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Abstract

We elucidate major pathways of hepatocarcinogenesis
and accurate diagnostic metabolomic biomarkers
of hepatocellular carcinoma (HCC) identified by con-
temporary HCC metabolomics studies, and delineate
a model HCC metabolomics study design. A literature
search was carried out on Pubmed for HCC metabolomics
articles published in English. All relevant articles were
accessed in full text. Major search terms included “HCC",
“metabolomics”, “metabolomics”, “*metabonomic” and
“biomarkers”. We extracted clinical and demographic
data on all patients and consolidated the lead candidate
biomarkers, pathways, and diagnostic performance
of metabolomic expression patterns reported by all
studies in tables. Where reported, we also extracted
and summarized the metabolites and pathways most
highly associated with the development of cirrhosis in
table format. Pathways of lysophospholipid, sphingolipid,
bile acid, amino acid, and reactive oxygen species
metabolism were most consistently associated with
HCC in the cited works. Several studies also elucidate
metabolic alterations strongly associated with cirrhosis,
with y-glutamyl peptides, bile acids, and dicarboxylic
acids exhibiting the highest capacity for stratifying
cirrhosis patients from appropriately matched controls.
Collectively, global metabolomic profiles of the referenced
works exhibit a promising diagnostic capacity for HCC at
a capacity greater than that of conventional diagnostic
biomarker alpha-fetoprotein. Metabolomics is a powerful
strategy for identifying global metabolic signatures that
exhibit potential to be leveraged toward the screening,
diagnosis, and management of HCC. A streamlined study
design and patient matching methodology may improve
concordance among metabolomic datasets in future
works.

Key words: Metabolomics; Hepatocellular carcinoma;

Biomarkers; Metabolic profiling; Chromatography/mass
spectrometry; Noninvasive biomarkers; Cirrhosis
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Core tip: The high-throughput, validated nature of meta-
bolomics makes it an ideal methodology for rapidly
identifying the global metabolic alterations associated
with hepatocarcinogenesis - alterations that not only
enhance our understanding of the metabolic under-
pinnings of cirrhosis and hepatocellular carcinoma (HCC),
but that can be leveraged to improve HCC diagnostic,
therapeutic, and disease monitoring efficacy. Indeed,
contemporary HCC metabolomics works time and again
demonstrate this promise that metabolomics platforms
hold in serving as standalone non-invasive HCC diag-
nostic and disease monitoring modalities.

Fitian AI, Cabrera R. Disease monitoring of hepatocellular
carcinoma through metabolomics. World J Hepatol 2017; 9(1): 1-17
Available from: URL: http://www.wjgnet.com/1948-5182/full/v9/
il/1.htm DOI: http://dx.doi.org/10.4254/wjh.v9.il.1

INTRODUCTION

Hepatocellular carcinoma (HCC) is the world’s third most
lethal cancer, possessing a five-year survival rate of 10%
that results in between 250000 to 1000000 deaths per
year'™?l, HCC culminates from a preexisting long-term
condition of cirrhosis in 90% of cases®® and cirrhosis
patients are among the best characterized individuals
at high risk for developing cancer. Notwithstanding the
opportunity for clinical surveillance of these patients, the
dismal survival rate persists and HCC has now emerged
as the fastest rising cause of cancer related death in the
United States™*. HCC patients in Asia and sub-Saharan
Africa face a particularly grim outlook, with > 90% of
patients in rural areas of these regions progressing
within the first year of HCC onset™®, A major hindrance
to successful early diagnosis of HCC stems from the
substandard accuracy of the principal HCC diagnostic
modalities. Alpha-fetoprotein (AFP) is the principal
biomarker for HCC and despite the inexpensive and
reproducible nature of the AFP blood test, its sensitivity
of 25%-65%""*! for HCC has exacerbated early detection
of this cancer. The low sensitivity of AFP can be explained
by the fact that up to 40% of HCC and cirrhosis patients
have normal AFP levels, and that AFP is often elevated
in patients without HCC®**. Moreover, only 10%-20%
of patients with early-stage HCC have elevated AFP
levels™?, Exclusion of AFP as an HCC diagnostic modality
in the AASLD guidelines for HCC surveillance underscores
AFP’s unreliability to accurately screen for early HCC™.
Efforts to overcome this substandard performance have
resulted in the identification and commercialization of
novel HCC biomarkers des-gamma-carboxyprothrombin
and lectin-bound AFP (AFP-L3). These markers are
ineffective when used alone as HCC biomarkers, however,

Raishidenge ~ WJH | www.wjgnet.com

and even when combined with AFP still demonstrate
poor sensitivity for HCC, particularly in the detection of
lesions < 3 cm™. While magnetic resonance imaging
and computed tomography offer better accuracy in HCC
diagnosis, these sophisticated diagnostic modalities are
both economically and logistically incompatible with the
resource-poor areas experiencing the brunt of HCC's
mortality rate”**”), Improving early HCC detection and
patient outcome globally requires fulfilling of the urgent
need for a reproducible, inexpensive, and accurate HCC
diagnostic test.

Metabolomics as an HCC biomarker discovery tool
Numerous genomic and proteomic screening studies have
been employed to identify potential biomarkers of HCC!#24
but to date the markers identified in these studies have
not been clinically fruitful. Because the liver is the hub
of carbohydrate, amino acid, and lipid metabolism>*%,
chronic liver diseases undoubtedly disrupt normal metabolic
function. A metabolomics analysis of HCC and cirrhotic
tissue can therefore elucidate not just the metabolic path-
ways most relevant to the hepatocarcinogenic process,
thereby identifying metabolites showing promise as
HCC biomarkers, but also global metabolic patterns that
serve as comprehensive disease signatures and which
may therefore be used to stratify cases from controls.
Metabolomics is the comprehensive identification of all small
metabolites < 2 kD in a tissue sample. Through combined
gas or liquid chromatography/mass spectrometry,
surface-enhanced laser desorption/ionization time-of-
flight mass spectrometry (SELDI TOF-MS) or nuclear
magnetic resonance instrumentation, metabolomics
platforms enable investigators to rapidly screen hundreds
of metabolites in a large series of biofluid or solid tissue
samples and are capable of simultaneously detecting
metabolites belonging to a diverse array of pathways
including amino acids, lipids, carbohydrates, and nu-
cleotides. Metabolomics platforms are translationally
optimal and hold potential for clinical implementation
because they reveal global metabolite expression
pattern differences among cases and controls in an
automated, rapid, high-throughput, quality controlled,
and reproducible manner. Metabolomics facilitates rapid
identification of diagnostic markers, prognostic markers,
and lead drug target pathways and their implementation
in drug discovery divisions of pharmaceutical giants
underscores their important role in the lead target gene-
ration realm™”,

Nearly two dozen HCC metabolomics studies have
been reported®®®l, These studies illustrate the key
pathways involved in stepwise hepatocarcinogenesis
and reveal metabolites that may have utility as bio-
markers of HCC and cirrhosis. The findings of these
studies are summarized in Tables 1 and 2. These works
reveal deregulation of bile acid metabolism, fatty acid
B-oxidation by way of the carnitine palmitoyltransferase
(CPT) shuttle system, amino acid metabolism, and
glycerophospholipid metabolism in HCC vs cirrhosis,
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Table 1 Significantly altered metabolites in hepatocellular carcinoma patients vs cirrhosis controls

Ref. Platform Tissue HCC etiology Significantly altered metabolites in HCC Main pathways distinguishing
(organism) patients vs cirrhosis controls HCC from cirrhosis
Patterson et al”” UPLC/QTOF-MS; Plasma (human) HCC n = 20: LPC (14:0) | LPC metabolism
UPLC/ESI-TQMS; EtOHn =6 LPC (18:1) |
GC/MS HBV#n=3 LPC (20:4) |
HCVn=5 LPC (20:3) |
NASHn=3 LPC (22:6) |
NASH/ alcoholic FFA (24:0) - lignoceric acid | Very long chain fatty acid
steatohepatitis n =1 metabolism
HH#n=2 FFA (24:1) - nervonic acid | Hemoglobin metabolism
Bilirubin 1
Biliverdin 1
Xiao et al™” UPLC/QTOF-MS Serum (human) HCV 3B, 6B-dihydroxy-5p-cholan-24-oic acid | Bile acid biosynthesis
3a, 7B-dihydroxy-5B-cholest-24-en-26-oic
acid |
GCA |
GDCA |
GCDCA |
TCDCA |
Linoelaidyl carnitine | CPT shuttle system

Oleoylcarnitine |
Palmitoyl carnitine |
O-octanoyl-R-carnitine |

LPC (20:1) | LPC metabolism
LPC (20:4) |
PE (20:4/18:1) |
4E;15Z-Bilirubin IXa | Hemoglobin metabolism

15,16-dihydrobiliverdin |
3-ganidinopropionicacid |
Tetracosahexaenoic acid | Eicosanoid metabolism
3-hydroxy-eicosanoic acid |
Oleamide |
Phe-Phe 1
Wang et al®™ UPLC/MS-MS;  Serum (human) HCC n = 82: LPC-16:0 1 LPC metabolism
LC/QTOEF-MS HBV-cirrhosis n = 41 LPC-18:0 1
HBV-only n = 41 16:0/18:1-PC 1
16:0/18:2-PC 1
16:0/20:4-PC 1
16:0/22:6-PC 1
18:0/18:2-PC 1
Phenylalanine | Gut flora metabolism
GCDCA | Bile acid metabolism
Canavaninosuccinate 11 Organic acid metabolism
Zhou et al® UPLC/QTOF-MS  Serum (human) HCCn =69: LPC (14:0) HCC-C | LPC metabolism
HBV-HCC (HCC-B) n =38 LPC (16:1) HCC-C |
HCV-HCC (HCC-C) n =31 LPC (18:3) HCC-B |
HCC-C |
LPC (18:2) HCC-B |
HCC-C |
LPC (18:1) HCC-B |
HCC-C |
LPC (18:0) HCC-C |
LPC (20:5) HCC-C |
LPC (20:4) HCC-B |
HCC-C |
LPC (20:3) HCC-B |
HCC-C |
LPC (20:2) HCC-C |
LPC (20:0) HCC-B |
HCC-C |
LPC (22:6) HCC-C |
LPC (22:5) HCC-B |
HCC-C |
LPC (22:4) HCC-B |
HCC-C |
Wu et al®™ SELDI-TOF-MS; Serum (human) HBV GRO-o 1 Cytokine
HPLC/MS Thrombin light chain 1 Protease cleavage
Ressom et al®™  UPLC/QTOF-MS Serum (human) HCCn="78: GDCA | Bile acid metabolism
— HCV 67% TCA |
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— HBV 15% TCDCA |
— Alcoholism 29% Sphingosine 1-phosphate 1 Sphingolipid metabolism
— NASH 13% LPC (16:0) T LPC metabolism
— Cryptogenic (8%) LPC (17:0) 1
— Autoimmune (3%) LPC (18:0) 1
LPC (15:0) 1
LPC (22:6) T
LPE (22:6) 1
LPE (20:4) 1
LPE (20:3) 1
PS1
Yang et al™ HRMAS 1TH NMR  Biopsy (human) HCCn=17: Glucose | Glycolysis
— Cirrhosis n =9 Creatine |
— No cirrhosis n = 8 PE 1 LPC metabolism
Glutamine 1 Amino acid metabolism
Glutamate 1
PC+GPC 1 Bile acid metabolism
Nahon et al*” NMR Serum (human) EtOH cirrhosis High density lipoproteins HDL biosynthesis
Acetate 1 Ketone body metabolism
N-acetyl-glycoproteins 1 N-acetylglycoprotein
Glutamate Amino acid metabolism
Glutamine |
Budhu et al*” GC/MS, UPLC/ Biopsy samples HCC n =356 Study reported on markers involved in N/A
MS-MS (human) cancer aggressivity through comparison
Training cohort =30  of stem-like HCC to less benign mature
Testing cohort n =217 hepatocyte HCC
Validation cohort n =139
Beyoglu et al*! GC/MS Biopsy samples  Six HCC subtypes, liver Glucose | Glycolysis
(human) fibrosis status unknown

Glycerol 3-phosphate |
Glycerol 2-phosphate |

Malate |
Alanine |
Myo-inositol | PI3K pathway
Linoleic acid | Prostaglandin biosynthesis
Fitian et al™” UPLC/MS-MS  Serum (human) HCV cirrhosis-associated Sphingosine 1 Sphingolipid
and GC/MS HCCn =30
HCV-cirrhosis n = 27 Xanthine 1 Oxidative stress metabolism
Healthy volunteers n = 30 2-Pyrrolidinone 1 GABA metabolism
2-Hydroxybutyrate 1 Oxidative stress metabolism
Serine 1 Amino acid
Glycine 1
Aspartate T
12-HETE 1 Inflammation pathway
15-HETE 1
Isovalerate Gut microflora metabolism
Dihomo-linolenate 1 Inflammation pathway
Gao et al™” GC-TOF/MS  Serum (human) HBYV cirrhosis-associated Stearic acid Fatty acid biosynthesis
HCCn =39
HBV-cirrhosis (n = 52) Heptadecanoic acid
Palmitic acid
5-Aminovaleric acid Gut microflora metabolism
Cholesterol 1 Cholesterol metabolism
3-hydroxybutyric acid T Ketogenesis
Malic acid T TCA metabolism
Glutamine 1 Amino acid
Asparagine |
Alanine 1
Threonine |
Leucine |

Glutamic acid 1
B-glutamate 1

5-oxoproline | Glutathione metabolism
1,2,4-cyclopropranodicarboxylic acid | Dicarboxylic acid
metabolism

Pathways of importance in the comparison of (1A) HCC vs cirrhosis and (2) cirrhosis vs healthy controls are shown. Arrows indicate the metabolite’s expression
in cases vs appropriate controls. P < 0.05 was used as the significance level and metabolites reported in table are those which were most significantly
upregulated or downregulated in each study. EtOH: Alcohol; TOCSY: Total correlation spectroscopy; HH: Hereditary hemochromatosis; TCA: Tricarboxylic
acid; UPLC: Ultrahigh-performance liquid chromatography; QTOF: Quadrupole time of flight; SELDI: Surface-enhanced laser desorption/ionization;
HRMAS: High-resolution magic angle spinning; LPE: Lysophosphatidyethanolamine; LPC: Lysophosphatidylcholine; HCC: Hepatocellular carcinoma;
MS: Mass spectrometry; TOF: Time-of-flight; GC: Gas chromatography; LC: Liquid chromatography; NMR: Nuclear magnetic resonance; HBV: Hepatitis B
virus; HCV: Hepatitis C virus; NASH: Non-alcoholic steatohepatitis; FFA: Free fatty acids; PE: Phosphorylethanolamine; GABA: y-aminobutyric acid.
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Table 2 Significantly altered metabolites in cirrhosis patients vs healthy volunteers

Ref.

Platform

Tissue
(organism)

Significantly altered metabolites in
cirrhosis patients vs healthy volunteers

Main pathways distinguishing cirrhosis
from healthy volunteers

Gao et al™

Li et al™

Soga et al™

Wang et al®™

Zhou et al™

Chen et al™

JBaishideng®

"H NMR

UPLC/QTOF-MS

Capillary elecrtophore-sis/ TOF-MS

UPLC/MS-MS; LC/QTOF-MS

UPLC/QTOF-MS

UPLC/QTOF-MS

WJH | www.wjgnet.com

Isoleucine |
Leucine |
Valine |
Glutamine 1
Tyrosine 1
Phenylalanine 1
1-methylhistidine 1
N-acetylglycoproteins T
Acetate 1
Acetoacetate |
Pyruvate 1
o-ketoglutarate 1
Choline |
Taurine 1
Glycerol 1
Leucine |
Phenylpyruvic acid |
Phenylalanine |
Tryptophan |
LPE (16:0) |
LPE (18:0) |
LPC (16:0) |
LPC (20:1) |
LPC (22:6) 1
PC (16:0/18:3) 1
PC (12:1/24:3) 1
PC (16:0/20:4) 1
PC (16:0/22:6) 1
PC (18:0/20:4) 1
SM (d18:0/16:1) |
y-glutamylalanine 7
y-glutamylvaline 1
y-glutamylglutamine 1
y-glutamylphenyl-
y-glutamylcitrulline 1
Alanine 1
Methionine sulfoxide 1
LPC-16:0 |
LPC-18:0 |
16:0/18:1-PC |
16:0/18:2-PC |
16:0/20:4-PC |
16:0/22:6-PC |
18:0/18:2-PC |
Oleamide
Phenylalanine 1
GCDCA 1
Canavaninosuccinate |
Phenylalanine 1
GCA 1
GDCA 1
Bilirubin 1
LPE (18:2)
LPC (22:6)
LPC (18:2)
LPC (20:4)
(16:0)

Serum (human)

Serum (mouse)

Serum (human)

Serum (human)

Serum (human)

LPC (16:0
LPC (18:0) |
C18:1-CN 1
Inositol |
2,2-bipyridine |
Methionine |
Tyrosine |
Arginine |
Stearic acid |
Palmitic acid |
Citric acid |

!
l
l
l
|

Serum (human);
Urine (human)

Amino acid metabolism

N-acetylglycoprotein
Ketonogenesis

Glycolysis
TCA cycle

Bile acid metabolism
Amino acid metabolism

LPE metabolism

LPC metabolism

Phosphatidylcholine metabolism

Sphingomyelin metabolism

Glutathione metabolism

Amino acid metabolism

LPC metabolism

Fatty acid metabolism
Bile acid metabolism
Arginosuccinate synthetase pathway
Amino acid metabolism

Bile acid metabolism

Hemoglobin metabolism
Lysolipid metabolism

CPT shuttle system
TCA cycle

Amino acid metabolism

Fatty acid metabolism
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Cao et al™ UPLC/MS Fecal (human)

Yin et al*™" RPLC/MS Serum (human)

Fitian et al®  Integrated UPLC/MS-MS and GC/MS Serum (human)

Gao et al™ GC-TOF/MS Serum (human)

2-piperidine carboxylic acid |
5-Hydroxy-tryptophan |
Chenodeoxycholic
Acid dimeride |
Urobilin |
Urobilinogen |
7-ketolithocholic acid |
LPCC18:0 1
LPC C16:0 1
Hypoxanthine |
Inosine |
Bilirubin 1
GCA 1
GCDCA 1
Taurine |
LPC C18:2 |
LPCC183 |
LPCCl16:1 |
LPC C18:0 |
LPCC16:1 |
L-acetylcarnitine 1
6-Methylnicotinic acid |
Glycocholate (GCA) 1
Tauroursodeoxycholate T
Glychochemodeoxycholate 1
Azelate (nonanedioate) T
Undecanedioate 1
Sebacate (decanedioate) T

Bile acid metabolism
Hemoglobin metabolism

Microbiome metabolism
LPC metabolism

Purine synthesis
Hemoglobin metabolism

Bile acid metabolism

LPC metabolism

CPT shuttle system

Nicotine metabolism
Bile acid metabolism

Dicarboxylic acid metabolism

Hexadecanedioate?
Tetradecanedioate
DSGEGDFXAEGGGVR 1 Fibrinogen cleavage peptide
ADSGEGDFXAEGGGVR 1
Bilirubin (Z,Z) 1 Hemoglobin catabolism metabolite
Biliverdin 1
1,2-propanediol 1 Ketogenesis
Succinylcarnitine T CPT shuttle system

Acetylcarnitine T
Glutarylcarnitine T
Palmitic acid 1
Stearic acid 1
Oleic acid 1
Arachidic acid 1

Aminomalonic acid 1

Fatty acid metabolism

Arachidonic acid metabolism
Dicarboxylic acid metabolism
Phenylalanine 1 Amino acid metabolism
Cysteine T
Leucine 1
Citric acid 1
Oxoproline 1

EtOH: Alcohol; TOCSY: Total correlation spectroscopy; HH: Hereditary hemochromatosis; TCA: Tricarboxylic acid; UPLC: Ultrahigh-performance liquid
chromatography; QTOF: Quadrupole time of flight; SELDI: Surface-enhanced laser desorption/ionization; HRMAS: High-resolution magic angle spinning;
LPE: Lysophosphatidyethanolamine; LPC: Lysophosphatidylcholine; MS: Mass spectrometry; TOF: Time-of-flight; NMR: Nuclear magnetic resonance; LC:
Liquid chromatography; GC: Gas chromatography; CPT: Carnitine palmitoyltransferase; TCA: Tricarboxylic acid.

and further delineate metabolites with potential utility
in stratifying patients with cirrhosis from the healthy
population.

Pathways of importance in hepatocarcinogenesis

Glycerophospholipids: The liver is the principal organ
of lipid metabolism and the presence of cirrhosis and
hepatocellular carcinoma results in a dramatic shift in
the normal metabolism of fatty acids. Among the first
HCC metabolomics studies to elucidate this massive
deregulation of lipid metabolism in HCC was the Yang
et al*® work in 2007 which employed high resolution
magic angle-spinning 'H nuclear magnetic resonance
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to delineate the metabolomic profile differences in low-
grade HCC, high-grade HCC, and non-involved adjacent
cirrhosis patient biopsy specimens. The group reported
higher levels of several phospholipids in HCC vs cirrhosis,
including glycerophosphocholine, phosphatidylcholine,
choline and the phosphorylethanolamine. Increases in
phosphatidylcholine were further observed in low-grade
HCC vs uninvolved cirrhotic tissue, suggesting possible
deregulation of glycerophospholipid metabolism at the
early phases of HCC development. These phospholipids
also exhibited a direct, positive relationship to tumor
burden.

In Yang et al®®, the elevation of choline, the head
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group of many phospholipids that comprise the plas-
ma membrane, not only reflects increased plasma
membrane synthesis demand by the growing tumor but
is also consistent with the observed elevations in bile
(cholic) acid concentration in HCC vs control tissue.

Lysophospholipids, free fatty acids, and
acylcarnitines: Significant alterations in the expression
of a subtype of glycerophospholipids known as lysopho-
sphatidylcholines (LPC) have routinely been observed
in HCC metabolomics studies®®***, Still other classes
of lipids observed to be significantly altered in HCC vs
cirrhosis include free fatty acids (FFA)®**!, very long
chain fatty acids®”, and acylcarnitines®”**), Down-
regulated LPCs and FFA in HCC vs cirrhosis were among
the major metabolomic trends reported by Patterson et
al*®, with LPC (14:0), LPC (20:3), LPC (22:6) and very
long chain fatty acids FFA (24:0) (lignoceric acid) and
FFA (24:1) (nervonic acid) all trending lower in HCC
vs cirrhosis. The decreases of lignoceric and nervonic
acid in HCC vs cirrhosis were especially patent and
may reflect peroxisome proliferator-activated receptor-
alpha (PPAR-a)) induced enhancement of peroxisomal
B-oxidation. Previous reports implicating heightened
PPAR-o activity in HCC support this hypothesis!* %,
Decreases in these FFAs may also be related to increased
activity of lignoceryl-CoA ligase, the enzyme responsible
for very long chain fatty acid catabolism and one acted
upon by PPAR-¢!*!. LPCs are the glycerophospholipid
building blocks of cell membranes and elevation of these
metabolites may reflect the heightened metabolic needs
of growing HCCs. LPCs are also major lipids bound
to human albumin®”. Decreased serum albumin is a
signature of liver cirrhosis and liver cancer and elevations
of systemic LPCs may be attributed to the shortage
of appropriate albumin binding sites that results in
increased circulating levels of these metabolites.

Further metabolomics work by Xiao et a/®”! also
identified this downregulation of LPCs and LPEs in 40
hepatitis C virus (HCV)-associated HCC patients and
49 cirrhosis controls. Among the novel findings of this
investigation included decreased levels of acylcarnitines
in HCC vs cirrhosis. Results also showed that as tumor
burden worsened, the expression of acylcarnitines and
bile acids trended significantly downward. Stage 1I
and I HCC exhibited lower levels of these metabolites in
comparison to stage 1 [staging based on the American
Joint Committee on Cancer Tumor Lymph Node Meta-
static Disease (TNM) system]. The downregulation
of fatty acids, acylcarnitines, and bile acids in HCC vs
cirrhosis supports the cancer Warburg effect involving a
metabolic shift from tricarboxylic acid (TCA) cycle and
mitochondrial B-oxidation to a heightened reliance on
glycolysis for energy production. To undergo p-oxidation
in the mitochondrial matrix, free fatty acids (fatty acyl-
CoA) must link with cytosolic carnitine via CPT shuttle
system enzymes to form acylcarnitines. Acylcarnitines
are capable of penetrating the inner mitochondrial
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membrane and once inside the matrix, CPT enzymes
liberate fatty acyl-CoA allowing B-oxidation to ensue.
Decreased concentration of acylcarnitines in HCC vs
cirrhosis suggests impairment of CPT1-mediated forma-
tion of these compounds from FFA and carnitine.

Sphingolipids: One major lipid expression alteration in
HCC reported in HCC metabolomics is a perturbation of
sphingosine metabolism, with overexpressed sphingosine-
1-phosphate (S1P) and sphingosine reported in HCC vs
cirrhosis. The overexpression of LPCs is in agreement
with the Patterson study while the upregulation of S1P, a
signaling lipid, was a novel finding in HCC metabolomics.
S1P has been heavily implicated in promoting the pro-
gression of several cancers including HCC®"**! and
building the case for this pathway’s involvement in HCC
development, our HCC metabolomics work identified
S1P’s precursor sphingosine as one of the most strongly
upregulated metabolites in HCC vs cirrhosis'**. Sphin-
gosine is produced via acid ceramidase (AC) activity on
ceramide. Ceramides are shown to possess apoptotic
effects, while sphingosine 1-phosphate is demonstrated
as an anti-apoptotic and angiogenic molecule™. This cell
turnover control mechanism is known as the “sphingosine
rheostat”, and AC is an important modulator of cell death
homeostasis. Higher S1P in HCC may also reflect an
independent enhancement of sphingosine kinase (SPHK)
activity. One study demonstrated the antitumor property
of a selective SPHK2 inhibitor in HCC xenografts™*,
implicating SPHK as a promoter of HCC progression. Heig-
htened AC activity that results in increased sphingosine
may lead to a larger reservoir of S1P via sphingosine
kinase and may promote the establishment of a microe-
nvironment conducive to HCC initiation.

Bile acids

Bile acids are synthesized in the liver and aid in fatty
acid absorption and digestion. Bile acid elevations in
HCC have been reported previously™® and may be
explained by HCC invasion and obstruction of the bile
duct. Bile duct blockage can impede adequate transfer
of bile acids to the small intestine thereby impairing
sufficient absorption and digestion of fats and leading
to a buildup of both bile acids and cholinergic lipids in
the hepatic tumor microenvironment. The majority of
studies comparing HCC and cirrhosis metabolomes did
not uncover a significant differential expression of bile
acids, but where a significant trend was seen™®>®, the
metabolites collectively trended downward, in contrast to
the aforementioned previous reports®>*%, A significant
negative correlation between bile acid levels and tumor
burden was also observed™. Similar to the Yang et
al's work, our metabolomics investigation™* identified
a significant elevation of choline in HCC vs cirrhosis,
and bile acids in our study were strongly elevated in
cirrhosis patients vs healthy subjects. The elevation of
choline, a building block of bile acids, is consistent with
an impairment of bile acid synthesis. Bile acid down-
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regulation in HCC may also reflect a metabolic shift
away from B-oxidation and the reduced de novo bile
acid production caused by the obliteration of healthy
hepatocytes during chronic liver disease. Diminished bile
acids may also reflect constitutive activation of farnesyl
X receptor (FXR), a bile acid-activated nuclear receptor
that is also activated by a variety of other lipids including
eicosanoids””. FXR silences Cyp7A1-catalyzed production
of bile acids and is implicated in promoting progression of
HCC by multiple studies®™®**, In the Fujino study of FXR-
induced promotion of HCC progression™®, siR-mediated
supplementation of FXR enhanced HepG2, Huh7, and
HLE HCC cell line progression while FXR knockdown halted
this progression.

Oxidative stress metabolism
Among the other pathways found to be significantly
associated with HCC in metabolomics investigations
are pathways of reactive oxygen species metabolism,
notable metabolites of which include the y-glutamyl
peptides. A recent capillary electrophoresis-time of flight
mass spectrometry analysis involving sera obtained
from HCV-associated HCC patients, cirrhosis patients,
hepatitis B virus (HBV) and chronic hepatitis C (HCV)
patients, and healthy volunteers showed markedly
significant variations in y-glutamyl expression among
these groups®. No differences in y-glutamyl peptide
expression were observed between HCC and cirrhosis
controls, but several significant alterations were witnessed
in the HCC vs viral hepatitis, HCC vs normal healthy
controls (NHC), cirrhosis vs viral hepatitis, and cirrhosis vs
NHC comparisons. In general, HCC y-glutamyl expression
was increased in comparison to healthy controls,
while y-glutamyl peptides were decreased in HCC vs
viral hepatitis. y-glutamylglycine, y-glutamylalanine,
y-glutamylvaline and y-glutamylserine, y-glutamyltaurine,
y-glutamylleucine, and y-glutamyllysine were all strongly
(0.0001 < P < 0.001) downregulated in HCC vs viral
hepatitis B (HBV) and C infection. y-glutamyl peptides are
precursors to glutathione, the chief antioxidant compound
primarily synthesized in the liver. The respective elevation
of these intermediates in HCC and cirrhosis patients vs
NHC suggests that increased oxidative stress contributing
to liver dysfunction calls for heighted production of these
precursors to combat this deteriorative process. This is
consistent with reports implicating oxidative damage as a
key pathway in HCC progression and one that increases
patient vulnerability for HCC recurrence*®!. y-glutamyl
peptides are also liberated in free form by gamma-
glutamyl transpeptidase (GGT) mediated breakdown
of glutathione. GGT is an enzymatic signature of liver
disease and a marker routinely used in the clinic to assess
the severity of liver dysfunction. Excess breakdown of
glutathione may explain the relative elevation of y-glutamyl
peptides in cirrhosis vs NHC and the impaired oxidative
stress neutralization commonly witnessed in HCC.

The Wang et af*® study also found an oxidative stress
signature in HCC, showed a striking 677-fold elevation
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in canavaninosuccinate (CSA) level in HCC patients vs
their cirrhosis counterparts (P < 0.01). Subsequent
receiver operator characteristic (ROC) analysis revealed
that the sensitivity and specificity of AFP and CSA for
distinguishing the HCC patients from cirrhosis controls
were: AFP2o0ngmt 74% and 38%; AFP200 ng/m. 52% and
90%; CSA 79.3% and 100%); combined CSA and AFP20 ng/mL
96.4% and 100%. CSA is the precursor to fumarate, a
key metabolite of the TCA cycle, and elevation of CSA may
reflect impairment in the formation of TCA intermediates
and promotes the above referenced Warburg theory
involving a metabolic shift from oxidative to anaerobic
energy production in cancer microenvironments, which
are often more hypoxic than healthy tissue!®”.

