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Abstract

Excessive alcohol intake may induce hepatic apoptosis,
steatosis, fibrosis, cirrhosis and even cancer. Ethanol-
induced activation of general or selective autophagy
as mitophagy or lipophagy in hepatocytes is generally
considered a prosurvival mechanism. On the other
side of the coin, upregulation of autophagy in non-
hepatocytes as stellate cells may stimulate fibrogenesis
and subsequently induce detrimental effects on the liver.
The autophagic response of other non-hepatocytes as
macrophages and endothelial cells is unknown yet and
needs to be investigated as these cells play important
roles in ethanol-induced hepatic steatosis and damage.
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Selective pharmacological stimulation of autophagy
in hepatocytes may be of therapeutic importance in
alcoholic liver disease.

Key words: Macrophages; Autophagy; Hepatocytes;
Lipophagy; Mitophagy; Stellate cells; Alcohol
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Core tip: This short editorial discusses the impact of
ethanol-induced upregulation of cytoprotective bulk
and selective autophagy as mitophagy or lipohagy
on various types of liver cells. While ethanol-induced
activation of autophagy in hepatocytes is generally
prosurvival mechanism, upregulation of autophagy in non-
hepatocytes as stellate cells may stimulate fibrogenesis
and subsequently induce detrimental effects on the
liver as a whole. The autophagic response of other non-
hepatocytes as macrophages and endothelial cells is
unknown yet and needs to be investigated as these cells
play important roles in ethanol-induced hepatic steatosis
and damage.

Eid N, Ito Y, Otsuki Y. Ethanol-induced hepatic autophagy:
Friend or foe? World J Hepatol 2015; 7(9): 1154-1156 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i9/1154.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.19.1154

TEXT

Excessive alcohol intake may induce hepatic apoptosis,
steatosis, fibrosis, cirrhosis and even cancer. Although
ethanol-induced autophagy in hepatocytes has been
recently considered as antiapoptotic mechanism,
activation of autophagy in non-hepatocytes as macro-
phages, endothelial cells and stellate cells is not clearly
known yet. More importantly, whether ethanol-induced
activation of autophagy in non-hepatocytes is protective
or detrimental to the liver as a whole needs to be
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explored.

Autophagy is a cytoprotective pathway for clearance
of damaged proapoptotic cellular components following
multiple forms of stress, including oxidative stress,
endoplasmic reticulum stress, mitochondrial damage
and excessive accumulation of lipid droplets (LDs).
Morphologically, autophagy is characterized by the
formation of isolation membranes, which engulf a region
of the cell cytoplasm or selectively an organelle forming
autophagosomes mediated by microtubule-associated
protein light chain 3 (LC3). The autophagosomes
then fuse with lysosomes via lysosomal-associated
membrane protein 2 (LAMP-2), forming autolysosomes,
where the contents of the cargo are digested by
lysosomal cathepsinst™™, Chronic alcohol consumption
may induce hepatic damage, ranging from early-stage
steatosis to steatohepatitis, fibrosis, cirrhosis, and
ultimately hepatic carcinoma.

Ethanol-induced hepatocyte steatosis is characterized
by excessive accumulation of cytoplasmic LDs which
may render hepatocytes more susceptible to toxic or
stress factors (multi-hit mechanisms) resulting in the
progression of alcoholic liver disease. Importantly,
ethanol-induced hepatocytes steatosis is often asso-
ciated with structural and functional mitochondrial
damage resulting from ethanol metabolism and related
oxidative stress™®. Therefore and as we have reported
recently, the selective autophagic clearance of damaged
mitochondria (mitophagy) and excessive LDs (lipophagy)
in hepatocytes of chronic ethanol-treated rats may be
a prosurvival mechanism for prevention of hepatocytes
apoptosis (via clearance of proapoptotic damaged
mitochondria) and progression of hepatic steatosis.
We have observed that in addition to the upregulation
of general autophagy markers LC3-1I, LAMP-2 and
lysosomal cathepsins in hepatocytes of ethanol-treated
rats, there was also overexpression of PINK1 (a sensor of
mitochondrial damage and specific marker of mitophagy)
in mitochondria of hepatocytes in treated rats'®.
Recent studies supported this cytoprotective role of
autophagy in response to chronic ethanol toxicity!®. In
an interesting study, Lin et al”! observed that there was
an enhancement of lipophagy and probably mitophagy in
hepatocytes of acute and chronic ethanol-treated mice.
Moreover, they found that pharmacological promotion of
autophagy by carbamazepine or rapamycin enhanced the
autophagic response to ethanol toxicity and subsequently
alleviated steatosis and hepatocyte injury, while blocking
autophagy elevated steatosis and hepatic injury””’.

On the other hand, a recent study demonstrated that
activation of autophagy in hepatic stellate cells of chronic
ethanol-treated mice increases hepatic fibrogenesis
by providing the fuel necessary to support stellate cell
activation; thus accelerating liver pathology™. Therefore,
it seems that upregulation of autophagy in stellate cells
by ethanol may be to some degree detrimental to the
liver compared to activation of autophagy in hepatocytes.
However, autophagic signaling in stellate cells could be
relatively innocuous compared to those in hepatocytes,
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simply because the hepatocytes make up the bulk of
the parenchyma and comprise the main functional
element in the liver. Hence, the pro-survival signaling in
hepatocytes predominates. Selective pharmacological
stimulation of autophagy in hepatocytes may be of
therapeutic importance in alcoholic liver disease.

What is unknown yet and needs to be explored: Does
ethanol activate autophagy in hepatic macrophages?
Is activation of autophagy in Kupffer cells (KCs) by
ethanol exposure friend as in case of hepatocytes or
foe as in stellate cells? To the best of our knowledge, no
studies investigated the autophagic response of KCs to
ethanol toxicity although these cells may play important
role in hepatic damage under acute and chronic
ethanol treatment!'”. An elegant study by Wan et a/t'!
demonstrated that KCs could be either proinflammatory
(M1 type) or anti-inflammatory (M2 type) and the
balance between the two types impact hepatic damage.
They found that in acute and chronic ethanol-treated
mice, there was an increase in KCs apoptosis. Further
observation revealed that M2 KCs induced apoptosis
in M1 counterparts. They suggest that promoting M2-
induced M1 KC apoptosis may be cytoprotective for
liver under ethanol exposure. Whether autophagy is
activated in M2 KCs and switched off in M1 KCs needs to
be investigated. Moreover, ethanol-mediated increases
in RANTES/CCL5 by liver sinusoidal endothelial cells can
promote the infiltration of immunocytes to the liver via
sinusoids, which may accelerate liver injury. Therefore,
there is a possibility of autophagy-mediated upregulation
of RANTES/CCLS in ethanol-exposed liver sinusoidal
endothelial cells™**,
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Abstract

Hepatocellular carcinoma (HCC) remains a common and
lethal malignancy worldwide and arises in the setting of
a host of diseases. The incidence continues to increase
despite multiple vaccines and therapies for viruses such
as the hepatitis B and C viruses. In addition, due to the
growing incidence of obesity in Western society, there
is anticipation that there will be a growing population
with HCC due to non-alcoholic fatty liver disease. Due
to the growing frequency of this disease, screening is
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recommended using ultrasound with further imaging
using magnetic resonance imaging and multi-detector
computed tomography used for further characterization
of masses. Great advances have been made to help with
the early diagnosis of small lesions leading to potential
curative resection or transplantation. Resection and
transplantation maybe used in a variety of patients that
are carefully selected based on underlying liver disease.
Using certain guidelines and clinical acumen patients
may have good outcomes with either resection or
transplantation however many patients are inoperable
at time of presentation. Fortunately, the use of new
locoregional therapies has made down staging patients
a potential option making them potential surgical
candidates. Despite a growing population with HCC,
new advances in viral therapies, chemotherapeutics,
and an expanding population of surgical and transplant
candidates might all contribute to improved long-term
survival of these patients.

Key words: Hepatocellular carcinoma; Transplantation;
Survival; Locoregional therapy; Resection
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Core tip: Hepatocellular carcinoma (HCC) is a growing
malignancy with poor survival. New therapies for the
hepatitis C virus may help prevent the development of
this malignancy, however the growing obesity epidemic
will continue to foster new cases of HCC. With the aid
of advances in imaging patients might be diagnosed
earlier making them candidates for curative resection or
transplantation. In addition, with a growing population
of patients undergoing surgery after being down-staged
with locoregional therapy, we expect an improvement
in long-term outcomes for HCC patients.

Bodzin AS, Busuttil RW. Hepatocellular carcinoma: Advances in
diagnosis, management, and long term outcome. World J Hepatol
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INTRODUCTION

Hepatocellular carcinoma (HCC) remains a common
malignancy despite the development of many new treat-
ment modalities over the past two decades. Worldwide
HCC represents the fifth most common cancer and the
second most common cause of cancer related deaths.
Primary liver malignancies account for approximately
7% of all cancers and 90% of those are HCC!"?.
Unfortunately, this disease has been on the rise, in both
developing and developed countries, and despite a
multitude of new therapeutic modalities, patients with
HCC still have poor long-term survival. In the United
States between 1990-2004, there was a 40% increase
in HCC related deaths while overall cancer mortality
was significantly reduced™. As this disease continues to
plague countries worldwide, the United States, despite
all its resources, reports a 5-year survival of only 12%,
which although quite low, has been improving over
recent years'™.

Much of the pathophysiology of HCC has been
attributed to the long-term inflammation associated
with a variety of disease processes ultimately resulting
in cirrhosis; however roughly 10% of tumors occur in
non-cirrhotic patients™. Worldwide, the most common
etiology is hepatitis B virus (HBV) that accounts for
approximately 50% of all primary HCCs, despite the
available therapeutic modalities used to treat and
prevent this virus'®”. Chronically HBV infected patients
have a 25% chance of developing HCC, however
as vaccinations rates have increased worldwide the
number of patients with HBV is declining®. In contrast
to other primary liver diseases, underlying cirrhosis is
not necessarily a requirement for the development of
HCC in the setting of HBV. Patients infected with HBV
who have high levels of viremia (> 2000 IU/mL), high
aminotransferases, co-infection of hepatitis D virus and
hepatitis C virus (HCV) are more prone to developing
HCC. In addition, other risk factors include infection with
HBV genotype C as compared to the other genotypes,
advanced age, alcohol consumption, smoking, and
family history®.. The administration of nucleoside and
nucleotide analogues helps with HBV suppression in
patients infected with the virus and decreases the
overall risk for developing HCC. In addition, great
strides have been made in liver transplantation, as HBV
prophylaxis in the form of lamivudine, a nucleoside
analogue, and hepatitis B immunoglobulin (HBIG) have
shown to increase HCC recurrence-free survival as
compared with HBIG alone or no prophylaxis in patients
undergoing transplantation™’.

In Western countries, HCV remains the most
common cause of HCC, however this could be changing
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with promising new HCV therapies on the market!'!.
Worldwide, HCV accounts for approximately 30% of HCC,
but unlike HBV, underlying cirrhosis is usually present.
Interestingly, HCC is the main cause of death in HCV
cirrhosis and the first complication experienced in many
of these patients as opposed to other complications such
as ascites and gastrointestinal bleeding™. Much like
HBV, patients with HCV have a higher risk of acquiring
HCC with advanced age, alcohol consumption, smoking,
infection with HBV and human immunodeficiency virus
(HIV), genotype 1b, obesity, as well as diabetes. Patients
treated effectively for HCV, not surprisingly, have a
significantly decreased incidence of HCC™, In addition
to the effect of the chronic processes, there has been
implication that the core protein of HCV has the ability to
modulate gene transcription, cell proliferation, and cell
death associated in the development of HCC!*".,

Therapy for HCV has been evolving over the years,
and recently the introduction of new drugs, including
polymerase inhibitors such as sofosbuvir, have made
significant headway in controlling the virus. Sofosbuvir
is @ HCV NS5B polymerase inhibitor that acts against
HCV, and is used in conjunction most often with ribavirin
for genotype 2 and 3. In a randomized control trial
ribavirin and sofosbuvir combination therapy showed a
93% and 85% sustained virologic response in genotype
2 and 3, respectively™. Randomized trials looking at
double and triple therapy for genotype 1 showed that
ledipasvir-sofosbuvir with or without ribavirin showed >
95% sustained virologic responses™. Thus, drugs such
as sofosbuvir are changing the face of HCV therapy.

Alcohol is another common cause of cirrhosis globally,
making it a major risk factor for the development of
HCC. Alcohol consumption of 80 g/d or higher for more
than ten years is associated with a five-fold increase in
the development of HCC. In patients with HCV cirrhosis,
the use of alcohol nearly doubles the incidence of HCC
as compared to those who do not use alcohol™”. Alcohol
consumption is thought to increase oxidative stress due
to metabolism of the ethanol and inflammation, which
cause chronic changes in the liver leading to cirrhosis
and subsequent HCCM®. In addition the induction
of CYP2E1, a P450 cytochrome, related to alcohol
consumption generates reactive oxygen species leading
to carcinogenic consequences™.

In Western countries, much like alcohol, non-
alcoholic fatty liver disease (NAFLD) is a significant
cause of chronic liver disease. Unfortunately, obesity
rates have been increasing worldwide, and this has
become a problem as it increases all disease burdens
associated with being overweight, both cancer and non-
cancer related. NAFLD is the most common form of liver
disease in adults in the United States and has been an
increasing indication for liver transplantation as well.
NAFLD can be simply mild steatosis or can progress to
non-alcoholic steatohepatitis (NASH), which leads to
cirrhosis®®?.. It is concerning that NAFLD occurs in 90% of
obese patients and 70% of patients with type 2 diabetes
mellitus™".. In patients with NASH cirrhosis, the reported
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risk of developing HCC is as high as 12.8% over 3 years
which is alarming given the growing obesity epidemic
in both children and adults. The mechanism behind
the carcinogenicity of NASH is oxidative stress, insulin
resistance, adipocytokine disorder and hyperplasia®.
Cytokines such as interleukin-6 and tumor necrosis
factor and inflammation are also increased in NASH
leading to activation of STAT3, which is has been shown
to be an oncogenic transcription factor’®?!,

In addition to these more common etiologies, HCC
has been associated with increased exposure to aflatoxins
such as Aspergillus flavus and Aspergillus parasiticus
more commonly seen in Africa and Asia. Aflatoxins
contaminate corn, nuts, soybeans, and legumes. Studies
have shows that frequent p53 mutation maybe seen in
high aflatoxin exposure which may explain at least part
of the tumorigenesis!*®**.

Other forms of chronic liver diseases have been
associated with HCC such as hemochromatosis, here-
ditary tyrosinemia type I, alpha-1 antitrypsin deficiency,
as well as chronic Wilson’s disease™. There has been
contention regarding the implication of chronic Wilson’s
disease, however, without chelation therapy, there have
been reports of patients developing HCC?®,

DIAGNOSTICS

There are a multitude of diagnostic modalities available
to physicians that may aid in the diagnosis of HCC. The
technology has progressed over the years allowing the
diagnosis of small HCC's that would otherwise have
been missed using more conventional diagnostics.
First, patients at risk for HCC, which include non-
cirrhotic and cirrhotic HBV patients, chronic HCV, as
well as other patients with chronic liver disease and
cirrhosis, warrant screening. The American Association
for the Study of Liver Disease (AASLD) has created
guidelines for the screening of patients at risk for the
development of HCC. These were generated in order
to define a group of patients who would benefit from
screening modalities in a cost-effective manner. These
guidelines include patients who have a 1.5% chance of
developing HCC or higher while infected with HCV, or
a 0.2% chance with HBV infection. The HBV infected
patients who meet these criteria include Asian men over
the age of 40 years, Asian women over the age of 50
years, patients with HBV and cirrhosis, a family history
of HCC, and Africans. In addition, patients who have
HCV related cirrhosis, stage 4 primary biliary cirrhosis,
hemochromatosis, and alpha-1-antitrypsin related
cirrhosis should be screened as well®”,

In addition it should be noted that those infected
with HIV along with either HCV or HBV should be closely
monitored, as HCC tends to develop more readily and
rapidly in this population. Although these are not included
in any defined guidelines, this might become more
prevalent as the HIV population has much improved
outcomes and are living longer with the disease!®®*.

Ultrasound is universally the diagnostic choice for
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screening, as it remains cost-effective and benign to
patients™’!, Guidelines state that patients at high risk
for developing HCC as those mentioned above should
undergo surveillance with non-contrast enhanced
ultrasound every 6 mo®'., In the past, contrast enhanced
ultrasound was recommended however the increased
number of false positives have led this modality
being dropped recently from the diagnostic imaging
recommendations for HCC. Lesions that are less than a
centimeter should be followed up in 3 mo with repeat
ultrasound. If the lesion remains stable it should be
watched every 3 mo but if it enlarges, it should be worked
up with further imaging. For lesions 1 cm or greater
immediate follow up with multi-detector computed
tomography (MDCT) or magnetic resonance imaging
(MRI) is indicated. Arterial enhancement and delayed
phase washout suggests the diagnosis of HCC?*®,

Ultrasound alone has reported sensitivity of 58%-
89% and specificity over 90% depending on the
source**, Ultrasound itself does not subject the
patients to any contrast, which may be a concern for
many patients with underlying cirrhosis and concomitant
renal disease. The accuracy of ultrasound maybe
affected by underlying nodular cirrhosis which is present
in most of these chronically diseased liver patients!>>".,

There have been a number of studies that suggest the
use of combining alpha-fetoprotein (AFP) with ultrasound
as the method of choice for screening the patients at high
risk for developing HCC, however the AASLD has not
included this in their recommendations due to the lack of
sensitivity and specificity™. Sensitivity of AFP alone has
been reported to range from 25% to 65% for detecting
HCC as a screening tool, and continues to be debated in
its combination use with ultrasound™, AFP has, however,
been shown to be a poor prognostic factor when it
comes to liver transplantation and disease recurrence.
Values greater than 1000 mcg/L are associated with
high degree of HCC recurrence after transplantation,
and although may not be a contraindication, should be
heavily weighted while considering for transplant™’>®,

Multi-detector computed tomography (CT) scanning
remains a very useful tool in the diagnosis of HCC.
Advances over the last 10 years have seen CT scanners
become considerably faster while attempting to limit
the radiation dose. The sensitivity of MDCT is reported
at 81% as compared to 91% with MRI in a meta-
analysis of 15 comparative studies between MRI and
MDCT. The specificity of MDCT was 93% compared to
95% in the MRI group. CT scan does afford the ability
to perform three-dimensional reconstructions that may
help with operative planning which is an advantage over
MRI®?., Although a rare event, this mode of imaging
does however place patients at risk for contrast induced
nephropathy™’.

Although not included in standard diagnostic guide-
lines, modern advances show that perfusion CT scanning
may offer more information regarding liver hemo-
dynamics and blood flow directed toward tumors in the
liver™. This may become more useful as transarterial
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chemoembolization (TACE) is an evolving therapy for
HCC. It also may aid in treatment monitoring. Current
perfusion CT does, however, deliver a higher radiation
dose as well as lower resolution™™.

