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Abstract

Aim: Increased serum alpha-fetoprotein (AFP) levels are associated with specific molecular sub-classes of
hepatocellular carcinoma (HCC), supporting AFP as a predictive or therapeutic biomarker for precision treatment
of this disease. Considering recent efforts to validate HCC molecular classification systems across different
populations, we applied existing signature-based classification templates to Hawaii cohorts and examined whether
associations between HCC molecular sub-class, AFP levels, and clinical features found elsewhere can also be
found in Hawaii, a region with a unique demographic and risk factor profile for HCC.

Methods: Whole-genome expression profiling was performed on HCC tumors collected from 40 patients
following partial hepatectomy. Tumors underwent transcriptome-based categorization into 3 molecular sub-
classes (S1, S2, and S3). Patient groups based on molecular sub-class and AFP level were then compared with
regards to clinical features and survival. Differences associated with AFP level and other clinical parameters were
also examined at the gene signature level by gene set enrichment analysis.

Results: Statistically confident (false discovery rate < 0.05) sub-classifications were made in 98% (39/40) of
tumors. Patient sub-groups differed significantly with regards to serum AFP level, with significantly lower levels
in the S3 sub-group as compared to S1 (P = 0.048) and S2 (P = 0.010). Serum AFP > 400 ng/mL predicted
significant tumor enrichment for genes corresponding to MY C target activation, high cell proliferation, poor clinical
prognosis, and the S2 sub-class. AFP > 400 ng/mL and non-S3 tumor classification were found to be significant
predictors of overall survival.

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0
BT International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long

as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.
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Conclusion: Distinct sub-classes of HCC associated with different molecular features and survival outcomes can
be detected with statistical confidence in a Pacific Island cohort. Molecular classification signatures and other
predictive markers for HCC that are valid for all patient populations are needed to support multi-center efforts to
develop targeted therapies for HCC.

Keywords: Hepatocellular carcinoma, alpha-fetoprotein, survival, gene expression, enrichment analysis, molecular
signature, Asia-Pacific, Hawaii

INTRODUCTION

Hepatocellular carcinoma (HCC) remains a leading cause of cancer-related mortality worldwide despite
current extensive knowledge about its preventable risk factors . The highest incidence rates of HCC are in
areas with endemic hepatitis B virus (HBV) infection such as China and Sub-Saharan Africa, however HCC
incidence has been increasing in Oceania, Europe, and the United States (US) owing to the rising prevalence
of other HCC risk factors such as hepatitis C virus (HCV) infection and steatohepatitis. In the US alone,
HCC diagnoses have tripled since 1975, and with a 5-year survival rate as low as 12%, HCC is fast becoming
a leading cause of cancer-related mortality in this regionm. Reflecting its predominantly Asian and Pacific
Islander demographic, Hawaii has one of the highest incidence rates of liver cancer in the US, with an age-
adjusted incidence rate of 11.0 per 100,000 that is considerably higher than the overall US rate of 7.6 per
100,000, Given that the distribution of HCC risk factors in Hawaii differs from that of both Asia and the
continental US®”, studies involving cohorts from Hawaii may provide additional insights into the disease.

HCC is renowned for its genomic and molecular diversity. Recent attempts at HCC molecular sub-
classification have produced multiple, sometimes orthogonal, classification systems that associate with
various clinical, histological, and molecular features"*"”. The molecular diversity of HCC makes targeted
therapy challenging, since it dilutes any individual therapeutic target within the patient population, leading
to weaker overall benefit in conventional clinical trials"*"". Consequently, it is not surprising that among
HCC clinical trials to date, all molecularly-specific agents have failed, and only multi-targeting agents such as
sorafenib have shown eﬂicacy[m]. A robust molecular sub-classification system for HCC could enable clinical
trials to enrich study cohorts according to tumoral expression of targeted molecular pathways[“’”’”]. In fact,
this may be the most important next step in advancing patient-individualized treatment of HCC. It would
therefore be prudent to validate HCC sub-classification systems across many different patient populations
worldwide.

Serum alpha-fetoprotein (AFP) measurement has been used extensively for HCC screening and diagnosis,
despite being associated with a limited diagnostic sensitivity of approximately 66%'**. Possibly explaining
this limited sensitivity, different molecular sub-classes of HCC have been associated with different degrees
of AFP production[w”]. Clinically, differences in AFP production have also been associated with gross
and histopathologic tumor differences, including differences in tumor size, multinodular appearance, and
vascular invasion”™. AFP may also be directly involved in tumor pathogenesis through its involvement
in several mitogen and anti-apoptotic pathways, as well as potentially by exerting paracrine effects on
immune and other non-tumor cells*"**. Given these associations, AFP could have significant value beyond
that of a diagnostic marker. While several molecular classification systems for HCC have been associated
with differences in AFP levels across their respective sub-classes' ™", these associations along with the
classification systems themselves are in need of further validation across many different population cohorts.
Since Hawaii has a unique and diverse patient population, we assessed the feasibility of applying HCC
molecular classification systems derived from other patient populations to those in Hawaii and examined the
relationship of AFP and other clinical parameters to the transcriptomic features of HCC.
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METHODS
Tissue samples

Forty patients diagnosed with BCLC stage A HCC who were referred to a single medical center for primary
treatment of HCC by partial hepatectomy were prospectively recruited to participate in an institutional
review-board approved clinical research study with written informed consent. All patients were deemed
clinical candidates for hepatic resection by an attending surgeon, and a separate informed consent process
for surgery was completed before study recruitment.

Whole transcriptome analysis

At the time of surgery, tumor and adjacent non-tumor samples were taken from the resection specimen
and conserved in separate containers with RNA Later medium (Thermo Fisher, Waltham, MA). RNAs were
subsequently extracted from homogenized frozen liver tissue lysates in RLT Plus buffer with the All Prep
DNA/RNA Mini kit (Qiagen, Valencia, CA). The isolated RNAs were then stored at -80 °C until analysis.

The analytical quality of the total RNAs was assayed using a Bioanalyzer with RNA 6000 Nano chips
(Agilent, Santa Clara, CA) prior to use for this study. Isolated RNAs were then processed following the WG-
DASL assay protocol (Illumina Inc., Sunnyvale, California). Resulting PCR products were hybridized onto
the Illumina HumanHT-12 v4 Expression Bead Chips covering over 24,000 transcripts with genome-wide
coverage of well-characterized genes, gene candidates, and splice variants. Arrays were scanned using the
iScanTM instrument and expression levels were quantified using Genome Studio software (Illumina Inc.,
Sunnyvale, CA). The resulting expression data matrix contained 40 columns representing individual tumor
samples and 20,818 rows corresponding to gene expression data.

This gene expression dataset was pre-processed by generalized log2 transformation with background
subtraction, quantile normalization, and row centering. Each sample was annotated with corresponding
clinical data such as age, gender, FIB-4 score, AFP level, and HCC risk factor data, as obtained from clinical
records. All tumor samples, gene expression data, and clinical parameters were de-identified and assigned a
serial number to maintain patient confidentiality.

Tumor classification based on gene expression signature

Tumor molecular classification was based on the Hoshida system, using sub-classification signatures
previously subjected to meta-analysis in 6 different patient cohorts collected from 3 continents (Asia, Europe,
and North America)""”. Based on this classification system, samples were categorized by nearest template
into 3 distinct HCC sub-classes (labeled S1, S2, and 83)[23]. A false discovery rate (FDR) < 0.05 was used as
the statistical criterion for confident sub-class label assignments.

Clinical classification

The histologic diagnosis of HCC was established for each patient by clinical pathology. These diagnoses
were further confirmed in all tumor samples by a single board-certified hepatobiliary pathologist. Tumor
samples were then sub-categorized based on several clinical parameters to be later used as classes for gene
set enrichment analysis (GSEA). These categorizations were based on the distribution of each clinical
parameter for all tumor samples. The clinical parameters to be used as class phenotype labels were selected a
priori. They were age, gender, FIB-4 score, AFP level, and presence of HBV infection. Except for gender and
HBYV infection, which are binary, parameters were dichotomized for GSEA based on analysis of dispersion.
AFP levels displayed a bimodal distribution so that a cut-off point between “high” and “low” AFP values
could be made at the histogram trough corresponding to 400 ng/mL. Coincidentally, an AFP cut-off point
of 400 ng/mL is frequently used clinically as a highly specific cut-off for confirming HCC diagnosis"*,
and also frequently serves as a cut-off point for determining eligibility in clinical trials involving agents
with potential selectivity for AFP-producing tumors (e.g. NCT02435433). In contrast, the distribution



Page 4 of 12 Nishioka et al. Hepatoma Res 2018;4:1 | http://dx.doi.org/10.20517/2394-5079.2017.46

of FIB-4 scores was highly skewed and did not fit a normal or bimodal distribution to provide a logical
location for the cut-off point. A FIB-4 cut-off was therefore prospectively chosen based on review of
previous literature regarding FIB-4 scores and their prognostic value. A study conducted by Chan et al",
which aimed to determine an optimal cut-off point for diagnosing and prognosticating advanced liver
fibrosis after curative liver resection in HCC patients found that a FIB-4 index of 2.87 optimized both
sensitivity and specificity. As a result, samples were dichotomized based on a FIB-4 score of 2.87.

GSEA

GSEA was used to test the hypothesis that gene expression profiles corresponding to a priori defined gene
sets differ between samples belonging to 2 distinct phenotype classes™. Using a Java-based implementation
of the GSEA algorithm (GSEA v3.0, Broad Institute, Boston, MA), the enrichment of gene sets of interest
within tumors corresponding to a given clinical phenotype were sought. To perform significance testing
against a null-hypothesis, permutation testing was performed to compute enrichment scores for 1000
random phenotype assignments. A FDR of less than 0.25 was used to indicate significant enrichment and
prompt further inquiry about tumor biology using biomedical literature referenced in the GSEA output.

Current versions (v6.0) of curated collections of gene sets were downloaded from an online database MSigDB
(MSigDB, Broad Institute, Boston, MA) from within the GSEA Java application. The Hallmarks collection
(comprised of 50 gene sets composed of coherently expressed genes reflecting well-defined biological states
or processes) and the chemical and genetic perturbations (CGP) collection (comprised of 2675 gene sets
reflecting gene signatures derived from published biomedical literature) were used for this study. The CGP
collection includes gene signatures reflecting genetic and chemical perturbations from a broad variety of
diseases. To estimate the number of HCC-related gene sets in the CGP collection, a query for “hepatocellular
carcinoma” was performed using the search mechanism of the mSigDB online portal (http://software.
broadinstitute.org/gsea/msigdb/index.jsp). This revealed 107 gene sets within the CGP collection related to
HCC that were supported by literature from Medline-indexed journals. These gene sets included multiple

[8,10,11,26] [12,27]

published gene signatures for HCC molecular classification and prognostication

Statistical methods

Differences involving normally distributed variables were assessed by t-test or analysis of variance. Post hoc
multiple pair wise comparisons were performed by the Steel-Dwass test. Comparisons among categorical
or dichotomized variables were assessed using Fisher’s exact test. Kaplan-Meier analysis was used to
compare overall survival rates post-surgical resection in patients stratified by AFP > 400 ng/mL and AFP <
400 ng/mL, and by combined S1 and S2 tumor subclasses vs. S3 subclass. Differences in survival curves
were assessed using the Log-Rank tests. Cox proportional hazard ratios were also computed for the effects
of AFP level differences and tumor class differences on overall survival post-surgical resection. Adjustments
to proportional hazards regression models were made only if multiple significant univariate predictors of
overall survival were identified. All statistical analyses were carried out using SAS version 9.3 (SAS Institute,
Cary, NC).

RESULTS

Patient clinical characteristics and demographics (n = 40) are summarized in Table 1. There were no
significant differences in various clinical parameters including age, gender, HBV infection, HCV infection,
significant alcohol use, Edmondson-Steiner grade, or proportion of high FIB4 scores between the AFP >
400 ng/mL and AFP < 400 ng/mL groups of patients [Table 2].

Tumor classification
The number of tumors mapped into tumor sub-class S1, S2, and S3, were 12, 4, and 23 respectively. Only
one tumor could not be classified based on a FDR < 0.05. The remaining sub-class assignments were also
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Table 1. Clinical characteristics and demographics of the patient cohort

Characteristics Data
No. of patients 40
Mean age, years 64.0
Gender, male/female 30/10
HBV-infected, 7 (%) 5 (12.5%)
HCV-infected, 7 (%) 9 (22.5%)
Alcohol abuse, 7 (%) 3 (7.5%)
Combination HBV/alcohol, 7 (%) 5(12.5%)
Combination HCV/alcohol, 7 (%) 8 (20.0%)
Racial cateogry

Asian 21

Native Hawaiian/Pacific Islander 9

White 8

Black/African American 2

HBV: hepatitis B virus; HCV: hepatitis C virus

Table 2. Comparison of clinical characteristics between patients with serum AFP > 400 ng/mL and lower AFP values

... AFP (ng/mL)
Characteristics > 400 M 400 P-value
No. of patients 9 31
Mean age, years 671 62.9 0.314
Gender Male 6 (66.7%) 24 (77.4%) 0.665
Female 3(33.3%) 7 (22.6%)
FIB4 score >2.87 3(33.3%) 15 (48.4%) 0.476
<2.87 6 (66.7%) 16 (51.6%)
Edmondson ES1 0 (0.0%) 3(9.7%) 0.351
- Steiner Grade ES2 3(33.3%) 18 (58.1%)
ES 3 5 (55.6%) 8 (25.8%)
ES 4 1(111%) 2 (6.5%)
Risk factors HBV 0(0.0%) 5 (16.1%) 0.522
HCV 3(33.3%) 6 (19.4%)
Alcohol 0 (0.0%) 3(9.7%)
HBV/alcohol 1(111%) 4 (12.9%)
HCV/alcohol 1(11.1%) 7 (22.6%)
None 4 (44.4%) 6 (19.4%)

AFP: alpha-fetoprotein; HBV: hepatitis B virus; HCV: hepatitis C virus
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statistically significant based on Bonferroni-corrected P-values < 0.05. A heat map depicting classification
signature expression patterns and a Venn diagram summarizing the number of differentially expressed
signature genes between sub-classes are shown in Figure 1. Corresponding serum AFP levels differed
significantly across tumor sub-classes (Wilcoxon P = 0.002). Post hoc pair wise testing adjusted for
multiple comparisons revealed significant differences in AFP levels between sub-classes S3 and S1 (72 vs.
2332 ng/mL, P = 0.048) and between S3 and S2 (72 vs. 4277 ng/mL, P = 0.010). Functional annotation
of the sub-classification results by Gene Ontology Biological Processes is shown in Supplementary
Table 1.

GSEA results

In comparing HCC tumors associated with serum AFP > 400 ng/mL (high AFP class) with those associated
with lower AFP levels, multiple gene sets from the Hallmarks and CGP collections were significant based
on FDR < 0.25. From the Hallmarks collection, 7/50 gene sets were identified as significantly enriching the
elevated AFP class of tumors. These gene sets are summarized in Supplementary Table 2. Two of the top
scoring gene sets from this collection, MYC_TARGETS_V1 and MYC_TARGETS_V2 (with FDR 0.057
and 0.077, respectively), are comprised of genes known to be upregulated in response to MYC oncogene
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Figure 1. (A) Clustered heat map showing expression pattern of the HCC subclassification signature among 39 patients. Columns
represent tumor samples clustered into S1 (red), S2 (blue), and S3 (yellow) HCC sub-classes. Rows represent genes comprising the S1
(red), S2 (blue), and S3 (yellow) classification signatures. Confident prediction (FDR < 0.05) occurred in 98% (39/40) of cases; (B) Venn
diagram showing the number of HCC sub-classification genes that are common and differentially expressed among the S1, S2, and S3
sub-classes. HCC: hepatocellular carcinoma; FDR: false discovery rate

activation. Their enrichment score plots are shown in Figure 2A and B, respectively. These gene sets are
relatively independent of each other since they hold only 18 genes in common and are comprised of 200
and 58 genes respectively. Thus, their mutual significance compounds support that the tumors in the high
AFP class are enriched for genes controlled by MYC, a finding that is also consistent with previous literature
impli?a;ting MYC oncogene activation in the pathogenesis of HCC tumors associated with high serum AFP
levels ™.

Another top ranked gene set from the Hallmarks collection was UNFOLDED_PROTEIN_RESPONSE
(FDR 0.069 and family-wise error rate P = 0.044). The enrichment score plot for this gene set is shown in
Figure 2C. This gene set is comprised of genes associated with unfolded protein response (UPR). There
is recent evidence to suggest that AFP production is proteostatically regulated in part by UPR, although
all exact mechanisms have not yet been clarified™”. In one study, exposure of HCC cells to sorafenib led
to changes in UPR that affected AFP production independent of an effect on cell viability, a finding that
suggests that AFP could potentially serve as a biomarker of tumor proteostatic response””. The remaining
significant gene sets from the Hallmarks collection (E2F_TARGETS, G2M_CHECKPOINT, DNA_REPAIR,
and MITOTIC_SPINDLE) were all found to relate to cell proliferation, as the E2F transcription factory
family is known to integrate cell cycle progression with DNA repair, replication, and G2/M checkpoints™, A
heat map based on the list of ranked genes from GSEA using the Hallmarks gene set collection is shown in
Supplementary Figure 1.

GSEA using the CGP collection identified 351 gene sets as being significantly enriched in the high AFP class
of tumors. These gene sets and their corresponding significance and enrichment scores are summarized in
Supplementary Table 3. Although this collection (comprised of 2675 signatures derived from a broad variety
of diseases and conditions) included relatively few HCC-related gene sets, a disproportionate number of
them were found to be significant [Table 3].

Several of the gene signatures found to be significant have previously been associated with high AFP levels,
including HOSHIDA_LIVER_CANCER_SUBCLASS_S$2"", CHIANG_LIVER_CANCER_SUBCLASS _
PROLIFERATION_UP", and YAMASHITA_LIVER_CANCER_WITH_EPCAM_UP"”. In addition to
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Figure 2. Profile of the running enrichment score and position of gene set members on the rank ordered list for (A) MYC_TARGETS_VT;
(B) MYC_TARGETS_V2; and (C) UNFOLDED_PROTEIN_RESPONSE from the HALLMARKS gene set collection. The two MYC_TARGETS
gene sets (comprised of 200 and 58 genes, respectively) share only 18 genes in common

these HCC-specific gene sets, 14 gene sets from the CGP collection representing MYC target genes were
also found to be significantly enriched in the high AFP class, which falls in agreement with the enrichment
analysis results obtained using the Hallmarks collection. A heat map of the top ranked genes from this
analysis is shown in Supplementary Figure 2. No significant differences in gene set enrichment were found
between phenotype classes determined by age, gender, FIB4 or HBV-status using either the Hallmarks or
CGP collections.

Survival analysis

A Kaplan-Meier plot comparing the survival of patients with serum AFP level > 400 ng/mL versus patients
with lower serum AFP levels is shown in Figure 3A. Serum AFP level > 400 ng/mL was significantly
associated with poorer overall survival (Log-Rank P = 0.040) and a hazard ratio for mortality of 3.1 (95%CI
1.0-9.7, P = 0.050).
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Table 3. HCC-related gene sets from the chemical and genetic perturbations collection enriched in the high AFP
tumor class

Name FDR
BOYAULT_LIVER_CANCER_SUBCLASS_G3_UP 0.086
HOSHIDA_LIVER_CANCER_SUBCLASS_S2 0.088
BOYAULT_LIVER_CANCER_SUBCLASS_G123_UP 0.099
CHIANG_LIVER_CANCER_SUBCLASS_PROLIFERATION_UP 0.101

YAMASHITA_LIVER_CANCER_WITH_EPCAM_UP 0.104
SAKAI_CHRONIC_HEPATITIS_VS_LIVER_CANCER_UP 0.118

LEE_LIVER_CANCER_SURVIVAL_DN 0.147
CHIANG_LIVER_CANCER_SUBCLASS_UNANNOTATED_DN 0.186
BOYAULT_LIVER_CANCER_SUBCLASS_G23_UP 0.228
BOYAULT_LIVER_CANCER_SUBCLASS_G12_UP 0.252

HCC: hepatocellular carcinoma; FDR: false discovery rate

For survival analysis based on the molecular classification of tumors, patients whose tumors were assigned
to sub-classes S1 and S2 were grouped together because of the similarity in gene expression between
sub-classes S1 and S2 relative to S3 [Figure 1] and the significant associations of sub-classes S1 and S2
with higher AFP levels (mean 2819 ng/mL) as compared to S3 (mean 72 ng/mL). A Kaplan-Meier plot
comparing the survival rates of patients with non-S3 tumors vs. patients with S3 tumors is shown in
Figure 3B. Non-S3 tumors were significantly associated with poorer overall survival (Log-Rank P = 0.024)
and a mortality hazard ratio of 3.6 (95% confidence interval 1.1-11.6, P = 0.035). Age, gender, FIB4 > 2.87,
and HBV infection were not found to be significant predictors of overall survival following liver resection.

DISCUSSION

In this study, tumoral differences were examined at the gene signature level between HCC sub-groups
categorized on the basis of AFP and other clinical parameters. Using GSEA, we found no significant
differences in gene set enrichment between tumors categorized by patient age, gender, clinical severity of
liver fibrosis, and HBV infection. However, we did find significant differences between tumors categorized by
patient serum AFP level. These differences proved to be biologically coherent across analyses involving two
distinct gene set collections from the mSigDB molecular signature repository. Specifically, using the mSigDB
Hallmarks collection of gene sets, we found serum AFP levels > 400 ng/mL to be associated with gene set
enrichments corresponding to MYC oncogene activation, enhanced DNA replication/repair, and cell cycle
progression, all of which are defining properties of highly proliferating tumors. In addition, we found tumors
from patients with high serum AFP levels to be significantly enriched for genes associated with proteostasis,
a potential mechanism for the release of AFP by tumor cells™”

Using the larger CGP gene set collection comprised of 2675 gene signatures, we found that tumors associated
with high serum AFP levels were also significantly enriched for genes belonging to several existing molecular
classification signatures for HCC. Three of these signatures have already been associated with high AFP levels
by previous studies. The first signature corresponds to the S2 tumor sub-class defined by Hoshida et al."”. In
addition to being associated with high serum AFP levels, this sub-class of HCC tumors is characterized by
MYC oncogene activation and enhanced cellular proliferation. Thus, these results are concordant with the
results obtained by GSEA using the Hallmarks gene set collection. Another HCC sub-classification signature
found significantly enriched in the high AFP class of tumors corresponds to a “proliferation” sub-class of
HCC described by Chiang et al™. In addition to being associated with high serum AFP levels, this sub-class
is associated with chromosomal instability and overexpression of proliferation-related genes. The third HCC
classification signature that was significant in our analysis corresponds to an EpCam signature defined by
Yamashita et al."”. In their study, this signature, when combined with AFP expression, identifies four patient
sub-groups, each with their own unique sub-signature and survival pattern. Notably, the AFP-positive sub-
groups were associated with higher TNM stage and worse clinical prognosism]. Altogether, these distinct
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signatures (from three different molecular classification systems) were consistent in ascribing aggressive
biological traits to the high AFP class of tumors in our study.

Supporting the premise that aggressive tumor biology leads to worse clinical outcomes, we also found the
LEE_LIVER_CANCER_SURVIVAL_DN gene signature (comprised of genes highly expressed in HCC
associated with poor survival™”), to be significantly enriched in the high AFP class of tumors from our study.
Confirming this prognostic result, we found overall survival rates of patients with AFP levels > 400 ng/mL
to be significantly lower than those with AFP level < 400 ng/mL. Furthermore, survival analysis based on
molecular tumor classification revealed significantly lower survival rates in patients with tumor sub-classes
associated with high AFP levels.

Of course, clinical associations between high AFP levels and poor prognosis in HCC are not unique to
our study. Elevations in AFP have been widely shown to predict poorer prognosis, especially when used in
combination with other clinical markers"". We also previously found an association between increased AFP
levels (> 400 ng/mL) and HCC recurrence following liver transplantation”, Our study contributes to this
existing knowledge by showing the potential of functional genomics to link clinical measurements of serum
AFP to the molecular mechanisms of AFP production, other tumor biological traits, and molecular tumor
classification to provide clues on therapeutic target enrichment and treatment outcome in an understudied
patient population.

Because many contemporary clinical guidelines do not require a histopathological diagnosis before
treatment of HCC, tumor tissue is often not available for molecular profiling in the clinical setting. This
inadvertently poses a barrier to routine molecular classification of HCC based on tumor tissue. While liquid
biopsy techniques are being developed to profile HCC circulating tumor cells and associated cell-free DNA,
serum AFP remains the most readily available hematogenous biomarker for HCC. Because of associations
between AFP expression and the expression of other potential cellular targets[“’u’”]
value as a surrogate predictive biomarker for molecularly-targeted therapy. In pre-clinical studies, differences
in AFP expression have already been correlated with differences in therapeutic response. For example,
differences in response to the Src/Abl kinase inhibitor, dasatinib have been observed between AFP-positive
and AFP-negative HCC cell lines"™”. AFP expression status has also shown high correlation with specific
HCC molecular subtypes in different cell lines"*. Thus, AFP expression status is an important variable for
interpreting the results of both pre-clinical studies and clinical trials of HCC.

, serum AFP may have
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Several limitations of the present study should be recognized. First, the tumor samples analyzed in this study
were collected from patients recruited from a single medical center in the state of Hawaii. This raises the
possibility of selection bias. However, the likelihood of such bias is reduced given the prospective nature
of this study and the fact that our center is responsible for treating most of the HCC patients in Hawaii.
Because Hawaii is a small territory, the number of patients presenting annually with HCC is also relatively
small despite the high incidence, and thus the statistical power of this study is limited. However, unlike
unsupervised methods, GSEA has been found to be fairly robust with sample size in the range of the present
study[35]. Another potential limitation relates to the fact that gene expression analysis was performed by
sampling only a small peripheral portion of the tumor. Because of this, our results cannot account for the
possibility of intra-tumoral heterogeneity. Notwithstanding this methodologic limitation, the results of this
study did produce a biologically-coherent depiction of HCC tumors associated with high serum AFP levels.

Our study provides additional data supporting the clinical relevance of gene signatures for HCC derived
from many different cohorts, including those from Asia, Europe, and North America. Because there are
studies suggesting that ancestry and genetics may influence HCC genomes[“], it is prudent to validate
predictive gene signatures for HCC in a broad spectrum of patients before accepting them into mainstream
application. While some gene signatures for HCC have already been subject to further validation™, none
have been thoroughly validated to a global extent. Our study, conducted in a racially and ethnically diverse
HCC cohort, provides further evidence to support the generalizability of gene signatures for clinical
molecular classification of HCC. Specifically, we confirmed that several externally derived molecular sub-
classes of HCC associated with distinct molecular features and survival outcomes could be detected with
statistical confidence in a cohort of patients from Hawaii. The generalization of these signatures will support
their use in multi-center efforts aimed at developing targeted therapies for HCC.

In conclusion, herein we provide supporting evidence that a molecular classification system for HCC
developed using cohorts from North America, Europe, and Asia is applicable to patients in Hawaii. Similar
to other cohorts, the findings in the present study also indicate that elevated AFP is significantly associated
with more aggressive tumor characteristics and poor clinical outcome, as well as gene expression related
to cell cycle progression, DNA damage response, and MYC oncogene pathways. Confirming the ability
to apply the same molecular classification system to tumors from different populations is a crucial step to
broadening the use of genomic enrichment strategies in global multi-center clinical trials. Establishing that
similar distributions of tumor sub-classes exist in different populations will also increase confidence that
molecularly-targeted therapies found to be beneficial in one cohort can be similarly effective in cohorts from
other populations.
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Abstract

Aim: The Barcelona Clinic Liver Score (BCLC) currently limits hepatic resection only for small, solitary tumors
measuring 2-3 cm with no signs of portal hypertension (PHT) or macrovascular invasion. The aim of this study
was to show the benefit of surgical resection, and to compare the peri-operative and long-term outcomes between
laparoscopic liver resection (LLR) and open liver resection (OLR) for hepatocellular carcinoma (HCC) classified as
intermediate stage (B) under BCLC.

Methods: From 2004 to 2013, 49 patients staged as intermediate (BCLC B) and who underwent hepatic
resection was included. These patients were divided into LLR or OLR. Demographics, tumor characteristics,
recurrence rates and overall survival (OS) were compared between the 2 groups.

Results: Forty-nine patients were included and grouped into LLR (7 = 28) and OLR (» = 21). The average tumor
number was 2 £ 1 for both groups, while the mean tumor size was 4.4 +1.7 cm and 5.3 = 2.6 cm for the LLR and
OLR group, respectively. When compared with OLR, LLR had lower post-operative complications (14.3% vs.
33.3%, £ = 0.114), and a statistically significant shorter hospital stay than the OLR group (9 vs. 21 days, Z = 0.023).
The LLR group also achieved a statistically significant difference in complete RO resection as compared with the
OLR group (P = 0.016). The OS and disease-free survival (DFS) at 1, 3 and 5 years were comparable between LLR
and OLR (OS: 89.1% vs. 76.2%; 70.4% vs. 55.9%; 58.6% vs. 43.5%, P = 0.583; DFS: 59.3% vs. 51.0%; 20.2% vs.
44.6%;16.2% vs. 37.2%, P = 0.947, respectively).

Conclusion: LLR showed comparable outcomes compared to OLR in the treatment of HCC staged BCLC B.
Therefore, LLR as well as OLR can be considered in selective patients in the BCLC B group.

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0
BT International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long

as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.
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INTRODUCTION

Although incidence and mortality rates for cancer overall are declining, based on the 2017 National
Comprehensive Cancer Network (NCCN) guidelines for hepatobiliary cancers, the incidence and mortality
rates for liver cancer are increasing'. In particular, hepatocellular carcinoma (HCC) is the most common
primary solid tumor in the world, and is ranked as the third leading cause of cancer-related death
worldwide. Several staging systems have been developed in order to guide the management decisions in
patients with HCC; among those, the Barcelona Clinic Liver Cancer (BCLC) Classification system has been
approved and widely accepted in clinical practice™. According to the BCLC algorithm, curative treatment
[including surgical resection, radiofrequency ablation (RFA) and transplantation] is recommended only for
very early or early-stage (stage 0-A) HCC, whereas palliative treatment is recommended for intermediate
and advanced stage HCC (stage B-C)". In this regard, BCLC indication for curative resection is markedly
limited. However, recent studies have shown that surgical resection can provide good outcomes for both
short and long-term, despite the presence of portal hypertension, multi-nodular disease, large nodules
(> 3 cm), and those with macrovascular infiltration'. Particularly in the last decade, laparoscopic liver
resection (LLR) may particularly be beneficial since it is less invasive, with significantly less post-operative
complications, but with comparable oncologic outcomes to the open approach™.

The aim of this study is to show the benefit of surgical resection, and to compare the peri-operative and long-
term outcomes, particularly in terms of recurrence and overall survival (OS), between LLR and open liver
resection (OLR) for HCC classified as intermediate stage (B) under BCLC.

METHODS

Study design and patient selection

A retrospective review of the Electronic Medical Record database was done to identify all patients who
underwent primary liver resection for HCC. From January 2004 to December 2013, a total of 1287
hepatectomies was performed at Seoul National University Bundang Hospital. Of these hepatectomies, 389
patients underwent liver resection for HCC. Among these patients, 49 patients staged as intermediate stage
(BCLC B) were identified and selected. The study population included 2 comparable groups: OLR group
composed of 21 patients, and the LLR group comprised of 28 patients.

Preoperative evaluation

A complete evaluation and surgical treatment for patients with HCC were discussed during multi-
disciplinary meetings. Liver function was evaluated using complete biochemical profiles and liver function
tests, including indocyanine green (ICG),, tests. Results were expressed as percentage of ICG retained 15 min
(ICG,,) after injection. Resectability was decided by a multidisciplinary team approach.

Liver volume measurement

Triple-phase computed tomography (CT) was routinely used for preoperative imaging evaluation. The axial
images were then loaded to a computer workstation where the semimanual Rapidia software (Infinitt Co.,
Ltd., Seoul, Korea) was installed. Cross-sectional areas of the liver on each transverse-slice image were
obtained by manual tracing of the liver contour using a cursor, with free-curves drawn by experienced
surgeons. Liver parenchymal volume was then generated automatically by summation of all the manually
calculated areas of successive transverse-slice images'. The minimal amount of sufficient future liver
remnant of > 30% was mandatory before surgery[7].

Surgical technique
All liver resections were performed by a specialist hepatobiliary surgeon proficient in laparoscopic and
open liver surgery. In general, the approach to both OLR and LLR was similar. Major anatomical resection



David et al. Hepatoma Res 2018;4:2 | http://dx.doi.org/10.20517/2394-5079.2017.51 Page 3 of 8

was preferred for larger tumors or where tumor was in proximity to major vascular structures, requiring
formal anatomical resection, otherwise non-anatomical resection was performed when adequate margins
could be achieved. Standard vascular staping devices were used for both OLR and LLR when required, and
combination of ultrasonic dissection using cavitron ultrasonic surgical aspirator and harmonic scalpel was
used for parenchymal transection. Glissonian approach and individual approach were used to isolate and
resect the hilar structures.

Clinical outcomes

Patient demographics, including age, gender, body mass index (BMI), previous abdominal surgery,
RFA ortranscatheter arterial chemoembolization (TACE), and Child-Turcott-Pugh classification were
recorded. Peri-operative outcomes included intraoperative and post-operative complication rate, severity
of complications based on Clavien-Dindo classification, type of hepatic resection, resection margin
status, estimated blood loss, length of stay, total operative time (incision to closure time), and amount of
transfusion. Histological analysis of resected HCC specimens was also assessed, including the Edmondson
histological grade, PT staging, microvascular invasion, tumor number, and maximal tumor diameter.

Follow-up, survival and recurrence

After resection, patients were followed up 1 month after surgery, then every 3 months in the first 2 post-
operative years and then at 6-month intervals for post-operative years 3 to 5, using serum o-feto-protein
(AFP), with multi-phase contrast enhanced CT or magnetic resonance imagin (MRI), or Gadoxetate disodium
(Gd-EOB-DTPA) enhanced MRI of the liver.

The OS was calculated from the day of surgery until the day of death or last contact. The recurrence-free
survival of patients who recurred was defined as the time from the day of surgery to the day of imaging
study that confirmed tumor recurrence.

Statistical analysis

Descriptive statistics were reported as a mean with standard deviation for continuous variables, and as
a number and percentage for discrete variables. OS and recurrence-free survival were calculated by the
Kaplan-Meier method and differences were compared by the log-rank test. Statistical significance was
defined as P < 0.05. Statistical analysis was carried out using SPSS software (version 20; SPSS, Chicago, IL,
USA).

RESULTS

Clinicopathologic characteristics of patients with BCLC stage B according to treatment group
Demographics and peri-operative outcomes according to treatment group are shown in Table 1. Six out of
28 patients required conversion from a laparoscopic to open resection. There was no statistical difference
between these groups in terms of age, gender, BMI, history of previous abdominal surgery, biochemistry
profiles (albumin, bilirubin, prothrombin, AST and ALT levels, platelet), and preoperative AFP levels.

Majority of resections in the LLR group were minor resections (75.0% vs. 38.1%, P = 0.009). The LLR group
had longer mean operation time (350 vs. 339 min, P = 0.066) and higher estimated blood loss (1707 vs. 1055 mL,
P =0.039). However, LLR group was able to achieve Ro resection in all resections, compared to 81.0% in the
OLR group.

Histological findings

There were a greater proportion of cirrhotic patients in the LLR and OLR groups (67.9% vs. 42.9%,
respectively, P = 0.080) [Table 2]. Although the OLR group had significantly greater mean tumor diameter
(P = 0.048), there was no significant difference between the number of tumors removed in both treatment
groups (P = 0.074). There was also no statistically significant difference of resection margin, presence of
microvascular invasion and Edmondson-Steiner grading between LLR and OLR groups (P = 0.649, 0.740 and
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Table 1. Basic characteristics of patients with BCLC stage B according to treatment group

OLR (7 =21) LLR (7 = 28) P

Age (years) 63+12 58+ 0.080

Sex (% male) 17 (81%) 18 (64%) 0.201

BMI (Kg/m®*) 23.0£32 24.8+37 0.094

Previous abdominal surgery 4 (19.0%) 1(3.6%) 0.077

Previous TACE 11 (52.4%) 6 (21.4%) 0.024

Previous RFA 3(14.3%) 0 (0%) 0.039

Child-Turcott-Pugh classification 0.122
A 21(100%) 25 (89.3%)

B 0 3 (10.7%)

Albumin (g/dL) 40+£04 41+£04 0.918

Total bilirubin (mg/dL) 0.7+0.2 0.8+0.4 0.457

Prothrombin time (INR) 11+01 11+01 0.110

AST (U/L) 371+£229 39.2+19.7 0.742

ALT (U/L) 321+17.7 38.9+19.8 0.218

Platelet (x 1000/mcL) 1621+ 825 139.4+57.3 0.289

Viral disease 0.727
HCV 14 (66.7%) 20 (71.4%)

HBV 2 (9.5%) 4 (14.3%)

Both positive 0 0

Both negative 5(23.8%) 4 (14.3%)

ICGR15 (%) 10.0+4.2 99+79 0.937

AFP (ng/mL) 1191.4 + 4750.7 539.2 £1491.3 0.550

Type of hepatic resection 0.009
Minor 8 (38.1%) 21(75.0%)

Major 13 (61.9%) 7 (25.0%)

Resection margin (cm) 1.7+£24 14+15 0.610
RO 17 (81.0%) 28 (100.0%) 0.017
R1 4 (19.0%) 0

Operation time (min) 339.0+90.9 350.3+171.2 0.066

Estimated blood loss (mL) 1055.3+889.6 1707.5+3294.7 0.039

Transfusion done 9 (42.9%) 12 (42.9%) 1.000

RBC 27+18 6.3+5.8 0.022

FFP 0.8+1.6 21+2.4 0.056

LLR: laparoscopic liver resection; OLR: open liver resection; BMI: body mass index; TACE:transarterial chemoembolization; RFA:
radiofrequency ablation; AST: aspartate aminotransferase; ALT: alanine aminotransferase; HBV: hepatitis B virus; HCV: hepatitis C virus;
ICGR15:indocyanine green retention test at 15 min; AFP: alpha-fetoprotein; PRBC: packed RBC; red blood cell, FFP: fresh frozen plasma.
Values are expressed as mean + standard deviation or number (percent).

0.425 respectively). In the pathologic TNM stage, the T stage was different between two groups (P = 0.031).

Postoperative complications, hospital stay and recurrence

As seen in Table 3, the LLR group had a higher rate of intraoperative complications than the OLR group (17.9%
vs. 14.3%; P = 0.738), but a lower rate of postoperative complications (14.3% vs. 33.3%; P = 0.114). There was no
significant difference in overall serious postoperative complications between the LLR and OLR groups.

Patients in the LLR group had a significantly shorter postoperative hospital stay (median = 9 days; range: 4-30)
than the OLR group (median = 21 days; range: 7-147, P = 0.023).

In terms of recurrence, LLR had similar recurrence rates with OLR (78.6% vs. 71.4%, P = 0.565) during the
follow-up of 63 + 40 months and 48 + 43 months in LLR and OLR respectively. For both LLR and OLR,
majority of the recurrences were intrahepatic recurrences (77.3% vs. 93.3%, respectively).

Overall survival and disease-free survival
The OS at 1, 3 and 5 years for LLR was 89.1%, 70.4% and 58.6%, respectively; and 76.2%, 55.9% and 43.5%,
respectively for OLR. OS for both groups was similar (P = 0.583) and there was also no statistically
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Table 2. Pathologic findings in patients according to treatment group

OLR (7=21) LLR (7 = 28) P

Greatest tumor size (cm; mean 4 SD) 53+26 4.4+17 0.048
Tumor number 20+£12 1.5+07 0.074
Margin distance (cm; mean 4 SD) 1724 14£15 0.649
ES tumor grade (I/1I/111/1V) 0:8:12:1:.0 1:12:10:4:1 0.425
pT stage 0.031

T 2 9

T2 9 15

T3 9 2

T4 1 1
Cirrhosis present 9 (42.9%) 19 (67.9%) 0.080
Microvascular invasion 10 (47.6%) 12 (42.9%) 0.740

LLR: laparoscopic liver resection; OLR: open liver resection; ES: Edmondson-Steiner. Values are expressed as mean =+ standard deviation or
number (percent).

Table 3. Complications according to treatment group

OLR (7=21) LLR (7 =28) P

Intraoperative 3(14.3%) 5(17.9%) 0.738
Postoperative 7 (33.3%) 4 (14.3%) 014
Clavien-Dindo classification 0.256

Grade | 2 0

Grade Il 0 0

Grade llla 3 3

Grade lllb 2 1

Grade IVa/IVb 0 0

Postoperative serious complications 5(23.8%) 4 (14.3%) 0.237
(Clavien-Dindo Grade Il or higher)

Hospital stay (days; mean + SD: range) 20.6 +£30.1(7-147) 9.2+ 4.9 (4-30) 0.023

LLR: laparoscopic liver resection; OLR: open liver resection

significant difference in terms of DFS between the groups (P = 0.947). The 1-, 3- and 5-year DFS was 59.3%,
20.2% and 16.2% for the LLR group and 51.0%, 44.6% and 37.2% for OLR groups, respectively [Figure 1].

DISCUSSION

HCC is widely endemic, with 80% of new cases worldwide expected to develop in Asia alone'™. The
management of HCC is complex, due to the presence of two disease processes: the primary malignancy
and the underlying liver pathology that accompanies HCC. Thus a reliable management algorithm to guide
therapeutic decisions in these patients is needed.

Currently, the BCLC classification system is one of the most widely recognized and approved staging
systems for HCC, since it considers multiple factors such as tumor stage and function, patient’s performance
status, as well as cancer-related symptoms”. According to BCLC, intermediate stage (BCLC-B) patients
are asymptomatic (PS score 0), with large multi-nodular tumors but without macrovascular invasion or
extrahepatic spread"”. The estimated 3-year survival for patients with untreated stage B HCC ranges from 8%
to 50%; given the invasiveness of surgery, palliation with TACE is therefore recommended for these subset of
patients'”’. However, TACE cannot induce complete tumor necrosis especially in large tumors, with reported
response rates in literature as low as 2%

Liver resection, based on the BCLC system, is usually reserved for patients with small, single tumors, with
absence of portal hypertension or hyperbilirubinemia'. Recent data has however, supported the benefit
of surgical resection in terms of short- and long-term oncologic outcomes despite the presence of large,
multinodular nodules and macrovascular invasion'. In a recent study done by Kim et al™, overall median
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Figure 1. Overall survival andrecurrence-free survival for laparoscopic and open liver resection for intermediate stage BCLC-B
hepatocellular carcinoma. A: Overall survival. B: Recurrence-free survival for laparoscopic and open liver resection for intermediate stage
BCLC-B hepatocellular carcinoma. Solid line: open liver resection (blue line); dot line: lap liver resection (green line). The OS at 1, 3 and
5 years for LLR was 89.1%, 70.4% and 58.6%, respectively; and 76.2%, 55.9% and 43.5%, respectively for OLR (P = 0.583). The 1-, 3-
and 5-year DFS was 59.3%, 20.2% and 16.2% for the LLR group and 51.0%, 44.6% and 37.2% for OLR groups, respectively (P = 0.947).
LLR:laparoscopic liver resection; OLR: open liver resection; BCLC: Barcelona Clinic Liver Score

survival was higher in patients who received surgical resection compared to those who received non-surgical
therapy (50.9 vs. 22.1 months), with an overall 5-year survival of 63% in the resection group. This is in part
due to recent advances in surgical devices and techniques and improved perioperative care, with some high-

volume centers reporting surgical mortality rates as low as 0.8%""”.

However, because of the underlying liver disease concomitant with HCC, patients undergoing open liver
resection are still at a high risk of developing significant postoperative complications[zl. LLR, since its
inception in 1993, is currently being considered as a feasible, safe and less invasive alternative to open
surgery in the case of malignant hepatic tumors'™*. Particularly, the benefit of LLR is more pronounced
in this population of cirrhotic patients, despite initial studies that considered it a contraindication. The
minimally invasiveness of LLR may decrease the risk of peri-operative complications and mortality[gl, as
evidenced by our present study wherein the LLR group was associated with a lower rate of post-operative
complications. In terms of mortality, there was no observed 90-day post-operative mortality in both the LLR
and OLR groups. Previous studies have shown longer operative times for laparoscopic surgery[”], and this is
also consistent with our study because most of the cases included were done during the early phase of LLR.

Adequacy of resection margin, which was initially a limitation for laparoscopic surgery due to the inability
of direct palpation of tumor, has been overcome by the use of intraoperative Doppler ultrasonography, and
has greatly facilitated the achievement of good oncologic outcomes. Indeed as shown in our present study,
tumor-free margins on pathological examination were similar between the LLR and OLR group, and this is

consistent with results of previous studies'”.

The high propensity of HCC for recurrence after resection is well-documented, with reported recurrence
rates ranging from 70% to 100%; among several factors, number of tumors was noted to be the most
significant predictor. Indeed, previous data have shown that the 5-year DFS rates after surgical resection for
multiple HCCs ranges from 0 to 26%"". This is consistent with our present study, which revealed comparable
5-year DFS rates for both the LLR and OLR group at 16.2% and 37.2%, respectively, despite the presence
of multiple tumors for both treatment groups. Also, our study showed that liver resection was associated
with 5-year OS rates of almost 60% for the LLR group and 44% for the OLR group, despite the presence of
multiple, large tumors.
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One of the major limitations of this study is its retrospective nature and small sample size with difference
in basic characteristics in both groups. However, our 5-year OS rate of 60% and 44% for LLR and OLR,
respectively, is satisfactory, and may justify the expansion of indications for surgical resection in the case of
multiple, large HCC, if the liver functions remains at Child-Pugh class A.

In conclusion, this retrospective study demonstrates that LLR and OLR have comparable OS and DFS rates
for BCLC-B HCC patients with multiple or large tumors. Particularly, decreased postoperative complications
and shorter hospital stay, with successful achievement of adequate resection margins, was observed in the
LLR group. It was demonstrated that good oncologic and perioperative outcomes can be achieved with LLR
for HCC.
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Abstract

Aim: This study aims to analyze the particularities of hepatitis C induced hepatocellular carcinoma (HCC), developed

during or after treatment with direct-acting antivirals.

Methods: We conducted an observational prospective study on 278 patients, who underwent treatment for hepatitis C
related liver cirrhosis and respectively for F3 chronic hepatitis C. Liver status was assessed using biological parameters and
imagistic evaluation (ultrasonography, computed tomography scan, magnetic resonance imaging).

Results: The follow-up time was 14 months. Before therapy, 69.3% of the cirrhotic patients and 26.7% of those with F3
degree of liver fibrosis had high levels of alpha-fetoprotein, with no imagistic evidence of HCC. During treatment, HCC was
confirmed in 5 patients, 2 of them presenting portal vein thrombosis (PVT). Antiviral therapy was not interrupted. Two
patients developed HCC at the end of treatment, while 4 of them were diagnosed with HCC after three months of ending

the treatment. Excepting the ones with PVT, all patients underwent trans-arterial chemoembolization.

Conclusion: All patients acquired sustained virological response. The screening for HCC should not be stopped after

achievement of sustained virological response. Patients who develop HCC after antiviral treatment often need to be

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0 El- 2LE
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evaluated by magnetic resonance imaging in order to detect the extension of the disease.

Keywords: Hepatitis C virus, direct-acting antiviral therapy, hepatocellular carcinoma, trans-arterial chemoembolization

INTRODUCTION

Nowadays, hepatitis C virus (HCV) infection represents a global health problem, affecting over 160 million
people worldwide™. The progression of hepatitis C induced liver disease can be insidious, gradual, during
several decades, leading to liver cirrhosis (LC) and hepatocellular carcinoma (HCC). It is estimated that,
within 20 years of viral infection, about 20%-30% of subjects will develop LC". There is evidence that 2.8%-
11.7% of the patients with compensated LC will develop hepatic decompensation sooner or later; as for the
incidence of HCC, a percentage of 1.8%-8.3% has been reported”. The use of pegylated interferon (IFN) in
combination with ribavirin, in treating the HCV infection, leads to a sustained virological response (SVR)
in about 50% of patients and it is known to have significant side effects'.

Fortunately, recently there has been a much better understanding of the HCV particularities and structure.
The efforts to improve the hepatitis C management resulted in the discovery and development of direct-
acting antivirals (DAAs), which are meant to interfere with specific steps in HCV replication; in other
words, they directly interact with HCV encoded proteins, resulting in the disruption of viral replication'.

Therefore, DAAs have shown promising effects, increasing the rates of SVR to more than 90% with notably
fewer side effects”. Although the number of HCV-infected subjects is high, the access to the IFN-free
therapy is still limited, due to increased costs and due to the fact that the HCV infection remains highly
underdiagnosed”). The use of nucleoside and protease inhibitors has relative contraindications in subjects
diagnosed with end-stage renal disease.

It is also worth mentioning that the IFN-free treatments are designed to cure the viral infection, but not
the liver disease itself, once the HCV has led to LC or HCC. Furthermore, the risk of complications persists
even after achieving SVR, although there is evidence demonstrating improvement in liver function tests
after using DAAs"",

Also, even after achieving SVR, re-infection is a possibility that can occur in 10%-15% of patients, especially
in individuals at risk, such as intravenous drug users?,

This study aims to assess the effect of DAAs on liver function and to analyze the particularities of HCC
diagnosed during or after treatment with Paritaprevir/Ombistasvir/Ritonavir and Dasabuvir with or without
ribavirin (a treatment that is not recommended for patients with decompensated cirrhosis or liver cancer).

METHODS

In this study, we included a number of 278 patients, all of them infected with HCV genotype 1b, who received
IFN-free treatment with Paritaprevir/Ombitasvir/Ritonavir and Dasabuvir, with or without Ribavirin, for
12 weeks.

An informed written consent was taken from all the participants and all their records were confidential. The
scientific purpose of the study, as well as the implications of the therapy itself were presented in detail to
each subject, as well as any unexpected research-related risk that may appear.

Viral infection was assessed in each patient by quantitative HCV ribonucleic acid (RNA) tests, describing a
high viral load in all patients, with more than 800,000 IU/L. In order to estimate the degree of fibrosis, each
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of the 278 patients underwent a Fibromax evaluation, resulting in 173 patients with F4 degree of fibrosis
(cirrhotic patients) and 105 patients with F3 degree of fibrosis. None of the patients underwent liver biopsy
for liver evaluation, due to its invasive character and susceptibility of associated complications.

The follow-up time was 14 months (since January 2016 until March 2017). Screening for liver cancer in the
subjects included in the study was periodically performed by assessment of alpha-fetoprotein (AFP) levels
and abdominal ultrasonography; both parameters were determined before starting the IFN-free therapy,
monthly (during therapy), and also every three months afterwards.

Accordingto the protocol of evaluation, the liver assessment was started by performing an AFP determination
as well as an abdominal ultrasonography at the beginning of the therapy. If AFP levels were found high
(twice the normal value) or ultrasonography abnormalities were spotted, a computed tomography (CT) scan
or contrast-enhanced ultrasonography (CEUS) would be performed, in order to obtain more information.
CT was not routinely performed as a first-hand screening method for HCC on all patients, at the beginning
of the study, due to the potential risk related to ionizing radiation exposure and contrast-induced injury,
and also because the use of CT-scan in all the patients was not considered to be cost-effective. Moreover,
the AASLD and EASL-EORTC surveillance and diagnostic algorithms in HCC state that only cirrhotic
patients are considered candidates for surveillance, and surveillance should be performed with ultrasound
every 6 months. It is also worth mentioning that ultrasound examination of all the individuals included
in the study was done by highly experienced personnel, with extensive experience in the field of hepatic
imaging. Patients with HCC diagnosed in this stage were not included in the study and did not receive any
form of IFN-free treatment, as the presence of HCC represents a contraindication for the therapy. AFP
and liver enzymes were also determined at week 4 and week 8 of therapy. At the end of treatment (EOT)
(week 12), the evaluation protocol included AFP and abdominal ultrasonography. Any abnormality in these
parameters would impose a CT scan for further investigation, as well as a magnetic resonance imaging
(MRI) (if the CT scan turned out to be inconclusive).

RESULTS

We prospectively collected and analyzed data from 278 patients infected with HCV genotype 1b, 37.76% of
which (105 individuals) had F3 degree of fibrosis, while 173 of the subjects (meaning approximately 62.24%)
were already in the F4 cirrhosis stage. They were all treated with DA As (paritaprevir/ombitasvir/ritonavir
and dasabuvir, with or without ribavirin) for 12 weeks. Most of the participants (53.24%) were females; the
percent of liver cirrhosis among women was 60.8%. The male population included 46.76% of the subjects,
with a similar percent of 63.8% cirrhotic participants among the male population. The numeric distribution
of patients by gender and degree of fibrosis are shown in Figure 1.

The mean age was 60.29 + 11.9 years. The follow up time was 14 months (from January 2016 to March
2017). Before starting the therapy, 69.3% of the cirrhotic patients and 26.7% of the patients with F3 degree
of liver fibrosis presented higher than normal levels of AFP, with blood values up to 70 ng/mL. The mean
AFP level, at the initiation of therapy, was 13.39 + 11.18 ng/mL. Contrast-enhanced ultrasonography was
performed for 79% of patients. Neither CEUS nor the CT scan revealed any HCC nodules at the beginning
of therapy. The distribution of patients with high AFP levels, according to gender, fibrosis and means of
further evaluation are shown in Figure 2.

During the 4th week of treatment, 5 participants presented elevated levels of AFP. All of them had previously
been classified as cirrhotic (F4 on Fibromax evaluation). Abdominal CT scan was therefore performed on
all 5 patients, showing single HCC nodules in 2 subjects and multiple HCC nodules in the other three.
Furthermore, the CT scan identified signs of portal vein thrombosis (PVT) in 2 of the 5 patients (1 patient
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Figure 1. Distribution of patients by gender and degree of fibrosis
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Figure 2. The distribution of patients with high AFP levels, according to gender, fibrosis and means of further evaluation.
AFP: alpha-fetoprotein; CT: computed tomography; CEUS: contrast-enhanced ultrasonography
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Figure 3. Evolution of patients diagnosed with HCC on treatment. HCC: hepatocellular carcinoma; AFP: alpha-fetoprotein

with single HCC nodule and PVT, and 1 patient with multiple HCC nodules and PVT). The direct antiviral
therapy was not interrupted in any of the cases. The 3 subjects diagnosed with HCC and no signs of PVT
underwent trans-arterial chemoembolization (TACE) with doxorubicin, while on antiviral therapy, with
good outcome. Figure 3 reveals the evolution of the patients who were diagnosed with HCC during treatment.



lliescu et al. Hepatoma Res 2018;4:3 | http://dx.doi.org/10.20517/2394-5079.2017.48 Page 5 of 10

n/1.0:1Tik: 0.0

612 x812
STANDARD

Figure 4. Hepatocellular carcinoma associated with portal vein thrombosis (diagnosed during DAAs treatment). DAAs: direct-acting antivirals

Figure 4 describes the CT image of a HCC diagnosed while the patient was undergoing DAA treatment. We
note the presence of a hepatic mass (of about 28/23 mm), characterized by a typical hyper-enhancement
during arterial phase, while, in the portal venous phase, the lesion is rapidly becoming indistinct or hypo-
attenuating, by comparison to the rest of the liver tissue (venous phase washout). Also, in this patient’s
case, there are signs of thrombosis of the portal vein trunk, which may be a common phenomenon in
individuals with HCC. Compared to HCC without PVT, the association of the two pathological entities is
known to be more aggressive and to have a significantly higher chance of complications, as it represents a
contraindication for both surgery and TACE. The two patients that were discovered to have HCC and PVC
co-occurrence started receiving Sorafenib only after they completed the IFN-free therapy.

At the EOT (week 12), 2 more F4 participants presented higher levels of AFP (twice the values recorded
before starting the IFN-free therapy). As they both had previously normal results of the CT scan performed
at the beginning of treatment, they were investigated by abdominal MRI, which revealed single HCC
nodules, in both cases. These patients refused surgical resection of the nodules and also underwent TACE,
with a significant decrease in AFP levels, as it is shown in Figure 5.

At 12 weeks after the EOT, the blood tests performed on the participants revealed increased levels of AFP
(up to 10 times the initial value) in other 3 F4 patients; also, there was one cirrhotic patient who had normal
AFP, but in whose case the abdominal ultrasonography showed a single HCC nodule. In the patients with
high AFP levels, abdominal CT scan was not able to determine the exact sizes and extension of the nodules,
thus an MRI evaluation was required. In all 3 cases, the lesions identified by the MRI were larger and more
extensive than the CT scan had anticipated.

One of the three patients diagnosed with HCC at SVR was a 64-year-old female; in her case, the abdominal
CT revealed three nodular lesions in segment 8 (27/30 mm, 16/18 mm and respectively 10/6 mm), that
displayed slight hyper-vascularization in the arterial phase, followed by a late washout, as seen in Figure 6.

As the patient underwent an MRI investigation, the lesions appeared to be in hypo-signal on T1 and also, it was
revealed that the hepatic masses had bigger dimensions than they initially appeared on the CT [Figure 7].
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Figure 7. Abdominal MRI showing liver lesions in hypo-signal on T1 sequences. MRI: magnetic resonance imaging

The MRI exploration also revealed a lesion located in the hepatic dome, also in hypo-signal on T1, which
had not been visible on the CT images [Figure 8]; given the presence of the hepatic dome mass, surgical
resection was not indicated in this case. This imagistic pattern is consistent with an infiltrative type HCC.

All the patients that presented high levels of AFP at SVR (12 weeks after the EOT), also underwent
chemoembolization, with one month follow-up showing no tumor progression and decreased AFP
levels. The one patient with normal AFP levels was also evaluated by MRI due to iodine allergy and
underwent one session of chemoembolization, with excellent results - no tumor rebound 9 months
after the procedure.

Figure 9 shows the evolution of all three patients with elevated levels of AFP at 3 months after ending the
antiviral treatment.
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Figure 8. Abdominal MRI showing liver mass in the hepatic dome. MRI: magnetic resonance imaging
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Figure 9. Evolution of patients with higher AFP at SVR. AFP: alpha-fetoprotein; SVR: sustained virological response; TACE: trans-arterial
chemoembolization; EOT: end of treatment

Notably, all patients acquired SVR. Overall, the risk of HCC in our study group was 1.51%. When reported
to F4 patients, the risk of HCC increases to 6.35%.

DISCUSSION

It is acknowledged that patients with HCV compensated cirrhosis who achieved SVR due to IFN-based
therapy, were shown to be at a lower risk of developing HCC!"”\. It was also demonstrated that patients with
HCV-induced chronic liver disease had a decrease of the fibrosis level, under DAA treatment*. For the past
several decades, pegylated interferon and ribavirin therapies were used to treat most of the patients with
HCV associated liver disease, but they showed various side effects and toxicities.

The use of DAA treatment regimens has opened a new era in the approach of HCV-induced liver disease,
reducing the need for liver transplantation“s’m]. However, there is evidence of the occurrence or recurrence
of HCC in patients with chronic HCV infection, who received DAA therapy, achieving SVR, as shown in
a recent publication[”]. Therefore, we consider that the association between IFN-free treatment and the
development of HCC in patients with chronic HCV infection, should be further investigated and discussed,
as it represents a highly important issue in hepatology.

There are several variables associated with an increased risk of developing HCC after SVR, such as advanced

liver fibrosis, older age, alcohol abuse, metabolic diseases (especially diabetes mellitus) and the persistence

of hepatic inflammation"*"). A variant in genotype 1b HCV core protein Gln70 (His 70) may also be
incriminated in the increase of HCC incidence™.
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In our study, the occurrence of HCC in patients treated with DAAs was noted during therapy, as well as at
the end and also three months after completing it. Older age, comorbidities, advanced fibrosis are all factors
that should be taken into consideration when analyzing the increased risk of developing HCC. The mean
age of the participants included in our study was 60.29 + 11.19 years, and more than 60% of them had an F4
degree of fibrosis, which may justify the occurrence of HCC in these cases. The risk of HCC development in
patients with compensated cirrhosis in our study group is consistent with literature data”. However, in spite
of the HCC occurrence, SVR was achieved in all the patients that continued antiviral therapy.

It is worth mentioning that, while the alpha interferon based regimens activate natural killer (NK) cells, the
DAAs rapidly decrease the levels of HCV RNA, thus leading to a blockage in NK cells activation. This way,
the protective effect of the inflammatory mechanisms is lost and liver regeneration as well as carcinogenesis
may appear””. There is also evidence showing an elevated level of vascular endothelial growth factor after
the initiation of IFN-free treatment™”.

Given the fact that most of the HCC cases found in our study were detected in the first month of therapy,
the hypothesis that the tumors were already there, before starting the DAA treatment, simply becoming
radiologically detectable after initiating the therapy, should be taken into consideration.

The imaging of HCC is complicated and may have limitations, especially in the early stages, as the tumor has
a variety of radiologic appearances and may coexist with regeneration and dysplastic nodules in the cirrhotic
liver. In patients with HCC diagnosed during or at the end of DAA therapy, it is most likely that the tumors
were already there, mainly due to their dimensions at the time of diagnosis. However, this only emphasizes
the importance of ultrasound and AFP follow-up, even during antiviral therapy. In this case, we do not
consider that the initial evaluation of these patients should have included a mandatory CT scan, as it has not
been proven to be cost-effective; also, a hypothetical mandatory imagistic evaluation would not be CT scan,
but liver MRI, with further increases of the imbalance cost-effectiveness. In patients diagnosed with HCC
after achieving SVR, it is most likely that the tumors developed during or after antiviral therapy. They were
of small dimensions and all presented the infiltrative pattern previously discussed.

Therefore, we recommend the usage of a combination of ultrasound and serum AFP as a primary surveillance
method for HCC, especially in cirrhotic patients. If abnormalities are detected by these methods, further
exploration by CT and MRI is required.

In conclusion, the use of DAAs is not associated with a decrease in the development of HCC. Therefore,
the screening for HCC should not be stopped after achievement of SVR, as IFN-free treatments cure the
viral infection, not the liver disease itself. Patients who develop HCC after antiviral treatment need to be
evaluated by MRI in order to detect the extension of the disease as these tumors are more often infiltrative.
More studies should be undoubtedly performed, before determining the association between DAA therapy
and HCC development.
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Abstract

Qidong hepatitis B virus (HBV) infection cohort (QBC) is a prospective community-based study designed to investigate
causative factors of primary liver cancer (PLC) in Qidong, China, where both PLC and HBV infection are highly endemic.
Residents aged 20-65 years, living in seven townships of Qidong, were surveyed using hepatitis B surface antigen (HBsAg)
serum test and invited to participate in QBC from June 1991 to December 1991. A total of 852 and 786 participants were
enrolled in HBsAg-positive and HBsAg-negative sub-cohorts in May 1992, respectively. All participants were actively
followed up in person, received HBsAg, alanine aminotransferase, alpha-fetoprotein tests and upper abdominal ultrasonic
examination, and donated blood and urine samples once or twice a year. The total response rate was 99.6%, and the number
of incident PLC was 201 till the end of February 2017. The ratio of incidence rates was 12.32 [95% confidence interval (C):
7.16-21.21, P<0.0001] in HBsAg-positive arm compared with HBsAg-negative arm. The relative risk of PLC was 13.25 (95%
Cl: 6.67-26.33, P< 0.0001) and 28.05 (95% Cl: 13.87-56.73, £< 0.0001) in the HBsAg"/HBeAg group and the HBsAg"/
HBeAg" group, respectively, as compared to the HBsAg/HBeAg group. A series of novel PLC-related mutations including
A2159G, A2189C and G2203W at the C gene, A799G, A987G and T1055A at the P gene of HBV genome were identified
by using samples from the cohort. The mutation in HBV basal core promoter region of HBV genome has an accumulative
effect on the occurrence of PLC. In addition, the tripartite relationship of aflatoxin exposure, P53 mutation and PLC was also
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investigated. QBC will be used to develop dynamic prediction model for PLC risk by using its long-term follow-up information
and serial blood samples. This model is expected to improve the efficiency of PLC screening in HBV infection individuals.

Keywords: Prospective cohort, hepatitis B virus, primary liver cancer

HOW WAS THE STUDY INITIATED?

Qidong City, named Qidong County before 1989, is located on the north shore of the Yangtze River and
has a population of approximately 1.1 million. In the Early 1970s, a population-based retrospective survey
on cancer mortality revealed that the mortality rate ascribed to primary liver cancer (PLC) in Qidong was
49.04/10°, placing PLC as the leading cause of cancer mortality in Qidong. This also exceeded the rates of all
other areas in eastern China'. Subsequently, a national population-based incidence survey conducted during
1983 to 1987 showed that the PLC incidence rate in Qidong was 85.1/10° in males and 23.3/10° in females,
respectively®”, both being in the top rank across mainland China. “Qidong high incidence area of liver
cancer” became known worldwide subsequently. Two retrospective cohort studies in Qidong indicated that
hepatitis B virus (HBV) was a major risk factor contributing to PLC risk with relative risk of 17.4" and 5.93".
Other etiological factors had also been suggested to explain the endemic of PLC in Qidong, including dietary
aflatoxin contamination", selenium deficiency', and drinking water polluted by blue green algal toxins'”.
However, the magnitude of the contribution of each etiologic factor to the endemic of PLC and the role of
potential synergistic interactions among these factors were uncertain. In order to extensively investigate the
relationship between HBV infection and PLC endemic, and collect serial bio-samples of cohort members
which were not available from the previous cohorts in Qidong, investigators from Shanghai Cancer Institute
and Qidong Liver Cancer Institute initiated a prospective cohort study named “Qidong Hepatitis B Virus
Infection Cohort (QBC)” in 1991. Later on, a research team from John Hopkins University joined in the
beginning of 1994. The QBC aimed to recruit participants positive with serum hepatitis B surface antigen
(HBsAg) as the exposure group and those who were HBsAg negative as the non-exposure group, and then
to observe prospectively PLC occurrence as the primary outcome. Bio-samples were collected periodically
for analysis of the kinetic changes of viral and host factors during the natural history of HBV infection.
The study protocol and informed consent were approved by the human subjects review committees at the
Qidong Liver Cancer Institute, Shanghai Cancer Institute and John Hopkins University.

WHAT DOES THE STUDY COVER?

The overarching goal of the QBC was to elucidate the causative factors of PLC and to identify effective
measures to prevent this lethal malignancy. Initially, the QBC focused on understanding the proportion
of HBV infection contributing to the endemic of PLC in Qidong. Later, taking advantage of serial plasma
samples, the QBC was expanded to explore the interactions between HBV and aflatoxin exposure as well
as to probe associations of aflatoxin metabolism or metabolizing enzymes with PLC. Additionally, several
molecular epidemiologic studies were carried out to understand the relationship between HBV variations
and PLC occurrence in order to identify new molecular biomarkers for early detection or prediction of PLC
utilizing stored pre-diagnostic plasma samples. Meanwhile, a bio-specimen bank containing longitudinally
collected blood, urine, liver tissues was established successfully.

WHO WAS IN THE STUDY?