In our work®, a strong oxidative stress signature in
HCC was also observed, with xanthine, 2-hydroxybutyrate
and several y-glutamylpeptides trending significantly
higher in HCC vs cirrhosis. Still, the work of Gao et
al*®! uncovered trends suggestive of an opposite pheno-
menon: Elevations of glutamic acid, lysine and cysteine
in HCC compared with healthy controls were observed
and are curious in the context of reactive oxygen species
(ROS) given that these amino acids are precursors of
glutathione (GSH). Increased levels of these amino acids
suggest a possible enhancement of GSH production that
establishes a microenvironment conducive for tumor
survival™®,

Protein metabolites

The liver is the major organ of protein metabolism and
not surprisingly, HCC metabolomics shows that the
expression profiles of patients with advanced liver disease
exhibit major differences in amino acid expression when
compared to metabolic profiles of appropriate diseased
or healthy controls. In the Yang et ai*® study, signifi-
cant increases in creatine, glutamine, and glutamate
were found in HCC vs cirrhosis, and these trends were
juxtaposed by decreases in lactate, alanine, leucine,
glutamate, glutamine in HCC vs cirrhosis. The finding of
increased amino acids in HCC vs cirrhosis is consistent
with numerous studies implicating elevated amino
acids and the enzymes responsible for their production
in cancer initiation and progression'®®., In one large
scale metabolomics analysis of 60 cancer cell lines,
Jain et al*® identified glycine as the most significantly
and consistently upregulated metabolite in cancer cells
vs healthy lines. Enhanced amino acid production is
consistent with the metabolic remodeling hallmark of
cancer known as the Warburg effect, which involves a
shift from TCA cycle and p-oxidation to a heightened
reliance on glycolysis for energy production®”. Amino
acids are important glycolytic enzyme activators, and
one recent study demonstrated that serine was an
activator of pyruvate kinase M2*¥, the cancer isoform
of glycolytic enzyme pyruvate kinase responsible for con-
version of phosphoenolpyruvic acid (PEP) to pyruvate.
The group’s concomitant observation of elevated lactate in
HCC vs dirhosis is consistent with the Warburg hypothesis.
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Gao et al*® propose that their observed elevation of
pyruvate, which would seem to counteract the tumor’s
reliance on the lower-activity PKM2 compared to PKM1,
is due to enhanced production of glutamine which is
used as an alternative pyruvate precursor. Our study
identified a strong amino acid signature associated
with HCC with serine, glycine and aspartate being the
most significantly upregulated metabolites in HCC vs
cirrhosis. These elevations are corroborated by a recent
metabolomic analysis of HBV-associated HCC showing a
strong upregulation of serine, alanine, glycine, cysteine,
aspartic acid, methionine, tyrosine, tryptophan, and
phenylalanine in HCC vs healthy controls. Upregulated
amino acids in HCC may be explained by the greater
protein tumover that transpires in rapidly dividing tumors
vs the surrounding non-cancerous tissue along with
impaired amino acid utilization in liver.

In addition to very small molecular weight amino
acids, metabolomics is also useful for detecting larger
protein metabolites weighing near 10 kDa. SELDI TOF-
MS metabolomics is a highly versatile methodology for
large-scale identification and quantification of these
larger metabolites. Wu et al”" tapped this technology to
investigate the metabolomic expression profiles of HBV-
associated HCC patients, cirrhosis patients, and healthy
controls. Their results reveal the upregulation of two
proteins, growth related oncogene-alpha (GRO-a) and
thrombin light chain (TLC), in HCC patients vs cirrhosis
controls. To validate these putative markers, serum from
an altemative series of HCC, cirrhosis, healthy, and cancer
control patients was subjected to SephdexTM Peptide
10/300 GL, HitrapTM CM, and Mono Q 5/50 GL liquid
chromatography for protein separation. The separated
products were purified using SDS-PAGE and their iden-
tities were confirmed using electrospray ionization mass
spectrometry. In this alternative series of patients,
GRO-a was upregulated four-fold in HCC patients vs
cirrhosis controls and its level directly correlated with
HCC tumor burden. GRO-a also trended higher in gastric,
nasopharyngeal and lung cancers relative to cirrhosis
patients, but the magnitude of GRO-a elevation in cancer
controls vs cirrhosis was smaller than the elevation
witnessed in HCC vs cirrhosis, suggesting that GRO-a
may play a more prominent role in HCC progression.
Interestingly, TLC was 1.4 times more elevated in HCC
patients vs cirrhosis controls but downregulated in the
cancer control patients vs cirrhosis, suggesting that TLC
is a unique signature of HCC. The combined sensitivity
and specificity of GRO-a. + TLC + AFP for discriminating
HCC patients from cirrhosis and healthy controls was
91.7% and 92.7% respectively. At the 400 ng/mL cutoff
for HCC diagnosis, AFP had a sensitivity of 69% and a
specificity of 83%.

GRO-a. is a chemokine involved in invoking leukocyte
cell migration and is associated with pro-inflammatory
processes, angiogenesis, and cancer’®”*, Its elevation
may be a signature of a viral hepatitis-associated HCC
immune deregulation involving heightened monocyte
migration and increased inflammation, and a subsequent
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increased likelihood for successful host evasion of tumor
prophylactic mechanisms”?. TLC is a protein cleavage
fragment that is generated from matrix metalloproteinase-
associated (MMP) peptide cleavage®'l. Its upregulation
may be explained by simultaneous E-cadherin loss
and MMP activation by Twistl which has been shown
to promote HCC expansion’®. Its utility as a cancer
biomarker was also shown in a SELDI TOF-MS study of
gastric cancer by Ebert et al’, where TLC accurately
distinguished gastric cancer patients from patients
without cancer with a sensitivity of 89.9% and a
specificity of 90%.

The destruction of cholinergic receptors in amyloid
plaques and neurofibrillary tangles of the brain has also
been linked to encephalopathy, a common neurological
disorder witnessed in HCC patients”™, The molecular
mechanisms linking hepatic encephalopathy (HE) and
HCC are not fully understood, but the parallel elevations
of choline and glutamine in HCC patients vs cirrhosis
controls may partially be associated with a catacly-
smic loss in cholinergic receptor concentration and the
initial stages of HE onset, respectively!®. A possible
neurological metabolic signature was one of the most
strongly correlated trends observed in HCC patients
vs cirrhosis and vs healthy controls in our study, with
2-pyrrolidinone, a y-aminobutyric acid (GABA) metabolite,
was strongly elevated in HCC when compared to levels
in both the cirrhosis controls and the healthy volunteers.
GABA is a major inhibitory chemical messenger in the
brain, and the sharp elevation of its metabolic byproducts
in HCC may reflect heightened production of GABA and
may coincide with the neurodegenerative hallmarks of
advanced liver disease.

Two previously unidentified fibrinogen cleavage pep-
tides, denoted by amino acid sequence as DSGEGD
FXAEGGGVR and ADSGEGDFXAEGGGVR, were observed
to be significantly overexpressed in HCC in our study.
While they trended higher in HCC vs cirrhosis, their
elevation in cirrhosis vs healthy controls was more patent
and these metabolites exhibited a better diagnostic
utility for cirrhosis. Taken together, the aberrations in
protein and amino acid expression in HCC revealed by
metabolomics may be harnessed toward the develop-
ment of clinically fruitful HCC diagnostics.

Markers of cirrhosis

A number of HCC metabolomics studies report signifi-
cant alterations between cirrhosis patients and healthy
volunteers®*3>333>38:394142:4546) gnd within these findings
are opportunities for development of biomarkers for
cirrhosis. Currently, the best cirrhosis diagnostic is liver
biopsy, a procedure that by virtue of its invasive nature is
not a gold standard diagnostic approach””, Identification
of accurate cirrhosis diagnostic biomarkers can streamline
development of a less invasive diagnostic that minimizes
patient discomfort and the expenses associated with
biopsy while simultaneously enabling early detection of
cirrhosis in both industrialized nations and in resource
poor areas of the globe. Among the putative markers
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of cirrhosis identified in these works include the purine
metabolites hypoxanthine™"** and inosine™!, both sig-
nificantly downregulated five and six-fold respectively
in cirrhosis vs NHC. y-glutamylalanine, y-glutamylvaline,
y-glutamylglutamine, y-glutamylphenylalanine and y-gluta-
mylcitrulline were also significantly elevated in cirrhosis vs
NHCs™"*”), Increases in the y-glutamyl peptides in cirrhosis
vs NHC and HCC vs NHC indicates heighted production
of glutathione to combat the oxidative damage process
commonly implicated as a promoter of tumor initiation
and progression. y-glutamyl peptides are also liberated
in free form by GGT mediated breakdown of glutathione.
The elevation of y-glutamyl peptides in cirrhosis vs NHC
may therefore conversely be explained by excessive
breakdown of glutathione resulting in impaired oxidative
stress neutralization that is commonly witnessed in HCC.

Other promising markers of cirrhosis include bile
acids'™ and dicarboxylic acids'***!, with these metabolite
classes exhibiting the strongest and most significant
fold-differences among all markers significantly altered
between cirrhotics and healthy controls in the references
metabolomic studies.

Etiological metabolomic differences

Because HCC is linked to a variety of diverse etiologies
including viral hepatitis, alcoholic cirrhosis, non-alcoholic
fatty liver disease, steatohepatitis, and aflatoxin B1,
metabolomics is useful for revealing the variation in
metabolism these etiologies cause. The majority of
studies have focused on characterizing the metabolo-
mic signatures of single HCC etiologies, or have not
accounted for etiology. Studies to date have not queried
the metabolomic expression pattern differences between
the various etiologies of HCC and as the metabolic
underpinnings of each etiology are better characterized,
HCC etiology metabolome comparison studies will prove
vital in establishing the utility for metabolomics as an
accurate diagnostic modality of different HCC subtypes.
Only one study, by Zhou et a*®!, compared the serum
metabolomic expression patterns of HCV cirrhosis-
associated HCC and HBV cirrhosis-HCC. The group also
looked at whether metabolomic alterations in HCV-HCC
and HBV-HCC were significantly different from cirrhosis
and healthy control metabolomes. The study revealed a
greater magnitude decrease of LPC expression in HBV-
infected HCC patients vs cirrhosis controls than the
magnitude decrease of LPCs HCV-HCC vs cirrhosis. The
analysis also showed significant elevation of bile acids,
heme pigmentation compounds bilirubin and biliverdin,
upregulation of acylcarnitines and downregulation of
glycerophospholipids in cirrhosis patients vs healthy
controls, suggesting that these metabolites were
signatures of the onset of cirrhosis. Metabolomic profile
comparison between HBV-cirrhosis patients vs patients
with HBV-only revealed a similar global downregulation
of LPCs in the cirrhosis cohort vs viral hepatitis controls.
The findings of this study suggest a progressive down-
regulation of LPCs during the course of progression
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from viral hepatitis to cirrhosis and a bottomed out
expression occurring with HCC. The downregulation of
LPC in HCC may be explained by their well-known anti-
tumor roles that include induction of apoptosis, anti-
invasive effects, and a direct effect on tumor sensitiza-
tion to treatment. This trend of diminished LPCs may
reflect first the substantial cell death that occurs during
cirrhosis resulting in diminished LPC levels, followed by
a subsequent massive turnover of residual LPCs by the
growing HCC that further exhausts the LPC reservoir. The
magnitude of LPC decrease in HBV-HCC vs cirrhosis was
greater than HCV-HCC vs cirrhosis, suggesting that HBV
exerts a more prominent influence on LPC metabolism
than HCV.

Integrated “omics” approaches

As the above studies demonstrate, metabolomics is a
powerful strategy for identifying a large panel of meta-
bolites that exhibit promise in accurately diagnosing
HCC. What is unclear from these works, however, are the
genomic and proteomic synergies that culminate in these
metabolic manifestations. Integrating two or more “omics”
approaches can unveil the complex genomic-proteomic-
metabolomic network galvanizing cancer development.
Two recent studies tapped the power of such an approach,
coupling metabolomics with transcriptomics to identify
the genetic underpinnings of metabolomic disruptions.
The first study by Budhu et ai*! investigated the net-
work of metabolic pathways and corresponding genes
involved in HCC aggressivity. Patient demographic and
clinical characteristics, including body mass index, were
extensively characterized for 356 HCC cases, which
were divided into a training set (n = 30), a testing
set (n = 217), and a validation cohort (n = 139). The
training cohort consisted of 15 epithelial cell adhesion
molecule-positive/AFP-positive (EpCAM+AFP+) HpSC-
HCC patients, representing aggressive stem-like HCC,
and 15 less aggressive (EpCAM-AFP-) mature hepatocyte
MH-HCC patients. Analysis of tumor specimens and unin-
volved healthy tissue by principal component analysis
revealed clear demarcation between tumor and non-
tumor metabolomes. Non-targeted metabolic profiling of
tumor and non-tumor specimens identified 48 markers
that were significantly altered between HpSC-HCC patients
and patients with MH-HCC. This metabolite panel resolved
aggressive HCC from the less subtype at a sensitivity
of 72% and a specificity of 83% (P < 0.05). The group
further demonstrated that within the subset of 48
metabolites associated with HCC aggressivity, 28 were
significantly associated with overall survival. Subsequent
microarray gene expression profiling of the paired tumor
specimens identified 169 genes that could significantly
distinguish the two HCC subtypes. The group then
gauged the correlation between this genetic signature
and the panel of 28 metabolites that were associated
with both HCC aggressivity and overall survival and found
that each of the 28 metabolites were associated with
at least one of the 169 genes identified by microarray
analysis. To determine the principal metabolite-gene
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pairs potentially influencing HCC aggressivity, the group
performed correlation analysis with randomization
and found 15 metabolites and 121 genes most highly
associated with the tumor and stem-like HCC genes.
Validation of the genetic signature in an independent
testing cohort (n = 217) revealed a panel of 273 genes
that distinguished HpSC-HCC from MH-HCC with a
sensitivity of 72% and a specificity of 91% (P < 0.01),
and this genetic signature was also strongly (P < 0.0001)
associated with overall survival. This gene set was also
a significant independent predictor of overall survival,
progression free survival and recurrence, highlighting its
utility as a prognostic panel of aggressive HCC. Many of
the genes were associated with fatty acid metabolism
and the phosphatidylinositide 3-kinase signaling pathway.
Elevated palmitoleate expression in HpSC-HCC tumor vs
paired non-tumor specimens reflected overexpression or
enhanced activity of stearoyl-CoA dehydrogenase (SCD),
an important cell turnover regulatory pathway. Significant
downregulation of arachidonate and linoleate, the parent
molecules of the eicosanoid signaling cascade, suggested
overconsumption of these metabolites from hyperactivity
of cycloxygenase, lipoxygenase, and/or cytochrome
P450c in aggressive HCC. SCD, which converts saturated
palmitic acid to palmitoleic acid, was among the gene set.
To validate the possible role of SCD in cancer aggressivity,
in vitro and in vivo analysis was done and showed that
selective SCD inhibitor CGX0168 abrogated Huh7 cell
migration and invasion. Supplementation of Huh7 with
palmitoleate, the end product of SCD activity, enhanced
cell migration and invasion. Xenografted tumors in nude
mice showed that SCD-siRNA inhibited tumor migration
and colony formation and increased apoptosis, likely
owing to the accumulation of pro-apoptotic palmitate.
Taken together, this approach showed a strong lipid
signature associated with HCC aggressivity. Elevated
palmitoleate reflected upregulated SCD, a key regulator
of the ratio between saturated and unsaturated fatty
acids. A tilt in the delicate balance between saturated
and unsaturated fatty acids toward unsaturated has been
implicated in cancer aggressiveness.

Remarkably, the integrated metabolomics-trans-
criptomics study by Beyoglu et al**! also revealed a
consistent role for palmitate, linoleate, and the PI3K
pathway in HCC. Microarray analysis found that 11
genes involved in fatty acid were associated with HBV-
positive HCC cases. More broadly, the comparison of
tumor vs paired non-tumor tissues identified a metabolic
shift toward glycolysis reflective of the Warburg effect
implicated in other HCC metabolomics works. Levels of
glucose, glycerol 3-phosphate, glycerol 2-phosphate,
malate, alanine, and myo-inositol were all significantly
decreased in tumor vs non-tumor specimens, indicating
both impaired mitochondrial respiration and enhanced
glycolysis. Myo-inositol is the metabolic precursor of the
messenger molecule inositol triphosphate (PI3) required
by PI3K-AKT-mTOR, and its downregulation in tumor vs
non-tumor specimens is consistent with the hyperactivity
of this pathway implicated in numerous cancers. Further-
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more, the group showed that 1-stearoylglycerol and
1-palmitoylglycerol were decreased in tumor vs non-
tumor. 1-acylglycerols are synthesized by phospholipase
activity on LPCs and the routinely reported decrease
in LPCs in HCC vs controls may explain the reduced
1-acylglycerols in this study. Through integration of meta-
bolomics and transcriptomics, these groups together
show a possible role for SCD in HCC, implicate the PI3K
pathway as important to HCC progression, and show a
strong lipid signature associated with HCC, in agreement
with other HCC metabolomics works. More broadly, these
works demonstrate that the achievement of consistent
trends in independent, integrated “omics” studies can
be achieved and lay important groundwork for future
studies of this nature.

Sensitivity and specificity of metabolomics in HCC
diagnosis

To evaluate the utility for metabolomic profiles to dis-
tinguish between patients with cirrhosis and patients
with HCC, these studies primarily employed principal
component analysis, orthogonal projection to latent
structures, supervised projection to latent structures discri-
minant analysis, the random forest machine learning
algorithm, or ROC curve class prediction analyses. Reported
sensitivity/specificity/area under the curve values re-
flecting the accuracy of metabolomics in distinguishing
HCC from cirrhosis are shown in Table 3. In general,
metabolomics was a highly accurate diagnostic method
and clear demarcation between healthy controls and/or
cirrhosis controls vs HCC patients were realized. Where
metabolomics profile class prediction was compared with
AFP, the metabolomics approach showed greater class
prediction power. In general, the focus of these works
was the potential standardization of metabolomics as
a high-throughput clinical diagnostic platform-big-data
biomarkers rather than single metabolite alterations-
which may explain the lack of emphasis on the sensitivity
and specificity of individual metabolites for diagnosing
HCC. Just two studies verified the metabolite expression
patterns in vitro, and with the exception of the in vivo
validation performed by Budhu et af*¥, no studies used
in vivo models to validate their metabolomics data. It is
therefore recommended that future validation of HCC
metabolomics data include preliminary information on
metabolite concentrations in HCC cases vs cirrhosis
controls as measured in vitro or in vivo to reveal their
utility as potential biomarkers that can be employed in a
rapid in vitro diagnostic.

DISCUSSION

Summary of major findings

The results of these studies show that aberrations in bile
acid, LPC, acylcamitine, ROS, and protein metabolism may
be signatures of HCCs emerging in the setting of cirrhosis.
Bile acids trended lower in HCC vs cirrhosis controls in all
studies reporting a significant difference in expression
of these metabolites™®>®, In general, LPCs were shown
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Table 3 Utility of significantly altered (P < 0.05) metabolites in accurately predicting hepatocellular carcinoma (hepatocellular

carcinoma cases vs patients with cirrhosis)

Ref. Platform Comparison Class prediction methodology Classification accuracy or AFP sensitivity
sensitivity/specificity /specificity
Patterson et al®  UPLC/ESI-QTOF-MS HCC (n = 20) vs cirrhosis Random forest 96.3 -
(n=7)
Chen et al™ Integrated GC/QTOF-  HCC (1 = 82) vs healthy OPLS-DA 100.0 -
MS + UPLC/QTOF-MS (n=71)
Wu et al™ SELDI-TOF MS HCC (1 = 48) vs cirrhosis ~ GRO-a. + thrombin light chain 89.6/89.6 69/83
(n =54) or healthy (n =42)  PS20 Protein immunoassay
Cao et al® UPLC/QTOF-MS HCC (n = 23) vs cirrhosis PLS-DA 67.0 =
(n=22)
Gao et al™ NMR HCC (1 = 39) vs cirrhosis PLS-DA 45.7 -
(n =36)
Wu et al®™ GC/MS HCC (n = 20) vs healthy ~ PCA with ROC curve analysis AUC=88.3; -
(n =20) AUCAFP = 92.5 when combined
with AFP
Soga et al™ LC/MS-MS HCC (1 =32) vs HCV-only ~ Multiple logistic regression; 88.1 0.760
(n = 35) or cirrhosis (n = 18) ROC curve analysis
Wang et al®™ UPLC-MS HCC (59) vs cirrhosis (20) or PLS-DA, ROC curve analysis CSA 79.3/100 AFP20 74/38
NHC (20) CSA + AFP20 96.4/100 AFP200 52/90
UPLC-MS 100/100
Zhou et al®™ UPLC-QTOF-MS HCC (n = 69) vs cirrhosis ~ PLS-DA, ROC curve analysis AEA 88.0 -
(n=28) PEA 82.0
AEA + PEA 88.0
Nahon et al™” NMR Small HCC (1 = 28) vs OPLS Small HCC: -
cirrhosis (n = 93); 61.0/100.0
Large HCC (n = 33) vs Large HCC:
cirrhosis (n = 93) 100.0/100.0
Yin et al™! RPLC/QTOF-MS; HCC (1 = 25) vs cirrhosis OPLS RPLC: 61.8 -
HILIC/QTOF-MS (n = 24) or healthy (n = 25) HILIC: 57.0
RPLC + HILIC = 63.6
Li et ™ UPLC/QTOF-MS HCC (n = 8) vs cirrhosis OPLS-DA 88.2 -

(n = 6) or healthy (1 = 6)
(murine samples)

Budhu et al™” Training set1: Training set: Multivariate analysis 172.0/83.0, AUC = 0.830 -
GC/MS + UPLC/MS-  Stem-like aggressive HpSC- 272.0/91.0, AUC = 0.860
Ms; HCC (n = 15) vs Mature
Testing set2: hepatocyte less aggressive
Affymetrix GeneChip MH-HCC (n = 15);

Testing set: HpSC-HCC and
MH-HCC (n =217)
Fitian et al*” UPLC/MS-MS + GC/MS  HCC (n = 30) vs HCV- Random forest 72% AFP20
cirrhosis (n = 27) 12-HETE 73.3/69.2 63.3/83.6
ROC analysis 15-HETE 83.3/59.3
Aspartate 100/51.9
Glycine 83.3/63.0
Serine 73.3/85.2
Phenylalanine 73.3/81.5
Homoserine 70.0/85.2
Sphingosine 58.3/86.7
Xanthine 63.3/88.9
2-Hydroxybutyrate 76.7/77.8
Gao et al™ GC-TOF/MS HCC (n=39) vs HBV-  Random forest (validation set) 96.8% in HCC vs HBV-cirrhosis -
cirrhosis (n = 52) 100% in HBV-cirrhosis vs HBV
100% in HBV vs NHC
ROC analysis (validation set) 100/95.2 HBV vs NC
83.3/100 HBV-cirrhosis vs HBV
76.9/83.3 HCC vs HBV-cirrhosis

Bayes discriminant function 76.9% HCC
model (validation set) 100% HBV-cirrhosis

94.1% HBV

100% NHC

Classification accuracy describes the capacity of the metabolomic classification technique to accurately predict the group of each study subject. UPLC:
Ultrahigh-performance liquid chromatography; AEA: Anandamide; OPLS: Orthogonal projection to latent structure; PCA: Principal component analysis;
PEA: Palmitylethanolamide; PLS-DA: Partial least squares-discriminant analysis; MS: Mass spectrometry; TOF: Time-of-flight; GC: Gas chromatography;
HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; GRO-a: Growth related oncogene-alpha; ROC: Receiver operator characteristic; NHC: Normal
healthy controls; AFP20: AFP performance at the cutoff of 20 ng/mL; AFP200: AFP performance at the cutoff of 200 ng/mL.
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to be downregulated in HCC vs cirrhosis™ **!, But the
works by Ressom et al®® and Wang et al®® found that
LPCs and LPEs were consistently elevated in the HCC
vs cirrhosis comparison. Acylcarnitines, which function
as liaisons of fatty acid B-oxidation by enabling fatty
acid importation to the mitochondrial matrix, were sig-
nificantly downregulated in HCC vs cirrhosis. Amino
acids also trended higher in HCC in all studies reporting
significant expression differences between HCC and
cirrhosis. The hemoglobin metabolite bilirubin was also
consistently elevated in HCC vs cirrhosis™®*****!, con-
sistent with the clinical utility this metabolite possesses
for diagnosing advanced liver disease. Biliverdin, another
heme catabolite, was significantly upregulated in HCC vs
cirrhosis in two studies™* and a metabolic derivative of
biliverdin downregulated in a third™”..

The elevation of LPCs in HCC vs cirrhosis seen by
Ressom et al®® is consistent with increased demand
of glycerophospholipids by the growing tumor. LPCs
comprise only 3% of the total phospholipids in plasma
membranes, however, and a better explanation for their
elevation may be that LPCs are major lipids bound to
albumin. The loss of albumin commonly witnessed in
chronic liver disease and HCC may mean a shortage of
docking sites for LPCs, resulting in increased systemic
levels of these glycerophospholipids. Diminished bile
acids in HCC vs cirrhosis reinforces the Warburg effect
commonly witnessed in cancer studies involving a shift
in energy production away from oxidative processes
like B-oxidation and the TCA cycle toward anaerobic
glycolysis, which is more suitable to the hypoxic or
anoxic tumor microenvironment. The loss of bile acids
in HCC significantly impairs fatty acid absorption and
digestion and is consistent with the general trend of
increased circulating lipids in HCC vs cirrhosis and cirrhosis
vs appropriate controls. The elevation of bile acids has
historically served as a clinical indicator of chronic
liver disease and specifically cirrhosis and consistent
with this function, our metabolomics work showed a
global upregulation of bile acids in cirrhosis vs healthy
volunteers™™!, Decreased acylcarnitines further reflects
diminished reliance on p-oxidation, and it may also
signify impairment of the mitochondrial carnitine palmi-
toyltransferase shuttle system.

Metabolomic heterogeneity attributed to differences in
study design

While perturbations in phospholipid, bile acid, hemo-
globin, acylcarnitine and amino acid metabolism were
routinely encountered in these studies, the referenced
works did not achieve uniform conclusions regarding
the directional shifts of the metabolites’ expression in
HCC vs cirrhosis, with examples including contradictory
patterns of LPC**** and amino acid®®*® expression in
HCC vs cirrhosis. The heterogeneity among these studies’
metabolomes is likely due to differences in study design.
Although some studies matched patients by age and
gender, the majority of the referenced HCC metabolomics
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studies did not extensively characterize HCC and cirr-
hosis patients by demographic and clinical characteristic
parameters. Only four studies reported MELD scores for
HCC and cirrhosis patients?®*****! and just three studies
indicated the Child-Pugh status of their HCC or cirrhosis
cohorts™®**1, This lack of information on whether
liver function of the study participants is compensated
or decompensated complicates interpretation of me-
tabolomic data. Body mass index (BMI) also went un-
reported for HCC, cirrhosis, and healthy study subjects in
all but two studies™**”' referenced in this review. BMI can
have a significant influence on the relative metabolite
expression differences between patients, particularly with
regard to adiposity. Because these studies did not control
for BMI, is likely that the patients recruited for these
metabolomics studies had wide-ranging BMIs that may
further explain the noticeably different trends of LPC,
FFA, and acylcarnitine expression in HCC vs controls.
To limit the influence of potential cofounders such as
comorbidity, BMI, age or gender, and etiology on HCC
metabolomes, patient clinical characteristics should be
controlled for more conscientiously in future HCC meta-
bolomics studies.

There was also marked variation in how each
group diagnosed and staged their HCC patients. Three
studies®**! staged according to the Barcelona Clinic for
Liver Cancer staging criteria. The TNM Classification of
Malignant Tumors (TNM) was used to diagnose HCC in five
studiest?®*¥343 ‘imaging in two, histopathology in one,
and six studies made no mention of their HCC diagnosis
method®"*3>3442]  Differences in HCC diagnosis and
staging among these studies likely contributed to the
discordant global metabolomic alterations in HCC vs
cirrhosis among these studies and further confounded the
interpretation of these metabolomic trends.

Lack of emphasis on HCC vs cirrhosis comparison

The critical metabolomic comparison between HCC patients
and cirrhosis controls was reported in just ten out of the
twenty studies referenced in this review23!3>3945:461
with half of the cited works instead focusing on the
metabolomic profile differences between HCC patients
and NHC subjects. While this comparison sheds light on
altered pathways during hepatocarcinogensis, it may not
be as applicable from a clinical standpoint as the trends
elucidated through a comparison of HCC vs cirrhosis.
This owes to the fact that the majority of primary liver
cancer cases occur in patients with a preexisting condition
of cirrhosis. Therefore, the metabolomic comparison
between HCC and cirrhosis is more clinically informative
and potentially translational than the comparison of HCC
vs NHC. HCC is a complex heterogeneous disease and
HCC patients often present with multiple comorbidities.
It is therefore likely that marked metabolomic differences
will be observed between HCC patients and healthy
subjects. Differences between HCC patients and cirrhosis
controls are subtler than HCC vs NHC*“*¥ and it would
be expected that conspicuous metabolomic differences
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exist between HCC/NHC and cirrhosis/NHC. Given that
HCC arose in the background of cirrhosis in all reported
HCC metabolomics studies, it is impossible to determine
whether the alterations witnessed in HCC vs NHC are
related to HCC or cirrhosis, further reinforcing the need
for future metabolomic comparisons between HCC and
cirrhosis.

CONCLUSION

Bile acids, acylcarnitines, amino acids, free fatty acids,
LPCs, and heme pigmentation molecules exhibited
utility in stratifying HCC patients from patients with
cirrhosis. Canavaninosuccinate, which showed a striking
680-fold elevation in HCC patients vs cirrhosis controls
and outperformed AFP in sensitivity and specificity.
Sphingosine 1-phosphate (1), sphingosine (1), GRO-a
(1), and thrombin light chain (1) were other putative HCC
biomarkers that had superior predictive utility for HCC
than AFP. Bile acids, fibrinogen cleavage byproducts,
dicarboxylic fatty acids, and ROS-related y-glutamyl
peptides exhibited strong association with cirrhosis and
the further development of these metabolites as diagno-
stic markers of cirrhosis may be valuable. In addition
to individual metabolites, global patient metabolomes
exhibited superior sensitivity for diagnosis of HCC vs AFP
where a comparison was made®*>>%41,

Although these data are preliminary in nature, they
reflect the early promise that metabolomics platforms
hold in potential clinical implementation for disease diag-
nosis. Future metabolomics studies with larger, better
demographically and clinically characterized patient
cohorts may resolve the heterogeneous metabolomic
expression patterns in HCC vs cirrhosis.