MRI has been used extensively in the diagnosis of
HCC and advances in imaging continue to improve its
diagnostic capability. The contrast most commonly used
for MRI is gadolinium-based; however newer contrasts
are more hepatocyte specific. Gadoxetate dimeglumine
is one of these newer agents used and has demonstrated
improvement in distinguishing small HCCs including
those less than 1 cm. It has also been shown to be
effective in distinguishing HCC vs benign liver lesions as
compared to other contrasts. Nearly half of this contrast
is taken up by hepatocytes and subsequently excreted
into the bile in comparison to roughly 5% by standard
gadobenate dimeglumine, which supports the improved
accuracy in diagnosing liver malignancies***. The use
of gadolinium based contrast agents should however
be used with caution in patients with renal failure given
the risk of nephrogenic systemic fibrosis which is a rare
disorder associated with fibrosis of the skin, joints, eyes,
as well as internal viscera™!. The other disadvantage to
MRI is the relatively long time it takes to complete the
study which maybe a challenge for critically ill transplant
candidates who need more detailed imaging before
listing for transplant.

Some newer non-imaging modalities for progno-
sticating HCC, once diagnosed, have been developed
over the last ten years, which may pave the way for a
tailored approach to treating this malignancy. They also
may define populations that either may benefit from
more aggressive therapies or a more conservative or
palliative approach. More recently microRNA expression
in HCC has become a possible prognosticating marker
for outcomes in HCC. Looking at HCC and benign liver
disease, Jiang et ai*®, found that miR-199a, miR-21, and
miR-301 all were expressed differentially in HCC tumors.
They specifically looked at expression of microRNA's and
found that patients could be potentially prognosticated
based on specific microRNA expression™*®*”,

Another study looking at gene expression in resected
HCC specimens identified 5 genes that could be used for
prognosticating HCC. These genes, HN1, RAN, RAMP3,
KRT19, and TAF9, were chosen based on correlations
with disease-specific survival (HR = 3.5; 95%CI:
1.9-6.6; P < 0.0001). This 5-gene score was found to
be associated with disease-specific survival, which upon
multivariate was independent of many of the tumor
features*®.

In addition to gene-score and micro-RNA, Kamiyama
et al**! evaluated N-glycosylation of glycoproteins in
regards to HCC. They analyzed 369 presumed curative
hepatectomies for HCC, and found that the G2890 and
G3560 N-glycans were associated with recurrence and
prognosis. In fact these two glycans were found to
correlate with tumor number, size, and vascular invasion.
These biomarkers maybe useful in prognosticating
resected patients in the future™*.
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THERAPY

Therapeutic options for HCC have grown considerably
over the last few decades. Initially resection was the
only option, but now transplantation has emerged as
an effective intervention as well as the growing number
of locoregional therapies which have been proven
quite effective. Rahman performed a large meta-
analysis looking at resection vs transplantation looking
at comparable early cirrhotic patients. This study
found that at 5 years there was a higher disease free
survival in patients undergoing transplantation (OR =
0.39; 95%CI: 0.24-0.63; P < 0.001) although similar
5-year overall survival. However, at 10-years this study
demonstrated a clear overall and disease-free survival
for patients undergoing liver transplantation. They did
however demonstrate a higher short-term mortality for
transplant patients™.

Resection remains the first line therapy in patients
who have preserved liver function and can be completely
resected. In patients with no underlying liver disease,
roughly 70%-80% of the hepatic parenchyma can
be resected safely due to the ability of the liver to
regenerate. Ratio of remnant liver volume to body
weight should be = 0.8% according to most literature
to avoid post-resection major complications including
post-resection liver failure®™*%. In cirrhotic patients it
is thought that only 60% of the parenchyma can be
resected leaving at a minimum 40% of functioning
livert>>>4,

CT volumetrics are used to help in planning
resection, however in cases where there is not enough
predicted remnant liver, portal vein embolization (PVE),
originally reported by Makuuchi et a** in 1990, may
be utilized to increase the predicted hepatic reserve
post-resection. Two-stage hepatectomies in which
patients undergo PVE have been compared to one-
stage hepatectomies by Schadde et af*®!, and showed
that they were comparable in outcomes. Two-stage
hepatectomy was developed over 10 years ago to
allow for more extensive RO resections while allowing
enough remnant liver. The groups were comparable and
no significant differences were seen in complications
with a relative risk of 0.9 (P = 0.79). There were also
no significant differences in post-resection liver failure
or mortality when comparing two-stage vs one-stage
hepatectomy. This technique has expanded the ability to
resect patients who would otherwise not be candidates
for resection®>®,

Unfortunately only 20%-30% of patients who
present with HCC are candidates for resection due to
either multifocal unresectable tumors or their underlying
chronic liver disease. In Western countries only 5% of
patients develop HCC without underlying liver disease
as compared to that of 40% of Asian countries®™®. In
well-selected candidates without chronic liver disease,
survival rates at 5 years approach 70% or higher with
surgical resection with margins greater than 1 cm and
tumors less than 5 cm™ . Furthermore, a randomized
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control trial showed that 2 cm margins show decreased
recurrence rate and improved survival when it comes to
solitary tumors™®".

Selecting patients with chronic liver disease for
resection remains a very difficult treatment decision
when planning therapy for HCC. Operative mortality
is increased in patients with cirrhosis as compared
with non-cirrhotics. Determining who is an adequate
candidate is difficult however. It is thought that Childs-
Pugh A patients are suitable candidates, however
these patients may also go into post resection failure,
unexpectedly. Both the Childs-Pugh scoring system and
model of end stage liver disease have been evaluated
to aid in the selection criteria for resection candidates,
however neither have been deemed reliable. When
evaluating patients in the office a platelet count of
100000 or less, a history of esophageal varices and
documented splenomegaly should be factored into the
equation regarding liver resection as they all suggest
significant portal hypertension. Furthermore, a hepatic
venous pressure gradient of greater than 10 mmHg
is also a poor prognostic factor for resection as it is
a sign of significant liver disease although is very
rarely available when initially working up a resection
candidate. In patients with underlying liver disease
a normal bilirubin, hepatic venous pressure gradient
< 10 mmHg, and a small isolated tumor (< 3 cm)
portends the best outcomes™®”. In patients who have
preserved liver function without cirrhosis, anatomic
resections should be performed if possible, as they have
been associated with improved outcomes. This may not
always be possible given certain locations of lesions as
well as the patients overall liver function'®?.,

More recently laparoscopic and even robotic liver
resections have become more common across the
world. Not every HCC is amenable to minimally invasive
approaches, but smaller, more peripheral lesions that
have some distance from major hepatic vasculature can
often be resected safely®®. Major hepatectomies in 210
patients were performed either completely laparoscopic
or hand-assisted and were described in one study
that included six major hepatobiliary centers across
the world. They reported both right and left formal
hepatectomies and converted only 12% of cases to
laparotomies. In addition to being able to be performed
safely, laparoscopic liver resections have been shown
to have less blood loss, in some studies less transfusion
requirements, less overall intravenous narcotic usage,
and decreased length of stay. In regards to HCC,
patients who eventually underwent liver transplantation
who had previous laparoscopic resection had shorter
hepatectomy and operative times, less blood loss, and
less blood transfusions as compared with those who
underwent open resection prior to transplant’®. In
addition to laparoscopic procedures, some centers are
performing robotic resections for a variety of cases from
segmentectomies to major hepatectomies. Most of the
comparative studies show similar blood loss in robotic
vs laparoscopic resection, with slightly longer operative
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times in the robotic groups but data is mixed™**”.,

Although minimally invasive resections have been shown
to be safe and have some benefit, these procedures
should be done concomitantly with laparoscopic ultra-
sonography and should only be done by surgeons with
vast laparoscopic and open experience.

Liver transplantation remains the mainstay therapy for
patients with Childs-Pugh class B and C or moderate and
severe cirrhosis with HCC, as well as those individuals
who have unresectable tumors within Milan or UCSF
criteria. The oncologic advantage to liver transplantation
includes the ability to completely remove all previously
identified tumors as well as any premalignant or non-
radiologically present tumor. HCC is frequently a
multifocal disease process, and often times patients are
found to have numerous small HCC’s upon explant of the
liver during liver transplantation that were not otherwise
seen on modemn-day advanced imaging'®. Initial results
were poor as compared to patients transplanted for non-
malignant liver disease, but in 1996 the Milan group
defined a group of patients who could achieve excellent
survival of 75% at four years. The group initially defined
the Milan Criteria as single tumor < 5 cm, three lesions
or less with none greater than 3 cm, with no distant
metastasis, lymph node involvement, or lymphovascular
invasion™, Since then, groups have expanded their
criteria for transplant showing that good outcomes can
be achieved. The UCSF criteria was based off their study
in 2001 which showed a 75% survival at 5 years, and
includes a single tumor < 6.5 cm, three or fewer tumors
all < 4.5 cm with a total tumor diameter of < 8 cm.
Patients outside the UCSF criteria had less than a 30% 5
year survival rate®”,

In addition to the Milan and UCSF criteria, the
Barcelona Clinic Liver Cancer Group created criteria
including: 1 tumor < 7 cm, 3 tumors < 5 cm, 5 tumors <
3 cm, or down-staging to Milan criteria with pretransplant
adjuvant therapies. They achieved excellent results
with these expanded criteria with over 50% 5-year
survival”®”?, The Hangzhou group created a criteria as
well consisting of total tumor diameter less < 8 cm; total
tumor diameter more than 8 cm, with histopathologic
grade I or II and preoperative AFP level less than or
equal to 400 ng/mL, simultaneously. With these criteria
they achieved a 71% 5-year overall survival”. The
European Metro Group created the Metroticket criteria,
which consists of nodule size plus tumor number <
7 and they also, achieved a 71% 5-year survival as
well"+71,

Liver transplantation and resection are both curative
approaches to HCC, however in comparable patient
populations, transplantation has been shown to increase
recurrence-free survival as compared with liver resection.
In one study, even outside of the Milan criteria there was
a trend toward improved survival in liver transplantation
although not statistically significant. This study had a
51.5% recurrence rate in liver resection as compared
with only 29.5% in the transplant group (P < 0.001).
Of note patients who were in the resection group were
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primarily Child’s class A cirrhotics with only 13.1% being
Child’s class B. The rational behind transplantation being
a superior treatment in these cirrhotic patients is that
one has their tumor eradicated and cirrhosis is cured as
well”®,

Although results have improved over the years
making transplant an excellent option for those with HCC
and significant liver disease, lifelong immunosuppression
has its drawbacks, including infection, renal failure,
diabetes, neurotoxicity, amongst many more. Over
the history of liver transplantation for HCC, immuno-
suppression has improved significantly. The introduction
of mTOR inhibitors for immunosuppression such as
rapamycin, also known as sirolimus, which is thought
to have anti-tumor properties related to its ability to
decrease cell proliferation and angiogenesis. Some
studies suggest better survival without major differences
in complications in HCC patients who underwent liver
transplantation, although further studies are necessary to
further validate this treatment modality””’®.

Tumor biology is an important part in the outcomes
after liver transplantation, however often times is
unavailable at time selection of transplant candidacy.
There is a reported incidence of 3% of seeding biopsy
tracts, making biopsy undesirable in many cases espe-
cially given the accuracy of present imaging modalities'”’.
Poor differentiation and lymphovascular invasion are
both poor predictive markers for outcomes following
OLT, however these factors are not always available for
transplant patient selection. As mentioned above, most
criteria for HCC in liver transplantation are based on size
and number of tumors, however there is evidence that
poor differentiation predicts higher rate of recurrence
than being outside the Milan criteria®®”.

In addition to tumor biology AFP and protein-induced
vitamin k absence or antagonist II have been shown to
be markers in the prognosis of HCC but results have been
variable®!, The combination of markers is associated
with tumor recurrence and worsened survival after any
treatments for HCC, and might be useful in monitoring
for recurrence. This combination may also be used in
some settings to predict treatment outcomes in certain
groups of patients undergoing local therapies such as
ablation or TACE®?,

It is also important to note that patients who are
outside of criteria for liver transplant candidacy maybe
down-staged. Resection in many of these cirrhotic
patients is not an option, but locoregional therapy
allows destruction of focal lesions without much damage
to the uninvolved liver parenchyma. Many options are
available to physicians including percutaneous ethanol
injection (PEI) with 95% ethanol or 50% acetic acid
(PAI), radiofrequency ablation (RFA), TACE, transarterial
radioembolization (TARE). Many of these methods
have been used in the attempted down staging of HCC
for liver transplantation, and results have shown that
response to these therapies may predict post-transplant
outcomes. When successful, these therapies may induce
complete tumor necrosis, and are associated with better
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recurrence free survival. In the more advanced tumor
populations with stage II/IV HCC, the small group
of patients down-staged to within Milan had similar
survival to those with lesser-advanced tumors'®?,

The use of locoregional therapies is very effective in
down staging, and disease control for liver transplantation,
but also has a role outside transplantation. Given the
multitude of therapies it is important to be educated
to know what modality should be used in each specific
situation. In patients who are not candidates for curative
measures including liver transplantation and surgical
resection, percutaneous ablation is the best therapeutic
option in small tumors less than 3 cm. There are a
host of ways to approach ablation, usually done under
ultrasound guidance, including those mentioned above
such as injection of alcohol, acetic acid, microwaves,
laser, cryoablation, and the most commonly used
radiofrequency™®*.

Percutaneous ethanol injection has limited use,
as it often does not perform well in setting of fibrosis
and with larger tumors. This method is relatively low
cost, however often times requires multiple treatment
sessions with relatively poor outcomes in tumors
greater than 2 cm. In small tumors less than 2 cm there
are reports of complete tumor response. The approach
of percutaneous RFA has been used however with more
success in numerous studies, and the rational is that this
method delivers a thermal energy insult to the tumor
and a small area of non-tumor hepatic parenchyma
which may induce necrosis of small satellite lesions
not seen on imaging. A meta-analysis looking at the
comparison of RFA and PEI, demonstrated statistically
significant improved overall survival in the RFA group
with OR of 2.32 as compared with 1.92 in the PEI
group™. In addition, RFA was associated with a greater
rate of complete tumor response, decreased number
of treatments, and decreased local recurrence®. RFA
is recommended for tumors << 3 cm with up to three
lesions treated simultaneously, a single lesion < 5 cm
who are not surgical candidates, and can be used in
both Child-Pugh Class A and B liver disease relatively
safely. These modalities must be monitored as recurrent
or inadequately treated tumors maybe retreated, and
recommendations are to re-image with MDCT or MRI
within 1 mo®™®”.

Percutaneous ablation has become a frequently used
and extremely effective modality for patients who either
need to be down-staged or who are not candidates for
transplant or resection; however, its use in larger tumors
has been unsuccessful. TACE is the treatment of choice
in larger and later staged tumors. The rational behind
its use is that after the initial stage of HCC when the
blood supply comes from the portal vein, the hepatic
artery becomes the main feeder to the tumor. This
procedure requires percutaneous access to the arterial
system, and subsequent access to the hepatic artery
and ultimately in the segmental branches to deliver
treatment directly to the tumor limiting damage to
surrounding normal hepatic parenchyma. The catheter
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directed therapy delivers chemotherapeutics such as
doxorubicin, mitomycin-C, cisplatin, amongst others and
then uses vascular embolization material to cease blood
flow and induce cellular injury to the tumor®. Unlike
RFA, which has shown fairly consistent results, TACE
has shown variable results with some studies showing
limited benefit as compared to supportive therapies.
This treatment modality has been shown to have higher
morbidity from the ischemic insult, which places patients
with more advanced liver disease at higher risk of post-
procedure liver failure. The general recommendations for
the use of TACE is for lesions < than 8 cm, > 3 lesions,
with no evidence of extrahepatic extension or lymph
node involvement, and with patients with relatively
preserved liver function including Child-Pugh Class A and
B liver disease. Mortality from this procedure is reported
at less than 2% assuming appropriate candidacy of
patients™*,

More recently the use of TACE with drug eluting
beads (DEB) has been utilized with some improved side-
effect profiles and perhaps a trend toward improved
outcomes as compared to TACE alone in more advanced
liver disease. The beads allow for the controlled release
of the chemotherapeutic agents over a one-week
period creating a longer tumor treatment period as well
as also increasing local drug concentrations. Studies
have demonstrated increased tumor concentration
of the chemotherapeutics and decreased systemic
concentrations, subsequently decreasing both liver
toxicity and cardiac toxicity with the use TACE with DEB
as compared to TACE alone®®!, The use of TACE with
DEB maybe better suited in patients who have more
advanced liver disease and are borderline candidates for
TACE alone.

Unlike the therapies mentioned so far, external beam
radiation has little role in the treatment of HCC due to its
toxic effect on the diseased liver. There have, however,
been major advances with the use of TARE with the
use of microspheres coated with Yttrium-90 (Ys0). Yoo is
delivered to the tumor much like the chemotherapeutics
distributed in TACE, allowing for localized radiation
therapy limiting subsequent hepatic toxicity as compared
to external beam radiation. Distribution of Y is a form
of brachytherapy that allows for internal radiation of the
tumor alone, permitting for higher doses of radiation
than standard external beam doses®!. In addition, this
modality has been shown to be safe in patients who
have portal vein thrombosis (PVT) with no significant
increases in post treatment liver failure, however there
was a significantly decreased median survival for
patients with PVT as compared to those without™®”),

Although, no large randomized control trials are
completed, there have been comparative studies
looking at TARE vs TACE with a trend toward higher
treatment response in the TARE group at 49% vs 35%
(P = 0.052), and significant increase in time to disease
progression at 13.3 mo compared with 8.4 mo, in the
TARE and TACE groups, respectively. Much like other
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therapies, abdominal imaging with CT or MRI should be
done to evaluate efficacy of treatment®®>**,

CHEMOTHERAPY

HCC has been known as one of the most chemo-
resistant tumors encountered by physicians all over the
world. Many agents have been attempted yet with little
tumor response and survival benefit. Currently sorafenib
is the only drug recommended in the treatment of HCC.
Sorafenib is a multi-tyrosine kinase inhibitor used in the
treatment of a number of cancers but has time and time
again shown improved outcomes in HCC. It functions
to inhibit Raf-1 and B-Raf serine-threonine kinases, and
receptors of tyrosine kinases of vascular endothelial
growth factor receptors 1, 2, 3, and platelet derive
growth factor receptor-. The means by which this drug
works is that via these pathways, it inhibits tumor-cell
proliferation and angiogenesis, while increasing rate of
apoptosis. The SHARP trial was a randomized double-
blind, placebo controlled trial which showed a median
time to radiologic progression of 5.5 mo in the sorafenib
arm and 2.8 mo in the placebo arm. The median survival
demonstrated a survival advantage in the sorafenib
group as compared to the placebo group at 10.7 mo and
7.9 mo respectively (P < 0.001)"%,

Sorafenib has also been studied looking at adjuvant
therapy in high-risk patients undergoing liver trans-
plantation. A retrospective review looked at a small
group of patients who underwent post-OLT sorafenib
therapy suggesting its safety and potential benefit in
regards to HCC recurrence and extending disease free
and overall survival in high-risk transplant recipients®™"..
Yoon et al® also looked at a small number of patients
who were treated with sorafenib post-OLT and found
similar results, although prospective data, which is
ongoing, is required to determine the true potential
benefit.

