomal or circulating serum hsa-miR-3960 in diffuse
large B-cell lymphoma or bladder cancer [104, 108], and hsa-let-7b-5p in
acute myeloid leukaemia, skin melanoma and head and neck squamous cell
carcinoma [109—-111], there is no previously published data linking both hsa-
miR-3960 and hsa-let-7b-5p with HCC. Thus, our study reports their asso-
ciation with this disease for the first time as well.
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As AFP is the only approved and clinically used biomarker in HCC
management, we checked if there is correlation between blood levels of AFP
and newly identified differentially expressed miRNA profile. However, none
of deregulated miRNAs exhibited a strong correlation with baseline AFP
levels or changes (both absolute and percentage) in AFP levels. Previous
research indicates that combining AFP levels with expression of certain
miRNAs could enhance diagnostic capabilities [112]. Further investigations
are needed to develop the best combinations of biomarkers for HCC.

Differential expression analysis revealed that only one miRNA (hsa-
miR-142-5p) displayed deregulation that varied based on the HCC stage and
could differentiate between BCLC stages B and C. Previously, only one study
has established a connection between this miRNA and HCC [113]. However,
its association with disease at different stages has not been previously
analyzed.

Subsequently, we have identified several miRNAs such as hsa-miR-215-5p,
-192-5p, -483-5p, -23b-3p whose expression patterns altered depending on
different treatment strategies but irrespective of treatment response. The
expression of miRNA hsa-miR-215-5p in plasma decreased 7-9 weeks after
initiation of sorafenib monotherapy or combined SIRT-sorafenib treatment,
while sorafenib monotherapy also impacted plasma levels of miR-192-5p,
-483-5p, -23b-3p. These miRNAs have previously been associated with HCC
[114-116]. However, only one study, consistent with our findings, demon-
strated significant changes of miR-23b-3p one month after starting sorafenib
therapy [117].

Analysis of plasma smRNA-seq data revealed associations between hsa-
miR-183-5p, -28-3p and -1246 with HCC patients’ response to sorafenib
therapy. The important role of these miRNAs in HCC carcinogenesis were
demonstrated in in vitro studies [118,119], however, their expression in rela-
tion with response to any therapies in HCC patients has not been previously
reported. Nevertheless, one of these miRNAs — hsa-miR-1246 — was found
to be differentially expressed after introducing sorafenib in colorectal cancer
cell culture Caco-2 [120]. Although hsa-miR-28-3p has not previously been
associate with HCC, we demonstrated its promising discriminatory ability
with an AUC of 83.2% in distinguishing HCC patients who responded well
to sorafenib therapy.
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Finally, survival analysis revealed that hsa-miR-215-5p could be valu-
able not only as treatment-related but also as prognostic biomarker being
associated with survival of HCC patients. Additionally, high expression level
of hsa-miR-215-5p is able to predict significantly worse prognosis of HCC
patients. While previous reports have suggested the potential diagnostic
application of hsa-miR-215-5p for HCC patients [114], its association with
patient survival has not been previously documented. Collectively, our data,
along with previous findings, suggest that hsa-miR-215-5p functions as an
oncomiR (miRNA associated with cancer) in HCC, responding to sorafenib
treatment as well as predicting survival in these patients. Additional analysis
of putative gene targets of hsa-miR-215-5p has identified genes, such as
NKAIN2, ZEB2, MFAP3, CCNT2, EREG, NIPAL, that could be potentially
targeted by this miRNA (as per TargetScan 8.0 and miRDB [121]). This
suggests potential involvement of hsa-miR-215-5p in signalling pathways
including EGFR, angiogenesis, apoptosis, cadherin, Wnt, integrin, and TGF-
beta (according to PANTHER 15.0 knowledgebase [122]), which have been
implicated in cancer, including HCC [123]. Taken together, we have demon-
strated that hsa-miR-215-5p could be a potential therapeutic target in HCC
for future investigations.

For more details on discussion on results from miRNome analysis, please
refer to the paper “miRNome profiling analysis reveals novel hepatocellular
carcinoma diagnostic, prognostic and treatment-related candidate biomar-
kers: post-hoc analysis of SORAMIC trial”.

Despite important and promising results of this study, some limitations
must be declared. First, analyses within this study includes rather small
numbers of HCC patients. Therefore, the detailed analysis of subgroups of
HCC patients, based on different etiologic factors, comorbidities, ethnicities,
etc., was not performed and similar studies on larger cohorts are needed.
Tumour tissue collection and analysis also were not included in this study.
To minimize this limitation, open access data sets with previously performed
miRNome analysis [124] was retained and compared to our findings in
analysis of plasma samples. However, no significant overlapping was de-
tected, probably due to different origin of the tissue or different ethnicity of
involved HCC patients. Next, miRNA analysis was conducted using samples
of circulating nucleic acids in total plasma since the isolation kits lacked
technical procedures for the specific enrichment of small RNA molecules.
Nonetheless, this yields valuable insights into the potential utility of multi-
layer molecular profiling from a single sample. Despite limitations, we
believe that this study adds valuable data for further investigations and identi-
fication of reliable biomarkers for HCC.
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In conclusion, first part of the study demonstrated that baseline plasma
IL-6 and IL-8 levels as well as early reassessment of plasma levels of both
ILs appear to have prognostic and predictive value for survival, liver dysfunc-
tion and response to treatment in HCC patients. Concluding our miRNome
analysis in HCC patients, distinctively different miRNA profiles have been
shown for HCC patients and healthy individuals. Several possible plasma
miRNA biomarkers for HCC have been proposed in all diagnostic, treatment-
related and prognostic dimensions. One miRNA — hsa-miR-215-5p — should
be highlighted with ability to predict survival and being associated with HCC
therapies.
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CONCLUSIONS

Higher blood plasma IL-6 and IL-8 levels before HCC therapy were
related to significantly worse survival in HCC patients treated with radio-
embolization-sorafenib combination as well as sorafenib monotherapy.
Higher baseline plasma IL-6 levels were associated with shorter time to
liver dysfunction in HCC patients treated with combination of radio-
embolization and sorafenib. Low baseline plasma levels of each IL-6 and
IL-8 were related to higher objective response rate in sorafenib-treated
HCC patients.

Higher plasma IL-6 and IL-8 levels at time point of 7 — 9 weeks after
initiation of therapy as well as higher increase of IL-6 levels from base-
line were related to significantly worse survival of HCC patients treated
with sorafenib alone or in combination with radioembolization. Blood
LPS and VEGF levels did not appear to have any prognostic value in
HCC patients at baseline and follow-up time points as well as difference
between them.

Baseline plasma FABP2 and IL-10 levels are significantly higher in HCC
patients compared with healthy individuals. No prognostic value of base-
line plasma FABP2, IL-10 and LPS levels were detected for predicting
survival in HCC patients.

Distinctively different plasma miRNA profiles were revealed comparing
HCC and control cases. Changes in hsa-miR-215-5p plasma expression
levels are associated with both sorafenib monotherapy and combination
of radioembolization and sorafenib as well as survival rates in sorafenib-
treated HCC patients. miRNAs with response to treatment-dependent
expression were identified, allowing predict survival prognosis for
sorafenib-treated HCC patients.
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SANTRAUKA

Ivadas

Pirminiai kepeny navikai yra viena dazniausiai nustatomy onkologiniy
ligy pasaulyje, uzimanti septintg vieta tarp visy vézio lokalizacijy. Remiantis
pasaulings statistikos duomenimis, 2020 metais pirminis kepeny vézys buvo
naujai nustatytas 905 677 pacientams. Tais paciais metais patvirtinti 830 180
su pirminiu kepeny naviku susijusiy mirties atvejy, tai sudaro daugiau nei
8 proc. visy su véziu susijusiy miréiy atvejy [1]. Lyginant naujai nustatyty
atvejy ir mirciy statistikos duomenis, pirminis kepeny vézys pasizymi blo-
giausia pacienty i§gyvenamumo prognoze — metinis mir¢iy nuo Sios ligos
skaiius beveik siekia naujai nustatyty atvejy skaiciy. Kepeny lasteliy karci-
noma (KLK) yra dazniausias pirminis kepeny navikas. Deja, remiantis ameri-
kie¢iy mokslininky prognozémis, daugelyje Saliy sergamumas $ia liga didéja
ir numatoma, kad ateityje didés toliau [2]. Tai akivaizdziai rodo gerokai
geresniy diagnostikos ir gydymo galimybiy poreiki KLK sergantiems pa-
cientams.

Daugiau nei 80 proc. atvejy, KLK iSsivysto, sergant kepeny ciroze [3].
Dazniausios kepeny cirozés priezastys daugumoje pasaulio valstybiy, taip pat
ir Lietuvoje, iSlieka létiniai virusiniai hepatitai ir létinis alkoholinis kepeny
pazeidimas [4, 5]. Vis dazniau nustatoma kepeny ciroz¢, sukelta nealkoholi-
nés suriebéjusiy kepeny ligos arba naujai apibréztos su metaboliniu sindromu
susijusios surieb&jusiy kepeny ligos, ypa¢ Vakary salyse [6, 7].

Bet kuris ilgg laika veikiantis etiologinis veiksnys sukelia létinj kepeny
uzdegima, veikdamas kepeny imunings sistemos reguliavimg. Didelis kepeny
regeneracinis pajégumas ir lasteliy proliferacijos aktyvinimas kurj laikg kom-
pensuoja kepeny audinio pazeidima, kurj lemia létinio uzdegimo sukelta
Iasteliy mirtis. Sio proceso metu kaupiasi reaktyvieji deguonies radikalai,
DNR molekuliy mutacijos ir palaipsniui lemia karcinogenezés procesg ir ke-
peny lasteliy karcinomos vystymasi. Svarby vaidmeni Siame procese vaidina
naviko mikroaplinka ir jos prouzdegiminiai elementai, ypa¢ citokinai, tokie
kaip IL-1a, IL-18, IL-6, IL-8 ir TNF-a [8—10]. Anksciau atliktai ikiklinikiniy
ir klinikiniy tyrimai patvirtina, kad interleukiny IL-6 ir IL-8 koncentracijos
kraujyje didesnés KLK pacienty atveju, palyginus su ciroze serganciais pa-
cientais be KLK [11-15].

Uzdegiminio ir navikinio kepeny audinio mikroaplinkoje svarbiis ne tik
prouzdegiminiai, bet ir antiuzdegiminiai citokinai, pavyzdziui IL-10 [16—18].
Kuo labiau pazengusi kepeny cirozé, tuo didesnés IL-10 koncentracijos nu-
statomos kraujo plazmoje [19]. Keletas tyrimy parodé¢, kad KLK pacienty
atveju IL-10 koncentracijos plazmoje padidé¢jimas labiau susijes su ciroze nei
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su naviku [20, 21]. Uzdegimo procesas kepenyse skatinamas ir palaikomas ir
kitais mechanizmais. Kepeny cirozés atveju padidéjus Zarnyno sieneliy pra-
laidumui, kraujyje padidéja endotoksiny, pavyzdziui, lipopolisacharidy (LPS),
koncentracija [22, 23]. Sie endotoksinai skatina kepeny Kupferio lasteles i3-
skirti reaktyviuosius deguonies radikalus ir prouzdegiminius citokinus, tokius
kaip IL-8, Sitaip prisidédami prie karcinogenezés proceso [24, 25]. Veikiant
LPS, navikinés lastelés iSskiria daugiau kraujagysliy endotelio augimo veiks-
nio (VEGF), Sitaip skatinama KLK Iasteliy proliferacija ir navikiné angioge-
nezé [26, 27]. Padidéjusi zarnyno pralaidumg kepeny cirozés atveju gali
atspindeéti specifiniai baltymai, pavyzdZziui, riebigsias riigStis sujungiantys
baltymai (FABP), kurie i$siskiria suyrant enterocitams [28, 29]. Anksc¢iau
atlikti tyrimai nustaté, kad FABP2 koncentracija kraujo plazmoje padidéja
sergant kepeny ciroze [23].

Karcinogenezés procesas kepenyse valdomas ir jvairiy genetiniy ir epi-
genetiniy veiksniy. MikroRNR (miRNR) yra mazos baltymy nekoduojancios
RNR molekulés, turin¢ios jtaka daugeliui organizmo genetiniy reguliavimo
keliy. Jvairiy miRNR dereguliacija gali biiti susijusi su daugeliu onkologiniy
procesy, iskaitant KLLK [30-32].

Kai KLK jau i$sivysciusi cirotinése kepenyse, kuo anksciau jg nustatyti,
kadangi ankstyvose ligos stadijose galimas radikalus gydymas (pavyzdziui,
rezekcija ar abliacija) [33, 34]. Labiau pazengusiose ligos stadijose, dazniau-
siai radikalus gydymas nebejmanomas. Daugiau nei deSimtmetj pirmojo pasi-
rinkimo sisteminis gydymas buvo sorafenibas, daugelio taikiniy tirozinkina-
z¢s inhibitorius, kurio veiksmingumas gydant paZengusios stadijos KLK
buvo jrodytas klinikiniy tyrimy metu [36]. Nepaisant to, kad Siuo metu veiks-
mingesnis imunoterapija paremtas gydymas tapo pirmojo pasirinkimo ir kad
sukuriama ir patvirtinama vis daugiau veiksmingy molekuliy [37], sorafeni-
bas liks svarbus, ypa¢ kai imunoterapija yra nekompensuojama, kontraindi-
kuotina arba neveiksminga. Sorafenibo veiksmingumui pagerinti bandyta
kartu skirti kitokj KLK gydyma, pavyzdZziui radioembolizacija. Nors radio-
embolizacijos skyrimas kartu su sorafenibu neparodé¢ reikSmingai geresniy
rezultaty [38], detalesné analize iSskyré teigiama teraping naudg tam tikroms
KLK serganciy pacienty grupéms [39].

Daugéjant naujy KLK gydymo galimybiy, didé¢ja biozymeny, galin¢iy
padéti atrinkti pacientus, numatyti atsakg j gydyma, iSgyvenamumo progno-
zg, poreikis. Iki $iol placiai klinikingje praktikoje naudojamas tik vienas KLK
biozymuo — alfa-fetoproteinas (AFP). Visgi jo specifiSkumas yra mazas —
daznai KLK atveju nustatoma normali AFP koncentracija, o padidéjimas ste-
bimas ne onkologiniy ligy atvejais [41,42].
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Keletas su kepeny karcinogeneze susijusiy molekuliy buvo tyrinétos kaip
potencialiis biozymenys. Nustatyta, kad IL-6 ir IL-8 koncentracijos turi jtakos
rezistentiSkumui sorafenibui [43—45], kad IL-6 koncentracija prie§ gydyma
koreliuoja su pacienty, gydyty sorafenibu, i§gyvenamumu [46], kad IL-6 ir
IL-8 koncentracijos gali padéti numatyti pacienty prognoze¢ po gydymo chemo-
arba radioembolizacija [48, 49]. IL-10 koncentracija plazmoje taip pat
pasiZzyméjo prognostinémis savybémis KLK sergantiems pacientams [21].
Ne tik uzdegimo citokinai, taciau ir nemazai kitokiy molekuliy (taip pat ir
miRNR) pasizymi potencialiy KLK bioZymeny savybémis [68].

Ankstesni tyrimai atskleidé miRNR profilio kepeny audinyje ir kraujyje
svarbg ir vaidmenj ankstyvoje KLK, ypac susijusios su létiniais virusiniais
hepatitais, diagnostikoje [60—62]. Tafiau dauguma autoriy analizavo i§ anksto
nustatytus miRNR rinkinius arba specifines miRNR, atliekant realaus laiko
PGR [60-62]. Kadangi miRNR molekulés mazos ir gausios kraujyje bei
kituose audiniuose, jvairios miRNR ir jy raiSkos pokyciai gali buti labai
naudingas biozymuo [63]. Kadangi miRNR svarbios karcinogenezés procese,
jos gali biiti terapiniai taikiniai. Su miRNR taikiniais susijusi taikiniy terapija
Siuo metu gana placiai tyrin¢jama, taip pat ir KLK atveju [64]. D¢l visy Siy
priezasCiy iSsamiis miRNR profilio tyrimai KLK diagnostikai ir prognozei
vertinti yra itin reikalingi ir svarbs.

Siame tyrime vertinome didZiausia potenciala KLK diagnostikai, gydy-
mo veiksmingumui ir pacienty iSgyvenamumui turin¢ius bioZymenis. Pirma,
vertinome uzdegimo molekules, analizuodami IL-6, IL-8, VEGF, LPS, FABP2
ir IL-10 verte. Taip pat atlikome miRNR transkriptomo (miRNomo) analize¢
KLK serganéiy pacienty kraujo plazmoje. Sis tyrimas leido pasiekti reik§min-
gy ir klinikai vertingy rezultaty, atskleidziant naujus diagnostinémis, predik-
cinémis ir prognostinémis savybémis pasizymin¢ius KLK bioZymenis.

Darbo tikslas: jvertinti uzdegimo mediatoriy ir miRNR analizés tinka-
mumg kepeny lagsteliy karcinomos neinvazinei diagnostikai, gydymo veiks-
mingumui bei ligos prognozei vertinti.

Darbo uzdaviniai:

1. Ivertinti IL-6 ir IL-8 koncentracijy kraujo plazmoje prie§ pardedant
gydymg tinkamumg KLK serganc¢iy pacienty iSgyvenamumo prog-
nozei ir gydymo sorafenibu veiksmingumui vertinti.

2. Ivertinti pakartotinio IL-6, IL-8, LPS ir VEGF koncentracijy kraujo
plazmoje iStyrimo gydymo eigoje tinkamuma KLK serganciy pacien-
ty iSgyvenamumo prognozei vertinti.
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3. Ivertinti FABP2, IL-10 ir LPS koncentracijy kraujo plazmoje prie§
pradedant gydyma diagnosting ir prognosting vert¢ KLK sergantiems
pacientams.

4. Istirti miRNR profilj ir jvertinti jo tinkamumg KLK diagnostikai, gy-
dymo veiksmingumui ir pacienty i§gyvenamumo prognozei vertinti.

Mokslinis darbo naujumas ir aktualumas

Siame tyrime pateikiama (1) i¥sami kraujo plazmos IL-6 ir IL-8 analizé
KLK pacientams; (2) duomenys, pagrindziantys IL-6 ir IL-8 koncentracijy
kraujo plazmoje prognosting verte¢ KLK sergantiems pacientams; (3) kity
uzdegimo mediatoriy — VEGF, LPS, FABP2, IL-10 — analize¢, vertinant jy
kaip KLK biozymeny tinkamumg; (4) miRNR profiliai KLK serganciy
pacienty ir kontrolinés grupés asmeny kraujo plazmoje bei miRNR, pasizy-
minciy labiausiai pakitusia raiska, analize; (5) iSsami miRNR profiliy analizé,
lyginant kraujo plazmos méginius prie§ pradedant KLK gydyma, méginius
per ar po gydymo ir kontrolinés grupés meginius; (6) naujus duomentis,
parodancius potencialia diagnosting, prognosting ir su gydymu susijusig
miRNR profiliy verte KLK sergantiems pacientams.

Apibendrinant, tai yra pirmasis tyrimas, kuriame parodoma: (1) aiski
IL-6 ir IL-8 koncentracijy kraujo plazmoje prognostiné verté ne tik tiriant
prie§ gydymo pradZzia, bet ir pakartotinai tiriant gydymo metu ar po jo; Siy
molekuliy predikciné su gydymu sorafenibu susijusi verte; (2) kity uzdegimo
mediatoriy — VEGF, LPS, IL-10, FABP2 — vert¢ KLK sergantiems pacien-
tams; (3) pilna miRNR molekuliy analizé ir jy diagnostiné, predikciné ir
prognostin¢ vert¢é KLK sergantiems pacientams, i$skiriant hsa-miR-215-5p,
kuri gali biiti apibudinama kaip specifiné¢ su KLK susijusi miRNR, kurios
raiSkos lygis plazmoje susij¢s su gydymu ir iSgyvenamumo prognoze KLK
sergantiems pacientams. Visi Sie duomenys reik§mingai prisideda prie tyri-
my, ieSkant jautriausiy ir specifiSkiausiy minimaliai invaziniy kraujo biozy-
meny KLK diagnostikai, gydymo efektyvumo ir pacienty iSgyvenamumo
prognozei vertinti.

Autoriaus indélis

Zemiau pateikiamas autoriaus Egidijaus Morkiino indélis j su disertacija
susijusias publikacijas (A1-AS5, pateiktas skyriuje “List of scientific papers™):
Al: prisidéjo prie tyrimo idéjos ir dizaino kiirimo, atliko ELISA testus inter-

leukiny koncentracijy nustatymui, atliko duomeny analizg ir interpre-

tacija, parengé pirminj publikacijos rankrastj, atliko rankras$cio taisymus,
gavo bendraautoriy sutikimg naudoti publikacija disertacijai.
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A2: prisidéjo prie tyrimo dizaino kiirimo, atliko ELISA testus, duomeny
analizg, parengé pirminj publikacijos rankrastj, atliko rankrascio taisy-
mus, gavo bendraautoriy sutikima naudoti publikacija disertacijai.

A3: aktyviai prisidéjo prie techninés tyrimo dalies, uzdegimo molekuliy kon-
centracijy kraujo plazmoje matavimo, atliko duomeny analizg ir interpre-
tacija, parengé pirminj publikacijos rankrastj, atliko rankra$cio taisymus,
gavo bendraautoriy sutikimg naudoti publikacija disertacijai.

A4: prisidéjo prie tyrimo idéjos ir metodologijos sukiirimo, dalyvavo KLK
serganciy pacienty jtraukime i tyrima, rinko klinikinius duomenis, atliko
ELISA testus, analizavo duomenis, parengé pirminj ir galutinj publika-
cijos rankrasc¢io variantg.

AS: aktyviai dalyvavo kuriant tyrimo dizaing ir metodologija, analizavo ir
interpretavo duomenis, didele dalimi prisidéjo prie pirminio publikacijos
rankrasc¢io rengimo, korekcijy ir galutinio rankra$¢io varianto rengimo.

Medziagos ir metodai

Disertacijoje apraSomiems atliktiems tyrimams gauti atitinkamy institu-
cijy bioetikos leidimai. Tiriamoji imtis detaliai aprasyta A1-AS publika-
cijose.

Kiekvienam tyrime dalyvavusiam KLK sergan¢iam pacientui paimti
kraujo méginiai prie§ pradedant bet kokj specifinj gydyma. Papildomi kraujo
meéginiai paimti po 7-9 savaic¢iy po KLK gydymo sorafenibu arba radioembo-
lizacijos ir sorafenibo deriniu pradzios pacientams, kuriems buvo suplanuotas
pakartotinis kraujo biozymeny vertinimas. Kontrolinés grupés asmenims taip
pat atliktas kraujo méginio paémimas jtraukimo j tyrimg metu.