Given that > 90% of HCCs emerge in the setting of
cirrhosis, future HCC metabolomics studies will be most
impactful and clinically relevant if they compare the
expression patterns of HCC patients vs cirrhosis controls.
Moreover, patients with HCC and cirrhosis should be
matched by etiology (viral vs non-viral), liver function,
and BMI to limit the influence of data confounders.
Furthermore, it is paramount the appropriate meta-
bolomic profile comparisons are made, namely HCC vs
cirrhosis, cirrhosis vs etiology of cirrhosis (viral or non-
viral), and cirrhosis vs NHC. In a recent study, the entire
stepwise hepatocarcinogenic process from NHC to HBV,
through cirrhosis, and culminating in HCC was analyzed.
Appropriately, Gao et al*® focused their expression
profile comparisons on HCC vs cirrhosis, and cirrhosis vs
HBV/NHC. This approach enables investigators to make
adequate conclusions about the interval at which putative
biomarkers become relevant in the hepatocarcinogenic
process and demonstrates the relevance of the dataset
comparisons. Moreover, investigation of the pathways
involved in the progression from the initial liver insult to
cirrhosis remains a largely untapped realm of biomarker
discovery within metabolomics, and may streamline the
identification of potential cirrhosis diagnostic markers.
More broadly, metabolomics is well-suited for clarifying
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the entirety of the metabolic remodeling that occurs
throughout hepatocarcinogensis, and can hence strea-
mline biomarker discovery efforts at each pathological
interval.

The findings of these works demonstrate the powerful
resource that is metabolomics for identifying potential
novel diagnostic biomarkers of HCC. The translational
optimality of metabolomics is underscored by its capa-
bility to simultaneously process high volumes of patient
specimens and interpret metabolic expression profiles
through robust, validated and automated software.
Still greater, metabolomics holds promise as a novel
disease screening and diagnostic modality that, through
characterization of a patient’s global metabolic profile,
can in a more sophisticated and comprehensive fashion
accurately predict the presence of disease.
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Abstract
Hepatitis C virus (HCV) infects hepatocytes, polarized cells
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in the liver. Chronic HCV infection often leads to steatosis,
fibrosis, cirrhosis and hepatocellular carcinoma, and it has
been identified as the leading cause of liver transplantation
worldwide. The HCV replication cycle is dependent on
lipid metabolism and particularly an accumulation of lipid
droplets in host cells. Phosphoinositides (PIs) are minor
phospholipids enriched in different membranes and their
levels are tightly regulated by specific PI kinases and
phosphatases. PIs are implicated in a vast array of cellular
responses that are central to morphogenesis, such as
cytoskeletal changes, cytokinesis and the recruitment of
downstream effectors to govern mechanisms involved
in polarization and lumen formation. Important reviews
of the literature identified phosphatidylinositol (PtdIns)
4-kinases, and their lipid products PtdIns(4)P, as critical
regulators of the HCV life cycle. SH2-containing inositol
polyphosphate 5-phosphatase (SHIP2), phosphoinositide
3-kinase (PI3K) and their lipid products PtdIns(3,4)P2
and PtdIns(3,4,5)P3, respectively, play an important
role in the cell membrane and are key to the establish-
ment of apicobasal polarity and lumen formation. In this
review, we will focus on these new functions of PI3K
and SHIP2, and their deregulation by HCV, causing a
disruption of apicobasal polarity, actin organization and
extracellular matrix assembly. Finally we will highlight
the involvement of this pathway in the event of insulin
resistance and nonalcoholic fatty liver disease related to
HCV infection.

Key words: Hepatitis C virus; Phosphoinositide 3-kinase;
SH2-containing inositol polyphosphate 5-phosphatase;
Epithelial cell polarity; Phosphoinositides

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chronic hepatitis C virus (HCV) infection leads
to liver cirrhosis and cancer. HCV infection modulates
the lipid metabolism. Phosphoinositides are minor
phospholipids that are also modified by HCV infec-
tion. phosphatidylinositol (PtdIns)(3,4,5)P3 is mainly
formed by phosphoinositide 3-kinase (PI3K), and
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can be dephosphorylated by SH2-containing inositol
polyphosphate 5-phosphatase (SHIP2) to generate
PtdIns(3,4)P2. In this review, we will discuss the effects
of SHIP2 and PI3K on the formation of cell polarity and
how their expression and activation are modulated by
HCV infection, leading to the disruption of cell polarity.
This pathway is also discussed in the event of insulin
resistance and nonalcoholic fatty liver disease related to
HCV infection.

Awad A, Gassama-Diagne A. PI3K/SHIP2/PTEN pathway
in cell polarity and hepatitis C virus pathogenesis. World J
Hepatol 2017; 9(1): 18-29 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v9/i1/18.htm DOI: http://dx.doi.
org/10.4254/wjh.v9.i1.18

INTRODUCTION

Chronic Hepatitis C virus (HCV) infection leads to cirrhosis
that will develop complications such as liver failure and
liver cancer™™. The principal target of HCV is hepatocytes,
which are highly polarized cells, their plasma membranes
being separated by tight junctions into apical (canalicular)
and basolateral (sinusoidal) domains™?®. After it enters
the hepatocytes, the life cycle of HCV is very closely
linked to cell lipid metabolism. The very low density
lipoprotein (VLDL) pathway is required for the assembly
and secretion of new viral particles**. However, the
effect of lipid droplets (LD) on the replication of HCV
is becoming increasingly clear®®. HCV induces an accu-
mulation and change to the cellular distribution of LDs,
moving from a dispersed profile in the cytoplasm of non-
infected cells to their perinuclear localization in infected
cells. This relocation permits the interaction of LDs with
viral proteins and genomes!’, While much is known
about the role of lipoproteins and LDs in the HCV life
cycle, studies are only nhow emerging on the modulation
of phosphoinositides (PI) by HCV infection™.

PIs are phosphorylated derivatives of phosph-
atidylinositol (PtdIns). They are minor phospholipids
(10%-20%) on the inner surface of the lipid bilayer and
an important constituent of the cell membrane. The
phosphorylation and dephosphorylation of PlIs is achieved
by various isoforms of PI kinases and PI phosphatases,
distributed in a specific way in the cell, this result in the
distribution of different PIs in cell compartments. These
complex reactions are mediated by 19 kinases and 28
phosphatases that have been identified in mammals®*%.
Figure 1 illustrates the phosphorylation and dephosphory-
lation cycles of different monophosphate, diphosphate
and triphosphate PIs, as well as the most widely studied
kinases and phosphatases. PIs are secondary mess-
engers responsible for transmitting receptor signals to
the effectors that induce a cellular response. PIs interact
with these effectors via specific binding domains that
are known to interact with the membrane, either by
specific recognition of the membrane components or
through attraction by its properties such as charge,
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structure, curvature and ampbhiphilicity™*!. As well as
acting as precursors of secondary messengers, PIs are
spatiotemporal regulators of several target proteins
involved in vesicular trafficking [such as PtdIns(4)P and
PtdIns(3)P] and cytoskeletal rearrangement [PtdIns
(4,5)P2], by which they control cell polarity, migration,
proliferation and differentiation [PtdIns(3,4)P2] and
PtdIns(3,4,5)P31**.

Given the importance of PI metabolism to cellular
signaling and trafficking events, numerous intracellular
pathogens modulate and exploit PIs in order to ensure
their survival and efficient intracellular replication™**!.
A considerable body of literature has addressed the
modulation of PIs by HCV®®.. Changes to the localization
of PtdIns(4)P and activation of PI4KIlla following HCV
infection have been identified as being key to membrane
network formation and viral replication™**'”), In this
review we will focus on the roles of phosphoinositide
3-kinase (PI3K), SH2-containing inositol polyphosphate
5-phosphatase (SHIP2) and phosphatase and tensin
homologue deleted on chromosome 10 (PTEN) and their
lipid products in the establishment of plasma membrane
polarity. We will also discuss how HCV infection mo-
dulates these polarity mechanisms to invade host cells
and replicate. Finally, we will consider the involvement of
the PI3K/PTEN/SHIP2 pathway in insulin resistance and
nonalcoholic fatty liver disease (NAFLD) related to HCV
infection.

HCV

HCV is an enveloped virus with linear, single-stranded
RNA contained in a capsid protein called core. Following
entry of the virus into a host cell and uncoating of the
viral genome, the translation of viral RNA produces a
polyprotein that will be degraded to form three structural
proteins (core, E1 and E2), six non-structural proteins
(NS2, NS3, NS4A, NS4B, NS5A and NS5B) and p7
protein. The structural and non-structural proteins will
mate with viral RNA to form new viral particles. This viral
assembly occurs near the endoplasmic reticulum, and then
new viral particles are released from the cell through
fusion with the cell membrane'®', Chronic infection with
HCV, especially in cases of cirrhosis or advanced fibrosis,
remains the leading cause of hepatocellular carcinoma
(HCC) worldwide through the modulation of different
pathways such as inflammation, proliferation and diffe-
rentiation, and DNA damage™. Effective treatments
for HCV have recently been developed, and over 95%
of patients can now be cured®*?, but pathologies such
as cancer induced by HCV infection remain a health
problem for those already infected. Interactions between
viral proteins and host cell mechanisms therefore remain
central to understanding the pathogenesis of HCV.

POLARITY IN THE LIVER AND THE

ENTRY OF HCV
The polarity of epithelial cells is a property that is ess-
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Figure 1 Phosphorylation and dephosphorylation cycles of different
phosphoinositides. Monophosphate, diphosphate and triphosphate
phosphoinositides are represented, as are the most widely studied kinases (in
blue) and phosphatases (in red) that regulate their expression. PtdIns: Phosph-
atidylinositol; PI3K: Phosphoinositide 3-kinase; SHIP2: SH2-containing inositol
polyphosphate 5-phosphatase; PTEN: Phosphatase and tensin homologue
deleted on chromosome 10; OCRL: Inositol polyphosphate 5-phosphatase.

ential to maintaining the structure and function of the
epithelium. A polarized epithelium provides an effective
barrier against biological pathogens. It is characterized
by an asymmetric formation of the plasma membrane,
and the distribution of different intracellular organelles
and cytoskeletons, including the proteins and lipids
they contain. This asymmetry is created according to
an apical-basal axis which reveals asymmetry of the
cell from the basal pole in contact with the extracellular
matrix (ECM) to the apical pole interfacing with the lumen
of the tissue. The establishment of apical-basal polarity
involves several steps, the first of them being contact
between the cell with the ECM and also with adjacent
cells by tight and adherens junctions®®® (Figure 2A).
Numerous pathogens, including viruses and bacteria, are
capable of modulating the regulators of cell polarity in
order to infect and then replicate in host cells!***",

The principal target of HCV is hepatocytes, which are
polarized cells in the liver. They communicate with the
bloodstream via their basal surface which interfaces with
sinusoidal endothelial cells, and they secrete bile from the
apical surface, which faces and forms the bile canaliculi.
The apical and basolateral domains of hepatocytes are
separated by tight junctions that ensure integrity of the
canaliculi and the secretory function of hepatocytes. The
space between hepatocytes and sinusoidal endothelial
cells is called the “space of Disse” containing hepatic
stellate cells, which are mesenchymal cells responsible
for much of the scarring that accompanies chronic liver
injury™®! (Figure 2B). The polarization of hepatocytes
is necessary to sustain the liver’s architecture, and
restrict infection by pathogens and the development
of diseases. HCV disrupts this polarized architecture
by modulating polarity proteins in order to ensure its
entry and replication. In fact, HCV exploits tight junction
proteins such as Claudin-1%, occludin®®”? and Interferon-
induced transmembrane protein 1%, On the other hand,
cell polarity and well maintained junctions significantly
restrict HCV entry into Huh7 and HepG2 cells®®®! by
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Figure 2 Comparison between simple epithelial cells polarity and
hepatocytes polarity. A: The epithelial cell polarity presents a differentiation of
the apical membrane (in red) to the light, and the basolateral membrane (in green)
in contact with the extracellular matrix (ECM). Apical and basal membranes are
separated with tight junctions (in black) and adherens junctions (in blue); B: The
hepatocytes present a more complex polarity, with several apical membranes
for the same cell forming bile ducts. The basolateral membrane is in contact with
Disse space allowing the exchange with blood vessels.

reducing the expression of CD81 in the membrane and
impairing the dynamics of scavenger receptor class B
type I (SR-B1)™”., These findings highlight the important
role of tight junctions and cell polarity in HCV entry®*?,
but pose the question as to whether HCV infection mani-
pulates PIs in order to deregulate cell polarity, thus
leading to pathogenesis. Indeed, the few studies that
have focused on the link between HCV and epithelial
apicobasal polarity strongly suggested that polarization
restricts HCV entry into epithelial cells™>, so the role of
PIs remains a challenging issue.

PI3K ACTIVITY, CELL POLARITY AND

HCV INFECTION

PI3Ks phosphorylate the hydroxyl group 3-position of
the inositol ring of PtdIns. The PI3K family of enzymes
contains three different classes (1, II and 1), based
on their substrate specificity and molecular structure™.
PtdIns(3)P can be formed by PI3K-1I and PI3K-II, and
PtdIns(3,4)P2 is generated by the activity of PI3K-1I

The activity of PI3K- I produces PtdIns(3,4,5)P3 which,
once produced at the membrane, exercises its vital role
of second messenger by recruiting different proteins
containing a pleckstrin homology (PH) domain. The pro-
tein kinase Akt possesses a PH domain which was the
first to be discovered and displays high affinity binding
to phosphoinositides. The interaction between Akt and
PtdIns(3,4,5)P3 induces a conformational change in
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the Akt structure which permits its phosphorylation
by phosphoinositide-dependent kinase 1 (PDPK1) at
threonine 308, and the mammalian target of rapamycin
complex 2 (mMTORC2) at serine 473 (Figure 2). Activated
Akt is responsible for triggering numerous cellular
signaling pathways involved in proliferation, survival,
apoptosis and autophagy™®?”. PI3K and its lipid
product PtdIns(3,4,5)P3 have been identified as key
regulators of apicobasal polarity™®*?!, Watton and
Downward showed that the adhesion of epithelial cells
to the extracellular matrix provides protection from
apoptosis via the activation of PI3K and Akt/PKB. They
confirmed the localization of PI3K at the basolateral
membrane producing PtdIns(3,4,5)P3". Another study
also revealed PI3K activation after interaction of the cell
with the ECM and cell-cell contact. They showed that
E-cadherin, which is responsible for cell-cell junctions,
joins the p85 sub-unit of PI3K and activates PI3K/Akt
to generate PtdIns(3,4,5)P3 during the early stages of
cellular polarization®®®, Gassama-Diagne et ai*® studied
the localization of PtdIns(3,4,5)P3 at the basolateral
membrane in madin darby canine kidney (MDCK) po-
larized cells. This study confirmed that the formation of
PtdIns(3,4,5)P3 at the basolateral membrane is essential
to the initiation of basolateral polarization through the
activation of Racl. In fact, the experimental addition of
exogenous PtdIns(3,4,5)P3 at the apical pole of polarized
MDCK cells on transwell filters led in five minutes to the
formation of PtdIns(3,4,5)P3 and basolateral protein-
rich protrusions above the apical surface, from which
apical proteins were excluded”. In MDCK 3D culture
on matrigel, the formation of basolateral protein-rich
protrusions was observed after three minutes of treat-
ment with exogenous PtdIns(3,4,5)P3. The location and
PI3K activity of these protrusions is important because
the action of the PI3K inhibitor LY294002 inhibits the
formation of protrusions, even when treating the cells
with PtdIns(3,4,5)P3. By testing different ATP-competitive
isoform-selective inhibitors of PI3K on the apicobasal
polarity of MDCK grown in a 3D culture on Matrigel.
Peng et al*"! recently showed that treatment with the
p110§ inhibitors IC87114 and CAL-101 inverted the cell
polarity of cysts displaying the apical marker Podocalyxin
in contact with the ECM. The treatment of cells with
other inhibitors such as PI-103, a multi-targeted inhibitor
of p110a/p/é/y, and AS-605240 which targets p110y,
led to the formation of either multi-lumen or lumen-
free cysts. Taken together, these data indicate that the
P110s isoform plays a role in establishing the apicobasal
polarity axis. Next, the p1103 isoform was localized at the
basolateral membrane of polarized cysts, and colocalized
with the ECM receptor dystroglycan. The depletion of
pl110s at the basolateral membrane disrupted laminin
and type IV collagen assembly by down-regulating
Bl-integrin, which is a transmembrane protein with a
specific role in ECM assembly and remodeling™*?. Overall,
these findings revealed the role of epithelial p1103 in
the orientation of cell polarity and lumen formation by

Raishidenge ~ WJH | www.wjgnet.com

21

Awad A et a/. PI3K/SHIP2 pathway and HCV
regulating ECM assembly and interactions™"..

A growing body of evidence in the literature has
revealed that PIs and their metabolic enzymes are
essential to HCV replication at different stages of the
cell cycle™®***, Some studies validated activation of
the PI3K/Akt pathway following infection by HCV*.
Epidermal growth factor receptor (EGFR), which activates
the PI3K/Akt pathway, was recently shown to be a co-
factor for HCV entry in a cell*®’. Moreover, Street et a/*”
demonstrated an interaction between the viral protein
NS5A and the p85 subunit of PI3K. This interaction is
responsible for activating the p110 subunit of PI3K, which
induces the formation of PtdIns(3,4,5)P3. The same
study also showed that the NS5A protein induces the
phosphorylation of Akt at tyrosine 308, thus causing anti-
apoptotic activity. Other than its role in cell proliferation,
transcription and migration, PI3K is also responsible for
membrane expression of the SR-B1 receptor in HepG2
cells, promoting viral entry into the cells"®. Furthermore,
the NS4B protein induces lipogenesis in infected cells by
activating the Akt pathway™., It has been shown that
HCV core protein is expressed at the basal membrane
of polarized cells, which leads to a deregulation of actin
organization and affects focal contacts by increasing
the expression of phosphorylated paxillin at the basal
membrane®. The same study showed that the dere-
gulation of actin is due to RhoA inhibition and Racl
activation in cells expressing HCV core protein. These
results also suggest that HCV core disrupts cell adhesion,
inducing a reorganization of the actin cytoskeleton
and a loss of cell polarity. Is PI3K involved in HCV core
expression, thus inducing a disruption of cell adhesion?
Many studies have revealed activation of the PI3K/Akt
pathway and the formation of PtdIns(3,4,5)P3 following
HCV infection®***'*%, This work focused on virus entry
and replication and the epithelial to mesenchymal tran-
sition, but the effect of PI3K expression on the loss of cell
polarity induced by HCV infection was not investigated.
Nevertheless, the phenotype of cysts from MDCK cells
expressing HCV core protein was of a multi-lumen type™
which differed markedly from that of the inverted polarity
cysts obtained from MDCK cells treated with the p100§
inhibitors IC87114 and CAL-101, but was similar to
those from MDCK cells treated with the p110y and p110B
inhibitors AS-605240 and TGX115, respectively™". This
observation reveals a potential role for p110y and p110B
in the loss of cell polarity induced by HCV infection.
Interestingly, Peng et af*!l. studied an MDCK phenotype
involving an over-expression of the PI3K p110 subunit.
These cysts displayed a marked ECM assembly (laminin
and type IV collagen) at the basal membrane and a loss
of cell polarity, and they were flatter than control cells.
This result allows us to advance the hypothesis that p1105
may be over-expressed in the context of HCV infection,
leading to an accumulation of ECM which is responsible
for cirrhosis. Taken together, these findings suggest a
potential effect of PI3K and PtdIns(3,4,5)P3 on the dere-
gulation of cell polarity induced by HCV infection.
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SHIP2 ACTIVITY, CELL POLARITY AND
HCV INFECTION

PTEN AND PTDINS(4,5)P2, CELL
POLARITY AND HCV INFECTION

The level of PtdIns(3,4,5)P3 is maintained through its
dephosphorylation by the phosphatases SHIP1/2 and
PTEN to produce PtdIns(3,4)P2 and PtdIns(4,5)P2,
respectively™ (Figure 3). A recent study highlighted
the role of PtdIns(3,4)P2 and SHIP2 as additional deter-
minants of basolateral membrane formation™®. In non-
polarized cells, SHIP2 is localized in the perinuclear and
cytoplasmic domains. After stimulation with serum,
SHIP2 may be localized at focal contacts in the plasma
membrane®®. In 3D cultured MDCK cells, Awad et a/™”
demonstrated a basolateral localization of SHIP2 and
its lipid product PtdIns(3,4)P2. The enzymatic activity
of SHIP2 gives rise to PtdIns(3,4)P2 and is essential
for cell polarization. Indeed, SHIP2 inhibition by siRNA,
and exogenous expression of the catalytic mutant
of SHIP2 (D607A)**** lead to a deregulation of cell
polarity and the formation of multi-lumen cysts. Indeed,
PtdIns(3,4)P2 is capable of binding DIgl, the master
regulator of basolateral polarity™. The inhibition of
SHIP2 leads to a delocalization of the basolateral
polarity proteins p-catenin, Scribble and Digl from cell-
cell contacts; moreover, their expression is markedly
reduced. Overall, these data suggest that SHIP2 is
required for the localization and expression of the baso-
lateral complex proteins DIgl and Scribble in order to
maintain cell morphogenesis”®®. Moreover, the Rho
family of GTPases, and particularly RhoA and Racl which
regulate the formation of stress fibers and lamelipodia,
respectively®’, play a pivotal role in cell polarity™®. It
has been reported that SHIP2 increases the activation of
RhoA in epithelial cells™. This activation is required for
the polarization and migration of glioma cells™, Awad
et al*® confirmed that SHIP2 is an additional target for
HCV infection. Their study examined the expression of
SHIP2 and PtdIns(3,4)P2 in MDCK cells grown in a 3D
culture on Matrigel, and in a 2D culture on transwell
filters. MDCK cells expressing HCV core protein displayed
a reduction of SHIP2 and PtdIns(3,4)P2 expression at
the basal membrane. Interestingly, HCV core protein was
localized specifically at the basal membrane in contact
with the ECM. Together, these findings indicate that HCV
core protein is able to subvert SHIP2 expression in order
to disrupt cell membrane morphology™. In these cells,
the down-regulation of SHIP2 and PtdIns(3,4)P2 leads to
down-regulation of the expression of DIgl and Scribble
at the basolateral membrane. These disturbances to the
expression of polarity proteins lead accordingly a loss
of apicobasal cell polarity and the formation of muilti-
lumen cysts. HCV core expression also displays a loss
of RhoA activation, in the same way as SHIP2 depleted
cells. Interestingly, an over-expression of SHIP2 cDNA
in HCV core-expressing cells has been seen to restore
single lumen formation, RhoA activation and cell polarity.
Taken together, these data indicate that HCV core is able
to subvert SHIP2 in order to disrupt cell polarity and
infected polarized cells®™”,
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PTEN, the other phosphatase which antagonizes PI3K,
is also implicated in cell polarity. Martin-Belmonte et
al® identified PtdIns(4,5)P2 as a key regulator of the
apical membrane. During the early stages of cyst forma-
tion, PtdIns(3,4,5)P3 and PtdIns(4,5)P2 are co-localized
at the plasma membrane of non-polarized cells, while
PtdIns(4,5)P2 becomes concentrated at the apical surface
of polarized cells. The role of PIP5K in apical membrane
trafficking, by which synthesizing PtdIns(4,5)P2, has
recently been reported and confirmed the possible pro-
duction of PtdIns(4,5)P2 at the apical membrane!®-®%,
Meanwhile, PTEN regulates the apical recruitment of
Par3, Par 6, Cdc42 and annexin 2 (Anx2), and is required
for lumen development™®, In addition, it has been shown
that Par3 membrane targeting is dependent on the
binding of its PDZ domain to PtdIns(4,5)P2, the product
of PTEN®®, The inhibition of PTEN by siRNA, or by a
specific inhibitor bpV(pic), prevents the formation of a
single central lumen in the cysts and causes a defective
segregation of PtdIns(3,4,5)P3 and PtdIns(4,5)P2. This
study also identified the fact that PTEN binds Anx2,
which is responsible for the recruitment of Cdc42 and
hence of apical aPKC, causing polarization of the apical
membrane™®”,

HCV replication is dependent on PtdIns(4,5)P2"*® the
lipid product of PTEN. HCV infection leads to a down-
regulation of PTEN, triggering an acceleration of lipid
droplet formation and insulin resistance’®*®!, The down-
regulation of PTEN causes a malformation of the apical
domain in an MDCK 3D culture®, suggesting that the
multi-lumen phenotype in MCDK cells expressing HCV
core protein may be caused not only by RhoA down-
regulation®” but also by modifying PTEN expression. It
has been shown that the core protein of HCV genotype
3a Core decreases the expression of PTEN by blocking
the translation of messenger RNA and causing an accu-
mulation of lipid droplets in the cells. In addition, PTEN
over-expression in these cells is capable of reducing
the accumulation of lipid droplets. This study therefore
suggests that this down-regulation of PTEN by HCV
infection is a critical mechanism leading to steatosis and
its progression toward fibrosis and hepatocellular car-
cinoma™®”,

INSULIN RESISTANCE AND HCV
INFECTION

Type II diabetes, and more generally insulin resistance,
is very common in the context of chronic HCV infection,
as has been established by several recent epidemio-
logical studies®®”", Other studies have also shown
that HCV infection can cause insulin resistance by the
phosphorylation of IRS-1 at a serine residue (Ser307)
followed by a decreased phosphorylation of Akt Thr(308),
Fox01 Ser(256) and GSK3p Ser(9), downstream players
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in the insulin signaling pathway”*”?!. These data raise
the question whether insulin resistance is the cause of
liver steatosis in patients with chronic HCV infection, or
the consequence of viral molecular expression. Indeed,
Shintani et a’? showed that insulin resistance preceded
the onset of steatosis in transgenic mice expressing HCV
core protein, suggesting that insulin resistance was not
a consequence of hepatic steatosis in these animals.
Another study confirmed that the pathophysiology of fatty
liver-associated chronic hepatitis C differed in patients
infected with genotypes 1 and 3, showing that insulin
resistance in genotype 1 patients is the cause rather than
the consequence of hepatic steatosis and fibrosis, and
suggesting that elevated circulating insulin levels are a
risk factor for fibrosis through steatosis induced by insulin
resistance. In genotype 3-infected patients, steatosis
was related to HCV viral load”. These findings suggest
that antiviral therapy in genotype 1-infected patients will
not be sufficient. But does an improvement in metabolic
syndrome increase the success rates of antiviral therapy?
Walsh et al’®! confirmed that in patients with chronic
HCV viral genotype 1, an increased expression of factors
inhibiting interferon signaling could be a mechanism by
which obesity reduces the biological response to IFN-a. In
2006, Tarantino et al”” also confirmed that by improving
metabolic syndrome, a lowering of the body mass
index could play a key role in reducing the importance
of metabolic co-factors and improving the foundations
for a good antiviral response. For this reason, insulin
sensitizers such as metformin are known to improve the
response to HCV treatment and have been associated
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with a lower risk of developing HCC. Very recently, a
clinical trial was initiated by the Ottawa Hospital Research
Institute to evaluate the effects of metformin on liver
fibrosis in HCV-HIV co-infected and HCV mono-infected
patients suffering from insulin resistance. If metformin
proves to be effective in reducing liver fibrosis in this
patient population, it will represent a well-tolerated, easy-
to-administer, inexpensive therapy that could protect
against negative HCV outcomes. This study will also
provide an opportunity to evaluate the impact of insulin
resistance and hyperglycemia on viral clearance in HCV-

infected patients treated with interferon-free regimens®.,

PI3K/SHIP2/PTEN PATHWAY AND
INSULIN RESISTANCE

Akt activity is essential for the translocation and fusion of
glucose transporter 4 (GLUT4) to the plasma membrane
of cells in the skeletal muscle and adipose tissue. In
turn, GLUT4 plays a crucial role in the absorption of
glucose. Akt induced by insulin signaling is also critical
to the regulation of gluconeogenesis and glycolysis in
the liver. When binding insulin to its receptor, SHIP2 also
binds to the cell membrane and negatively regulates
insulin signaling. An over-expression of SHIP2 in adipocyte
3T3-L1 cells inhibits insulin signaling, and expression
of the catalytic mutant SHIP2 enhances the activity
of Akt induced by insulin and thus generates glucose
uptake and glycogen synthesis”®. In 2001, Clément
et al®™ developed transgenic mice deficient in SHIP2.
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They showed that adult mice with the heterozygous
SHIP2 mutation increased their glucose tolerance and
insulin sensitivity, which was also associated with an
increase in recruitment of the glucose transporter GLUT4.
Homozygous mice with a SHIP2 deficiency experienced
severe neonatal hypoglycemia and died within three
days. These results show that SHIP2 is a potent negative
regulator of insulin signaling and insulin sensitivity in vivo.
A second SHIP2 deficient mouse model was studied by
Sleeman et af®! in 2005. They found that SHIP2 deficient
mice were viable, with normal glucose levels and normal
tolerance to insulin. However, they were very resistant to
putting on weight when fed a high-fat diet®. Although
these two models had different phenotypes, the results
suggest that SHIP2 is a key regulator of glucose, and its
inhibition would be useful regarding efforts to improve
diet-induced obesity. Furthermore, transgenic mice
expressing catalytically-inactive SHIP2 have displayed
altered lipid metabolism and insulin secretion®®. In
addition transgenic mice over-expressing SHIP2 WT
are obese and suffer from hepatic insulin resistance®®.
These results show that the inhibition of SHIP2 may
influence lipid metabolism and insulin signaling. For
these reasons, the use of antisense oligonucleotides
against SHIP2 in model diabetic rats produced a rapid
improvement in insulin sensitivity™®. Taken together,
these in vivo studies suggest that an inhibition of SHIP2
expression may be effective in the treatment of type 2
diabetes. The relationship between SHIP2 and insulin
resistance has also been studied in patients with type 1I
diabetes whose SHIP2 gene (INPPL1) had a deletion of
the 3’ extremity. This mutation enhanced the expression
of SHIP2 in the adipose tissue and skeletal muscles of
diabetic patients, causing insulin resistance®™. Overall,
these findings suggest that SHIP2 is a key regulator
of glucose homeostasis and could be targeted when
treating diseases that affect insulin metabolism such
as diabetes type II. This central role of SHIP2 as a
negative regulator of insulin signaling encouraged Sumie
et al® to investigate changes to SHIP2 expression in
HCC patients with HCV infection. They showed that
the cumulative survival rate was significantly lower in
the glucose intolerance group than that in the normal
glucose tolerance group, and that the level of SHIP2
expression fell in a context of HCC when compared to
that seen in non-tumor tissues. This study therefore
indicated a prognostic role for glucose tolerance and
SHIP2 expression in HCC patients with HCV infection.
PTEN is the second phosphoinositide phosphatase
that negatively regulates insulin signaling®®”. Studies
using 3T3-L1 adipocytes clearly demonstrated that PTEN
over-expression inhibited the production of insulin-induced
PtdIns(3,4)P2 and PtdIns(3,4,5)P3, the activation of Akt/
PKB, the translocation of GLUT4 to the cell membrane
and glucose uptake!®®, By contrast, the down-regulation
of PTEN by small interfering RNAs enhanced Akt/PKB
activation and glucose uptake in response to insulin®”.
Furthermore, an over-expression of catalytically-inactive
or dominant-negative PTEN mutants also indicated
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that it is the lipid phosphatase activity of PTEN which
is necessary to down-regulate Akt/PKB signaling and
glucose uptake in response to insulin®® ", Finally, all
these studies showed that the PI3K/Akt pathway offers a
target to improve steatosis and insulin resistance during
the development of NAFLD. Different treatments such as
Silibinin and FAM3A (cytokine-like gene family) activate
PI3K p110a/Akt signaling in order to ameliorate hepatic
gluconeogenesis and lipogenesis®®®?, Flanovol Quercetin
is another treatment with favorable effects on the pro-
gression of NAFLD, acting via the PI3K/Akt pathway.
Treatment with quercetin has been shown to reduce
oxidative/nitrosative stress and inflammation, and genes
related to lipid metabolism displayed a tendency to
normalize in both in vivo and in vitro models®®".