Residents living in the Haidong district of Qidong City, which included 7 towns named “Haifu**”, “Jinhai”,
“Xiangyang”, “Juyang”, “Shaozhi”, “Dongyuan”, and “Hefeng*”, were considered as potential participants
[Figure 1]. In the 1980s-1990s, the total number of residents in each of these towns was approximately 15,000,
representing the PLC endemic population of Qidong™. From June 1991 to December 1991, local physicians
carried out door to door visits, asking questions about medical history of viral hepatitis. Residents aged 20-

65 years who claimed to have a history of acute or chronic hepatitis, or who were HBsAg positive in past
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Figure 1. Location of the participants in the Qidong hepatitis B virus infection cohort

screenings during physical examination were regarded as potential candidates. A total of 1157 potential
candidates were identified and invited for HBsAg testing by the ELISA kit from Shanghai Kehua Bio-
engineering Co., Ltd (KHB) within the following 6 months to confirm their HBsAg carrier status. Only those
who were confirmed to be HBsAg positive in the second-round test and who signed the informed consent
were enrolled into the study as participants in the HBV exposed sub-cohort. Meanwhile, local residents who
claimed no history of hepatitis and who tested negative for HBsAg with a similar distribution of age, gender,
living habits (type of drinking water and staple food), and living places were invited to participate in the
HBV unexposed sub-cohort upon receiving their signed consent. Exclusion criteria were the same for both
sub-cohorts, including those who had been diagnosed with cancer of any site, or who subsequently died
within the first 12 months after enrollment into the cohort [Figure 2]. The final number of the participants in
HBsAg positive and HBsAg negative sub-cohorts in May 1992 were 852 and 786, respectively. The mean age
of HBsAg-positive participants was 37.06 + 11.24 years (251 in below 30 years group (group I), 301 in between
30-40 years group (group II), 300 in above 40 years group (group III); while the mean age of HBsAg-negative
participants was 41.20 + 12.12 years (158 in group I, 237 in group II, 391 in group III). The male to female
ratios in HBsAg-positive group was 5.45:1, and in HBsAg-negative group was 6.08:1.

HOW OFTEN WAS THE FOLLOW-UP?

All participants were followed up at least once every year. From 2009 to 2017, those who were HBsAg
positive and had one of the following conditions: a-fetoprotein (AFP, tested by KHB ELISA Kit) and
alanine aminotransferase (ALT) (tested by dinitrophenylhydrazine method using KHB reagent) higher
than normal value, or abnormal liver ultrasound (GE Healthcare) findings such as liver nodule and liver
cirrhosis, were followed every 6 months. The annual active follow-ups were usually conducted in April and
October, while non-respondents were tracked during the traditional Chinese Lunar New Year to guarantee
a high response rate. Subjects who presented symptoms such as indigestion, jaundice, or discomfort in
hepatic zones were immediately arranged to receive upper abdomen ultrasonic screening and recheck of
serum AFP levels. Each participant continues to have free access to clinics affiliated with the Qidong Liver
Cancer Institute to receive a free physical examination if he/she felt any discomfort or experienced any
indisposed symptoms.

The occurrence of PLC was found not only by the routine active follow-up, but also by annual data linkage
with the Qidong Cancer Registry, a well-maintained population-based cancer registry”. For deceased
individuals, death certificates were requested from the Qidong Death Registry, another population-based
registry in Qidong. Non-responders were regularly contacted by both staff members of the QBC and local
physicians until participants were confirmed to have withdrawn. With such active and passive follow-up,
loss to follow-up only occurred when participants migrated out of Qidong and failed to respond. Since the
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Figure 2. Flow chart for enrollment of participants into Qidong hepatitis B virus infection cohort. HBsAg: hepatitis B surface antigen

migration rate of the local population older than their 30s is low, attrition from the QBC was rare. The total
response rate as of the end of February 2017 was 99.6%.

To construct a bio-bank to facilitate future research, blood samples were collected both at baseline and
during every follow-up. Plasma and white blood cells were divided into aliquots and stored under appropriate
conditions at the Shanghai Cancer Institute, the Qidong Liver Cancer Institute, and the John Hopkins
University. Their coding system was the same as preserved in the Qidong Liver Cancer Institute. As of
February 2017, a total of 23,815 plasma samples, 17,581 urine samples and 17,581 white blood cells from
cohort members were acquired and properly stored. There were 1453, 1163, 815 and 144 participants donating
serial plasma samples of more than 5, 10, 15 and 20 years’ duration, respectively. Apart from body fluid and
blood samples, 35 tumor tissue samples and adjacent non-tumor liver tissues from PLC incident cases within
the QBC were well preserved in liquid nitrogen as well.

WHAT HAS BEEN MEASURED?

Questionnaires

At the baseline survey between 1991 and 1992 certified doctors and nurses with the aid of trained local
physicians conducted the personal interviews by asking information on socio-demographic characteristics
and past medical history. A standardized, structured questionnaire completed through face to face interviews
was administrated in 1998 and covered all participants. The questions included socio-demographic data,
dietary habits, type of drinking water, consumption of alcohol, tea, and tobacco, past medical history and
present medical condition, family history of cancer, menstrual and reproductive history (females only),
and vaccination history. In 2012, an updated questionnaire was implemented, and some new variables such
as history of diabetes and use of antiviral therapy in members of the HBV exposed sub-cohort were also
documented. Brief items and variables of both structured questionnaires were illustrated in Table 1.

Physical examination and blood tests

During each follow-up, height, weight, and blood pressure were measured and recorded. Laboratory tests
for HBsAg, ALT, and AFP and upper abdominal ultrasonic exam were also performed at least once a year
between 1992 and 2017. Antibody to hepatitis C virus (HCV) was measured in 2009 to determine the rate
of co-infection of HBV and HCV. In the 2009 and 2012 follow-ups, HBV serum markers, including HBsAg,
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Table 1. Key variables of structure questionnaires

Baseline questionnaires (1998) Updated questionnaires (2012)
Unique code Occupation

Name Family size

Gender Family income

ID code (containing birth date and gender) Temporary place
Occupation Staple food

Home address Drinking water

Employer Alcohol drinking

Phone call Tea drinking

Birth place Smoking

Education Medical history

Marital status Family history of cancer
Financial condition Family history of HCC
Staple food Diabetes history

Drinking water High blood pressure history

Tobacco consumption

Alcohol drinking

Tea drinking

Medical history

Menstrual and reproductive history (if female)
Vaccination history

Prophylactic intervention

HCC: hepatocellular carcinoma

antibody to hepatitis B surface antigen, hepatitis B e antigen, antibody to hepatitis B e antigen, and antibody to
hepatitis B core antigen, as well as urine glucose, and fasting blood glucose were also measured. In particular,
baseline HBV DNA load, a well acknowledged viral parameter, was surveyed by using cryopreserved plasma
samples between 2014 and 2015.

Other parameters based on nested case-control design

Several nested case-control studies have been carried out by using samples collected in the QBC. Exposure
biomarkers and genetic variation markers measured were determined for some of the study participants,
0ol aflatoxin-albumin adducts™”, polymorphism of Glutathione S-Transferase
T1 and M1", epoxide hydrolase"”, xeroderma pigmentosum group D™, codon 249 mutation of p53, loss of

including aflatoxin metabolism !

heterozygosity at chromosome 4q™*, HBV genotype and versatile HBV mutations in X gene"**”, S gene®", C
gene®?, and P gene®™ " of HBV genome.

[24-27]

WHAT HAS BEEN FOUND?

HBYV infection and PLC endemic in Qidong

By the end of February 2017, after a median follow-up duration of 24.83 years, a total of 201 incident PLC cases
were identified in the QBC. PLC was the most common cancer type, comprising more than 65% (201/304) of
all cancer cases. PLC incidence in the HBV exposed sub-cohort was significantly higher than that of the HBV non-
exposed sub-cohort with an incidence rate ratio (IRR) of 12.32 (95% CI: 7.16-21.21, P < 0.0001). No other statistically
significant IRR were observed on any other cancers including lung, gastric, colorectal etc. [Table 2]. These findings,
in addition to our previous publications on the QBC, define HBV infection as the most important etiologic
factor for explaining the PLC epidemic in Qidong®".,

Furthermore, we have explored the association between HBeAg status, HBV DNA load and PLC risk in the
HBV exposed sub-cohort. We found that the relative risk of PLC was 13.25 (95% CI: 6.67-26.33, P < 0.0001)
and 28.05 (95% CI: 13.87-56.73, P < 0.0001) in the HBsAg'/HBeAg group and the HBsAg'/ HBeAg" group,
respectively, as compared to the HBsAg/HBeAg group”-*?. Those with levels of HBV DNA more than 250
copies/mL had a 4.78-fold risk of PLC compared to those without detectable HBV DNA. The HBsAg carriers
with serum HBV DNA between 10° and 10° copies/mL had the greatest PLC risk, that is to say, greater than
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Table 2. Incidence rates of PLC and other main incident cancer types in HBsAg positive and HBsAg negative sub-cohort with
calculation of incidence rate ratios and hazard ratios

Cancer HBsAg positive HBsAg negative IR ratios 95% CI Pvalue HR 95%Cl  Pvalue
site (n=852) (n=786)
n PY IR n PY IR
7/10%) (1/10°)

Liver 187 16,853 mo 14 17,680 79 12.32 716-21.21 <0.0001 14.00 8.13-24.1 <0.0001
Lung n 17,270 64 22 17,679 124 0.46 0.22-0.95 0.0361 0.53 0.26-1.08  0.0815
Gastric 12 17,242 70 n 17,649 62 1.01 0.44-2.28 09878 110 0.49-249 0.8214
Colorectal 2 17,230 12 7 17,673 40 0.26 0.05-1.27 0.0963 015 0.02-1.20 0.0736
Pancreatic 5 17,261 29 3 17,695 17 1.54 0.37-6.43 0.5558 1.80 0.43-7.51 0.4231
Esophagus 1 17,276 6 6 17,690 34 015 0.02-1.28 0.0830 017 0.02-1.42 01022
Bladder 2 17,272 12 3 17,692 17 0.62 0.10-3.78 0.5944 0.71 012-4.27 0.7099
Others n 17,251 64 9 17,685 51 113 0.47-2.72 0.7894 1.29 0.54-312 0.5696

PLC: primary liver cancer; HBsAg: hepatitis B surface antigen; PY: person years; IR: incidence rate; Cl: confidence interval; HR: hazard ratio

those with serum HBV DNA more than 10° copies/mL®. This observation was discrepant with results from
Taiwan®, but consistent with the results from another cohort study in Qidong"".

HBYV variations and hepatocellular carcinoma

HBV DNA mutation has been considered to be linked with hepatocellular carcinoma (HCC)"®. However,
this relationship had never been evaluated in Qidong before we initiated a series of studies concerning HBV
variation and the sequelae of HBV infection. By using the plasma samples from the members of the QBC, we
found the A1762T/G1764A double mutation of the HBV basal core promoter (BCP) was frequently detected
in HBV infected participants"®. However, the A1762T/G1764A double mutation alone was not sufficient to
produce a statistically significant association with PLC. We reported, for the first time, that it was the triple
or quadruple mutation occurring at nucleotide positions 1762, 1764, 1766 and 1768 that played roles in the
development of PLC. While the odd ratio of PLC patients with the A1762T/G1764A double mutation alone
was 0.393 (95% CI: 0.234-0.660), it increased to 1.861 (95% CI: 1.161-2.984) with the triple mutation and to
4.434 (95% CI: 1.630-12.063) with the quadruple mutation in BCP region™. Functional studies revealed
that the triple mutation could largely abrogate the colony inhibitory activity of HBx, suggesting that the
enhanced risk of HCC caused by BCP variants could be attributable to the aberrant activity of HBx. These
results highlight the importance of the cumulative effects of BCP mutations on PLC risk™.

By sequencing the HBV genome, we identified and validated a series of novel PLC-related mutations. These
mutations include A2159G, A2189C and G2203W at C gene™, A799G, A987G and T1055A at P gene®, and
A1479T at X gene™. By using capillary gel electrophoresis, we found that it was the short fragment, rather
than larger fragment, contributing to the association of Pre-S deletion with HCC®**\. In addition to the
above novel findings, we also verified the association of some known HBV mutations, such as HBV pre-S2
start codon mutation®, C1653T and T1753C™, with HCC in Qidong.

Taking advantage of serial plasma samples collected from patients between chronic hepatitis B and
manifestation of PLC, we were able to report the temporal order of HBV mutation during the course of PLC
development. While A1762T/G1764A, C1653T, A799G, A987G, T1055A, pre-S deletion could be detected in
the plasma long before PLC diagnosis, T1753C, C1766T and T1768A mutations appeared only one or two
years before PLC diagnosis"****’. These observations provide valuable information for HCC prediction and
screening when using HBV mutations as the marker.

Aflatoxin exposure, P53 mutation and PLC

Aflatoxin’s role in PLC epidemic were also evaluated in Qidong, after an important cohort study in
Shanghai®”, by both nested case-control and cohort analysis in the QBC"". P53 G249T mutation is an
indicator of aflatoxin exposure. The high prevalence of this mutation suggests aflatoxin as an important
etiological factor of HCC in Qidong". P53 mutations were determined initially in surgical resection tissues
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from PLC cases"’. It was found that around 50% of PLC cases in Qidong had a G to T transversion at the third
position of codon 249 in the P53 gene. Consistent with the results in PLC tissues, the codon 249 mutation
of P53 was also detected in 46.7% of the plasma samples from PLC patients*”. Moreover, this mutation was
detected at least 1 year prior to diagnosis in the plasma samples of 4 of 8 cases, suggesting P53 mutation
could be an early biomarker for PLC*?. We also have found that PLC risk increased with the elevated
concentration of serum AFB1-albumin adducts, which is a direct biomarker for aflatoxin exposure. Lastly,
a sharp decline in the age-standardized rate of PLC documented by the QCR has occurred subsequent to a
population-scale change in dietary food stuff from maize to corn in the 80s and 90s. The concomitant more
than 1000-fold decline in aflatoxin exposures has occurred well before the implementation of a universal

vaccination program against HBV in this region'*”.

WHAT ARE THE MAIN STRENGTHS AND WEAKNESS OF THE STUDY?

The main strengths of the QBC are: (1) The QBC is a cohort study with long-term and continuous follow-up,
as well as a very low rate of attrition. To our knowledge, this is a community-based HBV infected cohort
with the longest period of observation worldwide. During the past two decades, the participants of the
cohort have been followed up once or twice each year, which has produced continuous data for research
on PLC etiology. The high quality data from cancer registry and vital statistics of Qidong lend confidence
and perspective to the results. (2) The QBC database comprises a large amount of clinical and laboratory
information. Structured questionnaires were implemented first in 1998 and updated in 2012, which alleviates
concerns that the exposure status of related factors such as smoking and drinking could have changed during
the past two decades. Serum viral and biochemical indicators such as HBsAg, AFP, and ALT at each round
of follow up have been measured by the consistent kits from KHB Company to make longitudinal analysis
possible as is the case with other examination such as abdominal ultrasonography. Although HBV DNA load,
HBeAg, HBV genotype and HBV common mutations were not tested at baseline, they were examined using
archived plasma collected at baseline and from the year when PLC was diagnosed. (3) The bio-sample bank
based on this cohort now has serial plasma, white cell and urine samples. Such valuable samples collected
before and after diagnosis of PLC provide a superior opportunity for evaluation of novel diagnostic markers
of PLC. Indeed, key findings mentioned above were facilitated by availability of longitudinal collection of
plasma samples. To our knowledge, such community-based HBV infected cohorts usually have only baseline
blood samples for each participant. The characteristic of serial samples is exceptional. (4) Although the QBC
is not a large scale cohort, it has already generated 201 PLC cases. This number has surpassed any others of
its kind and will meet the needs of any sophisticated statistical analysis related to the study of PLC etiology
and prognosis.

CAN | GET HOLD OF THE DATA? WHERE CAN | FIND OUT MORE?

The QBC study offers a unique opportunity to further research. Data collection documents and bio-samples
are stored at QDLCI and SCI. We encourage interested research teams to make contact with our current
leader and chief investigator of this cohort, Dr. Tao-Yang Chen, at E-mail: ty110@263.net, and Dr. Hong Tu,
at E-mail: tuhong@shsci.org.
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Abstract

Hepatocellular carcinoma (HCC) is recognized as a major global healthcare burden. Although there have been
tremendous improvements in cancer screening and treatment, HCC mortality rate remains high. Many patients
with HCC present late to medical attention and thus are not candidates for curative treatment. They typically have
high tumor burden at presentation showing heterogeneity in anatomical factors and biochemical profile. Despite
the relatively poor prognosis for these patients, significant improvements can still be made in survival if the
optimal treatment modality is chosen. Currently, there is no international consensus on how to manage this group
of heterogeneous, high-burden HCC. In this article, we will address this question by reviewing the latest available
evidences. Our definition of “high-burden HCC"” will be based on three factors: size, number of tumors and the
presence of macrovascular invasion. The different treatment modalities, namely surgery, intra-arterial therapy,
radiotherapy and systemic therapy, and their respective supportive evidences, will be discussed. In the end, we will
summarize with our views on the future direction of research priorities for the management of high-burden HCC.

Keywords: Cancer, hepatocellular carcinoma, liver

INTRODUCTION

Hepatocellular carcinoma (HCC) is a major healthcare burden in the world. It represents 6% and 9% of
the global cancer incidence and mortality respectively'. It is the second most common cause of cancer-
related death worldwide". Although major advancements have been made in cancer screening, diagnosis
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and treatment, prognosis of liver cancer remains poor. In 2012, World Health Organization estimated the
incidence-to-mortality ratio of liver cancer to be as high as 95%".

One of the major challenges in treating HCC is its heterogeneity and complexity. In contrast to other
cancers, the prognosis of HCC not only depends on the tumor load, but also on the underlying etiology
as well as the remaining liver reserve. Multiple staging systems have been proposed in the management of
HCC. Many of them classify the patients into three groups. The first group of patients are those with the best
prognosis, with little tumor burden and good liver reserve. They are often offered treatment with curative
intent. The second group represents those patients with advanced disease of which tumor load is high
and liver reserve is poor. These patients have very few treatment options and are offered systemic therapy,
enrollment into clinical trials or supportive treatment.

The third group is the intermediate group which includes patients who do not fulfill the criteria of the first
and second group. They have high tumor burden yet with relatively good liver reserve, and are potential
candidates for multiple or combination of therapies, some of which can be with curative intent. This is the
group which is made up of the most heterogeneous patient population, and hence it remains a challenge to
devise the best therapeutic strategy for them.

In this review, the latest therapeutic options for this heterogeneous, high-tumor burden group of HCC
patients will be discussed. Firstly, we will define our target population of high-burden HCC based on the
size, the number of tumors, and the presence of portal vein invasion. Secondly, we will outline the various
therapeutic options available and evaluate their impact on survival. Thirdly, we will briefly discuss the
etiological adjunctive treatment for high-burden HCC. Finally, we will summarize the future directions in
the management of high-burden HCC.

DEFINITION

Multiple factors have been identified to affect the survival rates of patients with HCC. While many of
them are surrogate markers of liver reserve, a few anatomical factors have also been found to persistently
affect prognosis[m], including the size, the number of tumors and the presence of portal vein invasion.
The application of these anatomical factors is important because it affects the choice of optimal treatment
modalities.

Historically, large HCC is defined as tumors of size > 5 cm, owing to the poor efficacy of radiofrequency
ablation in managing HCC beyond that size. This is also the cutoff used in the Barcelona Clinic Liver
Cancer (BCLC) staging system to classify tumors which are not amenable to curative treatment. Multiplicity
of tumor is usually defined as number of tumors > 3, and the higher number of tumors means curative
treatment would unlikely be successful. Portal vein invasion is another important poor prognostic indicator,
not only because it indicates an advanced disease, it would also limit the number of feasible treatment
options. According to BCLC, portal vein invasion is a contraindication for transarterial chemoembolization
(TACE). As a result, only systemic therapy and best supportive care are feasible options for this group of
patients.

The focus of our discussion will be on treatment options available to high-burden HCC, which we define
as HCC satisfying the following criteria: (1) presence of any tumor of size > 5 cm; (2) number of tumors
> 3; (3) presence of portal vein invasion; and (4) without extrahepatic metastasis. This group of patients were
traditionally considered to carry a grim outlook but recent treatment advancements have improved their
prognosis.

TREATMENT OPTIONS FOR HIGH-BURDEN HCC

In the literature, a plethora of therapeutic options are available for high-burden HCC. These include surgery,
TACE, transarterial radioembolization (TARE), radiotherapy (RT) and systemic therapy. The choice of
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therapy depends on the extent of the disease, the liver function and the patient’s performance status. Each
treatment option will be discussed individually here.

Surgery

Previously thought only to have a role in early HCC, advancement in surgical techniques have enabled
hepatic resection to become a therapeutic option for high-burden HCC. Although high quality evidence is
still lacking, many retrospective studies have provided support for hepatic resection to be a safe and effective
method in managing high-burden HCC. In fact, many Asian liver centers prefer hepatic resection, as long
as it is feasible, to other local treatment options. We will now review the recent studies published between
2007 and 2017 to give the most updated picture of the efficacy of hepatic resection in the management of
high-burden HCC" [Table 1]. Of note, few studies have examined the effect of tumor size and number of
tumors independently on survival, so we would group them together in the following discussion, with large (=
5 cm) and multifocal tumor as one single population (large/multifocal HCC).

For patients with large/multifocal high-burden HCC treated with surgery, the median survival rate was
27.6 months, and the median 1-, 3-, and 5-year overall survival rates were 74.3%, 51.2%, and 39.2%
respectively. Among patients treated with surgery, survival was particularly favorable among those with
solitary large tumor (= 5 cm), with median 1-, 3-, and 5-year survival rates of 87.2%, 63.2%, and 56.1%
respectively. Large tumor size has been repeatedly reported as a poor prognostic factor for HCC. This is
consistent with the results we found in high-burden HCC treated with surgery [Table 2]: the median 1-, 3-,
and 5-year overall survival rates for huge/multifocal tumor (= 10 cm) were 70.0%, 45.0%, and 36.0%, whereas
those for moderately-large/multifocal tumors (= 5 and < 10 cm) were 73.0%, 55.1%, and 50.8% respectively.
However, it is worth noting that larger tumors do not appear to be associated with higher post-operative
mortality. The median postoperative mortality for huge/multifocal (> 10 cm) tumors was 2.6%, compared
with 4.3% for large/multifocal tumors.

Portal vein invasion remains to be another poor prognostic factor for HCC patients despite advancements
in treatment modalities, especially for tumors invading into the main or contralateral portal vein'’. Surgery
has been considered contraindicated by many institutions, including the BCLC system[“]. However, many
studies, particularly those from the Asian centers, have reported hepatic resection to be safe and effective
for patients with portal vein invasion”***" [Table 3]. The median 1-, 3- and 5-year overall survival rates for
patients with all forms of portal vein invasion treated with surgery were 61.0%, 32.9% and 27.0% respectively.
The prognosis worsens with the degree of portal vein involvement [Table 4]. For Vp1 and Vp2 involvement,
the median 1-, 3- and 5-year overall survival rates after surgery were 69.1%, 42.2% and 38.7%, whereas for
those with main portals or the 1st branch involvement (Vp3 and Vp4), the median 1-, 3- and 5-year overall
survival rates after surgery were 52.8%, 23.4% and 14.6% respectively [Table 5].

Transarterial chemoembolization

Before the advent of intra-arterial therapy, surgery has been the mainstay of treatment for HCC. However,
less than 30% of patients were eligible for liver resection due to advanced staging of the disease™*". TACE
revolutionized the treatment for high-burden HCC when it was first introduced in the early 90%s'"**. Tt
takes advantage of the differential portal and arterial contributions to the blood supply of the tumor and the
normal liver parenchyma. Normal liver parenchyma receives majority of the blood supply from the portal
vein while the tumor feeds itself mainly from the hepatic arteries. The effects of TACE are two-fold. First, it
delivers cytotoxic drugs to kill tumor cells. At the same time, by embolization of the arterial supply to the
tumor, it creates an ischemic environment while keeping the cytotoxic agents within the tumor. The overall
effect is to induce tumor necrosis via both direct poisoning and starvation.

Nowadays, TACE is the treatment of choice for unresectable high-burden HCC. The positive efficacy of
TACE has been reported in numerous case reports and retrospective studies since its introduction in
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Table 1. Recent studies on the efficacy of surgical resection in the management of large/multifocal high-burden hepatocellular
carcinoma

Type Size: Size: Size: Number 1-year 3-year 5-year Median op:c:tti:le Recruit-
Year Place Authors (S/ =5 5-10 >10 tients survival survival survival survival mortality ment
M/A) cm cm cm P@ (:) %) (%) (%) (months) ) year
0,
2007 South Korea Choetal™ s - 61 - 61 850 59.0 529 - 16 1998-2001
2007 South Korea Leeetal® A - - 100 100 66.0 440 31.0 - 2.0 1997-2003
2007 Singapore  Pandey et a/.” A - - 166 166 - - 286 20.0 3.0 1995-2006
2007 Canada Shah et a/.' A - - 24 24 - - 54.0 - 8.3 1993-2004
2007 UK Young et a/."”’ A - 42 - 42 700 450 45.0 - 7.0 1994-2006
2008 Japan Shimada et a/"”’ A - - 85 85 - - 315 276 1.2 1988-2004
2008 France Chirica et a/™ A 20 - - 20 730  56.0 45.0 - - 1998-2004
2008 Japan Taniai et a/"™ A - - 29 29 - 33.6 336 - 6.9 1987-2006
2008 Taiwan Wang et a/""”! A 58 - - 58 58.0 320 220 - - 1990-2006
2008 Taiwan Wang et a/"™ A 243 - - 243 815 644 50.5 60.4 - 1986-2002
2009 Australia Ng et a/.™ A - - 44 44 664 381 27.8 215 - 1990-2008
2009 China Yang et a/."® A 260 - 0 260 870 555 38.2 455 2.3 1992-2002
2009 Korea Choi et a/'™” A - - 50 50 700 502 40.2 - - 1996-2006
2009 Taiwan Hoetal™ A 294 - - 294 774 519 36.6 379 - 1981-2000
2010 Greece Delis et a/."” A 66 - - 66 69.0 370 320 - - 2002-2008
2010 Taiwan Linet a/”” A 93 - - 93 83.0 490 - 27.6 5.4 2001-2007
2010 ltaly Ramacciato et a/.*" M 20 - - 20 - - 336 - - 2000-2006
2010 ltaly Ramacciatoeta/™ S 31 - - 31 - - 56.1 - - 2000-2006
2010 USA Schiffman et a/."** A 78 - - 78 - - 20.0 - - 1999-2005
2010 China Wang et a/'** A - 189 - 189 700 512 36.5 - 75 1991-2004
201 Japan Yamashita et a/.** A O - 53 53 740 430 35.0 - 3.8 1995-2007
201  China Luo et a/*® A 85 - 0 85 706 353 239 - 24 2004-2006
2011 China Zhou et a/.*” S 85 - - 85 93.8 56.2 47.0 - - 1995-2002
2012 ltaly Ruzzenente et a/.**! S 0 13 - 13 769 684 68.4 - 0.0 1995-2009
2012 Taiwan Chang et a/.*® A 478 - - 746 518 407 - 27 1991-2006
2012 Serbia Galun et a/*” A 32 - - 32 - - - 26.0 0.0 2001-2008
2012 Taiwan Huang et a/.%” A - - 74 74 619 394 289 20.4 - 2001-2005
2012 USA Shrager et a/.*" A - - 130 130 569  30.3 18.8 17.0 6.9 before  1992-2010
2002
2.3 after
2002
2013 Switzerland Allemann et a/*% A - - 22 22 - - 450 27.0 0.0 1997-2009
2013 Japan Ariizumi et a/.®* A - - 177 177 61.0 460 420 385 - 1990-2008
2014 China Yinet al " A 838 - - 88 76.1 51.5 41.0 11 2008-2010
2015 Taiwan Chanet a/.™ A - - 54 54 785 614 54.2 - - 2005-2010
2016 Taiwan Chang et a/.%” A - 2306 - 2306 821 - 50.8 - - 2002-2010
2016 Taiwan Chang et a/.%” A - - 912 912 685 - 35.0 - - 2002-2010
2016 Taiwan Liuetal” A 224 - - 224 880 76.0 63.0 - - -
2016 China Zhao et a/ P A 82 - - 82 770  56.0 430 - - 2005-2011
2017 South Korea Jineta/®” S 206 - - 206 893 674 58.0 - - 2008-2010

A: studies consider large tumors (> 5 cm) with or without multifocal tumors as one single population group; S: studies only consider
solitary large tumors; M: studies only consider multifocal tumors, of which size can be <5cm

the 90’s. But high-quality evidences only came in 2002, when two randomized controlled trials (RCTs)
demonstrated the improvement in outcomes for patients with unresectable HCC when treated with TACE
. [66,67] .. .
compared to conservative management . Subsequent meta-analysis involving 7 RCTs also demonstrated
an improvement in 2-year survival rate [odds ratio 0.53; 95% confidence interval (CI): 0.32-0.89; P = 0.017)
I Although this meta-analysis was later criticized for being small scale, using heterogeneous study
population, and employing non-standardized TACE techniques and materials, many subsequent studies
consistently reproduced the positive effects that TACE brought about in treating unresectable high-burden

HCC[20,26,34,37,39,56,69’7‘] [Table 6]

For high-burden HCC treated with TACE, the median 1-, 3- and 5-year overall survival rates were 68.4%,
42.1% and 31.1% [Table 7]. In the case of solitary large (= 5 cm) HCC, the median 1-, 3-, and 5-year overall
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Table 2. Summary of median overall survival of large/multifocal high-burden hepatocellular carcinoma treated with
surgery

Moderately-large/multifocal Huge/multifocal

Solitary large tumor (>5cmand <10 cm) (>10cm) Overall
1-year survival (%) 87.2 73.0 70.0 74.3
3-year survival (%) 63.2 551 45.0 51.2
5-year survival (%) 56.1 50.8 36.0 39.2

Table 3. Recent studies on the efficacy of surgical resection in the management of high-burden hepatocellular carcinoma with
portal vein invasion

Year Place Authors Type Size: Size: Numberof 1-year 3-year 5-year Median Recruitment
(S/A) >5cm 5-10 patients (#7) survival survival survival survival year
cm (%) (%) (%) (months)

2010 Taiwan Lin et /%" A 78 - 78 39 2 - 15.8 2001-2007

2011 China Luo et a/** A - 83 83 67.2 26 18.9 19.5 2004-2006
2014  China Yinet a/** A - 85 85 51.8 181 - 14 2008-2010
2014  China Jianyongetal®” S 190 - 190 879 76.3 57.9 - 2002-2008
2014 China Jianyongetal® A 139 - 490 68.4 46 40.8 - 2002-2008
2015  South Korea Leeetal’” S 68 - 68 89.8 72.8 49.6 - -

2016  Japan Kudo et a/.*% A - - 1576 822 40.2 211 - 1997-2006

2016  Taiwan Liuetal?” S 229 - 229 74 44 35 - -

2017  South Korea linetal”” A 489 - 489 67.7 38.2 272 - 2003-2010

2017  Japan Nouso et a/."”" A 76 - 76 - 47.3 214 72 2001-2015

A: studies consider large tumors (=5 cm) with or without multifocal tumors as one single population group; S: studies only consider
solitary large tumors

Table 4. Classification of portal vein invasion

Degree of invasion
VpO: no evidence of tumor thrombus invasion

Vp1: tumor thrombus distal to but not in the second-order branches
Vp2: tumor thrombus in the second-order branches

Vp3: tumor thrombus in the first-order branches

Vp4: tumor thrombus in the main trunk or contralateral or both

Table 5. Summary of median overall survival of high-burden hepatocellular carcinoma with portal vein invasion treated with
surgery

Vp1and Vp2 Vp3 and Vp4 Overall
1-year survival (%) 69.1 52.8 61.0
3-year survival (%) 42.2 234 329
5-year survival (%) 387 14.6 270

survival rates were higher: 87.9%, 72.8%, and 49.6%. In this group of high-burden HCC, TACE appeared to
be inferior to surgical resection in prolonging survival. However, if we focus on solitary large HCC (= 5 cm)
only, TACE appeared to outperform surgical resection [Table 7]. Therefore, it appears that surgery should
be the choice of treatment when the tumor is “resectable”, while TACE could be considered in the case of
solitary large tumor.

TACE is commonly considered contraindicated in HCC with portal vein invasion due to the potential risk
of acute liver failure resulting from post-TACE ischemia, as the normal liver parenchymal blood supply from
the portal vein is already compromised. However, this contraindication has not been validated in large trials.
On the contrary, a number of small retrospective studies have shown that TACE could be performed safely
in patients with portal vein tumor thrombus (PVTT), provided that there was adequate liver reserve and the
establishment of collateral blood circulation around the obstructed PVTT was sufficient”".
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Table 6. Recent studies on the efficacy of transarterial chemoembolization in the management of high-burden hepatocellular
carcinoma

Year Place Authors Vascular Number 1-year 3-year 5-year Median Recruitment
invasion of survival  survival survival survival year
patients (%) (%) (%) (months)
(n)
2009  Japan Ban et a/*? Vp3and Vp4 45 69.6 374 224 20 1992-2008
2010  China Shiet al®* Vpland Vp2 139 5211 2511 - - 2001-2003
2010  China Shi et a/.** Vp3 169 38.2 17.7 - - 2001-2003
2010  China Shi et a/.** Vp4 78 247 36 - - 2001-2003
2012 Taiwan Changetal®® - 160 576 33.8 291 - 1991-2006
2012 China Peng et a/** All types 201 42 141 ni 20 2002-2007
2012 China Chenetal™  Alltypes 88 311 15.2 - 9 2006-2008
2012 Japan Matono et a/®® Vp3and Vp4 29 621 241 17.2 16.6 1985-2005
2013 USA Roayaie et a/“®  All types 165 - - 14 1311 1992-2010
2013 China Tang et al."" All types 186 401 13.6 - 10 2006-2008
2013 France, Italy, Japan, Torzillieta/™  Alltypes 297 76 49 38 - 1990-2009
Argentina, USA

2014 Taiwan Liuet a/® Vplto Vp3 247 85 68 61 64 2002-2012
2014  Hong Kong Chok et a/.*” Vp3 71 45.8 22.7 n.2 10.9 1989-2010
2015  Japan Kojimaetal* Vp3andVp4 25 68 32 12 215 2001-2010
2016  Japan Kokudo et a/“*" Al types 1877 74.8 491 391 34 2000-2007
2016  Korea Lee et a/*” Vplto Vp3 40 - - - 19.9 2000-20M
2016  China Zhengetal/"  Alltypes 96 86.5 60.4 333 - 2000-2008
2016  China Lietal”" Vp4 50 35.6 0 0 - 2010-2013
2016  China Zhangetal®™  VpltoVp3 13 68.9 343 30.8 18.2 2005-2012
2016  Japan Kudo et a/.*% Vp3and Vp4 852 59.8 343 25 - 1996-2007
2016  Japan Kudo et a/.*% Vp2 714 69.1 422 29.2 - 1996-2007
2016  Japan Kudo et a/.*" Vpl 1908 84.9 62.4 48.2 - 1996-2007

Table 7. Comparison of median overall survival of high-burden HCC treated with surgery and TACE

Solitary large HCC (surgery) Solitary large HCC (TACE) Overall (surgery) Overall (TACE)
1-year survival (%) 87.2 879 74.3 68.4
3-year survival (%) 63.2 72.8 51.2 421
5-year survival (%) 56.1 49.6 39.2 311

HCC: hepatocellular carcinoma; TACE: transarterial chemoembolization

A small number of studies have explored the possibility of TACE as a palliative treatment in high-burden
HCC with portal vein invasion*****7*7"
Even fewer studies have reported the median 3-year overall survival rate, likely due to the poor prognosis

[Table 8]. The median 1-year overall survival rate was 50.5%.

associated with portal vein invasion. No study thus far has compared difference in survival rate between
segmental branches involvements (Vp1 and Vp2) and 1st branch or main trunk involvement (Vp3 and Vp4).

It is worth noting that many studies included in this review used conventional TACE (cTACE). However,
drug-eluting bead TACE (DEB-TACE), since its introduction in 2006, was believed to be superior to cTACE.
It has been demonstrated to have a lower toxicity profile compared to ¢TACE". However, studies so far
failed to prove its ability to consistently prolong survival ™", Moreover, as a relatively new agent, only a
paucity of studies has looked at its effect on high-burden HCC, particularly those with portal vein invasion.
More studies are needed for this particular population of patients.

Transarterial radioembolization

Although TACE has been shown to be an effective therapy for high-burden unresectable HCC, it is
associated with substantial systemic toxicities. In a Cochrane review in 2011, post-embolization syndrome,
with clinical manifestations of transient fever, abdominal pain and elevated transaminases, was reported
to occur in up to 80% of the patients receiving TACE"™. Other serious adverse events, albeit uncommon,
include acute renal failure, ascites, encephalopathy and transient liver failure””.
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Table 8. Recent studies on the efficacy of transarterial chemoembolization in the management of high-burden hepatocellular
carcinoma with portal vein invasion

Vascular Number of 1-year 3-year 5-year Median

Year Place Authors invasion patients () survival  survival survival survival Recruitment year
(%) (%) (%) (months)

2012 China  Niueta/"™ All types 15 27.8 - - 8.67 2007-2010

2012  China  Pengetal'™” All types 402 378 73 0.5 131 2002-2007

2014 India Ajit et a/." All types 17 470 - - 10 2011-2013

2014  Taiwan Chernetal”™ Vp3 and Vp4 50.0 54.0 10.0 - 6.2 2006-2012

2014 Taiwan Liuera/™® Vp1to Vp3 181 60 42 33 32 2002-2012

2016  China  Zhenget a/*” All types 134 77.6 476 209 - 2000-2008

2017  Korea  Choietal Vpland Vp2 50 - - - 9.4 2003-2012

2017  USA Gorodetskietal””  All types 133 - - - 4,53 2006-2013

In view of this, much effort has been made to devise new intra-arterial therapies with less systemic toxicities.
In recent years, TARE has become an alternative to TACE in treating high-burden HCC. TARE is an intra-
arterial therapy that involves the delivery of microspheres containing yttrium-90 into the hepatic arteries.
TARE asserts the main effect through the internal radiotherapy delivered by Y-90, a radioactive substance,
which causes necrosis of the tumor.

As data is lacking for TARE, much of the evidences came from retrospective studies of experimental
intent™*". These studies either looked into the efficacy of TARE by itself, or made a comparison with
TACE, the gold standard for unresectable high-burden HCC. The median survival rate for high-burden
HCC treated with TARE was 15.0 (range: 11.5-20.0) months, with a response rate of 41.5% by the mRECIST
criteria [Table 9]. In those studies comparing TARE and TACE retrospectively, they were not able to show
any difference between survival®***!. However, TARE was found to be associated with longer time-to-
progression, less toxicity and shorter hospital stay comparing with TACE, suggesting that it may be a more
favorable treatment modality for unresectable high-burden HCC. As for large solitary tumor or multifocal
tumors, where TACE is known to be ineffective due to the severe adverse effects””, TARE could also be a
preferred alternative.

Despite its better safety profile, TARE is not yet considered standard treatment by a number of clinicians.
Apart from the lack of high quality evidence to support its efficacy on high-burden HCC, TARE is an
expensive procedure and it requires specialized training for implementation[%]. Given the promising results
from retrospective studies, more clinical trials are needed in the coming years to formally evaluate its
effectiveness and safety profile, and its potential to replace TACE’s role in the treatment of unresectable high-
burden HCC.

Radiotherapy

External radiation historically had limited role in the management of HCC. This is mainly due to the
radiotoxicity on the non-tumorous surrounding tissue. Radiation induced liver disease (RILD) is a common
side effect of radiotherapy for liver cancer. In the RTOG 84-05 dose escalation study, among the patients
receiving whole liver RT of 33 Gy in 1.5 Gy, around 10% of patients experienced RILD"”.

However, with the recent advancements in irradiation technique, treatment modalities such as 3D-conformal
RT (3D-CRT) and stereotactic body radiation (SBRT) have emerged as feasible options to treat high-burden
HCC. With these technologies, high dose radiation can be effectively delivered to a precise area, sparing the
surrounding normal liver tissue. This is particularly important for those patients with high-burden HCC
who are not eligible for surgery or local therapies due to suboptimal liver reserve, anatomical locations of the
tumors or poor performance status. Therefore, radiotherapy has become an attractive alternative in those
cases.
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Table 9. Recent studies on the efficacy of transarterial chemoembolization in the management of high-burden hepatocellular
carcinoma

Time to Median .

Number of . - . . Response Recruitment
Year Place Authors atients (7) Evaluation criteria  progression survival rate (%) car

P (months) (months) ° Y
2010 European  Hilgard et a/."*® 108 EASL 10 16.4 40
2010 USA Salem et a/.*” 291 WHO 79 BCLC-B:13.3 42

BCLC-C: 6.0

2010  USA Carr et a/*” 99 WHO 79 n5 41
2011 European  Sangro et a/.®” 325 - - 12.8 - -
20M USA Salem et /%% 123 WHO 13.3 205 49 1999-2008
2013 ltaly Mazzaferro et a/.** 52 RECIST/WHO/EASL n 15 404 2007-2009
2013 USA Moreno-Luna et a/."** 61 mRECIST - 15 51 2005-2008
2015  Korea Kim et a/."" 40 mRECIST 18 - 63.8 2008-2010
2015  Germany  ElFoulyeta/ 44 mRECIST 13.3 16.4 37% 2009-201

Multiple retrospective studies, albeit small scale, have demonstrated the efficacy and safety of 3D-CRT and
SBRT in treating high-burden HCC"***"*! [Table 10]. The response rates of these two techniques ranged
from 22% to 76.2%, and the 1-year survival rates ranged from 16.7% to 55%. Given that this group of patients
are expected to be in much poorer conditions than those amenable to surgery or intra-arterial embolization,
the results achieved are encouraging. However, there has been no direct comparison between 3D-CRT and
SBRT, and variability of results was wide. Therefore, larger scale studies are needed to establish the role of RT
in managing high-burden HCC.

Systemic therapy

Our definition of high-burden HCC excludes patients with extrahepatic metastasis, for whom systemic
therapy would be the preferred option. However, even for patients without extrahepatic metastasis, when all
the other treatment modalities fail, systemic therapy would be the last resort. In this section, we will discuss
the systemic therapies which are applicable to high-burden HCC [Table 11].

Targeted therapy

Traditional systemic therapy has never been favored for a long time in treating advanced HCC due to its
poor efficacy and the general cytotoxicity which preclude its application in this group of frail patients. It
was only since 2008, we celebrated the introduction of sorafenib, a multikinase inhibitor, which has been
demonstrated to prolong survival in two large randomized controlled trials"*""". In the SHARP trial, the
median survival of patients with advanced disease treated with sorafenib was 10.7 months, vs. 7.9 months in
those who received placebo (harzard ratio 0.69, 95%CI: 0.55-0.87; P < 0.001). The Asia-Pacific trial was able
to replicate similar findings, suggesting sorafenib to be an effective drug across patients with advanced HCC
regardless of etiology and ethnicity.

Since then, much effort has been spent on exploring newer targeted therapies. Unfortunately, none of the
trials in the past decade was able to identify a better targeted agent in treating advanced HCC! M, Only
recently in 2017, Bruix et al.™” in the RESORCE trial has found regorafenib, an oral multikinase inhibitor
that blocks angiogenesis, oncogenesis, metastasis and tumor immunity, to be an effective second line
treatment for patients who have failed sorafenib. The median survival rate for patients on regorafenib after
sorafenib use was 10.6 months compared to 7.8 months in the placebo group. The side effects associated with
regorafenib use are typical of multi-kinase inhibitors, including hypertension, hand-foot skin reaction and
gastrointestinal disturbances. Rate of drug-related adverse events leading to discontinuation of regorafenib
is similar to that of sorafenib (10% vs. 11%)""*"”. Regorafenib thus has become the only clinically proven

second line systemic drug available in sorafenib-resistant cases thus far.

Immunotherapy
Although targeted therapy seems to have hit a roadblock, other routes of development have been ongoing.
Immunotherapy is the most notable one. Ever since the introduction of immune checkpoint inhibitors
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Table 10. Recent studies on the efficacy of radiotherapy in the management of high-burden hepatocellular carcinoma

Number 1-year 3-year Median
of Dose/  Evaluation ve e . Response Recruit-
Year Place Authors Method . . .. survival survival survival
patients fraction  criteria o o rate (%) mentyear
) (%) (%) (mos)
2007 Japan  Toyaetal'®™ 3DCRT 38 175-50.4  mRECIST 394 - 9.6 447 1999-2005
Gy; 1.8-4
Gy/Fr
2009 China  Huangetal/™ 3DCRT 326 60Gy;2-3 - 16.7 - 3.8 252 1997-2005
Gy/Fr
2010 Korea Oheta/™ TACE+3DCRT 40 30-54 Gy, - 72 - 19 628  2006-2007
2.5-5 Gy/
Fr
2012 Korea  Yoonetal'®® TACE+3DCRT 412 21-60 Gy;  mRECIST 425 - 10.6 2811 2002-2008
2-5 Gy/Fr
2013 Canada Bujoldetal/™" SBRT 102 30-54Gy; mRECIST 55 - 17 44 2004-2010
6 Gy/Fr
2013 Korea Baeetal””  SBRT 35 30-60 Gy; mRECIST 52 21 14 41 2003-2011
3-5 Gy/Fr
2013 China Tangetal™ TACE +3DCRT 185 30-52 Gy; - 42.2 173 12.3 - 2006-2008
3-4 Gy/Fr
2014 Canada Culletonetal"® SBRT 29 19.7-46.8  mRECIST 323 - 79 - 2004-2012
Gy; 6 Gy/
Fr
2014 Korea Choetal/!™ TACE+3DCRT 67 30-45Gy;, - - - 141 - 2007-2011
2-4.5 Gy/
Fr
2016 Japan  Matsuoetal®® SBRT 43 45-55 Gy; - 493 - 1 67 2008-2013
10-15 Gy/
Fr
2016 Japan  Matsuoetal®™® 3DCRT 54 45-50 Gy; - 29.3 - 6 46 2008-2013
15-25 Gy/
Fr
2016 Japan  Okazakieta/"”” 3DCRT 56 22-50 Gy;  mRECIST - - 6.4 22 2007-2013
2 Gy/Fr
2017 Taiwan Loetal™  SBRT 89 25-60 Gy; - 459 243 10.9 76.2  2007-2015
4-6 Gy/Fr

TACE: transarterial chemoembolization

to cancer treatment, results of clinical studies have far exceeded expectation. In 2013, the journal Science
has selected cancer immunotherapy as the Breakthrough of the Year"™. Cancer immunotherapy has been
shown to be effective in treating cancers in multiple tissue organs, most notably lung cancer, melanoma and

. [119-121]
renal-cell carcinoma .

Latest studies have demonstrated promising results in the application of immunotherapy in treating
advanced HCC"*". Nivolumab, a PD-1 inhibitor, has been shown to prolong survival in patients with
advanced HCC unsuitable for surgery or other local therapies*”. In an international phase 1/2 trial
(CheckMate040), nivolumab was demonstrated to have an objective response rate of 15%-20% in patients
with advanced HCC, irrespective of line of therapy[123]. This was a significant improvement to the first-line

sorafenib therapy, with a response rate of 2%-3%""", and the second-line regorafenib therapy, with a response
rate of 7%""”. The overall 9-month survival rate was 74%, which showed a marked improvement compared

to the median survival of 6 months for untreated advanced HCC.

Despite the relatively promising results shown in immunotherapy on HCC, studies so far conducted were
relatively small scale. Larger scales are needed to evaluate the efficacy of immunotherapy on HCC.

ETIOLOGICAL ADJUNCTIVE TREATMENT FOR HIGH-BURDEN HCC

While we have discussed above the different treatment modalities available for high-burden HCC, it is
also of paramount importance to control the underlying risk factors during treatment. By far, HBV and
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Table 11. Clinical trials on systemic therapy in the management of advanced HCC

Drug name Class I:ranle Year  Authors Phase Case Control Result
Sorafenib Oral multikinase SHARP 2008 Llovetera/™  Phase3 299 303 Median survival: 10.7
inhibitor (sorafenib) vs. 7.9 months
(placebo);
P <0.001
Sorafenib Oral multikinase Asia-Pacific 2009 Chengeta/™™ Phase3 150 76 Median survival: 6.5 (sorafenib)
inhibitor vs. 4.2 months (placebo);
P=0.014
Cabozantinib Oral multikinase CELESTIAL 2012 Verslypeeta/™ Phase2 41 - Granted orphan drug status by
inhibitor FDA
Ramucirumab Anti-VEGF2 ~ REACH 2015 Zhuetal™ Phase3 283 282 Median survival: 9.2
monoclonal (ramucirumab) vs. 7.6 months
(placebo); =014
Regorafenib  Oral multikinase RESORCE 2017 Bruixetal™ Phase3 379 193 Median survival: 10.6
inhibitor (regorafenib) vs. 7.8 months
(placebo); < 0.0001
Tivantinib Oral multikinase JET-HCC 2017 Kobayashieta/"™ Phase3 134 61 Press release announced that
inhibitor the METIV-HCC phase 3 study
did not meet its primary end
point of improving survival
Lenvatinib Oral multikinase REFLECT 2017 Chengetal™  Non- 478 476 Median survival: 13.6
inhibitor inferior (sorafenib) (lenvatinib) vs. 12.3 months
study (sorafenib)
Ramucirumab Anti-VEGF2 REACH 2017 Zhuetal™ Phase3 CP-Aand CP-Aand Median survival: CP-A: 8.6
monoclonal (subgroup baseline baseline AFP  (ramucirumab) vs. 4.8 months
analysis) AFP > 400 > 400 ng/mL: (placebo); » =0.01
ng/mL: 68 83
CP-Band CP-Band Median survival: CP-B: 5.7
baseline baseline AFP  (ramucirumab) vs. 3.6 months
AFP > 400 > 400 ng/mL: (placebo); P =0.04
ng/mL: 52 48
Nivolumab  Immunotherapy CheckMate 2017 El-Khoueiryet a/"* Phase Dose Response rate of 83% in 6
040 1/2 escalation months; 74% in 9 month in
phase: 48 dose expansion phase
Dose-
expansion
phase: 214

AFP: alpha-fetoprotein; HCC: hepatocellular carcinoma

HCV infections are the most important risk factors for HCC. Together, they account for 80% of the HCC
worldwide™*". The use of antivirals not only reduces the incidence of HCC in viral carriers, it is also
effective in reducing HCC recurrence and prolonging survival. This is because viral reactivation is a major
complication of HCC treatment. Patients with high-burden HCC are particularly at risk of viral reactivation
due to chronic immunosuppression, higher tumor load and poorer liver reserve. Uncontrolled viral
reactivation may provoke acute hepatitis, fulminant liver failure and even death.

Evidence supporting the use of antivirals as adjunctive treatment of HCC has been reviewed elsewhere"*"**.
In general, antivirals should be administered prior to treatment of HCC once the patient is known to be
a virus carrier. For HBV-related HCC, the benefit of antivirals is seen in patients treated by surgery[127],
TACE™ or radiotherapy[129]. For HCV-related HCC, evidence is available for older generation interferon-
based antivirals that they reduce tumor recurrence™*"*". On the contrary, the newer generation of antivirals,
e.g. direct-acting antivirals (DAA), have been shown to increase the chance of HCC recurrence**"*”.
However, these studies had been criticized for being small scale, short duration of observation period and
lacking a proper control group. Further studies thus are needed to elucidate the effectiveness of DAAs as

adjunct in the treatment of HCV-related HCC.

DISCUSSION AND CLOSING REMARKS

Our definition of high-burden HCC focuses on the “grey zone” where tumors are neither metastasized nor
localized enough to have an obvious choice of treatment modality. Though they carry a worse prognosis
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than the classically defined intermediate-stage HCC, if the optimal treatment can be chosen for this group of
patients, the impact on their survival rates can be significant. Results from various retrospective and cohort
studies in the past decade have been encouraging, providing strong support for multimodality treatment in
the management of high-burden HCC.

In this review, we showed that surgical approach to high-burden HCC, if feasible, provides the highest
median survival across all treatment modalities. Nonetheless, there has not been a large-scale RCT that
quantified its positive effect in managing high-burden HCC in direct comparison with other treatment
modalities.

In cases where surgical resection is not feasible, intra-arterial embolization is commonly adopted as an
alternative treatment modality. Thus far, studies have not been able to demonstrate a significant difference
in survival between the two available intra-arterial embolization options, TACE and TARE. Overall, TARE
appears to be superior in terms of providing a better safety profile and associating with fewer adverse
outcomes. Nonetheless, it is a novel method for HCC and expertise might only be available in selective
tertiary centers.

Advancements in irradiation technique have enabled radiotherapy to emerge as another unconventional
treatment option for high-burden HCC. Early results in 3D-CRT and SBRT have been promising but further
evidences are needed to delineate their role in managing high-burden HCC.

Targeted therapy has been in a bottleneck for treating high-burden HCC since the introduction of sorafenib.
Regorfanib, now being the second-line agent to sorafenib, is the only newer targeted agent thus far that has
been proved effective in managing high-burden HCC. On the other side, breakthroughs have been made in
immunotherapy in the past decade with promising results with nivorumab and other immunostimulating
agents. Many RCTs are underway to further establish the role of immunotherapy in managing HCC and we
expect more results to emerge in the next few years.

As majority of the HCCs are attributed from HBV or HCV infection, the use of antivirals as adjunctive
treatment is also of paramount importance. It can effectively reduce HCC recurrence and prolong survival.
Despite early studies regarding use of DAAs in the treatment of HCV-related HCC suggest higher tumor
recurrence rate, those studies have been heavily criticized of poor design. Further studies are needed to
elucidate the role of DA As as an adjunctive treatment for HCV-related HCC.

In summary, high-burden HCC remains a difficult cancer entity to manage. Yet, multiple treatment options
are available of which optimal selection can effectively prolong survival for this group of patients. Treatment
modalities are evolving in the management of high-burden HCC and promising results from retrospective
and cohort studies are plentiful. But high-quality studies are lacking. Larger scale controlled studies with
more specific patient selection criteria are needed for various treatment modalities, to further assess and
compare the benefits of these different options.
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Abstract

Direct antiviral therapy has dramatically changed our possibility to eradicate hepatitis C virus (HCV) infection in all
stages of chronic liver disease, with sustained virological response rates well above 90%. HCV eradication should
lead to a better prognosis even after cirrhosis has established, including a reduced risk of developing hepatocellular
carcinoma (HCC). Unfortunately, during the last two years different reports have raised the concern about a possible
increased risk of developing HCC in cirrhotic patients treated with direct antivirals. In this review, we have evaluated the
principal published data and have reached a few conclusions: (1) direct antiviral therapy does not seem to increase the
cumulative annual rate of HCC de novo occurrence or recurrence; (2) direct antiviral therapy seems to accelerate the
development of HCC, soon after the end of treatment, in those patients at higher risk of HCC occurrence or recurrence;
and (3) preliminary reports seem to indicate that HCC developed after direct antiviral therapy has more aggressive
features. These findings clearly indicate the need for aggressive and close monitoring of cirrhotic patients during and
after antiviral treatment, to detect and treat HCC at their earliest occurrence.

Keywords: Direct-acting antivirals, hepatocellular carcinoma, liver cirrhosis, risk, hepatitis C

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most frequent form of cancer worldwide, and it holds the
second place in malignancy-related mortality[l’zl. Incidence and death rates of HCC are steadily rising in
most parts of the world (about 2%-3% per year).

Chronic hepatitis C is a necro-inflammatory process of the liver, due to hepatitis C virus (HCV) infection,
that lasts lifelong and progresses to cirrhosis in about 20% of cases”™. Even if liver cirrhosis per se is not a
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premalignant lesion, it represents a premalignant condition since almost 90% of HCV-related HCC cases
emerge after cirrhosis becomes established. The annual occurrence rate of HCC has been estimated to
be around 3% in HCV-related cirrhosis'*. Surgical resection, radiofrequency ablation and transarterial
chemoembolization allow effective treatment of single and small HCC in a significant proportion of patients
with cc[)rrllpensated liver disease, but recurrence is common, affecting about 35% of treated patients after
2 years 7

The aim of this review was to evaluate the effect of antiviral therapy on the de novo occurrence and
recurrence of HCC in patients with chronic hepatitis C. We searched all available publications regarding

“hepatitis C”, “HCC”, “antiviral therapy”, “interferon-free”, “DAA’, “occurrence”, “recurrence” and focused our
review mainly on the data reported in high-quality full-text format.

EFFECT OF INTERFERON-BASED ANTIVIRAL THERAPY ON THE DEVELOPMENT OF HCC

Until 2011, peg-interferon alfa plus ribavirin combination was the only available therapy for chronic hepatitis
C. This treatment had only 40%-50% probability of curing HCV infection, and the significant side effects
contraindicated its use in a significant proportion of patients. Despite these limitations, many patients with
compensated liver cirrhosis had been treated during the last decade, and the effect of treatment on the
development of HCC has been evaluated. In summary, achieving sustained virological response (SVR) was
associated with a reduced risk of developing HCC, in comparison with patients who did not obtain an SVR
after antiviral therapy[s'w]. Despite these positive results, it remains not clear whether SVR was independently
associated with the reduced risk of developing HCC. In fact, a different explanation could be that SVR
occurred in those patients with a lower spontaneous probability of developing HCC, without altering the
cumulative risk of HCC in the entire population of cirrhotic patients. Also, even in patients who obtain SVR,
a residual annual rate of HCC is still present, as high as 2% in different groups of patients.

THE ADVENT OF DIRECT-ACTING ANTIVIRALS AGAINST HCV

Since 2013, the therapy of hepatitis C has dramatically changed. Direct-acting antivirals (DAA) are new
oral drugs, with potent antiviral activity against HCV infection, highly efficacious, relatively safe and well
tolerated, that can be used in all categories of patients with chronic HCV infection, including those with
more advanced and even complicated liver disease""’. This has allowed treatment of a huge cohort of patients
with liver cirrhosis, obtaining the eradication of HCV infection in the vast majority of them. Resolution
of HCV infection in these patients leads great expectations about the possibility of preventing the most
serious complications of liver cirrhosis, including the development of HCC. In the following paragraphs, we
try to summarize the best existing evidence regarding the effects of DAA-induced HCV eradication on the
development of HCC in patients with compensated liver cirrhosis.

HCC DEVELOPMENT AFTER DAA THERAPY

The story learned from the interferon era teaches us that eradication of HCV infection is not sufficient
per se to prevent HCC development after cirrhosis has been established. Due to the possibility of treating
patients with more advanced liver disease, it is not surprising to expect that a few of them may develop
HCC despite HCV eradication. This topic became immediately hot after the simultaneous publication
of two papers from Spain and Italy suggesting a possible increased incidence of HCC after successful
DAA treatment>"”. Since those publications, more than 100 papers, letters or communications have
been published addressing the problem, without conclusive results. Most of the debate derives from the
heterogeneity of the different studied population, the inclusion and exclusion criteria, the time points used to
analyse the incidence rates, the length of follow-up, and finally the radiologic methods used for the diagnosis
of HCC.
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Regardless of these discrepancies, it is possible to review the published results to draw some conclusions, but
a few statements need to be addressed at first: (1) the concept of incidence; (2) the characteristics of the study
population; (3) the starting point and the ending point of the observation period; and (4) the distribution of
events during the follow-up.

Incidence is a measure of the probability of occurrence of a given condition in a population within a
specified period. The incidence rate is the number of new cases per population at risk in a given time period.
From this concept derives that to analyse the incidence rate of HCC after DAA therapy it is fundamental to
define both the exact starting point and the exact ending point of the observation period. Only if these time
points are comparable, different study results can be compared.

The study population should be at risk of developing the medical condition. Therefore, the risk should be
comparable among different study groups before performing any comparison. Since in HCV-related liver
disease HCC occurs almost exclusively in patients with liver cirrhosis, the population at risk should include
only patients with advanced liver fibrosis (F4 according to the METAVIR classification).

In analysing the incidence rate of HCC after DAA therapy, we must distinguish between analysing the new
de novo occurrence of HCC and the recurrence of a new HCC in patients with prior history of successfully
treated HCC. In the former situation, the starting point should be the end of DAA therapy, in the latter, we
must distinguish between considering as a starting point the time of the previous HCC treatment or the end
of DAA treatment. In all cases, the ending point should be defined after DAA therapy end, and the interval
from the starting point must be clearly assessed.

Another important point is the distribution of events (HCC) during the follow-up. It is known that during
the natural history of liver cirrhosis the development of de novo incident HCC is not clustered around any
specific time point™”. Similarly, HCC recurrence is generally not clustered around specific time points, even
if recurrence rate is higher during the first two years after curative treatment of the neoplastic nodule'. For
this reason, the median interval between DAA therapy and HCC diagnosis needs to be analysed to assess the
latency period between exposure to DAA therapy and HCC development.

WHAT PUBLISHED STUDIES TELL US

In Table 1, we have summarized the results of the principal studies addressing the de novo occurrence and/or
recurrence of HCC in HCV-infected patients, with compensated liver cirrhosis, who have been treated with
DAA therapy. Due to the heterogeneity of the study populations and the different observation periods, any
formal meta-analysis seems of limited utility to draw any sound conclusion. It seems more important to note
some common and peculiar aspects of the results.

At first, we must differentiate between the de novo occurrence of new HCC in cirrhotic patients without
prior history of HCC and recurrence of HCC in patients with previously treated HCC. In studies analysing
the former group of patients, the observation period after DAA therapy ranged a median of 6 to 14 months,
indicating a relatively short follow-up. Despite this short observation period, de novo HCC occurred in 1.5%
to 3.9% of patients. If we consider an expected annual rate of 2% to 3% in these subjects, we can conclude
that HCC occurrence is certainly not reduced after DAA treatment. On the other hand, we have not strong
elements to assume that the occurrence rate is increased, without a control group. Therefore, the argument
of the incidence rate of new HCC after DAA therapy remains unsettled without a definite conclusion. In any
case, a real increased annual incidence rate of HCC does not seem to happen after DAA treatment.

More intriguing data come from the studies on the recurrence of HCC after DAA treatment. The analysis
of the recurrence rate must take into account the interval since previous HCC treatment, due to the higher
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Table 1. Principal studies reporting detailed data on the occurrence and/or recurrence of HCC after DAA therapy in patients
with liver cirrhosis

. Prior No. of Months between Mf)nths of follow-up HCC cases Months between DAA
References history of . HCC treatmentand  since DAA therapy o ! therapy and HCC
Hcc  Patients  pap start (median) (median) n (%) (median)
De novo HCC occurrence
Contiet a/" (2016) No 285 NA 6 9(3.2) NR
Renzulli et a/"™ (2017) No 285 NA 141 1(3.9) 2.7
Kanwal et a/"* (2017) No 6690 NA 9 172 (2.6) 5.6
Bielen et a/"" (2017) No 273 NA 6 4(1.5) NR
HCC recurrence
Contiet a/"™ (2016) Yes 59 12.5 6 17 (28.8) NR
Kolly et a/"™® (2017) Yes 47 215 9.6 19 (40.4) NR
Reig et a/™ (2016) Yes 58 1.2 57 16 (27.6) 35
Renzulli et a/"™ (2017) Yes 59 12.5 141 18 (30.5) 2.8
Bielen et 2/ (2017) Yes 29 12 6 5(17.2) NR
ANRS cohorts™ (2016) Yes 152 22.8 20.2 24 (15.8) NR

HCC: hepatocellular carcinoma; DAA: direct-acting antiviral; NA: not applicable; NR: not reported

HCC recurrence rate during the first 2 years after HCC therapy. The interval since previous HCC treatment
ranged from 11 to 22 months. On the other hand, the post-DAA follow up period ranged from 6 to
20 months. During this observation period, the recurrence rate was in the range from 16% to 40%. Due
to the relatively short post-DAA follow-up and the relatively long pre-DAA interval since previous HCC
treatment, the recurrence HCC rate does not seem negligible at all. Even in this setting, we can conclude that
DAA treatment does not reduce HCC recurrence. Again, we have not strong elements to assume that the
recurrence rate is increased, without a control group. Therefore, also the argument of HCC recurrence rate
after DAA therapy remains unsettled without a definite conclusion.

A striking finding seems to emerge in both settings: the short median latency period between the exposure
to DAA and the diagnosis of HCC. This latency period was very short both in the HCC occurrence and in
the HCC recurrence cases: from a minimum of 2.7 months to a maximum of 5.6 months. As stated in the
methodology of the studies, all patients had no evidence of HCC when starting DAA treatment. Why HCC
developed after such a short latency period represents an important question. There is no reason to explain
the clustering of HCC development soon after the end of DAA treatment in the natural history of the disease.
Different hypotheses have been postulated to support rapid development of HCC after DAA therapy. They
are mainly based on the possible dysregulation of the anti-tumor response, after the brutal decrease of HCV
viral load induced by DAA, and/or the perturbation of the immune surveillance, caused by a swift clearance
of HCV"™**"), Despite the absence of conclusive biological explanations, these data clearly indicate the need
for close imaging evaluations to detect early HCC development after DAA therapy in cirrhotic patients.

THE CHARACTERISTICS OF HCC DEVELOPED AFTER DAA THERAPY

In addition to the accelerated development of HCC after DAA therapy, additional alarming data have been
published on the characteristics of the neoplastic nodules. Two preliminary reports suggested that after DAA
therapy HCC may present aggressive macroscopic patterns”***!, This aspect has been recently addressed by a
full paper published in European Radiologyhs]. The authors compared the imaging features of HCC nodules
developed after DAA therapy to those not occurred after DAA, in the same population. Surprisingly, despite
being similar in number and size, neoplastic nodules developed after DAA treatment showed imaging
features of microvascular invasion in the majority of cases. Microvascular invasion is a well-known predictor
of recurrence and poor overall survival in HCC, and a major risk factor for early HCC recurrence after
curative treatment. Additional recent data suggest that HCC occurring after interferon-free treatment show a
rapidly growing pattern and moderately differentiated pathologic characteristics™. For these reasons, HCC
developed after DAA treatment seems to have a more aggressive pattern, predictive of more severe clinical
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outcomes. Even if the clinical significance of these findings needs to be confirmed in additional prospective
studies, these data corroborate the hypothesis of a different biologic pathway in the neoplastic process
leading to HCC after DAA treatment.

CONCLUSIONS

In this review, we have analysed the published data on the risk of developing HCC after DAA therapy.
Even if definite conclusions cannot be probably drawn, there is sufficient evidence to summarize the most
important findings: (1) direct antiviral therapy does not seem to increase the cumulative annual rate of HCC
de novo occurrence or recurrence; (2) direct antiviral therapy seems to accelerate the development of HCC,
soon after the end of treatment, in those patients at higher risk of HCC occurrence or recurrence; and (3)
preliminary reports seem to indicate that HCC developed after direct antiviral therapy has more aggressive
features. These findings clearly indicate the need for aggressive and close monitoring of cirrhotic patients
during and after antiviral treatment, to detect and treat HCC at their earliest occurrence.
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Abstract

We present a case of absence of the portal vein and Laennec’s cirrhosis in a 51-year-old female who was
diagnosed with hepatocellular carcinoma (HCC). Only 101 cases of this malformation of the splanchnic vasculature
have been reported of which 4 were reported to have HCC. Patient had disease progression while waiting for a
liver transplant. Patient was treated with 3 separate conventional transarterial chemoembolization procedures at
an outside hospital. At our institution, radioembolization of the right hepatic lobe was performed. She succumbed
to liver insufficiency 8 years after being diagnosed with HCC. The features of this patient’s clinical course are
reviewed.