Uzdegimo mediatoriy — IL-6, IL-8, IL10, LPS, VEGF, FABP2 — koncen-
tracijos kraujo plazmoje nustatytos naudojant Siuos su fermentais susietais
imunosorbentiniy tyrimy (ELISA) rinkinius: Human IL-6 Quantikine ELISA
Kit (R&D Sys), Human IL-8/CXCLS8 Quantikine ELISA Kit (R&D Sys),
Human IL-10 Quantikine ELISA Kit (R&D Sys), Human VEGF Quantikine
ELISA Kit (R&D Sys), Human FABP2/I-FABP Quantikine ELISA Kit (R&D
Sys), Human LPS ELISA Kit (Cusabio).

Kraujo plazmoje cirkuliuojancios nukleortigstys, jskaitant cirkuliuo-
janc¢ios miRNR frakcija, iSskirtos naudojant komercinj rinkini QIAamp
Circulating Nucleic Acid Kit (Qiagen). Mazyjy RNR sekoskaitos bibliotekos
paruostos naudojant komercinj rinkinj ///lumina TruSeq Small RNA Sample
Preparation Kit (Illumina) ir sekvenuotos naudojant ///lumina HiSeq 2500
platforma.
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Atlikta sekvenuoty mazyjy RNR duomeny bioinformatiné analize,
remiantis anksCiau apraSyta metodologija [65]. Statistiné duomeny analizé
atlikta naudojant skirtingg programing jrangg: miRNR profilio tyrimui—
R (v. 4.1.0) ir RStudio software (v. 1.4.1106), prognosting ir predikcineg IL-6
ir IL-8 vert¢ nustatan¢iam tyrimui — R (v. 3.5.0), pakartotinio IL-6 ir IL-8
iStyrimo verte nustatan¢iam tyrimui — SAS (v. 9.4), FABP2, IL-10 ir LPS
verte nustatanciam tyrimui — IBM SPSS Statistics (v. 27.0). Disertacijoje
naudota metodologija detaliau apraSyta A1 — AS publikacijose.

Rezultatai

Pirmoji disertacijos dalis apémé tyrimus, analizuojancius uzdegimo me-
diatoriy koncentracijy kraujo plazmoje nustatymo vert¢ pacientams, sergan-
tiems KLK.

Siekiant jvertinti prognosting ar su gydymu susijusig uzdegimo citokiny
IL-6 ir IL-8 verte, atlikta KLK serganciy pacienty kraujo méginiy, paimty
prie§ pradedant KLK gydyma, analizé. Nustatytos skiriamosios IL-6
(8,58 pg/ml) ir IL-8 (57,9 pg/ml) koncentracijy kraujo plazmoje vertés, pasi-
zymincios geriausia KLK serganciy pacienty i§gyvenamumo prognoze. Pa-
cientai, kuriy IL-6 arba IL-8 koncentracija kraujyje buvo Zema, iSgyveno
reikSmingai ilgiau, nei pacientai, kuriy atitinkami rodikliai buvo auksti. Dau-
gelio kintamyjy regresijos analizé parodé¢, kad didelé IL-6 ir IL-8 koncent-
racija prie§ pradedant KLK gydymg yra vieninteliai nepriklausomi predik-
ciniai blogos pacienty iSgyvenamumo prognozés veiksniai. Nustatyta, kad
sumine prognostiné IL-6 ir IL-8 koncentracijy kraujo plazmoje verté yra dar
didesne. Jei abiejy interleukiny koncentracija kraujyje prie$§ pradedant KLK
gydyma yra Zema, pacienty i§gyvenamumo prognoz¢e reik§Smingai palankesné
lyginant su pacientais, kuriems nustatytas vieno arba abiejy interleukiny
koncentracijos padidéjimas.

Vertinant su KLK gydymu susijusig IL-6 ir IL-8 verte, analizuota kore-
liacija tarp Siy interleukiny koncentracijy KLK serganciyjy kraujo plazmoje
prie§ pradedant gydymga ir radiologinio atsako, vertinant pagal mRECIST
kriterijus. Ir Zema IL-6 koncentracija, ir Zema IL-8 koncentracija buvo susi-
jusi su reik§Smingai geresniu objektyvaus atsako dazniu, gydant KLK.

Panasiis rezultatai gauti, analizuojant prognosting IL-6 ir IL-8 verte prie§
pradedant gydyma KLK sergantiems pacientams, gydytiems kitokiu gydymo
rezimu — radioembolizacijos ir sorafenibo deriniu. Siy pacienty bendrasis
i§gyvenamumas bei iSgyvenamumas iki ligos progresavimo buvo reikSmingai
ilgesni, jei IL-6 arba IL-8 koncentracija kraujo plazmoje buvo Zemesné nei
anksCiau apibrézta ribine verté [49]. Daugelio kintamyjy regresijos analizé
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parodé¢, kad auksta plazmos IL-6 koncentracija yra vienintelis nepriklau-
somas blogos iSgyvenamumo prognozes veiksnys KLK sergantiems pacien-
tams. Atliekant Siy méginiy analizg, jvertinta ir abiejy interleukiny verte,
prognozuojant laikg iki kepeny dekompensacijos (apibréztos kaip >2
laipsnio bilirubino koncentracijos plazmoje padidéjimas). Rezultatai parode,
kad laikas iki kepeny dekompesacijos reikSmingai ilgesnis tiems KLK ser-
gantiems pacientams, kuriy IL-6 koncentracija plazmoje prie§ pradedant
gydyma buvo zema. StatistiSkai reikSmingos atitinkamos IL-8 vertés negauta.

Siekiant jvertinti pakartotinio uzdegimo molekuliy — IL-6, IL-8, VEGF
ir LPS — koncentracijy nustatymo kraujyje ir jy pokycio KLK gydymo eigoje
prognosting vertg, analizuoti KLK serganc¢iyjy kraujo méginiai, paimti pries
gydyma ir pragjus 7-9 savaitéms nuo gydymo sorafenibu arba radioemboli-
zacijos ir sorafenibo deriniu pradzios.

Analizes rezultatai parodé¢, kad abiejuose laiko taSkuose tiek IL-6, tiek
IL-8 koncentracija kraujo plazmoje neigiamai koreliavo su KLK serganciy
pacienty iSgyvenamumu. Nustatytos skiriamosios IL-6 (24,18 pg/ml) ir IL-8
(75,25 ng/ml) koncentracijy vertés pakartotinio iStyrimo metu gydymo eigo-
je, pasizyminCios geriausiomis prognostinémis savybémis. Didesnés nei
ribiné verte IL-6 ir IL-8 koncentracijos plazmoje susijusios su reikSmingai
blogesniu KLK serganéiyjy isgyvenamumu. Si tendencija taip patvirtinta
statistiSkai IL-6 (bet ne IL-8) atveju, vertinant pacienty iSgyvenamumg iki
KLK progresavimo. Taip pat jrodyta IL-6 pokycio gydymo metu prognostiné
verte. KLK serganciy pacienty, kuriems plazmos IL-6 koncentracija 7-9
gydymo savaiciy laikotarpiu padidé¢jo daugiau nei 16,8 pg/ml, iSgyvenamu-
mo prognoze reikSmingai blogesné. Pacientams, kuriy pradiné IL-6 koncent-
racija mazesné nei 9,7 ng/ml, o 2 mén. gydymo laikotarpiu $is rodiklis nedi-
d¢jo daugiau nei 16,8 pg/ml, stebéta geriausia iSgyvenamumo prognoze. Taip
pat nustatyta, kad pradin¢ bei pakartotine IL-8 ir pakartotin¢ IL-6 koncent-
racijos pasizyméjo reikSminga koreliacija su kepeny funkcijos dekompen-
sacija. ReikSmingos koreliacijos tarp LPS ir VEGF koncentracijos kraujyje
prie§ gydyma ar jo metu ir KLK pacienty i§gyvenamumo nestebéta.

Su IL-6 ir IL-8 susijusiy analiziy rezultatai neprieStaravo ankstesniy kity
autoriy publikacijy rezultatams ir reikSmingai juos papild¢, pademonstruo-
dami potencialig $iy dviejy interleukiny verte kaip bioZzymeny, padedanciy
patikimai vertinti KLK serganc¢iy pacienty iSgyvenamumo, kepeny funkcijos
dekompensacijos ir gydymo veiksmingumo prognoze.
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Kity uzdegimo molekuliy — IL-10, FABP2 ir LPS — analiz¢ parodé, kad
KLK serganciyjy kraujo plazmoje prie§ pradedant gydyma nustatomos
reikSmingai didesnés IL-10 ir FABP2 (bet ne LPS) koncentracijos lyginant
su sveikais asmenimis. Deja, skiriamyjy iy molekuliy koncentracijy verciy,
pasiZzyminciy prognostinémis savybémis, nustatyti nepavyko. Neigiami
rezultatai IL-10, FABP2, LPS ir VEGF atveju gali biti i§ dalies paaiSkinami.
FABP2 ir IL-10 vaidina svarby vaidmenj létinio kepeny uzdegimo vystymosi
ir progresavimo procese, dél to yra susij¢ su kepeny ciroze, bet ne su
hepatokarcinogeneze tiesiogiai [17, 23, 91]. LPS svarbus létinio uzdegimo ir
naviko progresavimo kepenyse procesuose [24, 25]. Tikétina, kad LPS kon-
centracijos matavimas varty venos kraujotakos sistemoje turéty didesne verte
nei periferinio kraujo. VEGF, kuris skatina naviko kraujagysliy proliferacija,
keliy ankstesniy tyrimy buvo patvirtintas, kaip potencialus prognostinis Zymuo
KLK atveju, kai létinis kepeny paZzeidimas buvo sukeltas virusiniy hepatity
[83, 84, 86]. Misy tyrimo atveju, pacientai, sergantys virusiniais hepatitais,
sudaré¢ mazg imties dalj. Taigi, misy tyrimo duomenimis, IL-10, VEGF, LPS
ir FABP2 koncentracijy plazmoje matavimai neturi reikSmingos vertés KLK
sergantiems pacientams.

Antroji disertacijos dalis apémé miRNR profiliy arba miRNomo kraujo
plazmoje analizg, siekiant nustatyti §j profilj ir jvertinti jo diagnosting, prog-
nosting ir predikcing verte KLK sergantiems pacientams.

Lyginant KLK serganciyjy kraujo plazmos meéginius prie§ pradedant
gydyma ir kontrolinés grupés méginius, i$ viso nustatytos 42 skirtingos rais-
kos miRNR, i$ jy 16 — didesnés raiskos, 26 — mazesnés raiskos. Labiausiai
padidéjusia raiSka pasizyméjusios miRNR buvo hsa-miR-576-5p, -200b-3p,
-374a-3p, -140-5p, -1228-5p, o labiausiai sumaz¢jusia raiSka — hsa-miR-
219a-2-3p, -218-5p, -129-5p, -132-3p, -3960. Lyginant Siuos rezultatus su
ankstesnémis kity autoriy atlikty tyrimy rezultatais, nustatyta ir skirtumy, ir
panaSumy. Nemaza dalis miRNR, turin¢iy sgsajy su KLK, miisy tyrimo metu
identifikuotos pirma karta.

Koreliacijos analizeé tarp Siy pakitusia raiSka pasizyméjusiy miRNR ir
pagrindiniy KLK klinikiniy rodikliy, parod¢, kad nei viena i§ Siy miRNR néra
susijusi su AFP koncentracija prie§ pradedant gydyma arba jos pokyciu
gydymo eigoje. Vienintelé pakitusios raiSkos miRNR — hsa-miR-142-5p —
gebéjo patikimai atskirti skirtingas KLK stadijas (BCLC B ir C). Ankstesnis
tyrimas parode, kad tam tikry miRNR ir AFP derinys gali sustiprinti diagno-
stinf KLK potencialg [112], taciau reikia daugiau ir detalesniy tyrimy.
miRNR sasaja su skirtingomis KLK stadijomis anks¢iau nebuvo tirta.
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Siekiant atskirti pacientus, sergancius naujai diagnozuota KLK, ir svei-
kus kontrolinius asmenis, atlikta normalizuoty miRNR nuskaitymy skaiciaus
analiz¢, remiantis funkcijy pasirinkimu ir atsitiktiniais forest klasifikatoriaus
algoritmais. 10 miRNR buvo patvirtintos kaip svarbios: hsa-let-7b-5p, hsa-
let-7c-5p, hsa-miR-124-3p, hsa-miR-125b-5p, hsa-miR-219a-2-3p, hsa-miR-
3960, hsa-miR-432-5p, hsa-miR-6734-5p, hsa-miR-7-5p, hsa-miR-95-3p.
ROC kreivés analize iSskyré hsa-let-7b-5p ir hsa-miR-3960 kaip pasizy-
mincias geriausiu nasumu (AUC 85,6 proc. ir 85,9 proc. atitinkamai). Visy
desimties miRNR derinys pasizymé¢jo dar geresniu potencialu atskirti KLK
sergancius pacientus ir sveikus asmenis (AUC 92,68 proc.).

Tyrimo metu nustatyta, kad, skiriant gydyma sorafenibu, dvi miRNR
(hsa-miR-483-5p, hsa-miR-23b-3p) pasizyméjo padidéjusia raiska, o kitos
dvi (hsa-miR-215-5p, hsa-miR-192-5p) — sumaz¢jusia raiska, lyginant kraujo
méginius prie§ gydyma ir pra¢jus 7-9 savaitéms po gydymo pradzios. Gydy-
mo radioembolizacijos ir sorafenibo deriniu atveju, nustatyta tik viena miRNR
(hsa-miR-215-5p), kurios raiSka buvo pakitusi (sumazéjusi) gydymo eigoje.
Ankstesniy tyrimy metu nustatyta Siy miRNR sgsaja su KLK [114-116],
taciau gydymo metu iki Siol buvo apraSyti tik miR-23b-3p raiskos pokyciai
[117].

Ivertinti, ar miRNR profilis yra tinkamas KLK gydymo veiksmingumui
numatyti, buvo palyginti pacienty, kuriems gydymas lémé radiologinj atsaka
(remiantis mRECIST kriterijais) ir kuriems toks atsakas negautas, kraujo
plazmos méginiai. Trys miRNR (hsa-miR-183-5p, hsa-miR-28-3p, hsa-miR-
1246) pasizyméjo padidéjusia raiSka lyginant Siuos pacienty, gydyty sorafe-
nibu, méginius. ROC kreivés analizé parod¢, kad visy trijy miRNR atvejais
AUC yra daugiau nei 75 proc. Lyginant pacienty, gydyty radioembolizacijos
ir sorafenibo deriniu, kraujo méginius, pakitusios raiSkos miRNR nenusta-
tyta. Siy trijy miRNR ry3ys su KLK iki $iol apradytas tik in vitro tyrimuose
[118, 119], o jy raiskos poky¢iy sasaja su KLK gydymu iki Siol nebuvo tirta.

ISgyvenamumo analiz¢ i§skyré dvi miRNR — hsa-miR-215-5p ir hsa-
miR-25-5p — kuriy rai$ka reikSmingai skyrési, lyginant i§gyvenusiy ir miru-
siy KLK sirgusiy pacienty, gydyty sorafenibu, pakartotinius kraujo plazmos
meéginius. Tolesné analizé parodé, kad sumazéjusi hsa-miR-215-5p raiska yra
reikSmingai susijusi su geresniu KLK serganciy pacienty i§gyvenamumu.
Ankstesnése kity autoriy publikacijose aprasytas Sios miRNR diagnostinis
potencialas KLK atveju, taciau jos rySys su pacienty iSgyvenamumu anksc¢iau
nebuvo tirtas.
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Nepaisant reikSmingy Sio tyrimo rezultaty, svarbu paminéti ir keleta
darbo trikumy. Visy pirma, Sioje disertacijoje aprasytos analizes buvo atlik-
tos, vertinant nedideles KLK serganciy pacienty imtis, dél to neatliktos deta-
lesnés jvairiy KLK serganciyjy grupiy (pavyzdziui, skirtingy etiologiniy
veiksniy, etniniy grupiy, gretutiniy ligy) analizés. Navikinio audinio medzia-
gos iStyrimas taip pat nejtrauktas i §i tyrimg. Siekiant sumazinti §j tritkuma,
miisy atliktos miRNR analizés rezultatai palyginti su anksciau atliktos KLK
navikinio audinio miRNR analizés rezultatais [124], tac¢iau reikSmingy suta-
pimy nestebéta greifiausiai dél skirtingos tiriamosios medziagos kilmés ir
pacienty populiacijy skirtumy. Taip pat, miRNR analiz¢ atlikta, naudojant
cirkuliuojanc¢iy nukleoriig§¢iy méginius bendroje kraujo plazmoje, nes izolia-
vimo rinkiniuose triiko techniniy procediry, skirty specifiniam mazyjy RNR
molekuliy praturtinimui. Nepaisant to, Sis tyrimas svariai prisideda prie
minimaliai invaziniu biidu atliekamy bioZymeny geresnei KLK diagnostikai
ir pacienty prognozei vertinti nustatymo ir suktirimo.

Apibendrinant miisy atliktas analizes, galime patvirtinti potencialig IL-6
ir IL-8 vert¢ kaip bioZymeny, padedanciy patikimai vertinti KLK serganciy
pacienty iSgyvenamumo, kepeny funkcijos dekompensacijos ir gydymo
veiksmingumo prognoze. Nustatéme, kad miRNR profiliai reik§mingai ski-
riasi, lyginant naujai diagnozuota KLK sergancius pacientus ir sveikus asme-
nis. Parodéme, kad tam tikros miRNR molekulés gali buti svarbios kaip
biozymenys KLK diagnostikai, pacienty iSgyvenamumui ir gydymo veiks-
mingumui vertinti. ISskirtina viena miRNR (hsa-miR-215-5p), kuri geba
prognozuoti pacienty iSgyvenamumg ir yra reikSmingai susijusi su KLK
gydymu.

ISvados

1. Didesnés IL-6 ir IL-8 koncentracijos prie§ gydyma sorafenibu arba
radioembolizacijos ir sorafenibo deriniu susijusios su reikSmingai
blogesniu pacienty i§gyvenamumu. Didesné IL-6 koncentracija plaz-
moje prie$ gydymg radioembolizacijos ir sorafenibo deriniu taip pat
susijusi su trumpesniu laiku iki kepeny funkcijos dekompensacijos.
Maza pradiné IL-6 ir IL-8 koncentracija susijusi su reikSmingai geres-
niu objektyvaus atsako dazniu gydant sorafenibu.

2. Pakartotinis IL-6 ir IL-8 koncentracijos plazmoje jvertinimas turi
papildoma prognosting reik§me¢ KLK sergantiems pacientams, gydy-
tiems sorafenibu arba radioembolizacijos ir sorafenibo deriniu. Dides-
nés IL-6 ir IL-8 koncentracijos kraujo plazmoje, prag¢jus 7-9 savai-
téms nuo gydymo pradzios, ir reikSmingesnis IL-6 koncentracijos
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padidé¢jimas gydymo metu susij¢ su blogesniu pacienty, gydyty sora-
fenibu arba radioembolizacijos ir sorafenibo deriniu, iSgyvenamumu.
LPS ir VEGF koncentracijos kraujyje prognostinés reikSmeés KLK
sergantiems pacientams nenustatyta.

. FABP2 ir IL-10 koncentracijos kraujo plazmoje naujai nustatyta KLK
sergantiems pacientams yra reikSmingai didesnés nei sveiky asmeny.
Kraujo plazmos FABP2, IL-10 ir LPS prognostinés vertés Siems
pacientams nenustatyta.

. Nustatyti skirtingi kraujo plazmos miRNR profiliai, lyginant KLK ir
kontrolinés grupes méginius. Identifikuoti potencialtis kraujo plazmos
miRNR biozymenys KLK diagnostikai, pacienty iSgyvenamumo
prognozei ir gydymo veiksmingumui vertinti. Sumaz¢jusi hsa-miR-
215-5p raiSka susijusi su KLK gydymu sorafenibu ir radioemboli-
zacijos bei sorafenibo deriniu, taip pat su geresniu sorafenibu gydyty
KLK pacienty iS§gyvenamumu.
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Abstract

Purpose To explore the potential correlation between baseline interleukin (IL) values and overall survival or objective
response in patients with hepatocellular carcinoma (HCC) receiving sorafenib.

Methods A subset of patients with HCC undergoing sorafenib monotherapy within a prospective multicenter phase II trial
(SORAMIC, sorafenib treatment alone vs. combined with Y90 radioembolization) underwent baseline IL-6 and IL-8 assess-
ment before treatment initiation. In this exploratory post hoc analysis, the best cut-off points for baseline IL-6 and IL-8 values
predicting overall survival (OS) were evaluated, as well as correlation with the objective response.

Results Forty-seven patients (43 male) with a median OS of 13.8 months were analyzed. Cut-off values of 8.58 and 57.9 pg/
mL most effectively predicted overall survival for IL-6 and IL-8, respectively. Patients with high IL-6 (HR, 4.1 [1.9-8.9],
p<0.001) and IL-8 (HR, 2.4 [1.2-4.7], p=0.009) had significantly shorter overall survival than patients with low IL values.
Multivariate analysis confirmed IL-6 (HR, 2.99 [1.22-7.3], p=0.017) and IL-8 (HR, 2.19 [1.02-4.7], p=0.044) as independ-
ent predictors of OS. Baseline IL-6 and IL-8 with respective cut-off values predicted objective response rates according to
mRECIST in a subset of 42 patients with follow-up imaging available (IL-6, 46.6% vs. 19.2%, p=0.007; IL-8, 50.0% vs.
17.4%, p=0.011).

Conclusion IL-6 and IL-8 baseline values predicted outcomes of sorafenib-treated patients in this well-characterized prospec-
tive cohort of the SORAMIC trial. We suggest that the respective cut-off values might serve for validation in larger cohorts,
potentially offering guidance for improved patient selection.