PI3K/SHIP2/PTEN PATHWAY AND NAFLD

NAFLD is often associated with HCV infection. NAFLD
is frequently described as encompassing a histological
spectrum from nonalcoholic fatty liver to simple hepatic
steatosis (SHS) plus a characteristic pattern of steato-
hepatitis [nonalcoholic steatohepatitis (NASH)]. HCV
infection also gives rise to liver steatosis. So is the
PI3K/SHIP2/PTEN pathway implicated in NAFLD in a
context of HCV infection? In the liver, insulin controls
lipid metabolism through its cell surface receptor and
intracellular mediators such as PI3K and serine-threonine
kinase Akt. It has been shown that insulin inhibits
apoB100 secretion through the activation of PI3K. And
insulin signaling via PI3K inhibited the maturation of VLDL
lipoprotein particles by preventing lipidation of the VLDL
precursor”. For this reason, a disruption of phospholipid
metabolism is present in NAFLD. Indeed, a recent
study demonstrated that plasma phospholipids differed
between liver biopsies from NAFLD patients and healthy
subjects. Phosphatidylinositol levels were higher in SHS
and NASH patients compared with healthy controls®®.
Another study also identified the role of dietary pho-
sphatidylinositol (and particularly phosphatidylcholine
and phosphatidylserine) in preventing NAFLD in a
rat model of metabolic syndrome®”. Furthermore, in
transgenic mice with hepatic steatosis and developing
a tumor, alongside an abnormal accumulation of fatty
acids, the study demonstrated activation of the Akt/
mTOR pathway, and a reduction in the expression of
tumor suppressor genes, including Pten. This confirmed
that an accumulation of fatty acids may have a role
in promoting in vivo hepatic tumorigenesis under con-
stitutive activation of the PI3K pathway™. Another
study confirmed that high unsaturated fatty acid levels
significantly decreased PTEN mRNA expression in hepatic
cells by means of a mechanism involving the sequential
activation of mTOR and NFB, which were found to form
a complex in cultured cells™! which led to a significant
alteration of PTEN expression. It is important to reme-
mber that inflammatory cytokines such as transforming
growth factor B, tumor necrosis factor a, interleukin-6
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Figure 4 Effects of hepatitis C virus infection on cell polarity. In a 3D
culture, MDCK form a cyst comprising a monolayer of cells around a lumen (the
basolateral membrane is indicated in green, the apical membrane in red and
the tight junctions in black). The right-hand column shows a zoom of a polarized
cell. PI3K is activated by E-cadherin. The p1108 subunit is activated by ECM
(Laminin and collagen 1V). SHIP2 and PI(3,4)P2 at the basal membrane are
responsible for the Dig1/Scribble complex at the basolateral membrane. PTEN
interacts with Par3 at the tight junctions and its lipid product PtdIns(4,5)P2 is
localized at the apical membrane. The bottom column represents the multi-
lumen phenotype of cysts expressing HCV core protein. The presence of this
core protein at the basolateral membrane activates PI3K and inhibits SHIP2
and PTEN, leading to a loss of cell polarity and an accumulation of lipid
droplets (LDs). HCV: Hepatitis C virus; PtdIns: Phosphatidylinositol; PI3K:
Phosphoinositide 3-kinase; SHIP2: SH2-containing inositol polyphosphate
5-phosphatase; PTEN: Phosphatase and tensin homologue deleted on
chromosome 10; MDCK: Madin darby canine kidney; DG: Dystroglycan.

and interleukin-1, which are produced in the course of
NAFLD, also significantly alter PTEN expression, as has
been shown in non-liver cells. These studies offer an
interesting link between insulin resistance and steatosis,
which may also explain (at least in part) the high risk of
developing HCC associated with diabetes and obesity™®”.
PTEN deregulation has also been demonstrated during in
vivo studies. First, a study of heterozygous PTEN deletion
was confirmed as inducing atypical adenomatous liver
hyperplasia’®’!. Subsequently, a genetic inhibition of
PTEN expression, specifically in the liver of rodents, was
shown to trigger liver steatosis, insulin hypersensitivity
and HCC!'*, Because of the lack of PTEN activity, there
may be an increase in fatty acid uptake by hepatocytes,
and in fatty acid synthesis!®*. Hepatocyte-specific
PTEN deficient mice display similar histological features
to human NASH patients. These hepatocytes display
enhanced lipid accumulation, inflammatory changes and
hyperoxidation, and also develop into HCC™'*. There-
fore, an impairment of PI3K/PTEN signaling could be
involved in some NASH/HCC cases in humans. These
results are very compatible with the down-regulation of
PTEN in HCV infection, which leads to an acceleration of
lipid droplet formation and insulin resistance®®®, Taken
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together, these studies have suggested a role for PTEN
in regulating lipogenesis in liver cells; however, less
information is available on the effects of another lipid
phosphatase, SHIP2, on lipid and lipoprotein metabolism
in the liver. A very recent study found a molecular link
between SHIP2 expression and metabolic dyslipidemia
using the over-expression or suppression of the SHIP2
gene in HepG2 cells. SHIP2 over-expression led to higher
lipid production and secretion via apoB100 secretion and
de novo lipogenesis™™®!. Another study confirmed that
PBX-regulating protein 1 enhances Ship2 transcription,
leading to hepatic lipogenesis and steatohepatitis in mice.
However, Prepl hypomorphic heterozygous [Prepl (i/+)]
mice displayed lower SHIP2 levels, and significantly
decreased serum triacylglycerol levels and the liver
expression of fatty acid synthase™®. We have discussed
above the down-regulation of SHIP2 in HCV core-express-
ing cells, so is this down-regulation of SHIP2 the cause
of lipid droplet accumulation in these cells? Overall, these
findings confirm that SHIP2 is responsible for hepatic
lipogenesis and secretion. To conclude, the PI3K/SHIP2/
PTEN pathway, which is markedly deregulated in the
context of HCV infection, activates Akt causing an over-
expression of fatty acids, leading subsequently to liver
steatosis, insulin hypersensitivity and HCC.

CONCLUSION

PI3K and SHIP2 have been widely studied for their roles
in intracellular signaling and membrane trafficking. How-
ever, their membrane segregation and the effects of their
enzymatic activity on the establishment of cell polarity
are only now starting to be investigated. Recent studies
have defined the manipulation of these PI enzymes and
their lipid products by the hepatitis C virus, so that it can
enter and replicate in epithelial host cells (Figure 4). The
PI3K/PTEN/SHIP2 pathway is now better understood
in the context of HCV infection, inasmuch as it induces
changes to cell polarity and lipid metabolism which can
generate several pathologies such as insulin resistance,
liver steatosis, NAFLD and HCC.
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Abstract

Drug-induced liver injury (DILI) is a hot topic for clini-
cians, academia, drug companies and regulators, as
shown by the steadily increasing number of publications
and agents listed as causing liver damage (http://
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livertox.nih.gov/). As it was the case in the past decade
with drug-induced QT prolongation/arrhythmia, there is
an urgent unmet clinical need to develop tools for risk
assessment and stratification in clinical practice and, in
parallel, to improve prediction of pre-clinical models to
support regulatory steps and facilitate early detection
of liver-specific adverse drug events. Although drug
discontinuation and therapy reconciliation still remain
the mainstay in patient management to minimize occur-
rence of DILI, especially acute liver failure events,
different multidisciplinary attempts have been proposed
in 2016 to predict and assess drug-related risk in in-
dividual patients; these promising, albeit preliminary,
results strongly support the need to pursue this inno-
vative pathway.

Key words: Hepatotoxicity; Predictivity; Risk assessment;
Safety

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The interest in drug-induced liver injury (DILI)
is growing, especially in 2015-2016, with pioneering
studies addressing DILI annotation, /e., risk stratification
of drugs capable of causing liver damage. The latest
experiences from worldwide consortia provided pro-
mising data, although there is still room for improvement
before reaching an algorithm capable of discriminating
hepatotoxic from non-hepatotoxic compounds, or at
least of classifying high, intermediate and low risk
drugs within the same therapeutic class. We should
take advantage of integration of real-world data (ie.,
registries, healthcare databases, spontaneous reporting
systems, literature) with cheminformatics to provide a
comprehensive DILI risk score.

Raschi E, De Ponti F. Drug-induced liver injury: Towards early
prediction and risk stratification. World J Hepatol 2017; 9(1):
30-37 Available from: URL: http://www.wjgnet.com/1948-5182/
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search, focusing on recent studies that, in our opinion,
provide key contribution towards an unmet clinical
need: Risk stratification of drugs capable of causing liver
damage, also known as DILI annotation.

The year 2015 witnessed an outstanding scientific
production of studies dealing with drug-induced liver
injury (DILI) and the list of drugs capable of causing
liver dysfunction needs constant update, thus making
DILI an emerging safety issue requiring attention by
academia, regulators, drug companies and clinicians,
both in specialty and general practice!

A search in MEDLINE using the strategy “DILI or
drug-induced liver injury or drug-induced liver damage
or herb-induced liver injury or herb-induced liver damage
or hepatotoxicity” yielded 2196 publications in 2015
(performed on June 7", 2016) (Figure 1), with more than
2000 studies per year published in the past 4 years.
The proportion among the different types of studies
has not substantially changed over time, with pre-clinical
investigations representing the majority of publications
(more than 60% of total studies in 2015). This body
of evidence has generated concern within the scientific
community, especially among clinicians, who are not fully
aware that a number of drugs are likely to affect liver
function and must be therefore considered among the
differential diagnoses in patients presenting with elevated
transaminases.

DILI has tremendous impact on medical prescribing
attitudes: The latest data confirmed that hepatotoxicity
was the most commonly reported adverse drug reaction
leading to drug withdrawal worldwide (81 cases; 18%)".
Several global registries (in United States, Latin America,
Europe and China) have continued to update case series
and implement completeness and accuracy of data'.
It is interesting to note that antinfectives/antimicrobials
are the most frequently implicated drugs in DILI reports
across all data registries and population-based studies,
with herbal and dietary supplements being an emerging
concern especially in United States™”’.

While population-based studies are useful to estimate
DILI incidence (despite suffering the inability to account
for genetic backgrounds), prospective registries across
various DILI consortia allow careful case adjudication. It
is worth mentioning that registries consistently enrolled
sicker patients as compared to epidemiological studies,
with 70% of the patients jaundiced at presentation
and half of them requiring hospitalization, thus the
proportion of non-"true” DILI cases is probably negligible.
This selection bias, probably related to the fact that DILI
patients are mainly recruited in hospital units, is useful to
appreciate phenotypes of liver damage (hepatocellular,
cholestatic and mixed) and investigate specific features
or drug signatures: Female sex, hepatocellular type
of damage and high bilirubin levels emerged as risk
factors for fulminant liver failure and death™, with higher
mortality risk in patients with preexisting liver disease™.

In this minireview, we highlight advances in DILI re-
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SUSPECTING AND DIAGNOSING DILI: A
CURRENT DILEMMA

The contribution of drugs in DILI occurrence

Different drugs have been convincingly documented to
cause liver injury in numerous case reports and case
series™”. Paracetamol has been consistently reported
as a leading cause of acute liver failure, whereas
chlorpromazine, halothane, sulpiride and amoxicillin-
clavulanate such as found to be the most common drugs
leading to hepatotoxicity in all prospective studies™".
Apart from antibiotics, the list of top 10 drugs implicated
in DILI cases (in terms of frequency) comprises statins
(only rarely severe liver injury was likely to be associated
with statins), antitumor necrosis factor antagonists (with
infliximab being the most common implicated agent, with
autoimmune features), and herbal and dietary supple-
ments (with weight loss and bodybuilding products being
the most frequent causes of serious hepatotoxicity ).

A risk of DILI greater than 100 per 100000 users
was found for chlorpromazine and sulpiride. Drugs with
an intermediate risk were amoxicillin-clavulanic acid and
emerged with a risk of 10 per 100000 users*®. All other
drugs were found to be less than 10 per 100000 users.

Unfortunately, in most of the cases, DILI is un-
predictable because of its idiosyncratic nature; in fact,
only rarely have the precise underlying mechanisms
been identified (e.g., mitochondrial injury, reactive
metabolites, biliary transport inhibition, and immune
responses). Paracetamol is a well-known example of
drug causing dose-dependent DILI.

Obtaining evidence-based data to support DILI
diagnosis
DILI is a diagnosis of exclusion, thus strengthening the
importance of anamnesis and clinical experience. Apart
from ruling out competing causes (e.g., viral infections),
it is crucial in the clinician’s mind to have information
on the notoriety, i.e., whether the drug is known or has
the potential to cause hepatotoxicity. However, these
evidence-based data are not always easily accessible™".
The first aid is represented by the product information
or summary of the product characteristics (in United
States and Europe, respectively), which however is
variable in terms of details and may also substantially
differ in the labeling of liver risk™. The key information
to be checked is the existence of contraindications in
patients with pre-existing liver diseases and the presence
of specific warnings on the risk of liver damage, with
relevant precautions in appropriate monitoring and
management. It must also be kept in mind that the
wording of these documents follows rules that are not
always patient- and physician-friendly. Other sources of
information are therefore highly needed.
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Figure 1 Trend in publication of articles on drug-induced liver injury,
classified in terms of types of evidence. The search was performed in
MEDLINE on June 7", 2016, through automatic filters and keywords.

Ascertainment of the literature is the second step,
which is a more challenging and time-consuming task.
While some drugs have been convincingly documented
to cause liver injury and clinical signatures have been
demonstrated (e.g., isoniazid, amoxicillin-clavulanic
acid), for some agents only a few case reports are
available and, most importantly, only in a minority critical
clinical data are provided to ascertain the causative role
of drugs™.

The third source of data is represented by LiverTox®
(http://livertox.nih.gov/), a public website set up to
provide up-to-date, accurate, and easily accessible
information on the diagnosis, causes, frequency and
patterns of liver injury attributable to both prescription
and nonprescription medications. Although LiverTox® is
based on a thorough literature analysis, the quality of
the published reports and the causality of the suspected
liver injury reported are not provided.

Specific algorithms, such as the Roussel Uclaf
Causality Assessment Method scale, have been proposed
and validated to assess causality, although it should
be recognized that these scores are particularly useful
for regulatory and research purposes, i.e., to verify
a posteriori the likelihood of the association rather
than to support a prospective diagnosis™®. During the
preapproval development process, Hy's Law (i.e., ALT/
AST > 3 ULN in combination with total bilirubin > 2 ULN
in the absence of cholestatic injury - alkaline phospha-
tase < 2 ULN) is an essential part of the stopping rules to
prevent hepatotoxicity, although it was never specifically
validated in a clinical trial. Different research group have
recently attempted to optimize the definition of Hy's Law
and develop models for predicting acute liver failure in
DILI, in combination with other biomarkers such as total
bilirubin and platelet count™®'”), However, whether such
revised definitions can become part of clinical practice is
yet to be determined.

Risk stratification of DILI in clinical practice: A dream or
a reality?
Current expectations regard the development and im-
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plementation of risk stratification tools to assign a certain
liver risk to a given drug. In other words, clinical research
is trying to establish the so-called DILI annotation, a
global score reflecting the frequency, causal role and
severity of DILI for each drug™®. This scenario recalls
what occurred in the past decade with drug-induced QT
prolongation and Torsade de Pointes (DITdP), which has
been a largely debated regulatory issue for the past 20
years with still suboptimal tools for risk stratification in
clinical practice™®’, With this experience in mind, we should
immediately understand the importance of coordinating
and harmonizing the various ongoing projects and the
need to set up a global response to efficiently assess
drug-related hazards. A parallel between DILI and DITdP
is presented in Table 1.

Identification of baseline risk is the first step towards
final risk stratification. DILI has a multifactorial nature
with both environment- drug- and patient-related risk
factors that may coexist and increase the likelihood of
DILI occurrence.

Apart from age and sex, genetics plays a role, at
least for some drugs. A recent genome-wide association
study involving 620 European cases of DILI and 10588
population controls, the DRB1*16:01-DQB1*05:02 haplo-
type was identified as a risk factor for flupirtine-induced
liver damage™. Although the inclusion of genetic tests
in causality assessment may improve consistency and
precision of DILI diagnosis as well as appropriateness of
drug administration, there is only initial positive experience
in clinical application of N-acetyltransferase 2 genotyping
to determine the appropriate dose of isoniazid™".

A current area of research deals with the identifica-
tion of biomarkers, keeping in mind the aim of detecting
patient’s susceptibility to DILI prior to and during drug
exposure, predicting the course of DILI once it occurs and
differentiate DILI from other causes of liver injury. Among
others, miR-122 expression was demonstrated to be a
liver specific biomarker of paracetamol hepatotoxicity;
high levels of High Mobility Group Box-1 with circulating
colony stimulating factor-1 were correlated to poor pro-
gnosis and outcome in patients with established acute
liver injury following paracetamol overdose; likewise,
the prognostic utility of Keratin-18 has been proposed;
notably, up-regulation of Kidney Injury Molecule-1, a
marker of renal proximal tubular epithelia, could be a
determinant of mortality in patients with paracetamol
overdose and secondary kidney damage; finally, Glu-
tamate Dehydrogenase might indicate hepatocellular
necrosis, although lacking specificity in discriminating
benign transaminases elevation from severe DILI occur-
rence. All these biomarkers, however; still require formal
qualification before being considered for routine clinical
use'?,

Among drug-related features, oral medications
with high lipophilicity (i.e., logP = 3) administered at
daily doses of = 100 mg (known as the concept of the
“Rule-of-2") have been associated with higher risk of
DILI®, Bile salt export pump and multidrug resistance-
associated protein 4 inhibitions have been also identified
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Table 1 Similarities and differences between drug-induced torsade de pointes and drug-induced liver injury

DITdP

DILI

Endpoint/biomarker

prolongation with specific thresholds)
Largely described (dose-dependent hERG K" channel

Key mechanism
inhibitio

Dose-response relationship

Regulatory impact

Clinical impact

Predictivity of pre-clinical assays
Predictivity of clinical studies

Role of genetics

Awareness (clinicians, regulators, drug
developers, researchers)

Risk assessment tools (clinical)

Causality assessment tools (clinical)

(the so-called designated medical event); phenotype
standardized

Therapy

(refractory TdP cases); removal or correction of precipitants,

Surrogate, but well defined biomarker of risk (QT

n)

Dose dependent (with only a few exceptions)
Pre-clinical and clinical guidelines (pre-marketing)
Significant (a leading cause of drug withdrawal worldwide)

Reasonably good (new models under investigation)
Good (thorough QT study), albeit imperfect
Important (long QT syndrome)
Significant at all levels

Drug- and patient-related risk factors are well recognized
(www.crediblemeds.org); CDSSs are under implementation
Not present, but the majority of TdP cases are drug induced

Magnesium sulphate, electrical cardioversion or
isoproterenol (isoprenaline) or transvenous pacing

Surrogate, but well defined biomarker of risk
(transaminase elevation with specific thresholds)
Only partially understood (different hypotheses)

Idiosyncratic, although dose-dependence exists
Clinical guideline (pre-marketing)
Significant (a leading cause of drug withdrawal
worldwide)

Sub-optimal (especially for in vivo models)
Good (Hy’s law), albeit imperfect
Partially defined (only for some drugs)
Significant at some levels (drug developers,
researchers)

Drug- and patient-related risk factors are only
partially recognized (www.livertox.nih.gov)
Specific, but challenging (several differential
diagnoses)

No specific treatment other than drug
discontinuation; liver transplantation may be
required in acute liver failure cases

including drugs

For details on DITdP***. CDSSs: Clinical decision support systems; DILL: Drug-induced liver injury; DITdP: Drug-induced torsade de pointes.

as important determinants of cholestatic DILI risk in
humans?***!, However, the contents and the extent of
information of these transporters in the summaries of the
product characteristics may vary considerably between
United States and Europe, especially for novel drugs®®®.

Therefore, the recent literature attempted to
annotate DILI risk through different approaches, all of
which rely on the assessment of already available data.
Among the various experiences, risk categories were
created based on the information extracted from drug
compendium, such as Physicians Desk Reference, and
case reports (alone or integrated with literature and
drug labeling)!*®¥3?! However, the validity of these
published annotations is still a matter of debate because
all methods present limitations and a gold standard
to define DILI risk is lacking™. This is an unresolved
concern, common to all drug-related safety issues.

Very recently, two different approaches stimulate
interest in annotating DILI risk. Chen et a*" combined
the rule-of-two with the capacity to produce reactive
metabolites and implemented a model to assess the risk
of DILI onset and severity. Both dose-based and Cmax
based-scores were calculated. Initial validation of this
score indicated that half (19/38) of DILI cases with a
dose-based DILI score = 7 were associated with severe
clinical outcome (e.g., hepatic failure or death), while
none of the cases with a DILI score < 3 were linked to
severe liver injury. Statistical analysis revealed that a
DILI score = 7 and < 3 was significantly associated with
higher or lower risk for severe hepatic outcome.

Conversely, Bjornsson et al> dlassified drugs listed
in LiverTox® website. Specifically, drugs were categorized
based on the number of case reports (Category A = 50
published reports, B = 12-50, C = 4-12, and D = 1-3)
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and another category, T, was added for agents leading to
hepatotoxicity mainly in higher-than-therapeutic doses.
In this study, fewer drugs than expected emerged with a
documented hepatotoxicity. Among 671 drugs available
for analysis, 353 (53%) had published convincing case
reports of hepatotoxicity. Thus, overall, 47% of the
drugs listed in LiverTox actually do not have evidence
of hepatotoxicity. However, the main limitation of this
analysis is that new drugs approved within the last
five years were not included. Therefore, old drugs with
consolidated clinical use are likely to result in higher risk.
In fact, drugs in categories A and B were more likely than
those in C and D to have been marketed for a long time,
and both were more likely to have at least one fatal case
of liver injury and reported cases of positive rechallenge.
While there is little doubt that the majority drugs in
category A and B are hepatotoxic, it is still unclear whether
agents listed in C and D are really liver offenders.

A CRITICAL ANALYSIS OF THE DILI RISK
SCORE: THE CASE OF DIRECT-ACTING

ORAL ANTICOAGULANTS

Liver safety of direct-acting oral anticoagulants (DOACs)
was highly debated in 2014-2015, when several
publications highlighted possible occurrence of liver
damage (including acute liver failure) during DOAC
administration'®*7%, The majority of data are derived
from case reports/series, which emphasized the relatively
rapid time-to-onset and the concomitant reporting of
drug that are implicated in liver damage or have the
potential to result in drug interactions®®. In particular,
the time-to-onset from published case reports suggests
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Table 2 Chemical and pharmacological properties of direct-acting anticoagulants likely to be associated with drug-induced liver

injury risk in humans

Dabigatran etexilate Rivaroxaban Apixaban Edoxaban
Max daily dose 220 (DVT prophylaxis) - 300 5 (post ACS’) - 10 (DVT 5 (DVT prophylaxis) - 20 (acute 60 (NVAF and DVT)
(indication)" (NVAF) prophylaxis) - 20 (NVAF) - 30 treatment of DVT/PE)
(treatment of DVT/PE)
Bioavailability' 6.50% 80%-100% 50% 62%
Protein binding 35% >90% 87% 55%
Cmax (ng/mL) 697 (at steady state after 400 450 (multiple dose 30 mg/ die)"™” 469 (single 20 mg dose)"™” 424 (90 mg daily at day 10)™
mg/3 die)®™

Lipophilicity (LogP)’ Sily 1.74 222 1.61
Biotransformation' Conjugation forming 4 Oxidative degradation of the O-demethylation and Hydrolysis (mediated

pharmacologically active morpholinone moiety and hydroxylation at the by carboxylesterase 1),

Hepatic metabolism'

acylglucuronides

Only the prodrug is a
substrate of P-gp; no
induction/inhibition of

hydrolysis of the amide bonds

CYP3A4, CYP2]2 and CYP-
independent mechanisms.
Substrate of P-gp and BCRP

3-oxopiperidinyl moiety

CYP3A4/5. Substrate of P-gp
and BCRP

conjugation or oxidation by
CYP3A4/5 (<10%)
Substrate of P-gp

principal isoenzymes of
cytochrome P450

Structural alerts NO (aniline motif)***)

NO (chlorothiophene and bis-

NO (para-methoxyaniline and ~ ND (no published data in the

associated with RM anilide motifs)"*>* bis-anilide motifs)*"**! literature)
formation

Dose-based DILI Risk 2.68 1.29 1.29 1.45*
Score’

Cmax-based DILI Risk 2.98 1.87 2.02 1.82"
Score’

'From official European Summary of Product Characteristics; Only in EU; *Calculated based on formulas reported by Chen et al™; *Calculated based on

formulas reported by Chen et al™

and assuming no RM formation; *Data obtained from Drug Bank (www.drugbank.ca; source: ALOGPS). ACS: Acute

coronary syndrome; BCRP: Breast cancer resistance protein; DVT: Deep vein thrombosis; NVAF: Non valvular atrial fibrillation; ND: Not determined; RM:

Reactive metabolites; DITdP: Drug-induced torsade de pointes.

that early evaluation of hepatic enzymes (i.e., within
the first month) may be considered at least in patients
under complex treatment regimen with comorbidities;
subsequently, liver function can be monitored on a yearly
basis!®. This is especially the case of rivaroxaban, for
which a probable but unquantified association is likely
to exist. Notably, rivaroxaban is the only DOAC reported
in the list provided by Bjdrnsson et af** and classified in
category B.

Therefore, we applied the score developed by Chen et
al*" to DOACs and found intriguing data (Table 2). Based
on these results, different issues emerge: (1) no DOAC
appears to be associated with risk of severe liver damage
(they all received a score well below the threshold of 7);
(2) the highest score emerged for dabigatran; (3) the
risk does not appear to be strongly influenced by dose
or Cmax (there is only a small increase in Cmax-based
score), or chemical motifs; (4) DOACs pose a lower risk
as compared to warfarin (the dose-based risk score is
4.67, according to Chen et af*").

However, among DOAGCs, it is difficult to discriminate
the agent with the highest risk, keeping in mind that
post-marketing data have reported rivaroxaban to be
most likely associated with DILIM®, Therefore, these
data suggested that current performance of this risk
stratification tool is still suboptimal. In fact, this algori-
thm is based on pharmacokinetics characteristics and
chemical features. Based on published data, apixaban,
rivaroxaban and dabigatran contain structural moieties

WJH | www.wjgnet.com

JBaishideng®

34

that suggest some alerts (para-methoxyaniline and
bis-anilide motifs in apixaban; chlorothiophene and
bis-anilide motifs in rivaroxaban; bis-anilide motifs in
dabigatran), which, however, do not seem to undergo
metabolism and/or generate reactive metabolites'**?,
In the case of rivaroxaban, the pendant chlorothiophene
motif is also essential for pharmacology and cannot be
replaced. The aniline structural moiety is also present
in the oral direct thrombin inhibitor dabigatran, which,
however is not subject to oxidative metabolism by CYP
enzymes in humans®. In summary, only partially may
these peculiarities explain the risk observed in humans
for rivaroxaban. This is also emphasized by the case of
ximelagatran, which does not possess structural moieties
implicated in liver toxicity (dose-based risk score = 2.55;
Cmax-based risk score = 1.90, according to Chen et
al*"), thus suggesting that additional mechanisms are
likely to be implicated in DILI occurrence in humans.
Therefore, our hypothesis is that there should be
additional aspects that may modify the likelihood of
DILI occurrence in DOAC users. Apart from host-related
factors (which are not modifiable), we propose that: (1)
concomitant drug with hepatotoxic and/or interacting
potential may cause a subclinical liver damage that can
results in symptomatic injury in susceptible patients (a
concept similar to the repolarization reserve postulated
for DITAP™); and (2) the underlying disease for which
the DOAC is prescribed may contribute in increasing the
likelihood of DILI with unknown mechanisms. In fact, the
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majority of published case reports occurred in surgical
patients with venous thromboembolism rather than with
atrial fibrillation.

This calls for monitoring of liver safety when making
treatment changes (addition of drugs with recognized
hepatotoxicity potential, especially for long-term use)
considering the different therapeutic indications of
DOACs, where their role is still incompletely defined (e.g.,
heparin-induced thrombocytopenia, cancer; triple therapy,
coronary diseases, heart failure)*, In the meantime,
chemists, pharmacologists and clinicians should join
efforts to understand drug signature subtending the
mechanistic basis of DILI and establish causality.

CONCLUSION AND PERSPECTIVE

Early detection, prediction and accurate risk stratification
represent an urgent need for clinicians, basic scien-
tists, regulators and drug companies. As compared to
DITdP, predictivity of pre-clinical assays for DILI is still
suboptimal. The role of animal studies remains question-
able, mainly because of the incomplete understanding
of the mechanisms underlying DILI, as well as marked
species differences in response to, and in the metabolism
of, xenobiotics.

As a result, there is currently no universally accepted
animal model. It seems unlikely that a single in vitro
system will be able to mimic the complex interactions in
the human liver. Three-dimensional multicellular systems
together with toxicogenomics-based methodologies and
next-generation sequencing technologies are promising
tools to develop predictive models in the near future®, In
particular, pluripotent stem cells, which include embryonic
and induced pluripotent stem cells, are being investigated
to replace human primary hepatocytes (the current gold
standard for preclinical toxicological screening), because
they provide a stable source of hepatocytes and can
be exploited for multiple applications, including early
preclinical hepatotoxicity screening™””.

Risk stratification in humans is even more challeng-
ing, especially for herbals/food supplements as well as
biotechnological products, because of their unpredictable
kinetics and sometimes variable content.