Keywords: Hepatocellular cancer, radioembolization, abernathy malformation

INTRODUCTION

The adult liver has a complex vascular architecture composed of two distinct circulatory systems. The
liver is supplied by blood mostly from the portal vein (PV) and its intrahepatic branches, as well as the
hepatic artery and its intrahepatic branches. The PV is responsible for carrying blood from the organs
of the abdominal cavity such as the gastrointestinal tract, the spleen, pancreas, and biliary apparatus. In
conventional anatomy, the splenic vein (SV) and the superior mesenteric vein (SMV) join to form the PV.
The PV is then subdivided into right and left branches, which form small vessels throughout the liver that

eventually drain into the sinus venosus'.
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During embryological development, the PV originates from the right and left vitelline veins between
gestational weeks 4 to 10. There is selective involution and persistence of the peri-intestinal vitelline venous
loops. The vitelline veins originally emerge from the yolk sac, cross the septum transversum, and drain into
the sinus venosus. During the 3rd to 8th gestational week, abnormal patterns of involution and persistence
may result in pre-duodenal, pre-biliary, or duplicated PV. Excessive involution can result in the absence of
the PV as seen in type 1 portocaval shunts. Type 2 portocaval shunts may develop due to persistence of the
right vitelline vein, where the shunt drains into the retrohepatic inferior vena cava (IVC), or the left vitelline

vein, where the shunt drains into the suprahepatic IVC or right atrium',

A London surgeon by the name of John Abernethy® first described congenital absence of the PV in 1793
during a postmortem examination of a 10-month-old girl. Since, there have been 101 reported cases with 66%
in women and most cases being in children. Most patients presented with encephalopathy, hepatopulmonary
syndrome, or hepatorenal syndrome. Almost half of cases have liver masses at presentation such as focal
nodular hyperplasia (FNH), adenomas, hepatoblastoma, or hepatocellular carcinoma (HCCO)™.

In 1994, Morgan and Superina[sl proposed a classification of portosystemic anomalies. Type 1 shunts
are characterized by the absence of intrahepatic PV. Liver is not perfused with portal blood because of a
complete shunt. A type 2 shunt is characterized as a partial shunt. The liver is perfused with portal blood
in the presence of a partial shunt to systemic circulation. The type 1 shunts are subdivided into two further
types, depending on the anatomy of the PV. The SV and the SMV drain separately into the IVC in a type
1a shunt. The SMV either drains into the IVC or the left renal vein. A confluence of SMV and SV is usually
present in a type 1b shunt, but it does not supply the liver. While type 1 shunts are managed with liver
transplant, type 2 shunts may be surgically ligated[sl.

In this report we will review a case of congenital absence of the portal vein (CAPV) in a 51-year-old
woman who was diagnosed with HCC and had a history of Laennec’s cirrhosis and a type Ib Abernethy
malformation.

CASE REPORT

A 51-year-old female who was diagnosed in 2008 with HCC was referred to the interventional radiology
clinic from the liver transplant service. She had been managed with conventional transarterial
chemoembolization (c-TACE) on three separate occasions and she had signs of disease progression around
the prior treated areas as marked by lipiodol. Imaging revealed PV agenesis (type 1b). Her clinical course was
marked by Laennec’s cirrhosis related to alcohol abuse complicated by occasional hepatic encephalopathy
resulting in hospitalization. Limited pediatric history included only an episode of meningitis of unclear
etiology and struggles with psychiatric illness. Histologic evaluation of liver parenchyma from a biopsy
at presentation to transplant team revealed ballooning hepatocytes, mixed with collapsed hepatocytes,
Mallory-Denk bodies, and glycogenated nuclei, which can be seen in the setting of alcoholic hepatitis. These
were accompanied by bridging and pericellular fibrosis as seen after trichome staining to the extent of stage
3 or severe fibrosis. A trial of sorafenib failed due to development of a rash, fatigue and weight loss. Social
history was positive for prior alcohol abuse but patient stopped drinking 3 years after being diagnosed with
HCC.

Interventional radiology was consulted for another TACE procedure to downstage her disease to allow for
a transplant 6 years after HCC initial diagnosis. At that point her liver profile was: alkaline phosphatase
720 U/L, aspartate aminotransferase 69 U/L, total bilirubin 2.6 mg/dL, ammonia 30 mcmol/L, albumin
3.0 g/dL. Her coagulation profile was normal (international normalized ratio was 1.02). Her alpha fetal
protein (AFP) level was 357.1 ng/mL. Her Eastern Cooperative Oncology Group (ECOG) performance status
was 0. Child Pugh score was B (8) therefore she had a expected 2-year overall survival of ~57%,
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Figure 1. Hyper attenuating lesion from prior conventional transarterial chemoembolization containing lipiodol (white arrow)

Her physical examination was unremarkable notably without asterixis. She had no significant cardiac
history (ejection fraction of 55% on stress test). Surgical history was non contributive. When she was
presented in transplant tumor board, abdominal ultrasound showed several lesions in the liver. Computed
tomography (CT) with contrast showed a mass identified in segments 6 and 7 measuring 4.6 cm x 4.0 cm
x 4.5 cm with surrounding hypoattenuation of the liver parenchyma [Figure 1]. There was an additional
hypodense lesion in segment 2 measuring 3.1 cm x 4.9 cm x 3.5 cm with some areas of hyperdensity.
Both lesions were deemed to be changes secondary to prior TACE. Follow-up CT showed arterial
enhancing lesions in the right liver lobe the dominant lesion had increased in size from 4.6 cm x 4.0 cm x
4.5 cm to 9.2 cm x 8.9 cm x 11.0 cm with washout, characteristics HCC findings [Figure 2]. Absence of the
right and left PV and confluence of the SV and SMV into the IVC was also noted [Figure 3]. No collateral
vessels to suggest cavernous transformation nor extrahepatic portal vein remnant can be seen. Based on
the presence of multinodular disease without vascular invasion (although difficult to qualify given lack of
PV), good performance status (ECOG 0), and liver function (Child Pugh B), her disease was classified as
intermediate stage disease by the Barcelona Clinic Liver Classification (BCLC) system or BCLC B"".

At that point recommendation from the liver multidisciplinary tumor board was to repeat TACE. Yet, at
the time of her evaluation in the interventional radiology clinic, TACE was not offered due to increased risk
for abscess formation and progressive liver dysfunction. After referral to the oncology team, she received
two intra-arterial chemoinfusions of cisplatin into the proper hepatic artery. Patient’s disease continued
to progress as markedly elevated AFP of 8779. Despite risk of hepatoxicity and elevated lung shunt of
21%, she subsequently underwent radioembolization to the right lobe of the liver. She received a dose of
1.06 gBq (29.1 mCi) of Yttrium-90 (Y-90) embolic resin spheres delivered to the right lobe of the liver.

Three months follow-up CT scan showed dramatic partial response with no further enhancement in the
dominant mass [Figure 4]. Incongruent to imaging findings AFP increased dramatically normalizing
approximately 9 months after treatment [Table 1]. Unfortunately liver dysfunction was exacerbated due
to treatment [Table 1] consistent with radiation embolization induced liver disease (REILD). Only further
treatment received was octreotide and supportive care. She passed away after struggling with depression
8 years after initial diagnosis of HCC and 22 months after radioembolization therapy.

The determination of PV agenesis in this case was by imaging features only. No surgical or histopathological
confirmation is available despite patient’s ultimate demise. To the knowledge of the authors” no autopsy was
performed.

DISCUSSION

In the case presented the mesenteric venous system and the SV joined to form a confluence of vessels
yet this confluence drained directly into the suprarenal IVC. This malformation can be attributed to the
embryological development of the portal venous system. This would be classified as type 1b shunt.
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Figure 2. Contrast enhanced computed tomography revealing a 9.2 cm x 8.9 cm X 11.0 cm mass in the right lobe of the liver. (A) Arterial
phase shows diffuse enhancement; (B) venous phase shows washout

Table 1. Changes of total bilirubin and AFP in reference to radioembolization

Component Bilirubin (mg/dL) AFP (ng/mL)
Latest reference 0.0-1.2 0.0-8.3

21 months after radioembolization 12.7 6.7

12 months after radioembolization 139 20.7 (H)

11 months after radioembolization 13.8 55.3 (H)

10 months after radioembolization 8.4 178.2 (H)

9 months after radioembolization 6.9 805.4 (H)

7 months after radioembolization 6.9 5450.0 (H)
6 months after radioembolization 7.4 19,394.0 (H)
4 months after radioembolization 7.4 >60,500.0 (H)
3 months after radioembolization 4.8 55,658.0 (H)
2 weeks after radioembolization 29 18,662.0 (H)
1 month prior to radioembolization 21 8779.0 (H)
2 months prior to radioembolization 1.8 3678.0 (H)
4 months prior to radioembolization 1.6 1032.0 (H)

AFP: alpha fetal protein; H: high

There are currently 101 reported cases of CAPV. Of the reported cases, 66% of patients are females and about
70% had been diagnosed by age of 18 years; < 10% were associated with a type 2 malformation', This patient
presented to our institution to undergo liver transplant evaluation. Additional associated anomalies such as
congenital heart disease were absent in this case.

CAPV is associated with hepatic tumors. Hepatic changes such as FNH, HCC and hepatoblastoma were seen
in 40% of cases'. In this case, the patient presented with HCC. Research has shown that insulin, glucagon,
and epidermal growth factor are delivered to the liver through the splanchnic venous system. These
substances are vital for the hepatic regeneration. Therefore, it is suggested that absence of PV flow may result
into abnormal hepatic development, function, and regenerative capacity as seen in this patient. Increased

arterial hepatic flow may subsequently play a role in the development of hepatic neoplasms'.

To date, 4 cases of patients with CAPV have been reported to have HCC". One case was reported in a
14-year-old female, however nature of the review focused on intestinal flora compensating to result in normal
ammonia levels rather than tumor description and presentation'. In 2001, Lundstedt et al."” eported a case
of asymptomatic CAPV (type 1b shunt) found at time of resection of a 12-cm HCC thought to have arisen
secondary to hepatitis B virus in a 51-year-old male. The patient remained disease free over 2-year follow-
up period[m] Unlike our patient, there was no history of encephalopathy. Only the aspartate transaminase
and alanine transaminase were mildly elevated"”. Morotti et al"" reported a case of an s-year-old female
with Turner syndrome who was found to have CAPV at time of transplant. Liver transplantation was
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Figure 3. Type 1B Abernathy malformation. (A-D) Axial computed tomography images showing course of hepatic artery (black arrow),
confluence of superior mesenteric vein and splenic vein (white arrow), inferior vena cava (asterisk), and the superior mesenteric artery
(white arrow); (E) coronal reformats of findings; (F) diagram of malformation

performed due to liver dysfunction (bilirubin 13.9 mg/dL) and concern for enlarging right and left liver
lesions originally shown on biopsy to be FNH"". Explant specimen revealed well-differentiated HCC"". It
was suggested that the combination of the hormonal therapy for Turner syndrome, and vascular anomaly
may have contributed to the development of HCC". Pichon et al."” noted PV absence on an ultrasound (US)
for a 36-year-old female undergoing evaluation for abdominal pain and follow-up of liver masses. The SMV
and SV were found on indirect venogram at angiography and surgical evaluation to have direct but separate
drainage into the IVC consistent with a type 1a shunt". A 12-cm dominant right HCC surrounded by small
peripheral nodules were noted in the right hepatectomy specimen and the patient did well for the course of
2-year follow-up period"”. As in the case presented here, the CAPV was found incidentally while undergoing
evaluation for management of HCC.

How the absence of the PV effects imaging features and resultant diagnosis of HCC is unknown. Detection
of the PV abnormality can be done with US, CT or magnetic resonance imaging (MRI). The former has
the benefit of no radiation, but detecting alternate shunts is difficult with US. For this reason CT or MRI
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Figure 4. Follow-up images. (A) Computed tomography (CT) scan in 3 months demonstrates partial response with decreased
enhancement in the central aspect of the dominant mass; (B) CT scan in 18 months shows dramatic partial response with atrophy of the
treated right lobe

is preferred to trace the course of the SMV and SV'""\. It has been shown that PV thrombosis can results
in parenchyma perfusion changes readily concealing the presence of tumor on enhanced images[“].
Hyperintensity on T2 and diffusion sequences can indicate the presence of HCC, particularly infiltrative
HCC with corresponding hypointensity in comparison to liver parenchyma on T1 sequences[“]. It has been
shown in the setting of PV thrombosis, arterial hypervascularity is not well perceived likely due to increased
arterial supply to background liver parenchyma[ls]. Washout however on portal venous phases was apparent
in majority of these cases'"”. Washout kinetics are poorly understood but may be related to the proportion
of intravascular space to interstitial space which is greater in tumor or increased arterial pressure leading to
decreased intra-tumoral portal venous blood supply™*"*. In our case though heterogeneous appearance on

arterial phase, both arterial enhancement and washout on venous phase were apparent.

Liver dysfunction has been reported in most cases of CAPV. Our patient had a background of Laennec’s
cirrhosis related to alcohol abuse as well as hepatic encephalopathy. Her liver function as discussed in the
case presentation fluctuated throughout her clinical course.

The patient discussed in this case also had a history of fractures and osteopenia. Osteopenia and osteoporosis
are important and common complications of chronic liver disease, receiving the generic definition of hepatic
osteodystrophy (HO). The development of HO may be due to both increased bone resorption and decreased
bone formation. Pathogenic mechanisms are diverse and very little is known about some of them: genetic
factors, alterations in calcium-vitamin D metabolism, hyperbilirubinemia, and vitamin K and insulin-like
growth factor-1 deficiency'”.

The prognosis of patients affected with CAPV generally depends on associated heart and liver anomalies in
infancy. Long-term prognosis depends on the control of hepatic dysfunction and metabolic irregularities.
Forty-six cases have been reported to be associated with a congenital anomaly, of which 16 were congenital
cardiac disease'. Congenital cardiac disease typically seen with CAPV includes: patent foramen ovale,
patent ductus arteriosus, ventral septal defects, and atrial septal defects'".

Liver transplantation has been performed to effectively treat symptomatic patients with congenital agenesis
of the PV. CAPV should not be considered a contraindication to hepatic transplantation"’. During an
orthotopic liver transplant, the congenital portocaval shunt can be divided while repairing the caval defect
and performing a PV anastomosis””. Patients with hyperammonemia, portosystemic encephalopathy,
hepatopulmonary syndrome, or hepatic tumors may benefit dramatically from liver transplant. Cases have
been reported where transplantation has successfully reversed the hepatopulmonary syndrome caused by
the Abernathy malformation as well®. Other treatment modalities include balloon-occluded retrograde
transvenous obliteration, embolization of shunt with coiling, and surgical modification of shunts',
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Unfortunately at time of consultation in our institution the patient presented here was not eligible for
transplant given the extent of HCC. This prompted multidisciplinary care focused downstaging her cancer.
Radioembolization in the setting of PV thrombosis has been shown to be as effective and better tolerated
than TACE as PV thrombosis increases risk of necrosis>"**. Given progression after c-TACE, and lack of
portal supply, radioembolization was favored as a treatment. It is suggested in some cases that a background
of cirrhosis can protect from such injury["]. In this case, c-TACE had already been performed at an outside
facility. TACE has been shown to be safe and effective in patients with advanced or BCLC C disease which
includes patients with varying degrees of PV thrombosis***. However, PV thrombosis does portend a
poorer prognosis[“]. As anticipated post embolization syndrome is the most common side effect reported
post TACE, while encephalopathy was found in approximately 5% of patients, and elevated liver function
tests as high as 20% of cases”". In a comparison, c-TACE and drug eluting bead TACE had similar safety
profiles and survival rates comparable to treatment with sorafenib™’,

The use of AFP as an oncologic marker of response to loco-regional therapy for HCC has been proven to
be effective”™’. The median time to response has been reported to be between 2 and 4 months therefore it
has been suggested that AFP used to identify patients who do not respond to treatment and prompt earlier
consideration of implementation of alternative strategieshs]. Cases such as the one discussed here where there
is a dramatic increase in AFP despite imaging response with delayed response in the marker (~7 months)
have not widely been reported. Elevated levels of AFP have been seen in the setting of hepatic necro-
inflammatory activity, which could lead to over production of AFP**, This may explain the incongruent
increase in AFP initially with delayed response in this case.

Despite dramatic imaging response and eventual decline of AFP, the patient developed REILD, which results
from normal hepatic parenchyma exposure to radiation. The clinical course is driven by a form of sinusoidal
obstruction syndrome marked by jaundice, ascites and mild increase in liver function tests. After 3 months
bilirubin can rise to 3 or higher[27]. The incidence of REILD is reported to be between 0%-4% overall™”
The patient was known to be at higher risk given decompensated liver function in the past therefore lobar
approach was selected. However in patient with cirrhosis REILD has been noted in 0%-33% of patients
who underwent whole liver treatment and 8%-15% in patients who underwent partial liver treatment'””.
Management as in this case is supportive.

In this case the patient did derive a survival benefit from radioembolization. Patients with intermediate
stage HCC are expected to have a median survival of 16 months from time of diagnosis[”]. After
radioembolization the patient survived another 22 months. The biology of her disease suggests that initial
disease was less aggressive given that she survived 8 years beyond diagnosis.

In conclusion, congenital agenesis of the PV is a rare congenital anomaly due to abnormal embryologic
progression. The prognosis of patients affected with CAPV can vary depending on associated heart and
liver anomalies in infancy or the progression of hepatic dysfunction. Those patients are at risk of developing
HCC. Liver transplantation has been effective in patients with hepatic dysfunction. When transplantation
cannot be offered loco-regional therapy can offer palliative disease control and improved overall survival.
However liver directed therapy in this population could be associated with increased risk of liver failure.
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Abstract

Aim: Sorafenib has been shown to improve time to tumor progression (TTP) and overall survival (OS) in patients
with hepatocellular carcinoma (HCC); however, post-progression survival (PPS) has not been well characterized in
these patients. This study aimed to evaluate the predictors of PPS by using time-dependent and dynamic changes
in radiologic progression patterns, liver function, and performance status (PS) in patients with advanced HCC
receiving sorafenib treatment.

Methods: We retrospectively analyzed the clinical characteristics of 128 advanced HCC patients with Child-Pugh
scores M 7 at the initiation of sorafenib treatment.

Results: The median TTP, OS, and PPS were 3.8, 15.6, and 9.9 months, respectively. At the time of confirmation of
radiologic progressive disease (PD), a total of 46 (35.6%) patients showed impairments in their PS of > +1 points
over time. For the Child-Pugh score, 27 (21.1%) and 26 (10.9%) patients exhibited an impairment of > +1 and > +2
points, respectively. Multivariate analysis identified the following independent predictors of PPS: impairment in the
PS score of > +1 point [hazard ratio (HR) 1.81, 95% confidence interval (Cl) 1.16-2.82], impairment in the Child-
Pugh score of > +2 points (HR 3.70, 95% CI 1.68-8.15), radiologic pattern of progression (target lesion growth and
emergence of a new lesion) (HR 2.91, 95% CI 1.79-2.91), a TTP < 4 months (HR 1.87, 95% CI 1.21-2.91), second-line
treatment after radiologic confirmation of PD (HR 0.16, 95% CI 0.08-0.32), and continuous sorafenib treatment
after radiologic confirmation of PD (HR 1.76, 95% CI 1.06-3.00).

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0
BT International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long

as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.
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Conclusion: PPS in patients with advanced HCC can be characterized by using time-dependent dynamic changes
in clinical parameters.

Keywords: Contactin-associated protein-2, Isaac, neuromuscular hyperexcitability, neuromyotonia, voltage-gated
potassium channel

INTRODUCTION

Hepatocellular carcinoma (HCC) is the third common cause of cancer-related deaths worldwide. Surgical
resection, liver transplantation, and ablation therapy are curative therapeutic treatments for early-stage HCC,
and transcatheter arterial chemoembolization (TACE) is recommended for patients with intermediate-stage
HCC who have preserved liver function”. However, most HCC patients are diagnosed during the advanced
stage of the disease; their prognosis is poor, and treatment options are limited"™. In patients who are not
candidates for locoregional therapy, the oral multikinase inhibitor sorafenib has been the only systemic
treatment option. Sorafenib inhibits tumor cell proliferation and tumor angiogenesis by inhibiting multiple
signaling pathways. It has been shown to prolong both, progression-free survival and overall survival (OS) in
patients with advanced HCC™. Since the Sorafenib HCC Assessment Randomized Protocol (SHARP) trial
showed the efficacy of sorafenib for prolonging survival in HCC patients almost 10 years agom, all phase

[6-10] and

3 trials of novel systemic drugs have failed to improve outcomes over sorafenib, both, as first-line
second-line treatments (following sorafenib)"*"*’. Predicting the efficacy is difficult in sorafenib treatment,
and no surrogate marker has been identified"™. Since tumor progression is a dynamic process, it may be
difficult to identify predictors for survival by analyzing clinical characteristic at one static data point. Using
dynamic data might help clarify the predictors of survival.

A recent regorafenib for patients with HCC who progressed on sorafenib treatment (RESORCE) study[“]
has revealed that regorafenib prolonged survival in patients with advanced HCC who were refractory to
sorafenib treatment. The inclusion criteria in this study were a Child-Pugh score < 6 and tolerability of
sorafenib (> 400 mg daily for at least 20 of the 28 days before discontinuation). Based on this, the number
of candidates for second-line treatment with regorafenib is likely very limited. Analyzing post-progression
survival (PPS) after sorafenib treatment is desired to select candidates for second-line treatment.

In this study, we used dynamic and time-dependent data on the clinical characteristics of patients with
advanced HCC, including progression patterns, impairments in liver function, and performance status
(PS). Importantly, we assessed changes in these parameters by comparing them at the time of radiologic
confirmation of progressive disease (PD) to baseline (the initiation of sorafenib treatment) to evaluate PPS.

METHODS

Patients

We reviewed data that were prospectively collected from 171 consecutive patients who received sorafenib
(Nexavar; Bayer HealthCare Pharmaceuticals, West Haven, CT, USA) for the treatment of advanced HCC
at the Department of Hepato-Biliary-Pancreatic Surgery at the National Hospital Organization Kyushu
Medical Center between June 2009 and July 2016. Of these, 135 patients had radiologic PD, as assessed by
the modified Response Evaluation Criteria In Solid Tumors (mRECIST)"". After excluding 7 patients with a
Child-Pugh score > 8, 128 patients were enrolled in the study.

HCC was diagnosed based on the results of a pathological examination or a combination of specific

radiologic findings obtained via contrast-enhanced computed tomography (CT) or magnetic resonance

imaging (MRI) according to the criteria of the American Association for the Study of Liver Diseases'”.
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Of 128 patients, 116 were diagnosed with HCC based on the results of a pathological examination. The
remaining 12 patients showed specific radiologic findings according to the criteria of the AASLD and
elevated serum a-fetoprotein (AFP) levels. No patients with differentiated intracholangiocellular carcinoma
and mixed-form liver cancer were included in this study.

Sorafenib was administered to patients with advanced HCC if: (1) they were not eligible for or their disease
progressed after surgery, locoregional therapy, or TACE; (2) their ECOG PS was 0-1; (3) their liver function
was classified as Child-Pugh A or B; and (4) they had adequate hepatic function (albumin > 2.5 g/dL, total
bilirubin < 3.0 mg/dL, and alanine aminotransferase and aspartate aminotransferase levels < 5 times the
upper limit of the normal range). Radiologic tumor progression was confirmed by contrast-enhanced
CT or MRI. The starting dosage of sorafenib was 800 mg/day p.o. However, considering the possibility
of having to discontinue sorafenib treatment at an early stage due to adverse events, the initial dosage
for patients with comorbidities was reduced to 400 mg/day. Moreover, the initial dosage for patients aged
> 75 years, those with a body weight < 40 kg, and those with a history of treatment for varices or ascites was
200-400 mg/day. The dose was increased to the standard dose according to each patient’s tolerance.
Treatment was continued until tumor progression, unacceptable toxicity associated with sorafenib, or
withdrawal of consent. Second-line treatments after radiologic confirmation of PD included continuous
sorafenib treatment, even in palliative patients upon their request. However, patients with Child-Pugh C or a
PS > 2 at the time of confirmation of PD received best supportive care.

This study was approved by the Ethics Committee of the National Hospital Organization Kyushu Medical
Center and performed in compliance with the Declaration of Helsinki. All patients provided written
informed consent for sorafenib treatment.

Assessments

Tumor measurements were performed at baseline and every 2 months during treatment by contrast-
enhanced CT or MRI. Patients visited the clinic every 2 to 4 weeks to assess treatment compliance and
adverse effects. The survival status of the study participants was obtained from hospital records. Local
response was determined by the mRECIST criteria®
progression) based on the following: 20% increase in tumor size against a known baseline lesion or the

|, We assessed the cause of progression (patterns of

emergence of a new lesion.

Follow-up
All patients were followed-up at our outpatient clinic according to a standardized protocol that included
tumor marker tests every month and MDCT or MRI every 8 weeks until the patient’s death or last visit.

Statistical analysis

Statistical analyses were conducted using the JMP version 11.0 software (SAS Institute, Cary, NC, USA).
Categorical variables were analyzed with the Chi-square or Fisher’s exact test, as appropriate. Continuous
variables were analyzed using the Student’s t-test or the Mann-Whitney U test, as appropriate. Time to
tumor progression (TTP), OS, and PPS were evaluated through the Kaplan-Meier method, and comparisons
between groups were performed using the log-rank test. Univariate and multivariate analyses were
performed using a Cox proportional hazards model and the backward elimination procedure. A P-value of
< 0.05 was considered significant.

RESULTS
Baseline characteristics of the patients

The average age of the 128 study participants (105 men and 23 women) was 68.9 years [Table 1]. Most
(n = 100) had a PS of 0. Regarding the preservation of liver function, 71, 43, and 14 study participants had
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Table 1. Characteristics at the initiation of sorafenib treatment

Variables n=128

Age, year 68.9

Gender (male/female) 105/23
Etiology HBV/HCV/NBNC 21/86/21
ECOG PS 0/1 100/28
Child-Pugh score 5/6/7 71/43/14
Extrahepatic spread 65 (51.2%)
Macrovascular invasion 29 (23.6%)
BCLC stage B/C 34/94
Starting dose of sorafenib 800,/600/400/200 26/0/83/16
AFP (ng/mL) (median, IQR) 55.3 (8.4-469)
DCP (mAu/mL) (median, IQR) 92.5(22-1877)

HBV: hepatitis B virus; HCV: hepatitis C virus; NBNC: non B non C; ECOG: Eastern Cooperative Oncology
Group; PS: performance status; BCLC: Barcelona Clinical Liver Cancer; AFP: a-fetoprotein; DCP: des-g-carboxy
prothrombin; IQR: interquartile range

Table 2. Change of clinical parameters at the time of confirmation of radiologic progressive disease
compared with those of the initiation of sorafenib treatment

Variables At the confirmation of radiologic PD
Impairment of PS score >+ 46 (35.9%)
>+2 14 (10.9%)
Impairment of Child-Pugh score >+1 27 (211%)
>+2 26 (20.3%)
Time to progression >4 months 60 (46.9%)
Radiologic progression pattern Target lesion growth 63 (49.2%)
New lesion 19 (14.8%)

Target lesion growth and new lesion 46 (35.9%)

PD: progressive disease; PS: performance status

a Child-Pugh score of 5, 6, and 7, respectively. Whereas 65 patients presented with extrahepatic spread, 29
showed macrovascular invasion. At total of 34 and 94 study participants had Barcelona Clinical Liver Cancer
(BCLC) stages B and C, respectively.

Second-line treatment after radiologic confirmation of PD

At the time of the radiologic confirmation of PD, 96 (75.0%) patients received subsequent second-line
treatment. Of 96 patients who underwent subsequent treatment, 59 received continuous sorafenib treatment,
17 underwent TACE, 8 took part in clinical trials, 5 received hepatic arterial infusion chemotherapy, 5
underwent systemic chemotherapy, and 2 received radiotherapy.

TTP, OS, and PPS

The median TTP and OS were 3.8 months [95% confidence interval (CI), 3.2-4.4] and 15.6 months (95% CI,
12.4-18.5), respectively. The median PPS was 9.9 months (95% CI, 7.6-12.9). The TTP in this study was similar
to those reported in the SHARP and AP trials.

Changes in clinical characteristics between baseline (the initiation of sorafenib treatment) and
confirmation of radiologic PD

We then assessed the dynamic changes in the patients’ clinical characteristics and compared them at baseline
(the initiation of sorafenib treatment) to the confirmation of radiologic PD [Table 2]. A total of 46 (35.6%)
and 14 (10.9%) patients showed impairments in their PS of > +1 and = +2 points over time, respectively. For
the Child-Pugh score, 27 (21.1%) and 26 (20.3%) patients exhibited an impairment of > +1 and > +2 points,
respectively. When we assessed the radiologic patterns of progression, 63, 19, and 46 patients showed target
lesion growth only, emergence of a new lesion only, and both, target lesion growth and emergence of a new
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Table 3. Predictive factors for post-progression survival

. Univariate Multivariate
Variables HR (95% CI) Pvalue HR (95% CI) Pvalue
Age, year >75 111 (0.72-1.66) 0.64
Gender Male 1.07 (0.67-1.79) 0.79
Hepatitis B infection Yes 0.95 (0.56-1.53) 0.84
Hepatitis C infection Yes 0.87 (0.58-1.32) 0.5
Impairment of PS >+1 point 214 (1.45-317) <0.001 1.81(116-2.82) 0.01

>+2 points 8.54 (4.31-16.12) <0.001 112 (0.47-2.62) 0.79
Impairment of Child-Pugh score > +1 point 2.21(1.48-3.28) <0.001 110 (0.64-1.99) 0.73
>+2 points 4.82 (2.93-7.68) <0.001 3.70 (1.68-8.15) <0.01
Extrahepatic spread Yes 1.4 (0.94-2.08) 0.15
Macrovascular invasion Yes 2.01(1.25-3.13) 0.03 1.08 (0.58-1.96) 0.80
BCLC stage C 1.83 (1.19-2.90) <0.01 1.33(0.80-2.23) 0.27
Radiological progression pattern Growth + new 3.21(2.09-4.97) <0.001 2.91(1.79-4.76) <0.001
Time to tumor progression < 4 months 2.25(1.52-3.35) <0.001 1.87 (1.21-2.91) 0.01
Second-line treatment post-PD Yes 0.12 (0.07-0.20) <0.001 0.16 (0.08-0.32) <0.001
Contiunuous sorafenib treatment Yes 0.67 (0.45-0.98) 0.04 1.76 (1.06-3.00) 0.03
ost-PD
lI;ecline of serum AFP level 2 weeks >20% 119 (0.72-1.89) 0.48

after starting sorafenib

BCLC: Barcelona Clinical Liver Cancer; AFP: a-fetoprotein; PD: progressive disease; PS: performance status; HR: hazard ratio; Cl:
confidence interval

lesion, respectively. Of 34 patients with BCLC-B, 4 progressed to BCLC-C at the time of confirmation of
radiologic PD based on new extrahepatic spread (n = 3) or occurrence of a portal tumor thrombus (1 = 1).

Prediction of PPS

Univariate analysis revealed a significant correlation between PPS and the following parameters in
patients with radiologic PD: impairments in the PS score of > +1 and = +2 points, a Child-Pugh score
of 8, impairments in the Child-Pugh score of > +1 and > +2 points, macrovascular invasion, radiologic
patterns of progression, a TTP of < 4 months, subsequent treatment post-PD, and continuous sorafenib
treatment post-PD [Table 3]. Multivariate analysis identified the following independent predictors of PPS in
patients with radiologic PD: impairment in the PS score of > +1 point [hazard ratio (HR) 1.81, 95% CI 1.16-
2.82], impairment in the Child-Pugh score of > +2 points (HR 3.70, 95% CI 1.68-8.15), radiologic pattern
of progression (target lesion growth and emergence of a new lesion) (HR 2.91, 95% CI 1.79-2.91), a TTP <
4 months (HR 1.87, 95% CI 1.21-2.91), second-line treatment after radiologic confirmation of PD (HR o.16,
95% CI 0.08-0.32), and continuous sorafenib treatment after radiologic confirmation of PD (HR 1.76, 95% CI
1.06-3.00) [Table 3].

DISCUSSION

In our analysis of 128 patients with advanced HCC, we found impairment in the PS score of > +1,
impairment in the Child-Pugh score of > +2, a TTP < 4 months, radiologic progression pattern, second-
line treatment after radiologic confirmation of PD, and continuous sorafenib treatment after radiologic
confirmation of PD were predictors of PPS. Time-dependent changes in these clinical parameters played an
important role in predicting PPS.

PPS has been shown to be associated with OS in patients with lung"®, breast"”, and colorectal cancer"”
Recently, a correlation between PPS and OS was also shown in patients with HCC"*!. However, to the
best of our knowledge, few investigations have assessed the role of dynamic and time-dependent changes in
clinical characteristics in the prediction of PPS.

Based on the findings of this study, patients with advanced HCC can be referred for second-line treatment at
confirmation of PD during sorafenib treatment. Our findings also imply that observing disease progression
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during sorafenib treatment is very important. A decrease in liver function or a worsening in the patients’
general condition during sorafenib treatment should be detected early as these patients should be referred
for second-line treatment as early as possible.

Our data revealed that an impairment in the Child-Pugh score of = +2 points (and not = +1 points) but was
associated with a worse PPS. In previous studies, liver function impairment was defined as Child-Pugh score
B or C. However, using this definition, an impairment in the Child-Pugh score of +1 point would be only
defined as liver function impairment in patients with a Child-Pugh score of A6 at baseline, but not for those
with a Child-Pugh score of A5 at baseline. Furthermore, the Child-Pugh score at the confirmation of PD
may not accurately represent the development of the condition. In this study, we therefore focused on the
changes in Child-Pugh scores over time to evaluate the effect on PPS of a change in the score of +1 point.

PS has been shown to correlate strongly with both, tumor and cirrhotic factors, and may predict survival
outcomes in patients with advanced HCC"”"*”!, In previous studies, liver function impairment was defined as
a PS> 2" In contrast, this study showed that even an impairment in PS of > +1 point was associated with
a worse PPS.

A recent study by Reig et al."” showed that the radiologic progression pattern affected both, OS and PPS in
HCC patients receiving sorafenib treatment. The radiologic progression pattern in previous studies included
intrahepatic growth, new intrahepatic lesion, extrahepatic growth, or new extrahepatic lesion. Patients
with a new extrahepatic lesion, in particular, had a worse PPS"**". When estimating a tumor response,
radiologic examinations show a certain progression pattern in some patients; however, many patients have a
complicated combination of progression patterns. Estimated all combination of these progression patterns,
complicated combination may be difficult to comprehend. In this study, we adopted the progression pattern
of target lesion growth and/or the emergence of a new lesion for a convenient and easily available approach
in clinical practice.

Interestingly, a TTP of < 4 months was identified as an independent prognostic predictor in this study. A
recent study reported that a TTP of < 4 months was an independent predictor of OS and PPS””. Earlier PD
development predicts a poorer PPS after adjusting for other survival predictors. These patients should be
referred for second-line treatment. It has been reported that continuous sorafenib treatment was a useful
treatment option at the time of radiologic confirmation of PD. Moreover, our previous study showed that
continuing sorafenib treatment after radiologic confirmation of PD may be a useful treatment strategy,
especially in patients with a TTP of > 4 months™”. On the other hand, for patients with rapid PD, as defined
by a TTP of < 4 months, alternative second-line treatments should be considered”".

This study had some limitations. First, this study was a retrospective study. However, all patients
underwent tumor evaluation by contrast-enhanced CT or MRI every 2 months during sorafenib treatment.
Furthermore, no patient was lost to follow-up. Second, the study only enrolled patients with a Child-Pugh
score of < 7. Clinical trials of sorafenib showed the drug’s efficacy in patients with a Child-Pugh score of < 6.
However, global™ and Japanese™ observational studies revealed that sorafenib treatment was often initiated
in patients with a Child-Pugh score of 7 in clinical practice. Third, the target population of this study was
heterogenous and included patients with BCLC-B and -C. However, sorafenib treatment is often used for
HCC patients with BCLC-B who are refractory to TACE in clinical practice. Furthermore, predictors of
PPS were analyzed after adjusting for BCLC staging. Fourth, 17 patients treated with TACE as a second-line
treatment after the confirmation of radiologic PD were included in this study, as it is common practice to
use a combination therapy of TACE and sorafenib to control disease progression. However, the efficacy of a
combination therapy of TACE and sorafenib is still controversial and should be confirmed in a randomized
clinical trial™”. Fifth, radiologic progression pattern, as mentioned before. Finally, the size of the study
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cohort was small. Therefore, further prospective studies with a larger number of subjects are required to
confirm our findings.

In conclusion, we show that evaluating PPS in patients with advanced HCC by using time-dependent and
dynamic changes in clinical parameters was extremely useful. Our findings may be useful for selecting
second-line treatment at the time of PD. Furthermore, our data indicate that changes in liver function or
worsening of a patient’s general condition during sorafenib treatment should be observed carefully.
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Abstract
Aim: The present study was aimed to determine the modulatory role of lycopene enriched tomato extract (LycT) during

initiation of N-nitrosodiethylamine (NDEA) induced hepatocellular carcinoma (HCC).

Methods: Female Balb/c mice were divided into 4 groups: control, NDEA (200 mg NDEA/kg b.wt, cumulative dose),
LycT (5 mg/kg b.wt, thrice a week) and LycT + NDEA. LycT administration was commenced 2 weeks prior to NDEA
administration in LycT + NDEA group.

Results: NDEA treatment caused histopathological alterations in hepatic tissue and was associated with enhanced serum
levels of inflammatory markers, i.e., tumor necrosis factor-alpha, interleukin (IL)-6 and IL-B. NDEA treatment also induced
functional alterations in liver as evident by slow *"Tc-mebrofenin hepatic excretion. LycT administration to NDEA mice
showed improved hepatic functional status as demonstrated by normal **"Tc-mebrofenin excretion. NDEA treatment
also caused alterations in the hematological parameters such as hemoglobin, red blood cells, platelets and total leucocyte
counts. A significant increase in plasma lipid peroxidation and decrease in reduced glutathione levels with alterations in
various enzymatic antioxidants were observed upon NDEA treatment. LycT pre-treatment aided in boosting the antioxidant

defense system and ameliorated the inflammatory and hematological alterations.

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0 [&].}
BT International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, : 1.
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long S

as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.
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Conclusion: As evident by improved functional, hematological and biochemical markers, it may be inferred that LycT has
the potential to delay HCC initiation.

Keywords: Lycopene, °°m"Tc-mebrofenin, hepatocellular carcinoma, hematology, oxidative stress, inflammation

INTRODUCTION

Environmental factors including exposure to chemical pollutants due to growing industrialization and
adoption of unhealthy lifestyle choices like physical inactivity, imbalanced dietary regimen and smoking
play a major role in the etiology of various ailments including cancer. The existing structural embodiment
of our environment and surroundings makes impossible to evade the exposure from its pernicious clutches.
Among various pollutants, N-nitrosodiethylamine (NDEA) is a potent environmental carcinogen found
in air, soil, water and food™?. Metabolic activation of NDEA through hepatic biotransformation enzymes
renders liver as a target organ for carcinogenesis. Hepatocellular carcinoma (HCC) is figured to be the fifth
most common tumors of liver across the globe and accounts for 2.5% increase of death rates every year™.
Extremely high incidence rate, poor prognosis and asymptomatic behavior associated with HCC makes its
diagnosis restrictable at initial stages. Furthermore, angiogenesis and malignant nature of tumorous tissue
may also reduce the life expectancy of HCC patients at later stages.

Early HCC diagnosis has become a priority in improving the survival among cancer patients. Despite the
availability of various modalities for HCC treatment such as surgical resection, radiation and chemotherapy,
the outcome of patient remains dismal. Additionally, various non-invasive modalities such as ultrasound,
computed tomography, and magnetic resonance imaging are in use for early monitoring, diagnosis and
stratification of HCC®.. But these provide only anatomical information not the functional status of the
tumorous tissue. Therefore, the development of non-invasive diagnostic techniques and identification of tumor
specific serological markers linked to early stages of carcinogenesis would be of great clinical significance
in the early management of HCC patients. This may be accomplished by **"Tc-mebrofenin hepatobiliary
functional test that mainly relies on functional perturbations in the tissue as functional alterations precede
anatomical alterations'. The main rationale behind the identification of candidate biomarkers relevant for
cancer risk is to find a link between biological alterations in nonspecific tissues, such as blood, and the
occurrence of similar events in specific tissues involved in the carcinogenesis. Moreover, blood acts as a
pathological reflector of the systemic status of an animal exposed to carcinogen'”.

Hematological parameters are surrogate markers playing a key role in diagnosing the extent of damage to blood
thus acting as a prognostic indicator of HCC patients™. NDEA is also known to induce chronic inflammatory
responses characterized by the upregulation of pro-inflammatory cytokines and recruitment of innate
immune cells to liver tissue. Chronic inflammation further predisposes hepatic tissue to the development of
HCC"!. Free radicals and reactive oxygen species (ROS) generation during NDEA metabolism further causes
the oxidation of major cellular biomolecules thus may augment an oxidative stress which may be postulated
as a major contributor in the genesis of cancer!. Various reports support the relationship between the hepatic
antioxidant system and development of hepatocarcinogenesis"'?. However, only few studies are available to
evaluate the role of blood antioxidants in early diagnosis of HCC"*'*). These observations emphasize the need
for urgent implementation of efficient strategies to curb this disease. From the past few decades, preventive
control approaches using the natural products derived from common dietary sources have been the main
focus of scientific research to impede the induction of carcinogenesis"?.

Lycopene extracted from red tomatoes has found its widespread use in natural medicine because of its
highest antioxidant and radical scavenging activity™***. Consumption of lycopene enriched tomato extract
has been revealed to be effective in alleviating cancer progression due to its increased bioavailability and
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synergistic effects of its multiple phytochemicals"®*. The ameliorative potential of lycopene enriched

extract has been found in patients of oesophageal cancer™. The consistently reduced risk of chronic diseases
associated with increased consumption of lycopene enriched products provides a strong foundation for its
use as a potent chemopreventive agent against liver cancer.

Our earlier studies have reported the delay in progression of hepatic cancer upon lycopene enriched tomato
extract (LycT) consumption which was revealed by reduced histopathological alterations, improved survival
rate, reduced tumor incidence and burden®"!. This was also evident through modulation in the expression
of apoptosis and cell proliferation associated genes which further interferes in the progression of tumor
cells"??. We have also found that LycT consumption aided in up regulating the detoxification system,
reducing chromosomal aberrations and modulating physiochemical characteristics of hepatocellular
membrane!?. Recently, in our laboratory, the role of LycT in inhibiting multiple dysregulated pathways
including hypoxia, angiogenesis and metastasis has also been delineated. The study suggested that it does
so by attenuating the expression of hypoxia inducible factor-alpha, vascular endothelial growth factor,
cluster of differentiation 31, matrix metalloproteinases (MMP)-2 and MMP-9"**. Moreover, the modulation
of hepatic tumor marker [alpha fetoprotein (AFP)] and hepatic functional markers by LycT was also
demonstrated™.

Thus the current scientific scenario has prompted us to study HCC during its early stages of development by
analyzing a panel of hematological, inflammatory and blood antioxidant markers whose dysfunction may be
related to critical events in hepatic cancer progression and their intervention with LycT. The assessment of
these markers in blood on a regular basis along with AFP and liver function markers may allow earlier HCC
detection. In addition, the physiological perturbations occurring in the hepatic tissue during carcinogenesis
was also assessed using *"Tc-mebrofenin hepatobiliary functional test.

METHODS

Animal model for development of HCC

Female Balb/c mice (25-30 g) procured from the Central Animal House facility of Panjab University,
Chandigarh (India) were provided standard animal pellet diet (Ashirwad Industries, Kharar, Punjab,
India) and drinking water ad libitum. The animal house was maintained at a controlled temperature of
21 °C = 1 °C and humidity of 50%-60% with a 12-h dark and light cycle. All the experimental studies
were performed in accordance with the Indian National Science Academy Guidelines for the use and
care of experimental animals and were initially approved by the Institutional Animal Ethics Committee
(IAEC), Panjab University, Chandigarh (IAEC/284-295 at Sr. No. 47). The mice were acclimatized to the
experimental conditions for duration of 1 week prior to the commencement of various treatments. LycT
was extracted from red tomatoes using hexane/acetone/ethanol as an extraction medium as described by
Gupta et al.”. The content of lycopene in the extract was estimated using UV-VIS spectrophotometer as
described earlier™. LycT in the upper hexane layer showed the presence of three characteristic peaks, i.e.,
at 444, 470 and 503 nm. Lycopene quantification was performed at 503 nm as to avoid the interferences
from other carotenoids including B-carotene, lutein, neoxanthin, etc.***. The average lycopene content

was approximately 14 mg/kg tomato".

Female Balb/c mice were randomly segregated into 4 groups. Animals of group 1 (control) were given vehicle (olive oil)
treatment orally thrice a week. Animals of group 2 (NDEA) and group 4 (LycT + NDEA) received an intraperitoneal
injection of NDEA at a cumulative dose rate of 200 mg/kg body weight for a total duration of 8 weeks. Group 3 (LycT)
and group 4 animals were administered LycT in olive oil orally at a dose rate of 5 mg/kg body weight thrice a week for
10 weeks. Oral administration of LycT was commenced 2 weeks prior to NDEA treatment and continued until
the termination of experimental period in LycT + NDEA group.
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Assessment of hepatobiliary function

At the end of 10th week, *"Tc-mebrofenin hepatobiliary functional test was performed to assess
hepatocellular function, biliary obstruction and to quantify hepatic extraction fraction (HEF). 185-200 MBq
of *™Tc- sodium pertechnetate prepared in normal saline was mixed with mebrofenin according to the
instructions provided by the manufacturer (BRIT, India). The scintillator counter was calibrated at 140 KeV
with a window setting of + 20% using *"Tc as a radioactive source. Mice were then positioned over the
scintillation counter immediately after the intravenous administration of **"Tc-mebrofenin with liver and
mediastinum in the field of view. Liver activity and blood pool activity was monitored as a function of time
and then used to measure the percentage of activity retained by the hepatic tissue (hepatic retention). The
time required for maximum uptake of mebrofenin (Tpeak) as well as the time at which the activity reduces to
its half (T peak) was also calculated for the hepatic and cardiac tissues.

Assessment of hematological parameters

Collection of whole blood samples

Blood samples from mice of different groups were collected through an ocular vein in sterilized eppendorf
containing anticoagulant at the end of treatment period. Blood samples were mixed properly and processed
for the estimation of various hematological parameters.

Hemoglobin

The hemoglobin (Hb) content was estimated in whole blood by cyanmethemoglobin method as given
by Dacie and Lewis®. The estimation is based on the oxidation of hemoglobin to cyanmethemoglobin
in presence of potassium ferricyanide. The intensity of red colored complex thus formed was measured
spectrophotometrically at 540 nm against a Drabkin's solution and expressed as g/dL.

Red blood cells

Total red blood cell (RBC) counts were measured in non-coagulated whole blood as per the method described
by Dacie and Lewis”*. Hayem's fluid is an isotonic solution consisting of sodium sulphate, sodium chloride
and mercuric chloride. The measurement is based on the dilution of blood samples with Hayem's fluid and
then counting of the RBCs in four corners and one central square of a Neubauer's chamber. The RBC counts
were further expressed as counts x 10°/mm’.

Total leucocyte count
The counting of total leucocytes (TLC) was performed in whole blood according to the method of Dacie

and Lewis?®

using Turk's fluid. The glacial acetic acid in this fluid causes the destruction of RBCs while
the gentian violet helps in the staining of white blood cells (WBCs) nuclei makes them visible under the

microscope. Counting of cells was done in four corner WBC squares and expressed as counts x 10’/mm”.

Platelet count

The counting of blood platelets was done in a hemocytometer using 1% ammonium oxalate as a platelet
diluting fluid®®. In this, oxalate induces the complete hemolysis of RBCs and preservation of platelets. The
number of platelets were counted in whole blood in all the central RBC squares under a microscope and
expressed as counts x 10°/mm’.

Differential leucocyte count

Differential leucocyte counting was performed to compute the presence and number of different type of
leucocytes in blood according to the method of Dacie and Lewis®". The percentage (%) counts of neutrophils
and lymphocytes were determined by observing a blood smear under a microscope.
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Assessment of inflammatory markers

The quantitative estimation of various inflammatory markers including tumor necrosis factor (TNF)-a,
interleukin (IL)-1p and IL-6 was carried out in serum using a commercially available kit by solid phase enzyme
linked immunosorbent assay according to the instruction provided by the manufacturer (RayBiotech, Inc., USA).

Assessment of antioxidant defense system

Preparation of blood plasma

At the end of various treatments, blood was withdrawn from the retro-orbital plexus of a mouse eye in an
eppendorf containing EDTA as an anticoagulant. This was followed by the centrifugation of blood samples
at 3000 rpm for 15 min at 4 °C. The supernatant (plasma) thus obtained was used for the estimation of
various oxidative stress markers.

Lipid peroxidation

Lipid peroxidation (LPO) levels were measured in plasma as per the method described by Trush et al.®”. It is
based on the reaction of malondialdehyde (MDA) and thiobarbituric acid (TBA) to form pink colored MDA-
TBA complex which has its maximum absorption intensity at 532 nm. The amount of chromophore thus
obtained was measured as an index of lipid peroxidation using an extinction coefficient of 1.56 x 10° M"'cm
and expressed as nanomoles of MDA-TBA chromophore formed/min/mg protein.

Reduced glutathione

The plasma levels of reduced glutathione (GSH) were estimated as a total non-protein sulphydryl compound
according to the method of Moron et al.?®. It involves the reduction of a 5,5™-dithiobis-2-nitrobenzoic acid
by the -SH group of reduced GSH to produce a yellow colored 2-nitro-5-mercaptobenzoic acid. The optical
density of the compound thus produced was measured spectrophotometrically at 412 nm and expressed as
nanomoles of GSH/mg protein.

Glutathione-S-transferase

Plasma activity of glutathione-S-transferase (GST) was estimated using a method of Habig et al.””. GST
aids in the coupling of GSH with a substrate, i.e., 1-chloro-2, 4 dinitrobenzene (CDNB). The absorbance
of chromophore thus formed was read at 340 nm and described as micromoles of GSH-CDNB conjugates
formed/min/mg protein using an extinction coefficient of 9.6 mM™ cm™.

GSH peroxidase

Plasma GSH-peroxidase (Px) activity was assayed as per the method given by Paglia and Valentine™. It
catalyzes the production of GSSG from GSH with the simultaneous oxidation of NADPH. The change in
optical density was read at 340 nm based on an extinction coefficient of 6.22 mM”cm™ and expressed as
nanomoles of NADPH consumed/min/mg protein.

Glutathione reductase

Plasma glutathione reductase (GR) activity was estimated according to the method of Williams and
Arscott®™. GR causes the reduction of GSSG to GSH using NADPH as a reducing agent with the simultaneous
conversion of FAD to FADH". The change in optical density was monitored at 340 nm and calculated as
nanomoles of NADPH consumed/min/mg protein using an extinction coefficient of 6.22 mM"cm™.

Catalase

Catalase (CAT) activity was determined in plasma using the method of Luck®. CAT assists in the breakdown
of hydrogen peroxide to produce water and molecular oxygen. The activity was assayed at 240 nm and
measured as international units (IU)/mg protein based on the extinction coefficient of 0.0394 mM"cm™.
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Superoxide dismutase

Plasma superoxide dismutase (SOD) activity was assayed according to the method of Kono® based on the
ability of SOD to inhibit the reduction of nitroblue tetrazolium (NBT) mediated by superoxide radicals,
which were produced by photo-oxidation of hydroxylamine hydrochloride. One unit of SOD activity is the
amount of enzyme required to cause 50% inhibition in optical density. The rate of reduction of NBT complex
was measured at 560 nm and described as IU/mg protein.

Assessment of histopathological alterations

After the completion of the treatment period, mice were euthanized by decapitation and liver tissues were
removed carefully followed by the immediate fixation of tissue in neutral formalin. Fixed liver tissue samples
were embedded, sectioned and then stained using hematoxylin and eosin staining and examined for the
microscopic alterations.

Statistical analysis
Data was expressed as mean + standard deviation (SD). Statistical significance was analyzed using one-way
analysis of variance followed by least significant difference (LSD) post hoc test.

RESULTS

Effect of LycT and/or NDEA on 99mTc-mebrofenin hepatobiliary functional test

After intravenous administration of *"Tc-mebrofenin, NDEA induced a significant delay in the hepatocyte
uptake, retention and excretion of **"Tc-mebrofenin in comparison to control, LycT and LycT + NDEA
mice [Figure 1A-D]. The hepatic extraction fraction at the end of 60 min of **"Tc-mebrofenin injection was
observed to be around 8.9%, 61.9%, 11.5% and 17.8% in case of control, NDEA , LycT and LycT + NDEA
group respectively [Figure 1E]. Hepatic T o value was observed to be around 5 min in both control and
LycT animals [Figure 2A]. However, NDEA administration led to a significant delay in attaining maximum
activity thus showing a T . value of around 10 min while animals of LycT + NDEA group showed T ;. value
of around 7 min [Flgure zA] The hepatic T | ek value in case of control and LycT animals was observed
to be around 7-8 min while it was around 22 min in case of LycT + NDEA group [Figure 2B]. In contrast,
NDEA animals did not show any T peak value which may be due to the extremely slow excretion rate of
*"Tc-mebrofenin.

Effect of LycT and/or NDEA on hematological parameters

Hb

A significant decline in Hb levels was observed in mice of NDEA group when compared to control and LycT
(P < 0.001) groups [Table 1]. Likewise, animals of LycT + NDEA group showed a decrease in Hb levels in
comparison to control and LycT (P < 0.05) mice. However, a significant elevation in Hb levels was observed in
mice that received LycT along with NDEA treatment when compared to NDEA (P < 0.001) alone injected mice
[Table 1]. No significant change in Hb levels was noticed between control mice and LycT administered mice.

RBC

NDEA administration caused a significant decrease in RBC counts in mice of NDEA group when compared
to control and LycT (P < 0.001) groups [Table 1]. Also, a decrease in RBC counts was observed in mice of LycT
+ NDEA group when compared to control and LycT (P < 0.01) groups. But the increase in RBC counts was
observed when NDEA mice were pre-treated with LycT when compared to NDEA (P < 0.01) intoxicated mice
[Table 1]. The counts of RBC did not differ significantly between mice of control and LycT groups.

TLC
TLCs were found to be enhanced in mice of NDEA group when compared to control and LycT (P < 0.001)
groups [Table 1]. In addition, mice of LycT + NDEA groups also showed elevated total leucocyte counts when
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Figure 1. Effect of LycT and/or NDEA on liver time-activity curves and hepatic mebrofenin retention derived from **"Tc-labeled mebrofenin
hepatobiliary functional test. Data is expressed as mean = SD (7 = 6). NDEA: N-nitrosodiethylamine; LycT: lycopene enriched tomato extract

compared to control and LycT (P < 0.01) groups. However, the mice that received LycT in addition to NDEA
treatment showed a reduction in TLC when compared to NDEA (P < 0.01) mice [Table 1]. Moreover, no
statistical difference in the blood TLC was found in LycT per se group and control group.

Platelets

The blood platelet counts were seen to be significantly decreased in NDEA mice as compared to control and LycT
(P < 0.001) mice [Table 1]. Likewise, a significant reduction in platelets counts was observed in LycT + NDEA group
when compared to control (P < 0.05) and LycT (P < 0.01) group. In contrast, supplementation of NDEA mice with
LycT induced a significant increase in platelet counts when compared to NDEA (P < 0.001) mice. LycT pretreatment
to mice did not induce any alterations in platelets counts in comparison to normal control mice.

Neutrophils
NDEA administration led to a significant enhancement in the neutrophil counts when compared to control
and LycT (P < 0.001) mice [Table 1]. Pretreatment of LycT to NDEA exposed mice also induced a marked
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Table 1. Effect of LycT and/or NDEA on hematological parameters in different treated groups

Hematological parameters Control NDEA LycT LycT + NDEA
Hb (g/dL) 14.0 £ 015 10.6+0.42° 141+0.21° 13.5+ 0.20%°<
RBC (counts x 10%/mm?®) 790+0.10 6.53+0.35° 797+0.25° 717 £ 015"
TLC (counts x 10°/mm?®) 753+0.29 9.51+0.27° 7.40 +0.36° 8.45+0.30™""¢!
Platelets (counts x 10°/mm?) 4.43+0.29 3.29+011° 4.69 +0.18° 4.07 01272
Neutrophils (%) 29.7+153 387+3.27° 273+252° 33.7 £1.52%
Lymphocytes (%) 587 +1.53 497 £2.08° 58.3+2.52° 55.7 +2.51"

Values are expressed as mean + SD (7 = 5) and analyzed by one-way analysis of variance followed by post hoc test. °P < 0.001, *P < 0.01
and *P < 0.05, significant as compared to control group; °2 < 0.001, "2 < 0.01 and P < 0.05, significant as compared to NDEA group;
‘P <0.01and “P < 0.05, significant as compared to LycT group. NDEA: N-nitrosodiethylamine; LycT: lycopene enriched tomato extract;
Hb: hemoglobin; RBC: red blood cell; TLC: total leucocyte count

increase in neutrophil counts in comparison to LycT (P < 0.01) mice and remained unaltered when compared
to control mice. A significant decrease in these counts was observed in LycT + NDEA group when compared
to NDEA (P < 0.05) group. No statistical alterations in the neutrophil counts were observed in LycT per se
group and control group.

Lymphocytes

NDEA treatment exhibited a marked decline in blood lymphocyte counts when compared to control and LycT
(P < 0.001) mice. However, no change in the lymphocyte counts was observed in LycT + NDEA group when
compared to control and LycT groups [Table 1]. In contrast, LycT supplementation to NDEA exposed mice
induced a significant enhancement in lymphocyte counts when compared to NDEA (P < 0.01) intoxicated mice.
No change was observed in the blood lymphocyte counts in LycT group when compared to control group.

Effect of LycT and/or NDEA on serum inflammatory markers

The levels of serum TNF-a, IL-1P and IL-6 were found to be elevated in mice exposed to NDEA when compared
to control and LycT (P < 0.001) mice. LycT supplementation to NDEA animals also induced a significant
enhancement in the levels of TNF-a and IL-1f while IL-6 levels remained unaltered as compared to control
and LycT (P < 0.001) mice [Figure 3A-C]. On the contrary, animals of LycT + NDEA group revealed a marked
reduction in the levels of these inflammatory cytokines in comparison to NDEA (P < 0.001) afflicted group. No
significant alterations in their levels were noticed between mice treated with LycT and control mice.

Effect of LycT and/or NDEA on plasma enzymatic and non-enzymatic antioxidants

LPO

NDEA treatment significantly raised the plasma LPO levels when compared to control and LycT (P < 0.001)
mice [Table 2]. Further, a significant elevation in plasma LPO levels was also observed upon LycT
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Figure 3. Effect of LycT and/or NDEA on serum inflammatory markers in different treatment groups. Values are expressed as mean + SD
(n = 5) and analyzed by one-way analysis of variance followed by post hoc test. °P < 0.001, significant as compared to control group; °P <
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Table 2. Effect of LycT and/or NDEA on plasma antioxidant defense system in different treated groups

Control NDEA LycT LycT + NDEA
LPO (nmol of MDA-TBA chromophore formed/mg protein) 0.02+0.002 0.08 +0.003° 0.03+0.002° 0.05 = 0.005*
GSH (nmol of GSH/mg protein) 7.60+0.23 411+ 0.45° 7.29+0.20° 6.25+0.59°"¢
GR (nmol of NADPH oxidized/min/mg protein) 1.06 = 0.08 0.66+0.06° 1.01+0.04° 0.88+0.04°*
GSH-Px (nmol of NADPH oxidized/min/mg protein) 0.67 +0.08 1.06 + 0.09° 0.68 + 0.06" 0.81+0.05"¢
GST (umol GSH-CDNB conjugates/min/mg protein) 0.40+0.04 0.55+0.02° 0.38 +0.04° 0.46 +0.03°""¢
SOD (IU/mg protein) 0.0+ 0.008 018+ 0.010° 011+0.007° 014 +0.014°"¢
CAT (umol/min/mg protein) 0.61+0.01 110+ 0.10° 0.58+0.03 0.8440.02°"°

Values are expressed as mean = SD (7 = 5) and analyzed by one-way analysis of variance followed by post Aoc test. %P < 0.001 and “P <
0.01, significant as compared to control group; 2 < 0.007, significant as compared to NDEA group; P < 0.001 and “P < 0.07, significant as
compared to LycT group. NDEA: N-nitrosodiethylamine; LycT: lycopene enriched tomato extract; LPO: lipid peroxidation; GSH: glutathione;
GR: glutathione reductase; GSH-Px: GSH-peroxidase; GST: glutathione-S-transferase; SOD: superoxide dismutase; CAT: catalase; MDA-TBA:
malondialdehyde-thiobarbituric acid; NADPH: nicotinamide adenine dinucleotide phosphate; CDNB: 1-chloro-2, 4 dinitrobenzene

supplementation to NDEA animals when compared to control and LycT (P < 0.001) animals. However,
the levels of LPO came down to the baseline levels in LycT + NDEA group in comparison to NDEA
(P < 0.001) group. No statistical difference in the plasma LPO levels was found in LycT per se group
and control group.

Reduced GSH

The levels of plasma GSH were found to be declined in NDEA and LycT + NDEA mice as compared to
control and LycT (P < 0.001) mice [Table 2]. However, LycT pre-treatment to tumor bearing mice caused a
significant enhancement in their levels when compared to NDEA (P < 0.001) mice. No significant alterations
were observed in plasma GSH levels of LycT per se group and control group.
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GST

NDEA administration induced a significant increase in plasma GST activity when compared to control and
LycT (P < 0.001) animals [Table 2]. Animals of LycT + NDEA group also showed a significant increase in GST
activity in comparison to control (P < 0.01) and LycT (P < 0.001) animals. On the contrary, mice that received
LycT in addition to NDEA showed a significant decrease in plasma GST activity as compared to NDEA (P <
0.001) alone administered group. No alterations were observed in plasma GST activity of LycT group when
compared to control group.

GSH-Px

NDEA treated mice exhibited a significant increase in plasma GSH-Px activity when compared to control
and LycT (P < 0.001) mice [Table 2]. Likewise, plasma GSH-Px activity was raised in LycT + NDEA group
when compared to control and LycT (P < 0.01) group. However, administration of LycT to NDEA group of
animals induced a significant reduction in the GSH-Px activity when compared to NDEA (P < 0.001) treated
mice. Plasma GSH-Px activity did not differ significantly between the control and LycT group of animals.

GR

NDEA exposure exhibited a significant decline in plasma GR activity in comparison with control and LycT
(P < 0.001) animals [Table 2]. Similarly, a significant decrease in GR activity was also observed in LycT +
NDEA group when compared to control (P < 0.001) and LycT (P < 0.01) group. In contrast, there was a
marked increase in GR activity on LycT supplementation to NDEA afflicted animals when compared to
NDEA (P < 0.001) alone group. No significant alteration in the plasma activity of GR was observed between
the control and LycT group.

CAT

A significant increase in plasma CAT activity was observed in NDEA and LycT + NDEA group of animals
when compared to control and LycT (P < 0.001) mice [Table 2]. In contrast, pretreatment of NDEA exposed
animals with LycT induced a significant decrease in CAT activity when compared to NDEA (P < 0.001)
animals. Plasma CAT activity remained unaltered in mice treated with LycT as compared to control mice.

SOD

The administration of NDEA caused a significant increase in plasma SOD activity in animals of both NDEA and
LycT + NDEA group when compared to control and LycT (P < 0.001) mice [Table 2]. On the contrary, a significant
decrease in SOD activity was observed in LycT + NDEA group when compared to NDEA (P < 0.001) afflicted
group. There was no significant alteration in SOD activity between mice treated with LycT and normal
control mice.

Effect of LycT and/or NDEA on histopathological alterations

Liver sections from control and LycT mice exhibited normal histoarchitecture [Figure 4A and C]. Hexagonal
hepatic lobules containing central vein in the middle and portal triad at the periphery were visible. Liver
acinus was divided into three zones: zone 1, zone 2 and zone 3. Liver sections from NDEA group showed the
presence of high grade dysplasia characterized by architectural and nuclear atypia, differential cytoplasmic
staining with diminished sinusoidal spaces and fatty accumulation. No stromal invasion was visible in mice
of NDEA group. Liver sections obtained from animals of LycT + NDEA group exhibited mild hepatocellular
damage with no vascular invasion [Figure 4B and D; Table 3].

DISCUSSION
Increased oxidative stress and altered redox status during carcinogenesis accentuate the need for developing
efficient strategies in curtailing the cancer development. This may be accomplished via use of LycT as an
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Figure 4. Histopathological analysis of hepatic tissue in various treated groups. (A) Liver sections from control group at 100x
magnification revealing normal histo-architecture and the presence of three zones: zone 1, zone 2 and zone 3; (B) liver sections from
NDEA group at 100x magnification revealing high grade dysplasia (encircled); (C) liver sections from LycT group at 100x magnification
revealing normal histo-architecture; (D) liver sections from LycT + NDEA group at 100x magnification revealing near normal histo-
architecture with infiltration of lymphocytes. CV: central vein; PA: hepatic portal artery; PV: hepatic portal vein; BD: bile duct

Table 3. Histopathological quantification of hepatic damage in NDEA and LycT + NDEA group

Groups/parameters NDEA LycT + NDEA
Cell density ++ +
Architectural atypia +++ +
Nuclear density +++ +
Differential cytoplasmic staining ++ -
Fatty accumulation ++ -

+++: extensively observed; ++: moderately observed; +: mildly observed; -: not observed. NDEA: N-nitrosodiethylamine;
LycT: lycopene enriched tomato extract

exogenous antioxidant to maintain the redox balance and homeostasis. The role of LycT in delaying the
process of hepatocarcinogenesis has already been studied in terms of diminished histopathological alterations,
reduced mortality and induction of apoptosis™*. Moreover, the anti-angiogenic and anti-metastatic potential
of lycopene was also investigated recently in our laboratory™. Periodical assessment of serological markers
at early stages could serve as an important parameter to evaluate the onset of hepatic pathology. Thus the
present piece of work was planned to gain insight into the identification of candidate biomarkers linked to
early stages of hepatocarcinogenesis and their amelioration by LycT. In addition, the physiological status of
the liver was also assessed using non-invasive **"Tc-mebrofenin hepatobiliary functional test.