Keywords Hepatocellular carcinoma - Sorafenib - Interleukin - Response

Introduction patients (Kakumu et al. 1993; Naugler et al. 2007; Porta
et al. 2008; Bergmann et al. 2017).
Hepatocellular carcinoma (HCC) develops mostly on the Sorafenib, a multitarget tyrosine kinase inhibitor, has

background of chronic inflammation of the liver (El-Serag been shown to improve survival in patients with advanced
2012). Cytokine signaling, including interleukins (IL), =~ HCC (Llovet et al. 2008). However, therapy benefit is not
plays an intrinsic role in regulating this inflammatory pro-  uniform for each patient. Several biomarkers have been
cess, and levels of various cytokines have been shown to  investigated to predict the efficacy of sorafenib in HCC
be increased in patients with HCC compared to cirrhotic ~ patients (Llovet et al. 2012). Additionally, after a long time
with sorafenib being the only systemic treatment option
for HCC, several first- and second-line therapies emerged
(Bruix et al. 2017; Abou-Alfa et al. 2018; Kudo et al. 2018),

P4 Max Seidensticker and recently, atezolizumab—bevacizumab combination has
max.seidensticker @med.uni-muenchen.de been shown to be superior to sorafenib in the first-line set-
Extended author information available on the last page of the article ting (Finn et al. 2020). However, despite these advances,
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sorafenib will undoubtedly continue to be an important treat-
ment option, especially where atezolizumab—bevacizumab
is unavailable or contraindicated, and find its new role in the
complex HCC treatment algorithm. This situation intensi-
fied the need for additional biomarkers of sorafenib benefit.
A few preclinical studies have shown that IL-6 and IL-8 are
related to sorafenib resistance (Kahraman et al. 2019; Lai
etal. 2019; Li et al. 2020). However, a study that evaluated
the prognostic role of multiple biomarkers in HCC patients
treated with sorafenib showed that baseline IL-8 values
failed to detect treatment benefit (Miyahara et al. 2011). On
the contrary, another study that investigated IL-6 in an Asian
HCC cohort showed that pretreatment IL-6 values with a
cut-oft of 4.58 pg/mL are correlated with overall survival
after sorafenib, with high pretreatment levels associated with
a poor prognosis (Shao et al. 2017).

SORAfenib in combination with local MICro-ther-
apy guided by gadolinium-EOB-DTPA-enhanced MRI
(SORAMIC, EudraCT 2009-012576-27, NCT01126645)
is a prospective, phase II, randomized, controlled study in
HCC patients with three study arms. In the palliative arm of
the study, HCC patients were randomized to sorafenib treat-
ment either alone or combined with Y90 radioembolization
(RE), and the addition of RE treatment failed to improve
survival compared to sorafenib monotherapy (Ricke et al.
2019). This exploratory post hoc analysis of the palliative
arm of the SORAMIC trial aimed to explore the predictive

value of baseline IL-6 and IL-8 in patients with advanced
HCC receiving sorafenib monotherapy.

Materials and methods
Study population

This post hoc analysis was a substudy of the palliative arm
of SORAMIC, a prospective, randomized-controlled phase
II trial exploring the additional benefit of RE to sorafenib
treatment. We selected a subgroup of patients in the pallia-
tion arm receiving sorafenib monotherapy only, to eliminate
potential effects of other therapies used within the trial (radi-
oembolization). SORAMIC was conducted in 38 centers in
Europe and Turkey. The study protocol was approved by
the competent authorities as well as the institutional review
board, and all patients gave written informed consent.

The inclusion and exclusion criteria for the SORAMIC
trial have been described previously (Ricke et al. 2019). In
summary, patients aged 18-85 years with a diagnosis HCC in
intermediate stage (Barcelona Clinic Liver Cancer [BCLC]
stage B, not eligible for TACE) or advanced stage (BCLC
C), adequate liver reserve (Child—Pugh scores A to B7), an
Eastern Cooperative Oncology Group performance status
(ECOG PS) <2 were eligible. Patients with extrahepatic dis-
ease were recruited as long as the disease was liver-dominant

Fig.1 Consort diagram

424 patients were assigned to the
palliative arm of the SORAMIC trial

216 patients randomized to

radioembolization arm

208 patients randomized to
sorafenib arm

I 11 patients received no treatment

197 patients underwent received
treatment
(Safety population of SORAMIC)

150 patients did not enter to the

translational program

47 patients underwent baseline
interleukin analysis
(Study population)
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Table 1 Patient characteristics
Number %

All cohort 47 100
Gender (male) 43 914
Race (White) 39 82.9
Liver cirrhosis (yes) 41 87.2
HCC etiology

Hepatitis B 4 8.5
Hepatitis C 9 19.1

Hepatitis C 9 19.1

Alcohol 23 48.9
ECOG PS

0 36 76.5

1 11 234
Child Pugh score

A 41 (87.2) 87.2

B 6(12.7) 12.7
BCLC stage

B 11(23.4) 234

C 36 (76.5) 76.5

Median IQR

Age (years) 66 60.5-72.5
Albumin (g/dL) 38 33-40.7
Total Bilirubin (umol/L) 15.2 11-21.2
AFP (ng/mL) 108.7 10-1374
IL-6 (pg/mL) 9.7 4.5-17.5
IL-8 (pg/mL) 56.3 34.6-172.9

and lungs were not involved. Inclusion into this substudy
required the availability of a blood sample before the initia-
tion of sorafenib treatment to measure IL-6 and IL-8 values
as part of the translational program of the SORAMIC trial.
Of the 208 patients randomized to sorafenib monotherapy
in the palliative arm of the SORAMIC trial and 197 patients
received sorafenib within the trial. Of these 197 patients, 47
(23.8%) were included in the translational program (study
population), and baseline blood samples were available for
IL assessment (Fig. 1). There was no significant difference
in baseline characteristics between the patients who entered
the translational program and the rest of the patients who
received sorafenib within the trial (Supplementary Table 1).
Baseline characteristics of the study population are listed in
Table 1. Forty-one (87.2%) patients had underlying liver cir-
rhosis. Whereas 23 (48.9%) patients had alcoholic liver dis-
ease (two without cirrhosis), 4 (8.5%) had hepatitis B (one
without cirrhosis), and 9 (19.1%) had hepatitis C. Thirty-
six (76.5%) patients had advanced HCC (BCLC C), and 41
(87.2%) had well-preserved (Child—Pugh A) liver function.
Patients were randomized in an 11:10 ratio to receive
either combination of RE and sorafenib or sorafenib.

Patients in the sorafenib arm were started sorafenib treat-
ment after randomization with the starting dose of 200 mg
twice daily. If tolerated, the dose was escalated to 400 mg
twice daily (target dose) after 1 week. Treatment was con-
tinued until tumor progression or the emergence of a drug-
related adverse event requiring discontinuation.

Blood samples were obtained before the initiation of the
treatment and were stored deep frozen at study core facil-
ity and analyzed centrally using Human IL-6 Quantikine
ELISA Kit (R&D Sys, Minneapolis, MN, USA; D6050),
and Human IL-8/CXCL8 Quantikine ELISA Kit (R&D Sys;
D8000C), following the manufacturer’s instructions. Using
enzyme-linked immunosorbent assays, serum levels of the
IL6 and IL8 were measured.

As a secondary endpoint, in patients with follow-up
imaging available for centralized image analysis, follow-
up images were evaluated according to modified Response
Evaluation Criteria in Solid Tumors (mRECIST) by a board-
certified radiologist specialized in gastrointestinal imaging
who was blinded to all the clinical information (Llovet and
Lencioni 2020).
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a IL-6, Median Survival = 13.8 months b IL-8, Median Survival = 13.8 months
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Fig.2 The receiver-operating characteristics (ROC) curve showing the sensitivity and specificity of various cut-off values of baseline: a interleu-

kin (IL)-6 and b IL-8 levels to analyze the overall survival

Statistical analysis

All statistical analyses were performed using R statistical
and computing software, version 3.5.0 (http://www.r-proje
ct.org). Categorical variables were reported as counts and
percentages, and continuous variables as means and standard
deviations. Correlations were evaluated with Chi-square and
Fisher’s exact tests, and a ¢ test was used to compare two
groups. We used the receiver-operating characteristic (ROC)
curve to determine the cut-off values for IL-6 and IL-8 that
could produce the highest sensitivity and specificity to pre-
dict individual survival shorter than the median overall sur-
vival. The Kaplan—-Meier method was used for estimates of
overall survival, and the log-rank test was used to compare
survival groups. Cox regression models were used to assess
the effects of cofounding factors on overall survival. Vari-
ables with a p value of <0.1 in the univariate analyses were
analyzed in multivariate Cox regression models to explore
prognostic factors of overall survival.

Results

By the end of the study, 37 (78.7%) patients had deceased,
and the median OS in the subset of patients included in this
biomarker analysis was 13.8 months.

Using ROC curve analysis, a cut-off value of 8.58 pg/
mL for IL-6 was determined to have the highest sensitiv-
ity (76.9%) and specificity (69.3%) to predict survival in
these patients (Fig. 2a), whereas an optimal cut-off value
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of 57.9 pg/mL was defined for IL-8 for a sensitivity of 68%
and a specificity of 73.2% (Fig. 2b). Altogether, 26 (55.3%)
patients had IL-6 values higher than 8.58 pg/mL, and 23
(48.9%) patients had IL-8 values higher than 57.9 pg/mL.
Comparison of baseline characteristics of each subgroup
according to IL levels is summarized in Table 2.

Univariate analysis of clinical and pathological variables
conducted by stratifying patients according to these cut-
off values showed that high baseline IL-6 was associated
with albumin values of <36 g/L (p=0.013), whereas high
baseline IL-8 was associated with larger maximum tumor
diameter (p=0.013). In addition, although the difference
was not significant, there were more patients with high IL-6
in patients with larger tumors and ECOG 1; and high IL-8
in patients with total bilirubin > 17 pmol/L.

The median overall survival of patients with low IL-6
was 30.3 months (CI 95% 21.6—NA), while patients with
high IL-6 had a median overall survival of 10.3 months (95%
CI16.7-14.3; p <0.001; Fig. 3). Similarly, patients with low
IL-8 (30.3 [95% CI 13.8—NA] months) had significantly
longer overall survival than patients with high IL-8 (10.3
[95% CI 5.5-17.6] months; p=0.009; Fig. 4).

Besides IL-6 and IL-8 values, baseline albumin
value > 17 g/L (p=0.008) and tumor diameter > 65 mm
(p=0.021) were associated with overall survival, whereas
there was a trend for better survival in patients with total
bilirubin < 17 g/L (p=0.058) and portal vein invasion
(p=0.099). There was no correlation between underlying
liver disease and overall survival. Multivariate Cox regres-
sion analysis revealed that baseline high IL-6 (HR, 2.99
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Table 2 Comparison of baseline characteristics of patients according to IL values
Overall  IL 6 high (n=26) IL6low (n=21) p IL 8 high (n=23) IL8low (n=24) p
(n=47)
Gender (male) 43 (91.4) 22(84.6) 21 (100) 0.117 20 (86.9) 23 (95.8) 0.347
Age (=65 years) 28 (59.5) 16(61.5) 12 (57.1) 0.760 14 (60.8) 14 (58.3) 0.859
Race (White) 39(82.9) 23(88.4) 16 (76.1) 0.437 19 (82.6) 20(83.3) >0.99
ECOG PS
0 36 (76.5) 17 (65.4) 19 (90.5) 0.080 17 (73.9) 19 (79.2) 0.670
1 11(23.4) 9 (34.6) 2(9.5) 6(26.1) 5(20.8)
Liver cirrhosis (yes) 41(87.2) 22(84.6) 19 (90.5) 0.678 19 (82.6) 22 (91.6) 0.415
HCC etiology
Hepatitis B 4(8.5) 3(11.5) 1(4.7) 0.617 2(8.6) 2(8.3) >0.99
Hepatitis C 9(19.1) 4(15.3) 5(23.8) 0.486 6 (26.0) 3(12.5) 0.286
Alcohol 23(48.9) 13 (50.0) 10 (43.4) 0.871 11 (47.8) 12 (50.0) 0.881
Previous TACE 15 (31.9) 7(26.9) 8 (38.0) 0414 6(26.1) 9(37.5) 0.401
Diffuse disease (> 10 lesion) 32 (68) 19 (73.0) 13 (61.9) 0.414 17 (73.9) 15 (62.5) 0.401
Median (mean) target lesion size, mm 53 (61.9) 62.5 (71.0) 47 (50.6) 0.084 68 (76.5) 49.5 (47.9) 0.013
Portal vein infiltration 28(59.5) 16 (61.5) 12 (57.1) 0.760 16 (69.5) 12 (50.0) 0.171
Extrahepatic spread 5(10.6) 3(1L.5) 2(9.5) >0.99 3(13.0) 2(8.3) 0.666
Child-Pugh score
A 41(87.2)  21(80.7) 20 (95.2) 0.204 18 (78.3) 23 (95.8) 0.097
B 6 (12.7) 5(19.2) 1(4.8) 5(21.7) 1(4.2)
BCLC stage
B 11(23.4) 4(15.3) 7(33.3) 0.180 4 (17.4) 7(29.2) 0.493
C 36 (76.5) 22 (84.6) 14 (66.7) 19 (82.6) 17 (70.8)
Beyond up-to-7 criteria 42(89.3)  24(92.3) 18 (85.7) 0.644 21 (91.3) 21 (87.5) >0.99
Total bilirubin > 17 pmol/L 15(31.9) 11(42.3) 4(19.0) 0.120 10 (43.4) 5(20.8) 0.095
Albumin <36 g/L 16 (34.0) 13 (50.0) 3(14.2) 0.013 10 (43.4) 6(25.0) 0.181
AFP >400 ng/mL 17 (36.1) 10 (38.4) 7(33.3) 0.731 9(39.1) 8(33.3) 0.848
Objective response 16 (38.0) 5(19.2) 11 (46.6) 0.007 4 (17.4) 12 (50.0) 0.011

Bold type indicates statistical significance

[95% CI 1.22-7.3]; p=0.017) and high IL-8 (HR, 2.19 [95%
CI 1.02-4.7]; p=0.044) values were the only independent
predictors of shorter overall survival (Table 3).

The estimated rates of survival at 6 months and
12 months were 95.2% and 66.6%, respectively, in patients
with IL-6 < 8.58 pg/mL and 100% and 66.6% in patients
with IL-8 <57.9 pg/mL.

Patients were scored according to IL levels as follows:
both IL-6 and IL-8 lower than cut-off values (score 0), one
of IL-6 or IL-8 higher than the cut-off (score 1), and both
higher than the cut-off (score 2). Fifteen patients had score 0,
15 had score 1, and 17 had score 2. While the median OS of
patients with score 0 was 37.7 (C195% 14.8—NA) months,
score 1 was 16.3 (CI195% 9.8—NA) months, and score 2 was
9.5 (C195% 5.1-14.3) months (Fig. 5).

For 42 (89.3%) patients, follow-up images were available.
Response assessment according to mRECIST revealed an
objective response in 16 (38.0%) patients. Patients with IL-6
values lower than cut-off had a significantly higher objective
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response rate than patients with IL-6 >8.58 pg/mL (46.6%
vs. 19.2%, p=0.007). Similarly, low IL-8 values were also
significantly associated with a higher objective response rate
(50.0% vs. 17.4%, p=0.011).

Discussion

In the presented exploratory study, we define baseline levels
of IL-6 and IL-8 as prognostic biomarkers of overall sur-
vival in patients with advanced HCC undergoing sorafenib
treatment by identifying cut-off values of 8.58 pg/mL and
57.9 pg/mL for IL-6 and IL-8, respectively. Baseline IL-6
and IL-8 levels with respective cut-off values remained the
only independent predictors of overall survival after adjust-
ing for multiple prognostic factors in the multivariate analy-
sis. In addition, these cut-off values were also associated
with objective response in follow-up imaging.
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Fig.3 Kaplan—Meier curve
showing overall survival of
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Previous studies have shown that higher IL-6 and
IL-8 levels are associated with increased HCC risk in
patients with chronic liver disease (Wong et al. 2009;
Chien et al. 2011) and correlated with advanced disease
stages (Sanmamed et al. 2014; Wang et al. 2016; Sun
et al. 2019) and worse liver function in patients with HCC
(Chan et al. 2012; Jang et al. 2012). High baseline IL-6
and IL-8 values have been also shown to correlate with
treatment response and overall survival in patients who
received minimally invasive locoregional therapies (Jang
et al. 2012; Carpizo et al. 2014; Seidensticker et al. 2017).
A study that investigated the prognostic role of baseline
IL-8 under sorafenib treatment in a Japanese HCC cohort,
in which 86.7% of the patients had viral hepatitis, showed
no correlation between baseline IL-8 levels and treatment
response or survival (Miyahara et al. 2011). A single
study in the literature explored IL-6 as a predictor in HCC

@ Springer

74

patients receiving sorafenib (55 and 73 patients in explo-
ration and validation cohorts) showed a cut-off value of
4.28 pg/mL could predict survival (HR, 2.5 [1.3-5.0],
p=0.005) in an Asian cohort (Shao et al. 2017). Most
patients (98.1%) in this study had viral hepatitis. The
application of this cut-off value to our cohort failed to
detect a survival benefit (data not shown). ROC analy-
sis of the SORAMIC cohort revealed the cut-off value
of 8.58 pg/mL for IL-6 with a sensitivity of 76.9% and
specificity of 69.3% to predict individual survival longer
than the median survival of the cohort. This discrepancy
may represent the differences between Asian and Western
cohorts and the need for different cut-off values for each.
For example, while the most common underlying etiology
was the alcoholic liver disease with 48.9% of the patients,
and the rate of viral hepatitis was 27.6% in our cohort;
the vast majority of patients (86.7-98%) in previously
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Fig.4 Kaplan—Meier curve
showing overall survival of
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mentioned Asian cohorts had viral hepatitis (Miyahara
et al. 2011; Shao et al. 2017). However, testing for the
influence of etiology of underlying disease in our analysis
did not identify a significant difference in IL values. This
might be the result of small numbers and a combination
of different causative factors. The cut-off value described
in our study is in the range of previously reported cut-off
values for IL-6 to detect survival benefit of HCC patients
who underwent transarterial chemoembolization (10 pg/
mL) and radioembolization (6.53 pg/mL) (Jang et al.
2012; Seidensticker et al. 2017). Furthermore, the identi-
fied cut-off values for IL-6 and IL-8 were also correlated
with objective response during follow-up (according to
mRECIST), demonstrating the capacity of baseline IL-6
and IL-8 as potential prognostic biomarkers.

IL-6 is a pro-inflammatory cytokine and induces the
production of acute-phase reactants in the liver. It is also
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associated with cell proliferation, resistance to apoptosis
and chemotherapeutics, and metastasis (Naugler et al.
2007; Schmidt-Arras and Rose-John 2016). IL-8 is a mac-
rophage-derived cytokine that induces tumor angiogen-
esis and recruitment of immunosuppressive cells to the
tumor (Koch et al. 1992; Fousek et al. 2020). Preclinical
studies have shown that IL-6/STAT3 signaling contributes
to sorafenib resistance in HCC cell lines, and blockage of
IL-6 increases cytotoxicity of sorafenib (Niu et al. 2018;
Lai et al. 2019; Li et al. 2020). Similarly, inhibition of
IL-8 signaling reduces stem cell population in HCC and
increases sorafenib sensitivity of tumor cells (Kahraman
et al. 2019). Although both IL-6 and IL-8 are related to
sorafenib resistance, mechanisms of action are through
different pathways. The difference in the mechanisms of
IL-6 and IL-8 was partially represented by our cohort.
Whereas IL-6 was associated with albumin values and
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Tablg 3 pnivariale and Parameter Univariate analysis Multivariate analysis
multivariate analyses of factors
associated with overall survival HR (95% CI) p value HR (95% CI) p value
High IL-6 4.1(1.9-8.9) <0.001 2.99 (1.22-1.3) 0.017
High IL-8 2.4 (1.2-4.7) 0.009 2.19 (1.02-4.7) 0.044
Sex (male vs. female) 0.79 (0.28-2.3) 0.667
Age (=65 vs. <65 years) 1.1 (0.55-2.1) 0.85
ECOG PS (1 vs. 0) 0.63 (0.28-1.4) 0.263
Cirrhosis (yes vs. no) 0.63 (0.24-1.7) 0.35
Hepatitis B etiology (yes vs. no) 1.1 (0.34-3.7) 0.865
Hepatitis C etiology (yes vs. no) 1.5 (0.68-3.1) 0.335
Alcohol etiology (yes vs. no) 0.61 (0.3-1.2) 0.164
TACE history (Yes vs. No) 1.2 (0.61-2.5) 0.578
PVI (yes vs. no) 0.55 (0.27-1.1) 0.099 0.66 (0.29-1.53) 0.337
Child—Pugh score (B vs. A) 1.5 (0.59-4.1) 0.377
BCLC stage (C vs. B) 0.57 (0.26-1.2) 0.155
Beyond up-to-7 (yes vs. no) 1.5 (0.44-4.8) 0.536
Tumor diameter (> 65 vs. <65 mm) 22(1.1-4.4) 0.021 1.31 (0.54-3.18) 0.545
AFP (>400 vs <400 ng/mL) 1.1 (0.54-2.4) 0.745
Diffuse disease (> 10 lesions) 1.3 (0.64-2.7) 0.457
Extrahepatic disease 1.6 (0.48-5.5) 0.431
Albumin 0.37 (0.17-0.77) 0.008 0.72 (0.29-1.8) 0.483
Bilirubin 0.51(0.25-1) 0.058 0.83 (0.38-1.84) 0.649

Bold type indicates statistical significance

had a tendency to be higher in patients with worse per-
formance status and larger tumors, IL-8 was associated
with tumor diameter and partly correlated with bilirubin
values. These findings are consistent with the previous
studies (Jang et al. 2012; Sanmamed et al. 2014). In addi-
tion to these, when patients were scored according to IL
levels (2 being both high, 1 either IL-6 or IL-8 high, and
0 both low), those with higher scores had significantly
shorter overall survival. This highlights the importance of
recognizing both baseline IL-6 and IL-8 values as inter-
acting prognostic factors to cover both of liver inflamma-
tion/injury and tumor-related factors.

Recently, Imbravel50 trial has shown that the com-
bination of atezolizumab with bevacizumab improved
both overall and progression-free survival as compared to
sorafenib (Finn et al. 2020). Despite the promising results
of this and similar studies, not all patients are ideal candi-
dates for atezolizumab and bevacizumab therapy. For exam-
ple, patients with autoimmune diseases or organ transplant
recipients were excluded from the Imbrave150 trial, as well
as patients with Child—Pugh class B liver function. The
high cost, iv. application need, and toxicity of the immuno-
therapies might prevent rapid worldwide implementation of
these therapies. Additionally, atezolizumab—bevacizumab
has shown to be not cost-effective as compared to sorafenib
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(Wang et al. 2021), which will restrict its use, especially
in resource-limited countries. Furthermore, sorafenib
will remain an important second-line treatment option in
patients who progressed after atezolizumab—bevacizumab
(Kudo 2021), and optimized treatment decision-making
needs to be supported. For example, the survival rate at
12 months of atezolizumab-bevacizumab-treated patients
was 67.2% in the IMbrave150 study (Finn et al. 2020), and
patients with IL-6 or IL-8 values lower than cut-off values
had similar rates of overall survival (66.6%) at the same
time point in our study under sorafenib. For better utiliza-
tion of limited resources, baseline IL values can poten-
tially serve in risk stratification and patient allocation into
therapies once validated. Therefore, further evaluation of
the additional benefit of therapies suppressing IL pathways
to current therapies in HCC patients with high baseline
IL values is warranted. Besides this, baseline measure-
ments of IL-6 and IL-8 should be used to stratify patients
between treatment arms in future phase 3 trials for new
drugs to improve patient selection for the therapy and avoid
confounders.