CONCLUSION

The incidence of HCC has been increasing worldwide,
and despite a multitude of diagnostics, established
treatment modalities, and new innovative viral therapies
and prophylaxis, it still remains an aggressive tumor
and one of the more common causes of cancer related-
death. However, with advanced surgical techniques
including resection, liver transplantation, and percu-
taneous interventions, this malignancy can be cured
in appropriately selected patients. The hope is that
with new innovative therapies being developed for
HCV, the incidence of HCV related HCC might decline,
however we must educate western societies regarding
weight reduction as the increasing degree of obesity
and subsequent development of NASH will continue to
increase HCC incidence. With the continuing advancement
of newer imaging modalities, pathologic studies, surgical
approaches, and improved patient selection, there is
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optimism to improve outcomes for this deadly disease.
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Abstract

Hepatocellular carcinoma (HCC) is the most common
liver-derived malignancy with a high fatality rate. Risk
factors for the development of HCC have been identified
and are clearly described. However, due to the lack
of tumor-specific symptoms, HCC are diagnosed at
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progressed tumor stages in most patients, and thus
curative therapeutic options are limited. The focus of
this review is on surgical therapeutic options which can
be offered to patients with HCC with special regard
to recent findings, not exclusively focused on surgical
therapy, but also to other treatment modalities. Further,
potential promising future perspectives for the treatment
of HCC are discussed.

Key words: Hepatocellular carcinoma; Surgical therapy;
Interventional therapy; Multimodal treatment; Extended
indications
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Core tip: This review presents an overview on most
important knowledge on hepatocellular carcinoma (HCC)
for surgeons and describes the common surgical and
non-surgical therapeutic options for the treatment of
HCC. Further, a perspective on novel aspect and future
decision aids is given.
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EPIDEMIOLOGY

Hepatocellular carcinoma (HCC) is a very common
malignant disease with more than 700000 new patients
diagnosed per year. Interestingly, the incidence of HCC
varies relevantly throughout the world. Whereas HCC
is a very common malignant disease in sub-Saharan
Africa, and central and south-east Asia with incidence
rates of 20-47/100000 habitants, the incidence of
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HCC is comparably low in developed western countries
(incidence rate 2-6/100000 habitants)™*, However,
diagnosis of HCC is continuously increasing in the
developed countries throughout the past decades™.
There are data from the United States showing a tripling
of HCC incidence during the recent 30 years'™. Reasons
for this increase are multifactorial as follows. Besides an
increasing incidence of chronic hepatitis C in developed
countries, improved treatment of liver cirrhosis and
cirrhosis-associated complications causes a longer
survival of these patients with consequently a longer
possible time period to develop HCC in the cirrhotic liver.
Furthermore, screening programs for patients at risk
increase the rate of newly diagnosed HCC.

When analyzing the incidence-to-mortality ratio, HCC
is the second most common cause of cancer-related
death. In 2012, 782000 new cases and 746000 deaths
due to HCC are reported worldwide™?!, Risk factors for
the development of HCC are well known and clearly
described. The major risk factor for development of
HCC is liver cirrhosis: 80%-90% of patients autopsied
for HCC display signs of cirrhosis™. Most common
causes for cirrhosis and subsequent HCC are chronic
infections with hepatitis B virus (HBV) and HCV'®,
chronic alcoholic liver disease, and increasingly non-
alcoholic fatty liver disease'. According to Parkin et af®,
more than 50% of HCC are associated to HBV infection
worldwide. Interestingly, in case of HBV infection,
development of cirrhosis is not a prerequisite for the
development of HCC, as there are up to 29% of cases of
spontaneous HCC in non-cirrhotic HBV-infected livers™”®.,
Furthermore, in patients with HCV infection, HCC is
not exclusively based on HCV-associated cirrhosis,
as up to 54% of patients can develop HCC without
having cirrhosis®®. The risk to develop HCC in alcoholic
liver disease has also been clearly demonstrated to be
relevantly elevated for daily ingestion of more than 60 g
alcohol™!. Hereditary liver diseases, such as Wilson'’s
disease, hemochromatosis, alpha-1-antitrypsin defi-
ciency, or autoimmune hepatitis play a minor role in
the development of HCC. Interestingly, the geographic
distribution of underlying diseases and risk factors for
development of HCC varies, and also gender, and ethnic
group display differences in the distribution of risk
factors!”.

DIAGNOSTICS

As classical tumor-associated symptoms are lacking,
patients at risk with known chronic viral hepatitis
benefit from screening and surveillance programs as
recommended by the American Association for the
Study of Liver Diseases and European Association for
the Study of the Liver (EASL)-European Organization
for Research and Treatment of Cancer (EORTC) practice
guidelines™*?), The aims of surveillance programs
are to detect HCC at early stages, enable the patient
to obtain curative treatment, and thus reduce HCC-
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associated mortality. Actual EASL-EORTC Clinical Practice
Guidelines recommend abdominal ultrasound every
6 mo in patients at risk™?. Despite the advantage of
cost-effectiveness and non-invasiveness, ultrasound
has the disadvantage to be investigator-dependent,
which compromises sensitivity. Thus, for dubious
findings, additional diagnostics, such as contrast-
enhanced ultrasound, computed tomography (CT) and
magnetic resonance imaging offer examination tools
investigating contrast agent dynamics in suspected
nodules. HCC are classically characterized by an arterial
hypervascularisation, thus showing typical hyperintense
contrast agent accumulation in early arterial imaging
phase and a washout phenomenon in portal venous
imaging phase®. The significance for contrast enhanced
ultrasound is uncertain according to the clinical practice
guidelines, and nuclear imaging (PET-CT) in not
appropriate for early diagnosis of HCC. Diagnosis of
HCC is accepted if at least two complementary imaging
techniques show classical features of HCC or HCC is
proven by biopsy. This consensus is reflected by the
Eurotransplant criteria for exceptional MELD application
for HCC. Tumor markers are not recommended for
screening routine due to the lack of sensitivity and the
fact that especially early HCC do not express alpha-
fetoprotein (AFP) in up to 40% of the cases!**',
Sensitivity and specificity of AFP are dependent on
AFP serum levels™. According to the current EASL-
EORTC and European Society for Medical Oncology
clinical practice guidelines, AFP levels > 400 ng/mL
are accepted to prove HCC!'**®l, Furthermore, AFP
can be used as a progression parameter in case of
AFP-expressing HCC after treatment, although serum
AFP levels do not correlate with tumor size or tumor
stage. Thus, the extent of AFP level does not allow any
conclusions on the presence of metastases or vascular

invasion, which might be helpful for the surgeon™”.

PROGNOSIS

Prognosis for patients with HCC basically depends on the
tumor stage at the time point of diagnosis, as defined
by the barcelona clinic liver cancer (BCLC) classification
system, as well as the fact whether the tumor is treated
or not. The BCLC classification system stratifies HCC
according to patients performance status, tumor size
and number of nodules, tumor Okuda stage, and the
presence or absence of liver function impairment and
portal hypertension, and degree of cirrhosis as stratified
by Child-Pugh score!'®. Cabibbo et a/'*®! recently
reported outcome data from 320 patients with untreated
HCC at different BCLC stages. Median survival in the
entire cohort was 6.8 mo, whereas median survival rates
ranged from 1.8 (BCLC D) to 33 mo (BCLC A). These
data underline impressively the necessity for screening
programs for patients at risk, since late diagnosis of
HCC is associated with a very poor prognosis for these

patients.
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!

l
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Very early stage 0
single < 2 cm, Cis

multinodu

Intermediate stage B
lar, PST 0

Advanced stage C
portal invasion, N1, M1, PST 1-2
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Resection LTx RFA/PEI

TACE

Sorafenib

‘ Best supportive care

Figure 1 Flow chart displaying the recommended treatment according to the barcelona clinic liver cancer tumor stage (adapted from European
Association for the Study of the Liver-European Organization for Research and Treatment of Cancer Clinical Practice Guidelines). CP: Child-Pugh; HCC:
Hepatocellular carcinoma; PST: Performance status; Cis: Carcinoma in situ; LTx: Liver transplantation; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol

injection; TACE: Transarterial chemoembolization.

TREATMENT MODALITIES

In general, treatment of patients with HCC is a
multidisciplinary therapy approach. There are manifold
treatment options which can be offered to our patients
with HCC. The EASL-EORTC guidelines present a
treatment algorithm which therapy is recommended to
which patient, taking into account patient’s performance
status, Child-Pugh stage, as well as tumor diameter
and number of nodules (Figure 1) as given by the
BCLC status™**®!, According to this recommendation,
surgical approach for HCC is restricted to very early
stages of HCC, j.e., singular tumors with a diameter <
2 cm, and early stage HCC, i.e., either a single tumor
< 5 cm or 3 nodules each < 3 cm (Milan criteria®).
For patients with contraindications for liver surgery
or transplantation, thus considered not suitable for a
surgical approach, should be treated with non-surgical
procedures, i.e., local ablative therapies, intravascular
embolizing approaches, or palliative chemotherapy.
Also, according to the guidelines, patients with advanced
stages of HCC are considered not to profit from surgical
resection of their respective tumor. The decision for the
most suitable and success-promising approach for the
respective patient must be defined in multidisciplinary
tumor boards in which representatives of all specialist
departments involved in HCC therapy including expe-
rienced hepatobiliary surgeons must be present.
However, the restriction of surgery to very early and
early stages of HCC is increasingly challenged with
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increasing evidence for broadening the indication for
surgery.

Best supportive care

As previously stated, expected survival for patients
with advanced and terminal stage of HCC is very short,
so that some patients actively decide not to undergo
any palliative therapy due to their very limited life
expectancy. For these patients, best supportive care and
help through an ambulatory palliative care institution is
reasonable, since patients lose relevant life expectancy
under a palliative setting without any HCC-directed
treatment™*?, Unfortunately, there are no data available
on the benefit of best supportive care for these patients
who decline any palliative treatment option. However,
it is known that quality of life (QoL) is an independent
predictor for survival in HCC patients™®®, and thus it is
conceivable that QoL improvement for these patients
might be an effective strategy to optimize life expectancy
without any tumor-directed intervention.

Systemic chemotherapy

So far, there have been many efforts to develop effective
drug treatment for HCC, either in the adjuvant setting
after surgical tumor removal by liver resection or
transplantation, or in the palliative setting. Unfortunately,
there are no really seminal pharmacological approaches
available, yet. The sole drug which has found the way into
clinical practice is the multi-kinase inhibitor sorafenib®®***!,
In the setting of advanced or unresectable HCC, sorafenib
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has been demonstrated to prolong median survival from
7.9 to 10.7 mo and median time to progression from
2.8 to 5.5 mo, respectively. Unfortunately, sorafenib
treatment is recommended to patients with Child-
Pugh A and stable B cirrhosis only®®®, and is associated
with distinct side effects. In particular gastrointestinal
side effects, hemorrhages, exanthema, hand-foot-
syndrome, and cardio-vascular symptoms, which often
lead to treatment discontinuation or dose reduction are
common'®”, For patients with advanced cirrhosis (Child-
Pugh C), sorafenib therapy is not recommended due
to the limited life expectancy caused by the cirrhosis
stage, a lack of evidence concerning efficacy of sorafenib
treatment in this patient subgroup, and to avoid severe
side effects following impaired hepatic drug metabolism.
In case of sorafenib treatment failure, oxaliplatin-based
treatment regimens have been demonstrated to be a
suitable second-line chemotherapy achieving progression
free survival and overall survival of 4.2 and 9.3 mo,
respectively, with an acceptable rate of side effects™®*,
Furthermore, numerous clinical trials have investigated
the use of a variety of tyrosine kinase inhibitors, mTOR
inhibitors, VEGF receptor-, FGF receptor-, and PDGF-
receptor-blocking multikinase tyrosine kinase inhibitors,
as well as classical chemotherapeutic drugs, such as,
e.g., doxorubicin. Unfortunately, none of these trials has
demonstrated a striking effect in a palliative or adjuvant
treatment setting®>*", Despite the proven effect in the
palliative setting, adjuvant systemic chemotherapy
with sorafenib after liver resection for HCC showed
no beneficial effects on recurrence-free survival in the
current randomized, double-blind, placebo-controlled
STORM-trial (NCT0069277)". However, there are some
promising results that interferon might improve overall
and recurrence-free survival in the adjuvant setting™*>*.
But interferon therapy is also accompanied by a variety
of side effects such as flu-like symptoms, fever, fatigue,
myalgia, and cephalgia, which might limit the suitability
of this treatment option in many patients. In conclusion,
there is actually no drug for adjuvant treatment after
surgical tumor resection.

Percutaneous interventions (radio frequency ablation,
laser-induced thermo therapy, cryo, percutaneous
ethanol injection, microwave ablation)

According to the BCLC treatment algorithm, percuta-
neous tumor destruction by radio frequency ablation
(RFA), or percutaneous ethanol injection (PEI) is
indicated for early stages of HCC in patients which are
not suitable for liver resection or liver transplantation™.
Other percutaneous ablative techniques, such as
laser-induced thermo therapy (LITT), cryotherapy,
and microwave ablation (MWA) are actually not
recommended in the EASL-EORTC clinical practice
guidelines. This fact is due to the novelty of some of
these techniques, with a consequent lack of evidence
for the use and comparability of these techniques to the
established and recommended techniques. However,
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these techniques will be presented briefly in the
followings.

RFA: RFA is the most frequently used approach to
destroy intrahepatic tumor masses with a diameter up
to 5 cm by application of thermal energy into the tumor
to induce thermal tumor necrosis. It is recommended
by the EASL-EORTC guidelines for early-stages of
HCC in patients who are not eligible for surgery or
transplantation. According to an actual systematic
Cochrane Database review™!, there is moderate
evidence, that RFA is superior to percutaneous ethanol
injection™, but inferior to hepatic resection of HCC!*’~>#!
with regard to recurrence-free and overall survival.
In contrast, RFA is superior to hepatic resection with
regard to procedure-related complications due to the
less invasive character of the procedure®®. Besides
definite treatment of HCC in patients who are not
eligible for surgery or liver transplantation, RFA can be
performed both percutaneously and with a laparoscopic
approach. RFA is a major bridging therapy option for
patients on the waiting list for liver transplantation.
Due to the very limited approach during RFA, this
procedure can be performed repeatedly without causing
severe intraabdominal adhesions, and thus RFA does
not complicate subsequent liver transplantation™®.
Additionally, Huang et al*" could demonstrate in a non-
randomized prospective parallel cohort study comparing
RFA and liver resection for small HCC < 2 cm, that RFA
is well tolerated by patients, and impairs health-related
quality of life significantly less than liver resection.

LITT: LITT plays obviously only a minor role, since
there is only one actual large report on LITT experience
in 113 HCC patients reporting both an excellent tumor
response in small lesions < 2 cm after a single LITT
treatment, and also in larger tumors up to 5 cm after
repeated LITT sessions, with favorable 5-year survival
rates of 30%!'*?, Besides this report, there are only
few publications with small patient cohorts using LITT
for treatment of HCC. Randomized studies comparing
different ablation techniques are missing in the
literature. Thus, LITT seems to play a minor role among
the percutaneous intervention options when compared
to RFA or PEI.

Cryotherapy: The evidence for the use of cryotherapy
for treatment of HCC is limited. There is only one
systematic Cochrane Database review by Awad et
al**, who finish their analysis with a quite ambiguous
conclusion, in that there is not enough evidence so far
in favor or against cryotherapy™. However, there are
some single center reports in the literature reporting
excellent, size-dependent tumor ablation rates and
even 10-year survival rates of approximately 9% in
patients with cirrhosis-based HCC™** with acceptably low
procedure-related complication rates***', Interestingly,
tumor response to cryotherapy as assessed by the
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modified Response Evaluation Criteria in Solid Tumors
criteria®® has been demonstrated to be an independent
predictor of overall survival for HCC*\. However, in
contrast to the use of cryotherapy for the treatment
of colorectal liver metastases®®, cryotherapy is not
used routinely for the treatment of unresectable HCC.
The main reason for this is certainly the advanced and
expensive technique with multiple possible pitfalls due
to the use of liquid nitrogen. To the author’s knowledge,
there is also no ongoing trial comparing cryotherapy
to the established interventional procedures. Thus,
evidence in favor or against the use of cryotherapy will
be owing, and some authors even expect an end of the
use of cryotherapy™®. In contrast, as stated by Awad et
al*¥, evidence is insufficient “to recommend or refute
cryotherapy” to patients with HCC™*, and indication
for cryotherapy is finally based on the experience and
expertise of the respective treating physician.

PEI: PEI is an alternative very low-priced method
to apply pure ethanol directly to the targeted tumor.
However, the efficacy of this method is limited by the
fact that ethanol spread within the tumor tissue might
be altered by septa or a tumor capsule and equable
ethanol distribution within the tumor is not warranted.
In two recent studies from eastern Asia, PEI has been
demonstrated to achieve inferior results compared to
RFAP**% which might be attributable to an inferior rate
of tumor response (or vice versa increased treatment
failure) using PEI and thus resulting in decreased
survival rates™. Accordingly, in the EASL-EORTC guide-
lines, PEI is recommended for small HCCs (BCLC 0 or
A), and especially in cases of larger tumors up to 5 cm
when RFA is not feasible due to technical reasons, as,
e.g., subcapsular tumor localization or adjacent to the
gallbladder, to large vessels or the hepatic hilum™>",

MWA: According to the actual EASL-EORTC guidelines,
microwave ablation is not generally recommended
and remains to be evaluated. The advantage of MWA
compared to RFA is that treatment efficacy is affected
in a lesser degree by the cooling effect of large blood
vessels located in the proximity of the ablation area.
Recently, Zhang et a/®® demonstrated comparable
results for MWA and RFA with regard to overall survival,
local progression, and the degree of local tumor ablation
for HCC < 3 cmP?. Additionally, MWA shows the same
frequency of post-ablation syndrome, i.e., occurrence of
low-grade fever, nausea, vomiting, malaise, and post-
interventional pain®” as RFA®". In an actual multicenter
study, Groeschl et a/'**! demonstrated excellent
complete tumor ablation rates of approximately 94% as
assessed by histology after resection of the respective
pre-treated tumors, with a reported median recurrence-
free survival of 25 mo. Taking into account, that MWA
is by far more cost-effective compared to RFA®®, and is
associated with a low complication rate of approximately
11%"™”, MWA might be a promising alternative ablative
technique, which even might replace RFA as standard
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treatment for unresectable HCC. From the surgical point
of view, MWA seems not to have relevant influence
on complication rate after resection of the MWA pre-
treated HCCP, but so far there are too few data to
state whether neo-adjuvant MWA prior to HCC resection
is really a suitable approach and will be of benefit for
the patients. Equally, there is no evidence yet, whether
MWA or RFA is superior in a neo-adjuvant setting with
regard to overall and recurrence-free survival, as well
as resection-related morbidity. This remains to be
elucidated in prospective, randomized trials.