It helps in the evaluation of hepatocellular function, biliary obstruction thus providing the functional or
physiological status of liver. In the present study, an appearance of maximum activity of ***Tc-mebrofenin
in blood pool within 2-3 min in all the groups showed that NDEA exposure does not induce any effect
on cardiac tissue. Being a hepatocarcinogen, NDEA induces major pathophysiological alterations in the
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hepatic tissue as observed by the changes in HEF, percentage counts in the liver at different time intervals,
Tlmk and T | peak Control and LycT animals showed the normal uptake, efficient hepatic extraction and
rapid excretion from the liver. However, a significant deviation from the normal pattern of radioactivity as
observed in NDEA animals confirmed the physiological alterations in hepatic tissue. The delay in hepatic
uptake in NDEA animals may be due to severe hepatocellular dysfunction. Neyt et al.*" have also reported
the delayed uptake due to the dysfunction of various Oatp transporters located on hepatocytes. The retention
of radiotracer activity in the liver of NDEA mice up to 60 min showed marked impairment in the excretion
of the activity. This may be due to the biliary obstruction induced by NDEA which was also evidenced
by the inability to calculate T value in case of NDEA animals. We have previously reported the delay in
hepatic excretion in the case of DMBA induced hepatotoxicity™. Joseph et al.’* observed the involvement
of inflammation in delaying the hepatic excretion of *"Tc-mebrofenin. Similarly, LycT administration to
NDEA insulted animals also showed delayed uptake but the clearance of the activity at 60 min showed the
protective effect of LycT against hepatocarcinogenesis. Deshpande et al.”” observed the increased clearance
of *"Tc-mebrofenin upon administration of dietary turmeric extract to rats exposed to D-galactosamine
HCIL. Our laboratory also observed the ameliorative effect of Azadirachta indica against DMBA induced
hepatotoxicity by efficient clearance of mebrofenin®.

During tumor progression, cells generally demand more oxygen than is available for its growth, which results
in the creation of hypoxia. Continued hypoxia leads to the adaptation of various genomic and proteomic
alterations and results in the aggressive and malignant tumor phenotype. This may further causes reduced
oxygen transport throughout the body due to the alterations in various hematological markers. NDEA
exposed mice showed a marked decline in the levels of Hb, RBC, platelets and lymphocytes as compared
to control mice. In addition to this, a significant enhancement in the neutrophils and WBC counts were
observed upon NDEA exposure. The reduction in Hb and RBC suggested the occurrence of anemia in tumor
bearing mice. This may be due to the increased oxidative stress induced by excessive ROS which causes
the oxidative destruction of mature erythrocytes or inhibiting its production. This can also be evidenced
by a decline in GSH and elevation in LPO levels on NDEA treatment®. A marked enhancement in WBC
counts may reflect the activation of an immune system to fight against invading particles®. This was further
confirmed by the release of various cytokines by activated kupffer cells and accumulation of neutrophils in
hepatic cells as discussed above. Histopathological examination also supported the infiltration of leukocytes
in hepatic tissue upon NDEA administration. The diminished platelets count may apparently be due to the
decreased production of thrombopoietin hormone by damaged liver cells. The decrease in lymphocytes and
enhanced neutrophil counts might suggest the decrease in efficiency of an immune system to cope up with
the triggered inflammatory cascade™*”. Similar observations were also noticed by Farooq et al.""! and Gangar
et al.””, who also observed the alterations in various hematological parameters in patients suffering from
gastric and forestomach carcinoma respectively. LycT treatment to NDEA insulted mice tends to restore the
levels of these markers which might be attributed to decreased hypoxia and reduction in tumor growth by
an enhancement of apoptosis"**"!. Several other researchers have also supported the restoration of blood
parameters upon lycopene treatment thus showing its anti-inflammatory potential™»**.

Inflammatory cytokines also play a major role in the progression of cancer. Exposure of liver tissue to
certain hepatotoxicants induces the release of pro-inflammatory cytokines by kupffer cells which can
further aggravate the tumor progression by triggering of inflammatory cascade®. The current findings
revealed a marked increase in serum levels of various inflammatory markers, i.e, TNF-qa, IL-1f and
IL-6 in tumor bearing mice. Overexpression of these cytokines may provide proliferating signals to the
mutated hepatocytes through the secretion of angiogenesis and metastasis markers. These findings were in
concordance with the report of Abdel-Hamid et al."**. Supplementation of NDEA mice with LycT modulated
the serum levels of these cytokines by inhibiting their production and induction of apoptosis thus showing
its anti-inflammatory effect. Literature also supported the amelioration of these inflammatory markers upon

administration of lycopene ..
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NDEA treatment also exhibited enhanced plasma LPO and reduced GSH levels in comparison to control and
LycT animals. The increase in LPO may be ascribed to the excessive formation of ROS and their diffusion
into the blood by an oxidative deterioration of membrane lipids. Declined GSH levels might be due to the
impairment of antioxidant defense system and increased consumption of GSH by the detoxification system.
Literature also supported the alterations in these oxidative stress markers with the progression of cancer®*".
Interestingly, the reversal of their levels by LycT pretreatment may probably be due to the neutralization of
free radicals and enhancement of xenobiotic detoxification by LycT. The amelioration of oxidative stress by

consumption of tomato enriched diet has also been reported by Dogukan et al.”” and Gupta et al.".

The enhancement in plasma activities of SOD, CAT and GSH-Px were also observed upon NDEA
administration. An elevated SOD activity causes the excessive production of deleterious H202 by the
dismutation of superoxide anions which may further be counterbalanced by excess CAT and GSH-Px.
However, complete neutralization of H O may not occur due to the failure of defense system by sufficient
lipid oxidation which further increases the chances of DNA damage, thus, contributing to a growth
advantage to the tumorous cell®. Our results are in agreement with other reports who found similar
alterations in activities of these enzymes in cancer patients®**”. Reduction in the activities of these enzymes
by LycT supplementation to tumor bearing mice showing the antioxidant capability of LycT to scavenge the
free radical formation thus mitigating intracellular oxidative damage. The present results are in harmony
with the findings of Ural®" and Ibrahim"* who also reported the diminished enzymatic activities on LycT
supplementation.

The increase in GST activity in NDEA intoxicated mice may lead to the excessive utilization of this enzyme
in the detoxification in response to metabolic induction in the tumor cells. These results are in concordance
with the observation of Sadik et al.*”, who also reported the correlation between the increased GST levels and
carcinogenesis. In contrast, Li et al.®® has observed the decrease in blood GST levels during the development
of HCC. Suppression of GST activity upon LycT supplementation to NDEA afflicted mice indicated the
protective efficacy of LycT against the induction of oxidative stress. Sadik et al.”” has also reported the
restoration of GST activity upon consumption of a diet rich in fruits and vegetables. The increased activity
of GSH-Px and decreased levels of GSH may lead to the accumulation of oxidized glutathione (GSSG) which
further cannot be converted to GSH due to the reduction in GR activity upon NDEA treatment. Maffei et al.”
has also reported the drop in plasma GR activity in patients suffering from colorectal cancer. Pretreatment
with LycT to NDEA mice attenuated the decrease in GR activity probably by radical scavenging potential
and increase in GSH level thus maintaining the oxido-reductive balance. Lycopene enriched tomato extract
ameliorates the oxidative stress by maintaining the integrity of cellular membrane thus preserving the
antioxidants levels in the liver cells">*. The activities of various enzymatic and non-enzymatic antioxidants
did not show any alterations between control and LycT mice.

It is evident that LycT supplementation modulated the inflammatory and hematological markers, boosted the
antioxidant system and improved the functional status of hepatic tissue in tumor bearing mice. Data from
the present study and previously published studies reiterate the potential of LycT in delaying the initiation of
HCC which may have significant implications in its overall chemopreventive potential.
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Abstract

After decades of frustrating nihilism due to lack of innovative therapeutic solutions, the onco-hepatological
community is facing up to important novelties for the treatment of intermediate and advanced stages of liver
cancer. Four new drugs have been investigated and resulted in positive data: lenvatinib resulted not inferior to the
standard of care sorafenib in first line, regorafenib and cabozantinib demonstrated prolonging survival in patients
progressed to sorafenib and nivolumab approved by FDA as option after first-line. Contemporary, the knowledge
acquired after ten years’ experience of sorafenib in patient selection and adverse events management revealed
an increase of the outcomes. Physicians dedicated to treat advanced and intermediated liver cancer are close to
live a new era where systemic treatments could have a huge impact on the disease. The aim of this review is to
anticipate this new approach at the disease, summarizing data currently available for these therapies to identify
therapeutic strategies of sequences and choosing drugs according to the patient profile.

Keywords: Hepatocellular carcinoma, liver cancer, sorafenib, regorafenib, lenvatinib, cabozantinib, nivolumab

INTRODUCTION

In the last decade the outcomes of many oncologic diseases have been dramatically transformed
consequently the introduction of novel therapies; moreover, the recourse to sequential or combination
strategies allowed to achieve long term benefits in overall survival (09)™?!. This aspect is particularly
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evident in areas of oncology such as breast, colon or kidney cancer where the prognosis associated with
these pathologies was only of some months few years ago, conversely therapeutic strategies allow to reach
survivals quantifiable in order of years at present time'". Unfortunately, such therapeutic successes are still
challenging for patients currently receiving diagnosis of intermediate or advanced stage of hepatocellular
carcinoma (HCC), because of the restricted efficacy for systemic therapies. Such difficulty in finding an
active systemic therapy is strictly related to the biology of HCC: differently than other oncological diseases,
the primary malignancy of the liver occurs predominantly in patients with two diseases: the tumor and the
underlying cirrhosis™. Therefore, if the single drug can slow down the oncological progression, the same
drug may worsen the cirrhotic component of HCC leading the patient towards to exitus™",

Systemic therapies in liver cancer achieved the first important goal in 2007 when the introduction of the
target agent sorafenib provided a therapeutic option for patients with HCC in progression or evaluated
not suitable for locoregional treatments'™. After this initial success, a sense of nihilism persisted in the
oncology community in the subsequent decades due to failure of the new studies with molecular targeted
agents to demonstrate a benefit in OS or time to tumor progression (TTP) or progression-free survival
(PES). Phase 3 trials failed to show superiority of sunitinib, erlotinib plus sorafenib, FOLFOX, doxorubicin,
or non-inferiority of brivanib, linifanib to sorafenib in the first-line settingm. Similarly, the drugs brivanib,
everolimus, linifanib, ramucirumab and tivantinib failed pivotal studies designed in second-line settings in
patients progressing or intolerant to sorafenib’.

In this depressing scenario a turning point was reached very recently, after the announcement of positive
results of the phase 3 studies conducted with new biological therapies. The first drug showing to prolong
the overall survival sequentially to sorafenib was regorafenib[7’8]. After short time, lenvatinib resulted non-
inferior to sorafenib in the first line of treatment'”, cabozantinib showed efficacy after sorafenib progression
or in patients with intolerance to this drug", and nivolumab received conditioned FDA approval for
patients pretreated with sorafenib"®. At the same time, the experience with sorafenib in HCC after many
years increased outcomes in survival due to better patient selection and better adverse events management,
encouraging the medical community to pursue excellence in disease management with this mature

drug["’u].

The goal of this paper is to take stock the situation regarding systemic drugs evaluated in the intermediate
and advanced HCC setting. We focused only on therapies which achieved positive results in phase 3 trials
or an early approval by health authorities after phase 1/2 conducted, and we tried to position every therapy
according to data nowadays available.

RADICAL THERAPIES VERSUS SYSTEMIC TREATMENTS

Radical therapies are the most frequently used treatment in HCC and are represented by surgical resection,
liver transplantation and the local destruction methods known as loco-regional therapies. These are able
to turn out to the radical destruction of the tumor but they have never demonstrated to prolong OS in
prospective phase 3 studies conducted on HCC populations with intermediate or advanced stage[”'”]
Therefore, current evidence indicates that potentially curative treatments result only for very early- and
early-stage HCC.

The surgical treatments transplantation and resection are evaluated as potentially curative in early stages of
the disease for carefully selected HCC patients, but are usually discouraged in advanced phases due to the

high risk of hepatic decompensation and neoplastic progression in the frame time awaiting surgery[”].

The BCLC algorithm reported transarterial chemoembolization (TACE) as the first-line treatment for the
intermediate stage in HCC patients, however TACE may have high recurrence rates and should therefore not
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Table 1. Patient unsuitable for TACE or with absolute contraindications to cTACE according to ESMO 2012 guidelines

Exclusion criteria for cTACE

Decompensated cirrhosis (Child-Pugh B > 8), including:
-Jaundice
-Clinical encephalopathy
-Refractory ascites
Extensive tumour with massive replacement of both entire lobes
Severely reduced portal vein flow (e.g., portal vein occlusion or hepatofugal blood flow)
Technical contraindications to hepatic intra-arterial treatment (e.g., untreatable arteriovenous fistula)
Bilio-enteric anastamosis or biliary stents
Renal insufficiency (creatinine clearance < 30 mL/min)

cTACE: conventional transarterial chemoembolization; ESMO: European Society of Medical Oncology

Table 2. When to stop TACE? Definition of TACE failure/refractorines

Authors Criteria for definition of TACE failure/refractorines

Kudo et a/."** Intrahepatic lesion (> 2 consecutive incomplete necrosis; > 2 consecutive appearances of a new lesion recurrence)
Appearances of vascular invasion
Appearance of EHS

Continuous elevation of tumor markers

Yamanaka et a/.'**"  TACE failure
Inability to select the feeding artery of the HCC because of arterial devastation; deterioration of liver function and/or
tumor thrombosis of the portal vein
TACE refractory
Repetitive tumor recurrence in the liver; appearance of vascular invasion; appearance of distant metastasis; continuous
increase in tumor marker levels after TACE

AISF et a/.*" The AISF expert panel considers failure of TACE the lack of objective response of the treated lesions after two procedures
(consider also a multi-disciplinary decisional setting)
Sieghart et a/*" ART score

TACE: transhepatic arterial chemoembolization; ART: assessment for retreatment with TACE

be considered a curative therapy[m_ls]. This loco-regional treatment may not represent the only therapeutic
option for this stage of patients because authors reported that TACE can deal good results in center
with good experience after a careful selection of patients, but may also present technical difficulties and
contraindication"”. Table 1 shows the main patients characteristics in which TACE is contraindicated,
absolute and relative contraindications generally include features of decompensated liver disease, extensive
bilobular tumor load and impaired integrity of the portal vein due to thrombosis or hepatofugal flow, as well
as untreated large varices, massive tumor diameter, and severe co-morbidities.

A point of discussion is when to establish TACE failure/refractoriness and, consequently, patient should be
switched to a different therapy. The lack of a clear definition of the right moment to stop the re-treatments
with TACE due to failure or refractoriness may lead to unnecessary overtreatment with TACE that may
worsen the liver function, precluding the opportunity to shift the patient to systemic treatments”*”. Table 2
summarizes the criteria identified to define the failure of TACE by experts and guidelines. The assessment
for retreatment with TACE (ART) score is a simple validated algorithm useful for deciding the potential
benefit of undergoing a third TACE evaluating three prognostic factors: the increase in aspartate transaminase
(AST) level by more than 25%, the increase in the Child-Pugh score and the absence of tumor response.
TACE has a good prognostic effect on patients with ART score of 0-1.5, while patients with ART score > 2.5
might have minor or even no prognostic benefits>"**.

Similarly, to TACE, the effectiveness of the intra-hepatic radioembolization (TARE) using microspheres
loaded with yttrium-90, may depend on the operator’s manual skills™. Table 3 reports levels of evidence
associated to TARE by the principal international guidelines and recommendations; the use of TARE
in HCC is supported by data based on retrospective series and uncontrolled prospective studies. Two
randomized studies (SARAH and SIRVENIB), designed to show the superiority of TARE versus sorafenib,
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Table 3. Primarily International Guidelines and level of evidence associated to radioembolization

Guidelines Recommendation Level of recommendation
ESMO 2012 Radioembolization may be competitive with sorafenib or TACE in subsets of patients, such Category IlI, C

as those with prior TACE failure, excellent liver function, macrovascular invasion and the

absence of extra-hepatic disease

Current phase 3 studies are evaluating the place of radioembolization versus TACE in
patients with intermediate stage HCC, and as single modality or combined with sorafenib in
patients with advanced HCC compared with sorafenib

AASLD 2010" Radioembolization with Yttrium90-labeled glass beads has been shown to induce extensive Level Il
tumour necrosis with acceptable safety profile. However, there no studies demonstrating an
impact on survival and hence, its value in the clinical setting has not been established and
cannot be recommended as standard therapy for advanced HCC outside clinical trials

TACE: transhepatic arterial chemoembolization; HCC: hepatocellular carcinoma

Table 4. Efficacious systemic therapies for HCC

Study Arms ?:I::::sf;t HR Adverse events (Grade 3-4)
1st line setting SHARP™ Sorafenibvs.  10.7 (vs. 79)  0.69  Hand-foot skin reaction (8%), diarrhoea (8%), fatigue (3),
placebo hypertension (3%)
ASIA PACIFICY®  Sorafenibvs.  6.5(vs. 4.2) 0.68  Hand-foot skin reaction (11%), diarrhoea (6%), fatigue (3%)
placebo
SELECT™ Lenvatinibvs. 13.6 (vs.12.3) 092  Hypertension (23%), increased blood bilirubin (7%), proteinuria
sorafenib (6%), elevate aspartate aminotransferase (5%)
2nd line setting  RESORCE™” Regorafenib  10.6 (vs. 7.8)  0.63  Hypertension (15%), hand-foot skin reaction (13%), fatigue (9%),
vs. placebo diarrhoea (3%)
CELESTIAL™® Cabozantinib 10.2 (vs. 8.0) 0.76  Hand-foot skin reaction (17%), hypertension (16%), increased
vs. placebo aspartate aminotransferase (12%), fatigue (10%)
CheckMate Nivolumab 15.6 - Increased aspartate aminotransferase (18%), increased alanine
040" single arm aminotransferase(11%), increased blood bilirubin (7%), immune-
(expansion mediated hepatitis (5%)
cohort)

were conducted in patients with intermediate or advanced HCC no longer susceptible to TACE™***!, Both

trials failed to demonstrate a survival benefit from transarterial radioembolization compared with sorafenib.
Moreover, the median overall survival of patients treated with TARE resulted lower than sorafenib. In
addition, in both studies a significant proportion of patients randomized to TARE never received the
planned therapy (26.5% and 28.6% of patients of TARE arm vs. 7% and 9.0% in the sorafenib arm respectively
in SARAH and SIRVENIB). This may suggest difficulties in selecting patients and implementing TARE
procedure in clinical practice.

Worth to be mentioned is that these studies demonstrated only the inferiority of TARE to systemic
treatment and not the non-inferiority. In fact, in study designs the hypothesis of non-inferiority had not been
prespecified in the protocol.

SYSTEMIC TREATMENTS FOR HCC

Table 4 reports the efficacious systemic therapies in intermediate and advanced stage of HCC, estimated as
therapies achieving successful in phase 3 trials or early approved by health authorities accounting for phase
2 data. A summary of the main studies currently available are described in this section.

Sorafenib

Sorafenib is an oral multikinase inhibitor that has antiangiogenic, anti-proliferative, anti-metastatic and
anti-immunosuppressive activities. Sorafenib inhibits the activity of targets present in the tumour cell
(CRAF, BRAF, V600E BRAF, c-KIT, and FLT-3) and in the tumour vasculature (CRAF, VEGFR-2, VEGFR-3,
and PDGFR-f3). RAF kinases are serine/threonine kinases, whereas ¢-KIT, FLT-3, VEGFR-2, VEGFR-3, and
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PDGFR-f§ are receptor tyrosine kinases. Sorafenib demonstrated a statistically significant improvement of
OS in Child Pugh class A patients with intermediate or advanced HCC (BCLC stages B and C) in two large
phase 3, randomized, placebo-controlled trials performed in Western countries (SHARP) and in Asia-Pacific
(ASIA-PACIFIC)™™.

In the SHARP trial the OS and TTP were respectively 10.7 and 5.5 months (7.9 and 2.8 months respectively
for the placebo group)[s], while in the ASIA-PACIFIC trial OS and TTP were 6.5 and 2.8 months respectively
(4.2 and 1.4 months for the placebo group)[“]. The hazard ratios for OS and TTP were nevertheless
comparable between the two trials, indicating similar magnitude of clinical benefit. The observed differences
in median OS and TTP in these 2 trials were probably due to poorer disease characteristics of advanced
disease in the ASIA-PACIFIC trial compared to the SHARP trial™”. Subgroup analyses have shown that
sorafenib consistently provides an OS benefit compared with placebo irrespective of baseline conditions such
as disease etiology, baseline tumor burden, performance status, tumor stage, and prior therapyls’“’“].

A pooled global population enrolled in the two pivotal studies was analysed to identify potential predictive
factors of sorafenib treatment benefit. This analysis turned out that sorafenib treatment provided a survival
benefit across all categories of patients, showing a significant magnitude of benefit in patients with disease
confined to the liver (without extrahepatic disease - EHS) or HCV cirrhosis or a low neutrophil-to-
lymphocyte ratio status™.

The efficacy and the safety profile of sorafenib already observed in clinical trials were confirmed in real-
world experiences assessing sorafenib in patients who are not selected by strict clinical trial criteria,
including patients with comorbidities and those receiving concomitant medication**".

Both in clinical and field-practice studies, the most frequent sorafenib-associated adverse events resulted
in dermatological lesions as hand-foot skin reaction, fatigue and diarrhoea, whereas treatment-related liver
adverse events are overall less frequently reported[“]. Single experiences reported that the occurrence of
hypertension, diarrhoea and skin lesions are generally correlated to higher survival benefits, therefore the
occurrence of some toxicities should be managed and not immediately address to discontinuation*". At
this regard, treatment strategies based on temporary suspensions followed by restart of therapy at lower
doses may help in management of sorafenib tolerance in patients presenting relevant adverse events.

The results collected showed poorer outcomes in patients with Child-Pugh B cirrhosis treated with sorafenib,
when compared with patients with Child-Pugh A cirrhosis. This finding could be likely attributed to a more
severe liver dysfunction and more compromised conditions of Child-Pugh B patients and not to an effect of
the drug itself.

With the aim to extend the benefit observed with sorafenib to patients with earlier stages of disease (BCLC-A
and B), many phase 2 and 3 trials were conducted to evaluate safety and efficacy of sorafenib in surgical
adjuvant setting and in combination with loco-regional therapies[”_“]. All these studies did not achieved the
primary endpoint, authors reported possible explanations due to the design of the studies. However new
study of combination or in adjuvant setting are currently ongoing with different treatment schedules.

Failing results were observed also combining sorafenib with systemic therapies. Indeed, the two trials
sorafenib plus erlotinib and doxorubicin plus sorafenib failed to show the superiority of the combination

. . [45,46]
arms versus sorafemb 3.101’16 as comparlson arm .

Currently sorafenib is the standard of care for advanced HCC as reported by many guidelines and the

improvement of survival associated with this drug is supported by the highest level of evidence”.



Page 6 of 13 Giovanis et al. Hepatoma Res 2018;4:10 | http://dx.doi.org/10.20517/2394-5079.2018.21

Regorafenib

Regorafenib is an oral multikinase inhibitor, targeting angiogenic, stromal and oncogenic receptors
VEGFR1-3, TIE-2, RAF-1, BRAF, BRAFV600, KIT, RET, PDGER, and FGFR"". Besides, studies in vivo
reported that the drug can inhibit the factor CSF1R and to reduce levels of tumor associated macrophages,
a factor implicated in the tumor-specific immune response and in tumor growth[“]. The drug was initially
approved for colorectal cancer and for gastrointestinal stromal tumor by the main health authorities.

A phase 2 study conducted on 36 patients with intermediate or advanced HCC resistant to sorafenib
reported that regorafenib presented acceptable tolerability and antitumour activity[”]. In the pivotal phase 3
study (RESORCE), more than 500 patients affected by advanced HCC with liver function Child-Pugh A and
with ECOG PS 0-1, were randomised (2:1) to receive 160 mg oral regorafenib or placebo plus best supportive
care once daily for 1-3 of each four week cycle”™. Patients were stratified for region, ECOG PS score,
extrahepatic spread, vascular invasion and AFP.

Worth mentioning is that the study was designed with the aim to avoid enrolling patients potentially non-
responding to tyrosine kinase inhibitor (TKI). In fact, the RESORCE study admitted only patients with a
documented radiological progression to sorafenib and tolerant to the drug (defined as receiving sorafenib >
400 mg daily for at least 20 of the last 28 days of treatment).

The results indicated significant improvements in the primary endpoint of OS [10.6 months with regorafenib
vs. 7.8 months with placebo hazard ratio (HR) 0.63, P < 0.0001] besides the secondary endpoints PFS (3.1
vs. 1.5 months, HR 0.46; P < 0.001). These benefits were maintained across all subgroups. In addition,
patients treated with regorafenib had significantly better overall response and disease control rate than best
supportive care. After a median 3.8 months, patients treated with regorafenib presented a reduction of 38%
of the risk of death and a 54% reduction in the risk of progression or death compared to placebo[sol

The most common AEs grade > 3 in patients of the regorafenib group were hypertension (15.2% regorafenib
vs. 4.7% of the placebo group), hand-foot skin reaction (12.6% vs. 0.5%), fatigue (9.1% vs. 4.7%), and diarrhea
(3.2% vs. 0%)"".

Similarly to sorafenib, the survival subgroup analysis of RESORCE evaluating the incidence of skin lesions
proposed that hand-foot skin reaction may be a marker for regorafenib activity: infactamong regorafenib-
treated patients, OS was improved in patients who had HFSR at any time during the trial and who had
their first HFSR event within the first cycle compared with those without HESR during those periods

[50]

(13.2 vs. 8.1 months, HR 0.66) .

An additional exploratory analysis evaluating the global benefit of the sequence sorafenib-regorafenib
showed that the median OS from the start of sorafenib was 26 months for the sequence sorafenib-regorafenib

(whereas resulted 19.2 months in the sequence sorafenib-placebo)".

Following this positive study, an indication expansion for regorafenib was approved in April 2017 in the
USA, in May 2017 in Japan and in August 2017 in EU, allowing its use in second-line therapy for HCC.

Lenvatinib

Lenvatinib is a multitargeted TKI of the VEGFRSs 1, 2, and 3, FGFRs 1-4, PDGFR «, RET, and KIT signaling
involved in tumor angiogenesis and malignant transformation'™. Lenvatinib was approved at the dosage
24 mg daily to treat patients with differentiated thyroid cancer refractory to iodine-131 therapy, later the
drug was approved in combination with everolimus as a treatment for the second line of renal cell carcinoma
at dosage 10 mg daily[sz’ss]
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Favorable outcomes were achieved in a phase 2 single-arm study on 46 patients with advanced HCC treated
with 12 mg of lenvatinib daily until progression or toxicity*”. An independent review committee referred
that the median in TTP was 7.4 months, the overall response rate evaluated by modified RECIST criteria
(mRECIST) was 37%, and the median OS was 18.7 months. The most common toxicities were hypertension,
palmar-plantar dysesthesia, thrombocytopenia, anorexia and proteinuria. These adverse events leaded to

dose reductions in 74% of the cases and drug discontinuation in 22% ",

Basing on this phase 2 data, the following phase 3 trial (REFLECT) assumed that lenvatinib exposure was
influenced by body weight. Consequently, the doses used in the REFLECT trial were 8 mg for patients
with weight < 60 kg and 12 mg for others. In this phase 3 study, a total of 954 patients with unresectable
HCC were randomized 1:1 according to an open-label, randomized, parallel-assignment, active-controlled
protocol, to compare the efficacy of lenvatinib versus sorafenib as a first-line systemic treatment according to
a non-inferiority design[ssl. The primary endpoint of OS was initially evaluated for non-inferiority and then
for superiority. The study excluded patients with 50% or higher liver occupation, obvious invasion of the bile
duct, or invasion at the main portal vein.

The primary endpoint of non-inferiority of lenvatinib in terms of OS compared with sorafenib was
met: lenvatinib resulted not-inferior in mOS (13.6 months with lenvatinib and 12.3 months with
sorafenib). Differently, the OS of lenvatinib over sorafenib was not achieved. Additionally, lenvatinib
achieved significant and clinically meaningful improvement in PES (7.4 vs. 3.7 months), TTP (8.9 vs.
3.7 months) and overall response rate (24% vs. 9% by mRECIST). The median duration of treatment with
lenvatinib was 5.7 vs. 3.7 months with sorafenib™.

Investigators detected that the treatment duration for lenvatinib arm was shorter than time to progression
(5.7 vs. 8.9 months) and that this datum was not observed in the sorafenib arm (both 3.7 months). This could
be related to a major incidence of lenvatinib definitive interruption before tumor progression probably due
to a greather incidence of serious treatment emergent adverse events in the lenvatinib arm and not in the
sorafenib arm.

In the two arms of the study, a similar level of treatment-emergent adverse events was observed for dose
reductions (37% of patients in the lenvatinib arm versus 38% in the sorafenib) and drug discontinuations (9%
vs. 7% respectively).

Lenvatinib showed an higher incidence of grade > 3 treatment-emergent adverse events (57% vs. 49%), and
the most common grade 3/4 treatment-emergent adverse events resulted hypertension (23% in lenvatinib
arm vs. 14% of sorafenib), decreased weight (8% vs. 3%), decreased platelet count (6% vs. 3%), elevated
aspartate aminotransferase (5% vs. 8%), decreased appetite (5% vs. 1%), diarrhea (4% vs. 4%), and palmar-

[55]

plantar erythrodysesthesia (3% vs. 11%) .

Cabozantinib

Cabozantinib is a tyrosine kinases inhibitor with activity directed to MET, VEGFR2, FLT3, ¢-KIT, and
RET"*. This drug was initially approved by FDA on November 2012 for the treatment of metastatic
medullary thyroid cancer with dosage 140 mg daily. In April 2016 Cabozantinib was approved for the
second-line treatment of advanced renal cell carcinoma after prior antiangiogenic therapy while in renal cell
carcinoma at dosage of 60 mg daily.

Cabozantinib was also investigated in HCC patients as part of a phase 2 randomized discontinuation
trial®; a cohort of 41 patients with HCC was treated with 100 mg daily of drug, the disease control rate
at 12 weeks was 68% with two partial responses. The efficacy resulted independent from a prior sorafenib
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therapy. Grade 3 and 4 adverse events included diarrhea (20%), palmar-plantar erythrodysesthesia (15%) and

[57]

thrombocytopenia (15%). More than the half of patients (59%) required at least one dose reduction

In the randomized, double-blind, parallel-assignment, placebo-controlled phase 3 trial (CELESTIAL), 707
subjects with HCC were randomized according to a 2:1 ratio to receive cabozantinib at 60 mg daily (n = 470)
or placebo (n = 237)[58]
A, and resulted progressed or intolerant to at least 1 prior systemic therapy for advanced HCC. Worth to
be mentioned is that 28% of subjects received two prior systemic therapies regimen, therefore CELESTIAL
study enrolled also patients receiving cabozantinib as third line of treatment. The primary endpoint OS
resulted significant favorable to cabozantinib: 10.2 months compared with 8.0 months with placebo,
representing the 24% reduction in the risk of death (HR 0.76; 95% CI 0.63-0.92; P = 0 .0049). The PFS with
cabozantinib was 5.2 months compared with 1.9 months for placebo, corresponding to the 56% of reduction
in the risk of progression or death with the targeted therapy (HR 0.44; P < 0.0001). In the subgroup analysis
of patients receiving only prior sorafenib, the median OS was 11.3 months with cabozantinib compared with
7.2 months for placebo (HR 0.70)[58].

. All the patients presented ECOG performance status of 0 or 1, Child-Pugh score of

In the treatment arm resulted an increased number of patients discontinuing due to treatment-related
adverse events, in particular the most common grade 3/4 adverse events with cabozantinib resulted
hand-foot skin reaction (17% vs. 0% in placebo arm), hypertension (16% vs. 2%), increased aspartate
aminotransferase (12% vs.7%), fatigue (10% vs. 4%), and diarrhea (10% vs. 2%). In addition, cabozantinib
arm presented a higher incidence of grade 5 adverse events; in fact, 6 patients died due to hepatic failure,
esophagobronchial fistula, portal vein thrombosis, upper gastrointestinal hemorrhage, pulmonary embolism,
and hepatorenal syndrome. The median duration of exposure resulted in 3.8 months and 2 months in
cabozantinib and placebo arms respectively[“]. Notably, the discordance registered between PFS and DoE
in the active arm versus the placebo one could be explained by the significant higher incidence of adverse
events in the cabozantinib group that could have been led to an earlier treatment discontinuation, reflecting
probably a not easy management of toxicities.

Nivolumab

Nivolumab in HCC was investigated in the CheckMate-040 trial, a multicenter, open label phase I/II
study conducted from November 2012, to August 2016 in adults (= 18 years) with histologically confirmed
advanced HCC with or without hepatitis C or B (HCV OR HBV) infection. A previous sorafenib treatment
was allowed™. The study enrolled 48 patients in a first dose-escalation phase and 214 patients in a
subsequent dose-expansion phase. Primary endpoints were safety and tolerability for the escalation phase
and objective response rate (evaluated by RECIST version 1.1) for the expansion phase.

In the escalation phase, patients received 0.1 to 10 mg/kg of IV nivolumab every 2 weeks. Nivolumab 3 mg/kg
every 2 weeks was chosen for the dose expansion phase™. The confirmed overall response rate assessed by
blinded independent central review was 14.3% (22 of 154 patients), with 3 complete responses (1.9%) and
19 partial responses (12.3%). Response duration ranged from 3.2 to more than 38.2 months; 91% of those
patients had responses of 6 months or longer and 55% had responses lasting 12 months or longer.

Common adverse reactions occurring in more than 20% of patients included fatigue, rash, musculoskeletal
pain, pruritus, diarrhea, nausea, asthenia, cough, dyspnea, constipation, decreased appetite, back pain,
arthralgia, upper respiratory tract infection, and pyrexia. Differently for the safety profile previously
described in nivolumab label, patients of CheckMate-040 reported a higher incidence of elevations in
transaminases and bilirubin levels: treatment-emergent grade 3 or 4 AST was observed in 27 (18%) subjects,
grade 3 or 4 ALT in 16 (11%) patients, and grade 3 or 4 bilirubin in 11 (7%) patients. Immune-mediated
hepatitis requiring systemic corticosteroids occurred in 8 (5%) patients[”].
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In September 2017 American Food and Drug Agency granted priority review to nivolumab for HCC and
approved it for patients who have previously been treated with sorafenib, at the dosage of 240 mg every
2 weeks. As a condition of accelerated approval, larger phase 3 randomized trials of nivolumab versus
sorafenib will be required to verify the clinical benefit of nivolumab for this indication. A randomized,
multicenter phase 3 study of nivolumab versus sorafenib as first-line treatment in patients with advanced
hepatocellular carcinoma (CheckMate 459) is ongoing with the goal to enroll 726 patients and the estimated
primary completion date is October 201"

DISCUSSION

Ten years after sorafenib introduction in HCC scenario, novel knowledge about this mature drug and the
availability of four new drugs are opening innovative therapeutic perspectives for patients suffering from
this disease.

Firstly, new evidences coming from clinical practice allowed a renovate use of sorafenib in first line setting.
In particular, an important recommendation is to remain in therapy for patients experiencing toxicity
during the first weeks of therapies. In fact, at the era of the studies SHARP and ASIA PACIFIC, those
patients experiencing important adverse events were considered unsuitable to sorafenib and were suggested
to permanently discontinue this therapy. Differently, at the present time, prospective and retrospective
data seem to indicate that most likely these patients could receive the major benefit to sorafenib. Indeed,
prospective studies and retrospective experiences identified toxicities as a probable marker of response to
the therapy. This suggest managing patients experiencing toxicities with an appropriate tolerable adverse
event protocol, proposing momentary suspensions followed by restart of therapy at lower doses with the aim
to generate drug-tolerance. Nevertheless, a small randomised clinical trial, comparing TACE plus external
beam radiotherapy (RT) versus sorafenib in patients affected by hepatocellular carcinoma with macroscopic
vascular invasion and Child-Pugh A liver function, demonstrated a superiority of the TACE-RT group over
sorafenib: at week 12, the PES rate was 86.7% vs. 34.3%, with a higher rate of radiologic response (33.3% vs.

2.2%), a better time of progression (31 vs. 11.7 weeks), and an overall survival of 55 vs. 43 weeks'®".

The second innovative point of this new era is the solution to the historic unmet need due to lack of second
line therapies in HCC patients progressing to sorafenib. In the past 10 years the scanty opportunity for
these patients was the re-treatment with higher dose of sorafenib, or the participation in a clinical trial.
Presently, regorafenib is the only second line systemic therapy available worldwide in patients progressed on
sorafenib. First-line patients with a very severe intolerance to sorafenib unable to follow a tolerable adverse
event protocol may will benefit from the lenvatinib, once approved by Health Authorities, because proved
to be non-inferior to the standard of care sorafenib and presenting a different toxicity profile. Cabozantinib
and nivolumab could be valid second-line options that allow to reach the “embarrassment of riches” also for
treating intermediate and advanced stages HCC.

But these new therapeutic options open the dilemma on which second-line should be chosen. A first
speculative solution could evaluate survival data observed in pivotal trials of each therapy. Survival
benefit data refers that the sequence sorafenib-regorafenib is associated to 26 months, no data have been
reported for the sequences sorafenib-cabozantinib and sorafenib-nivolumab. Besides, while regorafenib was
evaluated only in patients with sorafenib progression, cabozantinib was studied in population generically
progressed to TKIs because CELESTIAL trial enrolled also patients treated with front-line drugs different
from the standard of care. Moreover, including in the trial a significant number of patients with two
previous regimens, cabozantinib could be evaluated as a third line therapy too. With the goal to achieve the
maximum lines of treatment, a possible sequence strategy may include the use of regorafenib in a second
line after progression to sorafenib, allowing to reach a third line of therapy with cabozantinib. The role of
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immunotherapy must be still understood, evaluating the efficacy and tolerability data deriving from the
ongoing phase 3 studies requested by regulatory agency. These studies have concluded enrollment and final
outcomes will be presented in the next months at congresses.

But a more reliable criterion that could guide the choice of such drugs is the evaluation of tolerability profile
detected in clinical trials. Consequently, the choice of the second line drug should be tailored based on
patients’ characteristics, comorbidities and expected toxicity profile associated with each regimen. At this
regard, pivotal studies indicated that regorafenib had a sorafenib-like liver toxicity profile with hepatic
adverse events resulting like placebo, while cabozantinib increased liver toxicity, as evidenced by the increase
in grade 3/4 transaminases of 12% suggesting attention to patients with very high transaminase values at the
baseline. Similarly, nivolumab does not seem to induce the same toxicity seen for the other two drugs (hand-
foot skin reaction, diarrhea, hypertension), but may have increased liver toxicity, revealed by the increase in
grade 3/4 bilirubin.

An additional therapeutic opportunity for the second-line treatment could be represented also by
ramucirumab. At the day of writing a press release announced that this drug demonstered efficacy in a
phase 3 study conducted on patients pretreated with sorefenib and with AFP > 400 ng/mL[67].

CONCLUSION

Improved knowledge of the standard of care and new therapies coming up after 10 years of failure in HCC,
trigger new hopes for patients and hepato-oncological community to extend the survival in a disease that
remains one of the leading causes of cancer-related deaths around the world. Currently the lack of adequate
predictive or potential biomarkers factors makes challenging the identification of patients who will benefit
with durable responses from each therapy.
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Abstract

Aim: Hepatitis C virus (HCV) cirrhosis is an important cause of hepatocellular carcinoma (HCC). This study aimed
to identify factors of HCC presence among HCV cirrhotic patients with and without small diameter HCC (<3 cm).

Methods: A case control transversal study between 1998 and 2003 including 93 patients: 31 with small diameter
HCC and 62 without HCC. Groups were matched by age and gender. Multiple logistic regression analysis using
Akaike Information Criteria to estimate the probability of HCC was performed. A model score was generated and
bootstrap analysis was performed for internal validation.

Results: Three significant laboratorial variables for HCC presence were found: alanine aminotransferase > 37 U/L
[odds ratio (OR): 7.43 (1.61-34.19), P = 0.01], alpha-fetoprotein > 20 ng/mL [OR: 16.2 (4.17-63.01), £ < 0.001] and
platelet count < 100,000/mm? [OR: 3.62 (1.43-9.14), # = 0.007]. A model score with an area under curve of 0.79
(95% Cl: 0.7-0.89) was built based on these variables. The negative predictive value of those classified as at low
risk of HCC was 99.1%.

Conclusion: An easy and practical model score was generated. It may be an auxiliary tool for identification of HCV

patients with low probability of small diameter HCC at initial evaluation composed of three serum examinations

used in routine outpatient clinical practice.
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INTRODUCTION

Hepatocellular carcinoma (HCC) represents more than 5% of all malignant tumors, and is the fifth most
common cancer in men and the eighth in women. The prevalence of this cancer is expected to increase
in the coming years[H]. HCC incidence varies greatly between geographical regions[w]. Hepatitis C virus
(HCV) infection is typically prevalent in areas with low incidence (< 3 per 100,000) of HCC, as often found
in developed countries. Japan is an exception to this, with 80% of HCC patients infected with HCV'*. It is
generally believed that the presence of cirrhosis and chronic HCV infection contribute to an increased risk
of HCC".. Other potential underlying risk factors include gender (male), advanced age, hepatitis B virus co-

infection, alcohol abuse, a history of blood transfusion, and diabetes'”.

Several cohort studies have shown that early HCC detection increases the potential for application of
curative rather than palliative treatment. Screening strategies may allow earlier HCC diagnosis, with a
potential positive impact on mortality[m‘”]. The European and American guidelines recommend abdominal
ultrasonography (US) every 6 months"*'", but the recently updated Asia-Pacific guidelines, as well as
other centers, recommend a combination of US and serum alpha-fetoprotein (AFP) measurement for HCC

. 14,15
surveillance ",

In Brazil, HCV is the main etiology of liver cirrhosis'®. Among a 10-year cohort of 884 Brazilian cirrhotic
patients, with almost 60% with HCV etiology, reported an incidence of HCC of 16.9% over 5 years'.
Improvements in diagnostic imaging and routine surveillance programs have enabled the identification of
small liver nodules, meaning that the majority of our HCC cases are now diagnosed in their early stages (80%)" ™",
As a result, the prognosis for patients with HCC has improved considerably"*""*”, However, surveillance
adherence rates for HCC are far from ideal in many settings”*”. Moreover, HCC rate detection may be lower
outside specialized centers, and the diagnosis of small HCC (< 3 cm) can indeed be a challenge in clinical
practice. Therefore, it is important to search for reliable markers for early detection or even exclusion of
HCC with confidence, to assist in the management of these patients.

The aim of this study was to identify possible factors of HCC presence/absence by analyzing a set of patients
with HCV-related cirrhosis, with and without small diameter HCC (< 3 cm).

METHODS

We performed an observational case-control study in a cohort of HCV-related cirrhosis patients with and
without small diameter HCC (< 3 cm). The STROBE statement for reporting observational studies was
followed™",

HCC patients

The study included 31 patients (20 male, 11 female) with HCV-related cirrhosis and HCC smaller than 3 cm,
who were diagnosed and followed up at a tertiary healthcare center; the Department of Gastroenterology
at the University of Sdo Paulo School of Medicine, Sdo Paulo, Brazil between 1998 and 2003. All patients
on file eligible for inclusion in the HCC group were included. HCC diagnosis was based on one of the three
following criteria: (1) biopsy and histological examination of the nodule; (2) nodules with arterial hyper
vascularization and washout in at least two different dynamic imaging methods [abdominal computed
tomography (CT) or magnetic resonance imaging (MRI)]; or (3) identification of a suspect growth in at least
one dynamic imaging method along with serum AFP > 200 ng/mL.

All biopsies were performed with a 14G Tru-Cut® needle (Medical Technology, Gainsville, FL, USA) with
ultrasound-guided puncture performed in the nodule and in the adjacent parenchyma. HCC was diagnosed
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in 12 (63.1%) of the 19 biopsies performed. The remaining seven cases were included based on the progressive
increase of nodule size; with consequent better definition by imaging methods (5 cases) and/or increased
AFP level (2 cases).

HCC diagnosis was made with imaging in 15 patients (48.3%) and histology in 12 patients (38.8%). A
combination of imaging methods and AFP levels was applied in four cases (12.9%). All 31 patients presented
up to three liver nodules smaller than 3 cm in total. Some nodules were detected as part of a screening
program (55%) involving abdominal US and serum AFP monitoring every 6 months, while some were
referrals from other centers with diagnoses of suspected HCC. The mean nodule size was 22 mm. All
patients underwent a chest computerized tomography scan and a full-body bone scan to exclude the
presence of metastatic HCC.

Control group

Sixty-two patients (40 male, 22 female) with hepatitis C-related cirrhosis, but without HCC were selected
from the same tertiary care center. They were paired by age and gender with the HCC group. All patients in
the control group were subjected to abdominal US 6 months after data collection, to ensure that HCC had
not developed. These patients were systematically screened every 6 months for HCC with US and serum
AFP measurements.

The following anthropometric and clinical variables were recorded and used to categorize the control group:
age (> 60 years); gender (male/female); treatment with alpha-interferon (yes/no); previous participation in a
screening program (yes/no); response to antiviral treatment (yes/no); Child-Pugh score (A/B/C); esophageal
varices (yes/no); upper gastrointestinal (GI) bleeding (yes/no); ascites (yes/no); hepatic encephalopathy (yes/
no); spontaneous bacterial peritonitis (SBP) (yes/no); weight loss (yes/no); alcohol consumption (yes/no) and
abdominal pain (yes/no).

The following serum markers were examined: AFP (= 20 ng/mL), total bilirubin (Bil) (> 10 ng/dL), aspartate
aminotransferase (AST) (> 41 U/L), alanine aminotransferase (ALT) (> 37 U/L), alkaline phosphatase
(AP) (> 129 U/L), gamma-glutamyl transpeptidase (GGT) (> 61 U/L), transferin saturation (> 40%), ferritin
(> 150 ng/mL), international normalized ratio (INR) (> 1.20), platelet count (< 100,000/mm°), albumin
(< 3.4 g/dL), fibrinogen (< 150 mg/dL), glycemia (> 110 mg/dL). We additionally recorded a descriptive
analysis of the HCC histological type as well-, moderately- or poorly-differentiated. Of the 12 histologically
confirmed tumors, 11 were moderately-differentiated, and only 1 was well-differentiated, while none were
poorly differentiated.

This study was approved by the Institutional Review Board, fulfilling all of the requirements for retrospective
studies in human subjects, according to the guidelines of the 1975 Helsinki Declaration.

Statistical analysis

Quantitative variables are presented as median, first quartile and third quartile, and qualitative variables as
percentages. Differences between groups (presence/absence of HCC) regarding continuous variables were
verified via the Mann-Whitney test and association between categorized variables were checked by Fisher’s
test. P-values smaller than 0.05 were considered statistically significant.

Receiver operator curve (ROC) curve was applied to all continuous variables, and cutoff values were selected
to maximize the Youden index (MaxSe and MaxSp)*”. Simple and multivariable logistic regressions were
performed to predict HCC presence. Akaike Information Criterion (AIC)™ was used to select the most
informative variables in the backward strategy. Patients with missing data in a specific variable were

excluded from the analysis of that variable.

Finally, linear predictors from multiple regressions were resized to a range from 0 to 100, and then a cutoff
value was determined by a ROC curve. Performance measures given by sensitivity (Se), specificity (Sp),
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Table 1. Descriptive analysis of frequencies and percentages of clinical and laboratory variables of the 93 patients HCV-
related cirrhosis patients

Control Case P value

(n=62) (n=31)
Gender (male), 7 (%) 40 (64.52) 20 (64.52) 1
Age (year), median (min-max) 59 (52.25-66.75) 59 (52.5-66) 0.952
AFP (ng/mL) 495 (2.92-8.3) 10.9 (4.75-45.3) <0.001
Bil (mg/dL) 1.3(0.82-2.1) 1.4 (1.05-2) 0.508
AST (U/L) 53.5(39-84) 91(62.5-117) 0.002
ALT (U/L) 47 (30.5-74.5) 70 (55.5-110) 0.002
GGT (U/L) 50.5 (34-113) 78 (50.5-188.5) 0.07
AP (U/L) 99.5 (80.5-131.75) 11 (79-136) 0.496
INR 1.27 (1.16-1.36) 1.24 (115-1.53) 0.883
Platelet count (10* x mm?®) 118.5 (68.75-158) 83.9 (63.75-104.5) 0.02
Transferin saturation (%) 44 (28-58) 44 (30-61.25) 0.955
Ferritin (ng/mL) 78.5 (23-258.5) 325(140.25-500.5) 0.199
Albumin (g/dL) 3.65 (3.37-4) 3.61(3.32-3.9) 0.302
Glucose (mg/dL) 97 (88-130) 99 (87.5-108.5) 0.526
Fibrinogen (mg/dL) 214 (178-271.5) 157 (126-190) 0.04
Screening (%) 59 (95.16) 17 (54.84) <0.001
Ascites (%) 22 (35.48) 16 (51.61) 0.18
SBP (%) 161D 1(3.23) 1
Variceal bleeding (%) 7 (1.29) 4.(12.9) 1
Esophageal varices (%) 42 (67.74) 20 (64.52) 0.817
Encephalopathy (%) 7 (11.29) 4.(12.9) 1
Abdominal pain (%) 1(2.44) 0 (0) 1
Weight loss (%) 502.2) 1(3.23) 0.227
Child-Pugh A/B/C (%) 44 (70.97) 17 (54.84) 0139

17 (27.42) 12 (38.71)
101.61) 2 (6.45)

Alcohol consumption (%) 16 (25.81) 8 (25.81) 1
Alpha-interferon therapy (%) 42 (67.74) 19 (61.29) 0.644
Treatment response (%) 10 (23.81) 0(0) 0.056

HCV: hepatitis C virus; AFP: alpha feto protein; HCC: hepatocellular carcinoma; Bil: total bilirubin; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; GGT: gamma-glutamyl transpeptidase; AP: alkaline phosphatase; INR: international normalized ratio; SBP:
spontaneous bacterial peritonitis

positive (PPV) and negative (NPV) predicted values were calculated based on a HCC yearly prevalence of
3% (Brazil)[w] and 10% (Iapan)[“] and the performance of the model was further analyzed with the bootstrap
method"** with 1000 samples used to estimate the internal validity of performance measures. The R Project
for Statistical Computing ver. 3.0.2 (R Core Team, Vienna, Austria, 2014) software package was used for
statistical analyses.

RESULTS

We evaluated 93 patients with HCV-related cirrhosis, 31 of which with small HCC and 62 without HCC.
Table 1 shows the frequencies and percentages of clinical and laboratory variables of the HCC and control
groups. The median age in both groups was 59 years old, the majority were male, and had preserved liver
function (Child-Pugh A). No differences between groups could be detected regarding liver related outcomes
such as ascites (P = 0.18), spontaneous bacterial peritonitis (P = 1.0), esophageal varices (P = 1.0), variceal
bleeding (P = 1.0) or hepatic encephalopathy (P = 0.817).

On the other hand, patients with HCC had higher levels of AFP [10.9 (4.75-45.3) vs. 4.95 (2.92-8.3) ng/mL, P
< 0.001], AST [91 (62.5-117) vs. 53.5 (39-84) U/L, P = 0.002], ALT [70 (55.5-110) vs. 47 (30.5-74.5) U/L, P = 0.002],
and were less likely to have participated in a screening program (54.84% vs. 95.16%, P < 0.001) than patients
in the control group. Furthermore, HCC patients had a lower platelet count than their counterparts in the
control group (83.9 vs. 118.5 x 10° x mm?, P = 0.02), as shown in Table 1.
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Score = 46 x (abnormal AFP) + 27 x (abnormal ALT) + 27 x (abnormal platelet count)

Figure 1. Receiver operator curve analysis of calculated model score for identifying hepatocellular carcinoma. ALT: alanine
aminotransferase; AFP: alpha-fetoprotein; AUC: area under curve

Among HCC patients, 19 (61%) were subjected to antiviral treatment with alpha-interferon, to which none of
them responded. However, among the control group, 42 (68%) were subjected to antiviral treatment, and 10
(24%) of these patients achieved sustained virological response (SVR) (P = 0.05).

On multivariate logistic regression [Table 2], higher AFP levels (> 20 ng/mL, P < 0.001), higher ALT levels
(> 37 U/L, P = 0.01) and lower platelet count (< 100,000/mm’, P = 0.007) were independent prediction factors
of HCC presence, with odds ratios of 16.2 (4.17-63.01), 7.43 (1.61-34.19) and 3.62 (1.43-9.14), respectively.

The coefficients of the multivariable model are 3.71 + 1, 2.96 + 0.77, 1.72 + 0.9, 1.7 + 0.62 for the intercept,
AFP > 20, ALT > 37 and platelet count < 100,000. These variables were applied to build a score capable of
discriminating higher risk of HCC in HCV cirrhotic patients, with an area under curve (AUC) of 0.79
(95% CI: 0.7-0.89) [Figure 1].

Based on the findings, we propose a model score to apply to outpatients with HCV related cirrhosis, but
without tumors or nodules on US or CT/MRI images undertaken during routine surveillance:

HCC Risk Score in HCV patients with cirrhosis = 46 x (abnormal AFP) + 27 x (abnormal ALT) + 27 x (abnormal
platelet count)

This formula requires the knowledge of the range and limits of the normal values of the aforementioned
variables. For example, if AFP > 20 ng/dL, it is considered abnormal, and the score attributable to this
variable is 1 (1), but if it < 20 ng/dL its score is 0. Similarly, if the ALT is > 37 U/L, it is considered abnormal,
and the score is 1 (1), and finally a platelet count < 100,000/mm’ is considered an abnormal value, and its
score is 1 (1).
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Table 2. Odds ratio of risk factors for HCC presence on a multivariate logistic regression analysis

Group OR (95% CI) P value
Gender Male 1(0.41-2.46) 1
Age (years) > 60 1.07 (0.44-2.6) 0.88
AFP (ng/mL) >20 16.2 (417-63.01) <0.001
Bil (mg/dL) >10 1.58 (0.61-4.12) 0.349
AST (U/L) > 41 3.53(0.95-13.13) 0.06
ALT (U/D) >37 7.43 (1.61-34.19) 0.01
GGT (U/L) > 61 2.65(0.61-11.43) 0.192
AP (U/L) >129 - 0.995
INR >1.20 0.87 (0.36-2.12) 0.761
Platelet count (/mm?®) <100,000 3.62 (1.43-9.14) 0.007
Transferin saturation > 40% 0.97 (0.34-2.73) 0.954
Ferritin (ng/mL) >150 1.8 (0.3-10.91) 0.522
Albumin (g/dL) <34 1.46 (0.58-3.67) 0.425
Glucose (mg/dL) > 110 0.58 (0.2-1.65) 0.304
Fibrinogen (ng/mL) <150 1.46 (0.58-3.67) 0.425
Screening Yes 0.06 (0.02-0.24) <0.001
Ascites Yes 1.94 (0.81-4.66) 0.138
SBP Yes 2.03(012-33.67) 0.62
Variceal bleeding Yes 116 (0.31-4.32) 0.821
Esophageal varices Yes 0.87 (0.35-2.15) 0.756
Encephalopathy Yes 116 (0.31-4.32) 0.821
Abdominal pain Yes - 0.992
Weight loss Yes 0.24 (0.03-217) 0.204
Child B 1.83 (0.72-4.62) 0.203

C 518 (0.44-60.93) 0.191
Alcohol consumption Yes 1(0.37-2.68) 1
Alpha-Interferon therapy Yes 0.75 (0.31-1.85) 0.538
Treatment response No 1.02 (0.3-3.45) 0.98

Yes - 0.993

HCV: hepatitis C virus; AFP: alpha feto protein; HCC: hepatocellular carcinoma; Bil: total bilirubin; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; GGT: gamma-glutamyl transpeptidase; AP: alkaline phosphatase; INR: international normalized ratio; SBP:
spontaneous bacterial peritonitis; OD: odds ratio

Table 3. Discrimination measurements for development of the model score with different prevalent risk HCC
scenario (3% and 10%) and results of its internal validation

Estimate (95% CI) Optimism

General cut off: 54

Se 81% (64%-94%) -13.1%

Sp 60% (47%-71%) 6.4%
Prevalence scenario 3% 10%

PPV 5.8% 18%

NPV 98.5% 95%
Excluding cut off: 26

Se 100 % (89%-100%) -7.5%

Sp 23% (14%-34%) 13%
Prevalence scenario 3% 10%

PPV 3.7% 12.2%

NPV 99.1% 96.9%
Including cut off: 100

Se 26% (14%-43%) -2.6%

Sp 100% (94%-100%) 0
Prevalence scenario 3% 10%

PPV 44.6% 74.2%

NPV 97.7% 92.3%

HCC: hepatocellular carcinoma); NPV: negative predictive value; PPV: positive predictive value; Se: sensitivity; Sp: specificity
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Three cut-off levels of the model score were considered, and bootstrap analysis was applied to determine the
optimal values for sensitivity and specificity [Table 3], since the diagnostic measures were calculated based
on internal validation. The cut-off level with the best sensitivity and specificity was 54, with a sensitivity of
81% (64%-94%) and a specificity of 60% (47%-71%). In the scenario of 3% prevalence of HCC risk in HCV
cirrhotic patients the best cut off value to exclude HCC is 26 [sensitivity = 100% (89%-100%); specificity = 23%
(14%-34%); PPV = 3.7%; NPV = 99.1%], and the best cut off to include HCC is 100 [sensitivity = 26% (14%-43%);
specificity = 100% (94%-100%); PPV = 44.6%; NPV = 97.7%]. When we changed the scenario prevalence to
10%, the results show better performances from the positive predictive values, from 5.8% to 18% at a cut off
level of 54, from 44.6% to 74.2% at cut off level of 100, and from 3.7% to 12.2% at cut off level of 26.

DISCUSSION

This case control study analyzed clinical and laboratory parameters used in routine daily practice, aiming to
identify patients with HCV-related cirrhosis at increased risk of HCC presence. We found that higher serum
AFP and ALT levels, and lower platelet count were independent prediction factors of HCC. Such information
could be used to develop more cost-effective screening strategies.

The median age in both groups was 59 years old. Velazquez et al.”” demonstrated that an age of > 55 years is
an independent risk factor for HCC among patients with cirrhosis and HCV. Other published data suggest
a higher incidence of HCC from the age of 60", Lok et al.”” also found that older age is a predictive factor
for HCC development. The HCC group (31 patients) had male:female ratio of 1.8:1; this finding is consistent
with data from the literature showing that the prevalence of HCC is 2 to 4 times higher in male patients™”,

We found no differences in liver related outcomes, such as ascites, spontaneous bacterial peritonitis,
esophageal varices, variceal bleeding or hepatic encephalopathy between groups. This suggests that HCC
does not alter the pathogenesis of the early clinical stages of HCV-related cirrhosis in more advanced stages.
A previous study showed that hepatic encephalopathy and ascites were not related to the development of
HCC, although esophageal varices were ™. The latter was also observed by Lok et al.””. Bolondi et al.””
assessed the cost-effectiveness of HCC screening by comparing 313 patients with cirrhosis and 104 patients
with cirrhosis and HCC, and identified the functional classes Child-Pugh B and C as independent risk
factors for HCC. Our results are different, possibly due to the small number of patients and also because
most of them had preserved liver function (Child-Pugh A). However they do point to the need for
identifying multiple risk factors, beyond the clinical stage of cirrhosis to allow earlier identification of risk.
This is of great importance in improving the management and prognosis of patients with HCC.

Sustained virological response (SVR) occurred in 24% of the control group, while no patients in the HCC
group exhibited SVR. Several studies have demonstrated the beneficial impact of HCV clearance with
interferon in reducing HCC occurrence™. In a multiple logistic regression analysis, AFP, ALT and platelet
count were related to higher risk of HCC. In our previous cohort study of patients with cirrhosis, we found
the following risk factors for HCC; AFP > 20 ng/mL, albumin < 3.4 g/dL and patients of East Asian ethnicity
as the best of seven possible models applied to predict HCC risk""®. In the present study AFP > 20 ng/mL
was confirmed as a predictive risk factor for the presence of HCC. The diagnostic importance of AFP has
been the subject of much scientific debate in recent years. In some studies, a high base value of AFP has been
considered a risk factor for HCC, with a cut-off level of 20 ng/mL for determining groups of high and low

. AFP levels above 400 ng/mL in the presence of a hepatic nodule in imaging finding, is a conclusive

risk
HCC diagnosis[zs]. However, small HCC tumors (< 2 cm) involve low-level secretion of AFP and thus, in most
cases the patients cannot be diagnosed using this test alone”™"’. In a prospective study, Tong et al™ analyzed
31 patients with cirrhosis and hepatitis B virus or HCV who had developed HCC; they found AFP values

above 400 ng/mL in only 4(13%). It is important to note that the AFP levels may be higher in individuals
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with chronic viral hepatitis (B or C), but without HCC compared with similar patients with other etiologies
of cirrhosis. This is caused by the inflammatory activity and hepatocyte regeneration in the most severe
cases of viral hepatitis. Gupta et al.”"’ conducted a systematic review evaluating AFP as an instrument for
the detection of HCC in patients with hepatitis C; they concluded that AFP has limited utility in this setting.
Most authors have found that an isolated measurement of serum AFP levels had limited success for early
HCC screening**, but even small changes in AFP levels may be a predictor for HCC"***'. In fact, dynamic
AFP measurement could identify patients at higher risk of HCC occurrence, as recently shown by Bird et al”™

Early HCC detection remains challenging, but novel serum biomarkers are under evaluation, such as
microRNAs (miRNAs)""*, creatine/betaine ratio””, the combination of chaperonin containing TCP1
complex (CCT) and IQ-motif-containing GTPase-activating protein-3 (IQGAP3)* and circulating c-Myc
and p53 proteins[“]

The lower blood platelet count in HCC patients can be explained by a longer evolution of chronic liver
disease with subsequent advanced portal hypertension and hypersplenism. Velazquez et al.” showed that
platelet count < 75,000/mm’ was an independent positive predictive value for HCC development. In this
analysis, the cut-off level for platelet count was 100,000/mm’ according to previously defined levels . Lok et al."”
also demonstrated the association of HCC risk with low platelet count through the HALT-C study cohort.
In a recent prospective study of the ANRS CO12 CirVir cohort including 1323 patients with HCV cirrhosis,
Ganne-Carrié et al.""" found five variables independently associated with HCC development at 1, 3, and
5 years: age > 50 years, past excessive alcohol intake, GGT above the upper limit of normal, absence of
SVR during follow-up and platelets < 100,000/mm”. The latter was also evidenced in our work and in the
retrospective study by Noh et al.™ as a predictor of HCC.

This study found that serum levels of ALT, AFP and platelet count could be used to determine the risk of
small HCC with a sensitivity of 81% and specificity of 60%. The major strength of this formula is the tests are
easy to apply, and the score is simple to calculate. Therefore, this model is an auxiliary tool for identification
of patients with HCV at elevated risk of HCC by applying a formula with three serum exams used in routine
outpatient clinical practice throughout the world. An even better application of the aforementioned model
would be to rule out the presence of small HCC in the initial evaluation of the patient, since the negative
predictive value was 99.1% for those stratified as low risk (a score of 26). For example, in a patient with HCV
and cirrhosis, the presence of two abnormal variables, imply a higher risk of HCC with a score of 54. In
another hypothetical scenario with a patient score of 26, due to no abnormal variables, the patient could
be excluded from the high risk group. For maximization of the specificity of the model score, the cut-oft of
100 reflects, for instance, the three abnormal variables. We tested the score performance based on a HCC
prevalence of 3% (Brazil) and in another scenario with an HCC prevalence of 10% (Japan), showing that the
higher the HCC prevalence, better the score performs in identifying individuals with HCC. Recently, El-
Serag et al.”™ proposed models to predict HCC risk with the same variables we found (AFP > 20 ng/mL,
platelets < 100,000/mm’ and higher ALT) from the analysis of the change in AFP values according to HCC
development. Flemming et al."™ evaluated a risk model using six baseline clinical variables, including age,
diabetes, gender, ethnicity, etiology of cirrhosis, and severity of liver dysfunction independently associated
with HCC occurrence. The authors showed C-indices of 0.704 and 0.691 in the derivation and internal
validation cohorts, respectively[“]. By comparison, the score proposed in this paper achieved a C-index of 0.79
(0.7-0.89). Attallah et al."” reported the simplified HCC-ART score for HCC detection in chronic hepatitis
C patients from Egypt based on age, AFP, AST/ALT ratio, albumin and alkaline phosphatase. The AUROC
curve for discriminating patients with HCC (n = 227) from those with liver cirrhosis (n = 341) was 0.95. Like
our work, they used easily obtainable laboratory tests.

Our study is somewhat limited by the fact that the model score was developed only on a Brazilian HCV
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population between ages of 38 and 77 years, and still requires external validation with other etiologies, but
a bootstrap internal validation was applied and we accessed the optimal diagnostic measures such that our
model score is still useful, practical, readily available and easy to apply in primary or tertiary health centers
in developing countries.

In conclusion, a score model was created from the results of the case control study based on serum levels of
ALT, AFP and platelet count. This score facilitates the identification of patients with small diameter HCC (< 3 cm),
and mainly those at lowest risk of its presence in the absence of ALT, AFP and platelet count alterations
in the thresholds defined in this study. The score is not intended to predict HCC development. Instead, its
strength is to rule out small HCC in HCV cirrhotic patients, considering that the negative predictive value
of those classified as low risk of HCC presence was 99.1%. This information may assist screening strategies in
the population of patients with HCV-related cirrhosis. Further studies in other populations, including non-
HCYV related cirrhosis are needed to address its role in HCC detection.
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Abstract

Aim: We aimed to elucidate whether beta2-glycoprotein | (B2GPI) cooperation with hepatitis B surface antigen
(HBsAg) promoted hepatocellular carcinogenesis enhanced by the lipopolysaccharide (LPS) via activation of
nuclear factor kappa B (NF-xB) and expression of tumor necrosis factor-o (TNF-a), interleukin-1p (IL-1B), and
alpha fetal protein (AFP) in liver cancer cells.

Methods: Liver cancer cells (SMMC-7721) were transiently transfected with B2GPl and/or HBsAg and were
subjected to LPS treatment. TNF-q, IL-1B, and AFP expression were measured in all groups by ELISA. NF-«xB
activation was assessed by non-radioactive electrophoretic mobility shift assay (EMSA) and was quantified in all
groups.

Results: Cells transfected with B2GPI and/or HBsAg induced activation of NF-«B, with the highest activation
seen in the doubly B2GPI- and HBsAg-transfected cells treated with LPS. Non-transfected cells treated with LPS
exhibited lower activation compared to either B2GPI- or HBsAg-transfected cells with LPS treatment. In addition,
cells transfected with B2GPI and/or HBsAg induced significantly increased expression of TNF-q, IL-1B and AFP,
with the highest levels again seen in the doubly B2GPI- and HBsAg-transfected cells treated with LPS.

Conclusion: These observations suggest that the activity of NF-«xB induced by B2GPI and HBsAg was enhanced by
LPS. Expression of TNF-q, IL-18 and AFP increased in B2GPl and HBsAg cotransfected liver cancer cells.