This study has some limitations. Blood sampling for the
translational program was not mandatory in the SORAMIC trial,
and 18 of 38 centers participated in the translational study, and
samples for IL analyses were available in 23.8% of the patients
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received sorafenib monotherapy. However, our study represents
the single cohort proving the prognostic role of baseline IL-6
and IL-8 values after sorafenib treatment of HCC in a Western
cohort comprising high-quality data collected prospectively
within a multicenter randomized trial. Nevertheless, further
validation of these cut-off values in a larger cohort of patients
receiving sorafenib treatment clearly is needed.

In conclusion, our study identified the prognostic value of
baseline IL-6 and IL-8 values in advanced HCC patients receiv-
ing sorafenib treatment. The described cut-off values might be
useful for individual patient allocation between different thera-
pies in the era of checkpoint inhibitors or aggressive combina-
tion treatments. Additionally, baseline cytokine measurements
should be included in future trials the assessing benefit of a
new therapeutic regimen in advanced HCC. However, further
validation of these cut-off values in larger cohorts is warranted.
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Abstract

Background: To confirm the prognostic value of previously published baseline interleukin 6 (IL6) and IL8 cutoff val-
ues in survival and liver dysfunction in patients with advanced HCC undergoing *°Y radioembolization.

Methods: A total of 83 patients (77 male) represented a subset of HCC patients undergoing *°Y radioembolization
combined with sorafenib as part of the prospective multicenter phase Il trial SORAMIC. IL6 and IL8 levels were deter-
mined in serum samples collected at baseline. In this post hoc analysis, we sought to confirm the prognostic value
of baseline cutoff values of 6.53 pg/mL and 60.8 pg/mL for IL6 and IL8, respectively, in overall survival (OS) or liver
dysfunction (grade 2 bilirubin increase) after treatment.

Results: Median OS was 12.0 months. While low baseline albumin and high bilirubin values were associated with
high IL6, liver cirrhosis, alcoholic liver disease, and portal vein infiltration were associated with high IL8.

In univariate analysis, high baseline IL6 and IL8 were associated with significantly shorter overall survival (7.8 vs.

19.0 months for IL6 and 8.4 vs. 16.0 months for IL8). In addition to IL values, liver cirrhosis, Child—Pugh grade, baseline
albumin (<36 g/dL), and total bilirubin (> 17 umol/L), and higher mALBI grade (2b &3) values were associated with
OS. At multivariate analysis, high baseline IL6 was the only independent prognostic factor for OS (HR 2.35 [1.35-4.1],
p=0.002).

Risk factors for liver dysfunction were high baseline IL6, albumin, and total bilirubin, and mALBI grade as found in uni-
variate analysis. High baseline IL6 (HR 2.67 [1.21-5.94], p=0.016) and total bilirubin > 17 umol/L (HR 3.73 [1.72-8.06],
p<0.001) were independently associated with liver dysfunction.

Conclusion: In advanced HCC patients receiving *°Y radioembolization combined with sorafenib, baseline IL6 values
proved to be prognostic, confirming previous findings in patients undergoing “*Yradioembolization. IL6 might be
useful for patient selection or stratification in future trials.

Keywords: Hepatocellular carcinoma, Radioembolization, Interleukin, Survival, Liver decompensation

Background

Hepatocellular carcinoma (HCC) is the most common

primary liver cancer, and in up to 90% of patients, HCC

develops in a cirrhotic liver [1]. The most common eti-
*Correspondence: max.seidensticker@med.uni-muenchen.de logi £ 1i irrhosi h ic h itis B Ie
! Department of Radiology, University Hospital, LMU Munich, ologies of liver cirrhosis are chronic hepatitis or
Marchioninistrasse 15,81377 Munich, Germany infections, alcoholic liver disease, and non-alcoholic
Full list of author information is available at the end of the article steatohepatitis [2]. Chronic viral infections, alcohol

. ©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Spr]nger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http//creativecommons.org/licenses/by/4.0/.
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abuse, and intracellular fat accumulation interrupt the
regulation of the hepatic immune system and induce
liver inflammation. Chronic inflammation causes epi-
thelial cell death, but the high regenerative capacity of
the liver compensates for this damage by inducing cell
proliferation. During this process, the accumulation
of reactive oxygen species and DNA mutations cause
hepatocarcinogenesis. Cytokine signaling, especially
pro-inflammatory cytokines (such as IL6 and ILS8),
plays a key trigger role in inflammation [3]. Previous
authors have found increased interleukin 6 levels in
patients with chronic liver disease [4].

Reduced release of IL6 from Kupffer cells by inhibi-
tion of estrogen in women has been proposed as the
cause of a lower incidence of HCC women as com-
pared to men [5]. By blocking the IL6 pathway, an HCC
mouse model has demonstrated reduced tumor burden
in the liver, presuming as a result of decreased chronic
inflammation [6]. A recent meta-analysis has demon-
strated that IL6 levels are higher in HCC patients than
patients with chronic liver diseases [4]. Similarly, IL-8
has been shown to mirror tumor burden in various
tumors including HCC and correlate with tumor stage
in HCC patients [7].

Beyond hepatocarcinogenesis, IL6 is also associated
with poorer outcomes in HCC patients. The cytokines
IL6 and IL8 have been shown to predict treatment
response and survival after transarterial chemoemboli-
zation (TACE) in patients with primary and metastatic
liver tumors [8]. A prospective exploratory study eval-
uating multiple cytokines has shown that a cutoff value
of 6.53 pg/mL for IL6 and 60.8 pg/mL for IL8 was asso-
ciated with overall survival irrespective of tumor entity
after °°Y radioembolization (RE) in patients with HCC
or metastatic disease [9].

RE delivers radionuclide embedded microspheres to
the liver tumors with much higher concentrations than
liver parenchyma via injection into the hepatic artery.
The results of SORAfenib in combination with local
MICro-therapy guided by gadolinium-EOB-DTPA-
enhanced MRI (SORAMIC, EudraCT 2009-
012,576-27, NCT01126645), a prospective, phase II,
randomized, controlled study in HCC patients with
three study arms, has been already published [10].
In the palliative arm of the study, HCC patients were
randomized to sorafenib treatment either alone or
combined with RE, and the addition of RE treatment
failed to show benefit over sorafenib monotherapy
[10]. This post hoc analysis of the palliative arm of the
SORAMIC trial aimed to validate the prognostic value
of previously reported baseline IL cutoff values for
overall survival in patients receiving *°Y-radioemboli-
zation combined with sorafenib [9].
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Methods

Study design and patient population

This study was a post hoc analysis of the palliative arm of
the SORAMIC trial. Inclusion and exclusion criteria for
the SORAMIC trial have been described previously [10].
In summary, patients aged 18 to 85 years with a diagnosis
of HCC in the intermediate stage (BCLC B, not eligible
for TACE) or the advanced stage (BCLC-C), preserved
liver function (Child—Pugh scores A to B7), an Eastern
Cooperative Oncology Group performance status <2
were eligible. Extrahepatic metastases were permitted
if the disease was liver-dominant, and lungs were not
involved. In this post hoc analysis of baseline interleukin
levels, we included only patients randomized to the com-
bination arm (RE and sorafenib) of the study. Subjects
were eligible if baseline blood samples for the evaluation
of IL6 and IL8 values were available.

The study protocol was approved by the institutional
review boards of each participating center, and all
patients gave written informed consent for study partici-
pation, including blood sampling and evaluation.

Treatment protocol

Patients underwent RE in a lobar fashion starting from
the dominant-diseased liver lobe with semi-empiric BSA
method of activity prescription. In patients with bilobar
disease, treatments of the contralateral lobes were per-
formed 4—6 weeks later. Sorafenib treatment was initi-
ated 3 days after the last RE session. The starting dose of
sorafenib was 200 mg twice daily, and if tolerated, it was
escalated to 400 mg twice daily after one week.

Follow-up and laboratory analysis

There was a preplanned participation option for the
translational research within the SORAMIC study,
and patients were asked to participate in additional
blood sampling for cytokine analysis. From patients
agreeing to participate, blood samples were obtained
before the initiation of the assigned treatment. Serum
levels of IL-6 and IL-8 were measured with enzyme-
linked immunosorbent assay (ELISA). The following
ELISA kits were used in this study: Human IL-6 Quan-
tikine ELISA Kit (R&D Sys; D6050), and Human IL-8/
CXCL8 Quantikine ELISA Kit (R&D Sys; D8000C).
All analytical procedures were performed according
to manufacturers’ instructions. After optical density
measurements at 450 nm and 570 nm (as the reference)
wavelengths using Tecan Sunrise absorbance micro-
plate reader, concentrations were calculated using a
four-parameter logistic regression (4-PL) curve fitting
model. By using enzyme-linked immunosorbent assays,
serum levels of the IL6 and IL8 were measured. Serum
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IL6 and IL8 levels were defined as high or low, accord-
ing to previously published cutoff values of 6.53 and
60.8 pg/mL, respectively [9].

Baseline albumin and total bilirubin values were
recorded for each patient, and albumin—bilirubin (ALBI)
score was calculated. Modified ALBI (mALBI) grade was
used, and grade 1 was grouped together with grade 2a
[11]. Within trial, patients were assessed every 2 months
for a minimum of 2 years or until death, and at each visit
liver function tests, including albumin and bilirubin,
were repeated. The presence of any grade>2 bilirubin
increases according to CTCAE (Common Terminology
Criteria for Adverse Events) version 5.0 was defined as
liver dysfunction. Time to liver dysfunction was recorded
for each patient, and for patients with no grade > 2 bili-
rubin increases, time to liver dysfunction was censored
at the last available laboratory follow-up. The presence of
RE-induced liver disease (REILD), which was defined as
symptomatic ascites and jaundice (total bilirubin >3 mg/
dl) in the absence of tumor progression and biliary
obstruction within the 8 weeks after RE [12], was also
evaluated. Additionally, progression-free survival (PFS),
based on local investigator assessment, was recorded.

Statistical analysis

All statistical analyses were performed using R sta-
tistical and computing software, version 3.5.0 (http://
www.r-project.org). Categorical variables were reported
as counts and percentages, and continuous variables as
means and standard deviations. Correlations were evalu-
ated with Chi-square and Fisher’s exact tests, and t test
was used to compare two groups. The Kaplan—Meier
method was used for estimates of overall survival, PFS,
and time-to-liver dysfunction. We employed cutoff val-
ues of 6.58 for IL6 and 60.8 for IL8 as previously reported
by an exploratory analysis [9]. The accrual goal was 26
and 49 patients per IL 6 cutoff value to provide a statisti-
cal power of 80% and 90% at a significance level of 0.05.
In order to eliminate the effects of disease progression
on liver dysfunction, time-to-liver dysfunction analyses
for IL6 and IL8 were repeated using the Kaplan—Meier
method censoring patients at the time of progression
who had disease progression before grade>2 bilirubin
increase.

Cox regression models were used to assess the effects
of cofounding factors on overall survival and liver dys-
function. Statistically significant variables in the univari-
ate analyses were analyzed in multivariate Cox regression
using two models to explore prognostic factors of overall
survival and liver dysfunction. While Model 1 included
albumin and total bilirubin separately, mALBI grade was
used in Model 2.

&3

Page 3 of 10

Results

Baseline characteristics

Out of 424 patients included in the palliative arm of the
SORAMIC trial, 216 patients were randomized to RE
and sorafenib treatment. Thirty-three patients did not
receive RE. Out of the remaining 183 patients, 83 (45.3%)
who underwent baseline blood sampling accessible for
IL assessment were the study population (Fig. 1). All of
these 83 patients received sorafenib following RE. At the
end of the study, 73 (87.9%) patients had died; the median
OS of the post hoc study population was 12.0 (95% CI
9.7-16.0) months. Analysis according to predefined cut-
offs revealed 48 (57.8%) patients with high IL6 value and
38 (45.7%) patients with high IL8.

Baseline characteristics are displayed in Table 1.
There were significantly more patients with high IL6
in patients with total bilirubin>17 pmol/L (39.5% vs.
17.1%, p=0.027), albumin<36 g/L (35.4% vs. 8.5%,
p=0.004), and mALBI grade 2b and 3 (37.5% vs. 8.5%,
p=0.002). High IL8 was associated with liver cirrhosis
(94.7% vs. 75.5%, p=0.030), alcoholic liver disease (68.4%
vs. 40.0%, p=0.009), and portal vein invasion (52.6% vs.
24.4%, p=0.008). Besides these, there was a trend for
high IL6 in patients with cirrhosis (p =0.065), portal vein
infiltration (p=0.061), and higher BCLC classification
(p=0.053); and a trend for high IL8 in patients with dif-
fuse disease (> 10 lesions, p=0.072), higher Child—Pugh
grade (p=0.088), and lower albumin (p=0.054).

Overall survival and treatment response

Median OS was 19.0 months (95% CI 15.0-24.7) in
patients with low IL6 and 7.8 months (95% CI 6.6—11.8)
in patients with high IL6 (HR 2.4 [95% CI 1.5-3.8];
p<0.001, Fig. 2a). In addition, patients with high IL8

424 patients were assigned to the
palliative arm of the SORAMIC trial

208 patients randomized to
ib arm

216 patients randomized to
radioembolization and sorafenib arm

]

183 patients underwent
radioembolization
(Safety population of SORAMIC)

33 patients received no
radioembolization

15 centers (61 patients) did not
enter to the translational program

29 patients did not consent for
translational program

83 patients underwent il
analysis
(Study population)

Fig. 1 Flowchart of the study population. A total of 83 patients were
analyzed in this study
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Table 1 Patient demographics and comparison of baseline characteristics of patients

All cohort (n=83) IL6low (n=35) IL6 high(n=48) p

IL8 low (n=45) IL8 high (n=38) p

Gender (male) 77(92.7) 34(97.1)
Age (> 65 years) 42 (50.6) 18(514)
Race (White) 74 (89.1) 320914
ECOG

0 58 (69.8) 28 (80.0)

1 24(28.9) 7 (20.

Missing 101.2)
Liver cirrhosis (yes) 70 (84.3) 26 (74.2)
HCC etiology

Hepatitis B 4(4.8) 2(5.7)

Hepatitis C 19(22.8) 6(17.1)

Alcohol 44 (53) 15 (42.8)
Previous TACE 18(15.6) 9(25.7)
Diffuse disease (> 10 lesion) 48 (49.3) 20(57.1)
Median (mean) target lesion size, 68 (72.4) 66 (74.2)

mm
Portal vein infiltration 31(37.3) 9(25.7)
Extrahepatic spread 21(253) 6(17.1)
Child-Pugh

A 77(92.7) 34(97.1)

B 6(7.2) 1028
BCLC

B 26(31.3) 15 (42.8)

C 57 (68.6) 20 (57.1)
Up-to-7 criteria (outside) 71 (85.5) 29 (82.8)
Total bilirubin>17 pmol/L 25(30.1) 6(17.1)
Albumin <36 g/L 20 (24.1) 3(85)
AFP >400 29 (349 11(314)
mALBI grade (2b and 3) 21(253) 3(8.5)

43 (89.5) 0.393 42(933) 35(92.1) >0.999
24 (50.0) >0.999 24 (53.3) 18 (47.3) 0.588
42 (87.5) 0.727 41 (91.1) 33(86.8) 0.725
30(62.5) 0.111 35(77.8) 23 (60.5) 0.122
17 (354) 10(22.2) 14 (36.8)
12.0) 126
44(91.6) 0.065 34 (75.5) 36 (94.7) 0.03
2(40) >0999 3(6.6) 1(2.6) 0621
13 (27.0) 0287 10(22.2) 9(23.6) 0874
29 (60.4) 0.113 18 (40) 26 (684) 0.009
9(187) 0447 11 (24.4) 7(184) 0.507
28(58.3) 0913 22 (48.8) 26 (684) 0072
70 (69.8) 0.65 56 (65.8) 73.5(80.1) 0.13
22(458) 0.061 11 (24.4) 20(52.6) 0.008
15(31.2) 0.144 11 (24.4) 10(26.3) 0.845
43 (89.5) 0.393 44 (97.7) 33(86.8) 0.088
5(104) 12) 5(13.1)
11(22.9) 0.053 16 (35.6) 10(26.3) 0.365
37(77.0) 29 (64.4) 28 (73.6)
42 (87.5) 0.552 37(82.2) 34(894) 0.532
19(39.5) 0.027 11 (244) 14 (36.8) 022
7(354) 0.004 7(15.5) 13(34.2) 0.054
18(37.5) 0519 13(288) 16 (42.1) 0.235
18(37.5) 0.002 8(17.7) 13 (34.2) 0.129

Bold type indicates statistical significance;

IL, interleukin; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; mALBI, modified albumin-bilirubin; TACE, transarterial

chemoembolization; BCLC, Barcelona Clinic Liver Cancer; AFP, alfa fetoprotein

had significantly shorter median OS than patients with
low IL8 (8.4 vs. 16.0 months, HR 1.8 [95% CI 1.1-2.9];
p=0.009, Fig. 2b). Table 2 shows the prognostic factors
associated with OS in univariate analysis. Besides high
IL6 and high IL8, liver cirrhosis (p=0.032), Child-
Pugh class B (p=0.014), albumin<36 g/L (p=0.024),
total bilirubin>17 pmol/L (p=0.009), and higher (2b
and 3) mALBI grade (p=0.007) were associated with
worse outcome. Multivariate Cox regression analysis
using Model 1 (excluding ALBI grade in order to avoid
interactions) revealed high IL6 (HR 2.35, [95% CI 1.35—
4.1] p=0.002) as the only independent prognostic fac-
tor for shorter overall survival (Table 2). There was a
tendency for shorter survival in patients with cirrhosis
(HR 2.33, [95% CI 0.94-5.81] p=0.069), Child—Pugh

B (HR 2.91, [95% CI 0.98-8.64] p=0.055), high total
bilirubin (HR 0.58, [95% CI 0.32-1.05] p=0.073). Simi-
larly, high IL6 (HR 2.2, [95% CI 1.28-3.8] p=0.005)
was the only significant variable in Model 2 (includ-
ing mALBI grade), and although the difference was
not statistically significant, cirrhosis (HR 2.45, [95% CI
0.99-6.1] p=0.053) and Child-Pugh B (HR 2.69, [95%
CI 0.98-7.34] p=0.054) were associated with shorter
overall survival. Additionally, in separate models using
each of IL6, IL8, albumin, bilirubin, and ALBI score
as continuous variables, IL6 maintained the signifi-
cant association with overall survival (Additional file 1:
Figures Sla—e).

PFS information was missing in one patient. Patients
with high IL-6 had significantly shorter progression-
free survival than patients with low IL6 (Additional
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Fig. 2 Kaplan-Meier curves showing overall survival of patients grouped by high and low baseline IL6 (a) and IL8 (b) values. P values were
calculated using the log rank test
Table 2 Univariate and multivariate analysis of factors associated with overall survival
Parameter Univariate analysis Multivariate analysis
Model 12 Model 2°
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
IL6 (>6.53 pg/mL) 4 (1.5-3.88) <0.001 2.35(1.35-4.1) 0.002 2.2(1.28-3.8) 0.005
IL8 (>60.8 pg/mL) 8(1.1-2.9) 0.011 1.32(0.77-2.3) 0.305 1.2(0.71-2.0) 0481
Sex (Male vs. Female) 0.59(0.23-1.5) 0.26
Age (> 65 vs.<65 years) .8 (0.5-1.3) 036
ECOG (1 vs.0) 0.96 (0.57-1.6) 0.87
Cirrhosis (Yes vs. No) 4(1.1-5.2) 0.032 2.33(0.94-5.81) 0.069 24(0.99-6.1) 0.053
Hepatitis B Etiology (Yes vs. No) 5(0.53-4) 047
Hepatitis C Etiology (Yes vs. No) 3(0.73-2.2) 039
Alcohol Etiology (Yes vs. No) 2(0.78-2) 036
Previous TACE (Yes vs. No) 0.87 (0.5-1.5) 063
PVI (Yes vs. No) 3(0.81-2.1) 0.28
Child-Pugh (B vs. A) 3(1.3-85) 0.014 2.91(0.98-8.64) 0.055 2.7(0.98-7.3) 0.054
BCLC (Cvs.B) 1(0.53-23) 0.78
Albumin (<36 g/L) 9(1.1-3.3) 0.024 0.68(0.33-143) 031 - -
Total bilirubin (=17 pmol/L) 2(12-32) 0.009 1.71(0.95-3.09) 0.073 - -
AFP (=400 vs <400 ng/mL) 086 (0.53-1.4) 053
Diffuse disease (> 10 lesions) 0.77 (0.48-1.2) 0.28
Extrahepatic disease 0.96 (0.57-1.6) 0.89
mALBI grade (2b and 3 vs. 1 and 2a) 1(1.2-3.6) 0.007 - - 1.13(0.62-2.07) 0.694

Bold type indicates statistical significance;
IL, interleukin; ECOG, Eastern Cooperative Oncology Group; TACE, transarterial chemoembolization; PVI, Portal vein invasion; BCLC, Barcelona Clinic Liver Cancer; AFP,
alfa fetoprotein; mALBI, modified albumin-bilirubin
2 Model 1 was identified using Cox regression with albumin and total bilirubin, excluding mALBI grade

5 Model 2 was identified using Cox regression with mALBI grade as a composite factor, excluding albumin and total bilirubin
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file 1: Figure S2a; 5.5 vs. 17.9, p<0.001). Similarly,
patients with high IL8 had shorter progression-free sur-
vival (Additional file 2: Figure S2b; 7.8 vs. 15, p=0.017)
than patients with low IL6.