Case reports are of course of great importance for
timely detection of safety signals, although they cannot
be formally used per se for a reliable risk assessment
and stratification, but should be integrated with other
data sources such as clinical trials, cohort and case-control
analyses.

The importance of this global approach in the overall
assessment of drug-related toxicities is recommended
by the recent Pharmacovigilance legislation, which calls
for integrated risk/benefit assessment based on an
integrated view of all pieces of evidence™*®. This was the
case of pancreatitis with incretin-based drugs: While the
signal emerged from case reports, the actual existence
and the magnitude of a true association was later in-
vestigated through multiple data sources, including a
recent systematic review with meta-analysis of both
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clinical trials and observational studies, which suggested
that the incidence of pancreatitis in users of incretin-
based therapy is low and that the drugs do not increase
the risk of pancreatitist*®=.,

In conclusion, existing consortia should pursue a
joint effort along this innovative pathway aiming to
develop algorithms capable not only of discriminating
hepatotoxic from non-hepatotoxic compounds, but also
to differentiate the risk among agents belonging to the
same therapeutic class. In particular, in the era of big
data, it is important to integrate real-world information
(i.e., registries, healthcare databases, spontaneous
reporting systems, literature) with cheminformatics in
order to provide a comprehensive DILI risk score and
fulfill clinicians’ and patients’ expectations about “primum
non nocere”,
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AIM

To assess the accuracy of shear wave elastography
(SWE) alone and in combination with aminotransferase
platelet ratio index (APRI) score in the staging of liver
fibrosis.

METHODS

A multicenter prospective study was conducted to
assess the accuracy of SWE (medians) and APRI to
predict biopsy results. The analysis focused on distingui-
shing the different stages of liver disease, namely, FO
from F1-4, FO-1 from F2-4, FO-2 from F3-4 and FO-3
from F4; FO-F1 from F2-F4 being of primary interest.
The area under the receiver operating characteristic
(AUROC) curve was computed using logistic regression
model. The role of age, gender and steatosis was also
assessed.

RESULTS

SWE alone accurately distinguished FO-1 from F2-4 with
a high probability. The AUROC using SWE alone was
0.91 compared to 0.78 for using the APRI score alone.
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The APRI score, when used in conjunction with SWE,
did not make a significant contribution to the AUROC.
SWE and steatosis were the only significant predictors
that differentiated FO-1 from F2-4 with an AUROC of
0.944.

CONCLUSION

Our study validates the use of SWE in the diagnosis and
staging of liver fibrosis. Furthermore, the probability of
a correct diagnosis is significantly enhanced with the
addition of steatosis as a prognostic factor.

Key words: Shear wave elastography; Aminotransferase
platelet ration; Liver fibrosis; Liver biopsy

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The gold standard in the diagnosis and staging
of liver fibrosis is an invasive liver biopsy. The accuracy
of non-invasive tools such as ultrasound shear wave
elastography either alone or in combination with the
use of the aspartate transaminase platelet ratio index
score compared to histology to guide management of
liver fibrosis is not known. We addressed this question
in a multicenter trial in patients with chronic progressive
liver disease in a low to middle income country.

Sande JA, Verjee S, Vinayak S, Amersi F, Ghesani M. Ultrasound
shear wave elastography and liver fibrosis: A Prospective
Multicenter Study. World J Hepatol 2017; 9(1): 38-47 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v9/i1/38.htm
DOI: http://dx.doi.org/10.4254/wjh.v9.i11.38

INTRODUCTION

Liver fibrosis is a progressive condition that if diagnosed
early and staged accurately, allows early clinical inter-
vention that may arrest or slow down progression to
end stage decompensated cirrhosis. The spectrum of
chronic liver disease and fibrosis that leads to end stage
decompensated cirrhosis, is an important cause of
morbidity and mortality in the world™. Early diagnosis,
accurate staging and re-evaluation of liver fibrosis is aimed
at avoiding the progression from normal to minimal to
significant fibrosis and timely management of patients
with advanced disease.

There are several chronic progressive liver diseases
that lead to liver fibrosis. Non-alcoholic fatty liver
disease (NAFLD) is one of the most common. NAFLD is
closely associated with obesity and insulin resistance.
Pathological changes in the biochemical profile of the
liver that lead to liver fibrosis also occur due to chronic
metabolic conditions such as diabetes and degenerative
conditions like atherosclerosis™?!, Other common causes
of liver fibrosis include infections such as chronic viral
hepatitis and human immunodeficiency virus. Drugs
and other toxins also play an important role. This list
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is not exhaustive but this paper focuses on the last
four causes. Liver fibrosis is characterized by excessive
accumulation of extracellular matrix due to the release
of inflammatory mediators and free radicals to cause
oxidative stress and liver fibrogenesis. During this process
hepatic stellate cells activation occurs. Platelet derived
growth factor, tumor necrosis factor o, transforming
growth factor B or reactive oxygen species play a role
in the progression to liver fibrosis. Several phenotypic
alterations occur with the end result being irreversible™.

The current gold standard in the diagnosis and staging
of liver fibrosis is liver biopsy. Liver biopsy and more
recently ultrasound guided liver biopsy only evaluates
1/50000 of the liver parenchyma. It is invasive, has
a complication rate (albeit small,) and is subject to
intra and inter-observer variability’®. Because of the
imperfect nature of liver biopsies, over the last several
years there has been a growing trend to validate non-
invasive tools to diagnose and stage liver fibrosis.
Alkaline aminotransferase platelet ratio index (APRI)
is a laboratory marker that has been shown to have
some value but is inferior to liver biopsy. Ultrasound
and magnetic resonance have been used for elasticity
imaging. Magnetic resonance elastography, even though
promising, has some disadvantages. Aside from the
significant cost of the study, it cannot be performed
in a liver with iron overload because of signal-to-noise
limitations; has longer examination times compared to
ultrasound elastography, and is subject to respiratory
artifact™®. Ultrasound elastography has been validated
and has been shown in many studies to have similar
sensitivity and specificity to liver biopsies™”’,

Ultrasound elastography measures the liver stiffness/
elasticity by assessing at least 100 times the proportion
of the liver that a biopsy does. Transient elastography
(TE) has been validated in multiple studies'™ but
shear wave elastography (SWE) may be preferred
because unlike transient elastography, which consists
of a vibrator producing shear waves, the latter can
perform a conventional ultrasound at the same time.
The technique is integrated into an ultrasound system.
The principle behind the interpretation of shear wave
elastography is that shear waves produced by a focused
ultrasound beam are directly related to the stiffness
of the liver from where they are generated™’®. SWE
is also reportedly more accurate than TE in assessing
significant fibrosis (= F2)®°, The use of shear wave
elastography in the diagnosis and staging of liver fibrosis
has been increasing. Being a non-invasive technique
proves advantageous because repeat measurements
can be obtained in patients with chronic progressive
liver diseases. However, this non-invasive procedure
does have some pitfalls. It is subject to intra- and inter-
observer variability, validated cut-offs have mainly
only been demonstrated in hepatitis C; Acute hepatitis
can have false positives. In patients with a high body
mass index, erroneous values may be obtained. A very
practical pitfall is confounding factors such as edema,
inflammation, cholestasis and congestion. All these
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must be put in context and a multidisciplinary clinical
approach used in the interpretation of the results®”#%,

A limitation of prior studies is the lack of integration
of the accuracy and limitations of elastography. No prior
study has combined elastography with the use of APRI
and histology to guide management of liver fibrosis.
This study addresses the gaps and makes practical
inferences that focus on accurate early diagnosis and
staging. The focus in our study is “interpretation within a
clinical context”. This multi-institutional study performed
in Kenya aims to capture and highlight factors based
on the disease burden in this region. Ultrasound elasto-
graphy has only recently been made available in East
Africa. The findings, therefore, could be of wider benefit
because of the high burden of other etiologies of liver
disease such as hepatitis B in the region. Most studies
thus far have been carried out in the West with the
disease burden focused on hepatitis C. In addition,
the literature largely reports data from middle-high
economic areas whereas adherence to clinical guidelines
may not be as feasible in poor/resource challenged
facilities.

MATERIALS AND METHODS

Objectives

The primary objective was to analyze the accuracy of
shear wave elastography in comparison to liver biopsy
in differentiating the various stages of liver fibrosis. The
secondary objective was to evaluate whether the addition
of the APRI score to SWE would improve the accuracy
of this differentiation. With these, illustrate the role of
the shear wave elastography, APRI score, and biopsy
solely and or in combination in the diagnostic algorithm
of accurate quantification of liver fibrosis. We also sought
to assess the role of other covariates, namely, age,
gender and steatosis, and their influence on the relative
importance of SWE and the APRI score in predicting the
extent of liver fibrosis.

Design

Three hospitals were included in this prospective study:
Aga Khan University (AKU) Hospital, Kenyatta Teaching
and Referral Hospital and St Mary’s Mission Hospital.
Approval was obtained from the relevant Scientific and
Ethics committees. All consecutive patients referred for
an ultrasound guided liver biopsy at all three institutions
were subject to recruitment based on the inclusion and
exclusion criteria as well as informed written consent.
The study included patients above eighteen years of age
with chronic progressive diffuse liver disease. Patients
were excluded from the study if they did not have any of
the three diagnostic tests, i.e., liver biopsy, APRI score or
SWE.

Consecutive patients were recruited by the principle
investigator in three ways: (1) referral for an ultrasound
guided liver biopsy at the AKU Radiology Department; (2)
referral from St Mary’s Hospital with biopsy performed
by the AKU Radiology department and pathological
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analysis performed at AKU department; and (3) referral
for a liver biopsy request to be analyzed at the Pathology
department of Kenyatta National Hospital.

At recruitment, a study file was opened for each
patient by the principle investigator at the AKU. Routine
liver function tests, platelet counts, and demographic
information related to confounding factors of chronic
liver disease, including information on alcohol use,
Human Immunodeficiency Virus status, viral load and
CD4 levels, hepatitis B and C status was collected. Men
who had been drinking more than 30 g of alcohol per
day and women who had been drinking more than 20 g
of alcohol per day were considered current drinkers.
Patients who had stopped drinking completely for more
than six months before the biopsy were considered ex-
drinkers™,

At the AKU routine ultrasound of the liver was per-
formed to qualitatively record presence (grade 0-3) or
absence of steatosis using established criteria published
by Lupsor-Platon et al*?!. Any other diffuse or focal
lesions were documented followed by SWE. At AKU
elastography measurements were taken from the
right lobe™® of the liver with the patients holding their
breath. Measurements were considered successful
using validated criteria established by Castéra et af'**!:
“(1) 10 valid shots; (2) a ratio of valid shots to the total
number of shots of 60% or higher; and (3) variability
of measurements less than 30% of the median value
of liver stiffness measurements”. Philips iU22 ultra-
sound machine with its C5-1 curvilinear transducer
was used. The units for SWE readouts (liver stiffness)
were kilopascals (kPa). Four sonologists each with more
than 5 years’ experience in routine liver scanning and
validated ultrasound elastography experience from
uniform training performed each exam independently. The
median stiffness (used to grade the fibrosis), average
stiffness and standard deviation of measurements
generated by the software were recorded and inter-
preted by the four sonologists independently?”?, Each
patient had one liver biopsy specimen taken from the
right lobe™! after the ultrasound elastography which
was graded histologically for fibrosis based on the
Metavir classification system™>¢l, This was done by
two experienced histopathologists at the AKU and KNH
Pathology departments. Each specimen was evaluated by
the two histopathologists from each respective pathology
department. Discrepancies were resolved by consensus
between the two. The histopathologists from the two
sites were full-time faculty, certified by the Kenya Medical
Practitioners and Dentists Board, practicing in University
Hospitals each with greater than ten years’ experience
in liver biopsy assessment for fibrosis. In each patient
the time interval between ultrasound, elastography
and histology was not more than one month. The path-
ologists and sonologists were blinded to clinical data and
elastography or histology grade.

Interpretation of liver fibrosis by shear wave elasto-
graphy in kPa divided the entity into no fibrosis (FO), mild
fibrosis (F1), severe fibrosis (F2), significant fibrosis (F3)
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Table 1 Summary illustrating sample size calculation above

AUROC Total (7) % Positive # Positive # Negative SE Confidence interval
Lower Upper
0.8 110 30 33 77 0050 0701 0.899
0.8 130 30 39 91 0046  0.709 0.891
AUROC: Area under the receiver operating characteristic.
Summary of elastography average the APRI score and the covariates age (categorized as
Mean 3.4 4.5 6.4 9.0 15.1 below and above the median), gender and steatosis.
Min 0.5 L3 3.2 52 2.2 Besides the P-values, the analysis provided the ORs
Max 5.8 6.2 14.4 12.7 34.5 . . o I
BT — and their respective 95%CI limits. The sensitivity and
300 - the specificity were computed based on the variables
o included in the model. This in turn enabled the ROCs
g 25.0 - and the AUROC to be determined. Summary statistics
& 200 F and correlation coefficients, where appropriate, were
>
S 150 E computed.
‘g-.
*g 10.0 - %
8,0 = RESULTS
00L - ‘ ‘ ‘ N Demographics and baseline characteristics

0 1 2 3 4
Histology fibrosis scores

Figure 1 Elastography average vs histology fibrosis score (Box Plot).

and cirrhosis (F4). Automatic median value generated
by the ultrasound software was used to establish the
elastography grade as follows < 4.6 = F0, 4.6-5.6 = F1,
5.7-7.0 = F2, 7.1-12.0 = F3 and > 12 = F4"*""*% APRI
score was calculated using a formula proposed by original
study of Wai et ai®: APRI = [(AST level/ULN)/platelet
counts (10°%/L)] x 100. A score of < 0.5 was graded as
FO, 0.5-1.5 as F1-3 and > 1.5 as F4. The corresponding
histology grade was assessed**?.

Sample size estimates
The sample size was determined with the aim to keep
the standard error of the AUROC at 0.05. This set the
difference between the upper and lower 95%(CI limits to
0.20 (x 2 standard errors). From previous publications
the range for the AUROC for significant fibrosis, as deter-
mined from non-invasive tests, is approximately 0.69 to
0.89; for cirrhosis the range is from 0.81 to 0.98. Assum-
ing the AUROC to be approximately 0.82% the sample
size of 110 patients would yield a standard error of 0.05
(Table 1).

Shear wave elastography has been shown to have
a lower operator error technique than transient elasto-
graphy (3%-16%)>%!, As a precautionary measure we
raised the sample size from 110 to 130.

Statistical analysis

The statistical review of the study was performed by
a biomedical statistician. Logistic regression models
with backward elimination, using SAS version 9.3,
were utilized to assess the significance of SWE median,
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One hundred and twenty-eight patients were recruited
for the study. AKU, KNH and St. Mary’s contributed
54 (42.2%), 53 (41.4%) and 21 (16.4%) patients, re-
spectively. The most prevalent viral infection was hepatitis
B that was noted in 30 (23.4%) patients. This was
followed by human immunodeficiency virus (HIV) with
18 (14.1%) and hepatitis C with 13 (10.2%) patients
(Appendix 1); fifteen patients had 2 or more infections.
Sixty-three (49.2%) of the patients had a steatosis score
of 0 and 61 (47.7%) of the patients had a histology
fibrosis score of 0. Eighty-one (63.3%) patients fell in the
histology fibrosis score subgroup FO-1; the remaining 47
(36.7%) fell in the F2-F4 subgroup. Fifty percent of the
patients had an elastography score of FO and 59 (46%)
of the patients the APRI score of FO (Appendix 2). The
elastography median scores were the lowest among
HIV subjects followed by those with hepatitis B and then
a hepatitis C infection. The highest scores were from
those with multiple viral infections. The APRI scores also
follow the pattern described above for the elastography
median scores (Appendix 3). There appears to be a
good correlation between the elastography median
scores and the histology fibrosis scores (Appendix 4).
The elastography and APRI fibrosis score are statistically
significantly correlated with the histology fibrosis scores
(Appendix 5) (Figure 1 and Table 2).

Logistics regression results

Table 3 summarizes some of the key results that stem-
med from the analysis of the SWE median and APRI
score data using logistic regression. Both variables show
a high degree of statistical significance in their individual
ability to distinguish between the lower stages of fibrosis
compared to the higher stages. This is true across all
possible partitions of the Metavir fibrosis scores. However,
the AUROCs for SWE medians are much higher than
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Table 2 Summary of liver disease scores by histology fibrosis score (discrete variables) n (%)

2

Histology fibrosis scores Total 77
0@ = 61) 1 (n = 20) 2 (n = 20) 3@ =10) 4 @n=17) (n = 128) P value
Elastography fibrosis score
FO 51 (83.6) 7 (35.0) 5(25.0) 0(0.0) 1(5.9) 64 (50.0) <0.0001
F1 10 (16.4) 10 (50.0) 2 (10.0) 2 (20.0) 1(5.9) 25 (19.5)
F2 0 (0.0 3 (15.0) 9 (45.0) 1 (10.0) 0 (0.0) 13 (10.2)
F3 0(0.0) 0(0.0) 3 (15.0) 7 (70.0) 1(5.9) 11 (8.6)
F4 0(0.0) 0(0.0) 1(5.0) 0(0.0) 14 (82.4) 15 (11.7)
APRI fibrosis score
0 45 (73.8) 6 (30.0) 6 (30.0) 1 (10.0) 1(5.9) 59 (46.1) < 0.0001
1to3 14 (23.0) 13 (65.0) 9 (45.0) 9 (90.0) 8 (47.1) 53 (41.4)
4 2(3.3) 1(5.0) 5 (25.0) 0(0.0) 8 (47.1) 16 (12.5)
Steatosis
Grade 0 48 (78.7) 8 (40.0) 2 (10.0) 1 (10.0) 4(23.5) 63 (49.2) < 0.0001
Grade 1 6(9.8) 8 (40.0) 5(25.0) 1 (10.0) 1(5.9) 21 (16.4)
Grade 2 6(9.8) 2 (10.0) 7 (35.0) 4 (40.0) 0(0.0) 19 (14.8)
Grade 3 1(1.6) 2 (10.0) 6 (30.0) 4 (40.0) 12 (70.6) 25 (19.5)

APRI: Aminotransferase platelet ratio index.

Table 3 Shear wave elastography median and aminotransferase platelet ratio index score to differentiate between metavir subgroups

FO-3 vs F4 FO-2 vs F3-4 FO-1 vs F2-4 FOvs F1-4
SWE median P value <0.0001 <0.0001 <0.0001 <0.0001
OR 1.708 1.789 2983 2.683
95%CI 1.379,2.115 1.432,2.236 1.839, 4.838 1.789, 4.025
AUROC 0.926 0.929 0.908 0.879
APRI score P value 0.0202 0.039 0.0005 0.0008
OR 1.511 1.404 3.482 4.651
95%CI 1.067, 2.141 1.018,1.938 1.727,7.018 1.895, 11.416
AUROC 0.812 0.784 0.780 0.803
SWE and APRI! AUROC 0.927 0.931 0.920 0.890
APRI influence 0.001 0.002 0.012 0.011

'SWE median and APRI score. OR: Odds ratio; SWE: Shear wave elastography; APRI: Aminotransferase platelet ratio index; AUROC: Area under the

receiver operating characteristic.

those for APRI score.

The SWE median differentiates the Metavir fibrosis
subgroups FO-1 and F2-4 with an AUROC of 0.908
compared to 0.780 for the APRI score. These results
imply that the SWE on its own is a better predictor of the
differentiating the subgroups than the APRI score. When
we utilize both variables simultaneously, the increase
in the AUROC attributed to the APRI score is less than
1.2% higher than that predicted by SWE median. This
amounts to about 13% of the 9% not predicted correctly
by the SWE median. The results for other partitions of
the histology fibrosis scores mimic those described above
with the AUROC for SWE median being around 0.9 and
that of the APRI score being about 0.8.

Additional logistic regression models incorporated
several other variables in the analysis to evaluate their
impact on the AUROC. The variables considered, in
addition to the SWE median and the APRI score were
the covariates age (categorized as below and above
the median), gender and steatosis score. The results of
the logistic regression analysis (Table 4) with all of the
aforementioned variables in the model showed that SWE
and the steatosis score were the only two variables that
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made significant contributions to the predictive power of
the model.

Using the backward elimination method, all of the
variables that were not making a significant contribution
at the 0.1 level were dropped from the model. The
results of these analysis (Table 5) show that for the
primary objective of differentiating between FO-1 and
F2-4 is accomplished quite well with an AUROC of 0.944;
the two variables that made a significant contribution
were SWE and steatosis. The steatosis score adds
significantly to the prediction model that tries to identify
the fibrosis group that a patient belongs to (Table 5);
this is true in every case except for the FO-3 vs F4
partition. The APRI score on the other hand makes a
significant contribution to only the partition FO-2 vs F3-4.
Given that the APRI score appears in only one partition
as an important predictor, an additional analysis was
performed by dropping the APRI score from the model.
This resulted in adding a few additional observations to
the data set used for analysis since missing APRI scores
had contributed to a slightly reduced sample size. In
addition, the steatosis score was added to the FO-3 vs F4
model in order to have a unique set of predictors across
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Table 4 Prediction of histology fibrosis score (Grouping: FO-1 vs F2-4) using elastography median, aminotransferase platelet ratio

index score, age category', sex and steatosis maximum likelihood and odds ratio estimates

Variable DF  Coefficient Standard Waldz> Pr > > OR estimate Lower 95%ClI limit  Upper 95%CI limit
estimate error for OR for OR

Intercept 1 -6.6482 1.3510 242158 < 0.0001

Age category LE median 1 0.0971 0.3219 0.0910 0.7629 1.214 0.344 4.288

APRI score 1 0.1946 0.3873 0.2526 0.6153 1.215 0.569 2.595
Elastography median 1 0.9041 0.2513 12.9464 0.0003 2470 1.509 4.042

Sex Female 1 0.3330 0.3551 0.8797 0.3483 1.947 0.484 7.830
Steatosis 1 1.1317 0.3462 10.6843 0.0011 3.101 1.573 6.112

!Age category (years): n = 128. Mean (SD) 46 (16.99). Median 42; Minimum 18; Maximum 108. OR: Odds ratio; APRI: Aminotransferase platelet ratio index.

Table 5 Significance of predictive values associated with key

pre-identified variables

Table 6 Elastography median and steatosis

Variable Pr > ;(2 OR Lower 95%CI Upper 95%CI
FO-3 vs F4 FO-2 vs F3-4 FO-1vs F2-4 FOvs F1-4 estimate limit for OR _ limit for OR
SWE median < 0.0001 <0.0001 0.0003 0.0002 F0-3 vs F4
APRI score NS' 0.0404 NS NS Intercept <0.0001
Age NS NS NS NS Elastography median <0.0001 1.681 1.347 2.099
Gender NS NS NS NS Steatosis 06529 1.187 0563 2502
Steatosis NS 0.0263 0.0002 0.0007 AUROC = 0.936
AUROC 0.926 0.962 0.944 0.902 F0-2vs F3-4
Intercept <0.0001
'NS: Not significant at the 0.1 level. SWE: Shear wave elastography; APRI: Elastography e ST LY vy
Aminotransferase platelet ratio index; AUROC: Area under the receiver Steatosis 0.0568  1.846 0.982 3.467
i - AUROC = 0.954
operating characteristic.
FO0-1 vs F2-4
Intercept <0.0001
all partitions. These results are presented in Table 6. The glasmgfaphy edia ggggz ﬁgg Sgg ;352
.. teat i b 5 b
fact that the results from Tables 5 and 6 are very similar URGG = 0,944
implies that the missing data points did not influence the FO vs F1-4
outcome in any meaningful way. Intercept <0.0001
The F0-2 vs F3-4 data shows that the AUROC ob- Elastography median  0.0002 2221 1463 3.370
tained with the use of the SWE median and the steatosis it;ag‘cs 0902 Gy 2226 e 425

score is 0.954 (Table 6). By adding the APRI score
(Table 5) the AUROC increase of 0.008 or 0.8%. This
represents a decrease of about 13% (0.008 of 0.046)
in the error rate. On the other hand, adding steatosis to
the model after including the SWE median and the APRI
score, the AUROC increase from 0.931 (Table 3) to 0.962
(Table 5), an increase of 0.031 or 3.1%. This represents
a decrease of about 44.9% (0.031 of 0.069) in the error
rate.

DISCUSSION

Summary of findings

The infection with the highest prevalence was hepatitis
B. There were also patients with HIV, hepatitis C and
the co-infections in this cohort. While the prevalence of
hepatitis B, C and HIV in Sub-Saharan Africa has not
been conclusively established®, it has been postulated
that hepatitis B is relatively more prevalent than hepatitis
C as compared to the western world where hepatitis
C is more prevalent’®”). Most studies on liver fibrosis
quantification have been carried out in the western world
therefore it is important to have the same studies carried
out in Sub-Saharan Africa where the epidemiology of the
viral infections is likely to be different. The elastography
median scores were the lowest among HIV subjects
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OR: Odds ratio; AUROC: Area under the receiver operating characteristic.

followed by those with hepatitis B infection; the next
highest score was for patients with a hepatitis C infection.
The lowest score was from those with multiple infections.
The APRI scores also follow the pattern described above
for the elastography scores. This pattern corresponds
with what has previously been described. Hepatitis C
most likely has higher levels of quantified liver fibrosis
because of the three viruses it has the most indolent
and chronic clinical course. The mortality from these
infections is correlated to chronic liver disease and not
due to progression of the virus due to the success of
antiretroviral therapy™”*,

Analysis categorized fibrosis as, FO vs F1-4, FO-1 vs
F2-4, FO-2 vs F3-4, FO-3 vs F4. The results focus on FO-1
vs F2-4 which is of most clinical significance (no and non-
significant fibrosis vs significant fibrosis that demands
intervention). There is a good correlation between the
elastography median scores and the histology fibrosis
scores. The OR of 3.0 implies that the elastography
median scores are 3 times more likely to correctly identify
a fibrosis score of F2-4 compared to FO-1. The upper and
lower limits for the OR with 95%CI do not cross 1 which
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ROC curve for Model
Area under the curve = 0.9081
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Figure 2 Prediction of histology fibrosis score (Grouping: F0-F1 vs F2-F4)
using elastography median. ROC: Receiver operating characteristic.

strengthens this result. However, the limits are wide
1.8-5. This may be due to the small sample size and
because close to 50% of the sample at FO. If FO were
to be eliminated from the analysis this may reduce the
limits with a questionable effect on clinical significance.
The accuracy of the elastography median depends on
the sensitivity and specificity. This is clear from the raw
data used to generate the ROC curve. An elastography
median of approximately 3.8 is the point at which you
get the best sensitivity matched with specificity. The ROC
curve for model, which depicts sensitivity and specificity,
illustrates how for a very high sensitivity, specificity is low
and as sensitivity reduces; one arrives at a point where
specificity is acceptable clinically. That is, one can identify
disease with a high sensitivity and be correct (specifically
know that you are also picking the non-diseased). The
AUROC for the elastography median was 0.91. The
elastography and APRI fibrosis score are statistically
significantly correlated with the histology fibrosis scores.
However, APRI score in itself or when combined with
elastography median score does not significantly increase
the accuracy of elastography in the differentiation of non-
significant vs significant fibrosis. APRI had an AUROC
of 0.78. APRI and elastography median had an AUROC
of 0.92. Therefore APRI does not have a statistically
significant effect on the prediction of FO-1 from F2-4
when added to elastography. And when used alone it is
significantly less accurate than elastography. However in
patients with chronic progressive liver fibrosis who need
repeated analysis to categorize and monitor the progress
of liver fibrosis APRI does have a clinically significant role
in the management algorithm of liver fibrosis.

Previous studies vary on the accuracy of elastography.
The sensitivity, specificity and diagnostic accuracy of
shear wave elastography in the determination of liver
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Figure 3 Prediction of histology fibrosis score (Grouping: F0-1 vs F2-4)
using elastography median, aminotransferase platelet ratio index score,
age categor, sex and steatosis.

stiffness compared with biopsy results is comparable
to®*%, The accuracy of elastography mirrors those
depicted by these studies albeit a slightly higher accu-
racy in this study. This may be due to the difference in
grouping of the fibrosis scores for analysis. Also, if the
FO of this study are removed from the analyses this
may lead to more similar figures since the FO constitute
approximately 50%. The diagnostic accuracy of shear
wave elastography and APRI score in the determination
of liver stiffness has not been reported before!®%,
Ordinal regression and backward elimination was
used to analyze significance of HIV, hepatitis B, alcohol
use, steatosis, age and gender. It showed that steatosis
has a significant OR and P-value in the analysis for
fibrosis. Ferraioli et a*® showed that steatosis does not
affect the performance of elastography. The challenge as
stated in this paper is the confounding effect of various
pathologies in the diagnosis and staging of liver fibrosis.
This is particularly relevant in the generation and given
the wide use of reference ranges for all modalities
used in the diagnosis and staging of liver fibrosis. It is
for this reason that to date several studies have used
variable reference ranges for FO-F4®'*7'9 Qur results
highlight the potential effect of the presence of steatosis
(EF-S_1_10_3_Logistic_All Variables_F0-F1VsF2-F4
document) on the diagnosis and characterization of liver
fibrosis. Of note from this result is the increase in the
AUROC from 0.91 (Figure 2) to 0.95 (Figure 3) in the
logistic regression backward elimination analysis that
is attributable to the elastography median and steatosis
each with a significant P-value and OR (Table 4). This is an
area that needs further study, especially since steatosis
was measured subjectively in this study. The data on
HIV and alcohol use as variables were not adequately
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Liver fibrosis

US elastography
Diagnosisand
monitoring

US guided liver
biopsy. Diagnosis

APRI score.
Coplimentary
monitoring

Figure 4 Link between diagnostic tests used in the evaluation of liver
fibrosis. US: Ultrasound; APRI: Aminotransferase platelet ratio index.

powered to add to this analysis.

Strengths

This study is timely because of the growing use of elas-
tography in the developed world. In the developing
world the use of this diagnostic tool needs to grow via
an evidence based approach that is tailored to the local
disease burden. Most research in the west has focused
on hepatitis C and alcohol or nonalcoholic steatosis. The
wider disease burden covered in this study is thus a
more homogenous representation of chronic liver fibrosis
pathology. The complimentary use of APRI score is
especially relevant in resource limited setups.

Theoretical and practical implications of these findings
This study brought to light theoretical implication of the
need to standardize the diagnosis and accurate staging
and follow-up of liver fibrosis. Figure 4 depicts the link
between all tests used in the evaluation of liver fibrosis
(Figure 4).

The use of all tests should be complimentary and
histology has its place but the noninvasive tests may be
more logical in the beginning and for progressive moni-
toring. Inference from the results generates a flowchart
below describing a management algorithm (Figure 5).