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0
BT International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long

as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.
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INTRODUCTION

Beta2-glycoprotein I (2GPI) also known as apolipoprotein H (apoH), is an abundant glycoprotein in the
plasma'. To date, most studies of B2GPI have focused on its role in anti-phospholipid antibody-thrombosis
syndrome[”], lipid metabolism, coagulation, and/or regulation of the fibrinolysis systemm. Mehdi et al."”’
found hepatitis B surface antigen (HBsAg) bound P2GPI, an interaction that has been of interest to our
research group. We previously found that there was a substantially increased level of p2GPI in hepatitis
B-related hepatocellular carcinoma (HCC) tissue'®. The combination of p2GPI and HBsAg substantially
activated nuclear factor kappa B (NF-kB)", suggesting that B2GPI played a role in the pathogenesis of

hepatitis B-related HCC.

A recent study"” showed that lipopolysaccharide (LPS) specifically interacted with B2GPI, activating NF-kB
via toll-like receptor 4 (TLR4) signaling pathway in macrophages. NF-«B is a pleiotropic transcription factor
involved in inflammation-associated tumor promotion and progression in HCC"™. Most hepatitis B-related
liver cancer patients experience dysbacteriosis, resulting in increased levels of and sensitivity to LPS. In the
present study, we further examined whether LPS enhanced the effect of f2GPI and HBsAg on activation of
NF-«B, as well as the expression of cytokine factors in the liver cancer cells.

METHODS

Experimental groups

The human hepatoma cell line SMMC-7721 maintained in our laboratory were gifts from the central
laboratory of the First Affiliated Hospital of Jilin University. The cells were incubated with Iscove’s modified
Dulbecco’s medium (IMDM) culture media purchased from Gibco, containing 10% fetal bovine serum (FBS),
and maintained at 37 °C in a 5% CO, incubator. All cells were grown to adherence and were passaged every
2-3 days. Cells in the logarithmic growth phase were selected for experimental use. SMMC-7721 cells were
divided into six experimental groups. Group A was the control group, neither transfected nor treated; group
B was co-transfected with B2GPI- and HBsAg plasmids without LPS treatment; group C was treated with
500 pL (100 ng/mL) LPS and incubated for 6 h"; group D was transiently cotransfected with p2GPI-
and HBsAg plasmids after treatment with 500 pL (100 ng/mL) LPS and incubated for 6 h; group E was
transiently p2GPI-transfected after treatment with 500 uL (100 ng/mL) LPS and incubated for 6 h; group F
was transiently HBsAg-transfected after treatment with 500 uL (100 ng/mL) LPS and incubated for 6 h.

Cell transfection

Groups B, D, E, and F were respectively transfected. The vector pcDNA3.1(-) was obtained from Invitrogen.
The pcDNA3.1(-)-beta2-GPI and pcDNA3.1(-)-HBsAg eukaryotic expression plasmids were constructed
previously in our laboratory. The recombinant plasmids, pcDNA3.1(-)-B2GPI, or pcDNA3.1(-)HBsAg at
1 ug/well, and both at 3 ug/well (1:3) were dissolved in 50 uL IMMD basal media that was mixed to become
Solution A. 2 uL FuGENE HD transfection reagent was dissolved in 50 uL IMMD basal media, mixed gently,
incubated at room temperature for 5 min, labeled as Solution B. Solution A and Solution B were mixed
gently to become Solution C, incubated at room temperature for 20 min. The cells were washed 3 times in
serum-free IMMD culture media, and Solution C was slowly added to the cells that were incubated at 37 °C
in a 5% CO, incubator. Transfection media was removed after 6-8 h and was replaced with 500 uL 10% FBS
IMDM media. Cell supernatants were collected at 24 h after transfection. A previous study' from our lab
found B2GPI protein expression was the highest 24 h after transfection.
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Enzyme-linked immunosorbent assay analysis

Enzyme-linked immunosorbent assay (ELISA) detection of targets of interest was performed according to
the manufacturers” instructions. f2GPI was measured in groups A, B, D, and E; HBsAg in groups B, D and
F; and tumor necrosis factor-o. (TNF-q), interleukin-1f (IL-1B), and alpha fetal protein (AFP) in all groups.
Once B2GPI reached the highest expression level, as determined from previous studies'®, cell supernatants
from each group were collected for ELISA analysis. Triplicates of standards, samples and blank groups were
prepared. The optical density (OD) value of each well was measured at 450 nm. Data were presented as
means + SD.

Non-radioactive NF-kB EMSA and NF-kB relative quantification

Assays were performed only with nuclear extracts according to the manufacturer’s instructions. Nuclear
extracts (5 pg) were used for each reaction with 400 fmol bio-labeled (hot) oligonucleotide NF-«B probe
(5-AGT TGA GGG GAC TTT CCC AGGC-3’) and unlabeled (cold)-NF-xB probe (5°-AGT TGA GGG
GAC TTT CCC AGGC-3’). Poly(dI-dC): poly(dI-dC) was used as a nonspecific competitor. A 25-fold
molar excess of unlabeled homologous oligonucleotide was used as a specific competitor. Non-homologous
oligonucleotide sequences were also used to validate the specificity of the binding of each transcription factor
in the competition assays. Binding reaction resolved by 6.5% acrylamide/bis (30:1 ratio) electrophoresis
in 0.25x TBE on ice. The gel was transferred to nitrocellulose membranes in 0.5x TBE. The membrane
was then UV crosslinked for 10 min, blocked with 1x blocking buffer for 30 min, and then incubated with
streptavidin-HRP in blocking buffer (1:750) at room temperature for 30 min. The membrane was washed
four times with 1x washing solution and was equilibrated with 1x equilibration solution for 5 min with
shaking. Finally, the membranes were incubated with chemiluminescence substrate buffer, and the bands
were visualized using Viagene Coollmager (Viagene Biotech Co., China). NF-kB relative quantification was
based on relative activity of the combination of NF-xB and DNA. The last result was represented by A® (gray
value). The gray values of the image were measured after film exposure by the imaging system Coollmger.
Data were presented as means + SD.

Statistical analysis

SPSS 22.0 software was used for data processing and statistical analysis. Cell assay data were presented as
means + SDs and the variance was analyzed. Comparison between groups was measured using Fisher’s least
significant difference (LSD) test. Differences were significant at P < 0.05.

RESULTS

Expression of B2GPI and HBsAg in transfected cells

We used ELISA to measure expression of f2GPI and HBsAg 24 h after transfection of recombinant plasmids
in cell supernatants. p2GPI protein expression was found in group B, D, and E, significantly different from
non-transfected, non-treated group A (P < 0.001). There were no differences in expression levels of p2GPI
in groups B, D, and E (P > 0.05) suggesting similar transfection efficiency. HBsAg protein expression was
found in groups B, D, and F. Expression was determined using a cutoff value (COV) that equal to the average
absorbance value of the negative control (0.532). The absorbance of specimen > COV indicated positive
expression of HBsAg.

Activation of NF-kB in B2GPI- and/rHBsAg-transfected cells following LPS stimulation

A representative image of non-radioactive NF-xkB EMSA in the six groups is shown in Figure 1, and NF-xB
relative quantification was represented by gray value is shown in Figure 2. Groups B, C, D, E, and F induced
differential levels of activation of NF-kB, with the highest relative activity of NF-kB observed in group D
(1404.5 + 11.28); this was significantly different compared with the other five groups (P < 0.05). The relative
activity of NF-«B in group B was 914.57 + 12.51, significantly higher than levels in groups A, C, E, and F
(P < 0.05). The levels in group E (867.76 + 6.27) and F (882.52 + 7.92) were much higher than those of group
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Figure 1. Detection of non-radioactive NF-xB by EMSA in six groups. Group A: non-transfected, non-treated cells; group B: transient
B2GPl-and HBsAg-transfection without LPS treatment; group C: non-transfected cells treated with 100 ng/mL LPS; group D: transient
B2GPI- and HBsAg-transfection and treated with 100 ng/mL LPS; group E: transient B2GPI-transfection and treated with 100 ng/mL LPS;
group F: transient HBsAg-transfection and treated with 100 ng/mL LPS. B2GPI: beta2-glycoprotein |; HBsAg: hepatitis B surface antigen;
LPS: lipopolysaccharide
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Figure 2. NF-kB relative quatification in six groups. Group A: non-transfected, non-treated cells; group B: transient B2GPI-and HBsAg-
transfection without LPS treatment; group C: non-transfected cells treated with 100 ng/mL LPS; group D: transient B2GPI- and HBsAg-
transfection and treated with 100 ng/mL LPS; group E: transient B2GPI-transfection and treated with 100 ng/mL LPS; group F: transient
HBsAg-transfection and treated with 100 ng/mL LPS. Data presented as means =+ SD; a: groups B, C, D, E, and F compared with group A,
P < 0.05. b: group B compared with groups A, C, E, and F, < 0.05, c: group D compared with other five groups, # < 0.05. B2GPI: beta2-
glycoprotein |; HBsAg: hepatitis B surface antigen; LPS: lipopolysaccharide
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Figure 3. Expression of TNF-q, IL-1B and AFP by ELISA in six groups. Group A: non-transfected, non-treated cells; group B: transient
B2GPl-and HBsAg-transfection without LPS treatment; group C: non-transfected cells treated with 100 ng/mL LPS; group D: transient
B2GPI- and HBsAg-transfection and treated with 100 ng/mL LPS; group E: transient B2GPI-transfection and treated with 100 ng/mL
LPS; group F: transient HBsAg-transfection and treated with 100 ng/mL LPS. Data presented as means + SD. a: groups B, C, D, E, and F
compared with group A, £ < 0.05; b: group B compared with groups A, C, E, and F, 2 < 0.05; c: groups E and F compared with group C, P<
0.05; d: group D compared with groups A, B, C, E, and F, # < 0.00; e: group E compared with group F, #> 0.05; f: group C compared with
groups B, E, and F, # < 0.05. B2GPI: beta2-glycoprotein I; HBsAg: hepatitis B surface antigen; LPS: lipopolysaccharide

C (590.4 * 9.49) (P < 0.05). The level of NF-kB activation in group E and F were similar (P > 0.05). Taken
together, these data suggest that LPS alone induced activation of NF-kB, which enhanced by either B2GPI- or
HBsAg-transfection. However, the highest effect was seen in doubly-transfected cells, suggesting synergism
between LPS, p2GPI and HBsAg with respect to activation of NF-xB in HCC.

LPS induced increased expression of TNF-a, IL-1, and AFP in B2GPI- and/or HBsAg-
transfected cells

Cell supernatants from the six groups were collected and levels of TNF-q, IL-1B and AFP were assayed
24 h after transfection of respective recombinant plasmids. As depicted in Figure 3, groups B, C, D, E, and
F induced expression of TNF-q, IL-18 and AFP more than did group A (P < 0.05). The highest expression
levels of all three cytokines was seen in group D (doubly transfected with B2GPI and HBsAg and treated with
LPS) (P < 0.001). The expression levels of IL-1B and AFP in group B was higher (P < 0.05) were higher than
those of groups A, C, E, and E while their expression in groups E and F were higher than those of group C
(P < 0.05). The expression of TNF-q in group C was higher than that of groups B, E, and F (P < 0.05). TNF-«
and IL-1p levels were similar in groups E and F (P > 0.05), while AFP in these groups were significantly
higher than in group A (P < 0.05).

DISCUSSION

HCC, one of the most common tumors, is currently the fifth most common malignant tumor worldwide,
with morbidity increasing every year. Hepatitis B virus (HBV) and hepatitis C virus (HCV) are major causes
of HCC™. Therapeutic options include etiological treatment, resection, percutaneous ablation, trans-arterial
chemoembolization (TACE), and targeted therapy. The overall efficacy of these therapies is poor, and five-
year survival rates for early treatment of HCC are not favorable™"', Therefore, understanding the pathogenesis
of HCC (abnormal neovascularization, genomics, proteomics and signal transduction pathways) is necessary
to understand how HCC occurs and to develop new therapeutic approaches.
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B2GPI is synthesized by liver cells and plays roles in anticoagulation, cell clearance, and lipid metabolism
under normal physiological conditions™. B2GPI is also involved in the pathogenesis of chronic viral
hepatitis, alcoholic liver disease, autoimmune liver disease, liver cirrhosis and liver cancer”. A previous
study showed that a fraction with maximal apoH (p2GPI)-binding predominantly contained full Dane
particles in HBV patients'"”. Gao et al." found there was a specific binding event between HBV and $2GPI.
Gao et al."™" provided the first evidence that a protein existed on SMMC-7721 cell membrane that could
specifically bind p2GPI. The binding protein was later identified as annexin II. A previous study from our
labm, demonstrated strong P2GPI expression in hepatitis B-related HCC tissue. In addition, the combination
of B2GPI and HBsAg was shown to significantly activate NF-kB and expression of AFP, suggesting that
B2GPI may be involved in the pathogenesis of hepatitis B-related HCC. However, it is unknown whether
P2GPI directly interacts with HBsAg or if other proteins are involved in NF-kB activation.

B2GPI is physically closed in a circular conformation, with low activity"”. B2GPI opens and adopts a J-like
conformation and becomes active when combined with antibodies or anionic phospholipids. In a study[”],
it was found that LPS opened B2GPI, exposed its binding sites in domain V, and interacted with B2GPI
to participate in physiology and pathology. The B2GPI and LPS complex relied on the TLR4 signaling
pathway to activate NF-kB in macrophages. A previous study from our lab"™ found that LPS enhanced
signal transduction in B2GPI in liver cancer cells leading to activation of NF-«B, triggering downstream
signal transduction and increasing the expression of downstream factors. This activation was related with
LPS concentration. This suggests that LPS enhancement of p2GPI signal transduction may participate in the

development of liver cancer.

LPS, a component of the cell wall of gram-negative bacteria, is an important mediator of the host
inflammatory response to infection. A study of 169 patients with chronic hepatic disease found elevated
levels of LPS in 27%, 85%, and 41% of patients with chronic hepatitis, chronic hepatitis with acute
exacerbation and cirrhosis, respectively[m]. In patients with chronic liver diseases, elevated levels of LPS
in the portal and/or systemic circulation are common because of increases in intestinal permeability and
bacterial translocation. LPS from gut microbiota contributed to HCC promotion by activating TLR4
signaling. Classically, TLR4 recognizes microbial lipids in homodimer configuration, thus activating various
intracellular signaling pathways, such as the NF-kB and MAPK pathways. TLR4 has been identified in HCC
and may play a role in progression of HCC. LPS-induced activation of TLR4 signaling promoted HCC cell
survival and proliferation associated with regulation of the activation of the NF-kB and MAPK pathways[w_"].

In the present study, we demonstrated substantial activity of NF-kB in cells transfected with both B2GPI
and HBsAg and treated with LPS. Our data suggested that the combined action of f2GPI and HBsAg were
enhanced by LPS in the progression of carcinogenesis. Constitutive expression of NF-kB is emerging as a
hallmark of cancer. In fact, constitutive NF-kB activation is generally associated with cancer proliferation,
survival, chemoresistance, and progression of HCC™.,

NF-kB is another pro-inflammatory transcription factor that triggers downstream signal transduction and
increases expression of downstream factors. In the present study, inflammatory cytokines (TNF-a,, IL-1p, and
AFP) were substantially elevated in cells transfected with both p2GPI and HBsAg and treated with LPS, more
so than by single transfections with either factor. The action of various inflammatory mediators is known
to occur in carcinogenesis. TNF-a has been postulated to have a crucial role in the pathogenesis of various
cancers. It is one of the most important pro-inflammatory cytokines involved in the growth, differentiation,
cellular function and survival of many cells. It is produced by several types of cells, including macrophages,
neutrophils, fibroblasts, keratinocytes, NK cells, T and B cells, and tumor cells", IL-1B is also known to
mediate several immune responses in HCV/HBYV infection. There is a network of TNF-o and IL-1 secretion
and interactive bio-functions in immune responses[“]
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We found that LPS enhanced the effect of B2GPI- and HBsAg in development of liver cancer by increasing
the activity NF-«xB and elevating levels of TNF-q, IL-1f, and AFP. We predict that LPS may be an initiating
agent in the pathogenesis of HCC, combining with B2GPI to activate and expose B2GPI binding sites to
HBsAg, in turn interacting with HBsAg to further modulate NF-«B. Further studies are needed to uncover
the specific mechanisms of interaction of f2GPI, HBsAg and LPS, and the role of B2GPI in liver cancer and
other hepatic diseases.
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Abstract
Aim: To evaluate the effect of neoadjuvant hepatic arterial infusion chemotherapy (HAIC) on the survival of
patients with resectable hepatocellular carcinoma (HCC).

Methods: Between January 2003 and January 2014, 80 patients underwent hepatic resection for HCC. Of these
patients, we evaluated 49 patients who met the following inclusion criteria: (1) preserved liver function (Child-
Pugh A); (2) resectable HCC (< 3 nodules, regardless of the size); and (3) HCC with high-grade malignant
potential. Among them, 13 patients underwent neoadjuvant HAIC and curative hepatectomy (treatment group).
The remaining 36 patients underwent curative hepatic resection without neoadjuvant therapy (control group).
Survival after hepatic resection was compared retrospectively between the groups.

Results: During follow-up, 2 (15.4%) patients in the treatment group and 25 (69.4%) patients in the control group
developed recurrence. The 1-, 3-, and 5-year disease-free rates (100%, 78.6%, and 78.6%, respectively vs. 65.8%,
33.7%, and 26.6%, respectively; £ = 0.003) and overall survival rates (100%, 100%, and 100%, respectively vs.
91.7%, 77.8%, and 55.3%, respectively; £ = 0.037) were significantly better in the treatment group than in the
control group.

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0
BT International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long

as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.
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Conclusion: Neoadjuvant HAIC decreased the risk of recurrence and improved survival in patients with HCC with
high malignant potential.

Keywords: Hepatocellular carcinoma, transcatheter arterial chemoembolization, hepatic arterial infusion
chemotherapy

INTRODUCTION

Surgery is the standard treatment for hepatocellular carcinoma (HCC), which offers a chance of cure with
preservation of liver function’ and achieves the best outcome (5-year survival rate of 33%-60%)"”. However,
after curative liver resection for HCC, the incidence of recurrence in the remnant liver is as high as 60%
within 3 yearsb's]. Among all cases of recurrence, approximately 90% are intrahepatic recurrences, which
contribute to the high mortality rate in patients with HCC"”'. The risk factors for early-phase recurrence
of HCC depend on the malignant potential of the tumor, including the presence of microscopic vascular
invasion (MVI), serum alpha-fetoprotein (AFP) levels, tumor number, and tumor size™*"". Among these,
the presence of MVI is an important risk factor affecting survival throughout the entire postoperative

13]

periodm], and the gross classification of HCC predicts the presence of M™Y.

Some studies demonstrated that preoperative transarterial chemoembolization (TACE) improved prognosis
in select patients, such as those with preserved liver function and advanced-stage HCC"*"”. However,
according to the 2012 European Association for the Study of the Liver (EASL) and European Organization
for Research and Treatment of Cancer clinical practice guidelines, neoadjuvant chemoembolization has not
proven to improve the outcomes of patients who underwent resection"’. Additionally, neoadjuvant TACE is
associated with the disadvantages of delaying surgery and increasing complications during surgery because
of inflammatory pediculitis, perihepatic adhesions, or arterial thrombosis; moreover, if the tumor fails to
respond to therapy, it continues to grow and becomes incurable"*'"”. Moreover, TACE also has the potential
to cause adverse effects on liver function. Hepatic arterial infusion chemotherapy (HAIC) may sometimes be
chosen as a therapeutic option for advanced HCC because of poor liver function. It allows the direct delivery
of high doses of chemotherapeutic agents to the tumor site and reduces the systematic concentration of
chemotherapeutic agents to a low level, which may result in a lower incidence of adverse drug reactions and
early appearance of the chemotherapeutic effects in the early stage of treatment.

In this retrospective study, we evaluated the safety, feasibility, and surgical complications of neoadjuvant
HAIC, and investigated the effect of it on survival without recurrence after resection of the lesion.

METHODS

Patients

Between January 2003 and January 2014, 80 patients underwent hepatic resection for HCC at our hospital.
Of these patients, we investigated 49 patients who met the following inclusion criteria: (1) preserved liver
function (Child-Pugh A); (2) resectable HCC (< 3 nodules, regardless of the size); and (3) HCC with high-
grade malignant potential. High-grade malignant potential refers to HCC with MVI. The patients were
diagnosed on the basis of fan-shaped portal perfusion defects, which appeared in the periphery of the tumor
on computed tomography (CT) scans during arterial portography and showed tumorous arterioportal
shunts caused by microscopic portal vascular invasion. In terms of gross appearance, the simple nodular

type with extranodular growth or confluent multinodular type predicted the presence of MVI™**".

Of the 49 patients, 13 patients who were preoperatively diagnosed as having HCC with high-grade malignant
potential, between June 2009 to January 2014, were treated with neoadjuvant HAIC (treatment group).
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Another 36 patients who met the inclusion criteria, between January 2003 and May 2009, had a curative
hepatic resection (control group). This was a retrospective study of HCC patients at Yame General Hospital.
The institutional review board approved this study, and written informed consent was obtained from the
treatment group. Regarding the control group, the Ethics Committee waived the requirement for ethical
approval and informed consent due to the retrospective nature of the study.

Preoperative evaluation

Baseline imaging examinations [CT angiography, dynamic CT, or/and dynamic contrast-enhanced magnetic
resonance imaging (MRI)] were performed before surgery. HCC was confirmed when at least 2 radiographic
images revealed the hallmarks of HCC or 1 radiographic image revealed the hallmarks of HCC together with
AFP levels > 400 ng/mL"". HCC staging was performed according to the Barcelona clinic liver cancer (BCLC)
staging classification”"* and the 6th edition of the American Joint Committee on Cancer staging system of
tumor nodes metastasis. Laboratory blood tests, including tests for hepatitis B surface antigen, hepatitis C
virus antibodies, serum AFP, serum des-gamma-carboxyprothrombin (DCP), serum albumin, serum total
bilirubin, serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT), prothrombin
time, C-reactive protein, and platelet counts, were performed.

Neoadjuvant hepatic arterial infusion chemotherapy protocol

In the treatment group, a temporary indwelling catheter systemm] was implanted via the left brachial artery
under fluoroscopic guidance and was used for HAIC. A polyurethane-covered catheter, called anthron P-U
catheter (APUC), 5 Fr (100 cm) (Toray Medical Co., Ltd., Tokyo, Japan) with a tapered tip (5- and 3.3-French
outer diameters of the shaft and tip, respectively, and 0.035-/0.021-in inner diameters of the shaft and tip,
respectively) was used as the indwelling catheter. This catheter was 100-cm long and tapered to a 3.3-French
microcatheter 60 cm from the tip. The tip of the catheter was inserted into the right or left hepatic artery,
corresponding to the side on which the main tumor was located, via the celiac artery. In the case of multiple
tumors, one or two side holes were manually created with a surgical knife to supply the rest of the tumor

with chemotherapeutic agents.

The treatment regimen included low-dose 5-fluorouracil (5-FU) and cisplatin (low-dose FP), specifically,
the regimen featured daily administration of cisplatin (10 mg for 30 min) and a subsequent infusion of
5-FU (250 mg for 3 h) on days 1-10. We named this treatment regimen as 2 weeks of low-dose FP. After the
administration of chemotherapeutic agents, the catheter was removed under fluoroscopic guidance. No
prophylactic antibiotics were administered during the catheter placement.

Laboratory variables were assayed once in several days, and the tumor marker was measured before and
after the treatment regimen. HAIC was discontinued or reduced in case of adverse events higher than grade
3/4 of the common terminology criteria for adverse events (CTCAE).

Surgical procedure

Curative liver resection was performed after a mean delay of 24 + 12 days after catheter removal. A
single surgeon performed all surgeries. Anatomic resection was defined as hemihepatectomy, extended
hemihepatectomy, sectionectomy, or segmentectomy, and all other non-anatomic resections were classified
as partial resections.

To determine the operative outcome, data regarding the operative time, intraoperative blood loss, red blood
cell transfusion, complications, type of resection, hospital mortality, and hospital stay were collected for both
groups.

Pathologic assessment
Two senior pathologists reviewed each specimen for histologic confirmation of the diagnosis. Clinicopathologic
data such as tumor size recorded as the maximum diameter, vascular invasion, intrahepatic metastasis, gross
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classification, histologic grade, and the degree of liver cirrhosis were collected. The therapeutic effect was

classified into 4 categories based on the Japanese breast cancer society criteria’”

Follow-up

Laboratory variables such as serum AFP, serum DCP, serum albumin, serum total bilirubin, serum AST,
serum ALT, prothrombin time, and C-reactive protein levels and platelet counts were measured for both
groups on postoperative days 1, 3, 7, and 30.

After discharge from our hospital, all patients were followed up in the outpatient clinic. Ultrasonography,
4-phase CT, or dynamic contrast-enhanced MRI was performed every 2 to 3 months, and serologic tests
such as AFP and DCP measurements were performed at that time. In cases of recurrence, the patients were
treated accordingly.

Survival was defined as the time from surgery to death, and disease-free survival (DFS) was defined as the
time from surgery to either recurrence or death. Patients who were alive and free of recurrence at the end of
follow-up were censored for DFS"”.

Statistical analysis

Continuous data were presented as the mean + standard deviation or median and range and were compared
using the t-test or Mann-Whitney’s U test, respectively. Categorical data were compared using Pearson’s y°
test or Fisher’s exact test, as appropriate.

The Kaplan-Meier method was used to calculate the survival curves, and the log-rank test was used to
assess the prognostic predictors of DFS. Variables with P < 0.10 in univariate analysis were included in the
multivariate analysis.

Differences were considered significant when the 2-sided P-value was < 0.05. Descriptive statistical analyses
were performed using the IBM statistical package for the social sciences, version 20.0 (SPSS, IBM Co.,
Armonk, NY, USA).

RESULTS

The baseline characteristics of the patients are shown in Table 1. No significant differences were observed
between the 2 groups.

Outcomes and complications associated with neoadjuvant HAIC

In the treatment group, all catheterization procedures were performed without critical complications. The
median procedure time for implantation of the system was 80 min (range 43-180 min). The system was
successfully implanted and used for treatment in all patients. The median catheter dwell time was 10 days
(range 9-13 days). The median time to surgery after catheter removal was 21 days (range 12-34 days). Major
complications associated with a temporary indwelling catheter system, such as hematoma, bleeding, hepatic
arterial occlusion, dislocation of the catheter, and thrombosis, did not occur. Infection was suspected
in 1 patient (7.7%), and fever and flares in the left brachial artery appeared 8 days after the procedure in
this patient. The patient’s symptoms improved soon after catheter removal, which was 9 days after the
chemotherapy [Table 2]. One patient (7.7%) experienced CTCAE grade 2 gastritis. The most common side
effects were nausea and loss of appetite; however, these symptoms were mostly CTCAE grade 1/2, and they
resolved after chemotherapy was completed.

The mean plasma AFP and DCP levels tended to decrease following neoadjuvant HAIC (415.3 + 1086 ng/mL
and 451.4 + 892.4 mg/mL, respectively, prior to HAIC vs. 158.8 + 404.7 ng/mL and 118.0 + 237.9 mg/mL,
respectively, after HAIC; P = 0.468 and P = 0.243, respectively), but the differences were not significant. No
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Table 1. Patient characteristics, baseline liver function, and tumor characteristics: treatment group versus control group

Variables Trea:;’nzr;t?’g)roup Cor;’t,rgl 3g6r;)up P
Age (years)* 69 (50-81) 74 (50-78) 0.128
Gender (male/female) 10/3 29/7 1.000
Etiology

Hepatitis B carrier 1 6 0.298

Hepatitis C carrier n 22

Others 1 8
Cirrhotic liver 10 16 0.054
Child-Pugh score at time of hepatectomy* 5.0 (5.0-6.0) 5.0 (5.0-6.0) 0.481
AFP level (ng/mL)* 6.6 (2.0-3921.0) 14.3 (2.0-2720.0) 0.504
DCP level (ng/mL)* 130 (13-3252) 74 (1.0-5940) 0.548
Tumor diameter (mm)* 27.0 (14.0-50.0) 25.0 (10.0-58.0) 0.666
Tumor number* 1(7-2) 100-3) 0.708
Presence of portal vein tumor thrombosis (Vp2-4) 0 0 1.000
Presence of satellite nodules 6 12 0.4M
TNM pathological staging (stage I/Il/IIIA/IIB/IIC/IV) 3/10/0/0/0/0 15/19/2/0/0/0 0.278

*Median with range. AFP: alpha-fetoprotein; DCP: des-gamma-carboxyprothrombin; TNM: tumor nodes metastasis [6th edition of the
American Joint Committee on Cancer (AJCC) staging]

Table 2. Outcomes of temporary indwelling catheter system implantation: treatment group

Variables n
Puncture region 13/0/0
(left brachial artery/right femoral artery/others)
Procedure time (min)* 80 (43-180)
Number of catheter days (day)* 10 (9-13)
Time to operation from procedure (day)* 21(12-34)
Complications 1(7.7 %)
Procedure-related complications
hematoma formation 0
Complications during chemotherapy
Hepatic arterial occlusion 0
Gastroduodenal ulcer 0
Cerebral infarction 0
Infection 1
Catheter dysfunction
Catheter dislodgement 0
Occlusion of catheter 0

*Median with range

liver function impairment and liver failure occurred after HAIC, and all patients underwent hepatectomy as
expected [Table 3].

Operative and perioperative outcome

The operative outcomes and perioperative changes in liver function are presented in Tables 4 and 5. All
patients with liver function impairment recovered. No adverse effect on liver function attributable to HAIC
occurred after surgery. There was no difference in the operative outcomes of the 2 groups, and no hospital
mortality was observed.

Pathologic assessment

The histopathologic findings of the resected livers are shown in Table 6. The histologic grade for patients in
the treatment group after treatment was determined to be grade o for 3 patients (23%), grade 1a for 3 patients
(23%), grade 1b for 3 patients (23%), grade 2a for 2 patients (15%), grade 2b for 1 patient (8%), and grade 3 for
1 patient (8%).
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Table 3. Preoperative liver function and tumor marker levels in the treatment group

Variables Before HAIC Before operation P
Total bilirubin (mg/dL) 0.6 (0.3-1.D) 0.6 (0.3-0.8) 0.51
Serum albumin (g/dL) 4.3(3.7-4.9) 41(3.4-5.0) 0.448
Serum AST (U/L) 32 (18-99) 31(20-58) 0.762
Serum ALT (U/L) 34 (9.0-120) 32 (12-61) 0.801
Prothrombin time (%) 88 (72-105) 92 (78-120) 0.336
Platelet (x 104/pL) 15.8 (11.3-27.0) 131(10.2-22.1) 0.204
C-reactive protein (mg/dL) 0.05 (0.01-0.18) 0.06 (0.04-0.60) 0.418
AFP level (ng/mL) 6.6 (2.0-3921) 9.7 (2.4-1365) 0.776
DCP level (ng/mL) 130 (13-3252) 54 (12-832) 0.106

All data shown as median with range. HAIC: hepatic arterial infusion chemotherapy; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; AFP: alpha-fetoprotein; DCP: des-gamma-carboxyprothrombin

Table 4. Intraoperative and postoperative outcomes of hepatectomy: treatment group versus control group

Variables Treatment group (7 = 13) Control group (7 = 36) P
Operative duration (min)* 355 (125-465) 316 (127-590) 0.389
Intraoperative blood loss (mL)* 860 (41-2582) 528 (150-3320) 0.118
Red blood cells transfusion 4 3 0.070
Anatomical hepatectomy 1l 31 0.608
Complications 0.663

Postoperative hemorrhage 0 1

Bile leak 0 0

Subphrenic collection 0 0

Wound infection 0 1

Transient liver impairment 0 0

Ascites 0 4

lleus 1 1
Hospital mortality 0 0

Hospital stay* 12 (9-25) 12 (8-20) 0.297

*Median with range

Survival

During the follow-up period, 2 (15.4%) patients in the treatment group and 25 (69.4%) patients in the control
group experienced recurrence. The pattern of initial recurrence in the treatment group revealed that 1
patient each had intrahepatic recurrence and simultaneous intrahepatic and extrahepatic recurrence (multiple
bone metastases).

The 1-, 3-, and 5-year DFS rates were 100%, 78.6%, and 78.6%, respectively, for the treatment group and
65.8%, 33.7%, and 26.6%, respectively, for the control group. The DES rates were significantly better in the
treatment group than in the control group (P = 0.003) [Figure 1]. The 1-, 3-, and 5-year overall survival
(OS) rates were 100%, 100%, and 100%, respectively, for the treatment group and 91.7%, 77.8%, and 55.3%,
respectively for the control group, respectively. The OS rates were significantly better in the treatment group
than in the control group (P = 0.037) [Figure 2].

The results of univariate analyses of the predictors of DFS are shown in Table 7. Using factors identified as
significantly associated with DFS, multivariate analyses revealed that neoadjuvant HAIC [P = 0.039, hazard
ratio (HR) = 0.215; 95% confidential interval (CI) = 0.050-0.928], age (P = 0.017, HR = 0.374; 95% CI = 0.166-
0.842), and tumor number (P < 0.001, HR = 7.731; 95% CI = 2.474-14.161) were independent predictors of DFS
[Table 7].

DISCUSSION
The present study evaluated the effect of neoadjuvant HAIC for patients who had HCC with high malignant
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Table 5. Postoperative liver function: treatment group versus control group

1POD 3POD 7 POD 1POM
Treatment Control Treatment Control Treatment Control Treatment Control
group group P group group P group group P group group P
n=13) (n=36) n=13) (n=36) n=13) (n=36) n=13) (n=36)
Total 1.77+096 1.69+0.89 0.801 1.40+0.70 1.44+0.78 0.867 090+0.26 0.87+0.34 0.770 0.65+0.28 0.68+0.30 0.594
bilirubin
(mg/dL)

Serum 3.65+0.29 3.50+0.37 0.206 3.61+0.29 3.35+0.45 0.069 3.40+0.25 315040 0.057 3.86+0.46 3.69+0.39 0.227
albumin

(g/dL)

Serum AST 220+161 254+168 0.534 71.2+55.7 841+350 0.339 415+29.0 361+14.3 0.526 28.6+8.27 46.0+22.4 0.008
(V4]

Serum ALT 147 +117 193+143 0.303 94.4+66.2 118.7+73.6 0.300 55.8+481 55.0+30.7 0.940 22.0+8.50 401+£21.5 0.004
(W)

Prothrombin 69.5+20.4 65.5+10.9 0.505 81.4+9.35 77.6+13.4 0.357 80.5+99 94.7+1187 0.671 84.7+957 76.3+14.5 0.079
time (%)

Platelet M6+350 11.8+317 0.843 576+1.60 121+3.38 0.223 187+9.85 157+4.78 0.312 185+5.27 153+4.80 0.056
(x10%/uL)

C-reactive - - - - 2.23+168 248+2.05 0709 0.75+182 0.41+0.63 0.329
protein

(mg/dL)

AST: aspartate aminotransferase; ALT: alanine aminotransferase; AFP: alpha-fetoprotein; POD: post-operative day; POM: post-operative
month
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Figure 1. Disease-free survival curves after hepatic resection in the treatment group (dashed line) and the control groups (solid line)

potential. In the treatment group, the tumor marker levels decreased after chemotherapy, and the 5-year DFS
and OS rates after surgery were improved significantly.

In this study, we administered short-term HAIC using a temporary indwelling catheter system. Almost
all previous reports about neoadjuvant chemotherapy for HCC revealed that lesions were scheduled for
TACE and that related complications such as liver function impairment or surgical delay sometimes made
resectable tumors unresectable. HAIC is considered to cause fewer liver function complications than
TACE™" In fact, this study illustrated that liver function was not adversely affected by neoadjuvant HAIC.
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Table 6. Histopathology of resected livers: treatment group versus control group

Variables Treatment group (7 = 13) Control group (7 = 36) P
Tumor size (mm)* 27 (14-50) 25 (10-58) 0.666
Number of tumor (7)* 1.0 (1-2) 1.0 (1-3) 0.560
Microscopic vascular invasion 3 18 0131
Intrahepatic metastasises 5 10 0.476
Gross classification

SN/SNEG/CMN 4/4/4 7/21/8 0.535
Histologic grade 0.202

Well differentiated 1 1

Moderately differentiated 8 32

Poorly differentiated 3 3
Liver cirrhosis** 0.227

FO 2 3

F1-F2 6 8

F3-F4 5 25
JBCS

Grade O 3 -

Grade 1 (1a/1b) 3/3 -

Grade 2 (2a/2b) 2/1 -

Grade 3 1 ]

*Median with range; **new Inuyama classification. SN: simple nodular type; SNEG: simple nodular type with extranodular growth; CMN:
confluent mutinodular type; JBCS: Japanese Brest Cancer Society

084

Cumulative survivla rate

P=0.037

’.’TO 3?0 40 50
Time (years)

o
o

Figure 2. Overall survival curves after hepatic resection in the treatment group (dashed line) and the control groups (solid line)

The regimen selected for this study was 2 weeks of low-dose FP. Ishikawa et al.”**"' first reported that
HAIC with cisplatin before radical local treatment (radiofrequency ablation/percutaneous ethanol injection
therapy) for early-stage HCC prevented intrahepatic metastasis and prolonged the survival time. According
to some clinical studies, the efficacy of low-dose FP is better than that of cisplatin alone”™. Ueshima et al.”"
reported that HAIC using low-dose FP (continuous arterial infusion of 5-FU and cisplatin for the first
2 weeks followed by a single dose of cisplatin and 5-FU once a week) is an effective treatment for locally
advanced HCC. In our experience, almost all HAIC responders exhibited a decrease in tumor marker ratios
in the early stage of treatment; thus, we believe 2 weeks of low-dose FP was sufficient to observe the effect of
chemotherapy. HAIC-related liver toxicity is caused by complications associated with catheter placement,
such as catheter dislocation, hepatic artery occlusion and stenosis, and infection. The 2-week regimen
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Table 7. Univariate and multivariate analysis of the prognostic predictors of disease-free survival

Variables Condition 95% CI P HR 95% CI P
Age (years) >70 2.971-4.335 0.002 0.374 0.166-0.842 0.017
<70 1.296-2.684
Gender Male 2.064-3.300 0.192
Female 2.814-4.712
Etiology Hepatitis B carrier 0.912-3.782 0.444
Hepatitis C carrier 2.485-3.769
Others 1153-3.829
AFP level (ng/mL) >200 1.866-4.274 0.699
<200 2.242-3.454
DCP level (ng/mL) > 400 1.546-4.097 0.684
<400 2.276-3.433
Tumor diameter (cm) >3 1.853-3.750 0.766
<3 2.342-3.644
Tumor number >3 2.609-3.716 <0.001 7.731 2.474 -14.161 <0.001
<3 0.343-0.889
Microvascular invasion (+) 3.383-3.684 0.631
) 1.696-3.494
Intrahepatic metastasis ) 1145-3178 0.094
Q) 2.571-3.805
Differentiation grade Poor 1.345-4.292 0.832
Others 2.303-3.481
Neoadjuvant HAIC ) 3.662-5.147 0.003 0.215 0.050-0.928 0.039
Q) 1.783-2.988
Liver cirrhosis (+) 1.854-3.511 0.482
) 2.352-3.775
TNM pathological staging | 2.529-6.953 0.058
Il 4.209-7.588
1A 0.545-0.545

HAIC: hepatic arterial infusion chemotherapy; AFP: alpha-fetoprotein; DCP: des-gamma-carboxyprothrombin; TNM: tumor nodes
metastasis [6th edition of the American Joint Committee on Cancer (AJCC) staging]

enabled us to use a temporary indwelling catheter system, and after the administration of chemotherapy, the
catheter system was removed easily under fluoroscopic guidance. In this study, the complication rate related
to the temporary indwelling catheter system was also low.

Our data demonstrated the definitive improvements of DES and OS after HAIC. There are two predicted
reasons for this effect: (1) prevention of tumor cell dissemination during surgery, and (2) effectiveness in
eradicating undetectable intrahepatic metastases. Concerning adjuvant HAIC, 2 non-randomized control
trials reported that adjuvant HAIC after hepatic resection for HCC with macroscopic vascular invasion
2 However, among patients with Vp2 or invasion of the main trunk of
the hepatic vein (Vv2), the 3-year DFS and OS rates were not significantly different between the 2 groups'”.
Dislodging of tumor cells during surgery is considered one of the main causes of postoperative intrahepatic
metastasis”"**’; thus, neoadjuvant HAIC is theoretically effective for preventing tumor cells from dislodging

and disseminating into the portal venous stream.

might reduce the risk of recurrence

In the present study, complete necrosis (grade 3) was observed in 1 patient, and a shift from a viable tumor
lesion to necrosis (grade 1a, 1b, 2a or 2b) was noted in 9 patients. Even when a pathomorphologic therapeutic
effect did not appear in the main tumor, the effect of the chemotherapeutic agent might contribute to the
suppression of cellular motility and invasiveness, facilitating the eradication of undetected intrahepatic
metastases.

Multivariate analysis revealed that neoadjuvant HAIC was one of the independent favorable prognostic
factors for DFS. However, there are several limitations to this study. First, our study was retrospective in
nature and some biases may be present, including selection biases leading to the overestimation of the
apparent importance of preoperative HAIC. Second, the sample seize was still small (n = 13). Although
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we think that effective adjuvant therapy in addition to preoperative HAIC is crucial for further improved
prognosis, we could not show the sufficient efficacy of adjuvant chemotherapy. Further prospective
multicenter trials are required to establish the effectiveness of neoadjuvant HAIC for the treatment of HCC.

In conclusion, neoadjuvant HAIC for patients with HCC with a high-grade malignant phenotype decreases
the risk of recurrence and improves survival without serious complications. However, a prospective
randomized study is required to confirm our findings.
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Abstract

Hepatocellular carcinoma (HCC) is a kind of malignancy with high potential of metastasis and multicentric occurrence.
The treatment of recurrent hepatocellular carcinoma (RHCC) and multinodular hepatocellular carcinoma (MHCC) is
always a nodus because of the diverse clonal origin of RHCC/MHCC. Theoretically, the RHCC/MHCC can originate
from intrahepatic metastasis (IM type) or multicentric occurrence (MO type). Our previous study proposed that there
are at least 6 subtypes of clonal origin patterns in RHCC. RHCC and MHCC with different clonal origins have variant
biological behaviors, clinical prognosis as well as treatment strategy. Generally speaking, patients with IM type HCC
have a poorer prognosis compared with those with MO type HCC. Therefore, it is essential to emphasize the distribution
of the clonal origin in HCC in order to determine the choice of clinical treatment. Undoubtedly, the detection of clonal
origin pattern will become a promising breakthrough in the molecular pathological diagnosis of HCC. We should attach
more attention to the establishment of a standardized molecular pathological clonal origin detection method and a new
stratification of clinical treatment choice for RHCC/MHCC in future.

Keywords: Hepatocellular carcinoma, clonal origin, molecular pathology, recurrent hepatocellular carcinoma, multinodular
hepatocellular carcinoma, intrahepatic metastasis, multicentric occurrence

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common cancer related fatal diseases in the world,
especially in China. The resent cancer statistics of China showed that its incidence was in the fourth place,
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Figure 1. Hepatocellular carcinoma with different histological appearance and similar histological appearance. A-1: pseudoglandular
pattern; A-2: thick trabecular pattern; B-1: thick trabecular pattern; B-2: thick trabecular pattern

and the mortality rate ranked the third™. With the development of time, the hepatic surgery has made great
progress, and liver resection has become a routine method for the treatment of HCC®. However, the hepatic
surgery is still facing two major obstacles. One is the treatment of recurrent hepatocellular carcinoma
(RHCCQ). It was reported that the 5-year recurrence rate after hepatic resection of HCC is about 70% to
80%, or even higher®”. Meanwhile, there is no consensus on the clinical treatment options for RHCC.
Secondly, it is the treatment of multinodular hepatocellular carcinoma (MHCC). It has approved that the
patient’s prognosis is poorer accompanied by the increased tumor nodules, especially > 3 foci™. One of the
material causes for two major obstacles stems from the unprecise judgment of the clonal origin of RHCC
and MHCC. It has affirmed the secondary tumor (synchronous or metachronous) was the core to directly
reflect the biological behavior and determine patient’s prognosis®*?. For our practice, we found that two
tumor nodules in one patient may have similar or different histological appearance, which may suggest the
clonal origin of the tumors [Figure 1]. However, this judging method largely depends on the experience of
the pathologist, which is not objective and accurate. Obviously, the clonal origin detection is unquestionably
the check point to explore the biological behavior of HCC.

HCC is a malignant tumor with high potential of recurrence and metastasis™’. However, the clonal origin
of RHCC/MHCC cannot be determined by simple clinical indicators and histopathology™!. Consequently,
the molecular pathological clonal origin detection is a new method to objectively determine the early,
intermediate, and advanced stage of HCC in biological behavior and construct the basement of HCC
molecular classification. In other word, the clonal origin model directly affects the choice of clinical
treatment.

Therefore, this review article briefly summarizes some relevant progresses of molecular pathological clonal
origin of RHCC and MHCC. We searched all available publications regarding “clonal origin”, “recurrent
hepatocellular carcinoma”, “multinodular hepatocellular carcinoma”, “intrahepatic metastasis”, and
“multicentric occurrence” in the PubMed and focused the data mainly based on the high quality full-text
format.

THE CLONAL ORIGIN OF HCC

The exploration of the clonal origin of the malignancy started in the blood system tumor"*"”. Currently, it
has approved that multiform clonal origins exist in malignant tumor. Identifying the clonal origin is of great
significance for exploring tumor occurrence and evaluating tumor evolution??. For solidary tumor, there
are two types of clonal origin, monoclonal origin and polyclonal origin®'. Whether the secondary tumor
is synchronous or metachronous, it may originate from intratumor metastasis of primary tumor (IM type);
peradventure, it may be unrelated to the primary tumor, but from the normal cells which have adequate
malignant mutation accumulation (MO type)®". Similarly, IM type HCC originates from the primary HCC
with low degree of differentiation, incomplete envelope, widespread microvascular invasion (MVI) or even
portal vein invasion. Among all of risk factors, MVI is considered to be the core factor in the occurrence
of IM type HCC. According to our research on 686 HCC patients, the incidence of MVI was about 42%"7.
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Figure 2. Mechanism of clonal origin with IM type and MO type in recurrent hepatocellular carcinoma/multinodular hepatocellular
carcinoma. P: primary hepatocellular carcinoma; IM: intrahepatic metastasis; MO: multicentric occurrence

Remarkably, the incidence of MVTI in single nodule HCC and MHCC are 40.4% and 55.6%, respectively.
Higher incidence of MVI in MHCC indicates the possibility of IM type clonal origin in MHCC; MO
type HCC is derived from the continuous blow of inflammation and fibrosis. Among the pathogenesis of
inflammation, hepatitis viral is the most important reason and the most common cause of HCC. According
to our statistics of 30 years’s HCC patients in the Eastern Hepatobiliary Surgery Hospital, the infection rate
of hepatitis B virus (HBV) and hepatitis C virus (HCV) was 85.86% and 9.76%, respectively”. Therefore,
effective inhibition of hepatitis virus replication is a key factor in the prevention of the occurrence of MO
type HCC [Figure 2].

With the theory about the origination of malignant tumor constant improvement, such as tumor
heterogeneity, cancer stem cells, circulating tumor cells, increased evidence suggests that there may be more
complex clonal origin patterns in malignant tumor . For example, heterogeneous clonal origin in single
nodule HCC and IM-MO mixed clonal origin in RHCC and MHCC®**!. HCC with different clonal origin
may engender variant clinical prognosis and therefore, different therapy method®>**. Consequently, it is a
crucial cooperation for hepatic surgery and molecular pathology to formulate rational treatment strategy for
RHCC and MHCC with different clonal origin.

THE CLONAL ORIGIN OF RHCC

The postoperative recurrence of HCC is likely to be an important indication of enhanced invasiveness of
HCC and poor prognosis®™. As a result, the current treatment strategy for primary HCC may not be suitable
for RHCC. In view of this, scholars established many assessment systems for the prognosis of RHCCP**!,
However, many studies focused on exploring the rational treatment of RHCC did not screen out the suitable
groups for traditional treatments, such as hepatic resection, liver transplantation, transhepatic arterial chem
otherapy and embolization (TACE), and radiofrequency ablation (RFA)"***|. It may attribute to the ignorance
of great impact of clonal origin on the prognosis of patients.

Therefore, studies based on pathomorphology to predict the clonal origin of RHCC suggested that the
incidence of IM type and MO type HCC is about 60% and 40%, respectively; IM type RHCC has poorer
prognosis than MO type RHCC. Meanwhile, MO type RHCC and IM type RHCC are suitable for hepatic
resection and TACE, respectively****. Based on above studies, to some extent, it is meaningful to judge the
clonal origin of RHCC by histopathology. However, the experience of pathologist may affect the judgment
of the clonal origin pattern. Therefore, histopathology cannot objectively and quantitatively reflect the real
biological behavior of RHCC. To sum up, it is necessary for us to establish therapeutic strategy for RHCC
with different clonal origin according to molecular pathological examination, so as to enable patients to get
the best prognosis.
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Figure 3. Six subtypes of clonal origin in recurrent hepatocellular carcinoma/multinodular hepatocellular carcinoma. P: primary
hepatocellular carcinoma; IM: intrahepatic metastasis; MO: multicentric occurrence
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Molecular pathology applies a variety of methods to determine the clonal origin of RHCC. The HBV infection
is present in most patients with HCC. Chen et al."”’ used southern-blot to detect the hepatitis B virus DNA
(HBV-DNA) integration site in 5 cases of RHCC. Compared with 2 cases of IM type, 3 cases were MO type.
Yamamoto et al.®” checked the HBV-DNA integration site and its flanking genomic DNA, and found that
6 of 8 cases of RHCC were MO type and 2 were IM type. Interestingly, Liang et al.*” used the same method,
and found that, for multiple nodular RHCC, there are some nodules with the same clonal origin of primary
HCC while other nodules is different, which is IM-MO mixed type RHCC. These studies provide a basis
for the study of the clonal origin pattern of RHCC. However, HBV-DNA integration site detection is only
suitable for HBV-related HCC. Referring to the distributed gene expression between primary HCC and
RHCC, the scholars explored the clonal origin of RHCC by DNA ploidy analysis and p53 gene mutation
site analysis'**. However, the case of RHCC in these studies is little (< 20 patients). Moreover, the above
studies only explained two clonal origin patterns of RHCC, but not integrated with prognosis of patients.
Therefore, we adopted microdissecton-based PCR single-strand conformation polymorphism assay to check
fifteen high-frequency of loss of heterozygosity (LOH) of DNA microsatellites on 100 tumor nodules in 60
matched pairs of RHCC from 40 patients who underwent liver re-resection. The definitions of the MO type
and the IM type of RHCC were as follows: a > 30% difference (number of different LOH loci/number of
informative loci x 100) between primary HCC and any recurrent nodule was defined as MO type, on the
contrary, IM type. Among all the patients, the percentage of IM type RHCC and MO type RHCC was 76.7%
and 23.3%, respectively. MO type RHCC had a better prognosis than IM type RHCC (OS 130.8 + 8.5 months
vs. 80.8 + 8.5 months; RFS 33.8 + 4.5 months vs. 14.2 + 2.5 months)". Then, we classified 2 clonal patterns
into 6 subclonal types: type I, single-nodular MO-RHCGC; type II, single-nodular IM-RHCC; type I, single-
nodular IM-RHCC spreading intrahepatic metastasis; type IV, multinodular MO-RHCC; type V, single-
nodular MO-RHCC spreading intrahepatic metastasis; and type V1, single-nodular MO-RHCC combined
with IM-RHCC [Figure 3]. Among them, type I, IV, and VI is MO type; Type IL, III, and V is IM type. We
recommended liver re-resection for MO type RHCC, and interventional therapy for IM type RHCC. This
classification provided a theoretical basis for the selection of clinical treatment.

With the development of the next-generation sequencing technology, we can explore the clonal origin of
RHCC from the level of the whole genome expression spectrum. Shi et al.* sequenced the whole exome
with 1 case of RHCC patient of MHCC after resection. The gene expression profile of two RHCC nodules
was highly similar with one primary nodule (86.7% and 86.6% respectively), rather than other primary
nodule which pointed out the clonal origin of RHCC.
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THE CLONAL ORIGIN OF MHCC

MHCC is a common clinical form of HCC. At present, scholars in various countries, including some
international standards, have not yet reached a consensus on the clinical diagnosis and staging of MHCC.
For example, there is controversy about > 2 nodules or > 3 nodules as the standard of MHCC"®. The
Barcelona clinic liver cancer (BCLC) staging classification defined < 3 nodules, < 3 cm as stage A, called the
early stage; = 4 tumors of any size, or > 3 cm, 2-3 tumors are classified as stage B, called the intermediate
stage, and defined as MHCC"". Therefore, MHCC is not considered as early form of HCC in BCLC staging
classification. Accordingly, the guidelines of HCC in Europe and America also recommend TACE/sorafenib
as a first-line treatment for MHCCP*\. However, if such kind of HCC occurred based on clonal origin of
MO type, then they should not be considered pathobiologically as in the intermediate progression stage,
and their treatment strategy will also be different accordingly. As the exploration of different treatment
with BCLC intermediate stage of HCC, hepatic resection for some patients can obtain better prognosis than
conservative treatment*>*".

With the increase of nodule and the scattered nodule, the prognosis of the patients is worse!®**. Therefore,
the current clinical study is paying more attention to the screening of radical treatment for MHCC"*>*,
Huang et al.” studied 102 MHCC patients with less than 3 nodules, and found that the presence of MVI
is an independent risk factor for the patients of early recurrence (< 1 year) (HR, 4.02, 95% CI, 1.42-11.39,
P = 0.009). Nojiri et al.* retrospectively analyzed 107 patients of MHCC who underwent Ro resection and
found that, for the patients with > 4 nodules, vascular invasion was an independent risk factor for long-term
survival (1-year overall survival 71.1% vs. 82.4%, 3-year overall survival 36.9% vs. 61%, 5-year overall survival
0% vs. 25.4%, P = 0.0035). In view of vascular invasion, it is an important indication for the occurrence
of MHCC as IM type. To sum up, no matter the number of nodules, vascular invasion are always the
important prognostic factors for MHCC. Referring to the correlation between vascular invasion and IM
type clonal origin, effective screening of MO type MHCC patients for actively radical treatment has become
an important point of MHCC clonal origin research.

Similar to the research of RHCC clonal origin, the study of MHCC clonal origin also begins with the HBV-
DNA integration site analysis. Govindarajan et al and Aoki et al.” analyzed the HBV-DNA integration
sites in 2 cases of MHCC, respectively, and preliminarily established the concept of IM type and MO type
in MHCC. After that, some scholars used different methods, such as analysis of methylation pattern of
X-chromosome-linked human androgen receptor gene, mitochondrial D-loop mutations analysis, DNA
fingerprinting analysis, analysis of difference of tumor suppressor gene promoter region methylation, to
confirm the existence of IM type and MO type MHCC" 7. Subsequently, scholars began to pay attention
to the proportion of IM type and MO type in MHCC. Hsu et al.” analyzed the HBV-DNA integration
site of 25 cases of MHCC, including the main tumor, satellites and metastatic loci, and found that the IM
type and MO type accounted for 60.7% and 39.3%, respectively. Tsuda et al.” detected the alleles LOH of
chromosome 16 in 19 MHCC patients, and found that the IM type and MO type accounted for 52.4% and
47.6%, respectively. Hui et al.”” performed DNA ploidy analysis of 62 tumor nodules in 26 MHCC patients,
and found that IM type and MO type accounted for 53.8% and 46.2%, respectively. Based on our detection
of the clonal origin of 439 cases of MHCC in Eastern Hepatobiliary Surgery Hospital, IM type and MO
type MHCC account for 51.9% and 48.1%, respectively (unpublished data). Referring to the clonal origin
of RHCC, we believe that MHCC is likely to have the same clonal origin patterns with RHCC [Figure 3].
Therefore, the choices of clinical treatment patterns for patients with MHCC should be based on the clonal
origin patterns of MHCC in order to get better prognosis for these patients.

With the development of the next-generation sequencing technology, the understanding of clonal origin
of MHCC can be penetrated into the level of specific gene and whole gene expression profiles. Xue et al.””
performed exome and low-depth, whole-genome sequencing for 43 nodules of primary tumors, satellite foci,
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Table 1. Techniques of clonal origin detection

Technique

Method

Material

Genomic loci Reference

HBV-DNA integration pattern
HBV-DNA and flanking human

DNA junctions
DNA fingerprint analysis

DNA ploidy analysis

Southern blot analysis

PCR

AP-PCR

Feulgen-DNA analysis;

flow cytometric

Freshly frozen tissue

Paraffin-embedded
tissue

Paraffin-embedded
tissue

Paraffin-embedded
tissue

HBV DNA [49,51,69,70,75]
HBV DNA [50]

Nuclear DNA [72]

Nuclear DNA [52,53,77]

method

X-chromosome inactivation PCR
pattern

The HUMARA locus of exon 1of  [74]
the X-chromosomelinked human
androgen receptor gene

Nuclear chromosome [80]

Freshly frozen tissue

Chromosomal alterations Comparative genomic  Freshly frozen tissue
hybridization

Chromosomal LOH RFLP analysis HBAT1, D16S32, D16S34, D16S35, [76]

CETP, MT2, D1654, HP, TAT, CTRB,

APRT

Mitochondrial DNA D-loop region [73]
Sequencing of exons 5, 7, and 8 of  [54]
the TP53 gene

D15243, D1S507, D45402,
D4D406, D4S415, D85264,
D8S277, D8S520, D135268, et al.

Whole-genome sequencing

Freshly frozen tissue

Mitochondrial D-loop mutations PCR Freshly frozen tissue

Allelotype and LOH of p53 gene  Banll RFLP analysis Freshly frozen tissue

Microsatellite LOH PCR Paraffin-embedded

tissue

[33,34,82,83]

Tumor genomic heterogeneity Freshly frozen tissue [31,55,78,79]

analysis

Next-generation
sequencing technology

LOH: loss of heterozygosity; HBV: hepatitis B virus; PCR: polymerase chain reaction; RFLP: restriction fragment length polymorphism

metastatic foci and multiple foci in 10 patients with MHCC. They found that the proportion of ubiquitous
mutations in different tumor nodules in the same patient varied with 8%-97%. Furuta ef al.” performed
whole genome sequencing and RNA sequencing for 49 nodules from 23 MHCC patients, which provides more
detailed genetic information for clonal origin of MHCC. Lin et al.” applied the whole exome sequencing
to analyse 69 lesions from 11 MHCC patients, and found that 29% of driver mutations is heterogeneous. The

heterogeneity of methylation level may be a key for the occurrence and progress of MHCC.

TECHNIQUES OF CLONAL ORIGIN DETECTION

The criteria for judging the clonal origin of IM type and MO type HCC have not been widely accepted. Some
studies based on whether the recurrent time < 1 year or histopathology to define IM type and MO type
RHCC"*). However, these classification methods can not accurately and objectively reflect the clonal origin
of HCC. Therefore, molecular pathology uses a variety of methods to confirm it: HBV-DNA integration site
analysis, DNA ploidy analysis, DNA fingerprint analysis, X-chromosome inactivation pattern detection,
chromosomal LOH analysis, p53 gene mutation analysis, mitochondrial D-loop mutations analysis,
microsatellite LOH analysis, next-generation sequencing technology, and so on [Table 1]. Some scholars has
compared various kinds of methods®*. According to our experience, we recommended the microsatellite
LOH detection®**!, It is not only suitable for paraffin embedded tissues, resolves the restriction of gender
and HBV infection, but also it can select a set of microsatellite profile to improve the diagnostic accuracy.
In addition, microsatellite DNA is a suitable marker to reflect the overall stability of genome. To sum up,
microsatellite LOH detection is the relatively ideal method to reduce the bias of HCC heterogeneity to the
clonal origin in various methods.

CONCLUSION
With the development of time, the molecular biological behavior and characteristics of HCC has become an
important guide for hepatic surgery. Among them, RHCC and MHCC will be an important breakthrough
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in improving the long-term effect of HCC. Molecular cloning detection is an important theoretical and
technical support to break this bottleneck. Therefore, strengthening the study of clonal origin of HCC and
establishing a scientific and precise molecular cloning detection technology will be an important task in
the field of HCC pathology. The innovation of molecular cloning technology provides guidance for the
individualized treatment strategy of RHCC and MHCC. The overall view is that the IM type HCC has a
more malignant biological behavior, and poorer clinical prognosis than the MO type HCC, no matter RHCC
or MHCC.

The molecular pathological technical standards for evaluating the clonal origin of HCC have not yet been
unified. Microsatellite LOH detection is currently the most widely used method in clinical practice. We
should explore the method to unite high sensitivity and specificity, low cost, convenient and quick to serve
the clinical practice better in future.
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Abstract

Aim: The present study evaluated the frequency of hepatocellular carcinoma (HCC) in patients without cirrhosis.

Methods: HCC patients were recruited from two reference centers for liver disease in Northeast Brazil from 2010
to 2016. The diagnosis of HCC and cirrhosis was based on international criteria.

Results: A total of 169 patients were included, and 16% (27) of the patients did not have hepatocellular carcinoma
in non-cirrhosis (HCC-NC). The mean age of HCC-NC was 64.4 £ 11.3 years, and 74.1% of the patients were male.
The main risk factors were hepatitis C virus (HCV) in 29.6% (8), nonalcoholic steatohepatitis (NASH) in 14.8% (4)
and hepatitis B virus (HBV) in 11.1% (3). Histological HCC diagnosis was performed in 81.5% (22) of the patients,
and in 18.5% (5) of these patients, the diagnosis was performed by ultrasonography, computed tomography or
nuclear magnetic resonance imaging methods. Single nodules were found in 56% of HCC-NC (14) when assessed
by imaging methods.

Conclusion: The frequency of HCC-NC was elevated and more common in males. HCV, NASH and HBV were
the most frequent risk factors. These data contribute to discussion on future protocols and criteria for the early
diagnosis and treatment of HCC in patients with chronic liver disease without cirrhosis.

Keywords: Hepatocellular carcinoma, primary liver tumor, liver cirrhosis

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most frequent primary malignant tumor found in the liver. HCC is

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0
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also the second cause of deaths related to cancer, accounting for 700,000 deaths every year worldwide'".

In Brazil, HCC is the 8th most frequent malignant neoplasm and represents approximately 10,000 cases per

yearhy

A Brazilian national survey conducted in 2009 showed that hepatic cirrhosis was present in 98% of HCC
patients, and this tumor was more frequent in cirrhosis patients with hepatitis C virus (HCV), hepatitis B

virus (HBV) chronic hepatitis and alcoholic liver disease™.

However, HCC can also be associated with other liver diseases, such as non-alcoholic fatty liver disease

(NAFLD), nonalcoholic steatohepatitis (NASH), and hemochromatosis as well as toxins'".

In patients without cirrhosis, the prevalence of HCC varies between 7% to 54% of the cases and can have a
major influence on the geographical area”. In Western countries, the prevalence of hepatocellular carcinoma
in non-cirrhosis (HCC-NC) patients was estimated in 15% to 20% of cases*®
factors were HBV and HCV. However, a majority of the information was obtained from Asia and Africa,
where the prevalence of hepatitis B and C viral infections is also elevated”™".

], and the most common risk

NASH is considered a relevant risk factor of liver disease worldwide"”. Associated metabolic syndrome

manifestations may also contribute to the development of HCC in patients without cirrhosis"™.

The present study evaluated the frequency, associated factors and clinical characteristics of HCC in Brazilian
patients without cirrhosis.

METHODS

Design and population study
The present cross-sectional study included patients with HCC diagnosis from two reference centers for liver
disease in Northeast Brazil from 2010 to 2016.

Inclusion criteria were as follows: patients diagnosed with hepatocellular carcinoma of different etiologies
(NAFLD, HBV, HCV, alcohol, hemochromatosis, and etiology related to toxic agents)

Exclusion criteria were as follows: patients diagnosed with hepatocellular carcinoma and cirrhosis.

Diagnostic criteria
The diagnostic criteria for HCC were according to European Association for the Study of the Liver (EASL)
recommendations

The criteria for the diagnosis of cirrhosis was histological and/or by the evaluation of non-invasive markers,
such as FIB-4 {FIB-4 = age (years) x aspartate aminotransferase (AST) (U/L)/[Platelets (PLT) (10°/L) x alanine
transaminase (ALT)"” (U/L)]}.

Clinical assessment

All the data were obtained from a questionnaire containing the following variables: gender, age, and risk
factors for liver diseases (HBV, HCV, NASH, alcohol, and metabolic- and toxic-related factors). The data
from physical examinations and completed additional tests [liver, lipid, and glycemic profiles, serum
insulin, hepatitis B surface antigen (HBsAg), anti-HCYV, ferritin, and transferrin saturation index] were
considered. All the patients were also evaluated by at least two imaging methods, such as total abdominal
ultrasonography (US), computed tomography (CT) or magnetic resonance imaging (MRI).
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Table 1. Clinical characteristics of hepatocellular carcinoma patients with

and without cirrhosis

Variables Without cirrhosis With cirrhosis
Gender
Male, 7 (%) 20 (741) 110 (77.5)
Female, 7 (%) 7 (25.9) 32 (22.5)
Age, median + SD (years) 64.4+11.3 58.8 (+10.9)
Size, median + SD (cm) 53+£29 5.49 (£4.0)
Etiology, 7 (%) 20 (74) 125 (88)
HCV 8(29.6) 59 (48.5)
NASH 4(14.8) 4(2.8)
HBV 3011 14 (10)
Cryptogenic 3011 22 (15.5)
ALD 2(74) 24.Q17)
Hemochromatosis - 1(0.7)
Risk factor unknown, 7 (%) 7 (26) 17 (12)

SD: standard deviation; HCV: hepatitis C virus; NASH: non-alcoholic steatohepatitis;
HBV: hepatitis B virus; ALD: alcoholic liver disease

Histological assessment
Histological evaluation was performed on liver biopsies or surgical samples. The diagnostic criteria for HCC
were based on the recommendations of the International Consensus Panel™.

Statistical analysis

The statistical analyses were descriptive and performed with the Statistical Package for the Social Sciences
(SPSS) software (version 22.0, IBM Corp., USA). The data were analyzed, and the results are expressed as the
mean values, standard deviations, and medians according to the distribution of the variables.

The present study was conducted according to the guidelines established in the 1964 declaration of Helsinki.
The project was approved by the Research Ethics Committee at Bahia Medicine School, Federal University of
Bahia, Brazil. All the participants signed letters of informed consent.

RESULTS

A total of 169 patients with HCC were evaluated, and 16% (27) of the cases were HCC-NC. Table 1 shows the
main clinical characteristics and risk factors of the patients without and with cirrhosis.

Histological analysis was performed in 81.5% of the cases (n = 22). A diagnosis was made by imaging
methods (CT or MRI) in 18.5% of the cases [Table 2][16].