Liver dysfunction
Follow-up bilirubin values were available in 78 patients.
There was no case of REILD. Liver dysfunction (grade >2
bilirubin increase) was seen in 33 (42.3%) patients.
Patients with high IL6 had significantly shorter time to
liver dysfunction than patients with low IL6 (Fig. 3a; 9.7
vs. 32.6 months, HR 3.1 [95% CI 1.4-6.6]; p=0.003).
Although there was a tendency for a shorter time-
to-liver dysfunction in patients with high IL8 (9.7 vs.
30.4 months), the result was not significant (Fig. 3b;
p=0.25). In addition to IL6, low albumin (HR 3.0, [95%
CI 1.4-6.3]; p=0.003), high total bilirubin values (HR
4.4, [95% CI 2.2-9.0]; p<0.001), and higher mALBI grade
(HR 3.9, [95% CI 1.9-8.1]; p<0.001) were associated
with shorter time-to-liver dysfunction. In Model 1, mul-
tivariate analysis revealed that high IL6 (HR 2.67, [95%
CI 1.21-5.94], p=0.016) and high total bilirubin values
(HR 3.73, [95% CI 1.72-8.06], p<0.001) were independ-
ent prognostic factors of liver dysfunction (Table 3).
In Model 2, both of high IL6 (HR 2.5, [95% CI 1.1-5.4],
p=0.024) and higher (2b and 3) mALBI grade (HR 3.1,
[95% CI 1.5-6.5], p=0.003) were associated with liver
dysfunction.

Out of 33 patients who had liver dysfunction, only four
patients were diagnosed with disease progression at the

Page 6 of 10

time of liver dysfunction. Time-to-liver dysfunction anal-
ysis was repeated, censoring these four patients at the
time of disease progression in order to eliminate effects
of tumor progression in deterioration of liver function.
Similar to the first analysis, high IL6 was significantly
associated with shorter median time-to-liver dysfunc-
tion (Additional file 3: Figure S3a; 9.7 [5.87-NA] vs. NA
[32.6-NA] months, p=0.01). Also, although the patients
with high IL8 had shorter median time-to-liver dysfunc-
tion (Additional file 3: Figure S3b; 9.7 [5.87-NA] vs. 32.6
[11.74-NA] months, p=0.22), the difference was not
significant.

Discussion

Our results have shown that baseline IL6 values are inde-
pendent prognostic factor for overall survival and liver
dysfunction in advanced HCC patients who received RE
combined with sorafenib. IL8 was associated with overall
survival, although the statistical significance was lost in
multivariate analysis with other prognostic factors. Also,
IL6 and IL8 were significantly associated with markers of
advanced disease and worse liver functions.

IL6 plays a crucial role in the acute inflammatory reac-
tions and stimulates the production of acute-phase reac-
tants in the liver. Long-term increased IL6 levels lead to
increased proliferation, resistance to apoptosis, chem-
oresistance, and metastatic potential in HCC [14]. IL8 is
a macrophage-derived angiogenesis mediator and pro-
inflammatory chemotactic factor for neutrophils that
enhances tumor cell growth and promotes angiogenesis
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Table 3 Univariate and multivariate analysis of factors associated with liver dysfunction
Parameter Univariate analysis Multivariate analysis
Model 12 Model 2°

HR (95% CI) p value HR (95% CI) p value HR(95% Cl) p value
IL6 (>6.53 pg/mL) 3.1 (1.4-6.6) 0.003 267 (1.21-5.94) 0.016 2.5(1.1-5.4) 0.024
IL8 (>60.8 pg/mL) 1.5(0.75-3) 0.25
Sex (Male vs. Female) 066 (0.2-2.2) 049
Age (=65 vs. <65 years) 0.99 (0.5-2) 097
ECOG (1 vs.0) 0.84(0.38-1.9) 0.68
Cirrhosis (Yes vs. No) 2(062-6.6) 025
Hepatitis B Etiology (Yes vs. No) 1.3(0.17-9.3) 0.82
Hepatitis C Etiology (Yes vs. No) 1.9(0.88-39) 0.1
Alcohol Etiology (Yes vs. No) 1.1(054-22) 0.82
Previous TACE (Yes vs. No) 1.6(0.73-3.3) 0.25
PVI (Yes vs. No) 14(0.68-2.9) 037
Child-Pugh (B vs. A) 3.3(0.98-11) 0.053
BCLC (Cvs.B) 1.1(0.53-2.3) 0.78
Albumin (<36 g/L) 3.0(1.4-63) 0.003 141 (0.61-3.23) 0421 - -
Total bilirubin (=17 pmol/L) 4.4 (2.2-9) <0.001 3.73(1.72-8.06) <0.001 - -
AFP (=400 vs <400 ng/mL) 1.6 (0.73-3.4) 0.25
Diffuse disease (> 10 lesions) 0.68 (0.34-1.3) 027
Extrahepatic disease 1.1 (0.53-2.5) 0.74
mMALBI grade (2b and 3 vs. 1 and 2a) 39(1.9-8.1) <0.001 - - 3.1(1.5-6.5) 0.003

Bold type indicates statistical significance;

IL, interleukin; ECOG, Eastern Cooperative Oncology Group; TACE, transarterial chemoembolization; PVI, Portal vein invasion; BCLC, Barcelona Clinic Liver Cancer; AFP,

alfa fetoprotein; mALBI, modified albumin-bilirubin

2 Model 1 was identified using Cox regression with albumin and total bilirubin, excluding mALBI grade

b Model 2 was identified using Cox regression with mALBI grade as a composite factor, excluding albumin and total bilirubin

[7, 15]. Similar to previous reports, high IL6 and IL8 val-
ues were associated with advanced tumor stage and
impaired liver functions in our study [7, 16, 17]. In our
study, high IL6 values were associated with high total bil-
irubin, low albumin, and high mALBI grade; and high IL8
values were associated with liver cirrhosis, alcoholic liver
disease, and portal vein invasion.

Our study confirms previous results of an exploratory
study investigating the correlation between multiple
cytokines and treatment outcomes in patients receiving
RE, which showed with cutoff values of 6.53 and 60.8 pg/
mL, IL6 and IL8 values could predict survival [9]. Up to
date, no other study to validate these cut-off values have
been reported.

RE has been proposed as an alternative treatment
option for HCC patients with liver dominant disease who
are not candidates for potentially curative treatments or
cannot tolerate systemic therapies [2]. Although three
randomized trials have failed to show superiority or addi-
tional benefit of RE over sorafenib [10, 18, 19], a recent
meta-analysis of these trials has suggested non-inferiority
to sorafenib, and also higher tolerability of RE [20].

87

High baseline IL6 values predict recurrence after
resection in early-stage HCC patients [21]. However,
there are contradictory reports on prognostic value
of IL after locoregional therapies. In a report of 22
patients (seven had HCC) received RE, patients with
more than six months of survival had significantly
lower baseline IL8 values, but there was no significant
difference in IL6 values [22]. Another study evaluated
patients who underwent TACE, and while post-inter-
vention (day 1) IL6 values were significantly associated
with survival, baseline values were not [23]. The largest
reported cohort (110 patients) evaluating the associa-
tion between IL6 values and survival in HCC patients
after TACE showed baseline IL6 values>10 pg/mL is
significantly associated with poor overall survival [16].
A study explored IL6 in an Asian cohort of patients
with HCC (55 and 73 patients in exploration and vali-
dation cohorts) receiving sorafenib showed a cutoff
value of 4.28 pg/mL is correlated with survival [24].
These differences in the outcome might be a result of
low sample size or retrospective nature of the studies.
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Our study confirmed the association between survival
and previously reported cutoff values for IL6 (6.53 pg/
mL) and IL8 (60.8 pg/mL) in patients who underwent RE
followed by sorafenib. The same cutoff value for IL6 was
also correlated with liver dysfunction. Although most
of the evaluated patients had liver functions precluding
inclusion to HCC trials, a recent study has shown a cut-
off value of 7.0 pg/mL for IL6 is correlated with clinical
decompensation in patients with advanced chronic liver
disease [25]. The same study also showed IL6 values are
independent predictors of a need for liver transplantation
or death. Another study that retrospectively evaluated
patients with end-stage liver disease showed IL6 val-
ues have a similar predictive value of 90-day and 1-year
mortality with MELD score [26]. There were no cases
with REILD in our cohort, and liver dysfunction was
defined as grade 2 bilirubin increase to detect more sub-
tle changes in liver function seen in patients after RE [12].
IL6 was significantly associated with liver dysfunction.
While in patients with high IL6, median time-to-liver
dysfunction was 9.7 months; in patients with low IL6, it
was 32.6 months. Furthermore, IL6 was independently
associated with liver dysfunction in multivariate analy-
sis. Only four of 33 patients with liver dysfunction were
already diagnosed with tumor progression at that time.
To eliminate the role of tumor progression in liver dys-
function, time-to-liver dysfunction analysis was repeated,
censoring these four patients at the time of tumor pro-
gression. It showed that the association between IL6 and
deterioration in liver function is independent of HCC
progression. A previous study has shown that RE induces
a sustained increase in circulating IL6 and IL8 and acti-
vates inflammation and coagulation cascade, which has
been suggested as pathogenic steps of REILD [27], and
higher baseline values might be amplified after RE. Con-
sidering this study with our findings together suggests
that high baseline IL6 values might be related to higher
toxicity after RE. Besides, high baseline IL6 and IL8 were
associated with disease progression. PFS was significantly
shorter in patients with high IL6, as well as in patients
with high IL8. In summary, our results show that IL6 is
associated with deterioration in liver function indepen-
dently from tumor progression, as well as progression-
free survival. The prognosis of patients with HCC is
heavily linked to liver function and tumor burden, and
our findings show that IL6 could serve as a marker of the
synthesis of both.

Since IL6 plays an essential role in immunity, cell pro-
liferation, and differentiation, several therapeutics have
been evaluated to suppress IL6 production or signaling
pathways. Initial phase I and II studies have been prom-
ising results in Castleman’s disease or renal cell carci-
noma [28, 29]. Combining anti-IL6 agents with current
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therapies or suppressing these pathways before initia-
tion of treatment in HCC patients with high baseline IL6
should be evaluated, and currently tocilizumab (anti-
IL6) is under investigation in patients with HCC (MOR-
PHEUS-liver trial, EudraCT 2020-001743-10).

Our results confirmed baseline IL6 as an independ-
ent prognosticator of survival and liver dysfunction in
patients with advanced HCC. Biomarkers play a key role
in the decision-making process in many tumor types, but
the evaluation of many biomarkers have failed to predict
treatment benefit in HCC patients [30]. Baseline IL6 val-
ues might be used to predict treatment benefit and can
be integrated into prognostic calculators [31, 32], and
patients can be allocated to more aggressive treatments
or not according to high or low IL6 values. Besides this,
baseline measurements of IL6 should be used to stratify
patients between treatment arms in future phase 3 trials
for new drugs to improve patient selection for the therapy
and avoid confounders. An additional advantage of IL6
analysis is the reasonable price which is around 10-15
EUR and hence significantly less than other recently pro-
posed markers [33, 34].

This study has some limitations. IL sampling was not
mandatory in the SORAMIC trial, and samples were not
available in all recruited patients. Also, the initial study
[9], which reported the cutoff values, included patients
with different tumor types, and only patients with good
liver functions (Child—Pugh A). Moreover, the study
population had a narrow margin of tumor burden, a limi-
tation for the prognostic value of IL8, which has been
shown to correlate with tumor burden. Additionally,
although HCC patients also received additional thera-
pies in that study, all patients evaluated in this post hoc
analysis received *°Y radioembolization combined with
sorafenib. Also, further research is needed to clarify if
IL6 and IL8 could serve as predictors of therapy benefit,
however, this is beyond the scope of this analysis. Despite
all these limitations, our study provides validation to pre-
viously published cutoff value for IL6 in a multinational
prospective cohort.

Conclusions

Baseline IL6 value is an independent prognostic factor
for overall survival in HCC patients treated with *°Y radi-
oembolization and sorafenib. IL6 could therefore be used
as a stratification factor in future clinical trials of radi-
oembolization. Furthermore, IL6 could be studied as part
of prognostic tools to improve patient selection.
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A Substudy From the SORAMIC Trial
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Nuclear Medicine, Otto-von-Guericke University, Magdeburg, Germany, & Molecular and Clinical Cancer Medicine, University
Hospitals & Clatterbridge, University of Liverpool, Liverpool, United Kingdom, ° Division of Hepatology, Department of
Medicine ll, Leipzig University Medical Center, Leipzig, Germany, 19 Radliology Department, Grenoble University Hospital, La
Tronche, France, '’ Department of Oncology, University of Cambridge, Cambridge, United Kingdom, 12 Division of Cancer
Sciences and Department of Medical Oncology, The Christie National Health Service (NHS) Foundation Trust, University of
Manchester, Manchester, United Kingdom, 3 Charité — Universitétsmedizin Berlin, corporate member of Freie Universitét
Berlin and Humboldt-Universitét zu Berlin, Department of Hepatology and Gastroenterology, Berlin, Germany, 4 Fondazione
Policlinico Universitario Gemelli IRCCS, Universita Cattolica del Sacro Cuore, Roma, ltaly, ' Liver Unit, Clinica Universidad de
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Introduction: Prediction of response to treatment in patients with advanced
hepatocellular carcinoma (HCC) may assist in the selection of personalized management.

Objective: This exploratory analysis of the palliative arm of the SORAMIC trial
(ClinicalTrials.gov NCT01126645) evaluated the prognostic potential of basal and
dynamic changes in systemic levels of interleukin 6 (IL-6), interleukin 8 (IL-8), systemic
vascular endothelial growth factor (VEGF), and lipopolysaccharide (LPS).

Methods: We evaluated the correlations between overall survival (OS) and concentrations
of IL-6, IL-8, VEGF, and LPS at follow-up approximately 7-9 weeks after treatment
initialization (FU) compared to baseline (BL) in 90 patients treated either with *°Yttrium (°Y)
microspheres combined with sorafenib (n = 44) or with sorafenib (n = 46) alone.

Results: Changes in IL-6 concentration during treatment showed correlations with the
outcome. An increase in IL-6 concentration of less than 16.8 pg/mL over baseline
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readings was associated with better survival [median OS 16.3 months compared with 8.9
months (p = 0.0354)]. Correlations with survival were not observed for VEGF or LPS
concentrations at baseline, at FU, or changes between these time points.

Conclusions: Changes in IL 6 serum levels at 7-9 weeks after treatment initialization but
not in IL 8, VEGF, or LPS add important information on the outcome of advanced HCC
patients treated palliatively within the SORAMIC trial.

Keywords: IL-8, IL-6, biomarker, prognosis, HCC, LPS, VEGF

INTRODUCTION

The predominant causes of hepatocellular carcinoma (HCC) in
Europe are alcoholic liver disease, non-alcoholic steatohepatitis
(NASH), and chronic Hepatitis B or C virus infection (1).
Development of HCC is regarded as closely linked to a state of
chronic inflammation, independent of its cause, and end-stage
inflammatory liver disease is commonly associated with liver
cirrhosis. Intrahepatic and systemic inflammatory events interact in
the development of HCC. The tumor microenvironment (TME) with
its local pro-inflammatory and pro-fibrotic elements promotes hepatic
carcinogenesis. Several circulating inflammatory cytokines, including
interleukin-1ot (IL-10v), IL-1P, IL-6, IL-8, and tumor necrosis factor-o.
(TNF-o), participate in chronic hepatic inflammation and contribute
to the neoplastic transformation of hepatocytes (2, 3).

Within the prospective randomized multicenter SORAMIC
clinical study patients with advanced HCC were randomized to
receive treatment with sorafenib with or without *°Yttrium (°°Y)
radioembolization. In previous substudies of the SORAMIC trial we
confirmed that baseline IL-6 and IL-8 levels could correlate with
survival outcomes of sorafenib-treated patients with HCC (4, 5). In
addition, baseline IL-6 showed predictive value for overall survival
in patients with advanced HCC undergoing radioembolization (4,
5). This exploratory analysis evaluated whether dynamic changes in
systemic levels of the cytokines IL-6 and IL-8 could add prognostic

value over basal concentrations. The relevance of VEGF and LPS
levels was also assessed in this cohort.

METHODS

The cohort evaluated in this exploratory sub-analysis comprised
patients within the palliative treatment arm of the randomized,
controlled, multicenter phase II SORAMIC study, which
evaluated the impact of *°Y selective internal radiation therapy
(SIRT) combined with sorafenib compared to sorafenib alone on
survival in patients with advanced HCC (6).

Patients were included in this analysis if they received study
treatment within the palliative arm of SORAMIC and took part in
the translational program of the study with blood sample analysis at
baseline and at first follow-up at approximately 7-9 weeks of
treatment (FU). Of the 424 patients randomized after assignment
to the palliative arm, 90 fulfilled these criteria within the intention to
treat (ITT) population, comprising 46 patients treated with
sorafenib alone and 44 patients treated with the combination of
SIRT and sorafenib (Figure 1). No statistically significant
differences were present between the two treatment cohorts with
respect to age, gender distribution, presence of liver cirrhosis, liver
function, or tumor stage according to Barcelona Clinic Liver Cancer
(BCLC) stage (patient characteristics in Table 1).

the palliative
arm of the SORAMIC trial

424 patients assigned to

208 patients randomized

to sorafenib

46 patients underwent
biomarker assessment at
baseline and follow-up
after 7-9 weeks

FIGURE 1 | Consort diagram of the study population.

90 patients
study population

216 patients randomized to

sorafenib and radioembolization

44 patients underwent
biomarker assessment at
baseline and follow-up after 7-9
weeks

Frontiers in Gastroenterology | www.frontiersin.org

93

July 2022 | Volume 1 | Article 939192



Schiitte et al. Biomarker Dynamics and HCC Prognosis

TABLE 1 | Baseline characteristics of cohort.

Total (N=90) SIRT/Sorafenib (N=44) Sorafenib (N=46) P-value
Gender 0.7396
Female 7(7.8) 3(6.8) 4(8.7)
Male 83(92.2) 41(93.2) 42 (91.3)
Age 0.2743
Mean (SD) 65.1 (8.3) 64.1(8.6) 66.1(8.1)
Median (IQR) 64.5 (14.0) 63.5 (13.5) 66.0 (13.0)
HCC Etiology/Liver Cirrhosis
Alcohol etiology 47 (52.2) 24 (54.5) 23 (50.0) 0.6661
Hepatitis B etiology 4(4.4) 0 4(87) 0.0454
Hepatitis C etiology 19 (21.1) 10 (22.7) 9(19.6) 0.7133
Liver Cirrhosis 76 (84.4) 36 (81.8) 40 (87.0) 0.5014
Child Pugh 0.4489
5 56 (62.2) 30 (68.2) 26 (56.5)
6 25 (27.8) 11 (25.0) 14 (30.4)
7-8 9 (10.0) 3(6.8) 6 (13.0)
BCLC 0.7149
BCLC A/B 23 (25.6) 12(27.3) 11(23.9)
BCLC C 67 (74.4) 32 (72.7) 35 (76.1)
Number of Lesions 0.3671
1 6(6.7) 2(4.5) 4(87)
2 9(10.0) 3(6.8) 6(13.0)
3-30 17 (18.9) 11 (25.0) 6(13.0)
diffuse 58 (64.4) 28 (63.6) 30 (65.2)
Max. Diameter of Largest Lesion 0.0518
Nmiss (%) 3(3.3) 2 (4.5) 1(2.2)
Mean (SD) 66.3 (40.7) 75.2 (46.1) 58.0 (33.4)
Median (IQR) 55.0 (53.0) 69.0 (59.0) 51.0 (29.0)
Further disease classification
Liver Dominant Disease 86 (95.6) 41 (93.2) 45 (97.8) 0.2852
Extrahepatic Metastases 16 (17.8) 11 (25.0) 5(10.9) 0.0797
Portal Vein Invasion 46 (51.1) 19 (43.2) 27 (68.7) 0.1411
Bilirubin at Baseline [umol/L] 0.3396
Mean (SD) 15.0(8.2) 14.2 (9.3 15.8 (6.9)
Median (IQR) 13.6 (10.9) 1.2 (11.1) 15.2 (9.5)
Albumin at Baseline [g/L] 0.0514
Mean (SD) 38.8 (6.5) 401 (4.6) 37.5(7.7)
Median (IQR) 39.1(6.8) 40.0 (7.4) 37.7(7.7)
Albi Value at Baseline 0.0202
Mean (SD) 2.6 (0.6) 2.7 (0.5) 2.4 (0.7)
Median (IQR) -2.5(0.7) -2.8(0.7) -2.4(0.7)
Albi Score at Baseline 0.1222
Grade 1 (Median survival 18.5-85.6 months) 42 (46.7) 25 (56.8) 17 (37.0)
Grade 2 (Median survival 5.3-46.5 months) 47 (52.2) 19 (43.2) 28 (60.9)
Sorafenib: Days Treated 0.4034
Mean (SD) 338.8 (289.0) 312.8 (224.2) 363.7 (340.4)
Median (IQR) 279.0 (299.0) 293.0 (280.5) 266.0 (316.0)
Min-Max 10.0-1534.0 10.0-1050.0 56.0-1634.0
Sorafenib: Daily Dose 0.0576
Mean (SD) 552.1 (204.6) 510.3 (202.0) 592.1 (201.2)
Median (IQR) 561.1 (344.6) 464.5 (358.4) 706.1 (314.6)
SIRT: Total Activity
Mean (SD) 1.8 (0.5)
Median (IQR) 1.9 (0.5)
SIRT: Lobes Treated
bilobar treatment 29 (65.9)
lobar treatment 14 (31.8)
unspecified 1(2.3

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; SIRT, selective internal radiation treatment: Three
patients had discontinued sorafenib intake before the follow-up visit (finished 1 day, 35 days, and 50 days before FU).

Serum levels of VEGF, IL-6, IL-8, and LPS were measured Minneapolis, MN, USA), Human IL-6 Quantikine ELISA
with enzyme-linked immunosorbent assay (ELISA) from KIT (D6050; R&D systems, MN, USA), Human IL-8/CXCL8
patients’ serum which were obtained at BL and FU. Human Quantikine ELISA Kit (D8000C, R&D systems, MN, USA), and
VEGF Quantikine ELISA Kit (DVE00; R&D systems, Human Lipopolysaccharides (LPS) ELISA Kit (CSB-E09945h;
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Cusabio, China) were used in the study. Optical density
evaluations were performed at 450 nm and 570 nm (as the
reference) using Tecan Sunrise absorbance microplate reader,
concentrations were calculated using four parameter logistic
regression (4-PL) curve fitting model.