Intravascular approaches (transarterial
chemoembolization, selective internal radiotherapy)
According to the EASL-EORTC guidelines, transarterial
chemoembolization (TACE) is recommended for inter-
mediate stages of HCC'*?. In contrast, selective internal
radiotherapy (SIRT; synonymous: radioembolization) is
a comparatively novel approach for intravascular tumor-
directed therapy, which can also be used for intra-
vascular treatment of HCC. SIRT is not recommended
in the EASL-EORTC-guidelines, due to the lack of data
from randomized clinical trials comparing SIRT and
TACE in intermediate stages of HCC.

TACE: The rationale for TACE is, that intrahepatic
malignancies and especially HCC are almost exclusively
nourished via the hepato-arterial vasculature. Conse-
quently, a catheter device is placed via femoral artery
into the tumor-supplying branch of the proper hepatic
artery, and a combination of high-dose chemotherapy
and vessel occluding agents are applied selectively to
the tumor area, whereas non-tumorous liver areas
remain basically unaffected. As reviewed by Marelli et
al®®, a huge variety of chemotherapeutic drugs is used,
whereas doxorubicin is the most common agent. This
chemotherapeutic drug is usually applied in combination
with lipiodol as a carrier which offers the beneficial
effect that is can be visualized by X-rays, and persists
for several weeks in the liver after administration’.
Also for vessel occlusion, a variety of embolization
agents is available, whereas gelatin sponge particles,
and polyvinyl alcohol particles are the most commonly
used embolizing agents™®,

Besides its recommendation in the EASL-EORTC
guidelines for treatment of intermediate stage HCC,
TACE is also widely used as a palliative treatment
approach. Interestingly, according to a recent Cochrane
Database review, there is no evidence for the use of
TACE for treatment of unresectable HCC'®*®!!. However,
due to overall heterogenous data from retrospective,
and also prospective studies and the previously
demonstrated capacity of TACE to prolong survival for
patients with unresectable HCC in two randomized
clinical trials®*®®! as well as some older reviews®*%,
TACE has been included in the EASL-EORTC guidelines
and still represents the golden treatment standard
for patients with unresectable intermediate stages of
HCC according to the BCLC staging algorithm™. The
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recently published Canadian clinical recommendations
also state that TACE probably provides benefit and thus
also recommend TACE for patients with intermediate
stages of HCC®®!,

Furthermore, TACE is used regularly as a bridging
therapy for patients with HCC on the waiting list for
liver transplantation. However, there is no distinct
evidence for the effectiveness of TACE to prevent patient
drop-out from waiting list during the waiting time for
transplantation'®”’ and to improve post-transplant overall
and recurrence-free survival®®®!, There is also evidence,
that response of HCC to pre-transplant TACE can be an
indicator for favorable outcome after liver transplantation
with regard to delayed tumor recurrence”. In a study
by Sotiropoulos et al’™, TACE even failed to reproducibly
down-stage multifocal HCC or to induce entire tumor
necrosis, and provided at best an “acceptable” tumor
control””. However, the same group demonstrated, that
response to TACE and TACE-induced complete tumor
necrosis at the time point of liver transplantation is
associated with a very low recurrence rate and improved
survival after liver transplantation®®”? thus establishing
an indication for pre-transplant TACE. At least, TACE
can be safely performed in patients with cirrhosis
and hyperbilirubinemia who are on the waiting list for
liver transplantation”” without increasing the risk for
complications during transplantation.

TACE has also been investigated as a neoadjuvant
treatment option prior to liver resection for resectable
HCC. There is one actual meta-analysis that demonstrates
that preoperative TACE does not effectively influence
postoperative overall and recurrence-free survival
respectively. Furthermore, preoperative TACE has no
effect on intra- or extrahepatic tumor recurrence, and is
therefore not recommended as a preoperative strategy
for resectable HCC%. Interestingly, there are some
reports that adjuvant TACE, i.e., after curative resection
of HCC might offer benefits with regard to disease-free
and overall survival”',

SIRT: In contrast to TACE, SIRT uses Yttrium 90 (*°Y)-
loaded glass microspheres which are applied via a
trans-arterial catheter system into the tumor supplying
arterial vasculature. *°Y decays to zirconium (*°Zr) with
a physical half-life of approximately 65 h. During this
decay process, an average energy of approximately
0.94MeV is emitted. °Y is a pure f radiation emitter.
The corresponding B radiation penetrates into the
surrounding tissue with a depth of a maximum of 11
mm, leading to tissue destruction and fibrosis®,

So far, SIRT has not been widely used for the
treatment of resectable or unresectable HCC. There
are only very few studies investigating the potential
beneficial effect of this treatment modality. There is
a very recent review article by Sangro et al’”!, who
compared published outcome data from patients after
SIRT for unresectable HCC. When comparing treatment
efficacy of SIRT to TACE or systemic sorafenib
therapy, median overall survival rates are comparably
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between SIRT and the other treatment modality,
respectively, especially for intermediate or advanced
stages of HCC"®), SIRT has been reported to be a safe
treatment option with a frequency of the so-called post-
radioembolization syndrome (fatigue, nausea, vomiting,
anorexia, fever, abdominal pain) of 20%-55%"°.
However, large prospective trials comparing SIRT vs
TACE are lacking, yet, and also cost-effectiveness
analyses for *°Y radioembolization are lacking”®'. Besides
its use as a definite treatment option for patients with
otherwise non-resectable HCC, SIRT has also been used
as a bridging therapy prior to liver transplantation®®®”,
The emerging role of SIRT, both as a definite treatment
modality as well as a curative or a bridging therapy
option has been elaborated in detail in a review article
by Lau et af®". The authors also admit, that evidence
for the use of SIRT in the respective intention is quite
low, due to the short time of investigation so far and the
scarcity of studies investigating a potential role of SIRT
in concurrence to established treatment modalities for
HCC patients. However, in a recent study by El Fouly et
al®, SIRT has shown equivalent survival probabilities,
less hospitalizations, less treatment sessions and a
lower complication rate in patients with intermediate
stage B of HCC when compared to TACE®?,

Radiotherapy

Whereas radiotherapy for treatment HCC has been
considered inappropriate for a long time due to severe
radiation-associated complications and liver failure,
more than 600 articles have been published within the
recent 5 years on this topic. This enthusiasm can be
attributed to the development of novel radiotherapy
technologies during the recent decade, which now allow
precise application of high-dose radiation to the tumor
tissue while sparing the rest of the liver and adjacent
organs.

This has led to the more widespread use of
radiotherapy for the treatment of HCC, especially in
patients with unresectable tumors. In 2008, Tse et af*™!
published their results on stereotactic body radiotherapy
for patients with unresectable HCC proving the safety
of this treatment option. Finally, due to the possibility to
effectively use radiotherapy in advanced stages of liver
cirrhosis (Child-Pugh B/C) the use of radiotherapy has
been implemented in HCC treatment guidelines from
the Korean Liver Cancer Study Group and the National
Comprehensive Cancer Network. But despite the
proven efficacy and safety, radiotherapy has not found
its way into the EASL-EORTC guidelines, yet. However,
Jihye et af® proposed a possible way of integration of
radiotherapy in the BCLC guidelines. Another advantage
of radiotherapy is the possibility of combination therapy
with established treatment options, such as TACE®*
or systemic chemotherapy®’ although side effects
and hepatic toxicity are critical limitations for this
treatment approach. Perspectively, there are some
promising experimental data on the possibility to induce
radiosensitization of HCC cells using the aurora kinase
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inhibitor VE-465 potently suppressing tumor growth and
enhancing tumor-responsiveness to radiotherapy™.
Thus, radiotherapy opens new therapeutic options but
its use is currently limited to a scarce comprehensive
availability of this therapy option.

Surgical treatment options

Liver resection: The surgical approach to HCC
represents the only treatment option which allows entire
and reliable removal of the tumor from the patient and
therefore the potential of cure. Principally, there are
two surgical concepts for the treatment of HCC: liver
resection and liver transplantation. Latter offers the
additional benefit that underlying liver disease which
nourishes development of further malignancies in sense
of precancerosis, is also removed. The disadvantage
of liver transplantation is - despite all progresses and
technical improvements of this procedure - the higher
mortality risk when compared to liver resection as well
as the necessity for life-long immunosuppression with
all associated side effects.

When dealing with liver resection, two principle
questions have to be discussed: whether to remove the
HCC by anatomic or non-anatomic/atypical resection,
and to perform this procedure open or laparoscopically.

The surgical approach is limited by the mandatory
need to maintain sufficient functional liver remnant. In
non-cirrhotic patients, maximum extent of resection can
be calculated by the remnant liver volume - body weight
ratio (RLV-BWR). Several reports have demonstrated
that patients with a RLV-BWR < 0.5%-0.8% are at
high risk for postoperative hepatic dysfunction and
increased mortality™®°!. Another approach to indicate
limit for liver resection is the future liver remnant
(FLR), referred to the total liver volume. The safe limit
is considered to be at a FLR of > 20% in patients with
healthy livers®®*®¥, In cirrhotic patients, parenchymal
functional and regenerative capacities are relevantly
reduced. Consequently, a RLV-BWR = 1.4% or a FLR of
at least 30%-40% are considered as critical threshold
for development of postoperative complications®®>*4,

Thus, from the surgical point of view, contraindica-
tions against liver surgery for HCC might be considered
only to be the insufficient future liver remnant after
resection. Worse prognostic factors for the outcome are
vascular invasion™!, infiltration of adjacent organs®®®,
and presence of lymph node metastases®” at the time
of diagnosis, but represent no contraindications against
surgery per se. Resection of HCC with these degrees of
tumor extent can be safely resected (when respecting
resection limits), and survival after resection is for sure
improved when compared to best supportive therapy or
palliative chemotherapy approaches.

Anatomic vs atypical resection

There has been an intense debate whether anatomic
or atypical resection for HCC should be preferred.
Rationale for atypical resection was the idea of
parenchymal-sparing surgery with an as marginal as
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possible loss of - in most cases - functionally altered
liver parenchyma. This idea of parenchymal-preserving
liver surgery is based on the limited possibilities to
assess functional liver reserve after liver resection,
and the fear to induce postoperative liver failure due
to a too aggressive resection extent®®, In contrast,
anatomic liver resection is rationale since it is known
that HCC spread along the nourishing portal venous
branch distributing satellite nodules within the same
anatomical segment. Thus, anatomic resection allows
removal of the known tumor, as well as of potential
undetectable satellite metastases”™’. Meanwhile, there
is strong evidence that anatomic resection is superior
to non-anatomic, i.e., atypical resection for HCC. As
evaluated by several meta-analyses, anatomic resection
is associated with improved survival rates, and delayed
intrahepatic and systemic disease-recurrence with
no differences regarding perioperative morbidity or
mortality™®° %, Interestingly, one recently published
meta-analysis by Tang et a/® could not demonstrate
superiority of anatomic resection, but this seems to be
explainable by the different trial selection compared to
previous analyses. Thus, a general recommendation
for anatomical or non-anatomical resection cannot be
given. Decision on the extent of liver resection is based
on the tumor location within an anatomical segment.
Based on the available data, anatomic resection should
be performed in non-cirrhotic livers. In patients with
cirrhotic livers, potential oncologic disadvantage of a
non-anatomic resection has to be accepted with regard
to the necessity for maintenance of sufficient functional
liver remnant volume and function.

Open vs laparoscopic

Since the first description of laparoscopic liver resection
in 1992 by Gagner et al'**" performing a non-anatomic
liver resection for focal nodular hyperplasia, there
has been an enormous increase of laparoscopic liver
resections with increasing extent of resections up to
right hemihepatectomies'®’, and more and more
complex procedures, such as tumor resection in the
postero-superior segments (VI, VI, IVa)™"®'%”), Also,
in the treatment of HCC, laparoscopic approaches
have been established. But there are so far only few
specialized centers worldwide reporting on laparoscopic
liver resections for the treatment of HCC.

According to several meta-analyses comparing open
vs laparoscopic liver resections for HCC, laparoscopic liver
resections are a safe procedure with comparable overall
and recurrence-free survival rates™®. Laparoscopic liver
resections are associated with reduced intraoperative
blood loss and subsequent requirement for packed red
blood cells. Furthermore, laparoscopic liver resections
are effective to provide negative resection margins,
and are associated with shorter hospitalization and less
postoperative complications™®'®!, As the findings could
also be observed for patients with cirrhosis, laparoscopic
liver resection can be safely applied to patient with
resectable HCC. However, extensive experience is
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necessary especially for more complex procedures, and
thus, this procedure is reserved to specialized centers.
With increasing experience, the extent of liver resection
and localization of HCC within the liver will become
more and more secondary, and only assessment of liver
functional reserve as estimated predominantly by liver
volumetry in western centers, and by indocyanine green
excretion dynamics in eastern centers will determine the
limits for laparoscopic liver resection, as it is also the case
for open liver resections™ '™, A recent review article
analyzing major laparoscopic hepatectomies independent
from HCC, could include a total of 29 studies from
1998 to 2011 with a total of more than 2600 patients,
underlining the fast expansion of laparoscopy for liver
resection™'?l. However, learning curve for laparoscopic
liver surgery is very flat, as demonstrated by Vigano et
af'** or Dagher et af''*, showing that at least 60 to 90
laparoscopic liver resections are necessary to perform for
a surgeon, before a state of experience and standard is
achieved™™!, Since laparoscopic liver resection for HCC
has predominantly to be performed in cirrhotic livers,
learning curve is expectedly even flatter than in non-
cirrhotic livers''®’. However, meanwhile development of
surgical technique is progressing, and the first reports of
robotic liver resections for HCC are published. The largest
study including 41 patients reports excellent morbidity
and mortality rates of 7% and 0%, respectively, as well
as 2-year overall and disease-free survival rates of 94%
and 74%, respectively™”). Thus, technological progress
also finds its way into liver surgery with promising first
results and experiences!''®, providing more possibilities
for further development and improvement of treatment
options and thus the prognosis for our patients with HCC.

Liver transplantation: First human liver trans-
plantation was performed at the University of Colorado
in 1963 by Starzl et al''*®!, The first successful liver
transplantation was performed 4 years later again
by Starzl et al™” in a girl suffering from HCC. Since
that time, this former experimental treatment option
has developed to a widespread, highly standardized
and successful therapy. Whereas the girl died 13
mo after transplantation due to tumor recurrence,
patients undergoing liver transplantation for HCC have
nowadays an excellent survival prognosis with 10-year
survival rates of 50%!"*", These excellent outcome
results have been achieved after implementation of
the so-called Milan criteria described by Mazzaferro
et al* in 1996. The Milan criteria indicate a benefit
for patients undergoing liver transplantation for HCC
under definite circumstances: one single nodule with
a size up to 5 cm, or two or three nodules each up
to 3 cm without signs of lymph node metastases and
vascular invasion. Currently, these criteria which have
been validated prospectively several times!**” are the
selection basis for our patients for liver transplantation.
However, these criteria are challenged repeatedly
by attempts to expand the selection criteria for liver
transplantation. For example, patients selected to the
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so called University of California, San Francisco (UCSF)
criteria which contain larger size limits for the respective
tumor nodules (single tumor < 6.5 cm, maximum of 3
total tumors with none > 4.5 cm, and cumulative tumor
size < 8 cm)!"*! show comparable outcome results
to patients who were selected according to the Milan
criteria™¥. Mazzaferro et a** themselves challenged
their own “traditional” Milan criteria by the new Milan
criteria, also called up-to-seven criteria. These criteria
comprise patients with HCC in which the sum of
diameters (in cm) and of the number of all HCC nodules
is equal or less than seven. They showed that patients
with tumor dimensions within these up-to-seven criteria
had similar 5-year overall survival rates as patients
with HCC within the “traditional” Milan criterial*®.
However, application of the up-to-seven criteria requires
a careful patient selection. Besides these two probably
most famous extended criteria of eligibility for liver
transplantation for HCC, there is a multitude of further
criteria with different limits for maximum tumor size of
number of tumor nodules. Recently, these criteria have
been reviewed, and Chan et al**®! demonstrate in their
review article that these several stratification criteria
yield quite similar overall survival rates™® leading to
postulations to extend criteria for liver allocation for
HCC patients on the waiting list. However, the attempts
to extend eligibility criteria are counteracted by the
constricted availability of donor organs, as also stated
by Mazzaferro et at'***! himself.

To overcome the lack of post-mortal donor organs,
transplantation of partial liver grafts has been developed
and advanced. The technique was first described
by Pichlmayr et a**? in 1989, and the first series of
successful split liver transplantations has been pub-
lished by Broelsch et al*® in 1990. Approximately at
the same time, transplantation of grafts from living
donors has been developed*?***”, However, one could
assume, that implantation of a partial liver graft with
subsequent liver regeneration to the extent of the
recipient’s demand might represent a massive systemic
proliferative stimulus™™", which might - in combination
with immunosuppression-induced attenuated tumor-
defense™**** - enhance tumor cell proliferation and
promote early disease recurrence. Interestingly, a
recent meta-analysis showed that there is no difference
in recurrence-free and overall survival for patients
after liver transplantation using living-donated partial
liver grafts compared to deceased donor grafts!***,
Thus, living donor liver transplantation represents a
safe method for HCC treatment, especially with the
advantage, that allocation is not performed by the
central allocation authorities (e.g., Eurotransplant), and
not limited by tumor size criteria (e.g., Milan criteria).

Transplantation vs liver resection

According to the EASL-EORTC guidelines, there is a clear
separation between the indications for liver resection
and liver transplantation for HCC, respectively. However,
it is a legitimate question, whether resection of HCC
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which should be treated with transplantation is equally
effective, and vice versa if prognosis of patients treated
by resection might be improved by transplantation.
This is relevant in two ways. First, resection of HCC in
patients which should be treated by transplantation
would preserve the scarce resource donor organ, and
second, transplantation instead of resection abolishes
not only the main tumor, but also possible undetected
additional small tumors, and removes the diseased
liver which is the nutrient medium for further HCC
development.

In 2013, there was a Cochrane analysis by Taefi et
al"*!, which concluded without any clear results due to
a lack of appropriate studies. However, there are four
additional meta-analyses investigating the superiority
of any of these two treatment options. In mutual
agreement, all publications demonstrate superiority
for liver transplantation for the treatment of HCC at
the early BCLC stage A"**'® or AJCC stage I and
I HCCM™!. In contrast, liver resection has been
demonstrated to yield similar outcome results compared
to liver transplantation in patients with incomplete
cirrhosis (Ishak score 0-4), thus for these patients,
liver transplantation should be avoided in this subgroup
of patients!’*!, Unfortunately, there are nor studies
comparing liver resection and liver transplantation for
patients with Child B or Child C cirrhosis. However, one
might speculate that these patients might benefit from
liver transplantation due to the fact that transplantation
reliefs both tumor and life-limiting diseased liver.