DISCUSSION

The prevalence of HCC-NC in this Brazilian study was elevated (16%), and the results were similar to those
found in other studies conducted in Western countries'®”. The patients were most frequently of advanced
ages (mean of 64.4 years) and predominately male. These data are consistent with the findings of previous
studies, although in other studies, the diagnosis of HCC-NC was more frequent in younger individuals and
in women". This difference may be due to the geographical variations in the prevalence of HCC and its risk
factors.

Chronic HBV and HCV infections are the most frequent risk factors for HCC in patients with and without
HCC-NC. An estimated 0.1% of individuals with HBV without cirrhosis develop HCC", likely due to the
carcinogenic effect of the virus"”. HCV is described in most studies as being of low potential for developing
HCC in the absence of cirrhosis. However, more recent studies have shown the existence of HCC-NC in
patients with chronic hepatitis HCV, suggesting that other mechanisms independent of cirrhosis would
affect hepatocarcinogenesis™"".
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Table 2. HCC in patients without cirrhosis from imaging methods (CT and/or MR)

Tumor numbers Value, 7 (%)
1 17 (68)
2 311D
3 or more 5(20)

Size, median = SD (cm) 51+27

BCLC, n
0 0
A 1(40.7)
B 8(29.6)
C 5(18.5)
D 0

BCLC: Barcelona Clinic Liver Cancer"; CT: computed tomography; MR: magnetic
resonance; SD: standard deviation

However, this scenario could change over the next few years or decades, since effective treatments for the
elimination of this virus are currently being used. However, there is a growing increase in NAFLD with
the prospect of becoming the leading cause of liver disease worldwide associated with risk factors, such as
dyslipidemia, central obesity, diabetes and metabolic syndrome.

In the present study, HCV was also the main risk factor for HCC-NC cases, even in areas of Northeast
Brazil, where the prevalence of HCV is low"”. Perhaps, the prevalence has been influenced by the origin of
the patients. The patients in the present study were recruited from reference centers for liver disease.

Chronic HBV infection was also a relevant risk factor for HCC-NC in this patient sample, even after national
vaccination programs for this virus. These data are extremely concerning. HBV has a direct oncogenic
effect", and patients without cirrhosis are frequently not included in protocols for the early diagnosis of this
neoplasm.

NASH, as the second most frequent risk factor after HCV, in the present series of HCC-NC patients, was
observed in 14.8% of the cases. Although the prevalence of HCC without cirrhosis in patients with NASH is
considered low, in some studies"”*", NASH also has been recognized as a relevant cause of this liver tumor
in patients without cirrhosis. In addition, obesity and diabetes, the major risk factors associated with NAFLD
(steatosis and NASH), are also independent risk factors for HCC™* In the present study, 33% of the HCC-
NC patients had diabetes.

In Brazil, a recent national survey that included 110 cases of HCC associated with NAFLD showed that 31%
of the cases, diagnosed through liver biopsy, did not present cirrhosis”™”’

In the present study, a single nodule was observed in 68% of the HCC cases. Treatment with curative intent
(resection) occurred in 59.3% of the cases. Histopathological evaluation was performed in 81.5% of the cases,
and 51.9% of the HCC cases were classified as moderately differentiated tumors. This finding is interesting
since the HCC diagnosis was conducted in patients without cirrhosis, who were not included in protocols for
early diagnosis and treatment.

Previous studies have also shown that the majority of HCC-NC cases are diagnosed as a single and larger
tumor™**) it could be explained because patients with chronic liver disease without cirrhosis are not part of

the surveillance protocol, and the diagnosis was performed in patients with more advanced stages.

Although the study presents relevant data, it has some limitations. A lack of knowledge of the prevalence of
HCC in the reference population is important because the frequency of HCC-NC may be underestimated.
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The majority of the clinical information was obtained from patient records, and some of the patients
presented incomplete data.

In conclusion, the frequency of HCC-NC in these Brazilian patients was elevated and more commonly
observed in men. HCV, NASH, and HBV were the most frequent risk factors associated with HCC-NC.
These data contribute to discussions on future protocols and criteria for the early diagnosis and treatment of
HCC patients with chronic liver disease without cirrhosis.
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Abstract

Chronic hepatitis B virus (HBV) infection is a major risk factor for hepatocellular carcinoma (HCC). While multiple
treatment modalities are available, liver transplantation remains the sole curative treatment for advanced stages
of HCC, and hence new treatment approaches are required to fulfill this unmet need of curative HCC therapy.
Our first-in-man proof-of-concept adoptive T-cell immunotherapy against HBV related hepatocellular carcinoma
metastases has shown promising results. Here, we review the development of T-cell immunotherapy targeting
HBV antigens for the treatment of HBV-HCC and discuss the practical considerations for the safe and effective
use in clinics.

Keywords: Chronic hepatitis B virus, hepatocellular carcinoma, T-cell immunotherapy

INTRODUCTION

Hepatocellular carcinoma (HCC) is the primary liver malignancy in adults, and it occurs predominantly
in patients with chronic liver inflammation and cirrhosis. It accounts for approximately 800,000 deaths
annually worldwide and in the majority of these cases, hepatocellular carcinoma (HCC) occurrence is
linked to chronic hepatitis B virus (HBV) infection. HBV is a non-cytopathic DNA virus from the
Hepadnaviridae family that specifically infects hepatocytes. Patients with chronic HBV infection can remain
largely asymptomatic, but viral persistence increases the risk of developing liver complications like fibrosis,
cirrhosis and hepatocellular carcinoma’™”. Despite prophylactic vaccination against HBV, approximately
300 million people globally have been infected with this virus™ and among chronically infected individuals,
approximately 25% will develop HCC neoplasm'”.

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0
BT International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
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Due to the lack of effective diagnostic and screening strategies, most of the HCC patients are diagnosed late.
Depending on the stage of the cancer, multiple different treatment modalities like transplantation, partial
hepatectomy, chemo-embolization, systemic chemotherapy could be givenls’ﬁ]. Among these approaches, the
only potentially available curative therapy is resection and liver transplantation which can only be applied
in the early stages of HCC before metastasis are detected”™. However, for the majority of patients who are
diagnosed at later stages, or with metastases, current available therapy is ineffective and even first line drugs
like sorafenib can only increase the survival for up to 3 months in these patientsm. In addition to the lack of
an effective therapy for the majority of HCC patients, the increasing supply of donor livers with the advent
of living donor transplantation has resulted in a change of the liver transplantation criteria. New Criteria
were developed to include patients with more advanced disease. Though this has opened up the option
of liver transplantation for more HCC patients, it also has a negative impact on the post-transplantation
HCC recurrence rates. In most cases, therapeutic options for patients who have tumour recurrence post
liver transplantation are even more limited™ ", Therefore, there is a clear unmet need which supports
the development of new effective therapeutic approaches. In this review, we focus on the use of adoptive
T-cell immunotherapy targeting HBV antigens for the treatment of HBV-HCC and discuss the practical
considerations for their use in clinics.

T-CELL IMMUNOTHERAPY FOR HCC

Immunotherapy has shown promising outcomes in different hematologic malignancies, demonstrating
its high potential for curative HCC therapy'™"*. Major progress have been made in the development of
immunotherapy approaches that attempts to rejuvenate and/or induce anti-tumour T cell responses in the
HCC microenvironment, like immune checkpoint inhibitors (ICIs)"". However, this approach requires
a pre-existing inflammatory tumour microenvironment with significant immune cell infiltration, the
expression of immune checkpoints on tumour cells, and/or an existing anti-tumour immune response, in
order to exert an anti-tumour effect’**"*, With the intra- and inter- HCC patient tumour heterogeneity,
it would be difficult to expect the mechanism of action for the therapy to be intact for all tumour nodules,
especially in metastatic nodules that develop in different anatomical environments"”. Some tumours will be

inherently devoid of infiltrating T-cells and hence will not respond to such treatments™”,

Furthermore, this approach is non-specific. It aims to augment the general anti-tumour immune response.
This comes with its own drawbacks as the enhanced immune response is a double edged sword. On one
hand, it provides the desired anti-tumour effect, on the other, it could result in uncontrolled autoimmune
effects™. This is particularly important in patients with HCC recurrence post liver transplantation. In
these patients, immunosuppressive agents are given to control graft rejection, but the very same enhanced
anti-tumour response due to checkpoint inhibitors could also lead to uncontrolled inflammation and even

22,23]

graft rejection™", which is why the use of checkpoint inhibitors is at the moment not indicated for liver

transplanted patients.

In such scenarios, the adoptive transfer of personalized autologous engineered T cells maybe a suitable
strategy. Currently, multiple clinical trials using autologous engineered T cells against HCC are ongoing"".
Unlike others, this strategy does not rely on the immune pre-requisites above, instead new anti-tumour T-cells
are engineered in vitro and reinfused back into the patient to combat the tumour [Figure 1]. In addition,
the extensive body of work involved in the development of CD19-specific T-cell immunotherapy for B-cell
leukemia has clearly demonstrated the potent cytotoxic function of autologous engineered T-cell***. At
present, adoptive T-cell therapy comprises of introducing either chimeric antigen receptors (CAR) or T-cell
receptors (TCR) to re-direct the specificity of T cells towards the tumours, each with its own advantages or
limitations.

CARs are membrane-bound proteins composed of an ectodomain, typically derived from a single-chain
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Figure 1. Schematic illustrating the production of personalized HBV-specific TCR redirected T cells. A: PBMC isolation from HCC patients;
B: activation and expansion of aff TCR T cells for modification; C: transduce activated T cells with viral vectors encoding HBV-specific
TCRs; D: electroporate activated T cells with in vitro transcribed mRNA; E: TCR-T cells engineered through viral transduction has the gene
encoding the TCR integrated into the genome while electroporation only results in the translation of the introduced mRNA; F: analysis
of the expression kinetics and function of HBV-specific TCR-T cells by tetramer staining and immune assays; G: adoptive transfer of
autologous HBV-specific TCR-T cells back into the HBV-HCC patient; H: cytolysis of HBV expressing hepatocyte or HCC cells. HBV:
hepatitis B virus; TCR: T-cell receptor; PBMC: peripheral blood mononuclear cell; HCC: hepatocellular carcinoma

variable fragment (ScFv), hinge and transmembrane domain. The ectodomain enables CARs to recognize
cancer antigens in a HLA-independent manner. This particular feature enables CAR redirected T cells to be
used in more patients without being restricted by their HLA haplotype, and also to target tumor cells that
down-regulate their HLA expression[”’"]. However, CAR recognition is limited only to conformationally
intact antigens, both cell membrane bound or soluble forms. This represents only a small fraction of the total
cellular proteins which limits the pool of antigens that can be targeted by CARs. In contrast, the TCR consist
of alpha-beta chain heterodimeric glycoprotein which recognizes almost any degraded intracellular protein
via the HLA system. This means that a greater degree of personalization is required when applied in patients,

but at the same time, a larger number of tumour-specific T cell epitopes could potentially be targeted[zgl.

These advantages of T-cell immunotherapy makes it a highly promising approach as a curative HBV-
HCC treatment. However, choosing the appropriate tumour-specific antigen to redirect the T-cells towards
remains a critical decision that dictates both the efficacy and safety of the approach.

TARGETING HBV ANTIGENS AS A TUMOUR ANTIGEN

Several clinical trials have shown that both CAR and TCR redirected T-cell therapy can cause substantial
solid tumour regression[3°]. In all these cases, tumour discrimination is determined by the recognition of
classical tumour associated antigens (TAA; alpha-fetoprotein, NY-ESO, MAGE, EGFR), essentially self-
antigens that are aberrantly expressed in tumour cells, by high affinity CARs or TCRs. Such aberrant
expression includes the overexpression of certain cell surface proteins at high levels, or the expression of
fetal antigens that are typically not found in normal cells at a steady state”"!. In both cases, due to the self-
nature of the TAA, one cannot reliably predict and hence exclude the expression of the supposed tumour-
specific antigens on other healthy cells. Adult cells undergoing active division could re-express fetal antigens
which otherwise remains non-expressed when at a steady state. This is made even more challenging when
high affinity CARs or TCRs, which recognizes pico-molar quantities of TAA, are used. For instance, clinical
trials from NCI and Adaptimmune has shown the unexpected binding of high affinity MAGE-A3 TCR to
similar epitopes like MAGE-A12 and titin in the brain and heart respectively, resulting in severe oft-tumour
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responses and a fatal outcome™”. Targeting overexpressed self-antigens in tumours might not be ideal due to

potential off-tumour responses against normal cells™,

Recently, the discovery of altered self-antigens in highly mutated tumours have sparked an interest in their
use as a TAA for T-cell immunotherapy[”]. The continuous evolution and accumulation of mutations in
tumours can result in the modification of self-antigens to an extent where they are no longer perceived
as self-antigens, and hence become immunogenic. These neoantigens have been reported to be capable of
inducing a robust T-cell response which mediates an anti-tumour effect. Since neoantigens are sufficiently
different from self-antigens, this makes them a better TAA with far lower risks of on-target off-tumour
responses observed when targeting classical TAAs. However, the generation of neoantigens involves the
accumulation of random mutations which differs between tumour nodules and patients, making their
discovery and characterization difficult and cumbersome'”

A possible alternative approach is to target HBV antigens as a TAA. In the natural history of chronic HBV
infection, the virus integrates itself into the human genome, hence the HCC cells that eventually develop
from chronically infected hepatocytes will carry these integrations and can be targeted by HBV-specific TCR
T-cells™*". This integration results in either the expression of whole HBV antigens when the complete open
reading frame is integrated, or the production of chimeric HBV-host proteins when only short fragments
of HBV are integrated[“]. In any case, the integration process inadvertently marks the HBV-HCC cells with
a foreign antigen through a mechanism that is highly hepatotropic as dictated by the infectivity of HBV™.
This liver-specific marking would mean that the on-target off-tumour adverse events is largely predictable
and would primarily be limited to the liver compartment, with little or no involvement of other organs"”.
However, since HBV-specific TCR-T cells are unable to discriminate between HBV-infected hepatocytes and
HBV-HCC cells, the risk of on-target off-tumour lysis of infected hepatocytes is also of concern. At present,
this issue can be circumvented by treating only HBV-HCC patients with tumour recurrence post liver
transplantation and by selecting HBV-specific TCRs restricted by HLA molecules present on the patient cells
and not on the donor liver. Extending this approach to HBV-HCC patients without liver transplantation will
have to be properly evaluated after more clinical data and experience have been accumulated. In addition to
the desirable safety considerations above, targeting HBV antigens would also provide a commonality across
multiple tumour nodules and patients, unlike the diverse and somewhat random nature of neoantigens,

making it less complicated to use in clinics.

It is also important to note that the targeting of HBV antigens for HBV-HCC treatment comes with its own
restrictions due to the natural virological characteristics of chronic HBV infection. In chronic HBV patients,
microgram quantities of HBV envelope antigens are circulating in the serum. These soluble HBV antigens
can interfere with the function of HBV-envelope specific CAR-T cells by either blocking and sequestering
of the cell surface CARs, or by the inappropriate activation of the CAR-T cells®*™*" However, the obligate
requirement for HLA presentation of T cell epitopes to TCRs would render the TCR-T cells insensitive
to soluble HBV antigens in the serum™. To capitalise on the better safety considerations associated with
targeting HBV antigens, one would have to employ the use of HBV-specific TCRs and not CARs recognizing
HBV antigens for HBV-HCC T-cell immunotherapy.

FIRST-IN-MAN PROOF-OF-CONCEPT TCR-T CELL IMMUNOTHERAPY OF HBV-HCC

The feasibility of using HBV-specific TCR-T cells for the treatment of HBV-HCC was first demonstrated
in a compassionate therapy of a chronic HBV patient who has widespread extrahepatic HCC metastasis
post-liver transplantation[“]. The combination of several clinical features of the patient makes him an
ideal candidate for the first-in-man proof-of-concept therapy where an emphasis on safety is essential.
First, the patient had undergone liver transplantation. This means that the main bulk of HBV infected
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hepatocytes have been removed, reducing the risk of overt destruction of functional hepatocytes. This risk
is further lowered by confirming the absence of HBcAg, HBsAg and HBV DNA from a biopsy sample of
his transplanted liver. Second, immunohistochemistry analysis of his metastatic tumour nodules shows the
expression of HBsAg. This not only suggest that the tumour cells can be recognized by HBV-specific TCR-T
cells, it also means that the serum levels of HBsAg could be used as a surrogate to monitor the efficacy of
therapy as HBsAg is only produced by the tumour cells. With a single infusion of small numbers (10" HBV-
specific TCR-T cells/kg) of retroviral transduced TCR-T cells, the cells expanded efficiently in vivo (~2% of
CD8 T cells), and a reduction of over 90% of the serum HBsAg levels was achieved within 30 days without
exacerbation of liver inflammation or any detectable on/off-target toxicities. This was not observed over the
duration of one year when multiple radiotherapy and surgical resections of the tumours were performed.
Unfortunately, the patient was treated at a very late stage and he succumbed to his disease after 8 weeks
of monitoring. Nonetheless, the promising results obtained from this proof-of-concept therapy warranted
further development of this treatment approach.

PRACTICAL CONSIDERATIONS FOR SAFE AND EFFECTIVE T CELL IMMUNOTHERAPY OF
HBV-HCC

Despite the encouraging data obtained from the proof-of-concept therapy described above, additional
considerations will have to be addressed in order to develop a safe and effective TCR-T cell immunotherapy
for HBV-HCC. The first consideration is the issue of safety associated with the use of viral vectors for the
delivery of the TCR gene construct. The oncogenic effect mediated by the insertion of the TCR gene into
the host genome is a potential concern. More importantly, viral transduction generates T cells that stably
expresses the HBV-specific TCR, allowing them to expand in vivo. This in vivo persistence may be beneficial
for tumour eradication, but it would also pose a safety concern as the quantity and function of the modified
T cells could not be easily controlled if a treatment related adverse event were to occur™. An alternative is to
introduce the TCR gene via the electroporation of in vitro transcribed functional mRNA [Figure 1][“]. This
approach will not result in insertional mutagenesis and the expression of the introduced TCR is transient,
while maintaining the anti-tumour effects. Not only will you have better control of the TCR-T cell function,
the transient expression also allows clinical trials to be designed with an intra-patient dose-escalation
protocol and thereby improving the safety. At the moment, HBV-specific TCR-T cells modified through
mRNA electroporation have been extensively characterized in vitro and in in vivo pre-clinical models and
is currently utilized in clinical trials for the treatment of HBV-HCC in liver transplanted patients[“]. In
addition, the transient function of mRNA electroporated T cells is ideal for the treatment of the majority of
HBV-HCC patients who have not undergone liver transplantation, where the risk of on-target off-tumour
lysis of functional but HBV infected hepatocytes is high.

Patient selection is also a critical issue that needs to be addressed. Barring inclusion and exclusion criteria
associated with clinical parameters, at the moment, patient eligibility is dictated solely by the HLA haplotype
of the patient[”]. In which case, the patient is suitable for therapy if he/she expresses the appropriate HLA
molecule capable of presenting the T-cell epitope recognized by the TCR-T cells. This simplistic criteria only
takes into consideration the HLA component of the complex recognized by the TCRs"™ For the therapy to
be effective, one has to be able to account for the presence or absence of the T cell epitope on the HCC cells.
Ideally, this can be achieved using TCR-like antibodies specific for every HLA/HBV-epitope complex[“’“]
but the diversity of complexes makes this approach unfeasible!™”. Peptide elution and mass spectrometry
strategies[“] might seem possible, but such techniques is highly specialized and complex, and at the moment
restricted primarily to academic research and not clinical application. As a compromise, the detection of
HBV proteins, DNA or mRNA would suffice with the assumption that antigen processing and epitope
presentation occurs as expected. This is simpler in the situation where the complete open reading frame
of a HBV antigen is integrated in the HCC cells. Detection of HBV antigens by serological means through
immunohistochemistry analysis of tumour tissues would be sufficient. However, a recent study demonstrated



Page 6 of 8 Hafezi et al. Hepatoma Res 2018;4:16 | http://dx.doi.org/10.20517/2394-5079.2018.55

the existence of HBV-host chimeric proteins in HCC""*"', where only short fragments of HBV DNA are
integrated into the host genome. In such situations, serological assays will fail to detect the presence of HBV
antigens and the patient would be deemed unsuitable for TCR-T immunotherapy. However, these chimeric
proteins could potentially be processed and presented on the HCC cell surface, rendering the tumours
recognizable by TCR-T cells. These integrations could only be detected through genetic means. As such,
to have better patient selection, it is essential to develop new genetic based assays for the rapid detection of
short HBV integrations and determine whether the appropriate HBV T-cell epitopes could be potentially
produced by HBV-HCC cells.

Lastly, it is also necessary to understand how the basal biochemical parameters of HBV-HCC patients could
influence the function of TCR-T cells. It is common to have HBV-HCC patients with, elevated serum alpha-
fetoprotein levels, to be treated with multi-kinase inhibitors or with immunosuppressive agents if they have
been liver transplanted. The effects of such variables have remained largely unexplored in the context of
TCR-T cell immunotherapy, but it could have important impacts on the treatment efficacy.

CONCLUSION

In this short review, we have discussed the need for new treatment strategies against HBV-HCC, the
scientific rationale that guides the development of HBV-specific TCR-T cell immunotherapy and some
practical considerations surrounding its use in patients. It is in our opinion that many unknowns still
remain. At the moment, dosing and infusion frequencies are still determined arbitrarily, or extrapolated
from T-cell immunotherapies for other cancers, while the accessibility of tumours at different anatomical
locations, and even the function of TCR-T cells in different tumour microenvironments remains a subject of
continuous investigation. We are however confident that the promising potential of T-cell immunotherapy
will stimulate further research and development making its use in the treatment of HBV-HCC a reality.
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Abstract

Hepatitis B virus (HBV) infection is a primary cause of hepatocellular carcinoma (HCC). Under selection pressures
of host immunity and/or immunoprophylaxis and antiviral therapies, HBV evolves by accumulating mutations in its
genome. Several studies highlighted the considerable importance of HBV surface (HBs) protein mutants (pre-S/S
variants) in tumorigenesis. Among those mutants, pre-S2 mutants have been recognized as “precursor lesions of HCC”
and as risk factors for post-operative recurrence of HCC. Pre-S2 mutants play important roles in tumor progression and
induce various mechanisms of tumorigenesis. These roles include that the cytoplasmic orientation of the pre-S2 domain
is essential for the transcriptional activator C-terminally truncated middle surface protein (MHBst) which participates
in the development of hepatocellular carcinoma. Pre-S2 mutants may also play important roles in HBV tumorigenesis by
inducing both endoplasmic reticulum stress-dependent and endoplasmic reticulum (ER) stress-independent pathways.
Because HCC has poor prognosis and its incidence is increasing, methods for the prevention and treatment of HCC
should be comprehensive. Emerging treatments based on ER stress may provide a new strategy.

Keywords: Pre-S2, hepatocellular carcinoma, hepatitis B virus, endoplasmic reticulum stress

INTRODUCTION

More than 240 million individuals worldwide are infected with chronic hepatitis B virus (HBV)". Chronic
HBYV infection progresses to cirrhosis in up to 40% of untreated patients, and there is an associated risk
of decompensated cirrhosis and hepatocellular carcinoma®*. Several hypotheses have been proposed to
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explain the mechanisms of HBV related to tumorigenesis, including inflammation, liver regeneration
associated with cytotoxic immune injuries and transcriptional activators of mutant HBV gene products”*’.
The HBV genome consists of a circular, partly double-stranded DNA with four overlapping open reading
frames: (1) the pre-S/S open reading frame (ORF) encodes three viral surface proteins [including hepatitis
B surface antigen (HBsAg)/HBV surface (HBs)], (2) the pre-C/C ORF encodes the hepatitis B e antigen
(HBeAg) and the hepatitis B core antigen (HBcAg), (3) the P ORF encodes the terminal protein (TP) and the
viral polymerase that possess DNA polymerase and reverse transcriptase and RNaseH activities, and (4) the
X gene encoding for a transcriptional transactivator, hepatitis B virus X protein (HBx), which is essential for

virus replication""'”),

Among the four functional proteins encoded by HBV (X, surface, core, and polymerase), HBx and HBs
(mutant) proteins are designated “viral oncoproteins™?. The pre-S/S mutants of HBV are considered
“precursor lesions” of hepatocellular carcinoma (HCC)™! and as risk factors for the post-operative recurrence
of HCC"*l. Various pre-S/S mutants contribute to HCC tumorigenesis via various mechanisms, including
transactivation of transcription factors, the endoplasmic reticulum (ER) stress-dependent pathway, the
ER stress-independent pathway, and others. Among these mutants, pre-S2 mutants showed significant
correlations with HCC and have been widely considered novel biomarkers of HBV-associated HCC!">"".
The malignant transformation potential of pre-S2 mutation has been confirmed in an immortalized
human hepatocyte line HH411". In transgenic mice, pre-S2 mutants induced dysplasia of hepatocytes and
development of HCC™, suggesting that pre-S2 plays a key role in HCC tumor progression.

In this mini-review, we discussed the relationship between pre-S2 mutations and HCC, as well as the
underlying molecular mechanisms and treatments based on HBV tumorigenesis induced by pre-S2.

STRUCTURE AND ROLE OF PRE-S IN HBV

HBYV is a small, enveloped 3.2-kb DNA virus with four open reading frames. The HBV envelope is composed
of three forms of HBsAg, including the large (encoded by the pre-S1/S2/S gene), middle (pre-S2/S gene)
and small (S gene) envelope proteins®**!. In addition, truncated and mutated pre-S2/S [the large HBV
surface protein (LHBs) and truncated middle surface protein (MHBs)] or HBx proteins are produced by
integrated viral sequences”*. The pre-S region has been reported to mediate hepatocyte attachment of
the virus, containing B cell and T cell epitopes®*?, a binding site for neutralizing anti-pre-S2 antibody®”*",
and an S promoter for controlling the production of middle and small HBs proteins. Under endogenous
(host immunity) and/or exogenous (immunoprophylaxis and antiviral therapies) selection pressures, HBV
evolves by accumulating mutations in its genome, resulting in HBV variants with altered epitopes providing
higher pathogenicity™*". In this context, a growing number of studies were performed to evaluate various HBV
genotypes; these pointed out the considerable importance of HBV envelope protein mutants (preS/S variants)®>*",
Naturally occurring pre-S mutations are frequently detected in serum obtained from patients with chronic
HBV infection!. Furthermore, pre-S mutations were more common in chronic HBV infection and were
related to disease progression and HCC. Currently, the most frequently reported variations are the pre-S
deletion mutation and the pre-S2 start codon mutation">****"., In particular, the pre-S2 mutation often
coincides with changes in human immune cell epitopes® and is more significantly correlated with HCC

than pre-S1 mutation™,

THE ASSOCIATION BETWEEN PRE-S MUTATIONS AND HCC

The notion of pre-S/S mutations as causes of HBV immune escape was supported by the identification
of individuals who developed HBV infection in spite of having vaccine-induced circulating anti-HBs
antibodies™***. Apart from the ability to avoid neutralization by vaccine-induced anti-HBs, these pre-S/S
mutations may also have accounted for cases of occult HBV infection®*). Furthermore, pre-S/S mutations
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have been found in association with various forms of acute and chronic liver disease, including fulminant
hepatitis (FH), fibrosing cholestatic hepatitis (FCH) and cirrhosis"*>**. Both pre-S1 and pre-S2 mutants led
to defective secretion of mutant large surface antigens which then accumulated in ER, leading to ground
glass hepatocytes (GGH) formation in chronic HBV infection***?. Under electron microscopy, GGHs were
characterized by an abundance of ER, and overloaded ER made the cytoplasm of GGH become “foggy”
or “glassy”. GGH was recognized as a risk factor for HCC, in particular, type II GGHs that harbor pre-S2
mutations accumulated on the ER of hepatocytes were considered biomarkers of HCC and were helpful
in predicting recurrence and survival in HBV-infected HCC patients"”. Previous studies reported several
tumorigenic mutants, including sL95*, sW182*, and sL216* that did not promote ER stress but rather
activated cell proliferation and transformational abilities; the sW182* mutant was demonstrated to have
potent tumorigenic activity*”; MHBst167 mutants have been shown to interact with proteins associated
with tumor progression/progression in vitro. A recent study reported that a pre-S2 start codon mutation
of HBV subgenotype B3 affected nuclear factor kB (NF-kB) expression and activation in Huh7 cell lines"™’..

The frequency of pre-S mutations increased successively in the various stages of chronic hepatitis B (CHB)
infection. A meta-analysis showed that the frequency of pre-S mutants was approximately 10%, 20%, 35%,
and 50% in asymptomatic HBsAg carriers, CHB patients, patients with liver cirrhosis and HCC patients,
respectively®™. The prevalence of pre-S mutants varied among countries with endemic HBV genotypes with
a higher prevalence of genotypes B and C*". Pre-S deletion mutants detected in serum were also reported
to increase the risk of post-operative recurrence of HCC™. To efficiently detect pre-S deletion mutants in
serum, Su et al.” successfully developed an oligonucleotide pre-S gene chip to detect pre-S deletion mutations
in sera as a predictive hallmark of HCC. Combined detection of pre-S mutations and other markers of
HBYV replication such as HBeAg and viral loads may offer a reliable method for predicting HCC risks in
chronic HBV carriers. Among those mutants, the pre-S2 mutation in particular was found to be significantly
associated with the risk of HCC development®*****), Pre-S2 deletion mutations in sera can be detected in
nearly half of children with HCC®", and in tissue samples, pre-S2 deletion mutations can be detected in
about 80% of pediatric HCC®”.

VARIOUS MECHANISMS OF PRE-S2 CONTRIBUTING TO HCC

Pre-S2 transcriptional activator proteins

During the infectious process, HBV DNA integrates into hepatocellular chromosomes and encodes
two transcriptional activators: the HBV X protein and the family of the pre-S2 activator proteins of
HBYV, including the LHBs and C-terminally MHBst"*. The pre-S/S genomic region, when deleted in the
C-terminus portion (including the viral transmembrane hydrophobic region III of the S domain) produces
C-terminally truncated middle surface protein®’. HBs transactivators (LHBs and MHBst) function based by
cytoplasmic orientation of the pre-S2 domain®*. Unlike full-length MHBs, truncated MHBst is retained in
the endoplasmic reticulum and is not secreted. Therefore, the pre-S2 region of MHBst can interact with the
cytoplasmic protein in the cytoplasmic region, resulting in transcriptional activation!®*.

The discovery of transactivating functions exerted by LHBs and MHBst supports the notion that
transactivation of cellular gene expression could be relevant to hepatocarcinogenesis. Pre-S2 activators
LHBs and MHBst exerted tumor promoter-like functions by activating c-Raf-1/Erk2 signaling in transgenic
mice, leading to enhanced proliferative activity of hepatocytes®, Liang et al.®" found that overexpressing
MHBst in hepatoma cells enhanced TNF-related apoptosis-inducing ligand (TRAI)-induced apoptosis. In
addition, a study showed that pre-S2, functioning as a transcriptional activator, promoted the development of
hepatocellular carcinoma by activating oncogenes, including c-myc, human telomerase reverse transcriptase
(hTERT) and forkhead box P3(Foxp3)"*****?|_ Another recent study provided evidence that HBV protein
pre-S2 was responsible for reactivation of two oncogenes, alpha-fetoprotein (AFP) and glypican 3 (GPC3),
in HCC', Other studies reported that pre-S2 increased protein levels of transcriptional co-activators with
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PDZ-binding motifs (TAZ), thereby playing oncogenic roles in HCC cells by repressing miRNA-338-3p

expression, implicating hepatocarcinogenesis!'***.

Pre-S2 mutants

Both pre-S1 and pre-S2 mutants led to defective secretion of mutant large surface antigens that then
accumulated in the ER, leading to GGH formation in chronic HBV infections. As mentioned above, type II
GGHs that harbored pre-S2 mutations accumulating on the ER of hepatocytes were considered biomarkers
of HCC"). HBV proteins utilize the ER protein folding machinery and cellular secretory pathway'*’.
Therefore, the underlying mechanisms of pre-S mutations contributing to HCC may be involved in ER
stress”. ER stress, also called the UPR in mammalian cells, is a cellular defense mechanism that responds to
unfolded viral proteins or perturbed ER functions™. Expression of viral gene products is detected by three
UPR sensors, including two ER transmembrane kinases (IRE1 and PERK), and one ER transmembrane
transcription factor (ATF-6). The three UPR sensors are associated with ER chaperone GRP78/BiP at rest,
], Induction of GRP78 prevented cells from apoptosis,
and ER stress-regulated translation increased tolerance to extreme hypoxia and then promoted tumor
growth[“’"’]. The activation of ER-stress downstream molecules such as ATF-6, GRP78 and XBP-1 is believed
to be involved in hepatocarcinogenesis”".

and are dissociated from GRP78 upon ER stress

Both types of pre-S mutants cause overproduction and accumulation of mutated envelope proteins in
the ER, and the accumulation of mutant or unfolded proteins cause stress in the ER that is sensed by the
glucose-regulated protein 78 (GRP78). Unfolded proteins sequester GRP78 and dissociate from three ER
transmembrane transducers leading to their activation; this leads to significant ER stress that may lead
to oxidative stress and DNA damage”, resulting in genomic instability” and ultimately development
of HCC"™"). A detailed study aimed at delineating the molecular mechanisms of pre-S mutant-induced
genomic instability suggested that pre-S2 mutant large surface protein inhibited DNA double-strand break
repair and led to genome instability in hepatocarcinogenesis; this represented a promising high-risk HCC

[72] [73]

biomarker in chronic HBV carriers. The ER stress initiated by the pre-S mutants activated two pathways
that protect hepatocytes from apoptosis, one involving nuclear factor (NF)-kB to upregulate cyclooxygenase-2
(COX-2)"*"7 and the other involving vascular endothelial growth factor to activate AKT/mammalian
target of rapamycin (mTOR) signaling”. The mammalian target of mTOR is a highly conserved serine/
threonine kinase that controls cell growth and proliferation”. Pre-S2 mutations promoted tumorigenesis
by sustaining high activation rates of aerobic glycolysis through the mTOR signal cascade™. In addition,
the pre-S2 mutation LHBs induced an ER stress-independent c-Jun activation domain binding protein 1
(JAB1)/p27/retinoblastoma (Rb)/adenovirus E2 promoter binding factor/cyclin A signal to initiate cell cycle
progression””
potentially resulted in carcinogenesis".

| These studies suggested that the combined effects of genomic instability and cell proliferation

TREATMENT STRATEGIES BASED ON ER STRESS

One of the strategies used to prevent HBV-associated liver diseases and HCC is vaccination®. The
effectiveness in preventing blood-borne transmission from an infected mother to her newborn was about
90% ™", however therapeutic vaccines for the treatment of established HBV infection are not available®*".
Two antiviral therapies have been approved: pegylated alpha interferon and nucleoside/nucleotide analogues
(NA)®. NA therapy has antiviral effects that reduce HCC development and post-operative recurrence of
HCC™!. NA treatment affects the reverse transcription of pregenomic RNA but does not affect cDNA and
subgenomic RNA that have translational activity associated with HBsAg levels. Thus, current NA therapy
can hardly clear HBsAg". Subsequent studies also showed that pre-S2 mutations induced resistance to
NAs and predicted HCC development!™. Related studies showed that interferon treatment, more than NA
treatment, inhibited HBsAg and pre-S mutant protein®>***. However, these antivirals therapy often failed
to eradicate the virus completely, and their efficacy in preventing liver cirrhosis and HCC was limited"*>*”).
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Thus, it is necessary to clarify the details of the host-virus relationship during HBV infection to facilitate the
development of efficient therapeutic strategies for HBV infection.

To prevent HCC, targeting HBV-induced ER stress may provide novel strategies in high-risk CHB.
Antioxidants may be such ideal agents, because they reduce ER stress, thereby improving protein folding™".
Natural products, including silymarin and resveratrol, have been used in HCC. The two drugs target ER
stress-associated signal pathways". The pre-S2 mutant initiated an mTOR-dependent glycolytic pathway to
activate the solute carrier family 2 member 1 (SLC2A1), contributing to aberrant glucose uptake and lactate
production in advanced stages of pre-S2 mutant transgenic tumorigenesis; the mTOR signaling cascade
in pre-S2 mutant-mediated hepatocarcinogenesis was inhibited by the combined treatment of resveratrol
and silymarin”. However, these findings require further validation. Glycyrrhizin acid (GA) has also
been reported to suppress ER stress in acute liver injury via several functions, including effective hepato-
protection and the reduction of elevated transaminases””. Long-term treatment with glycyrrhizin prevented
HCC development in chronic hepatitis C infection. Together, these strategies for prevention and treatment
of HBV-related HCC should be further investigated.
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Abstract

Hepatocellular carcinoma has been known to arise commonly in the setting of chronic liver disease. Due to its association
with cirrhosis, patients with hepatocellular carcinoma often present with markedly diminished hepatic functional reserve,
making them poor surgical candidates. For such patients, image-guided percutaneous ablative modalities have provided
a viable alternate curative therapy. Although treatment allocation is a decision based on a number of factors, patients
eligible for percutaneous ablation generally include those with early stage disease, hepatocellular carcinoma with disease
limited to the liver and no extra-hepatic metastases. While percutaneous ethanol injection is the seminal technique,
newer developments have led to it being replaced by percutaneous radiofrequency ablation as the most commonly
employed procedure, due to a better efficacy as well as safety profile. Other ablative modalities including microwave
ablation, laser ablation and cryotherapy are not as widely available. Furthermore, data comparing their effectiveness with
well-established procedures like radiofrequency ablation is limited.

Keywords: Barcelona Clinic liver Cancer staging, chronic liver disease, hepatocellular carcinoma, Milan Criteria,
percutaneous ethanol injection, radiofrequency ablation, surgical resection

INTRODUCTION

The past two decades have seen percutaneous ablation emerge as an exciting new therapeutic approach for
the treatment of hepatic malignancies worldwide. While surgery is still regarded as the mainstay of therapy
for hepatocellular carcinoma (HCC), high tumor burden and reduced hepatic functional reserve, as often
encountered in such patients, precludes surgical resection in a significant proportion of patients". For such
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patients, image guided local ablation has provided a viable curative option that has significantly prolonged
survival and improved cure rates®.

As the fourth leading cause of cancer related deaths in the world®, hepatocellular carcinoma remains one
of the most feared complications of liver cirrhosis to date. The tremendously high case-fatality rate of this
malignancy is often attributed to the relatively advanced stage of disease at the time of diagnosis in most
cases™. Although adoption of intensive surveillance programs for patients with underlying chronic liver
disease have allowed for earlier detection of HCC", prognosis remains poor for most patients, as evidenced
by the short median survival following diagnosis, ranging from 6-20 months'®. Nevertheless, most guidelines
recommend screening at-risk individuals, such as those with chronic liver disease, with a non-invasive and
cost-effective radiological investigation like ultrasound every 6 months.

HCC arises most often in the setting of cirrhosis, with an incidence of HCC development being as high as 1%-8%
per year in chronic liver disease patients. Furthermore, the disease prevalence has been found to reflect the
geographical distribution of the risk factors for cirrhosis”. Areas with a high prevalence rate include Eastern
Asia and Sub-Saharan Africa due to the presence of chronic HBV infection, which is considered to be the

dominant risk factor for chronic liver disease®™.

Optimal therapeutic approach is individualized to each patient, and should ideally be determined by a
multi-disciplinary team comprising of hepatologists, surgeons, oncologists, radiologists, interventional
radiologists and pathologists due to the complexity of the disease. Factors that need to be considered when
determining treatment approach include liver function, size and number of nodules, tumour extension, age
and co-morbid conditions of the patient. Nature of the underlying chronic liver disease may also play a part
in this decision, particularly in cases where the oncogenic agent is expected to persist following treatment,
reducing the viability of invasive procedures like surgical resection.

Guidelines such as The European Association for the study of Liver and The American Association for the
Study of Liver Diseases recommend algorithms based on the Barcelona Clinic Liver Cancer staging system
for the purpose of staging and treatment allocation. Although it has a number of limitations, the BCLC
staging system has been validated in different settings and is commonly employed in many countries"”. The
algorithm stratifies patients into five categories, based on the disease stage. In general, potentially curative
treatments such as tumor resection, liver transplantation and percutaneous ablation are reserved for patients
with early stage disease, classified as BCLC stage 0 and BCLC stage A, while patients in BCLC stage B, C and
D presenting with advanced disease are offered palliative treatment options like chemoembolization and
Sorafenib or supportive care [Figure 1].

Since theirintroduction, The Milan Criteria have become the standard guidelines for hepatic transplantation™”.
These criteria restrict liver transplant to patients with either a single tumor less than 5 cm in diameter
or less than three foci of tumor each with a diameter of no more than 3 cm, absence of angio-invasion
and extra hepatic involvement. Using these criteria, excellent 5-year survival rates of 70% or greater and a
15% recurrence rate have been demonstrated by multiple studies, indicating their importance in predicting
prognosis in HCC patients undergoing liver transplant. The Milan Criteria has also been found to produce
excellent results when used for treatment allocation of patients with early stage disease, who may be
candidates for other curative procedures like surgical resection or loco-regional ablative treatments

PERCUTANEOUS LOCAL ABLATION

Since their advent in the 1990s, percutaneous local ablative techniques have been continuously evolving
owing to rigorous research and clinical testing in this area"”. While percutaneous ethanol injection was
regarded as the primary ablative therapy up until the turn of the century, recent years have seen it largely
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Figure 1. Treatment algorithm based on disease and patient characteristics, adapted from the BCLC staging system

being replaced by newer modalities like Radiofrequency ablation. Although encouraging results have been
reported for both in terms of treatment response and long-term survival, differences exist in terms of
applicability and adverse effects of each, and the decision to use one over the other is often individualized to
each patient and requires careful patient evaluation and triage.

PERCUTANEOUS ETHANOL INJECTION

Percutaneous ethanol injection (PEI), performed under local anaesthesia with ultrasound guidance, involves
injecting ethanol intra-lesionally using non-cutting needles over multiple sessions in the outpatient setting.
By promoting cellular dehydration and occlusion of smaller tumor vessels, ethanol induces coagulative
necrosis and a fibrous reaction leading to complete necrosis of most lesions. PEI is a well-established therapy,
particularly for the treatment of nodular HCC, owing to the ability of ethanol to diffuse through the soft

malignant tissue and the firm consistency of the surrounding cirrhotic liver parenchyma!™.

In general, tumour response following PEI is determined by the size of the lesion as well the degree of
hepatic dysfunction. Tumours smaller than 2 cm show the best response in terms of disease eradication
with 90%-100% of lesions showing complete response, while larger lesions have shown a high rate of local
recurrence when treated with PEI™*. This is postulated to be due to septae within larger lesions, presenting
barriers to the diffusion of ethanol, leading to an incomplete response. With recent technological advances
however, including the introduction of a multipronged needle with retractable prongs, even larger tumors
up to 4 cm in size have demonstrated complete response rates as high as 80%-90%"".

With 5-year survival rates as high as 47%-53% in patients with early stage disease, PEI has shown encouraging
results"**”). It is however, associated with a high local recurrence rate of 43%, particularly for lesions larger
than 3 cm in diameter, which undermines its curative capacity when compared with newer ablative modalities
like radiofrequency ablation (RFA)™°.
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PEI may be considered as an alternate curative approach for patients with limited hepatic malignancies
who are poor surgical candidates. High local recurrence rates preclude PEI in patients with tumours
larger than 5 cm, or with a volume in excess of 30% of the total liver volume. Other contraindications
include extra-hepatic disease, involvement of the dome of the liver, portal vein thrombosis and Child-
Pugh class C cirrhosis.

Although rare, serious adverse effects associated with PEI include intra-peritoneal haemorrhage, liver
failure, bile duct necrosis or biliary fistula, portal vein thrombosis, hepatic infarction, hypotension and
renal failure®. The incidence of such major complications has been found to be as low as 2.2% according to
some studies. Other minor side effects experienced more commonly include localized pain and peritoneal

irritation secondary to ethanol leakage®.

THERMAL ABLATION

Thermal ablative therapies for HCC include hyper-thermic treatments like radiofrequency ablation,
microwave ablation, and laser ablation as well as cryotherapy. Hyper thermic modalities typically achieve
destruction of the tumor by exposing the tissues to cytotoxic temperatures. While hyper-thermic techniques
are mostly administered using a percutaneous approach, open or laparoscopic approach is often employed
for cryotherapy™’. Compared to RFA, Laser and microwave ablation have not been as well studied and are
not widely available.

RFA

By generating an alternating electric field within the tissues using a needle electrode, radiofrequency
ablation relies on ionic vibrations to generate large amounts of frictional heat, inducing temperatures in
excess of 60 C, leading to irreversible cellular damage®. By producing a safety ring within the peri-tumoral
tissue, RFA is better able to achieve complete eradication of the primary lesion, as well as micro-satellites
located within its proximity. Due to the larger ablation area of up to 3 cm with each application, RFA is
also able to achieve complete eradication of the disease, requiring fewer number of electrode insertions,

when compared with PEIL

Using RFA, treatment response has been found to correlate best with the size of the lesion; a complete
response rate between 80%-90% in tumors up to 3 cm in diameter®?”, and 50%-70% in lesions between
3 and 5 cm in diameter®®***". Five-year survival rates following RFA were reported as 48%-71% by some
studies®?*. As with local tumor control, survival following RFA was also found to correlate best with the
size of the lesions. For instance, three-year survival rates for lesions > 5 cm, 2.1 to 5 cm, and < 2 cm have been
reported as 59%, 74%, and 91%, respectively by a study comprising 302 patients®.

When compared with PEI, significant differences have been observed particularly in terms of local control of
the disease, as evidenced by local recurrence rates of only 2%-18% following RFA, as compared to 11%-45%
in case of PEI"**.

Like PEI, radiofrequency ablation is indicated in patients with early stage liver-only disease, who are
candidates for curative therapy but do not meet the resectability criteria. It has also proven efficacious in
the treatment of recurrent HCC lesions following partial hepatectomy®*’. It should however, be avoided
in case of lesions located in the dome or the inferior edge of the liver due to the risk of diaphragmatic
injury™”. It is also advisable to avoid RFA in case of sub-capsular tumors located within 1 cm of the hepatic
(3]

capsule, due to the risk of needle-track seeding, which was observed in 4 out of 32 patients in a series
[Table 1].
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Table 1. Contraindications to radiofrequency ablation. Adapted from reference™”

Absolute Relative
Decompensated liver disease (Child-Pugh C) Lesions larger than 5 cm in diameter
Proximity to major hepatic ducts > 3 lesions

Extrahepatic disease Severe coagulopathy

Altered mentation Sub-capsular tumors

Active infection Tumors within the dome of liver

With RFA, severe complications have been thought to occur at a rate of 2.2%-11%, with procedural mortality
rates of 0.1%-0.8%. These include fatal, such as liver failure, colon perforation, and Portal Vein Thrombosis as
well as non-fatal complications like liver abscesses, pleural effusion, skin burns, hypoxemia, pneumothorax,
sub-capsular hematoma and hemo-peritoneum®****?, RFA, when employed for the ablation for sub capsular
tumors located within 1 cm of the hepatic capsule, can also potentially lead to needle-track seeding, as has
been observed in several studies.

LASER ABLATION

Percutaneous laser ablation employs laser fibers inserted directly into the tissues to deliver light energy
capable of inducing coagulative necrosis within the malignant tissue. While the volume of necrosis that can
be achieved with a single bare laser fiber is 2 cm, a greater area of ablation can be achieved with the use of
multiple fibers".

The safety and efficacy of this technique are not as well-documented, and the availability of data comparing
its effectiveness with other ablative modalities is limited. A complete response rate of 78% was observed
following laser ablation in a study of 432 patients, while the local recurrence rate was found to be 20%, with
3- and 5-year survival rates as high as 61% and 34% respectively"***.. The safety of laser ablation has also been
found to be comparable with other percutaneous modalities like RFA with major and minor complication
rates of 1.5% and 6.2% respectively, and a mortality rate of 0.8% as reported by an Italian study™".

While these results may be encouraging, they do not provide evidence of greater efficacy or a better safety
profile over alternate technology that is available at a much cheaper cost and hence, much more readily than
percutaneous laser ablation™. These factors have restricted the use of laser ablation mostly to European
countries.

MICROWAVE ABLATION

Most commonly used in China and Japan®™, microwave ablation generates microwaves using implanted
electrodes to induce molecular rotation, generating heat which is even being distributed evenly. By doing so,
it creates an ablation area in the shape of the needle.

Like laser ablation, data for microwave ablation is also limited, but studies have indicated complete response
rates between 89% and 95%, while three and five-year survival rates have been reported as 73% and 57%
respectively®****. As seen in case of RFA, survival following microwave ablation was also affected by tumor
size, number of nodules and Child-Pugh class.

When compared with RFA, although no significant differences in efficacy were observed, local recurrence
and complication rates were found to be lower in case of RFA. Nevertheless, an important advantage
favouring microwave ablation (MWA) over RFA is that its effectiveness is not limited by the proximity of the
tumor to large vessels. Unlike RFA, MWA can also be used to perform multiple ablations simultaneously, in
case of tumors with multiple foci, however this technique is not as widely available.
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Table 2. Comparison of overall 3- and 5-year survival rates following resection and radiofrequency
ablation. Adapted from reference™®”

Resection Radiofrequency ablation
Number of patients ns ns
3-year survival rate 92.2% 69.6%
5-year survival rate 75.7% 54.8%

RFA VS. SURGICAL RESECTION

Underlying chronic liver disease presents a significant challenge in the treatment of hepatocellular carcinoma.
Hepatic failure often complicates surgical resection in cases where hepatic functional reserve is significantly
depleted. The decision to avoid surgery and opt for alternate loco-regional ablative procedures in such cases
thus seems rather prudent.

Where hepatic function is relatively preserved and lesions are amenable to resection, surgery is still regarded
as the mainstay of therapy, although a case can be made to opt for Radiofrequency ablation here in light of
the unavoidable risks of the procedure and the hospitalization. Even when performed by highly experienced
surgeons, operative mortality rates ranging from 1.6%-10% have been observed in various studies®™. Whereas
percutaneous radiofrequency ablation is much less invasive, is associated with a lower rate of complications
and mortality, and usually involves short hospital stays if needed at all. Unlike resection, it can also be used
in cases where HCC arises in the setting of cirrhosis secondary to oncogenic stimuli expected to persist
following treatment, such as metabolic conditions like hemochromatosis. Furthermore, RFA as well as PEI
may be used as bridging therapies for patients with HCC scheduled to undergo liver transplant.

Unfortunately, studies directed at comparing the efficacy of RFA relative to surgical resection have failed
to provide sufficient evidence to support its use in cases where patients may be candidates for both. In fact,
some studies have even reported better outcomes, in terms of 3- and 5-year survival rates following surgical
resection, as compared to RFA. The results of one such study performed on a cohort of 225 participants
fulfilling the Milan criteria have been presented in Table 2 and show significantly higher survival rates for
patients following resection*’!.

With careful patient selection and good operative technique, surgical resection has been shown to
achieve 5-year and long-term survival rates of 78% and 40% respectively. Such optimal criteria for patient
selection include patients with solitary lesions less than 5 cm in diameter, absence of angio-invasion or
hepatic metastases, and adequate surgical margins of at least 1 cm. Current guidelines such as AASLD
also recommend hepatic resection over RFA for patients with resectable T1 or T2 HCC and Child-Pugh A
cirrhosis.

RFA VS. PEI

While PEI has shown to be almost as equally effective as RFA for small tumours, and costs much less since
it requires a minimal amount of equipment, its use has largely been restricted to situations where RFA
might not be available or for lesions located near the gall bladder, hepatic hilum or major vessels, precluding
. Factors responsible for this may include peri-procedural pain and the need for multiple
settings, both of which contribute to non-compliance, as well as higher local recurrence rates in comparison
with RFA as observed by various randomized trials and meta-analyses'*"..

[25

thermal ablation

While both RFA and PEI have proven their feasibility and applicability in cases where surgical resection is
not a viable option, some studies do provide evidence of greater efficacy with the use of RFA, as evidenced
by greater 3-year survival rates as well as the lower rate of local recurrence following its use, as summarized
in Table 3/,
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Table 3. Differences in outcome following RFA and PEI, as reported by an Italian study comprising of 271 patients with a
single lesions up to 3 cm in size. Adapted from reference'”

RFA PEI
Number of patients 128 143
3-year survival 83 78
5-year survival 70 68
Average number of sessions 5 8
Rate of major complications 0.9% 1.9%
Recurrence rate at 3 years 7.8 9.4

PEIl: percutaneous ethanol injection; RFA: radiofrequency ablation

CONCLUSION

While surgical resection is still considered the standard of care for patients with early stage Hepatocellular
carcinoma, percutaneous ablation has emerged as a viable alternative for the management of patients who
are poor surgical candidates. Among percutaneous therapies, radiofrequency ablation has now replaced
percutaneous ethanol injection as the treatment of choice for patients with BCLC 0-A tumors, not amenable
to surgical resection, while ethanol injection is still recommended in cases where RFA is not technically
feasible due to the inaccessible location of the lesions.

Radiofrequency ablation has shown the best results when used for smaller tumors, particularly those smaller
than 3 cm. While the percutaneous approach is employed most frequently, RFA can be administered via the
laparoscopic or open approach as well, preferred in case of lesions located near the inferior edge of the liver,
in close proximity to adjacent organs. Other emerging loco-regional procedures like microwave ablation,
percutaneous laser ablation and cryotherapy are not as widely available and have not been studied as well.
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Abstract

Mitochondria are the center of energy production in eukaryotic cells and are crucial for several cellular processes.
Dysfunctional mitochondria have been associated with cancer progression. Mitochondria contain their own circular
DNA (mtDNA), which codes for 13 proteins, 2rRNA, 22tRNA and non-coding RNAs. Recent evidence showed the
presence of 5-methylcytosine and 5-hydroximethylcytosine in mtDNA suggesting that the level of gene expression
could be modulated like a nuclear DNA by direct epigenetic modifications. Mitoepigenetics is a bidirectional
phenomenon in the epigenetic regulation of mitochondrial genes encoded in both the nucleus and the mitochondrion.
This process is affected by SAM-mediated methylation and hydroxymethylation of mtDNA and by nuclear chromatin
modulators from mitochondria, such as Acetyl-CoA and NAD". There is some information about physiological and
pathological methylated profiles, but information is scarce for hepatocellular carcinoma (HCC). The aim of this review
is to summarize the mitoepigenetic knowledge in HCC already reported so far, through a keywords search in Medline.
In addition, the deregulation of energy intermediaries needed for the mitoepigenetic regulation is described. As this is a
new area of study, a rigorous analysis and careful interpretation and integration of results are needed.

Keywords: Hepatocellular carcinoma, mitochondrial genome, mitochondrial epigenome, microRNAs

INTRODUCTION

Hepatocellular carcinoma (HCC) is a highly malignant cancer, with high recurrence rate and a poor
prognosis. HCC is a complex pathology associated with chronic liver disease, 80% to 90% are originated
from cirrhosis of diverse etiology, most frequently infections with hepatitis B virus, hepatitis C virus, the
mycotoxin, aflatoxin B1, and the metabolic syndrome™?.
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Mitoepigenetics events include the interplay between mitochondrial-derived substrates and the nuclear
epigenetic landscape. This includes all epigenetic events that affect the expression of the mitochondrial
genome and the nuclear-encoded mitochondrial genes™*. The importance of mitoepigenetics lies not only in
the functions described for this organelle, but also in the generation of intermediaries that serve to regulate
the function of other cellular components, as will be mentioned later.

Mitochondrial dysfunction is involved in several diseases including cancer®. The ability of mitochondria
to regulate the energetic redox state and the metabolism of cells could result in the production of epigenetic
intermediates that participate in normalization of the mitochondrial function. Studies have revealed several
metabolic alterations in liver diseases including modification in energy supply'®”. A sequential model of
cirrhosis-HCC induced by diethylnitrosamine (DEN) revealed that cancer progression is associated with
mitochondrial dysfunction'.

Multiple insults to the mitochondrial genome have been associated with different pathophysiologies, and

have been described as one of the most common and consistent phenotypes of cancers®.

Mitochondria are vital for the cell because they are responsible for its metabolic activity, as well as for
producing the bulk of the energy requirements in the form of ATP, maintaining calcium homeostasis, and
inducing apoptosis™*'*. In mitochondria, ATP is generated through the process of oxidative phosphorylation
(OXPHOS), which occurs via the electron transport chain (ETC). Mitochondria contain their own genome
(mitochondrial DNA, mtDNA). Each organelle contains about 1-10 copies of mtDNA". MtDNA is distinctly
different from the nuclear DNA (nDNA), the mtDNA is a circular, double-stranded DNA molecule of
approximately 16.6 kb in size and it is inherited only through the mother. MtDNA is found associated and
packed with proteins in a nucleoid, where an encoded nuclear protein known as mitochondrial transcription
factor A (TFAM) is the major protein component"”. The mtDNA comprises a heavy (H) strand and a light
(L) strand, which encode 13 of the polypeptides that constitute the complexes I, III, IV, and V of the ETC.
MtDNA also encodes some of its own transcriptional and translational machinery, which includes 22 tRNAs
and 2 rRNAs">"** The rest of the mitochondrial proteins (~1500), involved in the mitochondrial function,
replication, transcription and translation of mtDNA, are encoded by nuclear genes and are targeted to the
mitochondrion by a specific transport system™.

METHODS

A bibliographic search was performed of the Medline database (US National Library of Medicine, http:/
www.ncbi.nlm.nih.gov). The keywords used or combinations of them were: cancer, hepatocellular
carcinoma, epigenetics, mitoepigenetics, mitochondria, methylation, hydroxymethylation and miRNA. All
the articles that included the terms and/or combinations referring to the metabolic regulation, as well as to
mitoepigenetics in HCC were selected.

EPIGENOME SUBSTRATES GENERATED BY MITOCHONDRIA
Cellular growth and replication depends on the energetic state through epigenetic modifications in the DNA

Lol This is achieved by coupling modulation of nDNA chromatin structure and function

chromatin structure
by modification via high energy intermediates: phosphorylation by ATP, acetylation by acetyl-coenzyme A
(Ac-CoA), deacetylation by nicotinamide adenine dinucleotide (NAD), and methylation by S-adenosyl-
methionine (SAM)™". As afore mentioned, the mitochondrion is responsible for ATP production as part of
the energetic metabolism. However, the role of ATP is not just to be the main energy provider, but it also
regulates multiple cellular functions through phosphorylation and dephosphorylation reactions (when there

are low levels of ATP), as part of what is known as post-translational modifications.
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Glucose is the main source of Ac-CoA and is the link between glycolysis and the tricarboxylic acid cycle
(TCA). In addition to its energetic role, the Ac-CoA is the substrate for acetylation reactions that are
important to modulate gene expression and the function of some proteins®. Acetylation of mitochondrial
substrates is controlled by a NAD*-dependent deacetylase sirtuin-3 (Sirt-3). Therefore, the mitochondrial
redox state must be controlled to maintain the NAD" availability for the Sirt-3 activity.

On the other hand, SAM is the physiological methyl donor group synthesized from L-methionine and ATP
in a reaction catalyzed by the methionine adenosyltransferase (MAT) enzyme®. SAM is synthesized in the
cytosol and imported to the mitochondrial matrix via the mitochondrial SAM carrier, likely via exchange
for its metabolized variant S-adenosyl-homocysteine (SAH)"”. SAM synthesis is regulated in part by the
mitochondrial one-carbon (folate) metabolism®/. An enzyme that participates in mitochondrial folate
metabolism, the mitochondrial bifunctional enzyme (MBE), regulates the change between SAM and the
nucleotide synthesis. In proliferative cells, such as embryonic or cancer cells, MBE is expressed, and the
one-carbon units are shuttled predominantly towards nucleotide synthesis. Under these conditions, less
one-carbon units are available for SAM synthesis and DNA methylation. Conversely, in differentiated cells,
MBE is turned off, less mitochondria toward nucleotides synthesis are produced, and one-carbon units are
directed through increased SAM synthesis and increased DNA methylation. SAM is important for DNA
epigenetic, methylation of phospholipids®®, and proteins; thus, modulating relevant cellular functions. For
example, the relationship between methylation and mitochondrial dysfunction being so close that deficiency
of SAM may lead to mitochondrial damage and, finally, to insulin resistance®”.

PRINCIPAL MITOEPIGENETICS PROCESSES

mtDNA methylation and hydroxymethylation

DNA methylation is an epigenetic modification of the DNA that is frequently disrupted in nearly all types of
cancer. Hypomethylation of the repetitive elements associated with increased genomic instability is frequently
observed in cancer cells”®. The hypermethylation of specific CpG islands in promoter regions of several
tumor-suppressor genes is commonly observed to be associated with transcriptional silencing of the gene”*”).
Epigenetic regulation of the mitochondrial genome was an enigma, until recent studies®. For example,
there is no evidence of post-translational modifications of TFAM as it happens in nuclear DNA histones,
and the most important epigenetic regulation of mtDNA is DNA methylation and hydroxymethylation. DNA
methylation is regulated by four DNA methyltransferases (DNMT1, 3A, 3B, and 3L) and three demethylases,
that is, ten-eleven translocations (TET1-3)E.

The mtDNA methylation is accomplished by the mitochondrial DNA methyltransferase (mtDNMT1),
a nuclear encoded DNMT1 that contains a mitochondrial targeting sequence". Methylation of nDNA
occurs principally in cytosines (5mC) of CpG dinucleotides, but recently it has been shown that mtDNA
methylation is found predominantly in non-CpG sites and that it is DNMT independent. In general,
mtDNA is undermethylated, with only 1% to 5% of methylated cytosines. Several factors increase mtDNMT1
transcription and translocation to the mitochondria, like p53, oxidative stress-responding transcription
factors, nuclear respiratory factor 1 (NRF1), peroxisome proliferator-activated receptor gamma coactivator
1-0. (PGC-10), and p16 cell cycle inhibitor™. The methyltransferase DNMT3a may also be involved in the
methylation of mtDNA since it has been found in mitochondrial fractions from mouse cell lines and from the
human central nervous system®. In 2011, Shock et al.® reported the presence of 5-hydroxymethylcytosine
(5shmC) and 5-methylcytosine (5mC) in mammalian mtDNA, further demonstrating the translocation
of methyltransferase 1 (DNMT1) to mitochondria. Alterations in mtDNMT expression affect transcripts
of the heavy and light strands of mtDNA. The modulation of mtDNA methylation has been studied in
response to oxidative stress, where there seems to be a decrease in this modulation®, this response can be
a compensatory response to mtDNA damage by increasing the expression of residual mtDNA genes. The
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DNMT enzymes use SAM as the methyl donor. However, the importance of mtDNA in methylation not
only lies in the mitochondrial function but it can modify the overall epigenetic state of the cell. In fact,
it has been observed that the decrease of mtDNA leads to altered levels of methylation in the genomic
DNA, which is normalized once the mtDNA content is reestablished®. In 2013, Bellizzi et al.®® studied the
methylation patterns in mitochondrial cytosines in humans and mice and the effect of suppressing DNMT1,
DNMT3a, and 3b. In general, a preponderant methylation of CpG dinucleotides and its inhibition was found
in knockout mice without affecting methylation in non-CpG sites".

The DNA methylation pattern of the human mitochondrial genome remains relatively constant; however,
there are some loci that are differentially methylated in different tissues and over time®. For example,
subunit 6 of NADH dehydrogenase, a crucial subunit for the assembly of complex I, is suppressed due to
hypermethylation by an increase in the expression of DNMT1%. It is also known that the 12s rRNA gene
is methylated by the rRNA methyltransferase-related transcription factor 1 (mt-TFB1)*". This epigenetic
regulation is important for ribosomal biogenesis and mitochondrial translation and has been related to
aging; this modification alters the efficiency of the ETC by hampering the assembly of complex I**. In 2016,
Liu et al.” determined methylation of the human mitochondrial genome in blood and saliva samples; by
bisulfite pyrosequencing, 9 regions in human mtDNA were detected including a D-loop, 12S rRNA, 16S
rRNA, ND1, COXI, ND3, ND4, ND5, CYTB.

Hydroxymethylation is another important epigenetic modification described for mtDNA, where 5mC is
oxidized into 5-hmC by the TET family of methylcytosine dioxygenases. The presence of TET1 and TET2
has been described in neuronal mitochondrial fractions®*. TET proteins are members of the family of
2-oxoglutarate-dependent dioxygenases (2-OGDO) that can oxidize 5mC to generate shmC, 5-formylcytosine
(5fC), and 5-carboxylcytosine (5caC), mediating DNA demethylation by oxidation in cooperation with
the BER repair pathway’. The reaction is dependent on the presence of oxygen, 2-oxoglutarate, and Fe*".
2-Oxoglutarate is a key metabolite in the Krebs cycle that occurs in the matrix of mitochondria; on the other
hand, succinate and fumarate, also TCA intermediates, are potent inhibitors of 2-OGDO enzymes, in this
manner TCA cycle controls the DNA and histone methylation and, thus, controls gene expression™*’.

The kind of hydroxymethylation of cytosines in mitochondria has also been reported””. The profile of
modifications in the D-loop region (a non-coding region that acts as a promoter for the H and L strands of
the mtDNA and contains transcription and replication elements), and the similarity of this profile in cells
of similar tissues and how the profile is different in cells of different tissues have been described recently™".

Given the relevance of mitochondrial DNA and its regulation at different levels, recent studies have also
proposed mitochondrial DNA methylation as a potential biomarker™?.

The central role of microRNAs in modulating mitochondria

Other regulators that have recently been studied in mitochondria are microRNAs (miRNAs)"*. miRNAs
are small non-coding RNAs, implicated in gene post-transcriptional regulation and the conformation of
genetic expression patterns with physiological relevance. They derive from longer RNAs, primary miRNAs
(pri-miRNAs), and are sequentially cleaved by ribonuclease IIT (RNAse III) enzymes or processed for pre-
miRNA splicing and RNA degradation pathways'*.

It has been found that both pre-miRNAs and mature miRNAs can be found in mitochondria, suggesting
that this organelle can synthesize them and keep them active in their transcriptional machinery or export
them to the cytosol. Likewise, the possibility arises that the miRNAs processed in mitochondria regulate
the expression of genes related to the function of the same organelle"?. On the other hand, to mention some
examples, miR-181c-5p regulates mitochondrial energy metabolism through mt-COX1 mRNA; although



Lozano-Rosas et al. Hepatoma Res 2018;4:19 | http://dx.doi.org/10.20517/2394-5079.2018.48 Page 5 of 14

its origin is nuclear it can be exported to the mitochondria and execute its effect'***”. In addition, miR-499

regulates mitochondrial dynamics through mitochondrial fission protein and apoptosis**.

Epigenetic regulation of nuclear-encoded mitochondrial genes

Mitoepigenetics includes the regulation of nuclear-encoded mitochondrial genes as previously mentioned in
its definition; importantly, two of the transcription factors that carried out this modulation are: PGC-10 and
NRF-1. However, as we describe in this section, little is known about its epigenetic regulation in HCC, then,
it represents an area of study to explore.