Statistical Analyses

All statistical analyses were performed using SAS (SAS version
9.4 for Windows; Copyright SAS Institute Inc., Cary, NC, USA).
Numerical data are presented as means with standard deviations.
For categorical data, results are given as absolute numbers with
percentages. For comparison of categorical data, chi-square tests
were applied. T-tests or Mann-Whitney U tests were used for
testing homogeneity of independent samples in continuous data.
We used receiver operating characteristic (ROC) curves to
determine the cut-off value for differences in concentrations of
IL-6, IL-8, and VEGF that could produce the highest sensitivity
and specificity to predict individual survival shorter than the
median overall survival. Univariate and multivariate Cox
regression analyses were performed to identify risk factors for
mortality. The Kaplan-Meier method was used for estimates of
overall survival, and the log-rank test was used to compare
survival groups. All tests were carried out two-sided. The level
of significance was set to 0.05 without adjusting for multiplicity.

RESULTS

At data closure for this substudy 72 patients (80%) had died. The
median overall survival (OS) of the cohort analyzed within this
sub-analysis was 14.5 months: OS was 14.3 months in the
sorafenib only arm and 15.0 months in the combined
treatment arm (p=0.5964).

IL-6 concentrations at BL (rho = -0.3024, p = 0.0038) and FU
(rho = -0.3192, p = 0.0022) negatively correlated with OS.

ROC curve analysis identified a FU concentration of 24.18 pg/
mL best distinguished patients with a median survival longer
than 12 months (sensitivity 42.9%, specificity 87.5%). Median OS
was 17.0 months if FU IL-6 was lower than 24.18 pg/mL and was
7.7 months in the 23 patients (28% of patients) with higher FU
IL-6 levels (p < 0.0001) (Table 2 and Figure 2A). Patients with
lower IL-6 at FU also had a significantly longer progression-free
survival (median PFS: 9.6 months vs. 5.0 months;
p=0.0278) (Figure 2C).

ROC curve analysis identified that absolute increases in IL-6
from BL to FU with a cut-off of 16.8 pg/mL optimally
distinguished patients with OS shorter than 12 months from
those with an OS exceeding 12 months (sensitivity 38.1%,
specificity 85.4%). Patients showing absolute increase in IL-6
concentration less than 16.8 pg/mL had a median OS of 16.3

TABLE 2 | Statistical analyses of prognostic value for overall survival.

Parameter Descriptive statistics(N=90) Correlation of IL-6/IL-8/
VEGF/LPS with overall
survival
Mean SD Min. Max. Spearman P-Value
Correlation HO: Rho=0
Coefficients
IL-6 BL 14.88 25.16 1.39 205.71 -0.3024 0.0038
[pg/ FU 26.95 43.61 225 298.60 -0.3192 0.0022
mi] abs. 12.07 31.45 -60.95 138.37 -0.1774 0.0943
diff.
pct. 183.14 30349 -76.99 175495  -0.0633 0.5536
diff.
IL-8  BL 150.96 384.75 291 3414.00 -0.3913 0.0001
[pg/  FU 205.76  409.82 0.15 3328.55 -0.4370 <0.0001
mi] abs. 48.82 538.50 -3358.83 3251.94 -0.0991 0.3667
diff.
pct.  179.11 538.69 -99.52 424491 -0.0202 0.8544
diff.
VEGF BL 673.86 683.54 5.45 3806.36 -0.1319 0.2180
pg/ FU 409.12 27652 7346 1178.69 -0.1991 0.0600
mi) abs. -261.71 640.29 -3475.61 645.03 0.0115 0.9146
diff.
pct. 65.02 283.12 -95.00 1924.31 -0.0059 0.9562
diff.
LPS BL 175.00 141.06 7.40 896.08 0.0341 0.7495
[pg/  FU 148.82 110.76 3.00 841.00 -0.1045 0.3298
mi] abs. -27.77 14891 -666.94 703.65 -0.0991 0.3556
diff.
pct. 17.74 11256 -86.73 512.27 -0.1278 0.2326
diff.

Best cut-off from ROC-analysis (Youden Kaplan Meier for OS in patients
Index), distinguishing between OS </>12 with high vs. low parameter
months values
Cut- Sensitivity Specificity Youden Median Median P-Value
off Index OSlower OS higher LogRank
than ROC than ROC
cut-off cut-off

9.70 59.5% 70.8% 0.304 21.41 10.26 <0.0001
2418 42.9% 87.5% 0.304 16.95 7.74 <0.0001
16.83 38.1% 85.4% 0.235 16.30 8.89 0.0354
1564.52 45.2% 70.8% 0.161 156.02 10.85 0.2170
80.35 64.3% 79.2% 0.435 21.41 9.51 <0.0001
75.25 70.7% 63.6% 0.344 28.46 10.26 <0.0001
-29.45 31.7% 95.5% 0.272 10.82 16.02 0.6516
-23.60 31.7% 81.8% 0.135 26.92 14.52 0.1295
857.04 39.0% 771% 0.161 16.75 12.00 0.2120
263.02 71.4% 52.1% 0.235 19.80 12.52 0.0935
-456.70 31.7% 81.3% 0.130 12.52 16.30 0.5028
42.31 34.1% 77.1% 0.112 14.82 12.85 0.8798
58.76 88.1% 22.9% 0.110 17.64 14.26 0.2054
273.78  100.0% 8.5% 0.085 14.26 18.84 0.6043
100.30  95.2% 14.9% 0.101 13.80 16.07 0.7488
166.76  100.0% 12.8% 0.128 13.80 31.21 0.0874

IL-6 interfeukin 6; IL-8 interleukin-8; VEGF systemic vascular endothelial growth factor; LPS lipopolysaccharide; ROC receiver operating curve; BL baseline; FU follow-up at 7-9 weeks; abs.

diff. absolute difference; pct. diff: percentage difference.
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FIGURE 2 | Kaplan-Meier curves grouped by follow-up levels according to cut-off in ROC-curve-analyses (A) OS and IL-6, cut-off at 24.2 pg/ml, (B) OS and IL-8,
cut-off at 75.2 pg/ml, (C) PFS and IL-6, cut-off at 24.2 pg/ml, and (D) PFS and IL-8, cut-off at 75.2 pg/ml.

months versus 8.9 months for those with greater IL-6 increase
(p = 0.0354) (Figure 3A).

A Cox regression with BL IL-6 as well as absolute IL-6 change
from BL to FU in the model showed significant p-values for both
effects (BL: p<0.0001; abs. change BL to FU: p=0.0260).

In patients with a BL IL-6 concentration < 9.7 pg/mL the
additional FU IL-6 did not add prognostic value. However, in
patients with a BL IL-6 concentration exceeding 9.7 pg/ml (n=39),
the additional FU value identified a subgroup with worse
expectation of survival. An increase of more than 16.8 pg/mL at
FU was associated with a median OS of only 6.8 months compared
with median OS of 11.3 months in those showing a less pronounced
increase within this subgroup (p = 0.0337) (Figure 4).

The percentage increase in IL-6 concentration did not
correlate with OS nor did the absolute or percentage increase
in IL-6 concentration correlate with PFS (Figure 3C).

Both baseline (rho -0.3913, p = 0.0001) and FU
concentrations (rho = -0.4370, p = <.0001) of IL-8 significantly
correlated with OS (Table 2 zand Figure 2B). At follow-up,
patients with IL-8 concentrations below the threshold of 75.25
pg/ml had a significantly longer OS than those above threshold
(28.5 months compared to 10.3 months, p < 0.0001). However,
there was no correlation with PFS at this cut-off (Figure 2D).

Furthermore, the absolute or percentage difference in IL-8
concentrations between both time points did not correlate with OS
(rho =-0.0991, p = 0.3667) (Figure 3B) nor with PFS (Figure 3D).
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FIGURE 3 | Kaplan-Meier curves grouped by absolute difference between baseline and follow-up levels according to cut-off in ROC-curve-analyses. (A) OS and
abs. difference in IL-6, cut-off at 16.8 pg/ml, (B) OS and abs. difference in IL-8, cut-off at -29.4 pg/ml, (C) PFS and abs. difference in IL-6, cut-off at 16.8 pg/ml and

(D) PFS and abs. difference in IL-8, cut-off at -29.4 pg/ml.

Multivariate Cox regression analyses integrating also
treatment modality, liver function, portal vein thrombosis, and
tumor distribution revealed that baseline concentrations of IL-6
and IL-8 as well as liver function and the presence of portal vein
thrombosis are independent factors impacting on OS, while
absolute differences in IL-6 and IL-8 concentrations are not
(Tables 3A, B and Supplementary Table S1).

Serum VEGF and LPS concentrations did not show any
correlation with survival in this cohort of patients, either at
baseline, follow-up level, or the changes between these time
points (Table 2).

While baseline IL-6 levels did not correlate with liver
decompensation indicated by an increase in ALBI grade at FU

(p = 0.2413), baseline IL-8 concentration (p = 0.0275) as well as
IL-6 and IL-8 concentration at FU did (p = 0.0267 and
p = 0.0109) (Figures 5A-D).

DISCUSSION

We have previously reported on the prognostic value of baseline
IL-6 concentrations in patients treated within the palliative arm
of the SORAMIC study (4, 5). This current analysis suggests that
repeated measurement of IL-6 7-9 weeks after treatment
initialization is of prognostic value in these patients and that
dynamic changes in IL-6 concentrations further helps to identify
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FIGURE 4 | Survival of patients according to their prognostic groups identified by IL-6 levels. Patients with a baseline IL-6 concentration exceeding 9.7 pg/ml and
an increase of 16.8 pg/mL or more at FU presented with a median OS of 6.8 months while patients with less pronounced increase showed a median OS of 11.3
months (p = 0.0337). Patients with low IL-6 levels at baseline and increase of less than 16.8 pg/ml at FU had the most favorable prognosis.

Months

TABLE 3A | Impact follow-up assessment of IL-6 concentration: univariate and multivariate analysis.

error P-value Hazard ratio 95% Confidence limits for HR
Univariate IL6 FU < 24,2 -1.21 0.28 <0.0001 0.30 0.17 0.62
analyses IL6 abs. diff. < 16,8 -0.58 0.28 0.038 0.56 0.33 0.97
Multivariate IL6 BL<9,7 -0.99 0.27 0.0002 0.37 0.22 0.63
analysis IL6 abs. diff. < 16,8 -0.53 0.30 0.0747 0.59 0.33 1.05
SIRT/Sorafenib treatment 0.19 0.25 0.4395 1.21 0.74 1.98
(vs. Sorafenib only)
Child-Pugh A (vs. B) -2.06 0.44 <0.0001 0.13 0.06 0.31
Portal Vein Infiltration -0.64 0.28 0.0207 0.53 0.31 0.91
YES (vs. NO)
Liver-Dominant Disease -0.72 0.53 0.1754 0.48 0.17 1.38
YES (vs. NO)
TABLE 3B | Impact of follow-up assessment of IL-8 concentration: univariate and multivariate analysis.
Parameter estimate  Standard error  P-value Hazardratio 95%  Confidence limits for HR
Univariate IL8 FU < 75,2 -1.18 0.25 <0.0001 0.31 0.19 0.50
analyses IL8 abs. diff. <-29,4 -0.14 0.31 0.6549 0.87 0.47 1.60
Multivariate L8 BL < 80,3 -1.12 0.29 0.0001 0.33 0.19 0.58
analysis IL8 abs. diff. < -29,4 -0.64 0.35 0.0641 0.53 0.27 1.04
SIRT/Sorafenib treatment -0.17 0.26 0.529 0.85 0.50 1.42
(vs. Sorafenib only)
Child-Pugh A (vs. B) -2.05 0.44 <0.0001 0.18 0.05 0.30
Portal Vein Infiltration -0.57 0.28 0.0417 0.57 0.33 0.98
YES (vs. NO)
Liver-Dominant Disease YES (vs. NO) -0.30 0.55 0.5874 0.74 0.25 218

patients with dismal prognosis. An increase of IL-6 levels above
16.8 pg/ml from baseline is associated with poor prognosis. The
subgroup of patients with baseline IL-6 readings of 9.7 pg/ml or
over and an increase of IL-6 level of more than 16.8 ppg/ml have
particularly poor outcomes with median OS of only 6.8 months.
Favorable prognosis (median OS of 24.7 months) was associated
with low IL-6 levels at baseline and increases of less than 16.8 pg/
ml at follow-up. Contrary to initial expectation, no additional

value in the prognostic assessment of these palliative HCC
patients was conferred by the analysis of the dynamics of IL-8,
VEGF, or LPS.

Clinical factors influencing survival of HCC patients in
numerous studies including the SORAMIC trial, relate to
tumor burden (number and size of HCC nodules within the
liver, invasion of portal vein, existence of extrahepatic
metastases), clinical performance status, and liver function (1,
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FIGURE 5 | Time to liver function deterioration assessed by ALBI-grade. (A) baseline IL-6, cut-off at 9.7 pg/ml, (B) baseline IL-8, cut-off at 80.3 pg/ml, (C) FU IL-6,

cut-off at 24.2 pg/ml, (D) FU IL-8, cut-off at 75.2 pg/ml.

6). As previously published, our analysis confirms liver function
and portal vein infiltration as prognostic factors in patients with
advanced HCC included in the SORAMIC trial (7). A pooled
analysis of the two phase III studies that led to approval of
sorafenib for treatment of patients with advanced HCC revealed
that presence of macrovascular invasion, high alpha-fetoprotein
(AFP) levels, and high neutrophil-to-lymphocyte ratio (NLR)
were prognostic factors of poorer OS. Patients had a benefit of
the treatment with sorafenib irrespective of prognostic factors,
although lack of extrahepatic metastases, lower NLR, and
chronic hepatitis C virus infection were predictive for greater
survival benefit (8, 9). Since the approval of sorafenib, the
evaluation of additional systemic biomarkers applicable either

in a prognostic or in a predictive manner has been the focus of
many studies.

The chronically inflamed microenvironment in the liver
induces macrophages to adopt the M2 phenotype and
transform into tumor associated macrophages (TAMs) which
are responsible for continuous local proinflammatory signaling
leading to parenchymal cell transformation (10). TAMs secrete
IL-8 which activates the PI3K/AKT/HIF-1a signaling pathway
involved in invasiveness and metastatic progress of HCC (10—
12). They also secrete further proinflammatory cytokines
including IL-6 with antiapoptotic activity in HCC cell lines
(12). TAMs stimulate tumor growth also by suppression of the
adaptive immune system through expression of high levels of
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programmed cell death-ligand 1 (PD-L1), and by this
mechanism suppress the antitumor cytotoxic T-cell responses
(13). Tumor cells also secrete a variety of inflammatory factors
and chemokines to recruit TAMs including IL-6, IL-8, and IL-34
(14). Increased levels of proinflammatory cytokines in patients
with chronic liver disease are associated with increased risk of
HCC and correlate with survival in patients with advanced HCC
(15, 16). IL-6 activates signal transducer and activator of
transcription 3 (STAT3) which is implicated in induction of
sorafenib resistance in patients with HCC (2, 17), but IL-6 levels
have also been shown to be a predictor of survival even in
patients with liver cirrhosis without HCC (18).

IL-8 in addition to its pro-tumorigenic activity is a potent
angiogenic factor and produced by most HCC cell lines (19, 20).
The inhibition of IL-8 signaling increases the sensitivity of liver cancer
cells to sorafenib (21). We and others have previously reported that
baseline IL-8 values predict outcome in patients with advanced HCC
treated with sorafenib (5). However, we did not find an add-on value
by follow-up measurement or the assessment of dynamics of IL-8
concentration with respect to survival.

The analysis of larger panels focusing on factors relevant to
the proinflammatory tumor microenvironment and giving a
more holistic view on systemic consequences of chronic tumor
associated inflammation might result in more accurate results
with respect to individual prognosis in patients with advanced
HCC. In recent years, a clinical breakthrough in systemic therapy
of HCC was reached with the introduction of checkpoint-
inhibitors targeting programmed death-1, programmed death-
ligand 1, and cytotoxic T lymphocyte antigen-4. These molecules
resolve T-cell activation to maintain inflammatory homeostasis,
protect tissue integrity, and prevent unwanted autoimmunity
under physiological condition (22). In patients with tumors, the
administration of checkpoint inhibitors unleashes tumor-
directed cytotoxic T-cells specific against an unknown
spectrum of tumor-associated antigens (22, 23). The immune
contexture of HCC before treatment is the most promising
predictive marker for response to immunotherapies (24). The
identification of a subset of patients with high grade of tumor
associated inflammation might therefore guide treatment
decisions toward early systemic immune-checkpoint inhibition.

Concentrations of IL-6 and IL-8 at FU both were of prognostic
value with respect to future deterioration of liver function assessed
by the ALBI-Grade (25). This is of special clinical interest, as
preserved liver function is the key factor in decisions on
applicability of sequential treatments, and the repeated
measurement of IL-6 and IL-8 potentially help to identify patients
at risk to become untreatable because of impairment of liver
function rather than because of tumor progression. In a previous
analysis on patients treated within SORAMIC in palliative intent
with the combination of radioembolization and sorafenib high IL-6
concentrations at baseline were associated with a significant shorter
time to liver dysfunction. Although there was a tendency for a
shorter time-to-liver dysfunction in patients with high IL-8
concentrations in that analysis, the result was not significant (4).
As in that paper, liver function deterioration was defined by a
significant increase in bilirubin levels, cholestasis, and secretory

function of the liver are assumed to be the dominant factors in this
setting. The current analysis also takes liver synthesis mirrored by
albumin concentration into account which might explain
differences in the results.

Vascular endothelial growth factor (VEGF), a protein that
promotes angiogenesis, supports tumor cell survival,
proliferation, and vessel formation has been shown to have
prognostic value in HCC patients (26, 27). Sorafenib, a multi-
tyrosine kinase inhibitor with inhibitory activity against vascular
endothelial growth factor receptor (VEGFR) 2 (28) was the
standard treatment in patients with advanced HCC for more
than a decade. Baseline concentrations of IL-6 and IL-8 have
been demonstrated to be predictive for response to sorafenib
monotherapy in patients with advanced HCC (5). Recently, the
combination of atezolizumab, a humanized anti-PDL1 antibody
to restore antitumor T-cell activity, with bevacizumab, binding to
VEGEF, has been defined as the new first line treatment standard
(29, 30).

Previously, it has been reported that circulating concentrations
of VEGF are of prognostic value in patients with HCC undergoing
liver resection, liver transplantation, or locoregional therapy (26). A
decrease in VEGF levels at week 8 of sorafenib treatment was
prognostic for better survival in advanced HCC patients (mostly on
the background of chronic viral hepatitis) (31). We however did not
observe any prognostic potential of systemic VEGF levels in our
cohort. Itis unclear whether this discrepancy is related to the patient
characteristics within this cohort, with low numbers of patients with
viral etiology of HCC.

Alterations in gut microbiota composition are associated with
hepatic inflammatory diseases and may play a contributory role
in hepatic carcinogenesis (32). Dysbiotic gut microbiota
composition leads to increased hepatic exposure with gut-
derived microbiota-associated molecular patterns (MAMPs)
that include lipopolysaccharides (LPS), a cell wall component
of Gram-negative bacteria.

Bacterial compounds reach the liver via the portal blood flow
and are eliminated by Kupffer cells under normal conditions
(33). In a mouse model, LPS levels increase during the course of
chronic liver disease fostering proinflammatory responses in the
periphery and in the liver (32, 34). Plasma LPS concentrations
correlate with the degree of liver dysfunction (35, 36).

An increased exposure to LPS contributes to hepatocarcinogenesis
via activation of Toll-like receptor-4 signaling in mouse models (37). By
this, LPS promote hepatic inflammation, fibrosis, proliferation, and the
activation of anti-apoptotic signaling (37). In an analysis of fecal
samples of patients with HCC and liver cirrhosis LPS-producing
genera were increased compared to patients with liver cirrhosis (38).

The proinflammatory tumor microenvironment in part
induced by pathogen-associated molecular patterns (PAMPs)
including LPS also promotes tumor progression. High
concentrations of infiltrating TAMs are associated with poor
prognosis of HCC (12, 39). However, our study does not support
the idea of measuring systemic concentrations of LPS for
prognostic purposes in patients receiving treatment with
sorafenib with or without radioembolization in patients with
advanced HCC. It is likely that concentrations of LPS in the
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portal blood flow and in the liver are of higher significance for
progression of HCC than systemic concentrations.

Our analysis is limited by the rather small number of patients
that could be included into the analysis compared to the whole
study population of SORAMIC.

CONCLUSION

As availability of effective systemic treatment options for advanced
HCC patients increases, sequential treatments are now a realistic
strategy for management. Methods to expeditiously identify patient
groups who do well on particular treatments, or select patients with
more dismal prognosis, may help to guide optimal management.
Although clinical factors have previously been utilized in this aim,
the baseline assessment of proinflammatory cytokines IL-6 and IL-8
in addition to inclusion of the dynamic changes of IL-6 values at 7-9
weeks after treatment initiation (sorafenib with or without
radioembolization used in the SORAMIC trial) appears of value
in the prediction of patients who do better on palliative treatments
within the SORAMIC study. Early re-assessment of IL-6 and IL-8
may also help to identify patients at risk for deterioration of liver
function which potentially precludes further lines of treatment.
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Abstract: Hepatocellular carcinoma (HCC) still lacks valuable diagnostic and prognostic tools. This
study aimed to investigate the potential diagnostic and prognostic value of baseline interleukin
(IL)-10, fatty acid-binding protein 2 (FABP2) and lipopolysaccharide (LPS) levels in patients with
HCC. Serum levels of IL-10, FABP2 and LPS in 47 newly diagnosed HCC patients and 50 healthy
individuals were estimated and compared. The best cut-off points for baseline IL-10, FABP2 and
LPS levels predicting overall survival (OS) were evaluated. Both levels of FABP2 and IL-10 were
significantly higher in HCC patients vs. control group (median 2095 vs. 1772 pg/mL, p = 0.026; 9.94
vs. 4.89 pg/mL, p < 0.001) and may serve as potential biomarkers in complex HCC diagnostic tools.
The cut-off value of 2479 pg/mL for FABP2 was determined to have the highest sensitivity (66.7%)
and specificity (55.6%) to distinguish patients with a median OS longer than 17 months. However, the
median OS of patients with high and low levels of FABP2 were not significantly different (p = 0.896).
The prognostic value of LPS as well as FABP2 and IL-10 for HCC patients appears to be limited.