Surgical approach vs interventional tumor therapy

As stated above, the EASL-EORTC guidelines represent
a recommendation for HCC treatment and assign
to each tumor stage a recommended - and thus
assumingly best - treatment modality. In the decision
algorithm, surgery is only recommended for very early
and early stages of HCC (Figure 1). However, there are
comparative studies investigating the value of surgical
approaches for patients with more advanced tumor
stages.

There is a recent meta-analysis with approximately
21000 patients which clearly demonstrates superiority
of surgical resection over RFA and PEI in early stages of
HCCP®, which is according to the guidelines a domain
of transplantation or RFA. These findings are confirmed
by a meta-analysis by Xu et a/™*® also showing a
significantly improved survival benefit for patients with
early stages of HCC undergoing surgery instead of RFA.

When trying to further expand indication for
hepatic surgery towards HCC stage B (intermediate
stage), one has to compare the outcome results from
surgery and TACE. So far, there are no meta-analyses
available comparing this issue. There are several very
recent publications investigating the role of surgery
for HCC stage B. There is one prospective randomized
controlled trial comparing TACE and surgery. The
authors can clearly demonstrate a survival benefit for
patients undergoing liver resection independent of the
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performance status'*"’. These findings are underlined by
data from two retrospective analyses enrolling together
approximately 1300 patients™*****) demonstrating
a long-term survival benefit for patients undergoing
hepatic resection for HCC stage B.

Perspectives

Systemic chemotherapy? So far, advance for
systemic chemotherapy for HCC have been very dis-
appointing. Even the gain in survival for patients
treated with sorafenib, the only agent which has made
its way into clinical use in palliative situations, is not
groundbreaking®®*®, In the adjuvant setting, sorafenib
has failed to provide beneficial effects in a randomized,
double-blind, placebo-controlled phase III study (STORM
trial). As very recently reviewed in detail by Germano
et a*, a multitude of approaches for systemic HCC
therapy has failed to show efficacy in the adjuvant or
palliative situations, respectively. However, there are
many other promising agents, and with the increased
understanding of HCC cancerogenesis and cancer-
related signaling pathways, molecular targeted therapy
is the hope for some breakthroughs in the near future.
For example, there are two recent reports for the
safety and efficacy of the MET receptor tyrosine kinase
inhibitor tivantinib which show promising results!*'*,
The reader might be referred to the excellent article by
Germano et al™** for further detailed information.

Expanding criteria for liver transplantation? So far,
liver transplantation is accepted as a curative treatment
strategy for patients with a very early stage (0) of HCC
who are not suitable for liver resection due to impaired
excretory liver function or portal hypertension, and for
patients with early stage (A) HCC without concomitant
diseases. Since the groundbreaking work by Mazzaferro
et al® in 1996 defining tumor character limits
associated with excellent patient outcome after liver
transplantation for HCC, these size limits have been
integrated in most guidelines (Eurotransplant, German
Bundesarztekammer...). Since other tumor size criteria
(e.g., UCSF, up-to-seven) have been demonstrated
to show comparable overall and recurrence-free
survival rates as the Milan criteria, there is an ongoing
intense discussion on the extension of the very strict
and limiting Milan criteria towards expanded criteria.
However, this will be a relevant matter of debate since
expansion of the recipient criteria might lead to a still
increasing demand and consumption of the “scarce
resource donor organ” and a continuative withdrawal
of urgently needed donor organs to patients with other
indications for liver transplantation.

Expanding indications for surgery beyond the
BCLC criteria? Up to now, resection as most favorable
treatment option is only recommended for the very
early stage (0) of HCC in patients with normal portal
venous pressure and normal serum bilirubin. However,
as reviewed in detail by Guglielmi et al'**”, the rigid
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EASL-EORTC limits for liver resection can be expanded
to more advanced tumor stages. Tumor size criteria
from EASL-EORTC guidelines are not considered
as limits for hepatic surgery for example in eastern
countries, and especially portal hypertension is not
an obstacle against surgery in well selected patients.
Thus, acceptable morbidity and mortality rates after
hepatic resection in patients with cirrhosis and portal
hypertension have been reported which are comparable
to those of patients without portal hypertension™**>%,

When expanding the criteria for surgical resection,
outcome results of hepatic surgery have to be com-
pared to those of the respective treatment modality
recommended by the EASL-EORTC guidelines.

When comparing liver resection vs RFA (for patients
with stage A HCC who are not suitable for trans-
plantation), there are several meta-analyses showing
that hepatic resection is superior to RFA (or PEI) for HCC
with regard to recurrence-free and overall survival?®®***
111321 Whereas this superiority of surgery is accepted
especially for tumors with diameters > 3 cm, there
are some contradictory results for small HCC with a
diameter < 3 cm. Interestingly, a cost-effectiveness
analysis by Cucchetti et af**® demonstrated that liver
resection for a HCC of 3-5 cm is more cost effective
than RFA, whereas in patients with two or three tumor
nodules each < 3 cm RFA is superior with regard to
cost-effectiveness. Based on these insights, indication
for liver resection might be extended to early stages of
HCC.

For the intermediate stage of HCC (BCLC B),
guidelines recommend TACE as local therapy for tumor
control with an expected median overall survival of 20
mo. There are only few data available for this subgroup
of patients. But there are data from two retrospective
analyses****** and one prospective non-randomized
study™** which clearly demonstrate that in patients
with stage B of HCC with preserved liver function liver
resection provides an improvement of overall survival
rate when compared to TACE. However, the evidence
for this is still limited, since there are no meta-analyses
available, yet.

When expanding indication for surgery by another
step, outcome of patients with advanced stages (stage
C) of HCC with portal invasion, lymph node metastases
or distant metastases, have to be compared between
surgery and palliative systemic chemotherapy. The
critical point is for sure the presence or absence of
portal infiltration, since macrovascular invasion is
known to be one of the most reliable predictors of poor
prognosis. However, there are some data showing even
for patients with macrovascular invasion a survival
benefit after surgery compared to palliative systemic
therapy!*®.. However, this approach requires patient
selection, and achievement of high 5-year survival
rates!”®”! can certainly not generalized in a situation of
advanced stages of HCC. But in contrast, macrovascular
invasion per se has been demonstrated to allow surgical
approach and thus offering a chance of improved
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survival to patients with otherwise severely limited
prognosis™>***¥,

Thus, based on the findings cited above, the rigid
limits of the EASL-EORTC guidelines will be expanded
slowly but constantly. In East Asian treatment algori-
thms, surgery is of paramount importance even for
tumor stages beyond BCLC 0 and A™®!. The non-
inferiority or even superiority of surgery compared to the
recommended treatment modalities is most probably
due to the rapid development of surgical techniques,
a more profound understanding of liver anatomy and
physiology, improved methods for preoperative risk
assessment and liver functional remnant estimation, as
well as improved intensive care regimes which overall
helped surgery to a striking progress and improvement
of patient safety and outcome. Ongoing research
and further development in this field of research will
still promote the advance of surgery, which will most
probably be the most exciting and promising perspective
for future HCC therapy.

Significance of HCC-causing underlying disease?
There are numerous studies investigating chromosomal
aberrations in HCC"®\. When comparing the patterns of
chromosomal aberrations in HCC on the basis of different
underlying diseases, remarkable differences in the
frequency of aberrations have been demonstrated!®".
Thus, one might speculate that different underlying
hepatic diseases leading to development of HCC might
be associated with different degrees of chromosomal
instability in the diseased liver parenchyma. Consequently,
underlying disease might also be associated with the
pattern of chromosomal aberrations in the respective
HCCs and thus might also determine the prognosis
of the patient by determining the dynamics of tumor
recurrence. Indeed, a recently published large Japanese
study including approximately 11950 patients after
curative resection of HCC showed that patients with viral
hepatitis B or C as underlying disease had a significantly
worse overall and recurrence-free survival when
compared to patients with non-viral underlying hepatic
diseases!'®’. This might be of increasing interest in the
near future, since patients with different underlying
diseases might require a differently close-mesh aftercare.

CONCLUSION

Since striking medical breakthroughs for the effective
curative non-surgical treatment of HCCs are lacking,
surgery will play a pivotal role in the multidisciplinary
management of patients with HCC in the future. Up
to now, surgical treatment is the only therapeutic
option that can offer cure to the patient. Even for
patients with cirrhosis as a kind of “precancerosis”, liver
transplantation offers - within the respective given legal
framework - the opportunity to relieve the patient both
from the tumor burden and the tumor-favoring disease.
Whether a patient can be subjected to liver surgery for
HCC and will profit from surgery has to be evaluated
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carefully in a multidisciplinary context, to offer both best
benefit to the patient, minimal risk for complications
and procedure-related mortality, as well as best quality
of life.

From a surgeon’s point of view, surgery is the central

treatment option with regard to tumor treatment, and
is thus the most effective therapy to allow the best
overall survival and recurrence free survival to patients.
Surgery will further gain importance since there are
emerging insights that indications for liver resection
for HCC can be expanded to tumor staged beyond the
actual recommendations. Additional treatment options
are both valuable and continuously improving tools
for patients who are unsuitable for surgery, and might
also further gain importance in multimodal settings
with possible perioperative use of percutaneous,
intravascular, or pharmacological approaches.
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Abstract

Intermediate stage, or stage B according to Barcelona
Clinic Liver Cancer classification, of hepatocellular
carcinoma (HCC) comprises a heterogeneous population
with different tumor burden and liver function. This
heterogeneity is confirmed by the large variability of
treatment choice and disease-relate survival. The aim
of this review was to highlight the existing evidences
regarding this specific topic. In a multidisciplinary
evaluation, patients with large (> 5 cm) solitary HCC
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should be firstly considered for liver resection (LR).
When LR is unfeasible, locoregional treatments are
evaluable therapeutic options, being transarterial
chemoembolization (TACE), the most used procedure.
Percutaneous ablation can be an evaluable treatment
for large HCC. However, the efficacy of all ablative
procedures decrease as tumor size increases over 3 cm.
In clinical practice, a combination treatment strategy
[TACE or transarterial radioembolization (TARE)-
plus percutaneous ablation] is “a priori” preferred
in a relevant percentage of these patients. On the
other hands, sorafenib is the treatment of choice in
patients who are unsuitable to surgery and/or with
a contraindication to locoregional treatments. In
multifocal HCC, TACE is the first-line treatment. The
role of TARE is still undefined. Surgery may have also
a role in the treatment of multifocal HCC in selected
cases (patients with up to three nodules, multifocal
HCC involving 2-3 adjacent liver segments). In some
patients with bilobar disease the combination of LR and
ablative treatment may be a valuable option. The choice
of the best treatment in the patient with intermediate
stage HCC should be “patient-tailored” and made by a
multidisciplinary team.

Key words: Hepatocellular carcinoma; Percutaneous
ablation; Hepatectomy; Chemoembolization; Liver
transplantation; Combination therapy
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Core tip: Intermediate stage, or stage B according
to Barcelona Clinic Liver Cancer classification, of
hepatocellular carcinoma (HCC) comprises a hetero-
geneous population with different tumor burden and
liver function. This heterogeneity is confirmed by the
large variability in treatment and survival, the choice
of the best treatment in the patient with intermediate
stage HCC is a difficult task. A multisciplinary evaluation
of each intermediate stage HCC patient is recommended
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for planning the best therapeutic strategy and this
review was aimed to discuss about the existing
evidences regarding this topic. Due to the heterogeneity
of intermediate HCC, the use of different therapies
(combination treatment) is likely the best choice in most
of the cases offering the opportunity of a treatment
tailored to the single patient.

Di Costanzo GG, Tortora R. Intermediate hepatocellular
carcinoma: How to choose the best treatment modality? World
J Hepatol 2015; 7(9): 1184-1191 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/19/1184.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.19.1184

INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most
common malignancy worldwide and the leading cause of
death among cirrhotic patients™?. The management of
this cancer represents a challenge for physicians being
complicated by the coexistence in the same patient of
two severe diseases, HCC and cirrhosis. Therefore, in the
last two decades several staging and prognostic systems
have been proposed to better define the prognosis
and the treatment strategy™®!. The Barcelona Clinic
Liver Cancer (BCLC) classification was first published in
1999 by Llovet et af® and is actually the most widely
used staging system. The BCLC classification takes
into account cancer characteristics (number and size
of nodules, macrovascular invasion, and extrahepatic
metastasis), cirrhosis related variables (liver function and
portal hypertension), and general health status of the
patients (performance status). Using these parameters,
five distinct HCC stages each associated with different
prognosis and specific treatment recommendations
are identified. In Western countries, between 20% and
30% of the HCC population at their first observation
falls into the stage B and many patients progress to this
stage during follow-up. Intermediate stage or stage B,
according to BCLC, of HCC includes all Child-Pugh A or B
patients, with a performance status 0, and with a single
nodule > 5 cm, or multiple nodules > 3 in humber or
at least one of these > 3 cm, without macrovascular
invasion and extrahepatic metastases. According to
these criteria, the intermediate stage comprises a
heterogeneous population with different tumor burden
and liver function. This heterogeneity is confirmed
by the large variability in survival among control
patients of randomized controlled trials on transarterial
chemoembolization (TACE), with a 1-year survival rate
ranging from 3% and 75% (median 49.6%-test for
heterogeneity, P < 0.0001)!%., The unique treatment
recommended by BCLC group for stage B patients is
TACE with a wide range of expected survival, from
14 to 45 mo™!. Therefore TACE is effective only in a
proportion of intermediate patients, the others might
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likely benefit from other treatments. Due to this
heterogeneity, diverse therapies, single or combined,
are offered to intermediate patients in field practice.
Unfortunately, guidelines to define the best therapeutic
approach in the single patient are lacking. The main
problem is to distinguish between stage B patients with
expected better survival who could have the largest
benefit from an aggressive therapeutic approach, and
those with poor prognosis in whom treatment should be
modulated to offer the best quality and duration of life to
the patient. In the attempt to solve this issue, a panel of
European experts in 2012 discussed about unresolved
questions in the management of stage B patients and
proposed a sub-classification into four stages to facilitate
treatment decisions™?. This sub-classification was
based on Child-Pugh score, up-to-seven criteria, ECOG
(Eastern Cooperative Oncology Group PS performance
status), and portal vein thrombosis. The need for a
sub-classification of intermediate patients has been
claimed also by Asian experts!*® who recently proposed
a modification of the European sub-classification using
alpha-feto protein to re-classify patients into three
modified stages™™. Further studies are needed before
these sub-classifications can be implemented in field
practice.

Actually, a multisciplinary evaluation of each
intermediate stage HCC patient is recommended for
planning the best therapeutic strategy>'® and the aim
of this review is to discuss about the existing evidences
regarding this topic.

THERAPEUTIC PROCEDURES

Liver resection

According to the BCLC classification, patients with
intermediate HCC are unsuitable for liver resection
(LR). However, in the last decades advances in surgical
technique, preoperative preparation, and postoperative
care have expanded LR indications. Nowadays, peri-
operative mortality after LR has decreased from 15%
to less than 5% in referral centers. To prevent the
occurrence of postoperative liver failure, two selection
protocols have been proposed based on extimated
resection volume and: (1) bilirubin serum level and
indocyanine green retention rate at 15 min™”’; and (2)
MELD score and serum sodium level™®., Laparoscopic
video-assisted LR is increasingly used as an alternative
to the classical open procedure for reducing the risk
of postoperative liver deterioration™™. However, this
technique is performed only in few centers and in a
restricted proportion of patients due to the stringent
selection criteria. In patients with huge cancer masses
and poor remnant liver volume after LR, pre-operative
percutaneous transhepatic portal vein embolization
has been used to increase the size of non-tumorous
liver® !, In cirrhotic patients, this procedure may cause
severe complications in up to 20% of cases and its use
should be carefully evaluated™.
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Table 1 Main transarterial chemoembolization contrain-

dications in Barcelona Clinic Liver Cancer stage B hepatocellular
carcinoma

Liver failure
Refractory ascites
Encephalopathy
Bilirubin level > 3 mg/dL
Renal failure
Creatinine > 2 mg/dL or creatinine clearance < 30 mL/min
Coagulopathy
Platelet count < 50 x 10°/L
Prothrombin time < 50% or prolonged >4 s
Portal hypertension
Variceal bleeding within past 3 mo
Varices at high risk of bleeding
Circulatory impairment
Main portal venous thrombosis
Severely reduced portal flow or hepatofugal blood flow
Untreatable arteriovenous fistula
Hepatic artery thrombosis
Severe atheromatosis

Transarterial treatments
According to European and American guidelines, TACE
is the first line treatment for BCLC B stage patients,
but a large variability exists in the protocols, schedule,
and indications among centers®?*, TACE can be
performed with chemotherapeutic agents emulsified
with lipiodol followed by embolic agents (conventional
transarterial chemoembolization or c-TACE) or with
embolic microspheres preloaded with chemotherapeutic
agents [Drug Eluting-Beds-TACE (DEB-TACE)]. Main
contraindications to TACE are shown in the Table
1. TACE can be scheduled at fixed intervals or “on
demands”. Prospective comparative studies between
the two schedules are lacking, but this last option is
likely more effective reducing the exposure of patients
to the toxic effects of the treatment and increasing
the compliance. When c-TACE is used, radiological
assessment of tumor response must be done with
magnetic resonance imaging because computed
tomography evaluation is hindered by artifacts caused
by lipiodol retention. It is not established how many
times TACE can be repeated, but the treatment should
be shifted from TACE to sorafenib (stage migration
strategy)™"! in patients who have not experienced
at least a partial response (according to mRECIST
criteria)® after two TACE cycles. Furthermore, TACE
should be discontinued when a deterioration of the
performance status or of the liver function occurr.
Transarterial radioembolization (TARE) is a novel
treatment using hepatic intra-arterial infusion of
radioactive substances such as p-emitting yttrium-90
integral to the glass matrix of microspheres or
Iodine-131-labeled lipiodol. Published series showed
comparable median survival and toxic effects among
patients treated with TACE and TARE, and therefore
no defined selection criteria to choose between these
techniques have been established so far*?=%, Further
studies are needed to evaluate the utility of TARE and its
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role in the treatment strategy of BCLC B stage patients.
However, a widespread use of TARE is limited by its high
costs.

Percutaneous treatments

Thermal ablation using radiofrequency (RFA), micro-
wave (MWA), or laser (LA), is the most widely employed
locoregional treatment for HCC. It achieves a complete
ablation rate > 90% in nodules < 3 cm™"**), Due to the
improvement in devices and techniques, percutaneous
ablation has been demonstrated effective also for the
treatment of large HCCP**”), In these cases, overlapping
ablative technique with multiple electrode insertions or
simultaneous use of multiple applicators are required
to ablate the tumor®®, This last technique may be
more effective because the simultaneous activation of
multiple electrodes has a synergistic effect increasing
the ablation volume and reducing the procedural time.