PGC-1a

PGC-10 is critical for the expression of genes involved in fatty acid oxidation, as well as in mitochondrial
gene expression through the coactivation of major transcription factors, controlling the complex program of
mitochondrial biogenesis™”. It has been suggested that biogenesis induced by PGC-1a is tumor promoting®™.
Sirtuin-1 (Sirt-1), a NAD*-dependent deacetylase, targets several transcription factors, like PGC-1a, both
proteins have been found overexpressed in HCC and are related to defective mitochondrial accumulation™.
Non-CpG methylation of the PGC-10 promoter controls mitochondrial density and has been detected in
pathological conditions such as obesity™. It may be interesting to obtain an epigenetic PGC-1a pattern in
HCC to know if its modulation is carcinogenesis stage-dependent and to establish the accurate way to be
pharmacologically controlled.

NRF-1

NRF-1 binds to the cytochrome C promoter and positively regulates nuclear-encoded mitochondrial genes
low-levels of NRF-1 cause mitochondrial dysfunction. The NRF-1 gene sequence has several CpG islands
which are susceptible to methylation and demethylation processes; it has been shown that hypermethylation
of the promoter region of NRF-1 causes a decrease in its expression®". Further studies of the epigenetic
regulation of NRF-1 in HCC are needed.

[53].

MITOEPIGENETICS IN HCC

One of the most and consistent phenotypes of cancer are defective mitochondria. There is evidence that
the loss of mitochondrial function and epigenetic alterations in this organelle are related to the process
of carcinogenesis because of their vital role in energy production and contribution to the metabolism of
epigenome effectors™****. Mitochondrial dysfunctions also lead to resistance to apoptosis. Since Warburg's
hypothesis, a number of mitochondrial abnormalities in cancers, both at the genetic and metabolic levels,
have been reported™*"",

Moreover, progressive mitochondrial dysfunction has been linked to an enormous variety of diseases, such
as mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes syndrome (MELAS), Leber’s
hereditary optic neuropathy (LHON), deafness, diabetes, Alzheimer, and Parkinson disease™*".

Alterations observed in the epigenetic substrates in HCC

As previously reported, metabolic alterations have been found in liver diseases®” and the HCC is not
the exception; the metabolic reprogramming that happens in cancer cells implies a decrease in ATP™*.
However, some studies have not found significant changes in acetyl-CoA levels that normally depend on
energy metabolism, but which, in HCC, may have a nuclear origin and play a fundamental role in the

[8,60]

progression of the cell cycle and DNA replication™*".

We have mentioned that the mitochondrial redox state is fundamental for the proper functioning of
mitochondria; with respect to HCC, it is known that the NAD*/NADH ratio decreases significantly'™, which
could modify the activity of enzymes that depend on the cellular redox state. On the other hand, currently a
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change in the levels of an enzyme called MAT that catalyzes the formation of SAM has been implicated also.
MAT is encoded by two genes, Matia and Mat2a. In HCC, the liver decreases the amount of MAT1A and
increases MAT2A through epigenetic mechanisms alone; this switch is responsible for the decreasing level
of SAM, favoring the development of this pathology'*".

Due to the above, it is necessary not only to consider the epigenetic modifications but also the generation of
intermediaries by mitochondria that allow for the appropriate epigenetics control of both the mtDNA and
the nDNA.

Altered mitoepigenetics in HCC

As afore mentioned, NRF1 and PGC1-a act on nuclear genes encoding respiratory subunits from ETC and
are involved in the transcription and replication machinery. An up-regulation of this protein in HCC has
been demonstrated™. An increased PGC1a level has been suggested to be an important inducer for the
accumulation of dysfunctional mitochondria®. Although the role of pgci-a and nrf1 genes methylation has
not been studied in HCC, this is an interesting area to be investigated. A meta-analysis of DNA methylation
in HCC revealed a correlation between several aberrant methylated genes and the risk of HCC, among them
p53 was hypermethylated in HCC tumor tissue compared to the adjacent tissue. It is important to consider
that, in turn, this gene is implicated in the transcription and translocation of mtDNMT1 to mitochondria,
and, in this way, besides of its role as tumor suppressor it could be modulating the methylation status of
mitochondrial genes'*’.

Under conditions of oxidative stress, which may be a factor for the development of HCC, the transcriptional
and mitochondrial DNA replication machinery is altered. Consequently, the ETC loses its functionality
and favors the accumulation of reactive oxygen species (ROS). In addition, the mtDNA may suffer injuries
because of the accumulation ROS™*. On the other hand, the mitochondrial damage observed in cancer cells
can have consequences on the expression of nuclear genes. There are studies that indicate that the removal

of mtDNA responds to changes in the nuclear genome!™**.

A genome-wide mapping of DNA methylation and hydroxymethylation in a study on HBV-related HCC
revealed that the metabolic pathways that include glycolysis, gluconeogenesis, oxidative phosphorylation,
and TCA contained the largest number of (hydroxy) methylation-altered genes, indicating the crucial roles of
metabolic processes that implicate mitochondria in the progression of HCC, which, in turn, are regulated by
epigenetic mechanisms. The authors propose that some of the identified (hydroxy) methylation-altered genes
may serve as biomarkers for the diagnosis and prognosis of HCC'”. Among the 5-mC and 5-hmC altered
genes related to OXPHOS were the following: NADH dehydrogenase [ubiquinone] 1 subunit C2 (NDUFC2),
NADH dehydrogenase [ubiquinone] flavoprotein 1 (NDUFV1), NADH: ubiquinone oxidoreductase subunit
S6 (NDUEFSe) from complex 1 and succinate dehydrogenase complex flavoprotein subunit A (SDHA)
from complex II. Among the TCA genes: succinyl-CoA ligase [GDP-forming] subunit beta (SUCLG2) and
pyruvate carboxylase.

Also, in HBV-induced hepatic carcinogenesis, protein X (HBx), encoded by the virus, has been proposed
as an epigenetic regulator for tumor suppressor genes, by hypermethylation. It has been suggested that,
in hepatomas, NQO1 (NAD(P)H: quinone oxidoreductase 1), which is a cytosolic protein that catalyzes
two-electron reduction, can be deregulated by induction of HBx, generating mitochondrial damage and
increasing oxidant stress in cells through hypermethylation of the NQO1 promoter®.

Specifically in mitochondria, some epigenetic modifications have been described in HCC, such as
hypermethylation of the Mrpsi2 (mitochondrial ribosomal protein S12), Mgrap (mitochondria-localized
glutamic acid-rich protein), and Tmem?70 (transmembrane protein 70) genes®. The TMEM?70 protein,
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encoded by the Tmem70 gene, is a protein of the mitochondrial inner membrane that participates in
mitochondrial biogenesis and whose mutations can be associated with the deficiency in the synthesis of
ATP"7 MRPS12 is a mitoribosomal conserved protein” and MGRAP is an important protein for the
maintenance of mitochondrial morphology and quantity, as well as for the process of steroidogenesis™.

72]

[74,75] FOI'

Enzymes that catalyze acetylation, methylation, or their loss also regulate epigenetic changes
example, the enzyme LSD1 (lysine-specific demethylase 1) uses the mitochondrial cofactor FAD to carry out

the demethylation of modified histones such as H3K4me1 and H3K4me2".

LSD1 has been proposed as a regulator of cell proliferation in several cancer types, as well as its metabolic
reprogramming”””®. In HCC, it has been determined that LSD1 regulates energy production and suppresses
mitochondrial respiration”. These studies also determined that the demethylase activity by LSD1 represses
mitochondrial metabolism genes and induces the expression of glycolytic genes™.

In HCC, differential expression of different miRNAs has been observed, as well as epigenetic modifications™.

miR-122 regulation of PGC-1a (peroxisome proliferator activated receptor gamma, coactivator 1 alpha) and
SDH (succinate dehydrogenase) subunits A and B is necessary for mitochondrial metabolism. In HCC, this
miRNA is scarcely expressed. Studies propose this microRNA as a tumor suppressor, since in primary HCC
tumors, in both human and rodents, it is seen at low levels, compared to its healthy controls. Also, in HBV-
infected patients, this miRNA is reduced in hepatic tissue*>*>*. miR-122 is implicated in the control of lipid
metabolism and circadian regulation in the liver. This microRNA has been observed in steatohepatitis and
liver fibrosis, in addition to HCC"***?. Experimentally, the genetic deletion of miR-122 in mice has important
effects on lipid metabolism, as well as on the progression of liver disease, from microsteatosis to HCC!*>*,

miR-33a/b regulates lipid metabolism through the ABCA1 cholesterol transporter. Its overexpression inhibits
the oxidation of fatty acids in the liver cancer cell line HuH7, favoring the accumulation of triglycerides in
larger lipid droplets. MiR-33 binding sites have been identified in the 3 'UTR of genes for mitochondrial
proteins such as carnitine O-octaniltransferase (CROT) and carnitine palmitoyltransferase 1A (CPT1a).
This miRNA inhibits also the insulin receptor substrate 2 (ISR2) and regulates insulin signaling"®>*!. There
is very little information about the role of this miRNA in HCC, so we suggest that this could be studied more
extensively to determine its importance in this pathology.

On the other hand, the role of mitochondrial genetic alterations has been investigated in HCC, and tumors
contained significantly reduced mtDNA and TFAM overexpression, although neither condition correlated
with the degree of cell differentiation; TFAM expression correlated with tumor sizel®,

For all the above, the field of mitoepigenetics has attracted research with the aim of having more effective
therapeutic targets in the treatment of HCC.

Mitoepigenetics in tumor-initiating stem-like cells in HCC

The liver cancer, as other epithelial cancers, has tumor-initiating stem-like cells (TICs) that are implicated
in tumorigenesis and drug resistance®. TICs share some characteristics with embryonic stem cells (ESC)
including expression of the pluripotency transcription factors, NANOG, OCT4, MYC, and SOX2. The
expression of pluripotency transcription factors contributes to cancer progression by reprogramming

mitochondrial metabolism®”*,

NANOG represses OXPHOS genes, prevents mitochondrial ROS production, and activates fatty acid oxidation
(FAO), contributing to TIC self-renewal and drug resistance™. Low levels of ROS are necessary to preserve
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stemness and self-renewal characteristics in TICs and protect them from drug-induced cell death. Elevated
levels of ROS inhibit stemness genes by activation of the p38 MAPK pathway leading to polycomb suppressor
protein complex I (BMI) protein degradation and FOXO3 activation. NANOG also acts synergistically with
P53 inactivation and b-catenin activation to reprogram cellular metabolic pathways, since p53 promotes
glycolysis and OXPHOS™. Other pluripotency transcription factors that are being studied that contribute
to TICs metabolism reprogramming are MYC and OCT4. MYC regulates the glutaminolysis and glycolysis
pathways and OCT4 also regulates OXPHOS>*,

MtDNA copy number has a very important role in tumorigenesis. Depending on the cancer types, the
mtDNA copy number varies, an increase in prostate and endometrial cancer has been reported, whereas
a decrease has been shown in HCC and gastric cancer®™. Cancer stem like cells have a low mtDNA copy
number that promotes their high proliferation rate and shifts their energy production by glycolysis. This low
mtDNA copy number downregulates the expression of the catalytic subunit of the mitochondrial-specific
polymerase POLGA by hypermethylation at exon 2. The reduced expression of POLGA is necessary to
maintain pluripotency of cancer stem like cells. Yamada et al.®” reported a reduced copy number of mtDNA
in patients with HCC, which correlated with malignant potential.

The removal of mtDNA from cells in culture induces alterations in nDNA methylation. For example, the
content of 5smC in the genomic DNA of HCC (tumor tissue) is negatively correlated with the content of
mtDNA®Y. These changes are reversible upon re-establishment of mtDNA"®. One possible mechanism is
that the expression of the enzyme DNMT]1, crucial in DNA methylation, is dependent on the copy number
of mtDNA®?.

miR122 is the most important miRNA in adult healthy liver and is associated with liver stem cells
differentiation towards hepatocytes. In HCC, miR122 expression is lost. When miR122 expression is
reestablished in a stem-like cell line derived from human HCC (BCLC9 cells), it decreases cell proliferation
rate and reduces tumor size in vivo. This effect is achieved by down-regulating MYC, KLF4, FOXM1, AKT?2,
and AKT3 and up-regulating FOXO1 and FOXO3A gene expression®’.

POTENTIAL VALUE OF MITOEPIGENETICS AS BIOMARKERS FOR CANCER DIAGNOSIS AND

THERAPY

The main problem of HCC is the absence of early detection and effective therapies. The Asian Pacific
Association for the Study of the Liver has recommended the use of alpha-fetoprotein (AFP) as a diagnostic
biomarker for early detection of HCC complemented with orthodox imaging-based tools®. There are
other candidates with clinical value for early HCC diagnosis; in this regard, glycoforms of AFP, des-y-
carboxyprothrombin, glypican-3, cytokeratin 19, annexin A2, and circulating miRNAs have been proposed,

among others, to be used alone or in combination®.

Cancer metabolic reprogramming regulated by mitochondrial enzymes is now one of the hallmarks of
cancer. Tumor cells can acquire functional mtDNA from healthy cells to restore respiratory function and
metabolic activity, which enabled them to proliferate®.

The mtDNA acts as a critical message to travel and communicate between tumor cells and neighbor non-
tumor cells. The outcome of mtDNA horizontal transfer could induce chemoresistance in the treatment”.

In addition to the above mentioned, the mitochondrial cellular content and mutations have also been
suggested as novel molecular markers®. Moreover, reduced expression of OXPHOS complexes has been
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associated with various form of cancer, including HCC. Carcinogenesis is a complex process that can be
accompanied by epigenetic modifications. According to what has been described in this review, the epigenetic
regulation of carcinogenesis can be used not only as a biomarker of cancer, but also to determine the stage
of the carcinogenic process, because epigenetic patterns may be associated. Although there is very little
information about mitoepigenetics in HCC, there are data that may be promising as a biomarker and even as
a therapeutic target. The mtDNA heterogeneity epigenetics should be investigated by measuring single-cell
DNA sequencing, comprehensive characterizations of mtDNA, and bidirectional effects between mtDNA
and 3D genome, instability, and gene editing. It would be more helpful to combine the single-cell biology of
CRIPRS to mtDNA function, given that copy number changes can also be regarded as biomarkers in cancer
diagnosis and treatment*>"*.

Ye et al'”) reported the methylation and hydroxymethylation profile of DNA in HCC related to HBV;
they found some hypermethylated genes associated with metabolic pathways. Of these genes, the pc gene
that codes for the enzyme pyruvate decarboxylase (PC) should be considered. PC is a nuclear-encoded
mitochondrial enzyme involved in gluconeogenesis, it catalyzes the conversion of pyruvate to oxaloacetate
in an adenosine triphosphate (ATP)-dependent form. Being a liver-specific enzyme, the hypermethylation of
this gene could provide specificity as a biomarker of HCC.

Further studies are needed to find correlations between mtDNA methylation patterns and HCC in such

a way as to get diagnostic tools through non-invasive techniques. Let us recall the work of Liu et al.®

, in
which the detection of mtDNA methylation was below 2% in blood and saliva. However, there are other
mitoepigenetic parameters in which significant correlations have been found with HCC and that point
them out as potential biomarkers, such is the case of miR-122 that has been considered a molecule with
great potential for diagnosis, prognosis of liver disease, and therapy. Studies demonstrated that miR-122 is
reduced in rodent and human primary HCC!"”. Being it a miRNA that regulates hepatic homeostasis and
having been found under-regulated in diseases. such as HCC, it becomes a possible biomarker and possible

therapeutic target™*.

FINAL REMARKS

This review supports the suggestion that disrupted mitoepigenetics may contribute to tumorigenesis.
The next generation experiments may elucidate the functional implications of mtDNA methylation and
hydroxymethylation and could help clarify the role of these epigenetic markers.

The role of mtDNA is pluripotent, because it can affect processes like cellular differentiation, energy
production, oxidative stress, metabolism, inflammation, and carcinogenesis. However, most of these
emerging evidences could be modulated, at least in part, through changes in mitochondria, they could offer
also a new opportunity to understand the causality of cancer [Figure 1].

The studies of the role of mitoepigenetics modifications and the metabolic processes in the pathogenesis
of HCC could be a relevant advancement in the diagnosis and future therapy for this and other types of
cancer.

Given the impact of mitochondrial biology and genome, the mitoepigenetics field offers a new opportunity to
understand mitochondrial diseases and others that are not known as mitochondrial diseases. In addition, the
mitochondrial epigenome also provides new clues for possible therapeutic targets and favors the appearance
of new pharmacological options.
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Figure 1. Epigenetic events in the expression of the mitochondrial genome and the nuclear-encoded mitochondrial genes. (A) Normal
cell. There is an epigenetic flow of information between nucleus and mitochondria. The epigenetic events requires the production
of both cytosolic and mitochondrial intermediates such as Ac-CoA, FADH2, NAD"/NADH and SAM generated by the TCA and
methionine cycles, supporting the importance of the mitochondrial function. Methylation and hydroxymethylation reactions mediated
by DNMTs and TET proteins can occur in both, mitochondria and nucleus, regulating the expression of the mitochondrial genome and
the nuclear-encoded mitochondrial genes. In hepatic cells, miRNAS 122 and 33 a/b are also important to modulate the mitochondrial
gene expression, modifying the metabolic state. The methylation in the PGC-Ta. and NRF-1 promoters regulates their expression; then,
have an important effect on the mitochondrial dynamic; (B) Tumoral cell. There are dysfunctional mitochondria then, the production of
mitochondrial intermediates are reduced and also an altered methionine cycle. In HCC, there are epigenetic changes, for example, global
DNA hypomethylation occurs, and hypermethylation in some important genes of the mitochondrial genome. These changes promote the
transcription of mitochondrial dynamic-related genes and the disruption of genes related to OXPHOS. Moreover, it has been shown that
miR-122 is down-regulated in HCC, which has been considered as a tumor suppressor and a potential diagnostic marker tool. In HUH7
cell line, MiR-33a/b, a lipid metabolism regulator is overexpressed; however, its role in HCC needs to be elucidated
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Abstract

Cholangiocarcinoma (CCA) is a heterogeneous group of malignancies that could develop at any level from the biliary
tree. CCA is currently classified into intrahepatic (iCCA), perihilar and distal on the basis of its anatomical location. Of
note, these three CCA subtypes have common features but also important inter-tumor and intra-tumor differences that
can affect the pathogenesis and outcome. A unique feature of iCCA is that it recognizes as origin tissues, the hepatic
parenchyma or large intrahepatic and extrahepatic bile ducts, which are furnished by two distinct stem cell niches, the
canals of Hering and the peribiliary glands, respectively. The complexity of iCCA pathogenesis highlights the need of a
multidisciplinary, translational and systemic approach to this malignancy. This review will focus on the advances of iCCA
epidemiology, histo-morphology, risk factors, molecular pathogenesis, revealing the existence of multiple subsets of iCCA.

Keywords: Cholangiocarcinoma, classifications, inflammation, cells of origin, stem cells, molecular profiling

INTRODUCTION

Cholangiocarcinoma (CCA) is a heterogeneous group of malignancies emerging at any level from the biliary
tree™™ [Figure 1]. CCA is classified into intrahepatic (iCCA), perihilar (pCCA) and distal (dACCA) based on
its anatomical location"”. Of note, these three CCA subtypes have common features but also important
inter-tumor and intra-tumor differences that can affect the pathogenesis and outcome”. The complexity
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Worldwide incidence (cases/100,000) of CCA

Non rare cancer > 6/100,000

O . Rare cancer < 6/100,000

Figure 1. Worldwide incidence (cases/100,000) of cholangiocarcinoma (CCA). Data refer to the period 1971-2009. Green colour
identifies areas with lower incidence (< 6/100,000 cases, rare cancer), while pink colour indicates countries where CCA is not a rare
cancer (> 6/100,000 cases). Diagnoses have been classified according to the International Classification of Diseases (ICD-O-1, ICD-O-2,
ICD-0-3, ICD-10, ICD-V9, ICD-V10, ICD-0). Where available, the more incident form [intrahepatic (IH) vs. extrahepatic (EH) CCA] and
the temporal trend of incidence (fincreasing trend; {stable trend; |decreasing trend) have been reported. This figure was modified from
Banales et a/." with permission

of the pathogenesis and the pronounced heterogeneity affected in particularly iCCAs had impeded clinical
goals in iCCA™. This review will focus on the advances of iCCA epidemiology, classifications and histo-
morphology, risk factors, molecular pathogenesis and clinical presentation revealing the existence of multiple
subtypes of iCCA.

THE BURDEN OF iCCA

The epidemiologic trend of CCA shows a constant and dramatic increase in incidence and mortality
worldwide"?, clearly depicting CCA relevance among others types of cancer. A progressive increase in
intrahepatic CCA incidence was reported, while the incidences of both perihilar CCA and distal CCA seem
to be stable™?. The incidence of CCA in European countries ranges from 1 to more than 4 cases/100,000" "
[Figure 1]. However, the difficulties with classification coding for CCA, and with the various terminology that
is used, determined an underestimation of CCA burden. In a recent report, the four ICD-10 (International
Classification of Diseases) sub codes were agreed on for CCA and used"”. This report showed that in England
alone (not the whole of the UK), in 2013, 1965 new CCAs were diagnosed with an incidence rate of 3.65 per
100,000 population, while, 2161 deaths and a mortality rate of 4.01 per 100,000 population were registered.
The number of deaths per 100,000 population for the CCA in the period from 2010 to 2013 in England
tragically surpassed the ones for the hepatocellular carcinoma (HCC), with 7743 vs. 6899 deaths in 2013 for
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CCA and HCC respectively™. The trend in iCCA incidence is paralleled also by the fact that mortality for
primary liver cancer has become more uniform across Europe over recent years with an evident decline of
HCC mortality, but, in contrast, intrahepatic CCA mortality has substantially increased for the most part of
Europe>". Over recent years intrahepatic CCA accounted for over a fourth of all liver cancer deaths in men
and 50% in women!?. Liver cancer mortality rates are expected to rise by 58% in the UK between 2014 and
2035, i.e., to 16 deaths per 100,000 people by 2035"!. Considering epidemiology trend in primary liver cancer,
half of deaths for primary liver cancer will be determined by intrahepatic CCA"*"*. Furthermore, when the
mortality rates for all malignancies are considered, the untargeted problem of CCA emerged clearly. Indeed,
while a reduction of the mortality rate from 19 malignancies (comprising breast, lung, colon, etc.) was shown
from 1990 to 2009 (US data), the mortality rate for malignancies of liver and bile ducts increased by more
than 40% and 60% in females and males, respectively™. Finally, it is noteworthy to mention that CCA is the
most frequent cause of metastasis of unknown origin, and thus further highlights how we still do not know
the real burden of CCA".

NEW INSIGHTS INTO iCCA CLASSIFICATIONS

A huge number of different classifications have been proposed for CCA™*"). The most updated one, but
still discussed, identify on the basis of the anatomical localization the iCCA, the pCCA and the dCCA"?.
However, being a topographic classification it suffers several pitfalls, and, of course, it does not reflect
different biological features. Firstly, it should be noted that, the diagnosis of CCA frequently occurs at an
advanced stage, where, the differentiation between the intra-hepatic or extra-hepatic location results is very
difficult, and sometimes impossible™™. Since, small bile ducts and ductules are also present in the perihilar
liver parenchyma, then, pCCA as iCCA, may originate either from these smaller ducts and this cannot be
discriminated based on gross morphology. Similarly, the iCCA may originate from larger or smaller portion
of intrahepatic biliary tree. Third, recent studies demonstrated how, from a pathological and molecular
point of view, differences between pCCA and the iCCA originated from larger bile ducts ceased to exist and,
therefore, the distinction between these two forms of CCA is losing relevance™’. Taking into consideration
the macroscopic pattern of growth, iCCA has been classified in mass-forming (MF), periductal infiltrating
(PI), and intraductal growing (IG)™>*. As far as pCCA and dCCA are concerned, either a PI or IG pattern has
been recognized. For pCCA a nodular + PI growth pattern predominates (> 80%)"*"***.

On the histological level, while, the vast majority of pCCA and dCCA are mucinous adenocarcinomas,
iCCAs are highly heterogeneous tumors and several classifications have been proposed™*>". The small
bile duct type (mixed) iCCAs display an almost exclusively MF growth pattern*>"), and are frequently
associated with chronic liver diseases (viral hepatitis or cirrhosis)*>****’\. Notably, this subtype shares clinic-
pathological similarities with cytokeratin (CK) 19-positive hepatocarcinoma (HCC)™*. On the other hand,
large bile duct type (mucinous) iCCAs may grossly appear as MF, PI or IG types; they are more frequently
associated with PSC and can be preceded by pre-neoplastic lesions such as biliary intraepithelial neoplasm
(BiIN) or intraductal papillary neoplasm (IPNB)****\. Interestingly, the large bile duct type (mucinous)

iCCAs share phenotypic traits with pCCA and pancreatic cancers'.

In our opinion, this histological subtyping should be taken into serious consideration because it underlines
different risk factors, molecular profile, and clinical management[3’4’9"“’zz'z“].

MULTIPLE RISK FACTORS REVEAL iCCA SUBTYPE-SPECIFIC PATHOGENESIS

Although CCA is a rare cancer (incidence < 6/100,000) in most countries, its incidence may reach an extremely
high in some populations of Chile, Bolivia, South Korea and North Thailand® [Figure 1]. The different
prevalence of risk factor in geographic areas may explain the variation in incidence rates of CCA. For example,
in Thailand regions, the very high incidence of CCA is closely related to the incidence of liver flukes®**?.
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In order to review literature on risk factors associated with iCCA we have searched for case series of iCCA
or case series with appropriate topographic classification of histologically verified iCCA. The risk factors
of iCCA (diagnosed according the current recognized criteria, i.e. European RARECARE®™) could be
classified on the basis of the tissue or the cell which is primarily targeted by diseases or conditions and
therefore likely involved in the carcinogenic process as cell or tissue of origin. For instance, biliary diseases
as cholangitis/PSC, secondary biliary cirrhosis, choledocholithiasis, hepatolithiasis, cholecystitis, and liver
flukes are pathologic conditions primarily affecting large intra-hepatic bile ducts [Table 1]****, and are risk
factors for both iCCA and p/dCCA. Parenchymal liver diseases include chronic viral and non-viral liver
diseases, recognize the interlobular bile ducts, bile ductules and the canals of Hering as the primary targets.
Accordingly, these conditions are specific risk factors for iCCA [Table 1].

Other risk factors, like several toxic and environmental factors; amongst them nitrosamine-contaminated
food, asbestos, dioxins, vinychlorides, and thorotrast as was always the case in the past*”, which hit multiple
cellular targets, are considered risk factors associated to all CCA subtypes.

PSC, a disease affecting both intra-hepatic and extra-hepatic bile ducts, represents the strongest independent
risk factor both for iCCA and for pCCA [Table 1]. Most of the studies evaluated the cumulative risk of CCA
in PSC patients, but not the discrete risk of iCCA and/or pCCA to PSC***". The cumulative incidence of
CCA in PSC patients ranges from 5% to 10%***. Clinical and pathological observations suggested that
PSC is specifically associated with the development of bile duct (mucinous) type CCA™*?. Data on the role
of inflammatory bowel diseases (IBD), associated with or preceding PSC, in affecting the risk of CCA are
controversial. The coexistence and duration of IBD significantly increased the risk of CCA in PSC patients®.
In IBD patients the RR estimated was 2.61 for iCCA vs. 1.47 for pCCA"". Crohn’s disease (CD) seemed to
have a lower risk of CCA than ulcerative cholitis (UC)***. In contrast, in a study carried out in the USA,

neither IBD nor its duration confers additional risk of CCA in PSC patients"™.

In a study, Welzel et al.* described that duodenal ulcer disease was significantly more common among pCCA
and iCCA cases than controls. Many studies have demonstrated associations between CCA and H. pylori but
the correlation remains controversial and a direct cause-and-effect relationship has not been established***. In
particular, in East-Asia, where iCCA represents a large proportion of primitive liver cancers, a strong association
exists between liver fluke infestation (Ophistorchis viverrini and Clonorchis sinensis) and the development of
CCA [Table 1]****). Several epidemiological studies estimated the relationship between type II diabetes and
CCA [Table 1]°**7, Notably, a possible explanation of this association is attributable to a recent demonstration
that in a diabetes model and in human subjects affected by type II diabetes, PBGs underwent proliferation
and expansion in relation to hyperglycemia. It’s worthy to note that metformin reduced the risk of iCCA in
diabetic patients by a significant margin up to 60%">™. A recent meta-analysis confirmed that, in addition to
type 11 diabetes, even obesity, alcohol use and smoking, have an association with iCCA".

It is becoming increasingly evident that metabolic conditions predispose to the development of primary liver
cancers™*’?. Nonalcoholic fatty liver disease/non alcoholic steato-hepatitis (NAFLD/NASH) resulted in
independent predictors of iCCA (not of pCCA development), even if with a less strong association compared
with other risk factors (viral hepatitis, cirrhosis) [Table 1]". Hemochromatosis resulted in an independent
predictor of iCCA development, and it failed to predict pCCA [Table 1].

It has long been known that the presence of cirrhosis increases the risk of iCCA®******* HBV- and HCV-
related liver diseases have been identified as definitive risk factors for CCA, with a stronger association for
iCCA than pCCA"". A meta-analysis by Palmer and Patel” concerning 8 case control studies indicated
that HCV was associated with an overall OR of 4.84 for iCCA. Where the prevalence of the HBV infection
is higher, the association with iCCA and HBV is more significant (e.g. Asian countries)”*". The range of the
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Table 1. Summary of risk factors significantly associated to iCCA* as assessed by case control studies (odd ratios by multivariate
analyses)

Risk factors for iCCA Odds ratios for increased risk
Bile duct diseases and conditions
Cholecystitis™® 8.5
Cholelithiasis™*** 10.23-13.5
Hepatolithiasis™"**404377% 50.0-4.8; 6.7§
Choledochal cysts™¢#44>* 10.7-43.03;36.9
Choledocholithiasis®®***! 417-33.35
Cholangitis/primary sclerosing cholangitis™**“! 64.2-75.23
Biliary cirrhosis/PBC"**" 17.08-19.8
Cholecystectomy** 3.6-5.4
Digestive diseases
Inflammatory bowel diseases™**! 1.72-3.95
Crohn's disease®*** 1.68-2.4
Ulcerative colitis®*** 3.3-45
Duodenal ulcer®®® 34
Chronic pancreatitis®® 59
Liver flukes
Clonorchis sinensis infection™*** 8.6-13.6
Endocrine disorders
Thyrotoxicosis"™® 15
Diabetes mellitus type [[7394378¢ 1.8-3.2
Metabolic conditions and general risks
Obesity**4 17171
Alcohol intake > 80 g/day"™**”* 1.52-5.21
Smoking"™*4* 1.3-21
Metabolic syndrome™** 1.32-1.83
Dyslipoproteinemia™** 1.65
Hypertension'** 1.63
Chronic liver diseases
Alcoholic liver disease™**"! 3.1-5.69
Non specific cirrhosise2"42447%] 18.24-28.79
Hemochromatosis™* 2.6
Hepatic schitsomias™* n
Non alcoholic liver disease™ 3
Unspecified viral hepatitis™*’ 7.66
HCV infection™*4044757751 2.41-9.71;9.7§
HCV infection plus cirrhosis™”’ 8.53
HBsAg positivel®>? 40447581 2.3-9.7;°2.35-4.3
HBsAg positive plus cirrhosis?*“%*" 13-18
HBsAg negative/HBcAb positive " 1.09-1.81°
Occupational exposure
Occupational exposure to asbestos™®’ 4.81

*Histological verified cases; SiCCA cases comprise 2 cases of cHCC-CCA; #according the 2001 U.S. NCEP-ATP Il definition; °Risk of
CCA only in Asia. The table was prepared summarizing findings by case control studies investigating risk factors associated to iCCA
as assessed by multivariate analyses. The case-control studies were selected from the papers individuated by the following terms, that
were searched on PubMed: ("cholangiocarcinoma"[MeSH Terms] OR "cholangiocarcinoma"[All Fields]) AND ("risk factors"[MeSH
Terms] OR ("risk"[All Fields] AND "factors"[All Fields]) OR "risk factors"[All Fields] OR ("risk"[All Fields] AND "factor"[All Fields]) OR
"risk factor"[All Fields])) NOT ("review"[Publication Type] OR "review literature as topic"[MeSH Terms] OR "review"[All Fields]) AND
English[lang]. The criteria selections of the works comprise moreover the case definition of CCA: histological verified cases series of
iCCA with appropriate topographic classification (Klatskin tumours classified as pCCA and excluded from the iCCAs)

OR in the HbsAg positive subjects goes from 2.3 to 9.7 [Table 1]*. The presence of cirrhosis increases the risk
of CCA [Table 1] even more by 2.5 fold (95% CI: 1.2-5.1; P = 0.02) in HBV, and 3.2 fold (95% CI: 1.231-8.148,
P =0.017) in HCV patients™",

The burden of HCV in the last decades has been associated with the specific increase of the iCCA as well as
the HCC™. Accordingly, clinical and pathological observations suggested that liver cirrhosis is specifically
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associated with the development of small bile duct (mixed) type iCCA™. Ductular reaction is a marker
strongly associated with the evolution of chronic liver disease in cirrhosis. The origin of the small bile duct
type iCCA may be associated with the chronic proliferative activation of hepatic stem cells and mature
hepatocytes senescence in chronic liver diseases">*), Since cirrhosis, chronic hepatitis B and C, alcohol
use, diabetes, and obesity are major risk factors for iCCA and HCC"", a common pathogenesis of primary
intrahepatic epithelial cancers has been suggested. The parallel worldwide reduction of mortality of HCC™,
which is highly correlated to viral infection and cirrhosis, and on the pandemic of metabolic disorders,
suggests that metabolic risk factors are responsible for the rising clinical impact of iCCA. Interestingly
we provided the pathologic basis of this epidemiology phenomenon since we demonstrated DM-induced

[72]

proliferation of PBG cells

MOLECULAR PROFILING AND THE IDENTIFICATION OF MULTIPLE iCCA SUBSETS

Although there exist enormous geographic and racial differences™, generally, the prominent genetic
alterations described in CCAs affect TP53 (DNA repair)®*, tyrosine kinase (KRAS, BRAF, SMAD4 and
FGFR2)"®***, protein tyrosine phosphatase (PTPN3)*, deregulated WNT/CTNNB1”" and Notch pathways,
epigenetic (IDH1 and IDH2)P*******l and chromatin-remodeling factors (MLLs, ARID1A, PBRM1 and
BAP1)Bsesso,

Chronic bile duct inflammation characterizes CCA risk factors®*?. Accordingly, it was demonstrated that the
enzyme cyclooxygenase-2 (COX-2) is induced in CCA by both bile acids and oxysterols, the oxidation products
of cholesterol that are increased in the bile during biliary inflammation®*”. Inflammatory cytokines may
also upregulate the expression of inducible nitric oxide synthase (iNOS) in CCA. Notably, nitric oxide (NO)
promotes DNA damage directly by inhibiting DNA repair mechanisms, thus promoting carcinogenesis®**".
Moreover, iNOS activation stimulates further the expression of COX-2"*". Notably, the tumoral stroma seems
to have a peculiar role in the amplification of the inflammation. While the tumor epithelium was defined
by deregulation of the HER2 network and frequent over-expression of EGFR, the hepatocyte growth factor
receptor (HGF/MET), pRPSe, and Ki67, the stroma was enriched in inflammatory cytokines™.

In the chronic inflammation milieu of CCA emerging in hepatitis infection™, recurrent genetic variants
in the promoter of the human telomerase reverse transcriptase (TERT) were described®. This could be
correlated with the pivotal role of this “longevity” enzyme in controlling stem cells. These cells are extremely
challenged in these conditions because the senescence of the mature hepatocytes determines the secondary
stem proliferative activation (e.g. ductular reaction)"”.

A dissection of the molecular heterogeneity of iCCA, conducted by the evaluation of gene expression profile
(transcriptome), clinic-pathological traits, and patient outcomes in iCCA cases, has allowed the identification
of 2 main biological classes of iCCA. The first inflammation class (38% of IH-CCA), characterized by activation
of inflammatory signaling pathways, overexpression of cytokines, and STAT3 activation and; the second
proliferation class (62% of IH-CCA), characterized by activation of oncogenic signaling pathways (i.e. RAS,
MAP-kinase and HGF/MET), DNA amplifications at 11q13.2, deletions at 14q22.1, mutations in KRAS and
BRAF, and gene expression signatures previously associated with poor outcomes for patients with HCC.

Molecular studies of human iCCA associated with liver flukes demonstrated over-expression of genes involved
in xenobiotic metabolism (UGT2B11, UGT1A10, CHST4, SULT1C1). Whereas non-OV-associated iCCA showed
enhanced expression of genes related to growth factor signaling (TGFBI, PGF, IGFBP1, IGFBP3)"**'**), Possible
mechanism associated with liver flukes carcinogenesis may emerge from the discovery of the draft genome of
Clonorchis sinensis and transcriptomes of Clonorchis Sinensis and OV"**'**l, For instance, the evaluation of the
putative signature of liver flukes associated CCA could help in screening and surveillance, with the perspective
of an early diagnosis of infestation in subjects"”. A putative role of liver fluke infestation in modulating
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epigenetic has been suggested by the demonstration of promoter hypermethylation in a handful of target genes
in a large cohort of iCCA (n = 102) associated with liver fluke infection"*?.

CCA genetic susceptibility has been investigated in geographic areas where liver flukes are endemic. In these
studies, specific haplotypes of COX2-coding gene (PTGS2) or ILS8RB have been recently associated with a
significant risk of CCA development™*.

As far as CCA emerging in PSC, different molecular signatures of the high oncogenic risk were described in
PSC patients. KRAS mutations were found in 30% of bile fluid of PSC patients without evidence of CCA™”.
Since KRAS mutations are frequently observed in CCA, and since the mutational profiling can be performed
in cell-free DNA of bile supernatant, this early mutagenic event into the bile duct carcinogenesis could be
evaluated for screening purposes in PSC patients"*”. The inflammatory microenvironment has also been
associated with an aberrant DNA methylation profile in CCA emergence in PSC patients, which provides
survival signals for the tumor™. Even, an inherited increase in the risk of CCA development in PSC patients
was demonstrated by studies concerning the natural killer cell receptor G2D receptor, where specific genetic
variants have been described in PSC patients™.

Heterogeneity of molecular profile of CCA provides a demonstration of how somatic mutagenesis and epigenome
features are highly cell/lineage type-specific, and are largely driven by the pre-neoplastic tissue pathologic
milieu (see inflammation). Indeed, at a molecular level, distinct patterns of genetic mutations, methylation,
and expression profiling may differentiate iCCA from pCCA. iCCAs were significantly more frequently bcl-2+
and p16+, whereas pCCAs were more often p53+"". Miller et al."*”! revealed 545 genes with altered expression
in p/dCCA and 2354 in iCCA. Mutations in IDH1 and IDH2 were found only in iCCA (n = 9), but in none
of the examined p/dCCA (n = 22) and gallbladder cancer (n = 75)""*. Recent papers confirmed liver fluke
negative iCCAs are enriched for IDH mutants"*. A cross-platform comparison of iCCA with pancreatic
cancer and HCC further emphasizes the presence of distinct tumor subsets, suggesting similarities of the
IDH mutants CCAs with the HCCs rather than pancreatic cancers®. Conversely, mutations in KRAS by
tumor site demonstrated predominance in pCCAs (53.3% of hilar vs. 6.7% of peripheral type)”. As far as
epigenetic abnormalities are concerned, methylation of RASSF1A was more common in pCCA than in iCCA,
while the opposite was demonstrated for methylation of GSTP gene**. Other reported alterations uniquely
associated with iCCA, comprised fibroblast growth factor receptor (FGFR) pathways and ephrin type-A
receptor 2 mutations™?.

Finally, the histopathological distinction of cholangiolocellular differentiation of iCCA has been correlated with
molecular features™?. iCCA with cholangiolocellular differentiation resembling an inflammation-related subtype
revealed less aggressive histopathological features compared to iCCA without cholangiolocellular differentiation
resembling a proliferation subtype. Accordingly, the former showed more favorable clinical outcomes, including
overall survival, than iCCA without cholangiolocellular differentiation™®. The emerging therapeutic approaches

based on the molecular targets in CCA have been recently reviewed by Rizvi and Gores”.

VARIABLE CLINICAL PRESENTATIONS AND DIAGNOSTIC FEATURES
Clinical presentation of CCA is largely influenced by anatomic location and pattern of growth, which
ultimately belong from the cells of the origin. Accordingly, emerging concepts into CCA origins
demonstrated that it comprises at least two separate entities which a distinct histology, progression and
risk factors. These sub-types have been recently classified in large bile duct (mucinous) type CCAs and the
small bile ducts or mixed-CCAs. According to different observations, pCCAs are more likely associated
with pre-neoplastic lesions emerging in surface epithelium™* and PBGs™*. On the other hand, iCCAs show
4,119]

inter-tumor heterogeneity leading to the classification into two main different histological subtypes*"",
with likely different cells of origin': the CCAs of the small bile ducts or mixed-CCAs and the large bile duct
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(mucinous) type iCCAs"”"). The last iCCA subtype displays IHC, gene expression and clinic-pathological
profile that can be superimposed on pCCA™****), Small bile ducts or mixed-CCAs usually showed a peripheral
localization and a mass forming growing pattern. Differently, the large bile duct (mucinous) type usually
showed a peri-ductal infiltrating and/or mass forming growth pattern. Importantly, these separate entities
displayed different prognosis (being worst the one of the mucin-producing iCCAs) and different associated
diseases™'>**'** Indeed, parenchymal liver diseases, including chronic viral and non-viral liver diseases and
liver cirrhosis, characterize the clinical-pathologic background for mixed-iCCAs™****"**!. In contrast, chronic
biliary diseases or pathologies and conditions affecting the intrahepatic medium-large and extrahepatic bile
ducts characterize the clinical-pathologic background for mucin-producing iCCAs and pCCAs™'**>',

As far as the mixed type-mass-forming iCCA is concerned, the clinical presentation is similar to other
intrahepatic liver malignancies, but different from that of pCCA*'**>'* iCCAs are usually asymptomatic
in early stages (20%-25% of cases are incidental finding). Malaise, cachexia, abdominal pain, night sweats,
fatigue and/or jaundice, associated or not with systemic manifestations, represent the clinical onset of
symptomatic iCCA™'****J In contrast, a typically painless jaundice is the most frequent clinical onset in
pCCA®®] Regarding patients with PSC, CCA may present as the development of a rapid deterioration
of clinical conditions or a dominant stricture during follow-up®. In general, the MF type represents the
most frequent macroscopic presentation of iCCA (> 90%) appearing, at imaging, as a nodule®. In the
context of cirrhotic liver, the first diagnostic challenge is the differential diagnosis of iCCA vs. HCC. In the
cirrhotic liver it was demonstrated that by contrast, enhanced MRI iCCAs showed constantly a lack of HCC
hallmarks; however, by CT, this occurs only in large nodules (> 3 cm)"*"**. Although, the HCC diagnosis
belong from the demonstration of the typical contrast agent uptake, the identification of HCC with stem
cell features (CK19+-HCC), combined HCC-CCA, cholangiolocellular carcinoma and bile duct mixed type
iCCA, by imaging procedures, still remains an unsolved challenge®*'>*>"*| Biopsy is, therefore, necessary
after excluding HCC in cirrhosis, or in the context of a nodule in non-cirrhotic liver™?*”. From a histological
point of view, differential diagnosis of iCCA vs. HCC or metastasis represents an unsolved problem®*">*°/
also due to the lack of validation of specific markers.

Radiologically, iCCA may appear as a dominant stricture in the context of PSC or in patients without a
documented specific hepato-biliary disease. This is a typical presentation of the pCCA. When a dominant
stricture of the intrahepatic biliary tree is suspected, the MRI + MRCP represents the imaging procedure with
the highest diagnostic accuracy for localizing and sizing the stricture’; the challenge being the definitive
demonstration of malignancy®. In this respect, ERCP enables a number of procedures in order to obtain
a microscopic confirmation, comprising, cytology, brushing, FISH-polisomy, biopsy, or further innovative
techniques®. However, all these techniques show an unsatisfactory sensitivity®*******), and even, the FISH-
polisomy in detecting CCA in PSC patients demonstrated a low sensitivity in a meta-analysis™*.

In substance, diagnosis of CCA still requires a combination of clinical, radiologic and non-specific histologic/
biochemical markers (see review by Banales et al.”).

As already mentioned, no specific serum, urine, biliary or histological biomarkers are currently available for
the diagnosis of CCA and a proposal by our group which has been recently refreshed by new confirmation,
identifies biliary IGF1 as specific markers of CCA. However, the very promising role of biliary IGF1 has
been confirmed only in CCA without PSC. Recently, Arbelaiz et al."** evaluated the serum concentration
of extracellular vesicles (EVs) and performed a careful analysis of the protein content in patients with CCA,
PSC, and HCC. Proteomic signatures found in serum EV of CCA, PSC, and HCC patients show potential
usefulness as diagnostic tools. As noted previously, the EV cargo in the two distinct EV populations (i.e.,
basolateral and apical) is evidently different as a large difference exists between the protein content of EVs
released by normal cholangiocytes and cholangiocytes involved in chronic inflammation (i.e., PSC) or



Cardinale et al. Hepatoma Res 2018;4:20 | http://dx.doi.org/10.20517/2394-5079.2018.46 Page 9 of 16

neoplastic transformation (i.e., CCA)"?. Further validation studies will be necessary to bring this important
scientific advance into the clinical approach of CCA differential diagnosis.

NEW ADVANCES INTO CCA THERAPY

Surgery with complete resection, including liver transplantation in highly selected cases, is the only curative
therapy for CCA. In patients with unresectable tumours, several types ofloco regional therapy or chemotherapy
(such as trans arterial chemoembolization, trans arterial radio embolization or radiofrequency ablation) can
be considered. In substance, CCAs must be managed by dedicated centres with multidisciplinary expertise in
which personalized diagnostic work-up and management can be performed, as clearly stated by a European
Consensus (see review by Banales et al.?).

Recently two important advances have been reached in therapy of iCCA. On one hand, the first clinical
trial of adjuvant therapy has been concluded™*. In this clinical trial, 447 surgically resected patients
were randomly assigned to capecitabine for 6 months or observation (> 80% of the patients were followed
for at least 3 years). Interestingly, results showed a survival of 51 vs. 36 months in capecitabine arm vs.
observation, and median time to cancer recurrence of 25 vs. 18 months, respectively. In 430 patients who
received treatment per study protocol, capecitabine is associated with a 25% lower chance of death than
observation™®. On the other, the first report of a molecular target therapy in chemotherapy-refractory CCA
appeared. BGJ398 was a first-in-class FGFR kinase inhibitor with manageable toxicities showing meaningful
clinical activity against chemotherapy-refractory CCA containing FGFR2 fusions. This promising antitumor
activity supports continued development of BGJ398 in this highly selected patient population™”. Emerging
therapeutic approaches based on the molecular targets are still in early phase of clinical study and have been
recently reviewed by Rizvi and Gores™”.

PERSPECTIVES
A unique feature of CCA is that it recognizes as origin tissues, the hepatic parenchyma or large bile ducts,
which are furnished by two distinct stem cell niches, the canals of Hering and the peribiliary glands (PBGs),

respectively®.

Stem cells have been identified as cells of origin of different cancer types, comprising primary liver cancers,
both in experimental studies and in humans |, Based on the grade of maturation of the cells of origin
within the two lineages of the liver (hHpSC-derived and hBTSC-derived lineages), we have proposed that
CCAs could be classified as:

o Primary liver parenchymal CCA: cholangiolo-carcinoma, small bile duct type (mixed) CCA. These tumors
emerge within the liver parenchyma from canals of Hering, bile ductules and interlobular bile ducts and
indeed originate from hHpSCs, immature NCAM+ cholangiocytes, or mature (NCAM-) interlobular
cholangiocytes. A rigourous study, based on an integrative genomic analysis of HCC-CCAs, demonstrated

[139-147

that cholangiolo-carcinoma represents a distinct biliary-derived entity compared with the mixed/combined
HCC-CCA, which, on the other side, comprised the stem-cell type, with an aggressive nature and poor
outcome, and the classical type, with common cell lineage for both the HCC and the iCCA component™*,
o Primary biliary CCA: dCCA, pCCA, and large bile duct (mucinous) type iCCA. These tumors emerge from
extra-hepatic biliary tree and larger intra-hepatic bile ducts and originate from PBGs or surface epithelium
of corresponding bile ducts.

Thus, facing the origin of iCCA, a physiopathology concept should be considered, instead of the cell of origin,
the lineage of origin"*>**"*¥. An iCCA classification based on the cell-lineages-of origin is more coherent
with current knowledge on the epidemiology and risk factors and may have important clinical implications
for the definition of specific therapeutic targets. Moreover, it highlights a lineage dependency of the chronic
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liver diseases and related molecular carcinogenesis"”. Being somatic mutagenesis and epigenome features
highly cell/lineage type-specific**
inflammation), finally, the multiple lineages of origin plus the related diseases may explain the intertumoral
heterogeneity observed at any level in iCCA, comprising molecular profiling, with clear implication into

preventive strategies in patient with clinical or subclinical underlining hepatic or biliary diseases, therapy

, and largely driven by the pre-neoplastic tissue pathologic milieu (see

and in near future approaches of personalized medicine in iCCA patients.
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Abstract

Clear evidence exists for genetic susceptibility to hepatocellular carcinoma (HCC). Genome-wide association
studies have identified multiple candidate susceptibility loci. These loci suggest that genetic variation in the
immune system may underpin HCC susceptibility. Genes for the antigen processing and presentation pathway
have been observed to be significantly enriched across studies and the pathway is identified directly through
genome-wide studies of variation using pathway methods. Detailed analysis of the pathway indicates both
variation in the antigen presenting loci and in the antigen processing are different in cases in controls. Pathway
analysis at the transcriptional level also shows difference between normal liver and liver in individuals with
HCC. Assessing differences in the pathway may prove important in improving immune therapy for HCC and in
identifying responders for immune checkpoint therapy.

Keywords: Hepatocellular carcinoma, genetic susceptibility, genome-wide association study, pathway analysis,
antigen presentation and processing, immune checkpoint therapy

Hepatocellular carcinoma (HCC), the most common form of primary liver cancer, is ranked 5th in global
incidence and 2nd in mortality[l]. With the exception of East Asia, the incidence of HCC is increasing
in almost all regions of the world and has doubled in the USA since the early 1980s”". This increase is
attributable to increases in obesity and type II diabetes™". Liver cancer’s 5-year survival is the second worst
among all cancers (18.1%)[5].

© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0
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In this manuscript, the role of genetic susceptibility to HCC is examined. Novel tools that evaluate genetic
data using collections of genes and their interactions within biologic networks are used to identify key
biologic processes driving susceptibility. The relationship of germline and somatic variation is explored. The
importance of these findings is assessed in the context of current therapeutic interventions for HCC.

SOMATIC GENETIC ETIOLOGY OF HCC

Like other solid tumors, at a somatic level, HCC appears to arise via alterations in numerous genes that
modify multiple biologic processes. An early whole-genome sequencing effort identified an average of 9718
nucleotide alternations, 271 insertion/deletions, and 41 structural variations per tumor, with substantial
variability from tumor to tumor'®. Within coding sequences, it has been reported that there are an average
of 21 synonymous and 64 non-synonymous mutations per tumor'". Tumors of larger size are observed to
have greater numbers of point mutations, which are speculated to contribute to heterogeneity within the
tumors. The Cancer Genome Atlas (TCGA) Research network’s evaluation of HCC™ finds alterations over-
represented in the RAS pathway, WNT pathway, cell cycle regulation pathways and chromatin modification
pathways with high mutation rates in TP53 (31%), CTNNB1 (27%), AXIN1 (8%), ARID1A (7%), ARID2 (5%),
RB1 (4%), PIK3CA (4%), CDKN2A (2%), KRAS (1%), NRAS (1%), high deletion frequencies of RB1 (19%),
CDKN2A (13%), PTEN (7%) and amplification of CCND1 (6%). The most commonly mutated locus was
TERT with promoter mutations found in 44% of tumors'”. The TCGA data unexpectedly also showed high
mutation rates in ALB (13%) and APOB (10%).

GENETIC SUSCEPTIBILITY TO HCC

In contrast to other common tumors, genetic susceptibility to HCC remains poorly characterized. Studies
have identified evidence for familiality of HCC, over and above familial exposures such as HBV infection”*
For example, after accounting for HBV infection, individuals with a family history of HCC have a rate ratio
of 2.4". To date, these studies have examined only hepatitis virus associated HCC and have yet to explore

the role of obesity and diabetes related susceptibility.

A limited number of studies have been conducted to identify the loci underpinning this familiality. Original
studies focused on candidate genes whose observed single nucleotide polymorphisms (SNPs) could plausibly
modify known environmental risk factors for HCC including aflatoxin, alcohol, or tobacco. A meta-analysis
of these studies found associations with 5 genes HFE, IL-1B, MnSOD, MDM, and 2UGT1A7".

HCC has had a small number of genome wide association studies (GWAS) conducted with modest success
in identifying risk loci. The NHGRI-EBI Catalog lists a total of 11 studies that have identified 22 loci"”. These
studies examine East Asian populations and have included HCC associated with hepatitis B virus (HBV),
hepatitis C virus (HCV), and non-alcoholic steatohepatitis (NASH) etiologies. The studies have identified
SNPs in the genomic proximity (intronic, upstream and/or downstream) of twenty protein coding loci.

Clues to the biologic basis of HCC susceptibility across GWAS studies can be identified by looking for non-
random enrichment. Using the resources of the Gene Ontology consortium (GO) (http://geneontology.
org), the twenty protein coding loci were examined for biologic process enrichment in Homo sapiens. This
enrichment analysis uses the tools of Panther (http://pantherdb.org/webservices/go/overrep.jsp). Four high
level GO processes were observed to be significantly enriched “T cell receptor signaling pathway” (P = 0.0366),
“interferon-gamma-mediated signaling pathway” (P = 0.0026), “T cell costimulation” (P = 0.0020), and
“antigen processing and presentation of exogenous peptide antigen via MHC class IT” (P = 0.0001).

We have previously looked for inherited susceptibility using genome-wide genotyping and a novel analytic
approach that uses biologic networks - Pathways of Distinction Analysis (PoDA)"". In PoDA, the network is
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Table 1. Updated significant networks identified through pathway of distinction analysis
PoDA pathway name Source DS OR ::I;:: ::";sf
Axon guidance KEGG 1.888 31699 245 13,044
GPCR downstream signaling REACTOME 1.706 24122 695 16,949
Focal adhesion KEGG 0.802 2.3329 197 7999
Pathways in cancer KEGG 0.570 2.2487 284 10,406
MAPK signaling pathway KEGG 0.620 21152 245 7368
PI3K-Akt signaling pathway KEGG -0.339 2.0837 314 10,409
Calcium signaling pathway KEGG -1.030 1.8479 163 8684
Regulation of actin cytoskeleton KEGG -1.004 1.8207 195 5681
Glycerolipid metabolism KEGG 2.003 1.7607 55 1590
Mechanism of gene regulation by peroxisome proliferators via ppara BIOCARTA 2371 17272 49 1076
Interleukin-3, 5 and GM-CSF signaling REACTOME 2969 1.7235 41 1188
Glycerophospholipid biosynthesis REACTOME 2.201 1.7208 70 1714
T cell receptor signaling pathway BIOCARTA 2.493 1.6792 55 1500
Dopaminergic synapse KEGG -1.348 1.6651 ne 5396
Stabilization and expansion of the E-cadherin adherens junction NCI/NATURE 2142 1.6630 40 1449
Eicosanoid metabolism BIOCARTA 3.026 1.6620 16 800
Netrin-mediated signaling events NCI/NATURE 1.965 1.6620 28 2400
Pre-NOTCH expression and processing REACTOME 3.240 1.6343 45 1451
Purine metabolism KEGG -1190 1.6284 150 4726
Toxoplasmosis KEGG 2.470 1.5901 1o 2088
Angiopoietin receptor Tie2-mediated signaling NCI/NATURE 2163 1.5806 47 1331
Circadian entrainment KEGG -1.498 15738 88 5919
Systemic lupus erythematosus KEGG 3.873 1.5688 82 185
Bioactive peptide induced signaling pathway BIOCARTA 2.276 1.5677 42 1260
Role of mef2d in t-cell apoptosis BIOCARTA 2138 1.5522 30 946
Herpes simplex infection KEGG 2.816 1.5388 170 1994
Glycosphingolipid biosynthesis - lacto and neolacto series KEGG 2.756 1.5285 23 535
Multi-step regulation of transcription by pitx2 BIOCARTA 2935 1.5253 22 526
Retrograde endocannabinoid signaling KEGG -1.990 1.5208 94 4960
TCR signaling REACTOME 3.001 14913 51 1226
TPO signaling pathway BIOCARTA 2.556 14896 23 635
Growth hormone signaling pathway BIOCARTA 2144 14813 28 768
Rheumatoid arthritis KEGG 2.895 1.4801 84 978
Huntington's disease KEGG 2156 14658 152 1647
Inactivation of gsk3 by akt causes accumulation of b-catenin in BIOCARTA 2.467 14628 32 709
alveolar macrophages
Chaperones modulate interferon signaling pathway BIOCARTA 2486 14615 18 313
Phospholipase c signaling pathway BIOCARTA 2.886 14577 10 849
GnRH signaling pathway KEGG -1.259 14488 84 3622
Oocyte meiosis KEGG -1.285 1.4371 102 2727
Biosynthesis of unsaturated fatty acids KEGG 1.927 14342 19 495
GMCSF-mediated signaling events NCI/NATURE 1.843 14339 30 841
p75 NTR receptor-mediated signalling REACTOME -1195 14335 76 2466
E-cadherin signaling in keratinocytes NCI/NATURE 2123 14326 21 477
Signaling events mediated by HDAC Class IlI NCI/NATURE 1.927 14323 26 565
Keratan sulfate/keratin metabolism REACTOME 1.962 14251 28 447
Morphine addiction KEGG -3.158 1.4243 86 4524
IL3-mediated signaling events NCI/NATURE 2199 14233 22 399
Intestinal immune network for IgA production KEGG 3.740 14224 45 506
lectin induced complement pathway BIOCARTA 2.541 1.4167 n 359
Leishmaniasis KEGG 2734 1.4130 68 927
Alternative complement pathway BIOCARTA 2196 14075 n 236
Autoimmune thyroid disease KEGG 2.835 14056 39 513
Graft-versus-host disease KEGG 3.079 14025 33 240
Activation of pkc through g-protein coupled receptors BIOCARTA 1733 1.3968 n 892
Allograft rejection KEGG 3.327 1.3952 30 253
Costimulation by the CD28 family REACTOME 2.648 1.3931 62 1270
Eicosanoid ligand-binding receptors REACTOME 2.798 1.3899 n 174
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Staphylococcus aureus infection KEGG 3.410 1.3766 52 504
Serotonergic synapse KEGG -1.854 1.3733 73 3128
N-glycan antennae elongation in the medial/trans-Golgi REACTOME 2122 13729 14 396
Integrins in angiogenesis NCI/NATURE -1.929 1.3622 74 2110
Tandem pore domain potassium channels REACTOME 2.299 1.3589 4 206
Fatty acid elongation in mitochondria REACTOME 2.226 1.3579 12 170
IL5-mediated signaling events NCI/NATURE 2.080 1.3568 12 304
Antigen processing and presentation KEGG 3.506 1.3397 65 400
Asthma KEGG 3.713 1.3246 31 200
Neurotransmitter release cycle REACTOME 1.846 1.3233 9 326
Classical complement pathway BIOCARTA 2.682 1.3164 12 239
Antigen processing and presentation BIOCARTA 2938 1.2857 9 52
Interferon gamma signaling REACTOME 3.080 1.0558 61 2598
Antigen processing-cross presentation REACTOME 2187 1.0371 59 1962

the unit of analysis and accounts for interactions among features within the network. In this analysis “antigen
processing and presentation” was identified as having significant differences in variability in a population
of Korean HBV associate HCC cases and controls. Consistent with the results of the enrichment analysis,
re-analysis of this dataset with an extended set of 1200 pathways again identified “antigen processing and

presentation’, but also “interferon gamma signaling’, “TCR signaling”, and “T cell receptor signaling pathway”
[Table 1] suggesting that immune response may be a key driver of HCC susceptibility.

THE ROLE OF ANTIGEN PROCESSING AND PRESENTATION IN HCC

To assess what might be the key factors within “antigen processing and presentation”, we performed analysis
utilizing a modified version of PoDA using the Korean HCC dataset. In this analysis, all 400 of the SNPs
genotyped in the data set for the 65 genes in the pathway were contrasted in the cases and controls. After
assessing significance of the odds ratio for the entire set of SNPs, each individual SNP was removed one at
a time from the dataset and the significance was re-assessed. The SNP which least affected the significance
of the odds ratio was then removed and the process was repeated. SNPs were progressively removed in this
“stepdown” procedure until the significance of the odds ratio was no longer improved. Interestingly, it was
observed that initial removal of SNPs substantially improved significance of the difference between cases and
controls. When stepdown was completed, a total of 49 SNPs in 26 genes were observed [Table 2].

While the genes identified included key genes seen in the GWAS catalog, specifically members of HLA class
I1, other genes associated with antigen processing were also observed [Figure 1]. The design of Genome-
wide association studies does not permit the specific etiologic effects of the variation. By design, the variation
used in the studies is not chosen for function, but instead the ability to test differences between populations.
The high linkage disequilibrium observed between variations in humans further complicates the capacity to
interpret the molecular mechanisms of action.

Nevertheless, this study identifies variation of genes of potential significance in etiology. Of particular interest
are the proteasome (HSPA2, HSPA4, HSPA5 HSP90AB1), endoplasmic reticulum TAP1, TAP2, CANX), and
exosome (LGMN) genes associated with the processing of antigens so that they may be presented by HLA
loci. The pathway also identifies genes on the surface of immune cells - NK cells (KIR2DL3, KIR2DL4, and
KIR2DL5) and CD4 T cells (CD4) that may compromise immune surveillance and regulation.

It is possible to examine the intra-pathway associations of the variants. Using the analytic tool PLINK",
one can estimate the association (r’) between loci in cases and controls [Table 3]. As expected by the PoODA
analysis, variants within the pathways are associated with one another. Both variants within loci and between
loci are observed to be associated. Interestingly, the magnitude of associations differs between cases and
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Table 2. Significant genes and SNPs within the KEGG antigen processing and presentation pathway

Gene symbol Gene name SNP (rs id)
CANX Calnexin rs7734102
CD4 CD4 molecule rs1075835
CD74 CD74 molecule, major histocompatibility complex, class Il invariant chain rs2748249
CIITA Class I, major histocompatibility complex, transactivator rs6498122
CIITA Class I, major histocompatibility complex, transactivator rs7203275
CIITA Class I, major histocompatibility complex, transactivator rs11074934
CIITA Class I, major histocompatibility complex, transactivator rs6498119
CTSS Cathepsin S rs11204722
HLA-A Major histocompatibility complex, class I, A rs12202296
HLA-DMA Major histocompatibility complex, class I, DM alpha rs11539216
HLA-DMA Major histocompatibility complex, class I, DM alpha rs17617515
HLA-DMB Major histocompatibility complex, class I, DM beta rs3132132
HLA-DMB Major histocompatibility complex, class I, DM beta rs714289
HLA-DOA Major histocompatibility complex, class II, DO alpha rs3129304
HLA-DOA Major histocompatibility complex, class Il, DO alpha rs3129303
HLA-DOA Major histocompatibility complex, class Il, DO alpha rs3130602
HLA-DOA Major histocompatibility complex, class Il, DO alpha rs3129302
HLA-DPBI1 Major histocompatibility complex, class Il, DP beta 1 rs9277378
HLA-DQA2 Major histocompatibility complex, class Il, DQ alpha 2 rs9275356
HLA-DQA2 Major histocompatibility complex, class Il, DQ alpha 2 rs9276427
HLA-DQA2 Major histocompatibility complex, class Il, DQ alpha 2 rs9469266
HLA-DRA Major histocompatibility complex, class Il, DR alpha rs7194
HLA-G Major histocompatibility complex, class I, G rs2517898
HSPOOABI Heat shock protein 90kDa alpha (cytosolic), class B member 1 rs504697
HSPA2 Heat shock 70kDa protein 2 rs4313734
HSPA4 Heat shock 70kDa protein 4 rs7702889
HSPAS Heat shock 70kDa protein 5 rs12009
HSPA8 Heat shock 70kDa protein 8 rs4936770
KIR2DL3 Killer cell immunoglobulin-like receptor, two domains, long cytoplasmic tail, 3 rs9797797
KIR2DL3 Killer cell immunoglobulin-like receptor, two domains, long cytoplasmic tail, 3 rs13344915
KIR2DL4 Killer cell immunoglobulin-like receptor, two domains, long cytoplasmic tail, 4 rs10500318
KIR2DL4 Killer cell immunoglobulin-like receptor, two domains, long cytoplasmic tail, 4 rs3865509
KIR2DS4 Killer cell immunoglobulin-like receptor, two domains, short cytoplasmic tail, 4 rs11673276
KLRD1 Killer cell lectin-like receptor subfamily D, member 1 rs17206564
LGMN Legumain rs8177528
LGMN Legumain rs2250672
LGMN Legumain rs716097
LGMN Legumain rs12885208
LGMN Legumain rs9791
LOC100509457 HLA class Il histocompatibility antigen, DQ alpha 1 chain-like rs2647015
LOC100509457 HLA class Il histocompatibility antigen, DQ alpha 1 chain-like rs2859090
LOC100509457 HLA class Il histocompatibility antigen, DQ alpha 1 chain-like rs9272219
RFXAP Regulatory factor X-associated protein rs6563500
TAP1 Transporter 1, ATP-binding cassette, sub-family B (MDR/TAP) rs4148882
TAP2 Transporter 2, ATP-binding cassette, sub-family B (MDR/TAP) rs3819720
TAP2 Transporter 2, ATP-binding cassette, sub-family B (MDR/TAP) rs2228396
TAP2 Transporter 2, ATP-binding cassette, sub-family B (MDR/TAP) rs241428
TAP2 Transporter 2, ATP-binding cassette, sub-family B (MDR/TAP) rs9784758
TAP2 Transporter 2, ATP-binding cassette, sub-family B (MDR/TAP) rs241431

controls. This confirms that the pathway utilizes information (interactions between loci) that would not be
observed in simple single locus GWAS assessments.