Keywords: hepatocellular carcinoma; HCC; prognosis; biomarker; FABP2; IL-10; LPS

1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver cancer which is
the third leading cause of cancer-associated mortality [1]. In up to 90% of patients HCC
develops in a cirrhotic liver and is associated with chronic liver inflammation mostly due
to alcoholic liver disease, chronic hepatitis B or C infections and non-alcoholic steato-
hepatitis [2,3]. Hepatic carcinogenesis is multifactorial process. It is promoted by tumor
microenvironment with its local proinflammatory and profibrotic elements as well as sys-
temic inflammatory factors. Several circulating proinflammatory cytokines and chemokines,
including interleukin-1a (IL-1ex), IL-1f3, IL-6, IL-8, and tumor necrosis factor-« (TNF-«),
participate in mechanisms of chronic hepatic inflammation and neoplastic transformation
of hepatocytes [4,5]. Endotoxins such as lipopolysaccharide (LPS) are not directly involved
in chronic inflammation by inducing Kupffer cells to release radical oxygen species (ROS)
and proinflammatory cytokines and chemokines [6]. Not only proinflammatory but also
anti-inflammatory cytokines, such as IL-10, take part in liver cirrhosis and possibly in HCC
development and progression [7]. Microbial translocation from the gut is as well involved
in the pathogenesis of liver damage. One of possible markers for increased gut permeability
is fatty acid-binding protein 2 (FABP2) [8].

Recent findings show that inflammatory cytokines IL-6 and IL-8 as well as IL-10 are as-
sociated with poorer outcomes in HCC patients [7,9]. Loosen and colleagues demonstrated
that IL-6 and IL-8 can be valuable in predicting treatment response and survival after
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transarterial chemoembolization in patients with primary and metastatic liver tumors [9].
A study by Seidensticker et al. evaluated multiple cytokines and delivered cut-off values
for IL-6 and IL-8 which were associated with overall survival after 90Y radioembolization
in patients with HCC or metastatic disease [10]. The post hoc analysis of the palliative arm
of the SORAMIC trial demonstrated that high baseline IL-6 and IL-8 were associated with
significantly shorter overall survival in HCC patients undergoing radioembolization or
treated with sorafenib monotherapy. Baseline IL-6 and IL-8 with respective cut-off values
predicted objective response rates for sorafenib-treated patients [11,12].

As there is evidence that inflammatory molecules such as IL-6 and IL-8 could have
diagnostic, prognostic and predictive value for HCC patients, it is important to identify
other molecules related to chronic liver inflammation and potentially carcinogenesis which
could be involved in future complex tools for better approach for HCC patients.

This exploratory analysis aimed to explore the potential diagnostic and prognostic
value of baseline IL-10, LPS and FABP2 in patients with HCC, and provide additional
information for possible future complex tools for better HCC diagnosis and prognosis.

2. Materials and Methods

The study included 47 patients with newly diagnosed HCC and 50 healthy individ-
uals as controls. Demographic and clinical characteristics of the patients with HCC are
provided in Table 1. All participants were enrolled retrospectively at the Department of
Gastroenterology of Lithuanian University of Health Sciences from June 2010 to May 2021.
Demographic data and clinical parameters were collected at the time of inclusion to the
study. Healthy control individuals (volunteers) were free of any chronic diseases and had
not received any medications during the previous 3 months prior to inclusion to the study.
A schematic of the workflow of the study is shown in Figure 1.

Table 1. Demographic and clinical characteristics of subject groups.

Controls (n = 50) HCC Patients (n = 47) p Value

Age, mean + SD 58.8 +£4.9 613 +9.3 0.101
Gender (male) 25 (50%) 39 (83.0%) <0.001
Liver cirrhosis (yes) 45 (95.7%)
HCC etiology

Hepatitis B 7 (14.9%)

Hepatitis C 21 (44.7%)

Other (alcohol) 19 (40.4%)
BCLC stage

0 2 (4.3%)

A 15 (31.9%)

B 17 (36.2%)

C 7 (14.9%)

D 6 (12.8%)
Cytokine levels, median (min-max) (pg/mL)

FABP2 1327 (518.5-8388) 2345 (326.3-4587) 0.026

1L-10 4.89 (0.036-53) * 9.94 (0.04-564.1) * <0.001

LPS 56.38 (4.74-436.4) 51.95 (12.37-148.8) 0.263

* Due to insufficient amount of blood for analysis of IL-10, samples of 45 HCC patients and 45 controls were used.
SD—standard deviation; HCC—hepatocellular carcinoma; BCLC—the Barcelona Clinic Liver Cancer staging
system; min—minimum value; max—maximum value; FABP2—fatty acid-binding protein 2; IL—interleukin;
LPS—lipopolysaccharides.
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Figure 1. Workflow of the study. HCC; ELISA—enzyme-linked immunosorbent assay; FABP2;
IL; LPS.

Peripheral blood samples were drawn from all subjects at the time of enrollment in
the study. Within 1 h after drawing, the serum samples were placed at —80 °C and stored
until further processing. A Human FABP2/I-FABP Quantikine ELISA Kit (DFBP20; R&D
Systems, Minneapolis, MN, USA), Human IL-10 Quantikine ELISA Kit (D1000B; R&D
Systems, Minneapolis, MN, USA), and Human LPS ELISA Kit (CSB-E09945h; Cusabio,
Houston, TX, USA) were used to quantify serum levels of FABP2, IL-10, and LPS in HCC
patients and the healthy control subjects.

All statistical analyses were performed using IBM SPSS Statistics 27.0 (Armonk, NY,
USA). Numerical data are presented as mean with standard deviation for age and as
medians with minimum and maximum values for cytokine levels due to abnormal distri-
bution. For categorical data, results are given as absolute numbers with percentages. For
comparison of categorical data, chi-square tests were applied. t-tests and Mann-Whitney
U tests were used for testing homogeneity and comparing of independent samples in
continuous data. ROC curves were used to determine the cut-off value for differences in
concentrations of FABP2, IL-10, and LPS that could produce the highest sensitivity and
specificity to predict individual survival shorter than the median overall survival. The
Kaplan—-Meier method was used for estimates of overall survival, and the log-rank test
was used to compare survival groups. All tests were carried out two-sided. The level of
significance was set to <0.05 without adjusting for multiplicity.

3. Results

Blood levels of three possible biomarkers—FABP2, IL-10, and LPS—were measured in
both HCC and control groups. Levels of FABP2 and IL-10 were significantly higher in HCC
patients vs. control group (median 2345 vs. 1327 pg/mL, p = 0.026; 9.94 vs. 4.89 pg/mL,
p <0.001). Levels of LPS did not reach significant difference and were higher in healthy
patients than in HCC patients (51.95 pg/mL in HCC patients vs. 56.38 pg/mL in control
group, p = 0.263) (Table 1).

At data lock point for this study, 33 HCC patients (70.2%) had died. The median OS of
these patients was 17 months.

Using receiver operating characteristic (ROC) curve analysis, a cut-off value of
2479 pg/mL for FABP2 was determined to have the highest sensitivity (66.7%) and speci-
ficity (55.6%) to distinguish patients with a median OS longer than 17 months with the area
under the curve (AUC) of 0.622 (Figure 2a). However, the median OS of patients with high
and low levels of FABP2 were not significantly different (p = 0.893) (Figure 3).

106



Medicina 2023, 59, 2191 40f10

a FABF2 b -0
10 10
Cut-off. 2479 pg/mL
Sensitivity: 66 7%
i Speciicity: ,mu\ &
a6 o
04 04
02 0z
an oo /
[1:] 02 o4 os s 10 0o 0z 04 08 o8 10
1 - Specificity 1 ilfici
AlC=0.622 Al?l;o.!&l:’
[ LPS
I ,,ZF
08
06

1.- Specificity
AUC=0353
Figure 2. The ROC curve showing the sensitivity and specificity of various cut-off values of baseline

(a) FABP2, (b) IL-10 and (c) LPS levels to distinguish patients with the OS longer than a median OS of
17 months.

ROC curve analysis could not identify cut-off values for IL-10 and LPS to distinguish
HCC patients with shorter and longer median OS than 17 months as AUC levels were too
low (0.391 and 0.363, respectively) (Figure 2b,c).
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Figure 3. Kaplan-Meier curve showing overall survival of patients grouped by baseline FABP2
values according to cut-off of 2479 pg/mL.

Separate ROC curve analysis was performed discriminating values of FABP2, II-
10 and LPS according to OS of 6 months as well as of 1 and 2 years (Figure 4). The
highest AUC (0.622), sensitivity (52.9%) and specificity (84.6%) were obtained for FABP2 to
distinguish HCC patients with OS longer than 1 year with the same potential cut-off value
of 2479 pg/mL.
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Figure 4. Cont.
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Figure 4. The ROC curve showing the sensitivity and specificity of various cut-off values of baseline
(a,d,g) FABP2, (b,eh) IL-10 and (c,f,i) LPS levels to distinguish patients with the OS longer than
1 year (a—c), 2 years (d-f) and 6 months (g-i).

4. Discussion

In this study, we aimed to investigate LPS, FABP2 and IL-10 as possible diagnostic
and prognostic biomarkers in patients with HCC.

HCC development in the chronically inflamed liver tissue is a multifactorial process
corresponding to the adaptive immune response and the effector molecules including
chemokines, growth factors, metalloproteases, and cytokines. The best studied of them, IL-
6 and IL-8 are produced by the tumor-associated macrophages (TAMs) and promote HCC
development through different signaling pathways [13,14]. TAMs also suppress the adap-
tive immune system through expression of high levels of programmed cell death-ligand 1
(PD-L1), causing suppression of the antitumor cytotoxic T-cell responses and stimulation of
the tumor growth [15]. Tumor cells themselves produce a variety of inflammatory factors
and chemokines to recruit TAMs including IL-6, IL-8, and IL-34 [16]. Recent studies have
shown that IL-6 and IL-8 may serve as valuable predictive and prognostic biomarkers in
HCC patients. Cut off serum levels distinguishing better and worse survivals than median
OS as well as predicting response to various HCC treatment methods were estimated for
both IL-6 and IL-8 [9-12].

Altered gut microbiota composition are associated with chronic liver inflammation
and may play a contributory role in hepatic carcinogenesis [17]. Dysbiotic gut microbiota
composition affect the gut barrier and increase intestinal permeability, promoting the
translocation of gut bacteria [18]. This leads to increased hepatic exposure with gut-
derived microbiota-associated molecular patterns that include LPS, a cell wall component
of Gram-negative bacteria [19]. Ni et al. demonstrated that LPS-producing genera, such as
Bacteroidetes, Firmicutes and Fusobacteria, were increased, while butyrate-producing genera
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were decreased in early HCC [20]. The accumulation of LPS itself may lead to bacterial
translocation and increased gut permeability. Bacterial compounds reach the liver via
portal vein and are recognized by pattern recognition receptors, expressed in Kupffer cells,
and eliminated under normal conditions [21].

Increasing levels of LPS activate Toll-like receptor 4 signaling pathways, produce
proinflammatory cytokines, such as IL-17, TNF-«, IL-6, and IL-1§3, and promote liver in-
flammation. Toll-like receptors also induce tumor proliferation mediated by mitogens such
as hepatocyte growth factors, amphiregulin and epiregulin [22]. High concentrations of
proinflammatory cytokines producing TAMs are associated with poor HCC prognosis [23].
Plasma LPS concentrations correlate with the degree of liver dysfunction [24].

In this study we found no significant difference in LPS serum levels in healthy in-
dividuals vs. HCC patients. On the contrary, the LPS levels were a bit higher in control
group. Moreover, this study does not support the measurement of LPS levels for prognostic
purposes for HCC patients as the baseline levels do not have impact on the time of survival.
It is very likely that LPS concentrations in the liver or the portal system has a higher
significance for development and progression of HCC than blood LPS levels.

Increased intestinal permeability may be the primary and one of the most important
factors in pathogenesis of chronic liver inflammation by causing bacterial translocation.
Enterocytes express FABPs which are thought to be involved in uptake of lipids in the
intestine [25]. FABP2, also known as intestinal-type FABP, is rapidly released into the
systemic circulation on enterocyte damage and has been shown to be a useful biomarker
for diagnosing acute intestinal ischemia [26,27].

Recent studies have demonstrated that fecal FABP2 levels are significantly increased in
cases of liver cirrhosis and correlate with disease severity. FABP2 concentration in plasma
were found to be different in pattern and absolute levels but as well elevated in liver
cirrhosis [28,29]. High FABP2 levels is significantly associated with increased mortality
from variceal bleeding in patients with liver cirrhosis [30]. No studies investigating the link
between FABP2 levels and HCC were published to date.

This current study demonstrated that serum FABP2 levels were significantly higher in
HCC patients compared with healthy controls that might be associated with background
of liver cirrhosis in most HCC cases. However, our analysis does not support the idea of
measuring FABP2 levels for prognostic purposes in newly diagnosed HCC patients. It
is likely that FABP2 is too nonspecific for HCC as it represents only a part of intestinal
permeability and is not directly involved in carcinogenesis.

Integrity of the immune system plays the important role in physiologically functioning
gut-liver axis. The constant low-level exposure to bacterial components in the liver inhibits
the activation of immune cells by specific receptors, such as TLRs, to level, called “endotoxin
tolerance”, and activates immune suppression via anti-inflammatory cytokines, such as
IL-10, transforming growth factor beta (TGF(3), and hepatocyte growth factor [31]. IL-10 is
an anti-inflammatory molecule which limits potentially damaging inflammatory response
by inhibiting antigen presentation by dendritic cells and inhibiting macrophage activation
and infiltration into damaged liver tissue [32]. At the cellular level, IL-10 is thought to
act as a posttranscriptional regulatory agent to suppress the messenger RNA (mRNA)
promoting the destabilization of inflammatory cytokine mRNA [33]. Furthermore, IL-10
inhibit apoptotic signaling pathways [34].

Being significantly involved in the development of chronic liver inflammation and
HCC, IL-10 should be considered as a potential biomarker for liver damage. Recent studies
have shown that some IL-10 polymorphisms could act as significant biomarkers of liver
cirrhosis or HCC. Higher serum levels of IL-10 were estimated to be associated with higher
inflammatory liver disease severity [7,35].

Our analysis confirms the fact that IL-10 serum levels are significantly higher in HCC
patients than in healthy individuals. However, according to our study, it appears to be not
suitable as prognostic tool for survival of HCC patients. The increase in IL-10 serum levels
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may be associated with the progression of the inflammatory process of the liver but not
with the carcinogenesis and stage of HCC.

This study has some limitations. It includes rather small number of HCC patients.
The HCC group was heterogenous as patients of all BCLC stages were included. It lacks
more single patient clinical data such as staging, underlying liver function, results of labo-
ratory tests, radiological imaging, histology availability, performance status, co-morbidities,
treatment modalities, cause of death, etc. Therefore, subgroup analysis could not be per-
formed. Larger and more complete studies are needed to better describe the value of
these molecules.

In conclusion, our study investigated LPS, FABP2 and IL-10 as possible diagnostic and
prognostic biomarkers for newly diagnosed HCC patients. We demonstrated that baseline
levels of both FABP2 and IL-10 are elevated in HCC patients and may serve as potential
biomarkers in complex HCC diagnostic tools. LPS as well as FABP2 and IL-10 appear not
to be suitable for prognosis of survival of HCC patients, however, further investigations
are needed.
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Abstract

Introduction: Early diagnosis of hepatocellular carcinoma
(HCQ) as well as evaluation of prognosis and prediction of
treatment efficacy remains challenging due to the missing
specific non-invasive biomarkers. The aim of this study was to
identify disease-specific microRNA (miRNA) patterns for di-
agnosis, prediction of prognosis, and treatment response in
patients with HCC. Methods: The study population included 42
HCC patients from SORAMIC clinical trial: 22 patients received
sorafenib monotherapy, 20 patients underwent *°Y radio-
embolization in combination with sorafenib. 20 individuals
were included in the control group. HCC patients underwent

collection of plasma samples before and 7-9 weeks after the
beginning of the treatment. Isolation of circulating miRNAs,
preparation of small RNA sequencing libraries and next-
generation sequencing were performed. Association analysis
for novel diagnostic, prognostic, and treatment-related can-
didate biomarkers was performed. Results: A total of 42 dif-
ferentially expressed (16 up-regulated and 26 down-regulated)
miRNAs were identified comparing baseline and control group
plasma samples. hsa-miR-215-5p and hsa-miR-192-5p were
down-regulated, while hsa-miR-483-5p and hsa-miR-23b-3p
were up-regulated comparing baseline and 7-9 weeks post-
sorafenib monotherapy samples. hsa-miR-215-5p was the sole
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down-regulated miRNA in the same combination therapy
comparison. hsa-miR-183-5p, hsa-miR-28-3p, and hsa-miR-
1246 were found to be significantly up-regulated comparing
non-responders versus responders to sorafenib. High hsa-miR-
215-5p expression was significantly associated with worse HCC
patients’ prognosis. Conclusions: Systematic miRNA profiling
of highly characterized samples from SORAMIC study revealed
a subset of potential mIRNA biomarkers for HCC diagnosis and
prognosis of sorafenib-treated patients’ survival.

© 2024 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the most common
primary liver tumour and the third leading cause of
cancer-related death worldwide [1]. The incidence of HCC
is increasing and will continue to rise in the future, ac-
cording to predictions concerning the American pop-
ulation [2]. It remains a crucial demand in HCC man-
agement to develop instruments to select the appropriate
therapy by including the prediction of treatment efficacy.

Sorafenib is an oral multi-target tyrosine kinase inhibitor,
which has been shown to prolong overall survival in patients
with HCC in advanced stages [3] and has been the main first-
line treatment for more than 10 years. Although novel
immunotherapeutic have displaced the sorafenib therapy in
first-line or second-line therapies [4], sorafenib will remain
an important treatment option, in cases where immuno-
therapy is contraindicated, unavailable, or ineffective. Al-
though the addition of selective internal radiation therapy
(SIRT), such as *°Y radioembolization, has not been shown
to significantly improve the efficacy of sorafenib in patients
with advanced HCC [5], further analysis has demonstrated
positive effect of addition of SIRT to sorafenib on survival
rates for selected patients with HCC [6].

As of today, the only prognostic biomarker is alpha-
fetoprotein (AFP) used in everyday clinical practice in
management and surveillance of HCC as well as in the
selection of liver transplant recipients [7]. However, its
sensitivity and specificity are rather low as baseline AFP
levels are usually normal and may be elevated because of
non-malignant diseases (e.g., chronic viral hepatitis) [8, 9].
Several other molecules have been investigated as potential
biomarkers to improve the HCC risk assessment, diagnosis,
and prognosis. HCC carcinogenesis is associated with
chronic liver inflammation, inflammatory cytokines, such as
interleukin-6 (IL-6) and IL-8, presented as candidates for
improving diagnosis and prognosis in HCC. Their baseline
levels are indeed significantly higher in HCC patients
compared to patients with chronic liver diseases [10, 11].
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Moreover, they were associated with overall survival in HCC
patients treated with sorafenib monotherapy or combination
with radioembolization [12, 13]. Various additional bio-
chemical and molecular cellular markers (e.g., glypican-3,
des-y-carboxyprothrombin), cancer stem cell markers (e.g.,
CD44, CD133), non-cellular components (e.g., vascular
endothelial growth factor), microRNAs (miRNAs), circular
RNAs, somatic genetic, and epigenetic alterations were
found to provide useful information on HCC prognosis
depending on treatment modalities [14, 15]. Extracellular
vesicles-based proteomics also appeared to have predictive
characteristics in HCC treatment [16].

miRNAs are small non-coding RNAs regulating gene
expression through inhibition of translation or degradation of
messenger RNAs (mRNAs). miRNAs act as tumour pro-
moters or suppressors and have a role in the carcinogenesis of
HCC [17]. Some studies have directly or indirectly demon-
strated the clear link between miRNAs and progression of
HCC [18, 19] and even proposed particular miRNAs as a
therapeutic target [20]. Analysis of tissue and blood miRNAs
has already demonstrated the potential of these molecules as
HCC-related biomarkers [21-23]. However, the vast majority
of studies report the results of predefined miRNA panels or
specific miRNAs analysed by real-time PCR [21-23]. Thus,
there is a need for comprehensive high-throughput studies to
identify the complete miRNA profile with the best diagnostic
and prognostic modalities. This miRNome profiling study as
a post hoc analysis of the palliative arm of the SORAMIC trial
aimed to identify HCC-associated miRNA diagnostic,
prognostic, and predictive biomarkers.

Materials and Methods

Study Design and Selection of the Patients

We performed a post hoc analysis of plasma samples available
from the SORAMIC (SORAfenib in combination with local MICro-
therapy guided by gadolinium-EOB-DTPA enhanced MRI) clinical
trial (ClinicalTrials.gov No. NCT01126645). Inclusion and exclu-
sion criteria for this trial as well as treatment protocol have been
described previously [5]. Twenty-two sorafenib monotherapy-
treated patients and 20 patients treated with combinational ther-
apy of radioembolization and sorafenib were included in the study
population (see online suppl. Fig. 1; for all online suppl. material, see
https://doi.org/10.1159/000538757). For each patient in this study
population plasma, samples were collected at two different time
points: before the initiation of the treatment (baseline [BL]) (n = 42)
and 7-9 weeks post-therapy (n = 40). Twenty individuals from
Hospital of Lithuanian University of Health Sciences Kauno klinikos
(Kaunas, Lithuania, ethical approval No. BE-2-31), aged 48-80
years, endoscopically diagnosed with colonic diverticulosis and free
of other known chronic or malignant liver diseases (considered as
control [CON] individuals for HCC cases) were included in the
control group of this study and their plasma samples were collected.
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Table 1. Characteristics of study participants

Total HCC patients Sorafenib Sorafenib + SIRT p value** CON p value**
(n=42) (n=22) (n = 20) (n = 20)

Gender, n (%)

Female 4 (9.5) 2(9.1) 2 (10.0) 1 3 (15.0) 0.671

Male 38 (90.5) 20 (90.9) 18 (90.0) 17 (85.0)
Age, years

Mean+SD 65.8+7.8 65.8+7.9 65.7+8.0 0.962 62.0+6.9 0.062
Race, n (%)

White 38 (90.5) 21 (95.5) 17 (85.0) 0.601 - -

Asian 1(24) - 1(5.0) - -

Other 1(24) - 1 (5.0) - -

Unknown 2 (4.8) 1(4.5) 1(5.0) - -
ECOG, n (%)

0 28 (66.7) 16 (72.7) 12 (60.0) 0.515 - -

1 14 (333) 6 (27.3) 8 (40.0) - -
Liver cirrhosis, n (%)

Yes 38 (90.5) 20 (90.9) 18 (90.0) 1 - -

No 4 (9.5) 2(9.1) 2 (10.0) - -
HCC aetiology, n (%)

Hepatitis B 2 (4.8) 2(9.1) - 0.661 - -

Hepatitis C 13 (31.0) 8 (36.4) 7 (35.0) - -

Alcohol 25 (59.5) 13 (59.1) 12 (60.0) - -
Child-Pugh score, n (%)

A 35 (83.3) 19 (86.4) 16 (80.0) 0.691 - -

B 7 (16.7) 3 (13.6) 4 (20.0) - -
BCLC stage, n (%)

B 7 (16.7) 5(22.7) 2 (10.0) 0414 - -

C 35 (83.3) 17 (77.3) 18 (90.0) - -
Radiological response, n (%)*

Yes 24 (57.1) 14 (63.6) 10 (50.0) 0.727 - -

No 12 (28.6) 8 (36.4) 4 (20.0) - -

Unknown 6 (14.3) - 6 (30.0) - - -

CON, control; HCC, hepatocellular carcinoma; SIRT, selective

internal radiation therapy; SD, standard deviation; ECOG, Eastern

Cooperative Oncology Group; BCLC, Barcelona Clinic Liver Cancer. *Radiological response according to mRECIST (modified Response
Evaluation Criteria in Solid Tumors) criteria comparing baseline and first control imaging (CT or MRI); complete response, partial
response and stable disease were considered as response while progressive disease — as non-response. 6 patients treated with
combination of sorafenib and SIRT lacked data on control imaging. **Student’s t test for continuous variables (normally distributed
data), non-parametric Wilcoxon rank-sum test (not normally distributed data), and Fisher's exact test for the categorical variables.