Combination of locoregional treatments

The combination treatment strategy, using both
transarterial and percutaneous procedures, offers the
opportunity of a treatment tailored to the single patient.
The occlusion of the hepatic arterial flow supplying
the tumor with TACE would theoretically increase the
ablation volume after RFA/MWA/LA by reducing the heat
loss due to blood flow™®. Furthermore, the alternate
use of intravascular and percutaneous approach allows
to increase the time interval between TACE procedures
reducing the risk of liver failure caused by cumulating
toxic effects. Several studies have evaluated the efficacy
of combined locoregional treatments!*®*?!, Metanalysis
of observational and randomized controlled studies
comparing single and combined locoregional treatments
showed significant better survival in patients who
underwent to combined treatment®™">,

The combination of TACE and sorafenib has been
evaluated in some studies®® ', The rationale of
sorafenib use is to block vascular endothelial growth
factor (VEGF) receptors for counterbalancing the
increase in VEGF induced by post-TACE ischemia which
facilitates tumor growth and metastasis™. It is still
unclear if sorafenib potentiate the therapeutic effects of
TACE®, However, a recent metanalysis including both
randomized and retrospective trials showed that TACE-
sorafenib combination increased the risk of adverse
reactions, but was associated with better overall survival
and longer time-to-progressiont*.

TUMOR BURDEN AND TREATMENT
STRATEGY

Monofocal HCC

In the setting of a multidisciplinary evaluation, patients
with large (> 5 cm) solitary HCC should be firstly
considered for LR, Radical LR can be considered
a valuable option in patients with: (1) peripherically
located HCC, < 30% of tissue destroyed as evaluated
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HCC

PS 0, Child-Pugh A/B
No macrovascularinvasion
No extrahepaticmetastasis

Single HCC

Combination treatment
strategy (TACE/TARE =

Multiple nodules

locoregional treatment +

liver resection + sorafenib)

HCC > 10 cm or

Meld-Na or contraindication
bilirubin + indocianina test HCC >10 cm or other treatments
/ \ Central HCC < 7 cm contraindication 3 or more HCC in Child-Pugh B, Bilobar l
Normeal Abnormal HCC_> 7cmor  other treatments  adjacent segment or relapsing disease
periphal HCC Sorafenib
Child-Pugh < 7 l TACE or TARE

Without ascites

Liver resection Locoregional treatment
(RFA, LA, MWA)

TACE or TARE

Sorafenib

Liver resection DEB-TACE

Figure 1 Treatment strategy for monofocal and multifocal hepatocellular carcinoma. HCC: Hepatocellular carcinoma; RFA: Radiofrequency; MWA: Micro-wave;
LA: Laser; DEB-TACE: Drug Eluting-Beds-TACE; TACE: Transarterial chemoembolization; TARE: Transarterial radioembolization.

at imaging, or > 50% compensatory hepatic hyper-
trophy™®”; (2) no or mild portal hypertension; and (3) no
history of liver decompensation.

When LR is unfeasible, locoregional treatments are
evaluable therapeutic options and the most used is
TACE. Best candidates to TACE are patients with well
preserved liver function (Child-Pugh score < 7) and
without ascites. Complete HCC necrosis after TACE
is seldom observed and local recurrence rates within
one year are as high as 60%™". Up to now, there are
no studies designed to define the maximum tumor
size that can be treated. In the two RCTs showing
survival benefit of TACE compared to best supportive
care, the mean size of HCC was 5-7 cm (range 4-14
cm)”*7!, In patients with large solitary tumor, TARE
may be preferred because there are some evidences
of a higher rate of response after TARE as compared to
TACE™®,

Percutaneous ablation can be an evaluable treatment
for large HCC. However, the efficacy of all ablative
procedures decrease as size increases over 3 cm and
the probability of obtaining the complete ablation of
nodules larger than 7 cm is very low™ %, Candidates
for percutaneous local ablation are patients with
centrally located HCC having a diameter no more than
7 cm, in whom a complete response rate > 80% has
been reported”?”?, In patients with residual peripherical
cancer tissue after ablation, the use of TACE increases
the rate of complete tumor response’. In practice
field, a combination treatment strategy (combination of
TACE or TARE with percutaneous ablation) is “a priori”
preferred in a relevant percentage of these patients.

In patients who are unsuitable to surgery and
with contraindication to locoregional treatments or
with huge HCC masses (> 10 cm) sorafenib is the
treatment of choice. A subanalysis of the SHARP
trial has shown that in BCLC B patients sorafenib as
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compared to placebo increased the median overall
survival (14.5 mo vs 11.4 mo, HR = 0.72) and the
time-to-progression (6.9 mo vs 4.4 mo, HR = 0.47)"
(Figure 1).

Multifocal HCC

Most of BCLC B stage patients are affected by multifocal
HCC. In these cases, TACE is the first-line treatment.
Best candidates are patients with few nodules having
a small size: no more than 5 nodules with a size up
to 5 cm is likely a good proposal™. According to a
multicenter European trial, DEB-TACE is more effective
than c-TACE in patients classified as Child-Pugh B, and
with bi-lobar or relapsing disease, but differences in
survival between patients treated with these techniques
have not been demonstrated up to now!”®”®!, The role
of TARE in the management of BCLC B stage patients
with multifocal disease is still undefined. However, in
some case TARE might be teoretically more safe than
TACE as in patients with portal thrombosis because
of only minimal embolic effect of microspheres®. In
field practice, the combined use of transarterial and
percutaneous treatment for multifocal HCC is used by
many centers and in the position paper of the AISF
(Associazione Italiana per lo Studio del Fegato) this
approach is recommended as “particularly evaluable™®,
The use in the same patient of combined locoregional
treatments and sorafenib might be theoretically useful,
but due to high costs it should be evaluated by a
multidisciplinary team.

Surgery may have also a role in the treatment of
multifocal HCC in well selected cases®!., In fact, LR may
be a valuable treatment in patients with up to three
nodules and multifocal HCC involving 2-3 adjacent liver
segments. In some patients with bilobar disease the
combination of LR and ablative treatment may be a
valuable option. TACE before surgical resection should
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not be recommended because this strategy offers no
benefit®™ (Figure 1).

LIVER TRANSPLANTATION AND DOWN-
STAGING STRATEGY

In selected BCLC B stage patients treatment can be
performed with the aim of reducing the tumor burden
within Milan criteria. This is the downstaging strategy
and patients who have been successfully treated can
undergo to liver transplantation with good results?®*®*,
The most used treatment for downstaging is TACE®®,
After downstaging treatment, a waiting period of at
least 3-6 mo before performing liver transplantation is
recommended™’, During this time, patients should be
carefully monitored for tumor response with imaging.
The rationale of this strategy is to evaluate tumor
biology and risk of recurrence after transplant. In fact,
about a third of these patients can be affected by HCC
with aggressive biology that can progress during the
waiting period and they are not good candidates for
transplantation due to the high risk of recurrence®®,
Other factors that can indicate a high risk of post-
transplant recurrence are AFP serum level above a
threshold of 400-1000 ng/mL®%89°9 and poor HCC
differentiation at histology". The use in combination
with locoregional treatments of systemic targeted therapy
with sorafenib may theoretically further increase the
rate of tumor control and reduce the recurrences, but

appropriately designed studies are needed to confirm
it

CONCLUSION

The choice of the best treatment in the patient with
intermediate stage HCC is a difficult task. It should
be made by a multidisciplinary team. Due to the
heterogeneity of intermediate HCCs, the use of different
therapies (combination treatment) is likely the best
choice in most of the cases offering the opportunity of a
treatment tailored to the single patient.
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Abstract

Heterogeneity in clinical presentation, histological
severity, prognosis and therapeutic outcomes charac-
teristic of non-alcoholic fatty liver disease (NAFLD)
necessitates the development of scientifically sound
classification schemes to assist clinicians in stratifying
patients into meaningful prognostic subgroups. The
need for replacement of invasive liver biopsies as the
standard method whereby NAFLD is diagnosed, graded
and staged with biomarkers of histological severity
injury led to the development of composite prognostic
models as potentially viable surrogate alternatives. In
the present article, we review existing scoring systems
used to (1) confirm the presence of undiagnosed
hepatosteatosis; (2) distinguish between simple steatosis
and NASH; and (3) predict advanced hepatic fibrosis,
with particular emphasis on the role of NAFLD as an
independent cardio-metabolic risk factor. In addition,
the incorporation of functional genomic markers and
application of emerging imaging technologies are
discussed as a means to improve the diagnostic accuracy
and predictive performance of promising composite
models found to be most appropriate for widespread
clinical adoption.

Key words: Liver biopsy; Genomics; Steatohepatitis;
Non-invasive biomarkers; Histological severity; Non-
alcoholic fatty liver disease

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD)
remains largely underdiagnosed and undertreated in
general practice. In view of the limitations inherent to
liver biopsy and peripheral surrogate biomarkers used
in the diagnosis and assessment of histological severity
in NAFLD, a number of composite prognostic models
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have entered the clinical domain as potentially viable
alternatives. Lifestyle-based intervention remains the
cornerstone of treatment in patients with NAFLD. The
widespread clinical adoption of composite diagnostic
and predictive models could however prove useful in
informing clinical and therapeutic decision making with
the goal of adding value to patient care across the
NAFLD spectrum.

Liickhoff HK, Kruger FC, Kotze MJ. Composite prognostic
models across the non-alcoholic fatty liver disease spectrum:
Clinical application in developing countries. World J Hepatol
2015; 7(9): 1192-1208 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/19/1192.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.19.1192

INTRODUCTION

In coming decades, the developing world is expected to
bear an increasingly disproportionate share of the overall
health and financial burden attributable to chronic non-
communicable diseases (NCDs) once considered merely
as reflections of affluence™?, Economic prosperity is
inexorably linked to a globalization of modernity which
fuels an ongoing reversal of the social obesity gradient
in non-industrialized nations*. This epidemiological
trend is mirrored in the emergence of non-alcoholic
fatty liver disease (NAFLD) as a major health concern
in non-occidental countries, affecting individuals across
boundaries for age, sex and ancestral background™.
Despite growing evidence as to its magnitude and
preventability, this “hepatic pandemic” remains largely
underdiagnosed and undertreated in routine medical
practice’®.,

NAFLD encompasses a broad spectrum of hepatic
abnormalities and is typified by marked inter-individual
heterogeneity in clinical presentation, histological
severity, prognosis and therapeutic outcomes. While the
majority of uncomplicated steatosis is hon-progressive,
approximately 20%-30% of patients will develop non-
alcoholic steatohepatitis (NASH), a more aggressive
necro-inflammatory phenotype associated with increased
risk for advanced fibrosis predisposing towards cirrhosis,
portal hypertension, decompensated liver failure and
hepatocellular carcinoma"®, The pathological evaluation
and classification of biopsied liver tissue remains the
definitive standard investigation whereby a suspected
diagnosis of NAFLD is confirmed and histological severity
quantified to assist prognostication and the selection of
appropriate therapeutic intervention®.. This approach is
to an extent advantageous as it allows for the concurrent
assessment of multiple histological parameters and
may help identify unexpected hepatic pathology or
comorbidities. Liver biopsy is however limited insofar
as it is an invasive, expensive and time-consuming
procedure which poses significant physical risk, including
a 0.1% risk of mortality™®.. Moreover, it is subject to
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sampling error and intra- as well as inter-observer
variability in interpretation, and does not adequately
reflect dynamic changes in disease severity over time.
Given its restricted availability in resource-limited
settings, compounded by the high overall prevalence
of NAFLD, liver biopsy may not always be logistically
feasible in the developing world™.

An appreciation for the abovementioned short-
comings creates an incentive to develop and validate
robust and cost-effective risk classification tools as
potentially viable alternatives. Growing insight into the
molecular and genetic mechanisms underlying the
development and pathogenic progression of NAFLD has
led to the identification of novel peripheral biomarkers
(Table 1) allowing for the non-invasive assessment
of underlying hepatic injury. The recognition that
individual risk markers have insufficient discriminatory
power and limited clinical utility in stratifying patients
into meaningful prognostic subgroups has led to the
development and validation of composite diagnostic and
predictive models as potentially viable alternatives™ 2%,

A growing number of complex and often patented
biomarker panels and risk classification schemes
have recently entered the clinical domain. Their use
is however not always applicable in resource-limited
settings. In the present article, we provide an overview
of non-invasive composite models used to (1) confirm
the presence of undiagnosed hepatosteatosis; (2)
differentiate between simple fatty liver and NASH; and
(3) predict advanced hepatic fibrosis, with particular
emphasis on the relationship between histological
severity and cardio-metabolic risk. The advantages and
shortcomings of these models are discussed in relation
to the potential added value of emerging genomic
applications as a means of improving their performance,
weighed against the reality of its implementation. In
conclusion, suggestions are provided as to how ongoing
research may confirm their clinical utility as robust and
cost-effective population-based screening tools used
to facilitate prognostication, assist in the selection of
appropriate treatment and intervention strategies,
predict adverse clinical outcomes, and ultimately
allow for the more goal-directed use of liver biopsy in
developing nations.

COMPOSITE DIAGNOSTIC MODELS FOR
HEPATIC STEATOSIS

Intra-hepatocyte accumulation of neutral triglycerides in
excess of 5% of liver mass is the defining pathological
feature of NAFLD. Once considered a “first hit”
mechanism underlying its etiology, this is now rather
thought to protect against oxidative stress driven by
increased intra-hepatic free fatty acid (FFA) flux arising
in the context of visceral adiposity and insulin resistance
(IR) as components of the metabolic syndrome!,
Alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) levels are commonly elevated in
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Table 1 Peripheral biomarkers used for the assessment of necro-inflammation and fibrotic injury in non-alcoholic fatty liver disease

Pathogenic mechanism Biomarker

NASH Advanced fibrosis Ref.

Hepatocyte apoptosis Apoptotic markers

Oxidative stress Lipid peroxidation products

Indicators of altered redox potential

Chronic inflammation

Acute phase reactants

Adipocytokines

Increased hepatocellular turnover  Extracellular matrix components

[11]

CK-18 1
sFas
Ox-LDL 1
TBARS 1
MDA 1
HNE 1
GSH 1
SOD |
TRX 1
CRP
Ferritin
PTX3
Leptin
Adiponectin X

TNF-o
IL-1B
IL-6
TGF-a,/B1 X
HA
Laminin

>

El Bassat et al’

Kawanaka ef al™”

Machado et al™

Jarrar et al™
Braunersreuther et al™

XX X X X X X X X X X X

X X
X

Baranova et al™

Type IV collagen 7S
PIINP
MMP-2/9
TIMP-1

XX X X X X

CK-18: Cytokeratin-18; sFAS: Soluble Fas; Ox-LDL: Oxidized low-density lipoprotein cholesterol; TBARS: Thiobarbituric acid reactive substances; MDA:
Malondialdehyde; HNE: Hydroxynonenal; GSH: Reduced glutathione; SOD: Superoxide dismutase; TRX: Thioredoxin; CRP: C-reactive protein; PTX3:
Pentraxin 3; TNF-a:: Tumor necrosis factor o; IL: Interleukin; TGF: Transforming growth factor; HA: Hyaluronic acid; NASH: Non-alcoholic steatohepatitis;

MMP: Matrix metalloproteinase; PIINP; Procollagen 3 n-terminal propeptide; TIMP: Tissue inhibitor of metalloproteinase.

patients with this condition, and increased ALT reliably
predicts the development of adverse cardiac events
and cardiovascular mortality’®**. Although used to
determine eligibility for further diagnostic work-up and
imaging, liver enzymes may however remain normal
in up to 80% of NAFLD cases". In addition, while
elevated gamma glutamyl-transferase (GGT) has
greater specificity for hepatosteatosis and is a sensitive
marker for early IR, it is clear that no single biochemical
test is considered ideal for confirming a suspected
diagnosis of NAFLD.

Imaging modalities such as ultrasonography further
have limited diagnostic utility in moderate steatosis,
while the application of more complex technologies in
resource-limited environments is still largely restricted
by their expense. Whether routine screening for hepatic
steatosis in high-risk asymptomatic patients is practical
or cost-effective remains subject to debate, as the vast
majority are likely to present with uncomplicated and
non-progressive disease. Its identification is however of
significant clinical relevance, since even uncomplicated
fatty liver, once regarded as relatively benign and
showing a favorable prognosis, is associated with
increased risk for overall and liver-related mortality®>2®.

Emerging evidence suggests that hepatic steatosis
independently predicts the development of new-onset
ischemic heart disease as well as adverse cardiac events
irrespective of traditional cardio-metabolic traits®®’®,
The importance of hepatosteatosis as predictor of
adverse clinical outcomes and mortality in patients
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with established cardiovascular disease (CVD) however
remains uncertain®’. Results from prior investigation
into the value of existing clinical stratification tools in
estimating cardio-metabolic risk and predicting new-
onset CVD in patients with the metabolic syndrome
and/or NAFLD are conflicting®®. Multiple studies
have further reported positive correlations between
the severity of hepatic steatosis and proportional
derangements in several early markers of subclinical
atherosclerotic burden and cardiovascular risk?®'??,
Composite scoring systems validated against measures
of steatosis severity may therefore prove useful as non-
invasive tools in the diagnosis of NAFLD.

Several diagnostic models for hepatic steatosis have
been developed to date. Anthropometric correlates
for central obesity, fasting triglycerides and GGT levels
are utilized in the fatty liver index commonly used in
epidemiological studies, which along with its sex-specific
derivative, the lipid accumulation product, accurately
predicts the presence of hepatic steatosis, and could
help clinicians identify patients at increased cardio-
metabolic risk eligible for further diagnostic evaluation
and for whom suitable lifestyle-based interventions may
be indicated™*”. Subsequently developed models such
as the NAFLD liver fat score®®® substitute GGT for the
AST/ALT ratio (AAR) in addition to incorporating clinical
or biochemical markers of IR. A particular advantage of
recent panels is the ability to not only identify hepatic
steatosis using a high cut-off value, but also reliably
exclude it using a low cut-off value®*’’. The widespread
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Table 2 Composite diagnostic models for non-alcoholic steatohepatitis

Biomarker panel

Components

Formula AUC Ref.