Inference from the results: Consider the following
flowchart at diagnosis

Practical unique and reported challenges exist. Care
needs to be taken in interpretation and training for elasto-
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Begin with ultrasound elastography result

<F2 > F2

Biopsy for baseline of chronic
progressive condition,
decide on whether to intervene
or not

Follow-up clinically plus with, APRL
and elastrography

Follow clinically plus with, APRI

When elastrography > F2, Biopsy and elastrography

Biopsy again to reestablish
baseline or when considering
change in intervention

Figure 5 Flow chart depicting use of diagnostic tests in liver fibrosis. Begin
with US SWE result. US: Ultrasound; SWE: Shear wave elastography; APRI:
Aminotransferase platelet ratio index.

graphy. Technical and interpretation skill for elastography
specifically when choosing the ten values to include in
the report; this includes excluding/ignoring far outliers,
though these outliers may represent focal areas of diffe-
rent fibrotic stages! Use of the median to give a final
conclusion of the ten chosen readings is appropriate
especially in the setting of variable readings. But, care
must be exercised. There should be a low threshold to
recommend a biopsy (still the gold standard) to confirm
the findings especially if the mean elastography reading is
in keeping with a diagnosis of no fibrosis yet the standard
deviation is high in the presence of individual readings of
cirrhosis™. The challenge of the heterogeneously fibrotic
liver or presence of lesions, e.g., metastasis causing
heterogeneity of the liver rendering fibrosis assess-
ment questionable in terms of using just the median to
conclude on the level of fibrosis especially when there
is a big difference in the individual stiffness values must
be remembered. These issues red flag the danger of not
allowing room to vary an impression and advise further
evaluation with an United States guided liver biopsy to
correlate™. Indeed, one must also bear in mind that
the suggestion to further evaluate with a liver biopsy is
inherently flawed because of the attend pitfalls of the
tool. Chronic progressive liver fibrosis needs accurate
early diagnosis and interval monitoring. Elastography is
a validated tool. APRI can be used as a complimentary
tool though its effect is not of statistical significance but
clinical significance. Biopsy remains the gold standard.
We propose a flow chart at diagnosis. Further, the pro-
bability of a correct diagnosis is significantly enhanced
with the addition of steatosis as a prognostic factor (Figure 5).

Limitations and problems encountered in the method

The number of ultrasound guided liver biopsies for the
assessment of liver fibrosis has continued to reduce
because of the increasing use of elastography which is
noninvasive and without the side effects associated with
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liver biopsy. This diagnostic trend is reinforced by the
continued validation of elastography™’***?), Therefore
during this study the recruitment rate was low. As such
participants were recruited from three different sites to
meet the sample size requirement to adequately power
the results. The ultrasound and elastography where all
performed at the same site (AKU). Biopsy results were
analyzed by pathologists at two of the three sites (AKU
and KNH). This may have potentially led to variable
histological inter-observer variability. To counter this
each sample was read by each pathologist at each
respective site and discrepant values were resolved
by consensus. However, major and minor discrepancy
analyses of histology for inter-observer discrepancies
were not assessed.

There are limitations associated with elastography,
including the confounding effects of inflammatory activity,
and to a lesser extent, steatosis™, on liver stiffness
evaluation. There is also reduced accuracy observed
in lower fibrosis stages (FO-F2). Furthermore, the inci-
dences of failed and unreliable scans have been reported
to be approximately 3% to 16% in transient elastography
but less in shear wave elastography (figures not reported
yet)??l, The sample size was inflated by 5% to cater for
this. A typical liver biopsy covers 1/10000™ of the liver
while elastography covers a larger area. Matching the
two sites covered by the two exams may not have been
100%.

The information sort in the data collection form to
analyze the secondary objectives was sensitive in nature
including queries about alcohol use and HIV status. This
precluded complete disclosure from participants and led
to inadequate data on related parameters. This led to a
reduction in the power of inferences regarding the role
of alcohol and HIV.

Suggestions for improvement and further work
This has been an East African experience: Unique cha-
llenges and similar differences to those published. More
comprehensive analysis needs to be done to further
reveal the extent of confounding factors affecting the
use of elastography in the diagnosis and staging of liver
fibrosis. The role of steatosis needs further objective
assessment. Further work needs to be done to describe
the in cooperation of magnetic resonance elastography in
the diagnostic algorithm of liver fibrosis.

Our study validates the use of ultrasound shear wave
elastography in the diagnosis and staging of fibrosis
within the context of liver disease in a LMIC.

ACKNOWLEDGMENTS

We would like to thank the Aga Khan United States
Research funding body and research support team for
funding this study and their non-wavering technical
support. Many thanks to the Aga Khan Research team for
support and to all patients and staff that were involved in
this endeavor.

WJH | www.wjgnet.com

JBaishideng®

46

COMMENTS

Background

Chronic progressive liver diseases cause liver fibrosis whose end result is
decompensated liver failure. Liver fibrosis that results from these diseases can
be reversed if diagnosed early. The current gold standard in the diagnosis of
liver fibrosis is a liver biopsy preferably ultrasound guided, which is an invasive
procedure with limitations and risks. Recent research have validated the use of
shear wave ultrasound based liver elastography which is a non-invasive imaging
based tool that has a sensitivity and specificity that almost parallels histological
diagnosis from a liver biopsy. The staging of liver fibrosis at diagnosis uses a
Metavir scoring system that has been adapted by elastography. Aminotransferase
to platelet ratio index is a liver function test that has some usefulness in the
diagnosis of liver fibrosis. The combined use of histology, elastography and
aminotransferase to platelet ratio index has not been elucidated.

Research frontiers
Previous studies have shown that ultrasound based elastography can substitute
liver biopsy in the accurate diagnosis of liver fibrosis.

Innovations and breakthroughs

This is the first study to evaluate the combined role of ultrasound based
elastography, histology and aminotransferase to platelet ratio index in a low to
middle income country for the management of progressive liver fibrosis.

Applications

The use of the three tests should be complimentary and histology has its
place but the noninvasive tests may be more logical in the beginning and for
progressive monitoring. More comprehensive analysis needs to be done to further
reveal the extent of confounding factors affecting the use of elastography in the
diagnosis and staging of liver fibrosis. Further work needs to be done to describe
the in cooperation of magnetic resonance elastography in the diagnostic algorithm
of liver fibrosis.

Terminology

Elastography is radiological based software that can diagnose and quantify the
degree of liver fibrosis. It is either ultrasound or magnetic resonance based.
Ultrasound bases elastography uses sound have to assess for and quantify
liver stiffness that is directly related to liver fibrosis. Aminotransferase to platelet
ratio is a laboratory parameter derived from part of the routine liver function
tests and platelet count.

Peer-review

The authors have validated the use of ultrasound shear wave elastography in
the diagnosis and staging of fibrosis within the context of liver disease in a low to
middle income country. Practical management algorithms that in cooperate the
use of ultrasound based elastography, histology and aminotransferase to platelet
ratio index have been demonstrated. More comprehensive analysis needs to
be done to further reveal the extent of confounding factors affecting the use of
ultrasound or magnetic resonance based elastography.
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Abstract

AIM

To evaluate the long-term treatment outcomes of
tenofovir therapy in patients in a real world Australian
tertiary care setting.

METHODS

We performed a retrospective analysis of treatment
outcomes among treatment-naive and treatment-ex-
perienced patients receiving @ minimum 3 mo tenofovir
therapy through St Vincent's Hospital Melbourne, Australia.
We included patients receiving tenofovir [tenofovir
disoproxil fumarate (TDF)] monotherapy, as well as
patients treated with TDF in combination with a second
antiviral agent. Patients were excluded if they demon-
strated human immune-deficiency virus/hepatitis C
virus/hepatitis delta virus coinfection or were less than 18
years of age. We considered virological and biochemical
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response, as well as safety outcomes. Virological re-
sponse was determined by measurement of hepatitis
B virus (HBV) DNA using sensitive assays; biochemical
response was determined via serum liver function tests;
histological response was determined from liver biopsy
and fibroscan; safety analysis focused on glomerular
renal function and bone mineral density. The primary
efficacy endpoint was complete virological suppression
over time, defined by HBV DNA < 20 IU/mL. Secondary
efficacy endpoints included rates of biochemical response,
and HB e antigen (HBeAg)/HB surface antigen loss and
seroconversion over time.

RESULTS

Ninety-two patients were identified who fulfilled the
enrolment criteria. Median follow-up was 26 mo (range
3-114). Mean age was 46 (24-78) years, 64 (70%)
were male and 77 (84%) were of Asian origin. 55
(60%) patients were treatment-naive and 62 patients
(67%) were HBeAg-negative. Complete virological
suppression was achieved by 45/65 (71%) patients
at 12 mo, 37/46 (80%) at 24 mo and 25/28 (89%) at
36 mo. Partial virological response (HBV DNA 20-2000
IU/mL) was achieved by 89/92 (96.7%) of patients.
Multivariate analysis showed a significant relationship
between virological suppression at end of follow-up
and baseline HBV DNA level (OR = 0.897, 95%CI:
0.833-0.967, P = 0.0046) and HBeAg positive status (OR
= 0.373, 95%CI: 0.183-0.762, £ = 0.0069). There was
no difference in response comparing treatment-naive
and treatment-experienced patients. Three episodes of
virological breakthrough occurred in the setting of non-
compliance. Tenofovir therapy was well tolerated.

CONCLUSION

Tenofovir is an efficacious, safe and well-tolerated treat-
ment in an Australian real-world tertiary care setting.
Our data are similar to the reported experience from
registration trials.

Key words: Tenofovir; Hepatitis B virus; Australia; Real-
life; Virological suppression; Chronic hepatitis B

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clinical trials have demonstrated that teno-
fovir is a safe and efficacious treatment for patients with
chronic hepatitis B, with high rates of sustained virological
suppression. There are limited data evaluating the safety
and efficacy of tenofovir in real-world settings. The aim
of this study was to evaluate the long-term treatment
outcomes of tenofovir therapy in patients in an Australian
tertiary care setting. We performed a retrospective
analysis of treatment outcomes among treatment-naive
and treatment-experienced patients.

Lovett GC, Nguyen T, Iser DM, Holmes JA, Chen R, Demediuk
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INTRODUCTION

Chronic hepatitis B (CHB) affects 240-400 million people
around the world™. It is estimated that 218000 people
in Australia live with CHB, a population prevalence of
approximately 1%™. CHB is associated with the long-term
complications of cirrhosis, liver failure and hepatocellular
carcinoma (HCC), in 15%-40% of patients. CHB is one of
the most common causes of HCC, the most rapidly rising
cause of cancer deaths in Australia®®'.

The goal of treatment for CHB is to improve survival
by preventing disease progression to cirrhosis, liver
failure and HCC™®. This can be achieved by long-term
suppression of hepatitis B virus (HBV) DNA levels” %, In
long-term follow-up, sustained virological suppression
has been associated with histological improvement and
regression of cirrhosis, as well as reduced risk of hepatic
decompensation and HCC®*****, Surrogate endpoints used
in dinical trials include rates of biochemical [serum alanine
aminotransferase (ALT) < upper limit of normal (ULN)],
virological (undetectable HBV DNA level), serological
[HB e antigen (HBeAg)/HB surface antigen (HBsAQ)
loss + seroconversion] and histological (improvements
in necro-inflammatory grade and fibrosis stage) re-
sponse™, Current therapies approved for CHB include
peginterferon-alpha, lamivudine (LMV), adefovir (ADV),
telbivudine, entecavir (ETV) and tenofovir (TDF).

Tenofovir is a nucleotide analogue (NA) recom-
mended as first-line treatment for CHB. Tenofovir was
first developed as an antiviral for the treatment of
human immune-deficiency virus (HIV). The safety and
efficacy of TDF for the treatment of chronic HBV infection
was confirmed in two phase-1II clinical trials, enrolling
patients with HBeAg-positive and HBeAg-negative CHB
respectively. Rates of virological suppression were 76%
and 93% at week 48 in HBeAg-positive and HBeAg-
negative patients respectively!®, and > 98% overall at
week 2401, Among HBeAg-positive patients, rates of
HBeAg seroconversion were 21% and 40%, and rates
of HBsAg seroconversion were 3% and 7%, at weeks
48 and 240, respectively!®. Genotypic resistance to
TDF has not been described. TDF is effective for the
treatment of both treatment-naive and treatment-
experienced patients. TDF has a reported good safety
profile. Reversible renal toxicity has been reported in <
2% of patients in registration/post-registration studies!*’,
Decreased bone mineral density has been reported in
HIV-infected patients treated with TDF, but the effect in
HBV-mono-infected patients remains unclear'*’*®,

There are limited data that describe the safety and
efficacy of TDF in the “real world”. The few studies that
have been published describe populations in Europe
and North Americal***"), There have been no reports
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of the experience with TDF in Australia. Such data
are important. Australia is a multi-cultural country, and
the CHB population is unique for the diversity of HBV
genotypes, reflecting immigration patterns from Southern
Europe, South-East Asia and Sub-Saharan Africa®. The
rates of TDF response and resistance in Australia are
unknown.

The aim of this study was to evaluate the efficacy
and safety of long term TDF therapy in an Australian
single-centre real-world cohort of CHB patients.

MATERIALS AND METHODS

Data collection

Data were collected retrospectively from a compre-
hensive clinical database of CHB patients receiving TDF
through liver clinics at St Vincent's Hospital Melbourne
(Australia) between 7 March 2006 and 18 February
2014.

Selection criteria

All patients receiving TDF 300 mg daily therapy for HBV
mono-infection through St Vincent’s Hospital Melbourne
were considered for analysis. Inclusion criteria included
age > 18 years and treatment duration > 3 mo. Patients
could be treatment-naive or treatment-experienced. We
included patients receiving TDF monotherapy, as well as
patients treated with TDF in combination with a second
antiviral agent. Patients were excluded in the setting of
HIV, hepatitis C or hepatitis D co-infection.

Prescription of TDF therapy

TDF was prescribed in accordance with the Australian
Pharmaceutical Benefit Scheme. Patients were required
to satisfy the following criteria: Non-cirrhotic patients
must demonstrate documented chronic liver injury con-
firmed via liver function tests or liver biopsy and must
demonstrate appropriate HBV DNA levels according
to HBeAg status (HBeAg positive patients HBV DNA >
20000 IU/mL; HBeAg negative patients HBV DNA >
2000 IU/mL). Patients with cirrhosis are required to
demonstrate detectable HBV DNA. Patients may be NA
naive or experienced (having failed previous therapy).

HBV DNA assay

Prior to 2010, HBV DNA levels were measured using the
versant HBV DNA 3.0 assay (bDNA) (Siemens Health-
care Diagnostics, Tarrytown, NY) with a lower limit of
detection (LLD) of 351 IU/mL. From 2010, HBV DNA
levels were measured using the Cobas Tagman assay
(LLD = 20 IU/mL, Roche Molecular Systems, Pleasanton,
CA, United States).

Definitions of response

Complete virological suppression was defined as plasma
HBV DNA level < 20 IU/mL. Partial virological suppression
was defined as plasma HBV DNA level of = 20 IU/mL
and < 2000 IU/mL. Virological breakthrough (VBT) was
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defined as an increase in viral load > 1 logwo from nadir,
or by a detectable HBV DNA level on two serial measures
in a patient who had previously achieved an undetectable
HBV DNA level. Biochemical response was defined as
the normalisation of serum ALT to < 45 IU/L. Serological
response was defined as the loss of detectable HBeAg
and/or HBsAg from serum (HBeAg/HBsAg loss) =
the development of antibodies against these antigens
(HBeAg/HBsAg seroconversion).

Clinical endpoints

The primary efficacy endpoint was complete virological
suppression over time, defined by HBV DNA < 20
IU/mL. Secondary efficacy endpoints included rates of
biochemical response, and HBeAg/HBsAg loss and sero-
conversion over time. We also measured rates of VBT
and the occurrence of clinical events including hepatic
decompensation and HCC. The assessment of safety
was specifically focussed on renal function and, where
available, bone mineral density.

Statistical analysis
All statistical analyses were performed using SAS 9.4.
For descriptive statistics, continuous variables were
summarised as median (25"-75" centile). Categorical
variables were described as frequency and percentage.
Comparisons between groups for demographic, clinical
and virological data were performed using the Wilcoxon
signed pair test for continuous data and Fisher’s exact test
for categorical data. Significance was defined at P-value
< 0.05. Kaplan Meier analysis was used to determine
influences on the time to virological suppression. The
associations between baseline HBeAg status, baseline
HBV DNA, treatment experience, age, gender, baseline
ALT, fibrosis stage and end of follow-up virological sup-
pression were tested using Cox proportional hazards
regression analysis and direct multivariate analysis. Ninty-
two patients were included in the analysis of demographics
and on-treatment safety and efficacy. Patients who had
undetectable HBV DNA levels at time of commencement
of TDF were excluded from the multivariable analysis
(n = 18).

This study was approved by the Human Research
Ethics Committee at St Vincent’s Hospital Melbourne
(QA: 009/14).

RESULTS

Study population

A total of 92 patients were identified. Patient chara-
cteristics are summarised in Table 1. The majority of
patients were male (70%), of Asian ethnicity (84%) and
had HBeAg-negative disease (69%). Fifty-five (60%)
were treatment-naive at the time TDF was commenced.
Thirty-seven (40%) patients had been previously treated
with NA therapy. Compared to treatment-naive patients,
treatment-experienced patients were more likely to have
a lower serum HBV DNA level, and a normal serum ALT
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Baseline demographics Total population (7 = 92)

Treatment naive (7 = 55)

Treatment experienced,
non-viraemic (7 = 17)

Treatment experienced,
viraemic (7 = 20)

Age (yr)
Mean (IQR) 46 (36-54) 42 (32-53) 48 (41-57) 55 (44-60)
Gender n (%)
Male 64 (69.6) 39 (70.9) 11 (55) 14 (82.4)
Female 28 (30.4) 16 (29.1) 9 (45) 3 (17.6)
Ethnic origin n (%)
African 4(4.3) 3(5.5) 0 1(5.9)
Asian 77 (83.7) 48 (87.3) 16 (80) 13 (76.5)
Caucasian 5(5.4) 3 (5.5) 0 2 (11.8)
Mediterranean 2(22) 1(1.8) 1(5) 0
Middle Eastern 1(1.1) 0 1(5) 0
Duration of therapy (mo)
Median (IQR) 24 (6-42) 24 (12-36) 24 (6-54) 24 (12-42)
HBe antigen status 1 (%)
HBeAg positive 30 (32.6) 19 (34.5) 10 (50) 1(5.9)
HBeAg negative 62 (67.4) 36 (65.5) 10 (50) 16 (94.1)
Treatment history n (%)
Experienced 37 (40.2) 0 20 (100) 17 (100)
Adefovir 10 (27) 4 (20) 6(35.3)
Adefovir/lamivudine 13 (35.1) 6 (30) 7 (41.2)
Lamivudine 6 (16.2) 4 (20) 2 (11.8)
Lamivudine/entecavir 1(2.7) 15 0
Entecavir 5 (13.5) 4 (20) 1(5.9
Entecavir/adefovir 2(5.4) 15 1(5.9
Naive 55 (59.8) 55 (100) 0 0
HBV DNA load (IU/mL) 1 (%)
<20 17 . = 17 (100)
20-2000 29 (31.5) 6 (10.9) 6 (30) 0
2000-100000 11 (12) 8 (14.5) 3 (15) 0
>100000 52 (56.5) 41 (74.5) 11 (55) 0
Median (IQR) 1.8 x 105 (302-1.6 x 107) 9.4 x 105 (9.7 x 104-3.7 x 107) 1.8 x 105 (790-4.1 x 106) N/A
ALT (U/L) n (%)
0-20 11 (12) 2 (3.6) 4 (20) 5(29.4)
20-40 26 (28.3) 10 (18.2) 8 (40) 8 (47.1)
40-400 51 (55.4) 39 (70.9) 8 (40) 4(23.5)
> 400 4(4.3) 4(7.3) 0 0
Median (IQR) 30 (22-41.8) 73 (41-140) 34 (22.3-62.3) 24 (19-44)
Serum creatinine (IU/mL)
Median (IQR) 70 (60-81.5) 66.5 (50.8-71.5) 71 (63.5-84.5) 83 (69-93)
Pre-treatment biopsy n (%) 69 (75) 40 (72.7) 16 (80) 14 (82.4)
Fibrosis score 1 (%)
0 9(9.8) 5(9.1) 3 (15) 3 (17.6)
1 31 (33.7) 21 (38.2) 6 (30) 4(23.5)
2 13 (14.1) 8 (14.5) 3 (15) 2 (11.8)
3 7 (7.6) 1(1.8) 2 (10) 4(23.5)
4 9(9.8) 5(9.1) 2 (10) 2 (11.8)
Genotype 1 (%) 35 (38) 6 (10.9) 9 (45) 12 (70.6)
A 3(3.3) 2(3.6) 0 1(5.9)
B 7 (7.6) 2(3.6) 1(5) 4(23.5)
C 13 (14.1) 2(3.6) 7 (35) 4(23.5)
D 3(3.3) 0 0 2 (11.8)

“Treatment experience” refers to previous NA therapy. “Viraemia” refers to HBV DNA > 20 IU/mL. Liver biopsy was scored using the METAVIR scoring

system. HBe: Hepatitis B “e”; HBV DNA: Hepatitis B viral deoxyribonucleic acid; ALT: Alanine aminotransferase; N/A: Not applicable.

at the time TDF therapy was commenced. Seventeen
treatment-experienced patients had a baseline HBV
DNA level less than the lower limit of detection, and had
directly switched to TDF for convenience. Nity-seven
percent of patients received TDF monotherapy. Median
duration of follow-up was 24 mo (6-42 mo).

Virological outcomes

Virological response to TDF is detailed in Table 2 and
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Figure 1. Overall, 77 (83.7%) patients achieved complete
virological suppression by the end-of-follow-up, with a
median time to suppression of 6 mo (IQR = 3-12 mo).
The rates of complete virological suppression were 71%
(45/65) at 12 mo, 80% (37/46) at 24 mo and 89% (25/28)
at 36 mo. Eighty-nine/ninety-two (96.7%) achieved a
partial virological response (HBV DNA 20-2000 IU/mL).

Treatment-naive individuals: Complete virological
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Table 2 Virological suppression at on-treatment time-points (7 = 92)

Follow-up (mo) (1] é 12 18 24 30 36
Patients with viral load 1 (%) 92 (100) 74 (80.4) 65 (70.7) 58 (63) 46 (50) 30 (32.6) 28 (30.4)
Virological suppression n (%) 18 (19.6) 41 (55.4) 45 (69.2) 46 (79.3) 37 (80.4) 26 (86.7) 25 (89.3)

“Patients with viral load” refers to the number of patients at each time point who had an available HBV DNA reading. “Virological suppression” refers to

the number of patients with HBV DNA < 20 IU/mL. HBV: Hepatitis B virus.

B HBV DNA 20-2000 IU/mL
B HBV DNA < 20 IU/mL (< LLoD)

100
90
80
70
60
50
40
30
20
10

Proportion of patients (%)

0 3 6 12 18 24 30 36
t/mo

92 75 74 65 58 46 30 28
No. of patients at follow-up

Figure 1 Complete virological suppression and partial virological
suppression at on treatment time points. The proportion of patients who
achieve complete virological suppression (HBV DNA < 20 1U/mL) or partial
virological suppression (HBV DNA 20-2000 IU/mL) while on tenofovir therapy.
The number of patients followed up at each time point is recorded below the
Time axis. HBV: Hepatitis B virus.

suppression was achieved in 43/55 (78%) of patients
with a median time to suppression of 6 mo (IQR = 3-12
mo). Rates of complete virological suppression were
70% (29/44) at 12 mo, 87% (26/30) at 24 mo and
100% at 36 mo (18/18). This was maintained by 50/55
(91%) of patients throughout follow-up. While a total
of five patients failed to maintain complete virological
suppression, only three patients experienced VBT. This
was associated with reported non-compliance. In the
first patient, HBV DNA levels rose from undetectable
viral load at 12 mo to 55 IU/mL at 18 mo and 23 IU/mL
at 24 mo. In the second patient, HBV DNA levels rose
from undetectable at 18 mo to 1940 IU/mL at 24 mo
and 578 IU/mL at 30 mo. In the final patient, HBV DNA
levels increased from undetectable at 24 mo to 46300
IU/mL at 42 mo and 29 IU/mL at 48 mo (results for the
intervening 12 mo were unavailable). A transient low
level viraemia not meeting the definition for VBT (single
HBV DNA level of 23 IU/mL and 21 IU/mL, respectively,
following achievement of complete virological suppre-
ssion) was observed in two additional patients before
returning to undetectable levels.

Treatment-experienced individuals: Viraemia
was seen in 54% (20/37) of treatment-experienced
individuals at the time TDF therapy was commenced.
Complete virological suppression was achieved among
85% (17/20) of viraemic patients with a median time to
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suppression of 6 mo (IQR = 3-18 mo). Rates of complete
virological suppression were 64% (9/14) at 12 mo, 58%
(7/12) at 24 mo and 63% (5/8) at 36 mo. While 3
patients showed persistent viraemia at 36 mo, all had
an HBV DNA level < 2000 IU/mL and subsequently
achieved complete virological suppression by 60 mo.
This was maintained in 17/20 (85%) patients throughout
follow-up. No patient met the strict definition for
virological breakthrough. Two patients demonstrated a
single instance of HBV DNA > 20 IU/mL (28 IU/mL and
27 IU/mL) before returning to undetectable levels, but
did not meet the criteria for VBT. Among patients with
an undetectable plasma HBV DNA level at baseline,
16/17 patients (94%) maintained complete virological
suppression throughout follow-up. One patient ex-
perienced a single HBV DNA level of 40 IU/mL.

Predictors of virological outcome

Survival analysis of the influence of treatment experience
on complete virological suppression is presented in Figure
2. Cox proportional hazards analysis was carried out on
viraemic patients at baseline with the final model including
baseline HBV DNA, HBeAg status treatment experience,
age and baseline ALT (Table 3). Multivariate analysis
showed a significant relationship between virological
suppression at end of follow-up and baseline HBV DNA
(OR = 0.897, 95%CI: 0.833-0.967, P = 0.0046) and HBeAg
status (HR = 0.373, 95%CI: 0.183-0.762, P = 0.0069).

Serological outcomes

HBeAg loss/seroconversion: Among 30 HBeAg-positive
patients at baseline, 5 (16.7%) underwent HBeAg loss
and seroconversion. Median time to seroconversion
was 30 mo (9-60 mo). Mean age was 38 years (24-48
mo) and median baseline HBV DNA was 1.7 x 10’
IU/mL. There was no significant difference in HBeAg
seroconversion rates between treatment-naive and
treatment-experienced patients (P = 0.87). Two patients
showed documented HBeAg seroreversion while on TDF
treatment. One patient who was HBeAg-negative at
baseline underwent HBeAg seroreversion at 24 mo of
TDF therapy. HBeAg seroconversion then reoccurred at
36 mo and was sustained for the remainder of follow-
up. The second case showed HBeAg loss without sero-
conversion at 12 mo, followed by seroreversion at 36 mo
of treatment. This patient had only been on therapy for
36 mo at end of follow-up.

HBsAg: One treatment-naive male underwent HBsAg
loss and seroconversion following 12 mo of TDF therapy.
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Table 3 Cox regression model of predictors of end of follow-

up virological suppression (7 = 74"')

Covariates Multivariable

Hazard ratio (95%CI) P value
Baseline HBV DNA (logo IU/mL) 0.897 (0.833-0.967)  0.0046
HBeAg status (HBeAg pos vs neg) 0.373 (0.183-0.762)  0.0069
Treatment experience (Naive vs 1.189 (0.598-2.364)  0.6207
experienced)
Age (yr) 1.018 (0.992-1.044)  0.1760
ALT (logwo IU/mL) 1.093 (0.816-1.465)  0.5505

"Excludes patients who were not viraemic at baseline. HBV: Hepatitis B
virus; ALT: Alanine aminotransferase.

This individual was 28 years of age and HBeAg-negative
at the time TDF was started.

Biochemical outcomes

Mean ALT at baseline was 134 £+ 340 U/mL and 33 £ 13
U/mL at end of follow-up, with a mean change of -101.3
£ 340.4 U/mL. Treatment experienced patients had a
lower mean baseline ALT than treatment naive patients
(52 + 70.2 U/mL vs 190 + 431.1 U/mL, P = 0.02). They
consequently had a lower mean change in ALT at the
end of follow-up (-21 £ 68 U/mL vs -155 + 432 U/mL,
P = 0.28). Baseline serum ALT levels were within the
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normal range in 42/92 (45.7%) patients. By the end of
treatment, 76/92 (83%) patients were within the normal
range. Of the 50 patients who were above the ULN at
baseline, 38 (76%) achieved ALT normalisation by the
end of follow-up.

Clinical outcomes

Hepatocellular cancer was diagnosed in two patients
within 12 mo of starting TDF treatment. Both patients
were diagnosed with cirrhosis prior to commencing TDF
and one patient died as a result of their malignancy.
A third patient was diagnosed with HCC 12 mo after
ceasing TDF. No episodes of hepatic decompensation
were recorded in the study population.

Treatment discontinuation and safety

Treatment was discontinued at the discretion of in-
dividual clinicians in 11 patients (12%). Treatment was
discontinued as a result of a rise in serum creatinine
levels in 3 patients (3%). All 3 patients had a peak
serum creatinine < 1.5 x ULN. Two patients had only
been taking TDF for 3 mo, and both had previously
been treated with long-term LMV plus ADV therapy.
Creatinine returned to the normal range on switch to
ETV in one patient and LMV plus ADV in the other. The
clinical decision to return the latter patient to LMV plus
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ADV was determined by the treating physician and is
not a standard treatment recommendation. One treat-
ment-naive patient was noted to have a rising serum
creatinine at month 42 of treatment (peak creatinine
= 118 umol/L, ULN = 104). Serum phosphate levels
were normal. Treatment was switched to ETV and
creatinine returned to the normal range. Bone mineral
density measurements were not routine and were only
performed in a minority. There were 4 patients who were
noted to have osteopenia or osteoporosis after treatment
durations of 18-42 mo. Two of these patients were
treatment naive at the time TDF was started, one patient
had previously been treated with adefovir for 5 years,
and one patient had previously received LMV for 4 years.
None of the 4 patients had a baseline bone mineral
density measure available for comparison. Tenofovir
was discontinued in another 4 patients after reports of
non-specific adverse events including nausea, dizziness,
fatigue, weight loss and myalgia.

DISCUSSION

Tenofovir is a potent antiviral therapy for CHB. It has
been associated with high rates of virological suppression
in clinical trials and virological resistance is yet to be
described in clinical practice!™. Post-registration real-
world studies provide confirmation of therapy efficacy
outside of the selected clinical trial situation, and monitor
for rare adverse events. This is the first real-life study of
TDF in an Australian setting. It validates the efficacy and
safety of TDF in NA-naive and experienced patients with
CHB.