Plasma was isolated from whole blood according to SOP and stored
at —80°. The study protocol was approved by the Institutional
Review Boards of each participating centre and conducted in ac-
cordance with the Declaration of Helsinki. All subjects involved in
the study gave written informed consent. Characteristics of the study
participants are summarized in Table 1.

Isolation of Nucleic Acids, Small RNA-Seq Library

Preparation, and Next-Generation Sequencing

Isolation of circulating miRNAs and preparation of sequencing
libraries were performed as described previously [24]. Briefly, plasma
circulating nucleic acids, including circulating miRNA fraction, were

Novel miRNA Biomarkers for Diagnosis
and Prognosis of Hepatocellular Carcinoma

isolated using QIAamp Circulating Nucleic Acid Kit (Qiagen, Ger-
many) according to the manufacturer’s instructions. Small RNA
sequencing (smRNA-seq) libraries were constructed using Illumina
TruSeq Small RNA Sample Preparation Kit (Illumina, USA) ac-
cording to the manufacturer’s protocol. After the quantification and
quality assessment, the small RNA libraries were randomized and
sequenced using Illumina HiSeq 2500 (1 x 50 bp single-end reads).

Bioinformatics Analysis of Small RNA-Seq Data

smRNA-seq primary and secondary data analysis were per-
formed as described previously [24]. First, nf-core/smrnaseq
pipeline v.1.0.0 was used to perform read quality control, removal
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Fig. 1. a Multidimensional scaling plot based on normalised
expression values showing the similarity corresponding to
control (CON, n = 20) and hepatocellular carcinoma (HCC, n =
42) plasma samples. Each dot corresponds to a sample, the
centroid represents the group mean, and the ellipse presents the
mean standard error (SEM) based confidence. The rug plots

of 3 adapter sequences, mapping to mature and hairpin miRNAs
(miRBase v.22.1 [25]), and GRCh37 human reference genome.
Further, normalized counts were generated using the isomiRs
package and differential expression analysis was carried out using
the DESeq2 Bioconductor package v.1.32.0 [26]. The threshold for
significant differential expression was Bonferroni adjusted p
value <0.05 and absolute value of log2 fold change (FC) |
log2FC| > 1.

Statistical Analysis

Statistical analysis was performed using R (v. 4.1.0) and
RStudio software (v. 1.4.1106). The Shapiro-Wilk normality
test was used to test the distribution of data. For normally
distributed data, statistical significance was assessed by
Student’s ¢ test, and in the case when data did not pass the
normality test — a non-parametric Wilcoxon rank-sum test
was used. Fisher’s exact test was used for categorical vari-
ables. The area under the receiver operating characteristic
curve (AUC-ROC) analysis was performed using the pROC
R package to evaluate the diagnostic value. The Kaplan-
Meier method and log-rank test were used to evaluate the
prognostic value. p values <0.05 were considered statistically
significant.
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along the x and y axis show distributions of each dot’s value.
b Volcano plot showing the differentially expressed miRNAs
between HCC and controls; the orange and dark grey dots
represent the up-regulated and down-regulated miRNAs, the
most deregulated miRNAs are highlighted. Dashed lines indicate
p value <0.05 and |log2FC| > 1.

Results

Characterization of the Participants

Study population was male-predominant (90.5%) with
an average of 65.8 + 7.8 years. The majority (90.5%) of liver
cirrhosis cases of HCC patients have been caused by al-
coholic hepatic injury (59.5%) and chronic viral hepatitis C
(31.0%). All patients have had good or very good perfor-
mance status (ECOG 0-1). Most of the patients’ liver
function has been preserved: estimated Child-Pugh score A
(35 patients, 83.3%) and B (7 patients, 16.7%). According to
the BCLC staging system, 7 HCC patients (16.7%) were at
the intermediate stage (BCLC B) and the rest 35 (83.3%)
were at the advanced stage (BCLC C). Similarly, the control
group included mostly male individuals (85.0%) with an
average of 62.0 + 6.9 years. As described previously, controls
had no documented chronic or malignant liver diseases.
Statistical analysis showed no gender and age-related dif-
ferences comparing HCC and CON groups (p = 0.671 and
p = 0.062, respectively) (shown in Table 1).
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smRNA-seq Analysis showed Differentially Expressed

miRNAs in HCC Baseline Patients Compared to

Controls

Plasma smRNA-seq has been performed to evaluate
the potential of miRNA transcriptome (miRNome) for
clinical applications such as minimally invasive diag-
nostics. First, expression profiles of miRNA in HCC
baseline patients and CONs have been determined.
smRNA-seq yielded an average of 140 K raw sequencing
reads (from 12 K to 1 M miRNA read counts per
sample), and 711 miRNAs (miRBase v22.1) were
identified. In total, 301 low-abundant and non-variable
miRNAs and 1 outlying sample that did not pass data
quality criteria have been removed. After data pre-
processing and filtering, 408 miRNAs and 61 samples
have been retained for further differential expression
analysis (see online suppl. Fig. 2, 3). A total of 42 dif-
ferentially expressed miRNAs have been identified
comparing HCC baseline patients and CON plasma
samples (16 up-regulated and 26 down-regulated; full
list provided in online suppl. Table 1). Multidimensional
scaling analysis of normalized miRNA expression, re-
vealing the similarity of samples by implementing
Spearman’s correlation distance, has shown the distinct
centroids of ellipses, and overlap between 2 analysed
clusters of CON and HCC plasma samples (shown in
Fig. 1a). Data have also shown that top five deregulated
miRNAs were: hsa-miR-576-5p, -200b-3p, -374a-3p,
-140-5p, -1228-5p (up-regulated), and hsa-miR-219a-2-
3p, -218-5p, -129-5p, -132-3p, -3960 (down-regulated)
(shown in Fig. 1b).

miRNA Profile Has Weak Correlation with Clinical

Parameters

In order to evaluate the relationship between these
deregulated miRNAs and clinical parameters of HCC
patients such as plasma AFP levels and BCLC staging, the
correlation analysis was performed. However, none of 42
differentially expressed miRNAs was found to have
strong correlation with baseline AFP levels as well as
absolute and percentage change of AFP levels (see online
suppl. Fig. 4-6). Differential expression analysis revealed
sole deregulated miRNA (hsa-miR-142-5p) which could
distinguish BCLC stages B and C (shown in Fig. 2 and
online suppl. Table 2).

Differentially Expressed miRNA Profiles Could Be

Implemented for HCC Diagnostics

Normalized miRNA read counts were analysed for
discrimination of controls and HCC patients (in BL time
point). The analysis involved complete HCC miRNome

Novel miRNA Biomarkers for Diagnosis
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Fig. 2. Graph showing different expression of has-miR-142-5p in
patients with HCC of BCLC stage B and C. It was the sole miRNA
that could distinguish different HCC stages. The coloured area
represents a 95% confidence interval (CI). BCLC, Barcelona Clinic
Liver Cancer.

profiles and was performed based on feature selection and
random forest classificator algorithms. The feature
classificator showed that 10 miRNAs (hsa-let-7b-5p, hsa-
let-7c-5p, hsa-miR-124-3p, hsa-miR-125b-5p, hsa-miR-
219a-2-3p, hsa-miR-3960, hsa-miR-432-5p, hsa-miR-
6734-5p, hsa-miR-7-5p, hsa-miR-95-3p) were confirmed
as an important attribute. Confirmed attributes were used
for performance evaluation by using the receiver oper-
ating characteristic (ROC) curve (shown in Fig. 3a-y)
showing the best performance of hsa-let-7b-5p (AUC =
85.6%, 95% CI = 76.1-95.1%) and hsa-miR-3960 (AUC =
85.9%, 95% CI = 73.3-98.4%). This analysis revealed that
combination of all 10 above-mentioned miRNAs resulted
in significant AUC - 92.68% when discriminating be-
tween control and HCC cases.

miRNA Expression Patterns Could Be Altered after

HCC Therapy

Further the effect of HCC patients’ treatment on the
expression patterns of plasma miRNAs has been ana-
lysed. Two miRNAs, hsa-miR-215-5p (log2FC = —3.65;
padj =7.72 x 1078) and hsa-miR-192-5p (log2FC = -2.27;
padj = 1.11 x 1072), were down-regulated comparing
baseline patients versus 7-9 weeks post-sorafenib therapy
samples, whereas hsa-miR-483-5p (log2FC = 1.75; padj =
2.30 x 1072) and hsa-miR-23b-3p (log2FC = 1.60; padj =
2.96 x 1072) were up-regulated in the same comparison
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group (shown in Fig. 4a). Notably, hsa-miR-215-5p
(log2FC = -3.88; padj = 4.84 x 107°) was the sole down-
regulated comparing baseline HCC patients and
7-9 weeks post-treatment groups when analysing com-
bined SIRT/sorafenib therapy cases (shown in Fig. 4b).

Plasma miRNA Expression Could Significantly

Discriminate between Responders and Nonresponders

Depending on Treatment Strategy

Differential plasma miRNA expression analysis has
been performed to identify the association of miRNAs
with response to treatment. Comparing non-responders
vs. responders after 7-9 weeks of sorafenib therapy, three
miRNAs were found to be significantly up-regulated
(hsa-miR-183-5p [log2FC = 3.17, padj = 3.07 x 107%];
hsa-miR-28-3p [log2FC = 4.45, padj = 1.61 x 10~]; hsa-
miR-1246 ([log2FC = 4.53, padj = 2.26 x 10~%]). However,
no significantly deregulated miRNAs were detected when
comparing non-responders versus responders to com-
bined SIRT/sorafenib therapy after 7-9 weeks of treat-
ment. AUC/ROC analysis has shown that hsa-miR-183-
5p discrimination performance resulted in an AUC of
75.5% (95% CI = 52.6-98.5%; shown in Fig. 5a), hsa-miR-
28-3p resulted in AUC of 83.2% (95% CI = 66.0-100.0%;
shown in Fig. 5b), and hsa-miR-1246 - AUC of 78.6%
(95% CI = 59.5-97.6%; shown in Fig. 5c).

miRNA Expression Signatures for HCC Patients’

Prognosis

Finally, we have performed survival analysis to identify
the potential circulating miRNA prognostic markers. We
have grouped HCC patients into the following groups: (1)
baseline, (2) 7-9 weeks post sorafenib therapy, and (3)
7-9-week post-SIRT/sorafenib therapy. The analysis re-
sults revealed that two miRNAs (hsa-miR-215-5p
[log2FC = 3.39, padj = 1.06 x 107%]; hsa-miR-25-5p
[log2FC = -6.05, padj = 1.06 x 1072]) were significantly
deregulated in group II comparing death and non-death
(censored) outcomes of HCC patients. No deregulated
miRNAs that could be associated with survival were
found in groups I and III. Furthermore, we have grouped
HCC patients into two groups relative to the cut-off
expression level (above the median - high expression;
below the median low expression). Kaplan-Meier survival
analysis has shown that high hsa-miR-215-5p expression
is significantly associated (p = 0.031) with the worse HCC

patients’ prognosis (median survival time 10.5 and 26.9
months, high and low hsa-miR-215-5p expression, re-
spectively) (shown in Fig. 6).

Discussion

In the present study, plasma smRNA-seq analysis
was performed in HCC and CON groups. Moreover,
the HCC patients’ group was randomized by treatment
(sorafenib and combined SIRT/sorafenib therapy) and
followed-up after treatment. The survival rates in both
groups were similar [5]. We have identified 16 up-
regulated and 26 down-regulated miRNAs comparing
HCC baseline and CON plasma samples. At baseline
two miRNAs (hsa-miR-215-5p and hsa-miR-192-5p)
were found to be down-regulated while two miRNAs
(hsa-miR-483-5p and hsa-miR-23b-3p) were up-
regulated comparing to 7-9 weeks post-sorafenib
monotherapy samples. The only miRNA (hsa-miR-
215-5p) was down-regulated at baseline comparing to
7-9 weeks post-sorafenib + SIRT samples. Three
miRNAs (hsa-miR-183-5p, hsa-miR-28-3p, and hsa-
miR-1246) were found to be significantly up-regulated
comparing non-responders versus responders after
7-9 weeks of sorafenib monotherapy. Kaplan-Meier
survival analysis has demonstrated significant associ-
ation between high hsa-miR-215-5p expression and
worse prognosis for HCC patients independently of the
therapy received.

First, we have shown the distinct circulating plasma
miRNome profiles comparing the HCC baseline and
CON samples. From the list of the most deregulated
miRNAs in HCC patients’ plasma, hsa-miR-576-5p has
been reported to be up-regulated in non-alcoholic fatty
liver disease [27]. However, deregulation of this miRNA
in the case of HCC was reported in our study for the first
time. Interestingly, expression of hsa-miR-200b-3p has
been shown to be down-regulated in HCC tissues [28],
while our data suggest significant up-regulation of this
miRNA in HCC plasma samples compared to controls.
Several functional miRNA studies report the role of hsa-
miR-374a-5p and hsa-miR-140-5p in HCC in vitro [29,
30]; however, to our best knowledge there are no studies
reporting altered expression of these miRNAs in plasma
or tissue in the case of HCC and their potential for HCC

Fig. 3. ROC curves depicting the discrimination performance of (a) hsa-let-7b-5p, (b) hsa-let-7c-5p, (c) hsa-miR-
124-3p, (d) hsa-miR-125b-5p, (e) hsa-miR-219a-2-3p, (f) hsa-miR-3960, (g) hsa-miR-432-5p, (h) hsa-miR-
6734-5p, (i) hsa-miR-7-5p, (j) hsa-miR-95-3p between controls and HCC in the BL group. The shaded area
represents a 95% confidence interval (CI). AUC, the area under the receiver operating characteristic curve.
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Fig. 4. Volcano plot showing the differentially expressed plasma miRNAs compared to HCC BL and 7-9 weeks
post-therapy patients, demonstrating the changes during treatment: (a) sorafenib therapy group; (b) SIRT/

sorafenib therapy group.

diagnosis and prognosis. A reduced level of hsa-miR-
1228-5p was reported by Cho et al. [31] in the case of
cervical cancer. A study by Sonoda et al. [32] asso-
ciated hsa-miR-1228-5p with cerebrovascular disor-
ders. However, our study reported up-regulation of
this miRNA in HCC patients’ plasma for the first time.
To our best knowledge, hsa-miR-219-2-3p and hsa-
miR-218-5p down-regulation in plasma has not been
previously reported in the case of HCC. hsa-miR-219-
2-3p has been previously shown to be possibly in-
volved in gastric cancerogenesis, the development of
pituitary adenomas, and glioblastomas [33-35]. In
addition, functional miRNA studies report the role of
hsa-miR-218-5p in the regulation of cell proliferation,
metastasis, and invasion in vitro in HCC cell lines [36].
Similar to our results Shaker et al. [37] have shown that
hsa-miR-129-5p is down-regulated in the serum
samples of HCC patients and showed great perfor-
mance (AUC = 0.997, sensitivity 100%, specificity
97.2%) in HCC discrimination analysis. Functional
studies have supported the important role of hsa-miR-
129-5p in HCC. This miRNA may contribute to
proliferation and metastasis, affect progression, and
regulate HCC progression [38]. We have determined
reduced plasma levels of hsa-miR-132-3p. In contrast,
Wen et al. [39] reported significantly overexpressed
hsa-miR-132-3p in the plasma of HBV-positive HCC
patients, and Yuan et al. [40] reported increased ex-
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pression of hsa-miR-132-3p in HCC tissues. Although
a few studies have reported that expression of exo-
somal or circulating serum, hsa-miR-3960 could be a
molecular signature of diffuse large B-cell lymphoma
or bladder cancer, respectively [37, 41] and that hsa-
let-7b-5p has a link with acute myeloid leukaemia, skin
melanoma, and head and neck squamous cell carci-
noma [42-44], there is no previously published data
showing the potential link of both hsa-miR-3960 and
hsa-let-7b-5p with HCC and their association with this
disease is reported for the first time in our study.

We compared newly identified differentially ex-
pressed miRNA profile with AFP as the only approved
biomarker for HCC. However, none of deregulated
miRNAs had strong correlation with baseline AFP
levels or changes (both absolute and percentage) in
AFP levels. Previous studies have shown that com-
bining AFP levels with certain miRNAs levels could
improve diagnostic abilities [45]. Further investiga-
tions are needed.

Differential expression analysis demonstrated that
there is only one miRNA (hsa-miR-142-5p) which
deregulation is different depending on the HCC stage
and could distinguish BCLC stages B and C. Previously
only one study has identified the link between this
miRNA and HCC [46]. However, its relationship with
differently progressed disease has not been analysed
before.
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Fig. 5. ROC curves depicting the discrimination performance of (a) hsa-miR-183-5p, (b) hsa-miR-28-3p, (c) hsa-
miR-1246 between responders and non-responders in the sorafenib treatment group. The shaded area represents
a 95% confidence interval (CI). AUC, the area under the receiver operating characteristic curve.

Next, we have identified several miRNAs such as hsa- treatment strategies but irrespective of response to
miR-215-5p, -192-5p, -483-5p, -23b-3p the expression treatment. miRNA hsa-miR-215-5p expression in plasma
pattern of which alters depending on the different decreased after 7-9 weeks post-sorafenib and combined
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line) expression of miRNA in plasma: (a) hsa-miR-215-5p, (b) hsa-miR-25-5p. A 95% CI (estimated from a log
hazard) is presented in the shadowed area. The tick marks indicate censored events, and the dashed line indicates

the median survival time.

SIRT/sorafenib treatment; while sorafenib therapy has
affected hsa-miR-192-5p, -483-5p, -23b-3p levels in
plasma. The listed miRNAs have been previously asso-
ciated with HCC. Zhang et al. [47] have suggested that
increased hsa-miR-215-5p expression in serum could be
implemented for HCC diagnostics. A study by Zhou et al.
[48] associated this miRNA with hepatitis B virus-related
HCC. Lin et al. [49] reported differentially expressed
exosomal hsa-miR-483-5p in HCC. However, only one
study by Manganelli et al. [50] in concordance with our
results revealed that the average amount of miR-23b-3p
significantly increased 1 month after starting sorafenib
treatment.

Plasma smRNA-seq data analysis revealed that hsa-
miR-183-5p, -28-3p, and -1246 could be associated with
HCC patients’ response to sorafenib treatment. In vitro
studies showed that the latter-mentioned miRNAs could
be highly important in HCC carcinogenesis [51, 52].
However, their expression relationship with the re-
sponse to sorafenib treatment in HCC has not been
previously described. Pehserl et al. [53] reported that
several miRNAs including hsa-miR-1246 were identified
to be differentially regulated post-sorafenib treatment in

Dig Dis
DOI: 10.1159/000538757

colorectal cancer cell culture Caco-2. Although hsa-
miR-28-3p have not been previously related to HCC,
we have shown that it reveals quite good AUC of 83.2%
when discriminating the patients that received sorafenib
therapy.

Finally, survival analysis showed that hsa-miR-215-5p
has been also associated with HCC patients’ survival and
what is important; its expression level could indicate a
worse prognosis for HCC patients. It has been previously
reported that hsa-miR-215-5p could be applied for HCC
diagnostics, but it has not been associated with pa-
tients’ survival before. Taken together, our data and
results from previous studies suggest that in the case of
HCC hsa-miR-215-5p acts as an oncomir, its levels in
the patient’s blood plasma respond to sorafenib
treatment, and increased levels could be significantly
associated with a worse prognosis (after sorafenib
therapy). hsa-miR-215-5p putative gene target set
analysis has shown that genes such as EREG, NIPALI,
MFAP3, CCNT2, NKAIN2, ZEB2, etc. could be tar-
geted by this miRNA (see online suppl. Tables 3 and 4
for the full lists of potential targets, TargetScan 8.0 and
miRDB [54]). Consequently, this miRNA could be
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involved in EGF receptor, angiogenesis, apoptosis,
cadherin, Wnt, integrin signalling, and TGF-beta
signalling pathways (PANTHER 17.0 [55]) which
have been previously shown to be deregulated in
cancer, including HCC [56].

Despite the important and novel findings of this
study, some limitations should be declared. Our study
does not include HCC tumour tissue collection.
Therefore, we have retained the open access data sets
and performed tissue miRNome analysis comparing
normal and HCC samples (TCGA and YM500v3 [57]
data bases, see online suppl. Tables 5 and 6). However,
the overlap of the tissue and our plasma miRNomes
was insignificant. These results could be explained by
the origin of tissue (whether it is a healthy subject or
adjacent tissue) or even ethnicity of study participants.
Next, miRNA analysis was performed from samples of
total plasma circulating nucleic acids, as the isolation
kit does not include technical steps for specific en-
richment of small RNA molecules. However, this
provides important data revealing the possible ap-
plication of multi-layer molecular profiling from a
single sample. As the subgroups of HCC patients
corresponding different aetiology of chronic liver
disease were too small, the detailed analysis was not
performed. Despite the limitations mentioned, we
believe that this study provides highly relevant and
promising data for more precise and minimally in-
vasive HCC diagnostics and prognostics.

Conclusion

We have shown different plasma miRNome profiles
comparing HCC and control cases. Our results have
suggested possible minimally invasive liquid biopsy-
based plasma miRNA biomarkers for HCC. We have
revealed potential therapy-related targets showing
that hsa-miR-215-5p expression levels in plasma
could be related to both sorafenib and SIRT/sorafenib
treatment and also survival rates when patients are
treated with sorafenib. We have also identified several
plasma miRNA-based targets that showed response-
dependent expression and that could potentially be
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