HAIR score

Hypertension

Weighted sum (0-4) 0.9 Dixon et al™

Elevated ALT (>401U/L)
Insulin Resistance (index > 5)

Gholam's model DM I

Algorithm 0.9 Gholam et al™

AST level

NASH clinical scoring system for morbid obesity

Hypertension
DM II

Weighted sum (0-7) Not reported ~ Campos et al™

Elevated AST (>27IU/L)
Elevated ALT (> 27 IU/L)

OSA

non-black race

Ulitsky's score DM I Weighted sum (0-5) Not reported  Ulitsky et al™
Elevated ALT (> 40 IU/L)
Elevated triglycerides (> 150 mg/dL)
OSA
NASH predictive index Female sex Algorithm 0.78 Zein et al™

Body mass index
HOMA-IR
AST levels
ALT levels

AUC: Area under curve; ALT: Alanine aminotransferase; DM II: Diabetes mellitus type II; AST: Aspartate aminotransferase; OSA: Obstructive sleep

apnoea; HOMA-IR: Homeostatic Measurement Assessment of Insulin Resistance; NASH: Non-alcoholic steatohepatitis.

clinical use of these models is currently restricted by
their limited utility in quantifying steatosis severity in
obese patients in addition to not accurately predicting
new-onset ischemic heart disease or cardiovascular
mortality™*),

COMPOSITE DIAGNOSTIC MODELS FOR
NASH

Liver-specific therapeutic interventions such as thia-
zolidinedione pharmacotherapy could pose specific
benefit in non-cirrhotic NASH™, There is still however
insufficient evidence to justify the routine clinical
use of any specific targeted treatments at this time.
Numerous studies have shown that a approximately
10% reduction in body weight improves both metabolic
abnormalities and histological changes in patients with
NAFLD/NASH and as such, a multidisciplinary lifestyle-
based therapeutic approach incorporating a tailored
low-calorie dietary regimen and moderate physical
exercise remains the cornerstone of treatment for this
condition®*”), To ensure the successful implementation
of population-based lifestyle intervention programs
aimed at preventing the onset or progression of NAFLD
in resource-limited healthcare settings, it is imperative
to foster collaboration between clinicians and the public
sector in accordance with standardized guidelines and
assisted by the necessary ethico-legal and governmental
frameworks™®,

It can be argued that the abovementioned findings
call into question the validity of diagnostic confirmation
for NASH. Delineating between uncomplicated steatosis
and this more aggressive phenotype however has
important prognostic significance, since compared to
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patients with simple fatty liver, those with steatohepatitis
are at greater risk for cardiovascular as well as liver-
related mortality!*®. The association between NASH and
increased cardio-metabolic risk is further evidenced by
significant correlations reported between the extent of
necro-inflammatory injury and the degree of endothelial
as well as diastolic dysfunction™ ). A number of simple
composite diagnostic models for NASH have been
developed to date, largely incorporating readily available
clinical data in addition to several routinely performed
biochemical tests (Table 2).

Socio-demographic characteristics

Epidemiological studies have reported marked gender-
specific and population-related disparity in the prevalence
and severity of NAFLD, with ethnicity and sex considered
co-dependent risk modifiers further influenced by
age as well as environmental exposures acting on a
genetic background™®, Such evidence emphasizes the
importance of a population-based approach to chronic
disease risk screening integrating socio-demographic
variables in developing composite risk models for
application as screening tools. The incidence of NASH is
higher in females particularly of older age, while risk for
progression to this inflammatory phenotype is inversely
related to African ancestry™, These observations are
reflected in the inclusion of non-black ethnicity and
female sex in the NASH dlinical scoring system for morbid
obesity®" and NASH predictive index™, respectively.

Cardio-metabolic risk traits

The near-universal incorporation of cardiovascular risk
traits defined by the metabolic syndrome as a component
of diagnostic models for NASH accords with the well-
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evidenced association between these entities'®.. Direct
biochemical confirmation or clinical approximation of IR is
of particular relevance in this regard, as insulin-mediated
intra-hepatic FFA flux potentiates cardiomyocyte
ischemia contributing towards diastolic dysfunction,
adaptive remodelling and subsequent cardiac injury. IR is
therefore considered the primary mechanism underlying
the emergence of a distinct “dysfunctional cardiovascular
phenotype” of NAFLD, particularly associated with
increased cardio-metabolic risk™®".

Liver enzyme levels

Separately, an elevation in either AST or ALT is not
considered a reliable indicator of necro-inflammatory
hepatic injury, and as such, normal levels do not
confidently exclude a diagnosis of NASH™ . Increased
GGT however independently predicts not only pro-
gression to NASH® but also new-onset CVD in addition
to cardiac mortality™®".

Obstructive sleep apnoea

The association between obstructive sleep apnoea
and central obesity as well as the metabolic syndrome
validates its incorporation into several diagnostic models
for NASH. Severe chronic hypoxemia is positively
correlated with steatosis grade and indirectly promotes
hepatic necro-inflammation'®’ although its association
with other determinants of histological injury remains
unclear®®”, Intermittent hypoxia induces intra-hepatic
FFA flux which promotes progression to NASH via: (1)
activation of nuclear factor kappa beta and increased
production of pro-inflammatory adipocytokines; as well
as (2) up-regulation of reactive oxygen species (ROS)
synthesis mediated by the NADPH oxidase complex®,

Oxidative and inflammatory biomarkers

Chronic inflammation and oxidative stress are considered
important “second-hit” pathogenic mechanisms
underlying progression to NASH. The relationship between
the metabolic syndrome and high-sensitivity C-reactive
protein is well-recognized®® and a preponderance of
evidence now supports its utility as a reliable predictive
marker for new-onset CVD and subclinical athero-
sclerosis”®”?, There is however general concern regarding
the putative value of adipocytokines, acute phase
reactants and oxidative biomarkers in the diagnosis of
NASH due to their general lack of specificity!”*. While
plasma caspase-generated cytokeratin-18 (CK-18)
reflecting hepatocyte apoptosis is considered a highly
accurate and potentially useful non-invasive diagnostic
marker for NASH"®, the low sensitivity of CK-18 limits its
potential viability as screening tool in the clinical setting’®’.
It also remains unclear to what extent the incorporation of
CK-18 into composite diagnostic models is deterministic
of their accuracy.

Iron parameters
Emerging evidence suggests that ferritin is not only
independently associated with diagnostic features
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of the metabolic syndrome, but reliably predicts its
presentation as composite entity as well as the onset
of full-blown type II diabetes mellitus (DM 1I) and
adverse cardiac events”’7®, It has been proposed that
the well-evidenced pathogenic relationship between
hyperferritinemia and the metabolic syndrome is
mediated by undiagnosed hepatosteatosis®” which in
turn exacerbates the association between this condition
and increased risk for DM 1I and atherosclerotic
disease™. Up to 30% of NAFLD patients present with
baseline hyperferritinemia'® considered a reliable
predictive marker for NASH, validating its incorporation
into the NAFIC score shown to outperform both the
HAIR score and Gholam’s model®., The utility of ferritin
in the non-invasive prediction of advanced hepatic
fibrosis and increased histological severity however
remains contested™®”,

In the absence of a corresponding elevation in
transferrin saturation (TS), inflammation-mediated
hyperferritinemia accompanied by decreased serum iron
constitutes a clinico-biochemical profile consistent with
the “anaemia of chronic disease”®®*” and compatible
with a diagnosis of hepatosteatosis and/or the dys-
metabolic iron overload syndrome (DIOS)®. Mendler
et al® first described the presence of unexplained
mild-to-moderate sinusoidal hepatic siderosis invariably
associated with decreased insulin sensitivity and termed
this condition insulin resistance-associated hepatic iron
overload (IR-HIO). In less than two decades, DIOS
has emerged as an important differential diagnosis for
type I hereditary hemochromatosis (HH) in patients
at increased cardio-metabolic risk presenting with
deranged iron profiles and a persistent elevation in liver
transaminases®'!. Due to their striking similarities, it has
been proposed that a superficial distinction between
the “iron phenotypes of obesity” which characterize the
metabolic syndrome, NAFLD and DIOS in fact belies
their common pathological basis®®”.

Standardized selection criteria for mutation screening
of the hemochromatosis (HFE) gene to confirm a
suspected diagnosis of HH are already in place based on
well-established diagnostic algorithms. However, there
remains a pressing need to develop and validate cost-
effective non-invasive pre-screen diagnostic algorithms
to assist clinicians in differentiating between type I HH
and DIOS as common causes of hepatic siderosis with
the goal of informing clinical and therapeutic decision
making. Riva et al®" re-evaluated the diagnostic criteria
for DIOS and showed that the presence of two or
more metabolic syndrome features and a normal TS
percentage in patients with confirmed hepatosteatosis
corresponded with mild to moderate hepatic siderosis,
showing a predominantly sinusoidal distribution typical
of “classic” DIOS. By comparison, a significant peripheral
elevation in TS dissociated from cardio-metabolic risk
traits corresponded to more severe hepatocellular iron
accumulation consistent with the histological presentation
of HH. In this context, the routine implementation of a
similar validated diagnostic tool could assist clinicians
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Table 3 Composite predictive models for advanced hepatic fibrosis in chronic liver disease

Biomarker panel Components Formula Validated in adult NAFLD Ref.
APRI index AST, platelet count Ratio y Kruger et al™
BAAT score Age, BMI, ALT, triglycerides Weighted sum N Ratziu et al®”
BARD score BMI, AST, ALT, DM II Weighted sum v Harrison et al®®
Cirrhosis discrimination score AST, ALT, platelet count, INR Weighted sum X Udell et al®™
FIB-4 index Age, AST, ALT, platelet count Algorithm v Shah et al"™®
Fibrosis probability index Age, AST, previous alcohol use, HOMA-IR, cholesterol Algorithm X Sud et al"™
Forns index Age, platelet count, GGT, cholesterol Algorithm N Forns et al™™
Gholam's score ALT, HbA1C Weighted score N Gholam et al®™
Hui model BMI, bilirubin, albumin, platelet count Algorithm X Hui et al"™®
King score Age, AST, platelet count, INR Algorithm X Cross et al"™!
Lok index AST, ALT, platelet count, INR Algorithm X Lok et al"™
NAFLD fibrosis score Age, BMI, platelet count, albumin, AAR, IFG/DM II Algorithm N Angulo et alt%!

NAFLD: Non-alcoholic fatty liver disease; APRI: Aspartate aminotransferase to platelet ratio index; AST: Aspartate aminotransferase; BMI: Body mass

index; ALT: Alanine aminotransferase; DM II: Diabetes mellitus type II; HOMA-IR: Homeostatic Measurement Assessment of Insulin Resistance; IFG:
Impaired fasting glucose; GGT: Gamma glutamyl-transferase; INR: International normalized ratio; AAR: AST/ALT ratio.

in stratifying obese patients into meaningful subgroups
based on the need for extended follow-up evaluation. This
could confirm a suspected diagnosis of hepatosteatosis
and/or DIOS, in addition to identifying a subgroup of
patients set to derive optimal benefit from the timely
implementation of suitable lifestyle-based intervention
strategies and targeted therapeutic modalities aimed at
decreasing cumulative cardio-metabolic risk early on in
the disease process.

COMPOSITE PREDICTIVE MODELS FOR
ADVANCED HEPATIC FIBROSIS

Establishing the extent and severity of fibrotic injury in
patients with NAFLD is of significant clinical relevance for
reliable prediction of overall and liver-related mortality™.
In addition to its prognostic importance, confirmation of
advanced hepatic fibrosis may identify patients eligible
for enrolment in screening programs aimed at monitoring
risk for progression to cirrhosis and its associated
complications®®. Fibrosis severity is moreover correlated
with greater carotid intima media thickness measure-
ments, decreased coronary blood flow reserves as well
as microvascular dysfunction, suggesting that patients
with advanced fibrotic injury should be considered at
high-risk for CVD, warranting more aggressive and
sustained intervention via lifestyle-based risk reduction
methods®* !, Several scoring panels used for the
prediction of advanced hepatic fibrosis are outlined in
Table 3.

Socio-demographic characteristics

Risk for pathogenic progression and greater histological
severity increases dramatically with age!*®”. Older age
is therefore considered a predictor variable in multiple
composite models for advanced fibrosis.

Cardio-metabolic risk traits and liver enzyme levels
The metabolic syndrome as composite entity, in addition
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to its individual components, are accurate predictors of
histological severity in NASH"®!, The AAR is typically <
1 in patients with uncomplicated NAFLD. However, ALT
levels decrease with resolution of necro-inflammation
and as fibrotic injury progresses, which causes decreased
clearance of AST from the sinusoidal space resulting
in gradual reversal of the AAR®?. An AAR of > 1 is
considered a reliable indicator of cirrhosis, while a cut-
off value of 0.8 can be used to predict advanced hepatic
fibrosis™*,

The abovementioned variables constitute the
basis for most of the composite predictive models for
advanced hepatic fibrosis developed to date. Despite
the high specificity (100%) of the BAAT score, its
low sensitivity largely restricts more widespread use
in clinical practice. The NAFLD fibrosis score (NFS)
has proven useful in accurately predicting as well as
excluding advanced hepatic fibrosis using high and
low cut-off values, respectively. Although the NFS has
been extensively investigated and validated in different
population groups, it has limited utility in intermediate
stages of non-severe fibrosis™'**?, The BARD score
compares favourably to the NFS, and is both easier to
calculate and does not produce intermediary results
of indeterminate significance. However, its utility is
hampered by the significant proportion of patients who,
despite mild disease severity, are allocated high total
scores due to obesity***'**, Although the NFS and
BARD score accurately predict the onset of cirrhotic
complications and liver-related mortality, their clinical
application towards these goals is undermined by the
inclusion of DM 1I as independent predictor of adverse
clinical outcome!**>**¢,

Markers of impaired hepatic functioning

Progression from severe hepatic fibrosis to cirrhosis
ultimately leads to decompensated liver failure and
portal hypertension, biochemically reflected as throm-
bocytopenia, increased prothrombin time, hypoal-
buminemia and hyperbilirubinemia. Platelet count is an
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ideal biomarker for the prediction of advanced fibrosis in
many chronic liver diseases™” and features in multiple
composite models currently available to the dinician. The
clinical relevance of the AST to platelet ratio index (APRI)
as a simple screening tool to predict advanced fibrosis has
been demonstrated in the resource-limited South African
setting, comparing favourably to the NFS with superior
accuracy to the AARP®, While the APRI could serve to
decrease the need for liver biopsy in this context, its utility
in the evaluation of intermediary stages of fibrosis severity
remains uncleart®**%,

Addition of age to the APRI yields the FIB-4 index,
providing a model which, while still easily and affordably
calculable, consistently outperforms other non-invasive
tools in comparative studies for the identification as
well as exclusion of advanced hepatic fibrosis!™2**?,
The international normalized ratio (INR) is not only a
significant independent predictor for advanced hepatic
fibrosis in NAFLD, but improves the positive predictive
value of the BARD score when incorporated as an
additional variable, without compromising its negative
predictive value**?, Age, platelet count and/or INR
are also included in several other predictive models
which have not yet been validated in adult patients with
NAFLD. These scoring panels incorporate a number of
components known to independently predict fibrosis
severity in NAFLD, including bilirubin™*!, GGT™** and
albumin™®®,

Markers of hepatocellular turnover

Markers which reflect increased deposition or decreased
degradation of extracellular matrix (ECM) components
are obvious candidates for the evaluation of fibrosis
severity in chronic liver disease. The accuracy of
direct fibrotic biomarkers may exceed that for simple
biomarker panels incorporating indirect markers of
hepatic dysfunction®*!, ECM components are included
in @ number of complex patented biomarker panels,
including the Original European Liver Fibrosis (OELF)
score, simplified European Liver Fibrosis (ELF) score
and NASH Diagnostics panel. One of the most widely
investigated direct biomarkers is the high molecular
weight polysaccharide hyaluronic acid (HA), with
increased levels, resulting from accelerated collagen
synthesis and decreased hepatic sinusoidal clearance,
shown to accurately predict advanced fibrosis in
NAFLD!?'] However, a significant drawback to the
use of ECM markers such as HA is their lack of liver-
specificity, as levels are affected by diverse factors such
as renal failure, extra-hepatic fibrogenesis and dietary
habits'**,

LIMITATIONS OF COMPOSITE
PROGNOSTIC MODELS

Individual biomarkers used for the peripheral evaluation
of hepatic injury in NAFLD invariably fall short of the
hypothetical ideal. Composite diagnostic and predictive
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models show greater discriminatory power compared
to single-variable analysis and there is considerable
interest in their potential value as non-invasive risk
assessment tools. A number of important limitations
however currently impede their routine use in clinical
practice, as outlined below.

Diagnostic and predictive models are defined by
variability

Different models which assess the same outcome
may differ markedly in their composition as well as
methods employed for risk calculation, and many
were initially developed for use in other chronic liver
diseases such as viral hepatitis. Existing models were
constructed against histological end-points defined by
variable classification schemes and evaluated using liver
biopsy as an imperfect diagnostic standard. Selection
bias poses a major general concern, as initial studies
often utilize heterogeneous and highly selected patient
cohorts as well as different reference populations.
Despite promising findings supporting their clinical
value, confirming the reproducibility and robustness
of existing composite prognostic models will depend
on their external validation in large-scale prospective
studies, considered a prerequisite for extrapolation to
the general population.

Lack of consensus regarding clinically meaningful
thresholds for histological severity

Predictive models for the non-invasive assessment of
the extent and severity of fibrotic injury should ideally
reflect a dimensional pathogenic spectrum raging
from ECM deposition though initial scarring, bridging
as well as advanced fibrosis, and ultimately different
stages of compensated and decompensated cirrhosis.
While existing predictive models have proven useful
in excluding advanced fibrosis, many require further
validation in cases of intermediate severity. Their
positive predictive value is also modest at best, and
likely inferior to that of more complex scoring panels**?,
which are again limited as the direct biomarkers they
employ lack standardization as well as liver-specificity.
A number of suggestions have been proposed in an
attempt to address these shortcomings, including the
concurrent use of multiple prognostic models towards
the same goal™". The development of progressively
more complex risk assessment schemes is intuitively a
plausible solution, and while improving the performance
for cirrhosis, this approach does not greatly increase the
predictive accuracy of these models for NASH or non-

severe fibrosis™™",

Limited value in predicting complications

Composite non-invasive models have limited utility in
the prediction of cirrhotic complications such as variceal
bleeding!*¥, There is still a disproportionate focus
on liver-related as opposed to cardiovascular events,
which is particularly relevant as CVD is the primary
cause of mortality in NAFLD patients. Establishing

May 28,2015 | Volume 7 | Issue 9 |



Liickhoff HK et a/. Non-invasive evaluation of NAFLD severity

the utility of composite models in predicting cardio-
metabolic complications, adverse clinical outcomes and
mortality risk is therefore an important research focus
for future prospective studies. Moreover, an important
research objective in this regard would be to focus on
determining to what extent the addition of a genomics
component to prognostic models allows for the accurate
prediction of long-term clinical outcomes.

IMPROVING CLINICAL RISK PREDICTION
ACROSS THE NAFLD SPECTRUM

There is ongoing research interest in determining to
what extent the addition of biochemical and functional
genomic markers and/or the application of emerging
imaging technologies can assist in overcoming the
abovementioned limitations restricting the more wide-
spread clinical implementation of existing composite
prognostic models applicable across the NAFLD spectrum
by improving their diagnostic accuracy and predictive
performance.