Similarly to registration trials and real-life studies, the
study population was predominantly male and HBeAg
negative, with 75% over the age of 40. However, while
registration trials studied predominantly Caucasian
populations, this population was mostly of Asian origin.
Other ethnic minorities were also represented, reflecting
Australian migration patterns. HBV genotype data were
available for a minority of patients (35/92). Genotypes
C and B were the most common genotypes, with A and
D also represented. Studies from Europe and Asia are
dominated by genotype A/D (Europe) and genotype
B/C (Asia), limiting cross genotype comparisons. The
tenofovir registration studies included mainly Western
genotype A/D individuals, as have most of the real world
data™*>*, While this study’s patient size may be limited,
the population studied here are unique for the breadth
of ethnicity and HBV genotypes and comprise the first
dataset described in an Australian population. Liver
fibrosis ranged predominately between stages 1 and 2,
with 10% of patients diagnosed with cirrhosis at baseline.
Forty percent of the population were NA treatment-
experienced.

The efficacy of TDF therapy in our cohort largely
reflects the clinical trial experience. A daily dose of
300 mg of TDF was found to achieve at least partial
virological suppression in 97% of patients and complete
virological suppression in 84% of patients, demonstrating
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robust efficacy. Complete virological suppression was
sustained by 94% of patients over time. Patients
with persistent viraemia had HBV DNA levels < 2080
IU/mL, except for two patients who had a viral load
1.2-2.6 x 10° IU/mL after 3 mo on therapy. Virological
breakthrough was only observed in one patient with
documented non-compliance. The clinical variables that
were independently associated with time to suppression
were high HBV DNA level at baseline, and HBeAg
seropositivity. Previous NA therapy was not associated
with reduced response rate. HBeAg seroconversion was
achieved in 17% of HBeAg positive patients, with median
duration of follow-up of 24 mo. One patient underwent
HBsAg loss and seroconversion after 12 mo of treatment.
The efficacy data are therefore broadly consistent with
the experience in the registration studies™****%,

Our findings are also in keeping with “real life”
international studies. Pol et al*** reviewed safety and
efficacy data from two real-life cohorts in the United
Kingdom and Europe. The cohorts had a combined
sample size of 362 NA-naive patients with a median
follow-up of 9-28 mo. Virological suppression was
achieved in 80%-89% of patients with breakthrough
identified in 2% of patients, without any corresponding
resistance mutations. HBeAg seroconversion occurred
in 7%-18% of patients and HBsAg loss occurred in
2% of the European cohort. Eighty-seven percent of
patients achieved ALT normalisation by 30 wk™. Pan
et al*"! analysed the real-life safety and efficacy of TDF
in 90 Asian-American patients over 48 wk. Ten percent
of the population had a history of prior treatment with
lamivudine or adefovir. Virological suppression was
achieved in 82% of patients, 12% of patients underwent
HBeAg seroconversion and 66% of patients showed ALT
normalisation by the end of follow-up. No resistance to
TDF was detected and the treatment was considered
well-tolerated with few related adverse events. While our
results reflect those of other “real life” data, few studies
have included treatment-experienced patients and if
so they compose only a small minority. This is an area
for future focus considering clinical practice of switching
patients over to TDF from older less effective NAs.

Therapy was ceased in 12% of patients at the dis-
cretion of individual clinicians due to concern about
renal (3%) and bone impairment. Tenofovir was self-
ceased by 4% of patients due to non-specific adverse
events. It was not possible to establish causality for these
events; all possible renal events were mild and reversible
with discontinuation. No confirmed cases of proximal
tubular dysfunction were observed. Isolated cases
of osteomalacia and osteopenia concurrent with TDF
therapy have also been reported in the HBV literature™’;
there are more numerous reports in the HIV literature.
In our cohort, although cases of osteopaenia and oste-
oporosis were noted, the absence of baseline bone
mineral density scans meant that causality could not
be speculated. Chronic liver disease itself is a risk factor
for osteoporosis. We now perform routine monitoring of
renal function and fasting serum phosphate levels every
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six months, as well as bone mineral densitometry at
baseline and every 3 years to screen for osteoporosis.
This approach needs prospective validation.

In conclusion, our Australian experience shows TDF
to be an effective and safe therapy for patients with
CHB. Rates of sustained virological suppression were
very high. Elevated baseline HBV DNA level and HBeAg-
positive disease were associated with slower time to
suppression, but TDF resistance was not observed, and
most patients achieved complete virological suppression
with continued therapy. Tenofovir was generally well
tolerated. This study supports the findings of other real-
life experience into the efficacy and safety of TDF in the
treatment of CHB.

COMMENTS

Background

Chronic hepatitis B (CHB) affects 240-400 million people around the world. It is
estimated that 218000 people in Australia live with CHB, a population prevalence
of approximately 1%. CHB is associated with the long-term complications of
cirrhosis, liver failure and hepatocellular carcinoma (HCC), in 15%-40% of
patients. CHB is one of the most common causes of HCC, the fastest increasing
cause of cancer death in Australia.

Research frontiers

Tenofovir is a nucleotide analogue recommended as first-line treatment for CHB.
The safety and efficacy of tenofovir disoproxil fumarate (TDF) for the treatment
of chronic HBV infection has been confirmed in two phase-II clinical trials.
There are limited data that describe the safety and efficacy of TDF in the “real
world”. The few studies that have been published describe populations in Europe
and North America. There have been no reports of the experience with TDF in
Australia.

Innovations and breakthroughs

Out of 92 patients, 89 (96.7%) achieved partial virological response and 77 (83.7%)
achieved complete virological suppression by the end-of-follow-up. Predictors of
virological suppression included lower baseline HBV DNA and HBeAg negative
disease.

Applications

The authors’ Australian experience shows that TDF is an effective and safe
therapy for patients with CHB. Rates of sustained virological suppression
were very high and most patients achieved complete virological suppression
with continued therapy. TDF resistance was not observed and treatment was
generally well tolerated. This study supports the findings of other real-life
experience into the efficacy and safety of TDF in the treatment of CHB.

Terminology

The hepatitis B virus (HBV) is transmitted vertically, parenterally or via mucosal
exposure to infected blood or bodily fluids. CHB is associated with long-term
complications of cirrhosis, liver failure and hepatocellular carcinoma. They carry
high rates of morbidity and mortality and affect 15%-40% of patients at some point
in their life. Tenofovir disoproxil fumarate is a nucleotide analogue used in the
treatment of CHB. Prior to its role in CHB, TDF was used in the treatment of HIV
type 1 infection.

Peer-review
This is a well-designed and well-written real life data study of tenofovir treatment
for hepatitis B.

REFERENCES

1 Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology

JRaishideng®

WJH | www.wjgnet.com

Lovett GC et a/. Australian experience of tenofovir in CHB

of hepatitis B virus infection: new estimates of age-specific HBsAg
seroprevalence and endemicity. Vaccine 2012; 30: 2212-2219
[PMID: 22273662 DOI: 10.1016/j.vaccine.2011.12.116]

2 MacLachlan JH, Allard N, Towell V, Cowie BC. The burden
of chronic hepatitis B virus infection in Australia, 2011. Aust N
Z J Public Health 2013; 37: 416-422 [PMID: 24090323 DOI:
10.1111/1753-6405.12049]

3 MacLachlan JH, Cowie BC. Liver cancer is the fastest increasing
cause of cancer death in Australians. Med J Aust 2012; 197:
492-493 [PMID: 23121582]

4 Lok AS. Chronic hepatitis B. N Engl J Med 2002; 346: 1682-1683
[PMID: 12037146 DOI: 10.1056/NEJM200205303462202]

5 Liver EAFTSOT. EASL clinical practice guidelines: Management
of chronic hepatitis B virus infection. J Hepatol 2012; 57: 167-185
[PMID: 22436845 DOI: 10.1016/j.jhep.2012.02.010]

6 Lok AS, McMahon BJ. Chronic hepatitis B: update 2009.
Hepatology 2009; 50: 661-662 [PMID: 19714720 DOI: 10.1002/
hep.23190]

7 Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H,
Tanwandee T, Tao QM, Shue K, Keene ON, Dixon JS, Gray DF,
Sabbat J. Lamivudine for patients with chronic hepatitis B and
advanced liver disease. N Engl J Med 2004; 351: 1521-1531
[PMID: 15470215 DOI: 10.1056/NEJMoa033364]

8 Realdi G, Fattovich G, Hadziyannis S, Schalm SW, Almasio P,
Sanchez-Tapias J, Christensen E, Giustina G, Noventa F. Survival
and prognostic factors in 366 patients with compensated cirrhosis
type B: a multicenter study. The Investigators of the European
Concerted Action on Viral Hepatitis (EUROHEP). J Hepatol 1994;
21: 656-666 [PMID: 7814813]

9 Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang GT,
Iloeje UH. Risk of hepatocellular carcinoma across a biological
gradient of serum hepatitis B virus DNA level. JAMA 2006; 295:
65-73 [PMID: 16391218 DOI: 10.1001/jama.295.1.65]

10  Hoeje UH, Yang HI, Su J, Jen CL, You SL, Chen ClJ. Predicting
cirrhosis risk based on the level of circulating hepatitis B viral
load. Gastroenterology 2006; 130: 678-686 [PMID: 16530509
DOL: 10.1053/j.gastro0.2005.11.016]

11  Chen LP, Zhao J, Du Y, Han YF, Su T, Zhang HW, Cao GW.
Antiviral treatment to prevent chronic hepatitis B or C-related
hepatocellular carcinoma. World J Virol 2012; 1: 174-183 [PMID:
24175223 DOI: 10.5501/wjv.v1.i6.174]

12 Liaw YF, Chu CM. Hepatitis B virus infection. Lancet 2009; 373:
582-592 [PMID: 19217993 DOI: 10.1016/s0140-6736(09)60207-5]

13 Marecellin P, Heathcote EJ, Buti M, Gane E, de Man RA, Krastev
Z, Germanidis G, Lee SS, Flisiak R, Kaita K, Manns M, Kotzev
I, Tchernev K, Buggisch P, Weilert F, Kurdas OO, Shiffman
ML, Trinh H, Washington MK, Sorbel J, Anderson J, Snow-
Lampart A, Mondou E, Quinn J, Rousseau F. Tenofovir disoproxil
fumarate versus adefovir dipivoxil for chronic hepatitis B. N Engl
J Med 2008; 359: 2442-2455 [PMID: 19052126 DOI: 10.1056/
NEJMo0a0802878]

14 Lee JM, Ahn SH, Kim HS, Park H, Chang HY, Kim DY, Hwang
SG, Rim KS, Chon CY, Han KH, Park JY. Quantitative hepatitis
B surface antigen and hepatitis B e antigen titers in prediction of
treatment response to entecavir. Hepatology 2011; 53: 1486-1493
[PMID: 21520167 DOI: 10.1002/hep.24221]

15 Gordon SC, Krastev Z, Horban A, Petersen J, Sperl J, Dinh
P, Martins EB, Yee LJ, Flaherty JF, Kitrinos KM, Rustgi VK,
Marcellin P. Efficacy of tenofovir disoproxil fumarate at 240 weeks
in patients with chronic hepatitis B with high baseline viral load.
Hepatology 2013; 58: 505-513 [PMID: 23364953 DOI: 10.1002/
hep.26277]

16 Pipili C, Cholongitas E, Papatheodoridis G. Review article:
nucleos(t)ide analogues in patients with chronic hepatitis B virus
infection and chronic kidney disease. Aliment Pharmacol Ther
2014; 39: 35-46 [PMID: 24299322 DOI: 10.1111/apt.12538]

17 Carr A, Hoy J. Low bone mineral density with tenofovir: does
statistically significant mean clinically significant? Clin Infect Dis
2010; 51: 973-975 [PMID: 20828303 DOI: 10.1086/656418]

18 Grund B, Peng G, Gibert CL, Hoy JF, Isaksson RL, Shlay JC,
Martinez E, Reiss P, Visnegarwala F, Carr AD. Continuous antire-
troviral therapy decreases bone mineral density. 4/DS 2009;

55 January 8, 2017 | Volume 9 | Issuel |



19

20

21

JBaishideng®

Lovett GC et a/. Australian experience of tenofovir in CHB

23: 1519-1529 [PMID: 19531929 DOI: 10.1097/QAD.0b013e
32832¢1792]

Carey I, Nguyen DorothyJoe H, Al-Freah M, Knighton S, Bruce M,
Suddle A, Harrison PM, Agarwal K. P47 De-novo antiviral therapy
with nucleos(t)ide analogues in ‘real-life’ patients with chronic
hepatitis B infection: comparison of virological responses between
lamivudine adefovir vs entecavir vs tenofovir therapy. Gut 2011;
60: A22-A23 [DOI: 10.1136/gutjnl-2011-300857a.47]
Lampertico P, Soffredini R, Vigand M, Yurdaydin C, Idilman
R, Papatheodoris G, Margheriti K, Buti M, Esteban R, Zaltron S,
Vavassori A, Carosi G, Minola E, Vinci M, Pinzello G, Giorgini
A, Zuin M, Salmi A, Del Poggio P, De Filippi F, Bruno S, Pasulo
L, Fagiuoli S, Andreoletti M, Colli A, Maldini FF, Milanese
M, Colombo AE, Bellati GA, Angeli E, Magni C, Gubertini G,
Rizzardini G, Fasano M, Santantonio T, Terreni N, Spinzi G,
Facchetti F, Invernizzi F, Colombo M. Oc.07.1 2-Year Effectiveness
and Safety of Tenofovir in 302 Nuc-Naive Patients with Chronic
Hepatitis B: A Multicenter European Study in Clinical Practice.
Digestive and Liver Disease 2012; 44: S70 [DOI: 10.1016/
81590-8658(12)60186-8]

Pan CQ, Trinh H, Yao A, Bae H, Lou L, Chan S. Efficacy and
safety of tenofovir disoproxil fumarate in Asian-Americans with
chronic hepatitis B in community settings. PLoS One 2014; 9:
€89789 [PMID: 24594870 DOI: 10.1371/journal.pone.0089789]

WJH | www.wjgnet.com

22

23

24

25

56

Heathcote EJ, Marcellin P, Buti M, Gane E, De Man RA, Krastev
Z, Germanidis G, Lee SS, Flisiak R, Kaita K, Manns M, Kotzev
I, Tchernev K, Buggisch P, Weilert F, Kurdas OO, Shiffman ML,
Trinh H, Gurel S, Snow-Lampart A, Borroto-Esoda K, Mondou E,
Anderson J, Sorbel J, Rousseau F. Three-year efficacy and safety
of tenofovir disoproxil fumarate treatment for chronic hepatitis
B. Gastroenterology 2011; 140: 132-143 [PMID: 20955704 DOI:
10.1053/j.gastro.2010.10.011]

Pol S, Lampertico P. First-line treatment of chronic hepatitis B
with entecavir or tenofovir in ‘real-life’ settings: from clinical
trials to clinical practice. J Viral Hepat 2012; 19: 377-386 [PMID:
22571899 DOI: 10.1111/.1365-2893.2012.01602.x]

Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson
IM, Washington MK, Germanidis G, Flaherty JF, Aguilar Schall
R, Bornstein JD, Kitrinos KM, Subramanian GM, McHutchison
JG, Heathcote EJ. Regression of cirrhosis during treatment with
tenofovir disoproxil fumarate for chronic hepatitis B: a 5-year
open-label follow-up study. Lancet 2013; 381: 468-475 [PMID:
23234725 DOI: 10.1016/S0140-6736(12)61425-1]

Parsonage MJ, Wilkins EG, Snowden N, Issa BG, Savage MW.
The development of hypophosphataemic osteomalacia with
myopathy in two patients with HIV infection receiving tenofovir
therapy. HIV Med 2005; 6: 341-346 [PMID: 16156882 DOI:
10.1111/j.1468-1293.2005.00318.x]

P- Reviewer: Kadayifci A, Pai CG, SilvaLD S- Editor: Qiu S
L- Editor: A E- Editor: Li D

January 8, 2017 | Volume 9 | Issuel |



w\J

World Journal of
Hepatology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254 /wjh.v9.i1.57

World | Hepatol 2017 January 8; 9(1): 57-63
ISSN 1948-5182 (online)
© 2017 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Retrospective Study

Clinical usefulness of ursodeoxycholic acid for Japanese
patients with autoimmune hepatitis

Yuichi Torisu, Masanori Nakano, Keiko Takano, Ryo Nakagawa, Chisato Saeki, Atsushi Hokari, Tomohisa

Ishikawa, Masayuki Saruta, Mikio Zeniya

Yuichi Torisu, Masanori Nakano, Keiko Takano, Ryo Nakagawa,
Chisato Saeki, Atsushi Hokari, Tomohisa Ishikawa, Masayuki
Saruta, Division of Gastroenterology and Hepatology, Department
of Internal Medicine, the Jikei University School of Medicine,
Tokyo 105-8461, Japan

Yuichi Torisu, Masanori Nakano, Department of Internal
Medicine, Fuji City General Hospital, Shizuoka 417-8567, Japan

Mikio Zeniya, Department of Internal Medicine, Sanno Medical
Center, Tokyo 107-0052, Japan

Author contributions: Torisu Y and Zeniya M designed the
research; Torisu Y collected and analyzed the data; Nakano
M, Takano K, Nakagawa R, Saeki C, Hokari A, Ishikawa T
and Saruta M revised the manuscript for important intellectual
content; Torisu Y and Zeniya M wrote the paper; all authors have
read and approved the final version to be published.

Institutional review board statement: The study was reviewed
and approved by the Jikei University School of Medicine
Institutional Review Board; IRB Protocol No: 26-321(7827).

Informed consent statement: Written, informed consent for
participation in this study was not obtained from the patients,
because this study did not report on a clinical trial and the data
were retrospective in nature and analyzed anonymously.

Conflict-of-interest statement: We have no financial relation-
ships to disclose.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

WJH | www.wjgnet.com

JRaishideng®

57

Manuscript source: Unsolicited manuscript

Correspondence to: Yuichi Torisu, MD, Division of Gastro-
enterology and Hepatology, Department of Internal Medicine,
the Jikei University School of Medicine, 3-25-8 Nishishinbashi,
Minato-ku, Tokyo 105-8461, Japan. torisu@yb4.so-net.ne.jp
Telephone: +81-03-34331111

Fax: +81-03-34350569

Received: July 10, 2016
Peer-review started: July 14, 2016
First decision: September 12, 2016
Revised: September 25, 2016
Accepted: November 21, 2016
Article in press: November 22,2016
Published online: January 8, 2017

Abstract

AIM
To evaluate the therapeutic effects of ursodeoxycholic
acid (UDCA) on autoimmune hepatitis (AIH).

METHODS

A total 136 patients who were diagnosed with AIH were
included in our study. All of the patients underwent
a liver biopsy, and had at least a probable diagnosis
on the basis of either the revised scoring system or
the simplified scores. Initial treatment included UDCA
monotherapy (Group U, n = 48) and prednisolone
(PSL) monotherapy (Group P, n = 88). Group U was
further classified into two subgroups according to the
effect of UDCA: Patients who had achieved remission
induction with UDCA monotherapy and showed no sign
of relapse (Subgroup U1, n = 34) and patients who
additionally received PSL during follow-up (Subgroup
U2, n = 14). We compared the clinical and histological
findings between each groups, and investigated factors
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contributing to the response to UDCA monotherapy.

RESULTS

In Group U, 34 patients (71%) achieved and maintained
remission over 49 (range: 8-90) mo (Subgroup U1) and
14 patients (29%) additionally received PSL (Subgroup
U2) during follow-up. Two patients in Subgroup U2
achieved remission induction once but additionally required
PSL administration because of relapse (15 and 35 mo
after the start of treatment). The remaining 12 patients
in Subgroup U2 failed to achieve remission induction
during follow-up, and PSL was added during 7 (range:
2-18) mo. Compared with Subgroup U2, Subgroup Ul
had significantly lower alanine aminotransferase (ALT)
levels at onset (124 IU/L vs 262 IU/L, P = 0.023) and
a significantly higher proportion of patients with mild
inflammation (A1) on histological examination (70.6%
vs 35.7%, P = 0.025). When multivariate analysis was
performed to identify factors contributing to the re-
sponse to UDCA monotherapy, only a serum ALT level
of 200 IU/L or lower was found to be associated with a
significant difference (P = 0.013).

CONCLUSION

To prevent adverse events related to corticosteroids,
UDCA monotherapy for AIH needs to be considered in
patients with a serum ALT level of 200 IU/L or lower.

Key words: Autoimmune hepatitis; Japanese patients;
Adverse events; Corticosteroids; Ursodeoxycholic acid

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Autoimmune hepatitis (AIH) is generally re-
sponsive to immunosuppressive treatment, and cortico-
steroids are commonly used for the initial and maintenance
treatments. However, corticosteroid treatment must be
discontinued in some patients because of several side
effects. This study aimed to evaluate the therapeutic
effects of ursodeoxycholic acid (UDCA), which has high
tolerability and no severe side effects, on AIH. Our
results suggest that to prevent adverse events related
to corticosteroids, treatment with UDCA alone for AIH
needs to be considered in selected patients, especially
those with an alanine aminotransferase level of 200 IU/L
or lower. This utility of UDCA must be confirmed in a
prospective study.

Torisu Y, Nakano M, Takano K, Nakagawa R, Saeki C, Hokari
A, Ishikawa T, Saruta M, Zeniya M. Clinical usefulness of
ursodeoxycholic acid for Japanese patients with autoimmune
hepatitis. World J Hepatol 2017; 9(1): 57-63 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v9/i1/57 htm DOI:
http://dx.doi.org/10.4254/wjh.v9.i1.57

INTRODUCTION

Autoimmune hepatitis (AIH) is an unresolving pro-
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gressive liver disease that affects females preferentially
and is characterized by interface hepatitis, hyper-
gammaglobulinemia, circulating autoantibodies, and
a favorable response to immunosuppression. The aim
of treatment in AIH is to obtain complete remission of
the disease and to prevent further progression of liver
disease, which generally requires permanent maintenance
therapy. Corticosteroids have been widely used as the
first choice drug treatment of AIH™?. However, long-
term treatment with a generous corticosteroid dosage
may induce predictable side effects, such as cosmetic
changes (facial rounding, dorsal hump formation, striae,
weight gain, acne, alopecia, and facial hirsutism) or even
more dreadful complications, such as osteopenia, brittle
diabetes, psychosis, pancreatitis, opportunistic infections,
labile hypertension, and malignancy®”), Consequently,
corticosteroid treatment must be discontinued in 13%
of patients. Of those withdrawn from therapy, most
have intolerable cosmetic changes or obesity (47%),
osteoporosis with vertebral compression (27%), and/
or difficult-to-control diabetes (20%)*®!. Because AIH
predominantly affects middle-aged women, the presence
of cosmetic issues is one of the key factors for maintaining
drug compliance. Cosmetic issues may lead to emotional
problems that result in treatment failure and a poor
prognosis. Thus, a strategy to reduce the adverse effects
of corticosteroid treatment is needed.

Ursodeoxycholic acid (UDCA) has been widely used
as the first choice for treating primary biliary cirrhosis
(PBC) and has been established as dlinically useful®*!,
No severe side effects have been reported during
UDCA therapy for PBC™*?. Although there are reports
that UDCA is also useful for treating similar autoimmune
liver diseases, its clinical value has not as yet been
established™*®, In this study, patients with a confirmed
diagnosis of AIH who started treatment with UDCA alone
were analyzed, and the results are reported.

MATERIALS AND METHODS

Patients

The present study included 136 patients who were
diagnosed with AIH between 1975 and 2011 at the
Division of Gastroenterology and Hepatology, Depart-
ment of Internal Medicine, The Jikei University Hospital
(Tokyo, Japan). All of the patients had at least a probable
diagnosis on the basis of either the revised scoring
system, as proposed by the International Autoimmune
Hepatitis Group in 1999™¢, or the simplified scores!*”.,
All of the patients underwent a liver biopsy. In this study,
patients with no histological fibrosis (FO) were excluded.
Chronic viral hepatitis B and C were excluded by sero-
logical testing in all of the patients. Patients with an
overlapping syndrome or a coexistent liver disease (e.g.,
primary biliary cirrhosis, primary sclerosing cholangitis,
nonalcoholic fatty liver disease, or alcohol-induced liver
injury) were also excluded by medical history, serological
data and histological finding. So, patients with positive
antimitochondrial antibody were excluded. Of the 136
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Table 2 Clinical features of the two subgroups classified
according to the effect of ursodeoxycholic acid

Group U (7 = 48) Group P (n = 88) P
Age (yr) 45 (17-74) 51 (15-78) ns
Sex (female) 45 (93.8%) 65 (73.9%) <0.01
Acute presentation 5 (10.4%) 31 (36.5%) <0.01
Laboratory data
AST (IU/L) 104 (46-1234) 303 (31-2215) < 0.001
ALT (IU/L) 149 (52-1000) 431 (38-2801)  <0.001
T.Bil (mg/dL) 0.8 (0.3-18) 1.3 (0.4-19.3) <0.05
ALP (U/L) 300 (144-1184) 369 (145-4420) ns
y-GTP (U/L) 82 (13-875) 183 (12-1256)  <0.05
IgG (mg/dL) 1954 (1096-3793) 2336 (1051-5776) < 0.01
ANA (= 1:40) 46 (95.8%) 83 (94.3%) ns
SMA (= 1:40) 11/23 (47.8%) 35/45 (77.8%) <0.05
HLA DR4 6/16 (37.5%) 33/57 (57.9%) ns
Histological finding
Grading
Al 29 (60.4%) 25 (28.4%) <0.01
A2 18 (37.5%) 44 (50%)
A3 1(2.1%) 19 (21.6%)
Staging
F1 35 (72.9%) 43 (48.9%) <0.05
F2 6 (12.5%) 28 (31.8%)
F3 6 (12.5%) 10 (11.4%)
F4 1(2.1%) 7 (8.0%)
AIH score
Revised score 15 (10-20) 16 (7-23) ns
Simplified score 6 (4-8) 6 (3-8) ns

Continuous variables are expressed as median (range) values. The
Mann-Whitney U test was used to evaluate differences in continuous
variables between two groups. Dichotomous variables were compared
by Pearson’s 5 test. Values of P < 0.05 were considered significant. ALT:
Alanine aminotransferase; AIH: Autoimmune hepatitis; AST: Aspartate
transaminase; HLA: Human leukocyte antigen; ANA: Antinuclear antibody;
ALP: Alkaline phosphatase; y-GTP: y-glutamyltransferase; SMA: Smooth
muscle antibody; ns: No significant difference; T.Bil: Total bilirubin; IgG:
Immunoglobulin G.

patients, 48 received UDCA (Group U) after diagnosis,
and the remaining 88 received prednisolone (PSL) (Group
P). Furthermore, Group U was divided into the following
subgroups: Subgroup A, consisting of 33 patients with a
serum alanine aminotransferase (ALT) level of 200 IU/L
or lower at the start of treatment; Subgroup B, consisting
of 29 patients in whom histological activity on liver biopsy
before the start of treatment was determined to be
Al on the basis of the classification of Desmet et af'®!;
Subgroup C, consisting of 24 patients who were included
in both Subgroups A and B; Subgroup D consisting of
15 patients with a serum ALT level of 200 IU/L or higher
at the start of treatment; Subgroup E consisting of 19
patients in whom histological activity was A2 or A3 before
the start of treatment; and Subgroup F consisting of 10
patients who were included in both Subgroups D and
E. The clinical characteristics of the study subjects are
presented in Table 1.

In each group and subgroup described above, sub-
sequent clinical courses, changes in treatment, and
histological findings at the time of diagnosis were eva-
luated. Moreover, Group U was divided into Subgroup
U1, consisting of patients who had achieved remission
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Subgroup U1’ Subgroup U2? P
(n = 34) n = 14)
Age (yr) 42 (17-74) 48 (21-66) ns
Sex (female) 33 (97.1%) 12 (85.7%) ns
Acute presentation 4 (11.8%) 1(7.1%) ns
Laboratory data
AST (IU/L) 93 (46-505) 144 (50-1234)  0.024
ALT (IU/L) 124 (52-742) 262 (65-1000)  0.023
T.Bil (mg/dL) 0.7 (0.3-18) 1.0 (0.3-2) ns
ALP (U/L) 300 (144-1184) 300 (168-924) ns
y-GTP (U/L) 86 (16-875) 67 (13-405) ns
IgG (mg/dL) 1959 (1096-3800) 1960 (1476-3793)  ns
ANA (= 1:40) 32 (94.1%) 14 (100%) ns
SMA (= 1:40) 8/17 (47.1%) 3/6 (50%) ns
HLA DR4 4/11 (36.4%) 2/5 (40%) ns
Histological finding
Grading
Al 24 (70.6%) 5(35.7%) 0.025
A2 10 (29.4%) 8 (57.1%)
A3 0 (0%) 1(7.1%)
Staging
F1 25 (73.5%) 10 (71.4%) ns
F2 4(11.8%) 2 (14.3%)
F3 5 (14.7%) 1(7.1%)
F4 0 (0%) 1(7.1%)
AIH score
Revised score 15 (10-19) 17 (12-20) ns
Simplified score 6 (4-8) 6 (6-7) ns

1Subgroup U1, normalized ALT and sustained remission; 2Subgroup U2,
non-normalized ALT or relapse. Continuous variables are expressed as
median (range) values. The Mann-Whitney U test was used to evaluate
differences in continuous variables between two groups. Dichotomous
variables were compared by Pearson’s y” test. Values of P < 0.05 were
considered significant. ALT: Alanine aminotransferase; AIH: Autoimmune
hepatitis; AST: Aspartate transaminase; HLA: Human leukocyte antigen;
ANA: Antinuclear antibody; ALP: Alkaline phosphatase; y-GTP:
y-glutamyltransferase; SMA: Smooth muscle antibody; T.Bil: Total bilirubin;
IgG: Immunoglobulin G; ns: No significant difference.

induction with UDCA monotherapy and showed no sign
of relapse, and Subgroup U2, consisting of patients who
additionally received PSL during follow-up. Laboratory
test results and histopathological findings at the time of
diagnosis were compared between Subgroups Ul and
U2 (Table 2).

This study complied with the standards of the
Declaration of Helsinki and the current ethical guidelines,
and was approved by the institutional ethics board.
Written, informed consent for participation in this study
was not obtained from the patients, because this study
did not report on a clinical trial and the data were retro-
spective in nature and analyzed anonymously.

Treatment
PSL was used as the standard initial treatment. Taking
into account body weight, the initial dose was set between
30 and 40 mg/d, with subsequent reduction after im-
provement in liver function had been confirmed.

In mild clinical cases with both histological low-grade
inflammatory activity and adequate residual capacity of
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liver function, the initial treatment was UDCA alone. The
initial dose of UDCA was set at 600 mg/d (10-13 mg/kg
per day) in accordance with Japanese guideline for the
treatment of PBC. The dosage was neither increased nor
decreased during the treatment period. PSL was also
administered, as described above, when an incomplete
response to UDCA monotherapy or relapse was observed.