“ANTIGEN PROCESSING AND PRESENTATION” TRANSCRIPTIONAL ACTIVITY

It is possible to assess whether the germline variation in “antigen processing and presentation” translates
into functionally significant difference in normal liver when contrasted to tumor adjacent liver and HCC.
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Table 3. Association of case and control SNP variation with r* greater than 0.1 within the KEGG antigen processing and

presentation pathway
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SNP_A SNP_B Caser’ Control ¥
SNP_A-4289896 - KIR2DL3 SNP_A-8561730 - KIR2DL3 0.88 0.95
SNP_A-8566010 - HLA-DQATL SNP_A-2200530 - TAP2 0.38 0.20
SNP_A-8515749 - HLA-G SNP_A-8649593 - HLA-A 0.16 0.37
SNP_A-2214036 - HLA-DQAI1L SNP_A-4206711 - HLADQAT1 0.16 014
SNP_A-8524421 - KIR2DL4 SNP_A-8613821 - KIR2DS4 014 <01
SNP_A-1985650 - HLA-DOA SNP_A-8430032 - KIR2DL3 0.12 <01
SNP_A-2214036 - HLA-DQAIL SNP_A-2200530 - TAP2 011 <01
SNP_A-8451478 - TAP2 SNP_A-8415280 - TAP2 0.10 <01
SNP_A-2305613 - CSTB SNP_A-1944939 - CSTB <01 1.00
SNP_A-8566010 - HLA-DQAIL SNP_A-1985650 - HLA-DOA <01 0.28
SNP_A-4223083 - HLA-DQAIL SNP_A-8415280 - CIITA <01 0.18
SNP_A-4206711 - HLA-DQAT1 SNP_A-8451478 - TAP2 <01 0.16
SNP_A-4277940 - HLA-DQAIL SNP_A-1985650 - HLA-DOA <01 0.14

This can be done by looking at the transcriptome of these tissues using publicly accessible data from the
Gene Tissue Expression project (GTEx)"*" and the TCGA". Data from both sources were processed with

[22,23]

a common analytic pipeline that included realignment of sequencing reads to Hg3s ", uniform count

scoring[u] and adjustment for over-dispersion***"

The scored transcript data was then evaluated using the novel pathway analysis tool PathOlogist["'”].
PathOlogist utilizes the logical information contained within networks to compute network scores. By
utilizing the structure of a network, in this approach the conditional state of genes determines expectations
for the state of other members of the network. Two different scores are provided. The first assesses whether
the activity state of the network differs. In the second, an assessment of the logical state of the network is
measured as consistency. Consistency determines whether the transcription patterns follow the expected
logic of the network.

Examination of the transcriptional state of “antigen processing and presentation” provides additional
insight into the susceptibility findings. First, “antigen processing and presentation” activity is observed to be
significantly higher in normal liver (GTEx) compared to TCGA tumor-adjacent (adjusted P < 0.0001) and
tumor (adjusted P < 0.0001) while no difference is observed between tumor adjacent and tumor (adjusted
P = 0.87). This suggests that individuals with HCC have a different “antigen processing and presentation”
profile in both their non-tumor and tumor than normal liver.

No significant difference is observed between the consistency scores of normal liver (GTEx) and TCGA
tumor-adjacent (adjusted P = 0.64) and tumor adjacent and tumor (adjusted P = 0.89b) for “antigen
processing and presentation” However, significant difference is observed between normal liver and tumor
(adjusted P < 0.0001). This suggests that “antigen processing and presentation” may be a target of mutagenesis
in HCC.

IMMUNE CHECKPOINT THERAPY AND “ANTIGEN PROCESSING AND PRESENTATION”

“Antigen processing and presentation” may be an important mediator of treatment response for HCC.
Immune checkpoint therapy is dramatically altering the cancer therapeutic landscape[”]. Checkpoint therapy
targets inhibitory signals to the immune system such as CTLA-4 and PD-1/PD-L1. These treatments show
promising, durable response results in previously treatment resistant cancers such as melanoma®" and non-
small cell lung cancer™. The US FDA has approved checkpoint therapy for second line treatment of HCC.

Numerous studies are in progress to assess the efficacy as 1st line treatment (clinicaltrials.gov).
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Figure 1. Gene-based SNPs associated with HCC in the antigen processing and presentation pathway. The genes and their relationships
obtained from KEGG's antigen processing and presentation pathway. Purple boxes with white letters indicate genes SNP variations
associated with HCC from the PoDA stepdown analysis. Removal of these loci reduced the overall threshold of significance below that
observed for the entire pathway. Genes in open boxes (with orange letters) indicate gens which could be removed without altering
significance of the pathway's association. HCC: hepatocellular carcinoma

Unfortunately only a minority of individuals respond to the treatments”™”’. It is unknown what mediates
response. Indicators of response include DNA mismatch repair capabilities[“] and tumor mutational
burden. But these have poor predictive capabilities.

For checkpoint therapy to work, an intact immune response is required. As implied from the indicators of
response, the immune system must have the capacity to recognize tumor antigens as foreign. This recognition
is mediated through antigen processing and presentation. Inherited variability may indicate individuals in
which this capacity is compromised. Moreover, variation in these processes may indicate individual response
to immune directed therapeutic interventions.
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In conclusion, the results of the germline variation studies suggest that immune mediating processes are
polymorphic in the population and systematically different in HCC. Individuals with HCC have significantly
lower activity for these processes and HCC shows alterations in the “logic” of the processing and presentation
pathways. As such, it may be possible to predict response to checkpoint therapy through the evaluation of the
inherited genetic state of “antigen processing and presentation” Understanding these differences may provide
opportunities designing new immune checkpoint modulators and provide a rational basis for combinatorial
therapy.
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Abstract

The multiplicity and phenotype of intratumoral immune infiltrate have been shown to influence the clinical
outcome of hepatocellular carcinoma (HCC), thus providing a strong rationale to therapeutic interventions
aimed at restoring the dysfunctional immune response against the tumor. Improving the knowledge of the
complex interactions between transformed hepatocytes, nonparenchymal resident cells, and infiltrating immune
cells (characterizing the HCC microenvironment) will be instrumental to increase the success rate of existing
immunotherapeutic strategies and to identify new potential targets for intervention or biomarkers to optimize the
selection of candidate patients.

Keywords: Hepatocellular carcinoma, immune checkpoint inhibitors, T lymphocytes, cytotoxic T lymphocytes,
natural killer cells, macrophages, cytokines

INTRODUCTION

The liver immune landscape fosters tolerance towards foreign antigens driven by portal blood. Liver sinu-
soidal endothelial cells (LSECs) that separate liver parenchyma from sinusoidal blood, liver resident mac-
rophages (Kupfler cells), hepatic stellate cells (HSCs), and dendritic cells (DCs) exert antigen presenting cell
(APC) function and participate in the tolerogenic liver environment'"'. Innate immune cells such as natural
killer (NK), NKT and y/8 T cells are found at higher frequency in the liver, as Foxp3+ regulatory T cells
(Tregs). The liver environment is also characterized by increased expression of immunosuppressive cyto-
kines such as interleukin (IL)-10 and transforming growth factor (TGF)—B[ZI.
© The Author(s) 2018. Open Access This article is licensed under a Creative Commons Attribution 4.0
B International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long
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Hepatocellular carcinoma (HCC) initiation and progression are multi-step processes profoundly influenced
by the interplay between hepatocytes and immune cells. Immunotolerance is disrupted in chronic liver
disease where persistent infections with hepatitis B virus (HBV) or hepatitis C virus (HCV), accumulation
of fat, exogenous toxic substances (alcohol) or iron overload (haemochromatosis) enhance inflammatory
signals triggering a cycle of cell death/regeneration and compensatory fibrosis, leading to liver cirrhosis, that
represents a pre-neoplastic state. Chronic inflammation induces the accumulation of reactive oxygen species,
generating epigenetic changes and chromosomal instability that contribute to tumor initiation, with expres-
sion of neo-antigens and/or deregulation of the expression of oncofetal and cancer testis antigens such as
alpha-fetoprotein (AFP), glypican-3 (GPC-3), melanoma-antigen gene (MAGE) family, NY-ESO.1".

IMMUNE RESPONSE AGAINST HCC

Cytotoxic T cells (CTLs) recognizing tumor-associated antigen (TAAs) have been detected in HCC patients
and their abundance is associated with patient survival®™. CDs+ and CD4+ T cells were shown to accumu-
late in early HCC with a progressive decrease in late stages, that represents a negative predictor for disease
outcome™*, TAA-specific CD8+ T cells from peripheral blood produce interferon (IFN)-y upon stimula-
tion, but tumour-infiltrating lymphocytes fail to do so, indicating the progressive exhaustion of intratumour
CDs+ T cells™. Exhausted T cells are characterized by impaired effector function and sustained expression
of co-inhibitory receptors, and cannot mature into memory T cells.

NK cells account for 25%-50% of the total number of liver lymphocytes and are strongly implicated in the
anti-tumor response. Impaired effector function of NK cells was reported in HCC and related to disease out-
come”". Several mechanisms have been implicated in NK cell dysfunction: the genetic make-up of KIR NK
cell receptorslg’”], a higher percentage of NK-cells co-expressing inhibitory NKG2A and activating NKp30-
NKp46 receptors ', myeloid-derived suppressor cells (MDSCs)-mediated suppression’*""
alence of a dysfunctional CD11bnegCD27neg NK-cell subset”.

, increased prev-

Among factors contributing to the immune suppressive microenvironment of HCC are cell-mediated
mechanisms, the secretion of cytokines and chemokines by tumor, stromal, and infiltrating cells, and the
immunoediting of TAAs"" . In this context, adaptive immune response exerts a dual role with seemingly
opposite functions, being part of the inflammatory environment that likely plays a major role in tumor pro-

motion, but hampering tumor dissemination through cytotoxic function against transformed cells™.

MECHANISMS OF IMMUNE IMPAIRMENT IN HCC

The development and progression of HCC evolve through a dynamic interaction between tumor cells, non-
parenchymal resident cells such as Kupffer cells (KCs), HSCs, LSECs, infiltrating immune cells and immune
mediators. All these elements participate in the tumor microenvironment that exerts a profound influence
on the evolution of disease. The many factors that co-operate to the immune landscape of HCC represent
potential targets for therapeutic intervention.

Immunosuppressive molecules

Immune checkpoints are coinhibitory molecules that control the duration and the strength of immune re-
sponse to prevent over-activation of T cells. This class of molecules includes CTLA-4, PD-1, TIM-3, lympho-
cyte activation gene 3 protein (LAG-3) and B and T lymphocyte attenuator (BTLA). Immune checkpoints are
exploited by tumors as mechanisms of immune evasion and may therefore become major targets of immune
therapeutic strategies.

CTLA-4 is expressed by activated T cells and by Treg cells. It competes with the activating molecule CD28
for binding CDs0 and CDs6'"*"' and activates Tregs .
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PD-1 is expressed by activated T and B lymphocytes, NK cells, Treg cells, MDSCs, monocytes and DCs™**,
The expression of PD-1 is induced by several cytokines including IFN-y***”, Under hypoxic conditions,
production of hypoxia-inducible factor (HIF)-1 induces the expression of PD-L1, the PD-1 ligand, in MDSCs
and tumor cells”*****), The interaction between PD-1 and PD-L1 inhibits T cell effector function and leads to
T cell exhaustion. The immune infiltrate of HCC is enriched in PD1+ CDs+ cells and their abundance is
associated with disease prognosis”™. The expression of PD-L1 in HCC has also been reported as a prognostic
factor of shorter disease-free and overall survival*™".

TIM-3 is a transmembrane protein expressed on various immune cells and interacting with multiple ligands
among which galectin-9, a soluble protein expressed by several tissues including liver™ that negatively
regulates Thi cell function”. In addition, TIM-3+ Treg cells exhibit enhanced suppressor activity[”]. A
role of tl[le]TIM—S/galectin—9 pathway in the determination of HCC-infiltrating T cell dysfunction has been
reported ™",

LAG-3 binds MHC class II molecules with high afﬁnity[zs’”] thus reducing co-stimulatory function of DCs.
LAG-3 is upregulated upon activation of T cells"*” and is a marker of exhausted T cells'""’. Its activation and,
as a consequence, its blockade are synergistic with PD-1"*"! BTLA is upregulated on activated lymphocytes
and on tumour-specific CDs+ T cells in patients with cancer*. High expression of the BTLA ligand HVEM
(herpesvirus entry mediator) has been reported in patients with HCC and is associated with reduced
lymphocyte infiltration and poorer prognosis[“s]

Cytokines are membrane-bound or secreted proteins involved in the regulation of immune cell function,
inflammation and angiogenesis. Their pleiotropic roles include pro- and anti-inflammatory functions. CD4+
T helper cells produce either Thi cytokines [e.g., interleukin (IL)-1, IL-2, IL-12, IL-15, tumor necrosis factor
(TNF)-a and IFN-y] usually defined pro-inflammatory, or Th2 cytokines (e.g., IL-4, IL-8, IL-10 and IL-5)

mainly exerting anti-inflammatory functions"*

Increased levels of IL-10 and TGEF-f and reduced levels of IFN-y have been detected in plasma from HCC
patients[“]. In liver tissue IL-10 is produced by DCs, KCs, HSCs, LSECs, MDSCs and T cells, inducing tol-
erance ™", Tolerogenic effect of IL-10 is linked to inhibition of CD4+ T cell activation”*” and, as a conse-
quence, of cytotoxic CDs+ T-cell function™. In addition IL-10 further interferes with T cell activation by
downregulating the expression of MHC-II and CD80/CD86 on APCs™ and of NF-kB™, a transcription
factor strongly implicated in inflammatory responses. Despite its immunosuppressive activity in the context
of inflammation, several studies report an immune-stimulatory role of IL-10 on CD8+ T-cell and NK-cell
cytotoxic activity in experimental tumor models™**",

TGEF-B, produced by parenchymal and non-parenchymal liver cells, is implicated in the maintenance of liver
immune homeostasis”” and may exert a suppressive function towards anti-tumor immune reaction. TGF-f
inhibits the expression of the transcription factors T-bet and GATA3, essential for the conversion of naive
CD4+ T cells into Th1 and Th2 CD4+ T cells, respectively[ss’sg]. Conversely, TGF-p induces the differentiation
of naive CD4+ T-cells into Tregs, inhibits the differentiation of naive CDs+ T cells to effector cells***" and
decreases perforin and IFN-y expression, further impairing cytotoxic CDs+ T-cell activity'®”.

Cell-mediated immune suppression

Immune evasion of tumor cells may be linked to altered antigen processing and presentation, deriving from
HLA class I downregulation or from 2 microglobulin mutation/deletion®”’. HLA class I expression is essen-
tial for antigen presentation to CTLs and for tumor cell recognition by NK cells*”. Tumor cell elimination
by NK cells may be also impaired by decreased expression of the NKG2D ligand ULBP1 that correlates with
early recurrence of HCC'™. Another mechanism of HCC immune evasion from NK cell killing has been
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ascribed to the impaired interaction between NKG2D and its stress-induced ligands MIC-A and -B, that are

upregulated on tumor cells. In advanced HCC, tumor cells escape from NK-mediated immunosurveillance

through shedding of MIC-A that induces downregulation of NKG2D thus affecting NK cell effector func-
. [66]

tion

Together with shared oncofetal and cancer-testis antigens, driver and passenger mutations occurring in the
tumor cell genome can generate tumor-specific neoantigens that can contribute to tumor immunogenicity
and represent potential immunotherapeutic targets[67]. Like viral antigens, TAAs undergo immune selective
pressure that triggers the selection of resistant variants with survival advantage due to lower immunogenic-
ity or immunosuppressive activity. The genetic instability of transformed cells favors this phenomenon of
antigenic immunoediting[“]. Immune escape may also result from the secretion by HCC cells of immuno-
suppressive molecules as TGF-f, IL-10, indoleamine 2,3-dioxygenase (IDO), arginase, or from decreased co-
stimulatory/increased inhibitory checkpoint signaling®”.

MDSCs represent a heterogeneous population of immature myeloid cells” that share suppressive func-
tions”"! through different mechanisms: depletion of arginine[”] and cysteine[“] that are essential for T cell
function, and release of reactive oxygen and nitrogen species that disrupt TCR signaling[75]. In addition,
MDSCs promote tumor progression through neo-angiogenesis due to vascular endothelial growth factor

(VEGF) production, and through enhanced tumor cell survival and dissemination™.

In HCC MDSCs have been shown to inhibit NK cell function via NKp30 receptor[”] or through membrane-
bound TGF-p"" and to induce Tregs by IL-10 and TGF- production”. A specific CD14pos HLA-DRneg/
low MDSC subset increased in tumor tissue and peripheral blood of patients with HCC was implicated the
induction of Tregs[”]. The multiplicity of this MDSC subset was reported as a negative prognostic factor for
HCC recurrence after resection™, radiation therapy[79], hepatic arterial infusion chemotherapy[sol, as well as

. [81]
fOI' tumor progresswn

MDSCs are recruited by cytokines and chemokines secreted by tumor cells™* . Senescent hepatocytes were
shown to recruit immature MDSCs able to differentiate into macrophages through C-C motif chemokine
ligand 2 (CCL2)-CCR2 signaling, thus preventing HCC initiation. However, in the presence of HCC, im-
mature M[D]SCS do not differentiate thus contributing to the immunotolerant environment through NK-cell
inhibition

[84]

]

Kupfter cells (KCs), the liver resident macrophages, represent about 80% of the macrophages in the body
and contribute to the maintenance of liver immune tolerance through their anti-inflammatory function'®
exerted by upregulation of PDL-1 expression, downregulation of costimulatory molecules™, secretion of
IDO"™" and IL-10™". In human HCC, Kupfter cells in the peritumoral margin express higher levels of PD-
L1 compared to non-tumorous liver, thus inhibiting CD8+ T cell effector function. Blockade of PD-1/PDL-1
interaction in vitro was able to restore T cell killing in vitro™,

The HCC immune microenvironment induces the polarization of macrophages towards the M2 phenotype
typical of the tumour-associated macrophages (TAMs). M2 macrophages are characterized by producing
high levels of IL-10 that induce Treg expansion and impairs NK cell activation””. In addition, TAM promote
tumor angiogenesis and dissemination””**”’. A distinct subset of monocytes expressing TIE2 with enhanced
pro-angiogenic properties has been described in peripheral blood and in tumor infiltrate™ ", In human

HCV-related HCC this monocyte subpopulation was related to neo-angiogenesis and to prognosis”

Tregs are CD4+ T cells expressing CD25, CTLA-4, CD62L and FoxP3. Tregs exert inhibitory functions
through multiple mechanisms, among which IL-2 depletion by CD25 (IL-2 receptor), competition with
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CD28 by CTLA-4, CTLA-4-mediated downregulation of CD80 and CDs6"™, expression of TGF-f and IL-
10™. The recruitment of Tregs in HCC occurs via the CCR6-CCL20 axis”” and CCL22 induction by tumor
cell-secreted IL-10""". In addition, FoxP3 upregulation and conversion of CD4+ T cells into Tregs may be
fostered by poor stimulation of naive CD4+ T cells combined with TGF-p signalling by tumor cells™",

[102,103] [31,103]

In patients with HCC, FoxP3+ Tregs are increased both in peripheral blood and in tumor tissue ,
and the abundance of tumour-infiltrating Tregs is associated with intra-tumoral macrophages[m]. Several
studies support a negative correlation between Treg infiltrate and effector function of intra-tumoral CD8+ T

cells""* and a direct role of Treg infiltration over disease progression and overall survival®*"*",

HSC:s play a role in HCC progression through release of hepatocyte growth factor™* and induction of both
MDSC™"*** and Treg accumulation™”. In addition, HSCs can also directly induce T cell apoptosis through
PD-11 expression["(’]. Activated HSCs interact with monocytes inducing an immunosuppressive environ-
ment and contributing to poor prognosis in HCC"".

NKT cells are a heterogeneous group of T lymphocytes sharing properties of both T cells and NK cells. NKT
cells recognize glycolipid antigens via an invariant TCR a chain. The CD4+ iNKT-cells have been found to
be enriched in intrahepatic malignant tumors' ">, Intra-tumoral CD4+ iNKT-cells produce Th2 cytokines
that can inhibit expansion of tumor antigen-specific CDs+T-cells""”. Consistent with this view, we observed
that enrichment of iNKT cells in HCC infiltrate was predictive of shorter TTR™.

Several other infiltrating or stromal cell types co-operate to the generation of immunosuppressive tumor
microenvironment'"”, A population of PD-1-positive B cells has been identified in HCC. This cell subset was
shown to suppress anti-tumor T cell response through PD-1-PDL-1 interaction and to promote disease pro-

gression'"".

LSECs express PDL-1 and contribute to the immunosuppressive environment by TGF-B-dependent induc-
tion of Tregs[m]. A subset of CD14+ DCs with suppressor function has been detected in patients with HCC.
These DCs expressing high levels of CTLA-4 and PD-1 inhibit T-cell response through production of IL-
10 and indoleamine-2,3-dioxygenase (IDO)"**. Th17 cells are a IL-17-producing CD4+ T cell subset that
plays an important role in the maintenance of mucosal barriers. Increased frequency of CCR4+CCRé6+,
but not CCR4-CCR6+ Th17+ cells was reported in peripheral blood from patients with HCC. The
CCR4+CCRe+Th17+ cell subset was shown to impair CDs+ T cell effector functions""”. Neutrophils release
cytokines that contribute to the tumor microenvironment either promoting or inhibiting tumor progres-
sion"". In HCC, neutrophils have been shown to recruit macrophages and Tregs fostering tumor progres-
sion and resistance to sorafenib™"”. Tumor-associated fibroblasts (TAFs) are essential components of the
HCC microenvironment and support tumor progression through the secretion of various cytokines and
growth factors. HCC-associated TAFs inhibit NK-cell function by secreting prostaglandin E2 and IDO"*".
In addition, TAFs have been shown to release IL-6 and SDF-1a (CXCL-12), which induce MDSC generation
and activation thus impairing anti-tumor immune response[m].

IMMUNOTHERAPEUTIC STRATEGIES

The scenario of the immune mechanisms operative in HCC is quite complex with liver intrinsic immuno-
suppressive environment associated with several mechanisms common to solid tumors. Physiologically, with
the exception on anecdotal cases the tumor will escape, avoid, adapt to or overcome the immune mediated
mechanism aimed at rejection of transformed cells. From the therapeutic perspective the problem has been
approached by several strategies focusing on potentiation of different effector immune cells, tumor antigens
made immunogenic, block of negative costimulatory pathways or immunosuppressive cells or soluble me-
diators.
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Adoptive cell transfer

Adoptive transfer of autologous cytokine activated killer cells (CIK) has been one of the first immunothera-
peutic approaches'””. Anti-CD3 antibodies in the presence of IL-2, IL-1 and IFN-y expand and activate ex
vivo NKT-cells that are reinfused in the patient. This approach has been performed as adjuvant treatment in
patients undergoing liver resection for HCC or percutaneous ablative treatments like percutaneous ethanol
injection (PEI) or transarterial chemo-embolization (TACE). A systematic review of phase II and III stud-
ies conducted in patients undergoing CIK infusion either alone or associated with resection, PEI or TACE,
showed a significant effect on overall and progression free survival**, More recently a randomized con-
trolled trial of adjuvant CIK was conducted in patients undergoing curative liver resection showing a signifi-
cant effect on TTR but no effect on DFS and OS"**. Another randomized phase 3 study from Korea could
demonstrate that patients receiving CIK post-resection, PEI or radiofrequency thermal ablation (RFA) had
a significantly increased recurrence-free and overall survival ™. Several other studies with similar method-
ological approach are ongoing in patients with HCC and other solid tumors.

Cancer vaccines

More than 15 years ago, discovery of TAAs raised enthusiasm on their possible use for vaccination strate-
gies. Several different approaches have been employed from tumor lysates to individual epitopes associated
with different adjuvants by parenteral route (subcutaneous, intradermal or intravenous), or intratumoral in-
jection. Alternatively DCs pulsed with synthetic peptides or transfected with RNA vectors have been used to
expand tumor-specific T-cell response. Target antigens for HCC have been cancer testis TAAs like MAGE,
synovial sarcoma X breakpoint 2 (§5X-2) and NY-ESO-1, beside GPC-3, human telomerase reverse tran-
scriptase (TERT), carcinoembryonic antigen (CEA) and AFP. Clinical trials have been conducted in patients
with advanced or non-resectable HCC or as an adjuvant treatment in patients undergoing resection or RFA
or TACE. Efficacy in these studies has been limited. Phase I studies with antigen-pulsed DCs"*", intrader-
mal GPC-3 peptide[m], or intravenous tumor (HepG2 cell line) lysate-pulsed DCs"*” have been conducted
showing partial response associated with antigen-specific T-cells responses in PBMCs in some patients. In
particular, antigen-pulsed DCs vaccination** showed no tumor recurrence up to 24 weeks in 9 out of 12
treated patients. Phase I GPC-3 studies achieved their aims: safety, immunogenicity and dose finding, how-
ever phase II studies with GPC-3 aimed at relapse prevention after curative treatments (surgery or RFA)
failed to achieve clinically relevant results"****". Infusion of autologous DCs pulsed with lysate of HepG2 cell
line was performed in a phase II trial in patients with advanced HCC. Clinical response (either stable disease
or partial response) was shown in 28% of patients performing at least three infusions. Treatment was safe

and antigen-specific immune response could be demonstrated in some patients[m]

A particular vaccination strategy has been conducted with an oncolytic, genetically modified vaccinia virus
(JX-594) that has been injected in the tumor lesions of advanced HCC patients. The rational of this approach
is the release of tumor antigens from oncolytic tumor cells destruction associated with local expression of
granulocyte-macrophage colony stimulating factor (GM-CSF), an inserted gene of the genetically modi-
fied vaccinia. JX-594 has been tested in a dose finding study showing improved overall survival in patients
receiving a higher infectious dose compared to lower dose'""’. A phase II trial failed to achieve survival ad-
vantage. In this trial however HCC patients were very advanced having progressed to sorafenib treatment.
A phase IIT randomized clinical trial (NCT02562755) is now ongoing, comparing patients on sorafenib to
patients undergoing three vaccination rounds followed by sorafenib treatment.

Table 1 represents a summary of completed clinical trials based on adoptive cell transfer and vaccines.

Cell therapy

More efficient adoptive cell transfer immunotherapeutic approaches, are represented by the CAR T-cell ther-
apy which until now has been primarily used in hematologic malignancies. T cells are genetically engineered
to express chimeric antigen receptors (CARs). Autologous engineered T cells are expanded ex vivo into the
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Table 1. Adoptive cell transfer and vaccines for HCC immunotherapy

Therapeutic approach Target Phase Study population No. of patients Results Ref.
CIK NA Il Post-resection 76 + 74 controls Improved RFS [122]
CIK NA 11 Post-resection 100 + 100 controls  Improved TTR [124]
CIK NA 1 Post-resection or RFA or 114 + 112 controls Improved RFS and OS [125]
PEI
Peptide vaccine GPC-3 | Advanced HCC n Improved CTL response [129]
Peptide vaccine GPC-3 Il Post-resection or RFA 41 Improved RFS for patients [130]
with GPC-3 positive
tumors
DC pulsed HepG2 protein lysate ~ Tumor antigens Il Advanced HCC 35 PR 4%, SD 24% [128]
DC pulsed AFP, MAGE-1 and GPC-3 Tumor antigens I/l Post-resection or RFAor 12 Improved TTP vs. historical [126]
PEI or TACE results
Oncolytic virus JX-594 Tumor antigens 1] Advanced HCC 30 Dose realated improved OS [131]

HCC: hepatocellular carcinoma; RFS: recurrence free survival; TTR: time to recurrence; TTP: time to progression; OS: overall survival; RFA:
radio-frequency ablation; PEl: percutaneous ethanol injection; TACE: transarterial chemo embolization: CTL: cytotoxic T lymphocytes;
NA: not applicable

hundreds of millions and finally are infused in the patient. Third generation CARs are constituted of an
immunoglobulin variable heavy chain (VH), a variable light chain (VL) connected to a transmembrane
domain by a spacer and the transmembrane domain to 2 costimulatory molecules (e.g., CD27, CD28, 4-1BB,
0X40) and CD3. This receptor when engaged can activate the effector cytotoxic T-cell, specifically redirected
to the tumor antigen recognized by the VH and VL chains. As far as HCC, CAR-T have been designed with
different specificities and phase I and phase I/II clinical trials are recruiting for patients with HCC or HCC

[132]

and other solid tumors, targeting GPC-3, CEA and Mucin 1, cell surface associated (MUC-1)" .

A different approach that engages T and NK-cells in vivo to direct them against tumor cells is represented by
bispecific antibodies (BsAb). BsAb against HCC and other solid tumors have been generated with different
specificities. One arm of antibody binds a tumor antigen [GPC-3, epithelial cell adhesion molecule (EpCAM),
osteopontin, VEGF] and the second can activate cytotoxic T or NK cells binding CD3 or CD16. A phase 1
dose escalation trial with BsAb specific for GPC-3 and CD3 is ongoing (NCT02748837).

Another approach to generate tumor-specific immune cells is cloning and TCR transfection of T and NK
cells that are in vitro expanded and reinfused in the patients. These redirected effector cells, differently from
CAR-T or BsAb, recognize tumor epitopes in the context of specific HLA-class I molecules, but have advan-
tage to recognize endogenously processed antigens, that is the case of many known epitopes from tumor as-
sociated antigens or neo-antigens from somatic mutations of the tumor-cell. In fact, cell therapies based on
CARs and antibodies can only recognize conformational antigens expressed on the surface of transformed
cancer cells. Redirect T-cells have been clinically tested in a patient that developed extra-hepatic metastasis
after liver transplantation for HCC in HBV-related liver disease'"*”
expressed HBV antigens and autologous T-cells transfected with a TCR specific for HBsAg could expand in

vivo and determine reduction of HBsAg serum levels.

. The tumor, but not the transplanted liver,

Immune checkpoint inhibitors

The first clinical study on immune checkpoint inhibitors (ICIs) in HCC has been a phase II clinical trial tar-
geting CTLA-4 in patients with advanced tumors in HCV chronic liver disease™*". The study showed partial
response in 17.6% of patients and a good safety profile. Transaminase flares were observed in some of the
patients after the first anti-CTLA-4 administrations that however did not require any immunosuppressive
intervention. Interestingly in this study an enhanced HCV-specific T-cell response associated with signifi-
cant drop of HCV viremia was observed. Several other studies have started. The main target has been PD-1
and its ligand PD-L1 and recently FDA has granted accelerated approval for anti-PD-1 in patients that had
been previously treated with sorafenib, based on the phase I/II Checkmate-040 study (that showed an overall
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Table 2. Immuno check points inhibitors for HCC immunotherapy
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Target N:ar:il:'::f Trial First line/Second line Status Results Re::r:':t;dy
CTLA-4 20 Phase Il Adjuvant TACE and ablation Completed PR17.6 % 134

CTLA-4 32 Pilot Second Completed PR15.6 % 137

PD-1 576 Phase I/11 Flirst and Second Completed PR 20 % (expansion) 135

15% (dose excalating)

PD-1 723 Phase Il First vs. sorafenib Not recruiting active ~ NA NCT02576509
PD-1 660 Phase Il First vs. sorafenib Recruiting NA NCT03412773
PD-1 104 Phase Il Second Not recruiting active PR 15.4 %, CR 1% NCT02702414
PD-1 408 Phase Il Second Not recruiting active ~ NA NCT02702401
PD-1 530 Phase llI Adjuvant SR and ablation Recruiting active NA NCT03383458
PD-L1 114 Phase | Second Recruiting active NA NCT02519348
PD-L1 + CTLA-4 440 Phase Il Second Recruiting active NA NCT02519348
PD-L1 + CTLA-4 1200 Phase IlI First Recruiting active NA NCT03298451

HCC: hepatocellular carcinoma; SR: surgical resecton; TACE: transarterial chemoembolization; NA: not available; PR: partial response; CR:
complete response

response rate of 18.2% and acceptable safety proﬁle)[m]. There was concern on possible immune mediated
liver toxicity in patients with liver cirrhosis and chronic HBV or HCV infection. However, until now safety
profile of ICIs has not shown to be different from what observed for melanoma and non-small cell lung can-
cer (NSCLC) and even if substantial transaminase flares have been described, patients coming oft therapy
for adverse events are in line with what observed for other cancers treated with anti-PD-1 or anti-PD-L1"*".

First line studies comparing ICIs to sorafenib treatment are ongoing in patients with advanced HCC: two
studies from different companies, CheckMate-459 and NCT03412773 with anti-PD-1 and the HIMALAYA
study testing the combined activity of an anti-PD-L1 and anti-CTLA-4. The adjuvant role of ICIs is also test-
ed with anti-PD-1 versus placebo in patients with early stage HCC undergoing surgery or ablation evaluating
relapse free survival as primary endpoint (NCT03383458). A study combining RFA, cryablation or TACE
and-CTLA-4 in advanced HCC has been recently published"*”. Subtotal ablative treatments were given after
the second anti-CTLA4 infusion. The study demonstrated feasibility and no dose-limiting toxicity of this
therapeutic approach. Moreover 5/19 evaluable patients presented partial response. Interestingly pre and
post-treatment biopsy showed an enrichment of CD3 and CD8 positive T-cells infiltrating the tumor after
treatment that positively correlated with clinical response. Table 2 represents a more comprehensive list of
completed and ongoing clinical trials with ICIs.

Until now it is not possible to understand which immune checkpoint is the most promising for HCC pa-

tients. Experience from other solid malignancies suggests that combining different ICIs may improve clinical

response, given the increased risk of severe toxicities. Vaccination protocols combined with ICIs are tested in

clini[ca]I trials, representing an alternative treatment strategy expanding tumor-specific T-cell populations in
. 138

vivo .

Another immunotherapeutic approach that cannot be strictly considered an ICI is represented by an anti-
TGFBRI (Galunisertib) that is expected to block the immunosuppressive and pro-tumorogenic eftect of TGF-p. It
has been tested in association with sorafenib in a phase II clinical trial (NCT01246986) showing a median
overall survival of 17.9 months that represents an improved survival compared to sorafenib historical results.

PREDICTIVE BIOMARKERS

Although promising, the results of immunotherapy for HCC are far from optimal. Recent trials suggest that
combined regimens with different ICIs would lead to higher rates of clinical response, but with increased
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risk of immune-related adverse events. The development of biomarkers with acceptable predictive value will
be instrumental to maximize the benefit of immunotherapy.

As previously described, the anti-cancer immune response is the results of multiple factors deriving from
the antigenic characteristics of the tumor, the multiplicity and the phenotype of TAA-specific immune cells,
the latter mainly dictated by the tumor microenvironment. From this perspective the use of a single analyte
biomarker might not be sufficient to recapitulate the complex interplay between tumor biology and immune
response. Immunostaining with anti-PD-L1 antibodies has been the first approach evaluated to predict the
response to anti-PD-1 treatments. However, this marker was shown to be unreliable especially for its poor
negative predictive value"*”**", In addition, the intrinsic variability of immunohistochemistry together with
the heterogeneity and dynamic nature of PD-L1 expression in tumor and immune cells raise concern about
its adequacy to clinical standards"*"

Multianalyte profiles may represent promising tools for the accurate prediction of immunotherapy outcome.
The response to PD-1 blockade has been related to the presence of immunogenic neoantigens arising from
the active expression of viral genes or from increased tumor mutational burden" """, According to this
view, pembrolizumab (anti-PD-1) was approved by FDA in 2017 for the treatment of unresectable or meta-
static solid tumors with mutations in genes for DNA mismatch repair (IMMR) or microsatellite instability
(MSI), independently from the tissue of origin. However, AMMR or MSI are infrequent in Hee

The multiplicity, composition, activity and location of tumor-infiltrating immune cells have been shown
to represent prognostic markers in HCC"***", A subset of HCCs characterized by an inflammatory gene
signature has been detected in several studies ", A recent study identified in about 25% of patients an
immune-specific molecular class of HCC including two distinct subtypes, characterized by a prevalent adap-
tive T-cell response and an exhausted immune response, respectively*“’. Interestingly, immune gene profiles

. . . . . . [149,150]
suggesting active anti-tumoral response have been associated with longer time to recurrence .

Gene signatures may provide a global picture of the complex tumor immune landscape. This approach rep-
resents a tool for the discrimination of tumors with pre-existing immune infiltrate, more likely to respond to
interventions aimed at overcoming inhibitory factors. In a recent paper a so-called “T cell-inflamed gene ex-
pression profile”, containing IFN-y-responsive genes related to antigen presentation, chemokine expression,
cytotoxic activity, and adaptive immune resistance, was shown to be necessary, but not always sufficient, for
clinical response to pembrolizumab in 10 tumor types'*".

The lack or low abundance of cellular infiltrate may indicate a defect in innate immunity or in immune cell
trafficking and suggest alternative therapeutic approaches. Consistent with observations made in other tu-
mors"*”, a molecular profile of “immune exclusion” is associated with activated Wnt/B-catenin pathway sig-
naling in HCC"*. This suggests the potential of Wnt/B-catenin activation as a biomarker predictive of resis-
tance to checkpoint inhibitors. As a future perspective, gene signatures integrating information about tumor
cell mutational burden, presence and nature of the immune infiltrate, possibly at different investigational
levels (genetic, genomic, epigenetic) would provide information for a comprehensive therapeutic stratifica-

tion of HCC patients.
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Abstract

Present study reports an update on the molecular interaction of antiviral drugs with viral and host cell components during
hepatitis C virus (HCV) infection. In addition to the traditional therapeutic drug regimen, termed as standard of care,
some recent drugs have been added in the existing regimen used for HCV infection. These drugs were categorized as
direct-acting antivirals (DAAs) agents and “other agents”, with their efficacious impact in the control of HCV infection.
They target both viral proteases and host cell receptor proteins/enzymes involved in HCV entry into the cell, replication,
and assembly to check their propagation both /7 s/tu as well as in cell to cell transmission. Recent studies have reported
a significant rise in sustained virological response after the use of these drugs both alone and in combination with
pegylated interferon-a (PeglFN-a) plus ribavirin. Recently, DAAs have been reported to be highly effective in eradication
of HCV infection, especially liver cirrhosis, reducing but not avoiding the occurrence of liver cancer. Some studies have
demonstrated that the presence of resistant HCV variants, arising during viral replication, may be controlled by the new
drug regimen. It is important to note here that all these drugs are influenced by viral as well as host factors including basic
viral load, HCV genotypes, IFN action, interleukin 28B polymorphism and some liver and metabolic diseases, efc. This is
an area with on-going investigations to explore more antiviral agents that may address new challenges in HCV therapy.

Keywords: Hepatitis C virus, interferon, pegylated interferon, direct-acting antivirals, sustained virological response,
drug-resistance

INTRODUCTION
Hepatitis C virus (HCV) infection is a known cause of serious liver diseases recorded worldwide.
Majority of infections are asymptomatic and in about 80% of cases, the virus persists without the patient’s
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awareness. HCV infection causes both acute as well as chronic liver diseases including cirrhosis of liver and
hepatocellular carcinoma. Globally, HCV infection affects nearly 180 million people™ which account for 3%
population of the world. Approximately 3 million new cases are added to this population every year™?. A
high proportion of HCV infected patients develop chronic liver diseases and nearly 20% of them progress
to cirrhosis and about 10% to liver cancer™ in later stage. The presence of HCV infection, though varies
from region to region, has been noted throughout the world. Hepatitis B virus (HBV)-based prevention and
control measures for viral hepatitis have achieved remarkable results, and hepatitis C has relatively little
awareness. Efforts have been made to develop effective prophylactic and therapeutic measures for treatment
of chronic HCV infection. There is a common belief now that HCV infection needs more attention even than
human immunodeficiency virus (HIV) infection in terms of its early detection and timely remedies since
both of them do not have any vaccine for prevention. Moreover, the disease burden caused by HCV is also
more serious even than HIV. A high genomic variability in HCV has led to development of at least seven
genotypes and many isotypes.

HCV is an RNA virus with about 9.6 kb genome. This is a single stranded, enveloped virus with positive
polarity and has been categorized under flaviviridae family. Its genome has a single ORF encoding for
polypeptides of 3011 amino acids. The 5UTR region has an internal ribosomal entry site (IRES) which is involved
in HCV replication. Using host and viral proteases, HCV polyprotein is cleaved into three structural proteins
(Core, E1 and E2) and seven non-structural proteins (P7, NS2, NS3, NS4A, NS4B, NS5A and NS5B)'*. HCV-core
forms viral nucleotide that has significant role in viral pathogenesis” and E1 and E2 proteins are involved
in viral entry into the cell®™. The P7, a 63-amino acid protein, helps in translocation of NS2 into endoplasmic
reticulum and also in viral assembly and release of HCV virions®"\. The NS2 peptide is a transmembrane
protein which plays role in viral replication. The NS3, on the contrary, is a protease and acts as ATPase/
helicase""”. Usually, HCV protease disrupts interferon (IFN) and toll-like receptor-3 (TLR-3) signaling
pathways. The NS4A acts as a cofactor for NS3 protease, the NS4B is needed to recruit other viral proteins"**!
and NS5A, a phosphoprotein, plays role in viral replication"**. The last non-structural protein i.e. NS5B is
an HCV RNA dependent RNA polymerase (RdRp) which also participates in RNA replication"”.

The studies available in last few decades have elucidated the virus specific events in infected cells. In order
to use these events as targets for chemotherapy, some antiviral agents were developed and used to treat HCV
infection on a line similar to the one used for other viral infections. This targeting is aimed to suppress virus
reproduction without an adverse effect on the host-cell. There are a number of virus specific processes within
virus replicative cycle in an infected cell that may be targeted for chemotherapeutic intervention. The major
target steps include virus entry into the cell, reverse transcription, viral DNA/RNA polymerization and the
reactions involved in viral DNA/RNA synthesis efc. At present, a variety of agents including nucleosides and
non-nucleosides entities have been developed which interact with virus targets and inhibit virus replication.
In case of treating HCV infection, today a variety of agents are available for use. In addition to the virus-
specific events, there are several host enzymes and processes that are closely associated with viral DNA,
RNA or protein synthesis. These processes may also be the targets for antiviral agents.

The recommended treatment for HCV infection includes a combination therapy with PegIFN and

sl However, recently several new regimens have been evolved for treatment of HCV infection.

ribavirin
The drugs including direct-acting antiviral agents (DAAs) like boceprevir or telaprevir as protease
inhibitors have provided a new promise to aim the HCV treatment. This therapy improves sustained
virological response (SVR) in patients infected with HCV genotype-1 by more than 70%. Moreover, it has
an additional significance of little chances of development of drugs resistant variants"**. Several other
DAAs are in clinical trials today and have been evaluated for combination therapy”. The emerging new
antivirals need a new trial for serious liver diseases, particularly, in those cases with poor response to

current regimens”>**,
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Present study gives an update on the availability and action of therapeutic agents targeting various steps of
HCV viral life cycle and infected host cell processes that may be disrupted to check viral reproduction and
underlying pathological reaction cascade. It also describes the comparative efficacies of different agents and
the future of HCV- treatment under the use of these agents.

TYPES OF DRUGS

In a common practice, the combination of pegylated interferon-a (PegIFN-a) and ribavirin, is used for the
treatment of HCV infection"". The addition of DA As, like boceprevir, ortelaprevir, in the drug regimen, has
brought a new change in the status of HCV treatment. This regimen improves the SVR to a significant level
even in genotype-1 infected patients"”. IFN and ribavirin can cause patients with flu-like symptoms, cognitive
dysfunction, thyroid dysfunction and other adverse reactions, leading to premature termination of treatment
in some patients. However DAAs were found to develop drug resistant variants®*. Subsequent studies
introduced the next generation DA As like simprevir and sofosbuvir, that were approved by FDA for treatment
of HCV infection®*. An interferon free drug regimen comprising ombitasvir, paritaprevir, ritonavir and
dasabuvir has been approved for HCV genotype-1 infected patients. Now it is believed that the new drug
combination may consist of interferon free regimen with high viral killing efficiency, short therapy time and
less adverse effect. The development of drugs and their different combinations for an effective therapy against
HCV is under investigation for last several years. Some new drugs developed and used in recent past are
described in Table 1. These drugs are used both alone as well as in combination to other drugs. Based on their
nature, action and host response, these drugs have been classified under different categories:

Interferon

PegIFN-0, a commonly used drug increases the SVR rate by causing a delay in renal clearance. Human albumin-
IFN-a (Albinterferon) is a fusion protein. This protein is used for the treatment of HCV infection. Different
reports have shown that the SVR rate arising from the use of Albinterferon and Ribavirin was nearly the same

Eo27Similarly, IFN-A which is a class-III interferon, is also used for the

as noted with use of the SOC treatments
treatment of HCV infection. The receptors of IFN-A are mainly present in the liver and therefore very minimal

extrahepatic adverse effects were recorded with the use of IFN-A in comparison to IFN-a**,

Direct acting antiviral agents

This is the class of drugs acting against viral and host proteins involved in HCV life cycle. The major
inhibitors of NS3 viral protein are telaprevir and boceprevir. Telaprevir was approved and recommended for
use with PegIFN-a and ribavirin in genotype-1 patients. This was classified as triple therapy. Since telaprevir
treatment is reported to be effective against the resistant mutants in the short term duration, it was decided
to use it for long-term and subsequently approved for the treatment®. It is important to note here that the
long term use of these drugs often leads to drug resistance including T54A/S, R155K/T, V36A/M, V55A,
and A156/S/T/V, etc. Simeprevir is another NS3 protease inhibitor classified as second generation drug. This
drug is a reversible inhibitor of NS3/4A protease®. Danoprevir and faldaprevir are also second-generation
HCV NS3/4A protease inhibitors and used in patients infected HCV genotype-1. In addition to these drugs,
there are various other NS3 protease inhibitors like Vaniprevir (MK-7009), Narlaprevir (SCH 900518),
Asunaprevir (BMS 650032), VX 985, and MK-5172 which are used for treatment of HCV infection. There is
every possibility that these drugs may be approved for therapeutic use against HCV infection".

Daclatasvir (BMS) 790052 was found to inhibit NS5A, a protein involved in HCV replication and therefore
used as a drug for control of HCV infection. This particular drug has a broad genotype antiviral activity. In
addition, other NS5A inhibitors include Ledipasvir (GS-5885), ABT 267, IDX791, and ACH-2928 efc. NS5B
is a RNA-dependent RNA polymerase (RdRp) involved in HCV replication. This NS5B enzyme activity is
inhibited by two categories of inhibitors that are nucleoside/nucleotide derivative inhibitors (NIs) and non-
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Table 1. Mechanism of drug action to control HCV infection
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Site of action (target)

Drugs

Mechanism of action

Viral entry
Attachment

Post-binding interactions with entry factors
CD81

SRB1
CLDN1

EGFR
EphA2
TfR1
NPCIL1
Clathrin-mediated endocytosis
Fusion and uncoating
Endosome acidification

Lipid composition of virus or host cell

Unclear mechanism
Natural compounds and small molecules

Viral replication

Viral protein
NS3/4A

NS5A

NS5B

NS3

NS4B

Host factors
Cyclophilins
miRNA

Viral assembly

Alpha-glucosidase

DGAT-1 (Cellular factor) (Diacylglycerol
O- acyltransferase-1)

DGAT-2 (Cellular factor) (Diacylglycerol
O- acyltransferase-2)

VLDL biogenesis

Lectin cyanovirin-N, BA-LNC, Ficolin,
Heparin and heparin-derived compounds,
Heparanase, EGCG and its derivatives,
Lactoferrin, A p7 ion channel-derived peptide
H2-3

Imidazole-based compounds, Anti-CD81 mAbs,
Soluble CD81 LEL

Serum amyloid A,
Anti-SRBT pAb and mAb, ITX5061

Anti-CLDNT1 peptides,
Anti-CLDN1 pAb and mAb

Erlotinib

Dasatinib

Anti-TfR1 mAbs, Ferristatin
Anti-NPC1L1 mAbs, Ezetimibe
Chlorpromazine, Arbidol

Concanamycin A, Bafilomycin A Chloroguine,
Ammonium chloride

Arbidol, Phenothiazines, RAFls (aUY11), LJOO1,
Silymarin
Ferroquine, PS-ONs

Flavonoids, Terpenoids, Tannic acid, Gallic acid,
PF-429242

Interferon

PeglFN-0, Human serum albumin IFN-a,
PeglFN-A-1a

Ribavirin (Nucleoside analogue)

DAAs

Telaprevir, Boceprevir, Faldaprevir, Simeprevir,
Asunaprevir, Paritaprevir, Danoprevir, Grazoprevir,
Vaniprevir, TMC435

Daclatasvir, Ledipasvir, Ombitasvir, Elbasvir,
Velpatasvir

Sofosbuvir, Dasabuvir, Mericitabine BI207127,
Lomibuvir/VX-222, Setrobuvir
3-bromo-4-hydroxyl derivative 4,5,6,7 -
tetrobromo benzotriazole (TBBT),
30-methylpiperidine-10-YI QU663

Clemizole

Cyclosporin A
Miravirsen

UT-231B (Immino sugar) and Celgosivir
(MX-3253-a castano- spermine prodrug)
DGAT-1 inhibitor

DGAT-2 inhibitor

Grapefruit flavonoid naringenin

Inhibits attachment factors reducing
concentration of virions on cell surface

Inhibits viral binding with entry factors

Restrict endocytosis of virions

Reduces acidification of endosome
required for membrane fusion between
virus and host cell

Reduced fusion efficiency of HCV
particles

Exact mechanism not elucidated

IFN-alpha declines HCV RNA level
Mechanism unclear

Inhibits NS3/4A proteases involved in
viral replication

Inhibits binding of NS5A to viral RNA
required for RNA replication and viral
assembly of HCV

Inhibits NS5B, RNA-dependent RNA
polymerase inhibitor

NS3 helicase inhibitor
Protein kinase-2 inhibitor
Helicase inhibits

NS3 helicase inhibitor

Inhibits HCV RNA replication by
blocking binding of viral RNA to NS4B

Inhibit HCV replication
Reduces HCV replication

Inhibits alpha glucosidase involved in
HCV assembly

Inhibits DGAT-1 needed for core protein
localization around LDs

DGAT-2 involved in LD biogenesis

Inhibitor of VLDL secretion disturbing
viral assembly

nucleotide inhibitors (NNIs). It has been found that NIs have a similar effect for different HCV genotypes and
also show low incidence of resistant genes. Sofosbuvir, a NIs, has been used in cases of HCV infection caused

by non-genotype-1 HCV®"*. However, DA As are well tolerated and adverse reactions are significantly lower
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than IFN, but there are still a few cases of adverse reactions and reactivation of HBV during DA As anti-HCV
treatment®"..

Cyclosporine and miravirsen

Cyclophilins including cyclophilins A, B, and C are involved in HCV replication. An immunosuppressive
compound cyclosporine A is involved in the inhibition of HCV RNA replication by interfering with
cyclophilins A functions. Alisporivir (Debio-025) which is a derivative of cyclosporine A acts as antiviral
agent against many HCV genotypes. The antiviral effect of cyclophilin inhibitors is increased when used in
combination with PegIFN-a. Thus, in addition to many other benefits, these agents may be used as effective
antiviral agents®>*!. Miravirsen is another drug that targets miRNA-122. It inhibits several HCV genotypes
in vitro. Its effect lasts long simultaneous with non-appearance of resistant mutations.

Other antiviral agents

In addition to antiviral agents described above, vitamin B12 was also reported to act as an inhibitor of HCV
replication. The use of vitamin B12 with SOC drugs raised the SVR rate to the level higher than the rate
noted in patients treated with SOC alone®. Recently, it has been observed that vitamin D also acts against
HCV in vitro. The SVR rate of patients infected with HCV genotype-1 or 2/3 is improved once vitamin D
is added to PegIFN-a and ribavirin therapy®*. A comparison of study using PegIFN-a and RBV with
supplement of L-carnitine group vs. the PegIFN-a plus RBV group has shown an increase in SVR rate®.
This substantiates that L-carnitine may be useful for the treatment of HCV infection.

MECHANISM OF DRUG-ACTION

Targets of drugs

The basic aim of designing the drugs against HCV infection is to develop agents that can check the entry of
virus into cells, blocks its replication and disrupts the viral assembly inside the cell. As such, drugs do not
kill the virus or its components but prevent their formation and reproduction. In case of HCV infection,
attempts were made to develop drugs that can check viral entry and replication process. Since the discovery
of HCV, a number of experimental studies were conducted which reported detailed analysis of HCV life
cycle and its interaction with human host. These studies revealed several targets for therapeutic intervention
in HCV infection. Recent improvements in the SOC therapy have raised the hope that HCV infection can be
managed with adequate medical intervention. However, the current treatment is not effective for all seven
genotypes. The basic aim for HCV therapy is to achieve high SVR using traditional drugs in combination
with direct acting antivirals (DA As), without any chance of escape mutations.

HCV entry as target

The drugs inhibiting HCV entry into cells target receptors and enzymes helping in viral entry process.
These entry inhibitors have prophylactic properties and show synergistic effect when combined with other
agents™. Circulating virions bind with glycosaminoglycans (GAGs) and LDLA". The lectin cyanovirin-N
(CV-N) impairs viral binding by its interaction with E1/E2 HCV proteins to check entry™". Similarly, L-ficolin
proteins can neutralize HCV particles through their binding to E1/E2 proteins*?. Epigallocatechins gallate
(ECGCQ), anatural polyphenol compound and abundant in green tea extract regulate lipid metabolism impairs
HCV binding to host cell by interfering with HCV E1/E2 function and also block cell-to-cell transmission
in vitro**"!. This is the reason that green tea is considered as an effector against HCV infection. Lactoferin,
present in milk, also blocks HCV attachment™*®. Like E1/E2, the P7 protein also inhibits HCV entry by

directly effecting virus binding to cell surface and interfering with host-virus interaction”.

After attachment of virus with cell surface, its entry requires different host factors like CD81, SRB1, CLDN1
and OCCDNLU, jfRI, EGFR, EphA2 and NPC1-L1, etc. CD81 interacts with HCV E2 helping HCV infection.
Specific NTCD81 monoclonal antibodies like JS-81 or KO4 counteract HCV E2-CD81 interactions and
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interfere with HCV entry during post binding process™***?. SRB1 proteins, related to lipid metabolism,
also affect HCV entry to host cells®”. Serum amyloid A, an acute phase protein and produced by liver,
inhibits HCV entry[ss'”]. Similarly, ITX5061, a small molecule, also blocks uptake of HCV and functions
synergistically with DA As, thus giving a promise for future use. CLDNs and OCLNs form complex with CD81
and contribute to efficient HCV internalizations. Since CLDNI1 is highly expressed in hepatocytes, it may be
a potential target for antiviral agents. Antibodies vs. CLDN1 show inhibitory effect on HCV infection®**.
OCLN is also a main entry factor for HCV. Recently, it has been found that mi R-122 can decrease HCV
entry by inhibiting OCLN. The EGFR and EphA2, the receptor tyrosine kinases (RTKs), act as cofactors for
HCV entry™. These are expressed in liver and inhibited by anticancer drugs like Erlotinib and Desatinib.
These drugs impair HCV cell-entry. RTKs interfere with CD81-CLDN1 complex association and block cell
to cell transmission of HCV'*". However, their efficiency needs further authentication. After interaction with
various receptors, HCV particles are internalized through clatherin-mediated endocytosis*”. CD81-CLDN1
complex facilitates virus entry and fusion simultaneously®. The compound chloropromazine interferes with
clatherin, thus impairing HCV endocytosis'”. Arbidol, used as an anti-influenza drug, impairs clatherin
mediated endocytosis of HCV'*Y. The fusion of virus membrane to host cell is followed by viral replication
inside the cell. The indole derivative arbidol also inhibits HCV membrane fusion'™. Silymarin is a mixture
of several flavonolignans and flavonoid taxifolines and inhibits fusion as done by arbidol. Other fusion
inhibitors include feroquine and aclorocquin, efc.

HCYV replication as target

The HCV replication cycle presents another important target for antiviral therapy. The successful use of
protease inhibitors for the treatment of HIV infections prompted researchers to focus on the HCV associated
enzymes including NS3-4A protease and NS5B polymerase, etc.”*". The HCV RdRp also became an
attractive drug target. Finally, inhibitors targeting NS5A have also been developed. Simultaneous with viral
proteins, several host cellular components were also used as targets while developing drugs against them.

NS3 is a component of HCV encoded polyprotein which together with NS4A, constitutes the protease
NS3-4A. Its carboxy-terminal region shows RNA helicase and NTPase activity'®. Both these proteases
are essential for HCV replication and have been pursued as drug targets. Since NS3-4A binds with its
substrate by weak interactions, this restricts the development of drugs targeting NS3-4A. However, later
studies could be successful in developing certain DAAs targeting NS3-4A". These drugs were put under
three different categories on the ground of their properties and action”. The DAAs in category I include
linear peptidomimetics that bind proteases enzymes through covalent bonds. For example, telaprevir and
boceprevir, the drugs of class I bind to the active-site Ser (Serine) forming a covalent enzyme - inhibitor
adduct. This not only shows antiviral activity but also uses strong forces to bind the target site. DAAs under
category II and IIT are NS3-4A specific drugs. These are linear peptidomimetics or macrocyclic inhibitors
and do not bind with their target by covalent bonds. It has been reported that these drugs do not target all
HCV genotypes. These NS3-4A inhibitors are two macrocycles MK-5172"" and ACH-2684".

The NS5A replicase is the most enigmatic HCV protein. On the basis of molecular masses, their predominant
forms are p56 and p58, respectively”. The phosphorylation in NS5A replicase is reported to be mediated
by different kinases””®. It has several sites identified as targets in the central and c-terminal part of NS5A
and LCS1 region. The RARp-NS5B is another enzyme regulating viral RNA synthesis. Several studies have
demonstrated the candidate NS5B inhibitors which are nucleoside and nucleotide inhibitors (NIs) in nature
and bind at active site of the enzyme. The non-nucleoside inhibitors (NNIs) bind at allosteric sites to bring
conformational changes and inhibit polymerase activity”**”". These NIs have been reported to be effective
against several HCV genotypes.

HCV replication is a complex process involving many other viral proteins simultaneous with NS3-4A, NSsA
and NS5B. These proteins have been pursued as drug targets. Moreover, there are some non-enzymatic
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proteins which also make a suitable intervention point. Although the exact function of NS4B is not very
clear, it has been found as a good drug target””. NS4B also plays an important role in HCV RNA replication
by forming membranous replication complexes. It has been observed that the C-terminal portion of NS4B is
needed for functional HCV replication complexes™. Clemizole has been found as a potent inhibitor of HCV
RNA replication. This agent blocks the binding of viral RNA to NS4B"”\,

Apart from viral proteins, some host cell factors also emerged as promising targets for antiviral therapy.
Among host factors contributing to the viral replication cycle, we describe here two main factors that have
been studied in detail, which are cyclophilins and miR-122. Cyclophilins A (CYPA) is the primary host factor
and targeted by immunosuppressive drug cyclosporin A (CsA)*>*! which inhibits HCV replication in cell
culture®. The CYPA-CsA complex also inhibits calcineurin, involved in activation of T cells. Some CYPA
antagonists have been developed. These compounds are Alisporivir, NIM811 and SCY635. miRNA-122 is
another important host factor that was targeted for the treatment of chronic HCV infection. miRNA-122
stimulates HCV replication by stabilizing HCV RNA®*, translates of the viral genome'®
RNA replication™. Naturally, targeting miRNA-122 by antagonist disrupts HCV replication in vitro and
in vivo®®* and therefore becomes an effective target of therapy. miRNA-122 also shows the important role
in hepatocyte lipid homeostasis and it may be taken into account when considering the therapeutic use of
miRNA-122 antagonists.

and enhances

HCV assembly as target

The experimental studies indicated that antiviral molecules act at different steps of HCV lifecycle. Also
many cellular factors act as candidate targets. The inhibition of a-glucosidases disrupts HCV assembly***!.
The a-glucosidase inhibitors including UT-231B and Celgosivir (MX-3253-a castano-spermine prodrug),
were used as assembly antagonists®>*"). Identification of diacylglycerol O-acyltransferase-1 (DGAT1), the
factor needed for core protein localization around LDs, indicates that DGAT1 may be a target for therapeutic
intervention®”. Although diacylglycerol O-acyltransferase-2 (DGAT?2) is also involved in LD biogenesis®?,
HCV targets only DGAT1. Furthermore, DGAT2-generated LDs form normally in DGAT1 inhibitor treated

cells. This shows a limited effect of DGAT1 inhibitors on the cellular functions®.

EFFECT OF VIRAL AND HOST COMPONENTS ON DRUG ACTION

Basline viral load

When baseline viral load is less than 400,000-800,000 IU/mL, the course of treatment may be reduced to 24
weeks in genotype-1/4 patients and to 12-16 weeks in gneotype-2/3 patients. Many studies have shown that
low viral load (HCV-RNA, 600,000-800,000 IU/mL is a good predictor of SVRM* An increase in viral load
decreases SVR rate.

Viral genotypes

HCV has a total of seven genotypes with more than 50 subtypes and several quasispecies. Genotypes play
very important roles in deciding the host response to anti- viral treatment. Patients infected with genotype-1,
-4, -5, -6 respond worse than those with genotype-2/3 infection. Although, it is not fully established, it is
believed that DA As have better effect on non-responder genotypes like genotype-1. Using sofosbuvir drug
it has been altered that when it is combined with the SOC regimen, there is a good impact on SVR, both in
genotype-1 and genotype-2/3 patients””*¥.

Interferon action

Interferons are involved in host natural immune response against various pathogens including HCV®”.
Interferon binds with receptors on the target cells and activates signaling pathways like JAK-STAT
pathway. This upregulates IFN-stimulated genes (ISGs) with expression of several types of antiviral effector
protein°***). This has been a basis of using IFN-0 as an antiviral agent in chronic HCV infection"”. However,
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some studies have demonstrated that IFN-o based treatment of HCV infection is influenced by several
factors including viral as well as host factors. Viral load and HCV genotypes were found to be important
factors influencing IFN-therapy. HCV genotype-1 responded poorly to IFN therapy achieving SVR to near
about 50% in comparison to HCV genotype-2 and -3 where SVR reached up to 85%"*". It has been found that
many HCV proteins interfere in the antiviral action of IFN-a"*. Subsequently, it was noted that various HCV
proteins including Core, E2, NS3/4A, NS5A/5B, antagonize antiviral effect of IFN-a. It may be illustrated
more specifically in reference to individual HCV viral proteins. For example, HCV core induces expression of
Suppressor of cytokine signaling-3 and -1 (SOCS-3 and SOCS-1), which antagonize IFN-a action by blocking
JAK/STAT-pathway and ISGs expression"*®"*”. HCV core also inhibits IFN induced phosphorylation and
nuclear translocation of STAT-1. Binding of HCV core to STAT-1 decreases its phosphorylation and ISGs
transcription*®"””.. Another important structural protein HCV E2 was also found inactivating IFN-o through
inhibition of PKR™!. This effect of E2 was detected prominently in patients infected with HCV-1 isolate. HCV
genotype-2 and -3 could not show the same effect™’. Of the nonstructural proteins, HCV NS3/4A was found to
disrupt the IFN induction pathway. HCV NS3/4A protease cleaves various proteins including antiviral signaling
proteins (MAVs)"*""?/ TIR domain containing adaptor inducing IFN-a. (TRIF)™*¥ and adapter protein of RIG-1
TLR-3 signaling pathways etc. This cleavage disrupts not only innate immune response but also IFN-induction
pathway, ultimately resulting in down regulation of the transcription of IFN-alpha inducible genes™*"*. In
addition, HCV NS4B and NS5A were also found to inhibit protective action of IFN-a. NS4B reduces IFN-a
induced phosphorylation of STAT-1 and expression of IFN receptors. On the other hand NS5A binds and
inactivates PKR™*". Several studies have shown inhibitory effect of NS5A on IFN induced JAK-STAT
signaling pathway™**. NS5A usually blocks IFN-1 induced STAT-1 phosphorylation and its nuclear
translocation resulting in downregulation of ISGs induced expression.

IL28B polymorphism

Single nucleotide polymorphism (SNP) in IL28B gene present on chromosome 9 has an impact on HCV
treatment response. The SVR rate of SOC in HCV patients carrying CC genotypes was 2-3 times higher
as compared to the one with its clearance. There is high frequency of CC genotypes*”
European and African. IL28B polymorphism is the best predictor of treatment response, better even than
viral load, liver fibrosis, glucose level etc. EASL guidelines showed that IL28B polymorphism can be used

to give a predictive value. Thus IL28B gene has a better predictive value in comparison to SOC and DA As.

in comparison to

Hepatic steatosis

Patients with hepatic steatosis usually do not respond well to HCV infection treatment. The presence
of steatosis does not allow the EVR or SVR to attain in genotype-1 infected patients when treated with
SOC. Similarly, steatosis affects negatively in patients infected with other genotypes. It causes relapse after
discontinuation of treatment in patients with genotype-3. This all indicates that pathogenesis of steatosis
differs in different genotypes and influences the treatment. In addition to all above factors influencing the
treatment response, other conditions like age, insulin resistance, and metabolic syndrome etc. also have
negative impacts on treatment.

Virological response to therapy

The therapy of HCV infection is basically aimed to eradicate the virus and prevent the ensuing disease
complications. The success of therapy is monitored by SVR rate which is defined as the absence of the HCV
RNA in serum post 24 weeks of stoppage of treatment"*”. The value of SVR indicated not only eradication of
virion from circulation but also correlates with symptoms™****”. The combination of PegIFN and ribavirin
has been the SOC for all patients infected with HCV irrespective of viral genotypes"”.. This regimen
produces SVR to 70%-80% in patients with HCV genotype-2 or -3 infection. However, SVR reached only
45%-70% in patients infected with other genotypes™*. In recent trials of boceprevir and telaprevir in patients
with cirrhosis it was noted that SVR was low in comparison to that in non-cirrhotic patients.
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Drug resistance

HCV is a highly variable virus with a large viral population and numerous quasispecies turnover in an
infected individual. Its life cycle remains confined to the cytoplasm in cell with little possibility of its genome
integration with host genome. Treatment of chronic HCV infection is based on the combination of PegIFN-a
and ribavirin. The use of DAAs against HCV demonstrates that these agents may give rise to drug resistant
viral species. These viral variants have different amino acid composition on target sites and so, are less
susceptible to drug action"*". In fact, the variants preexist before treatment, possibly arising from error prone
activities of HCV-RNA dependent RNA polymerase (RARp)"* and rarely detected by current techniques.
Drug exposure inhibits replication of the dominant drug-sensitive viral population to the level of appearance
of resistant variants. In vivo, viral resistance is influenced by three major factors including the genetic
barrier to resistance, in vivo fitness of the viral variant population and drug exposure. Different studies have
indicated that the variants show resistance to NS3/4A protease inhibitors, nucleoside/nucleotide analogues,
non-nucleoside RNA-dependent RNA polymerase inhibitors, NS5A as well as cyclophilin inhibitors™*. In
view of these alterations, the drug resistant variants may cause a serious challenge to infection and therefore,
this problem needs a solution by more extensive investigations.

CONCLUSION

This study concludes that the use of PegIFN-a and ribavirin is still a major part of standard of care (SOC)
and the control of HCV infection. The addition of new drugs including DA As, cyclophilins and miravirsen,
etc. has made a significant improvement in SVR even in those patients where HCV genotypes remain
resistant to PegIFN-a plus ribavirin drug regimen. These drugs target and inhibit viral proteases and cell
receptor proteins as well as enzymes facilitating viral entry into the cell and viral replication and assembly
inside the cell. A check on viral entry as well as their cell to cell transmission or further replication by
the use of these drugs achieves the aim of treatment. In spite of an increase in SVR, the effect of DA As is
altered by the viral and cellular factors. Basic viral load and viral genotypes were found to show a significant
effect on therapeutic outcome. Similarly, some disease conditions or cellular genomic polymorphism like
IL28B polymorphism also have an impact on drug therapy. The development of drug resistant HCV variants
during viral propagation still remains a serious challenge and needs to be resolved by different combination
or development of new drugs. Studies are in progress looking towards new aspects of drug therapy against
HCV infection.
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