Follow-up

Each patient underwent a comprehensive clinical
review and physical examination at each follow-up visit.
Conventional laboratory blood tests were performed
every 1-3 mo.

Criteria for the remission and relapse of AIH

Remission was defined as a normalization of serum ALT
levels after the start of treatment. The judgement of
remission for UDCA monotherapy was carried out within
at least 18 mo after initiation of therapy. Relapse was
defined as an increase in serum ALT levels to more than
twice the upper normal limit following the normalization
of serum ALT levels with medical treatment.

Statistical analysis

Statistical analysis was performed using the SPSS stati-
stical program (release 16.0.1 J, SPSS, Inc., Chicago,
IL). Continuous variables are expressed as medians and
ranges. The Mann-Whitney U test was used to evaluate
differences in continuous variables between two groups.
Dichotomous variables were compared by Pearson’s °
test. Multivariate analyses by logistic regression were
used to identify independent factors contributing to the
response to UDCA monotherapy. Values of P < 0.05 were
considered significant.

RESULTS

Comparison of clinical features among two groups
classified according to initial treatment

As the initial treatment, of the 136 patients, 48 received
UDCA monotherapy (Group U) and 88 received PSL
monotherapy (Group P). There were no differences
between Groups U and P in age, serum levels of
alkaline phosphatase, the frequencies of positivity for
antinuclear antibody or human leukocyte antigen DR4,
and scores derived from either the old or the new scoring
system. However, compared with Group P, Group U had
significantly lower serum levels of aspartate transaminase
(AST) (104 IU/L vs 303 IU/L, P < 0.001), ALT (149 IU/L
vs 431 IU/L, P < 0.001), total bilirubin (0.8 mg/dL vs 1.3
mg/dL, P < 0.05), y-glutamyltransferase (82 U/L vs 182
U/L, P < 0.05), and immunoglobulin G (1954 mg/dL
vs 2336 mg/dL, P < 0.01), and lower frequencies of
male sex, acute presentation, and positivity for smooth
muscle antibody at the onset. Additionally, Group U had
a significantly higher proportion of patients with mild
inflammation and fibrosis (A1 and F1) on histological
examination (28.4% vs 60.4%, P < 0.01, and 48.9% vs
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72.9%, P < 0.05) (Table 1). Cumulative incidence of the
normalization of serum ALT levels was 80% in Group P.

UDCA monotherapy as initial treatment

The follow-up durations were 49 (range: 8-156) mo
in Group U. In Group U, 34 patients (71%) achieved
and maintained remission over 49 (range = 8-90) mo
(Subgroup U1), and 14 patients (29%) additionally
received PSL during follow-up (Subgroup U2). Two
patients in Subgroup U2 achieved remission induction
once but additionally required PSL administration
because of relapse (15 and 35 mo after the start of treat-
ment). The remaining 12 patients in Subgroup U2 failed
to achieve remission induction during follow-up, and PSL
was added during 7 (range: 2-18) mo.

Comparison of clinical features among two subgroups
classified according to the effect of UDCA

The rate of numbers was 73% in Subgroup U1l and 27%
in Subgroup U2. Compared with Subgroup U2, Subgroup
U1l had significantly lower ALT levels at onset (124
IU/L vs 262 1U/L, P = 0.023) and a significantly higher
proportion of patients with mild inflammation (A1) on
histological examination (70.6% vs 35.7%, P = 0.025)
(Table 2). However, there were no differences between
Subgroups U1 and U2 in other clinical features, as shown
in Table 2.

Predictive factors associated with normalized ALT and
sustained remission with UDCA monotherapy in AIH
patients
When multivariate analysis was performed to identify
factors contributing to the response to UDCA mono-
therapy, a serum ALT level of 200 IU/L or lower was found
to be associated with a significant difference (Table 3).
On subgroup analysis, remission was induced and
maintained by UDCA in 85%, 83% and 92% of patients
in Subgroups A, B, and C, respectively. In these sub-
groups, high rates of remission induction and successful
maintenance were achieved by UDCA. On the other
hand, the rates of remission induction and successful
maintenance in Subgroups D, E and F were low, at 40%,
53%, and 50%, respectively (Figure 1).

DISCUSSION

UDCA has been widely used as the first choice drug for
the treatment of PBC™*., This is because of its efficacy
for cholestasis, exerted through its choleretic action which
is well understood™. In addition to its choleretic action,
UDCA reportedly has a protective action on hepatocytes
and an immunomodulatory action®®®. In fact, it has also
been reported that the administration of UDCA reduces
elevated serum immunoglobulin levels in patients with
PBC, which is one of the dlinical characteristics of PBC*?!,
In vitro studies have also shown that UDCA inhibits
immunoglobulin production by peripheral lymphocytes
in a concentration-dependent manner®?., Although the
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Table 3 Multivariate logistic regression analysis of factors
associated with normalized alanine aminotransferase and

sustained remission of ursodeoxycholic acid monotherapy in
autoimmune hepatitis patients

Factor Category  Odds ratio (95%CI) P
ALT (IU/L) > 200 1

< 200 10.8 (1.64-71.0) 0.013
Age > 50 1

<50 1.16 (0.21-6.38) 0.86
IeG > 2000 1

< 2000 0.65 (0.10-4.32) 0.66
Acute presentation No 1

Yes 413 (0.15-110.5) 0.4
Histological Grading A2 or A3 1

Al 0.76 (0.10-5.88) 0.8
Histological Staging F2 or E3 or F4 1

F1 0.41 (0.04-4.44) 0.46
AIH score >15 1
(International diagnostic <15 2.66 (0.43-16.48) 0.29
criteria)
AIH score >6 1
(Simplified criteria) <6 5.46 (0.37-81.3) 0.22

ALT: Alanine aminotransferase; AIH: Autoimmune hepatitis.

UDCA level required to inhibit immunoglobulin production
is approximately 10 times the blood concentration after
administration of UDCA at routine doses™™, similarly
high levels apparently exist in hepatocytes secreting
bile, in other words, in the liver. Thus, UDCA may
exert a liver-specific immunosuppressive action. This
indicates that UDCA can be administered to achieve
immunosuppression in patients with AIH. Miyake et a/f"”
demonstrated in a small-scale study that UDCA is
effective for AIH. Moreover, the administration of UDCA
has also been shown to allow corticosteroid doses to be
tapered™,

In this study, 71% of the UDCA group achieved and
maintained the normalization of serum ALT levels with
UDCA monotherapy. Especially, the present study also
identified that in 85% of the patients with ALT levels
of 200 IU/L or lower at the start of treatment, AIH
remission could be induced and maintained by UDCA
monotherapy. So, UDCA monotherapy will be effective
in some Japanese AIH patients. However, in this study,
patients treated with UDCA monotherapy had lower
serum ALT levels and milder histological activity and
fibrosis at presentation than those treated with PSL as
shown in Table 1. Hence, it is necessary to consider that
usefulness of UDCA was presented in mild AIH group.
In the future, utility of UDCA must be confirmed in a
prospective study.

On the other hand, among these mild AIH patients,
the proportion indicated for UDCA monotherapy was
low. On the bases of this finding, the patients in Group U
can be considered to have no indications for treatment.
In fact, 10-year survival in untreated patients with mild
disease was reported to be 67%-90%"*", and in an
uncontrolled study, untreated asymptomatic patients had
similar survival to those receiving immunosuppression'®.,
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Figure 1 Remission rate of each subgroup with ursodeoxycholic acid
therapy. Remission was induced and maintained by ursodeoxycholic acid
in 85%, 83% and 92% of patients in Subgroups A, B and C, respectively. On
the other hand, the rates of remission induction and successful maintenance
in Subgroups D, E, and F are low, at 40%, 53% and 50%, respectively. ALT:
Alanine aminotransferase.

However, it also has to be acknowledged that untreated
AIH has a fluctuating, unpredictable disease behavior,
and a substantial proportion of asymptomatic pa-
tients become symptomatic during the course of their
disease follow-up™>?®, and progression towards end-
stage liver disease with liver failure and development of
HCC is possible™. Muratori et af*”’ also reported that
patients with asymptomatic vs symptomatic AIH have
similar courses of disease progression and responses
to immu-nosuppressive agents, and should therefore
receive the same treatment. Additionally, to exclude
patients with transient liver damage that may not have
required treatment, patients with no histological fibrosis
(FO) were not enrolled in the present study.

According to the AIH Guidelines issued by the
American Association for the Study of Liver Diseases
in 2010, no treatment is needed for patients with AST
and ALT levels close to or below the standard levelst".
The patients included in the present study did not
meet these criteria, but largely met the indications
for treatment. While the efficacy of corticosteroids for
the treatment of AIH has been established, treatment
with corticosteroids is currently the first choice only
in patients with appropriate indications!*?!, However,
corticosteroids are associated with adverse events, such
that there is often reluctance to administer these drugs. In
patients with AIH in Japan, the age at onset and diagnosis
has been increasing annually™. Particularly in elderly
women, many of whom are postmenopausal, there is
actually considerable concern regarding osteoporosis.
Moreover, in the treatment of AIH, prevention of relapse
is the most important issue, and maintenance therapy
is thus important. However, because many patients
are women, drug compliance can actually be poor
due to cosmetic issues. In addition, it has also been
pointed out that the incidence of other adverse events
is high in elderly patients. The present study subjects
had an age distribution between 17 and 74 years,
demonstrating that elderly patients with AIH associated
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with mild liver disorders could be treated with UDCA.
Moreover, when the therapeutic effects of UDCA become
inadequate, treatment can be continued by switching
to corticosteroids, as shown in the present study. Fur-
thermore, treatment with UDCA also has the benefit
of eventually allowing the corticosteroid dose to be
tapered™”. A recent nationwide survey on AIH in Japan
showed that UDCA monotherapy is administered as the
initial treatment in 20% of patients®®®, so it is reasonable
to assume that the treatment of AIH with UDCA is
becoming clinically established. While Czaja et a/'*”
found UDCA to be effective in a double-blind study, it is
important to define criteria for UDCA treatment indications,
as in the present study. Although the present study had
a retrospective design, the results allow the conclusion
to be drawn that UDCA use may be considered in
patients with a serum ALT level of 200 IU/L at the time of
diagnosis, especially in those who are elderly. Prospective
studies on the long-term outcomes of patients receiving
UDCA monotherapy are needed.

COMMENTS

Background

Autoimmune hepatitis (AIH) is an unresolving progressive liver disease that
affects females preferentially and is characterized by interface hepatitis, hyper-
gammaglobulinemia, circulating autoantibodies, and a favorable response to
immunosuppression. The aim of treatment in AlH is to obtain complete remission
of the disease and to prevent further progression of liver disease, which generally
requires permanent maintenance therapy. Corticosteroids have been widely
used as the first choice drug treatment of AIH. However, long-term treatment
with a generous corticosteroid dosage may induce side effects. Ursodeoxycholic
acid (UDCA) has been widely used as the first choice for treating primary biliary
cirrhosis (PBC) and has been established as clinically useful. No severe side
effects have been reported during UDCA therapy for PBC. Although there are
reports that UDCA is also useful for treating similar autoimmune liver diseases,
its clinical value has not as yet been established. In this study, patients with
a confirmed diagnosis of AIH who started treatment with UDCA alone were
analyzed.

Research frontiers

There are few reports that UDCA monotherapy is effective for treating AlH.
Moreover, the administration of UDCA has also been shown to allow corticosteroid
doses to be tapered. However, its clinical value has not as yet been established.

Innovations and breakthroughs

Few prior reports showed that UDCA is effective in some AlH patients. However,
there is no report which showed independent predictive factors associated with
normalized ALT and sustained remission of UDCA monotherapy in AlH patients.
The present study showed that ALT levels of 200 IU/L or lower associated with
to response to UDCA monotherapy. The results of the authors’ study contribute
to predict the therapeutic effect of UDCA for patients with AlH.

Applications

This study suggests that that to prevent adverse events related to cortico-
steroids, treatment with UDCA alone for AIH needs to be considered in selected
patients, especially those with an ALT level of 200 IU/L or lower.

Terminology

UDCA: One of the secondary bile acids, which are metabolic byproducts of
intestinal bacteria. It has been widely used as the first choice drug for the
treatment of PBC. This is because of its efficacy for cholestasis, exerted
through its choleretic action which is well understood. In addition to its choleretic
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action, UDCA reportedly has a protective action on hepatocytes and an
immunomodulatory action.

Peer-review
This is a very interesting cut off point for future prospective studies to confirm
these retrospective results.
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Abstract

AIM

To investigate shear wave (SW) propagation velocity
in patients with untreated hepatitis C and patients with
sustained virological response (SVR).

METHODS

A total of 136 hepatitis C patients [85 patients who
had not received antiviral therapy (naive group) and
51 patients who had received antiviral therapy and sub-
sequently achieved SVR of at least 24 wk (SVR group)]
and 58 healthy volunteers and outpatients without liver
disease (control group) underwent evaluation of liver
stiffness by SW elastography (SWE). Various parameters
were evaluated in the chronic hepatitis C patients at the
time of SWE.

RESULTS

SW propagation velocity (Vs) was 1.23 £ 0.14 m/s in
the control group, 1.56 + 0.32 m/s in the SVR group,
and 1.69 £ 0.31 m/s in the naive group. Significant
differences were seen between the control group and
the SVR group (P = 0.0000) and between the SVR
group and the naive group (P = 0.01417). All four
fibrosis markers were higher in the naive group than in
the SVR group. In the naive group, Vs was positively
correlated with alanine aminotransferase (ALT) (r =
0.5372), o feto protein (AFP) (r = 0.4389), type IV
collagen (r = 0.5883), procollagen I peptide (P-II-P)
(r = 0.4140), hyaluronic acid (r = 0.4551), and Mac-2
binding protein glycosylation isomer (M2BPGi) (r =
0.6092) and negatively correlated with albumin (r =
-0.4289), platelets (r = -0.5372), and prothrombin
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activity (r = -0.5235). On multiple regression analysis,
Vs was the most strongly correlated with ALT (standard
partial regression std g = 0.4039, £ = 0.00000). In the
SVR group, Vs was positively correlated with AFP (r
= 0.6977), type 1V collagen (r = 0.5228), P-1I-P (r =
0.5812), hyaluronic acid (» = 0.5189), and M2BPGi (r
= 0.6251) and negatively correlated with albumin (r =
-0.4283), platelets (» = -0.4842), and prothrombin activity
(r = -0.4771). On multiple regression analysis, Vs was
strongly correlated with AFP (standard partial regression
std # = 0.5953, £ = 0.00000) and M2BPGi (standard
partial regression std g= 0.2969, P = 0.03363).

CONCLUSION

In hepatitis C patients, liver stiffness is higher in treat-
ment-naive patients than in those showing SVR. SWE
may be a predictor of hepatocarcinogenesis in SVR
patients.

Key words: Hepatocarcinogenesis; Sustained virological
response; Antiviral therapy; Shear wave elastography;
Hepatitis C

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is the first to compare liver stiff-
ness in a group of hepatitis C patients in whom the
virus was eliminated with antiviral therapy and a group
of untreated hepatitis C patients using shear wave
elastography. The liver stiffness value was higher in
the untreated group than in the group in which the
virus had been eliminated, which is thought to be due
hepatitis activity. This study also suggests the possi-
bility that liver stiffness measurements with shear
wave elastography can be used as predictors of hepato-
carcinogenesis in patients in whom the virus has been
eliminated.

Suda T, Okawa O, Masaoka R, Gyotoku Y, Tokutomi N, Katayama
Y, Tamano M. Shear wave elastography in hepatitis C patients
before and after antiviral therapy. World J Hepatol 2017; 9(1):
64-68 Available from: URL: http://www.wjgnet.com/1948-5182/
full/v9/i1/64.htm DOI: http://dx.doi.org/10.4254/wjh.v9.i1.64

INTRODUCTION

Shear wave elastography (SWE) is a new technology
that gauges liver stiffness by measuring the propagation
velocity of shear waves generated in liver tissue. At the
same time, images are observed in real time using a
normal B-mode ultrasound probe. The velocity of laterally
propagated shear waves (lateral waves) is measured.
SWE is useful for a diagnosis of breast tumor!], thyriod
tumor?, muscle stiffness™ as well as liver stiffness. SWE
resembles acoustic radiation force impulse, but it is
new another technology.

Liver stiffness measurements with SWE are reported
to be useful in diagnosing fibrosis in hepatitis C*'. In
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studies using transient elastography, liver stiffness was
affected not only by liver fibrosis but also by necroin-
flammatory activity’™”). Therefore, the meaning of liver
stiffness is predicted to differ in untreated patients
with hepatitis activity and patients whose hepatitis has
subsided with antiviral therapy.

The purpose of this study was to investigate the sig-
nificance of SW propagation velocity in patients with
untreated hepatitis C and patients with sustained viro-
logical response.

MATERIALS AND METHODS

Patients

This prospective study was reviewed and approved
by the Ethics Committee of Dokkyo Medical University
Koshigaya Hospital, and written, informed consent was
obtained from all participants and healthy volunteers.
This study conformed to the ethical guidelines of the
2008 Declaration of Helsinki.

The subjects were 136 chronic hepatitis C patients
who were diagnosed in the Department of Gastroen-
terology of Dokkyo Medical University Koshigaya Hospital
from April to October, 2015. The 136 patients included 85
patients in a naive group who had not received antiviral
therapy and 51 patients who had received antiviral
therapy, either interferon-based therapy or direct-acting
antiviral agent therapy (daclatasvir/asunaprevir), and
subsequently achieved sustained virological response
(SVR) of at least 24 wk (SVR group). Patients with de-
compensated liver cirrhosis, hepatocellular carcinoma,
autoimmune disease, collagen disease, or chronic heart
disease were excluded. Patients with a history of drinking
= 20 g alcohol per day and those diagnosed with
obvious fatty liver on abdominal ultrasound were also
excluded.

To obtain a standard liver stiffness value, SWE was
performed in a total of 58 people including healthy
volunteers and outpatients without liver disease (control
group).

Measurement of SWE

Measurement of liver stiffness by shear wave elasto-
graphy was performed using a LOGIQ E9 (GE Health-
care, Milwaukee, WI). The right lobe of the liver was
visualized through an intercostal space while the patient
was lying in a supine position with the right arm in
maximum abduction. Measurements were taken while
subjects held their breath during spontaneous breathing.
The visual depth of the system was fixed at 8 cm, and
the region of interest was 1-2 cm below the surface
of the liver. The system was adjusted so that sample
volume depth was 4 cm or less. Liver stiffness was
automatically calculated by the apparatus, and the
results are expressed as the velocity of shear wave
velocity (Vs) (m/s). Measurements were performed
by two investigators (Suda T and Tamano M) who
have measurement experience of SWE more than 100
patients. They shot 10 to 12 times on liver segment 5,
and the result was considered reliable only when 10
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Control group
(n =57)

j/’ = 0.0000
SVR group “ . 3
(n =51)
jP =0.0147
Naive group
(n = 85)

1.0 1.5 2.0 2.5
Vs (m/s)

Figure 1 Velocity based on shear wave elastography is shown for each
group. Vs is 1.23 £ 0.14 m/s in the control group, 1.56 + 0.32 m/s in the
sustained virological response (SVR) group, and 1.69 + 0.31 m/s in the naive
group. Significant differences are seen between the control group and the SVR
group (P = 0.0000) and between the SVR group and the naive group (P =
0.01417). Vs: Velocity.

successful shots and a measurement success rate >
80% were obtained.

Clinical parameters

The following clinical parameters were determined in
chronic hepatitis C patients at the time SWE was per-
formed: Age; aspartate aminotransferase (AST); alanine
aminotransferase (ALT); total bilirubin, serum albumin;
white blood cell (WBC) count; platelet count; prothrombin
activity; o fetoprotein (AFP); hyaluronic acid; type IV
collagen; procollagen Il peptide (P-III-P); Mac-2 binding
protein glycosylation isomer (M2BPGi) measurements;
and the Fib-4 index.

Statistical analysis

Continuous data for Vs and other clinical parameters are
expressed as means = SD. The Mann-Whitney U test
was used for between-group comparisons. Correlations
between Vs and other parameters were assessed using
Spearman’s rank correlation coefficient and multiple
regression analysis. Values of P < 0.05 were regarded
as statistically significant.

RESULTS

Figure 1 shows Vs (m/s) measured by SWE in each
group. Vs was 1.23 = 0.14 m/s in the control group,
1.56 £ 0.32 m/s in the SVR group, and 1.69 + 0.31
m/s in the naive group. Significant differences were
seen between the control group and the SVR group (P
= 0.0000) and between the SVR group and the naive
group (P = 0.01417).

Table 1 shows the characteristics of the naive group
and the SVR group. Compared with the SVR group,
the naive group had significantly higher AST and ALT
values (P = 0.00001) and a significantly lower serum
albumin value (P = 0.01049). No significant differences
were seen between the two groups in total bilirubin,
WBC, platelet count, or prothrombin activity. AFP was
significantly higher in the naive group than in the SVR
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Table 1 Clinical characteristics in the Naive and sustained

virological response group

Characteristics Naive group SVR group P value
(n = 85) (n =51)

Age (yr) 63.5+13.7 64.9+102 09726

Sex (male/female) 43/42 27/24 0.79039
AST (IU/L) 55.4 +38.7 292+16.8  0.00001
ALT (IU/L) 61.9 £50.1 239+18.0  0.00001
Total bilirubin (mg/dL) 0.89 £0.36 0.95+0.33  0.14736
Serum albmin (g/dL) 4.10+0.46 432+044  0.01049
WBC (x 10°/ mm’°) 5.21+1.83 524+156  0.79015
Hb (g/dL) 13.9+1.6 141+15 0.47879
Platelet (x 10*/mm’) 145+6.4 14.5+£57 0.89078
Prothrombin activity (%) 97.5+12.1 96.9+131  0.98341
AFP (g/dL) 9.6 +10.6 51+33 0.00773
Type IV collagen (ng/mL) 180.5+71.8 1792+£71.6  0.62913
P-TI-P (U/mL) 0.92+0.27 0.81+0.31  0.00215
Hyaluronic acid (ng/mL) 191.5+£290.3 1021+935  0.24908
M2BPGi (COI) 3.67 £4.41 2.03+249  0.00546
FIB-4 index 444+421 3394263  0.37443

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; WBC:
White blood cell; P-II-P: Procollagen Il peptide; M2BP: Mac-2 binding
protein; COI: Cut-off index.

group (P = 0.00773). All four fibrosis markers were
higher in the naive group than in the SVR group. No
significant differences were seen in type IV collagen or
hyaluronic acid, but significant differences were seen in
P-II-P (P = 0.00215) and M2BPGi (P = 0.00546). The
FIB-4 index tended to be higher in the naive group than
in the SVR group, but the difference was not significant (P
= 0.37443).

Correlation between Vs and each parameter in the naive
group (n = 85)

Vs was positively correlated with ALT (r = 0.5372), AFP
(r = 0.4389), type IV collagen (r = 0.5883), P-1I-P (r
= 0.4140), hyaluronic acid (r = 0.4551), and M2BPGi (r
= 0.6092). Vs was negatively correlated with albumin
(r = -0.4289), platelets (r = -0.5372), and prothrombin
activity (r = -0.5235). A multiple regression analysis was
performed with the five parameters of ALT, platelets,
prothrombin activity, type IV collagen, and M2BPGi that
had correlation coefficients (r) = 0.5, and the results
showed that Vs was the most strongly correlated with
ALT in the naive group (standard partial regression std g
= 0.4039, P = 0.00000) (Table 2).

Correlation between Vs and each parameter in the SVR
group (n=51)

Vs was positively correlated with AFP (r = 0.6977),
type IV collagen (r = 0.5228), P-II-P (r = 0.5812),
hyaluronic acid (r = 0.5189), and M2BPGi (r = 0.6251).
Vs was negatively correlated with albumin (r = -0.4283),
platelets (r = -0.4842), and prothrombin activity (r =
-0.4771). A multiple regression analysis was performed
with the five parameters of AFP, type IV collagen, P-
II[-P, hyaluronic acid, and M2BPGi that had correlation
coefficients (r) = 0.5, and the results showed that
Vs was strongly correlated with two parameters, AFP
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Table 2 Multiple regression analysis in the Naive group

Coefficient SE(B) Stdp  t-value df P value

(B)
ALT 0.00261 0.00052  0.4069 5.02998 62 0.00000
Plt -0.0121  0.00436 -0.27300 0.27300 62 0.00740
PT % -0.0044 0.00245 -0.1712 1.79923 62 0.07685
Type IV collagen 0.00061 0.00040 0.1578 1.51030 62 0.13605
M2BPGi 0.00844 0.00709 0.1361 1.19098 62 0.23820

ALT: Alanine aminotransferase; Plt: Blood platelet; PT: Prothrombin time;
M2BP: Mac-2 binding protein.

(standard partial regression std g = 0.5953, P = 0.00000)
and M2BPGi (standard partial regression std g = 0.2969,
P = 0.03363) (Table 3).

DISCUSSION

The extent of hepatic fibrosis has classically been eva-
luated by histological procedures. However, the accuracy
of this evaluation of hepatic fibrosis is limited by both
sampling variability and inter-observer variability between
pathologists™®®!, In addition, liver biopsy is associated with
patient discomfort and a risk of serious complications™.

Transient elastography (TE) has attracted attention as
a noninvasive, objective diagnostic tool, and liver stiffness
measured by TE is reported to be useful in diagnosing
fibrosis in hepatitis C!*", TE is useful in diagnosing non-
alcoholic fatty liver disease™® and in predicting carcinoma
development in viral hepatitis patients™. However, TE
is a test that is done blindly using a special probe in the
right hepatic lobe confirmed with B mode, as a result
of which measurement results are imprecise if vessels
or other structures are present in the measured region.
SWE is built into ultrasonic diagnostic equipment, and
reliable measurements are possible in a short time under
observation with normal B mode™.,

The results of SWE measurements are expressed
as the SW propagation velocity Vs (m/s). In this inve-
stigation, the Vs was 1.23 £ 0.14 m/s in healthy livers,
1.69 £ 0.31 m/s in the naive group, and 1.56 £ 0.32 m/s
in the SVR group. The naive group had a significantly
higher Vs than the SVR group, suggesting that Vs de-
creases with virus elimination in hepatitis C patients.
In this study, however, the naive group and SVR group
were different populations, and Vs measurements over
time in the same population will be needed to accurately
compare Vs before and after treatment.

Vs is determined not only by tissue elasticity (fibrosis),
but it is also affected by viscosity. Thus, in cases of active
hepatitis, propagation is expected to become faster due
to increased tissue viscosity from increased exudate
into the interstitium and cell infiltration, and in acute
hepatitis that trend is marked™**!, In the naive group,
Vs was most strongly correlated with ALT. This is thought
to be because the naive group included many patients
with active hepatitis with high ALT levels. Good positive
correlations were seen between Vs and the liver fibrosis
markers of hyaluronic acid, type IV collagen, P-II-P, and
M2BPGi in the naive group. Thus, in the naive group, Vs
is thought to reflect both hepatic activity (viscosity) and
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Table 3 Multiple regression analysis in the sustained
virological response group

Coefficient SE (B) Stdp  t-value df P value

®)
AFP 0.05564 0.0098  0.5953 5.6797 28 0.00000
Type IV Collagen  -0.0003 0.00066 -0.0626 0.42483 28 0.67420
P-1I-P 0.13859  0.17013  0.146 0.81462 28 0.42217
Hyaluronic acid 0.00053  0.00053 0.1658 0.99713 28 0.32724
M2BPGi 0.03554  0.01591 0.2969 2.23421 28 0.03363

AFP: o feto protein; P-II-P: Procollagen Il peptide; M2BP: Mac-2 binding
protein.

fibrosis (elasticity).

In the SVR group, hepatitis had subsided for six
months or more, and, in fact, the correlation between
Vs and ALT in the SVR group in this study was very
low. Therefore, Vs in the SVR group is presumed to
almost purely reflect liver fibrosis (elasticity), and thus
it is thought to have better correlations with fibrosis
markers. Among the four different fibrosis markers,
M2BPGi had the strongest positive correlation with Vs.
M2BPGi is a new liver fibrosis marker that quantitatively
measures changes in the carbohydrate structure of
Mac-2 binding protein'”, and it is also considered useful
in predicting carcinogenesis in hepatitis C patientst®2"!,

In hepatitis C patients, AFP is a useful indicator of
hepatocarcinogenesis following interferon therapy™.
Although AFP had positive correlations in both the naive
group and the SVR group, a stronger correlation was
seen in the SVR group. In the naive group, AFP reflects
inflammation and necrosis of hepatocytes and the accom-
panying hepatocyte regeneration. In the SVR group, on
the other hand, AFP has a strong element as a surrogate
marker of hepatocellular carcinoma, as mentioned pre-
viously. A very interesting finding in the SVR group in the
present study was the strong correlations between Vs
and AFP and between Vs and M2BPGi, which suggest the
possibility that liver stiffness measurements with SWE
may be used as predictors of hepatocarcinogenesis in
hepatitis C patients following SVR.

In hepatitis C patients, liver stiffness with SWE
was higher in the naive group than in the SVR group,
presumably due to hepatitis activity. In the SVR group,
liver stiffness measurements with SWE may be a pre-
dictor of hepatocarcinogenesis.

COMMENTS

Background

Shear wave elastography (SWE) is a new technology that gauges liver stiffness
by measuring the propagation velocity of shear waves generated in liver tissue.
At the same time, images are observed in real time using a normal B-mode
ultrasound probe. The velocity of laterally propagated shear waves (lateral waves)
is measured.

Research frontiers

The results of SWE measurements are expressed as the SW propagation velocity
Vs (m/s). In this investigation, the Vs was 1.23 £ 0.14 m/s in healthy livers, 1.69
+ 0.31 m/s in the naive group, and 1.56 £ 0.32 m/s in the SVR group. The naive
group had a significantly higher Vs than the SVR group, suggesting that Vs
decreases with virus elimination in hepatitis C patients. In this study, however,
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the naive group and sustained virological response (SVR) group were different
populations, and Vs measurements over time in the same population will be
needed to accurately compare Vs before and after treatment.

Innovations and breakthroughs

A very interesting finding in the SVR group in the present study was the strong
correlations between Vs and o feto protein and between Vs and Mac-2 binding
protein glycosylation isomer, which suggest the possibility that liver stiffness
measurements with SWE may be used as predictors of hepatocarcinogenesis
in hepatitis C patients following SVR.

Applications
In the SVR group, liver stiffness measurements with SWE may be a predictor of
hepatocarcinogenesis.

Peer-review

This manuscript by Suda et al points to assess the changes of shear wave velocity
in patients with untreated chronic hepatitis C and patients who received antiviral
therapy and obtained SVR. The authors found significant differences between shear
wave velocity between patients with SVR and those untreated.
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