Incorporation of personalized genomic testing to
existing composite prognostic models

Epidemiological evidence concerning the extent towards
which susceptibility for NAFLD involves a substantial
heritability component remains conflicted!****%, This
has led to ongoing research interest in elucidating
the genetic mechanisms that may underlie marked
population-based variation in disease prevalence and
inter-patient heterogeneity in histological severity
characteristic of this complex disease trait!**>***,

Two seminal population-based genome-wide
association studies (GWAS) conducted in 2008738
identified a common non-synonymous single-nucleotide
polymorphism in the patatin-like phospholipase domain-
containing protein 3 (PNPLA3) gene (rs738409 C >
G; 1148M), which encodes the multifunctional lipolytic
enzyme adiponutrin (ADPN)"**! as a major determinant
of inter-individual variation in hepatic fat content and
plasma liver enzyme levels. The PNPLA3 rs738409
SNP has subsequently been reproducibly associated
with increased susceptibility towards the onset and
progression of NAFLD across boundaries for age, sex
and ethnic background™****, Findings from at least
two recent meta-analyses have also confirmed the
clinical relevance of PNPLA3 rs738409 as a potent
genetic risk factor for NASH, severe hepatic fibrosis and
hepatocellular carcinoma™*>**¢,

Existing evidence concerning the exact molecular
mechanisms which underlie the association between
PNPLA3 rs738409 and increased susceptibility
towards the onset and progression of hepatosteatosis
however remains both inconclusive and conflicting™*”".
ADPN possesses both triacylglycerol (TAG) lipase
and acylglycerol O-acyltransferase activity with the
known relationship between PNPLA3 rs738409 and
decreased TAG hydrolysis™*®***! supporting a loss-of-
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function mechanism as underlying the promotion of
macrovesicular hepatosteatosis due to increased hepatic
lipid accumulation and/or export associated with impaired
lipidation of very low-density lipoprotein particles™*"*",
PNPLA3 knockout in vivo does not however lead to
increased intra-hepatic TAG accumulation™**? with
increased lysophosphatidic acid acyltransferase activity
and TAG synthesis noted for G-allele carriers, but rather
supports a gain-of-function mechanism contributing
towards the development of hepatosteatosis**®. Li et
al> however suggested that increased susceptibility
towards hepatosteatosis associated with PNPLA3
rs738409 could be explained by a combination of in-
creased TAG synthesis as well as decreased hydrolysis in
the context of excess intra-hepatic FFA accumulation.

While PNPLA3 rs738409 confers susceptibility
towards hepatosteatosis independent of extra-hepatic
metabolic phenotypes, visceral adiposity mediates the
severity of hepatic lipid infiltration in risk-allele carriers
as well as the association of this genetic variant with
related cardio-metabolic risk traits!>>**®. The rs738409
variant similarly confers risk for increased histological
severity dissociated from its effects on central obesity
and IR"¥*® Its pathogenic role in impaired lipid
homeostasis as evidenced by a peripheral decrease in
serum triglyceride, total and high-density lipoprotein
cholesterol™*®” is furthermore unmasked in the
presence of increased visceral adiposity!®! and impaired
glucose tolerance™?, in addition to being modulated
by lifestyle and dietary habits!*®**®*., It has further been
proposed that lipotoxicity and inflammatory stress
resulting from impaired intra-hepatic lipid metabolism
and free cholesterol deposition associated with PNPLA3
rs738409 activates dormant hepatic stellate cells (HSCs),
leading to increased fibrogenesis. Severe hepatic
fibrosis may occur in the absence of pathologically
evident NASH, supporting the hypothesis that a direct
stimulating effect on HSCs also contributes towards
hepatic fibrogenesis independent of hepatic necro-
inflammation™®*,

Collectively, the abovementioned findings provide
a useful framework for ongoing research aimed at
establishing to what extent the incorporation of PNPLA3
genotyping as a component of existing composite
prognostic models used in NAFLD/NASH could improve
their performance. The addition of PNPLA3 genotyping
to the NAFLD liver fat score fails to significantly increase
its diagnostic accuracy™®!, suggesting limited utility as
a diagnostic marker for hepatosteatosis. However, the
combined assessment of PNPLA3 rs378409 genotype
along with fasting insulin and ALT levels has been shown
to reliably predict the presence of undiagnosed NASH™®,
The observation that the genotype distribution and
allele frequencies for PNPLA3 rs738409 closely mirror
population-based prevalence rates for hepatosteatosis
further supports the notion that a degree of the known
variation in disease susceptibility observed between
different population groups evident for NAFLD has a
partly genetic basis™*. This emphasizes the need for
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further research aimed at clarifying the role of ethnicity
as a putative modulator of genetic risk conferred by
PNPLA3 rs738409. Evidence of gene-diet interactions
that may be relevant to a specific population supports
the need for development of lifestyle-based intervention
strategies aimed at decreasing cumulative risk for
development of NAFLD and progression to NASH!®®,

GWAS have identified a number of other genetic
variants as potential risk modifiers for progressive
necroinflammatory injury and advanced hepatic fibrosis
in NAFLD. For example, the PiS/PiZ variant of the
o-1 antitrypsin (AAT) gene implicated in endoplasmic
reticulum stress has been shown to predict hyper-
ferritinemia and parenchymal iron overload independent
of TS percentage despite its dissociation from risk for
increased histological severity!*®”), In a similar study,
Valenti et a'®® investigated the utility of four polymorphic
variants in the HFE, AAT, ferroportin-1 and beta-globin
genes functioning in known iron metabolism pathways as
putative predictive markers for parenchymal iron overload
and increased histological severity. In this study™®,
the authors demonstrated that that hepatocellular iron
overload could be explained by risk-variant carriage in
63% of cases, with the beta-thalassemia trait showing
the highest predictive accuracy for moderate-to-severe
hepatic fibrosis in patients with NAFLD and/or DIOS.

The role of causative mutations in the HFE gene
implicated in type I HH as non-deterministic modifiers
of susceptibility towards the onset and pathogenic
progression of NAFLD remains incompletely elucidated.
In an Italian study, Valenti et af*® showed that hetero-
zygosity for the deleterious C282Y mutation confers
susceptibility towards hepatosteatosis even in the
absence of overt cardio-metabolic risk. The C282Y
mutation has been associated with NASH"®"! as well as
hepatocellular iron accumulation which could promote the
progression of hepatic fibrogenesis, thereby conferring
risk for increased histological severity secondary to iron-
mediated oxidative stress and lipotoxicity™**”. Findings
from conflicting studies””>"’* as well as a systematic
review and meta-analysis'’®>' however fail to support
the notion that HFE genotype is a significant genetic
determinant of risk for the onset or progression of NAFLD
and/or DIOS. In patients with a known diagnosis of
NAFLD, confirmation that HFE genotype allows for the
non-invasive prediction of parenchymal as opposed to
sinusoidal iron overload could also provide evidence
supporting the relevance of personalized genomic
testing in the non-invasive differentiation between
hepatosteatosis/DIOS and type I HH. This issue was
addressed in a study conducted by Valenti et a/'’®
who showed that, despite the association between
C282Y mutation carriage and parenchymal siderosis
typical of type I HH, only approximately 33% of NAFLD
patients exhibited this pattern of iron distribution, with
HFE genotype explaining less than 50% of phenotypic
variance for this trait. These findings suggest that HFE
genotyping as a stand-alone genomic test most likely
has limited utility as a reliable predictive marker for
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hepatocellular iron overload.

There is growing recognition that genetic variants
implicated in the aberrant regulation of the ferroportin-
hepcidin axis play a major role in the etiopathogenesis of
iron-related disorders™”. In accordance with this notion,
a polymorphic variant (rs855791) in the matriptase-2
(TMPRSS6) gene has been associated with dysfunctional
down-regulation of hepcidin expression implicated in
the pathogenesis of a genetic subtype of iron-deficiency
anaemia. It remains unclear however to what extent
the association between TMPRSS6 rs855791 and iron
deficiency is either mediated by or independent of
hepcidin status, with existing evidence indicating that
the pleiotropic effects this genetic variant exerts on
serum iron profiles are likely context-dependent!!’8%,
The putative role of TMPRSS6 rs855791 in the etiology
of NAFLD has recently started to garner increasing
research attention. Emerging evidence suggests that
TMPRSS6 rs855791 is associated with hypoferritinemia
and decreased hepatic iron stores independent of
serum ferritin and HFE genotype, and may exert a
protective effect against the development of hepatic
siderosis and DM II in patients with NAFLD®*%],
Ongoing investigative effort is required not only to
further elucidate the clinical significance of TMPRSS6
rs855791 as a potential genetic risk modifier for NASH
and/or advanced hepatic siderosis but also to replicate its
apparent dissociation from susceptibility towards DIOS
considered in the context of known environmental and
epistatic modulators of phenotypic expression in different
population groups.

Incorporation of emerging imaging methodologies as a
component of existing composite prognostic models
Findings from multiple studies and meta-analyses
further support the utility of transient elastography (TE)
in diagnosing or excluding advanced hepatic fibrosis and
cirrhosis with excellent accuracy, providing a reliable non-
invasive tool used to assess and monitor the progression
of fibrogenic activity in patients with NAFLD/NASH. To
what extent extra-hepatic metabolic risk phenotypes as
well as underlying pathology contribute towards variation
in liver stiffness measurement (LSM) and influences
the efficacy of TE however remains incompletely under-
stood!*®**¥1, Emerging evidence further suggests that
the concurrent assessment of LSM and PNPLA3 genotype
alongside existing composite prognostic models used
to predict advanced hepatic fibrosis in NAFLD could
improve their performance with the goal of decreasing
the need for invasive liver biopsy™®*®!, Future studies
should ideally aim to validate these preliminary findings
in large-scale population-based prospective studies.

CONCLUSION

The routine clinical adoption of composite prognostic
models as viable non-invasive risk stratification tools
offers distinct advantages over the use of individual
peripheral biomarkers, which have limited utility

May 28,2015 | Volume 7 | Issue 9 |



Liickhoff HK et a/. Non-invasive evaluation of NAFLD severity

compared to liver biopsy as the current standard for
the diagnosis, grading and staging of NAFLD. In future,
improved non-invasive diagnostic and predictive models
incorporating genomics could allow for the timely
implementation of tailored therapeutic intervention,
aimed at preventing disease onset as well as decreasing
risk for cardiovascular- and liver-related mortality
in patients with NAFLD!"®”. A number of important
limitations however continue to impede more widespread
clinical application as part of routine patient management,
including the need for external validation in large-scale
prospective studies to confirm their reproducibility
and robustness as well as applicability in the general
population. In response, ongoing investigative effort is
required in order to assess new combinations of readily
available biomarkers as novel prognostic models which
could serve as cost-effective screening tools in a specific
target population. In resource-limited settings the
establishment and ongoing development of a database
resource for health outcome studies may provide a viable
alternative to prospective clinical trials for validation of
eligibility criteria and treatment algorithms guided partly
from the genetic background.

Given the decreasing cost and growing availability
of genetic testing in the clinical domain, the routine use
of personalized genomic risk screening in developing
nations soon become a reality. This provides motivation
for future research aimed at clarifying to what extent the
incorporation of functional genomic markers and/or the
application of emerging imaging technologies including
TE could assist in overcoming the abovementioned
limitations evident for existing composite prognostic
models by improving their diagnostic accuracy and
predictive performance. In particular, considering the
emerging role of DIOS as an important secondary cause
of hepatic siderosis distinct from type I HH known to
pose independent risk for new-onset CVD, subclinical
atherosclerosis and decompensated liver failure, there
is a pressing need to develop and validate non-invasive
pre-clinical diagnostic algorithms to differentiate between
DIOS and type I HH in patients with the metabolic
syndrome and/or NAFLD. The clinical implementation
of a validated diagnostic model for DIOS could
potentially allow for a more comprehensive approach to
cardiovascular risk screening as well, allowing clinicians
to identify an obese patient subgroup set to derive
optimal benefit from the timely implementation of more
aggressive and sustained lifestyle-based intervention
strategies as well as tailored therapeutic adjuncts aimed
at decreasing cumulative cardio-metabolic risk for early
on in the disease process.

In addition to allowing for a more goal-directed use
of liver biopsy in resource-limited settings, clinically
validated composite models may in future be used to
determine eligibility for genetic testing as part of the
emerging arsenal of available tools used to guide patient
management and improve the standard of patient care
in NAFLD. Towards this goal, a pathology-supported
genetic testing approach could prove useful in developing
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standardized pre-screen diagnostic algorithms to select
non-responders to standard therapies and genetically
uncharacterized NAFLD patients set to derive additional
benefit from extended whole genome or exome sequen-
cing'****?, Next-generation sequencing could be used
to validate common susceptibility variants implicated
in the etiopathogenesis of NAFLD, thereby supporting
the development and validation of a genomics-based
screening panel to provide greater insight into the value
of personalized medicine applications!****¥, In this
context, a transdisciplinary “omics” approach has been
proposed as a means of developing novel prognostic
signatures incorporating relevant biochemical and
genomic markers to optimize clinical diagnosis and
improve risk management in patients with NAFLD™,
Extension of genomics-based risk profiling beyond the
limited scope of single-gene testing assisted by next-
generation sequencing has the potential to facilitate the
detection of both known and novel genetic variations
aimed at the prevention of cumulative cardio-metabolic
risk across the NAFLD spectrum.
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Abstract

Traditional Chinese medicine (TCM) has played a
positive role in the management of hepatocarcinoma.
Hepatocarcinoma patients may present Qi-stagnation,
damp-heat, blood stasis, Qi-deficiency, Yin-deficiency
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and other TCM syndromes (Zheng). Modern treatments
such as surgery, transarterial chemoembolization (TACE)
and high intensity focus ultrasound treatment would
influence the manifestation of TCM syndromes. Herbs
with traditional efficacy of tonifying Qi, blood and Yin,
soothing liver-Qi stagnation, clearing heat and detoxifying
and dissolving stasis, have been demonstrated to be
potent to prevent hepatocarcinogenesis. TCM has
been widely used in all aspects of integrative therapy
in hepatocarcinoma, including surgical resection, liver
transplantation, TACE, local ablative therapies and even
as monotherapy for middle-advanced stage hepato-
carcinoma. Clinical practices have confirmed that TCM
is effective to alleviate clinical symptoms, improve
quality of life and immune function, prevent recurrence
and metastasis, delay tumor progression, and prolong
survival time in hepatocarcinoma patients. The effective
mechanism of TCM against hepatocarcinoma is related
to inducing apoptosis, autophagy, anoikis and cell
senescence, arresting cell cycle, regulating immune
function, inhibiting metastasis and angiogenesis, reversing
drug resistance and enhancing effects of chemotherapy.
Along with the progress of research in this field, TCM
will contribute more to the prevention and treatment of
hepatocarcinoma.

Key words: Hepatocarcinoma; Traditional Chinese
medicine; Prevention; Treatment; Traditional Chinese
medicine syndrome (Zheng); Therapeutic principle;
Chinese herbal formula; Chinese herb
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Group Inc. All rights reserved.

Core tip: Hepatocarcinoma may present different
Traditional Chinese medicine (TCM) syndromes (Zheng).
Syndromes are associated with hepatocarcinoma
progression and prognosis to a certain degree. Modern
technologies have been exploited to elucidate the relation
between syndromes and biomedical sciences. Chinese
herbs or herbal components have been demonstrated
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to be effective to prevent and treat hepatocarcinoma.
Contemporary TCM physicians have established some
effective herbal formulas and Chinese patent herbal
drugs for hepatocarcinoma prevention and treatment.

Hu B, Wang SS, Du Q. Traditional Chinese medicine for
prevention and treatment of hepatocarcinoma: From bench to
bedside. World J Hepatol 2015; 7(9): 1209-1232 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/19/1209.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i9.1209

INTRODUCTION

Hepatocarcinoma is the sixth most common malignancy
and the third principal cause of cancer deaths world-
wide', The incidence of hepatocarcinoma is increasing
by cause of hepatitis virus infection and other factors®™.
Due to latent onset and rapid progression, only a
minority of patients with early-stage disease are suitable
for potentially curative therapy, i.e., surgical resection
or liver transplantation. Treatments for unresectable
disease, such as local ablative therapies, transarterial
chemoembolization (TACE) and systemic therapy with
sorafenib, are essentially palliative™. Cancer recurrence
is another obstacle to successful treatment, and there
is a shortage of preventive means for recurrence. It
is important to develop novel approaches for hepato-
carcinoma prevention and treatment.

Traditional Chinese medicine (TCM) has played a
positive role in the management of hepatocarcinoma™®”.
TCM has been widely used in all aspects of integrative
therapy in hepatocarcinoma, including surgical resection,
liver transplantation, chemoembolization, targeted
therapy, and even as monotherapy for middle-advanced
stage hepatocarcinoma'®®l. TCM treatment mainly
includes multiple herbal therapy and Chinese patent
herbal drug therapy. Clinical practices have confirmed
that TCM is effective to alleviate clinical symptoms,
improve quality of life (QOL), palliate myelosuppression,
improve immune function, prevent recurrence and
metastasis, delay tumor progression, and prolong
survival time!®?.,

TCM therapy is a syndrome differentiation based
treatment. Based on TCM pathogenesis, TCM syndrome
patterns and different disease stage, TCM physicians
employ different therapeutic methods, and prescribe
multiple herbs for hepatocarcinoma treatment™”. The
pathogenesis of hepatocarcinoma is related to weakened
body defense or deficiency in liver and kidney, liver
stagnation, dampness-heat, and blood stasis. Since
these pathological factors are also seen in other
diseases, contemporary TCM has developed the concept
of cancerous toxicity (Ai-Du) to discriminate liver cancer
from other common diseases, and underscore the
application of anti-cancer therapy to improve overall
therapeutic efficacy in hepatocarcinoma™ 2,

During past decades, TCM has been extensively
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explored to prevent and treat hepatocarcinoma. In this
paper, we comprehensively review the experimental and
clinical efficacy of TCM against hepatocarcinogenesis and
hepatocarcinoma, TCM syndromes in hepatocarcinoma
patients and the effective mechanism of TCM in the
treatment of hepatocarcinoma, to provide new insights
into hepatocarcinoma management.

HEPATOCARCINOMA PREVENTION BY
TCM

Disease prevention has long been practiced in TCM.
Taking preventive measures against disease or treating
before sick had been established as a basic principle
for disease control since Inner Canon of Emperor
Huang (Huang-Di-Nei-Jing) (400 B.C.), Dr. Zhong-Jing
Zhang, one of the most prominent Chinese physicians
in history, had developed another principle for liver
disease prevention in Synopsis of Golden Cabinet (Jin-
Gui-Yao-Lue) (A.D 200 - 210). Dr. Zhang observed
that liver diseases tend to spread to the spleen, and
proposed that the spleen-Qi should be reinforced before
it is affected. Hepatocarcinoma prevention by Chinese
herbs or related products has been extensively studied
in recent decades.

Classical herbal formulas

Chinese herbal formula or Chinese herbal compound
prescription is the most representative application
form of Chinese herbs. It has been shown that some
classical herbal formulas have preventive effects against
hepatocarcingenesis. Ren-shen-bie-jia-jian, a formula
for nourishing Qi and dissolving stasis, is effective in
inhibiting hepatocarcinogenesis and down-regulation of
transforming growth factor-p type II receptor (TGF-B
1 R)™., Xiao-chai-hu-tang, a formula used for soothing
liver-Qi stagnation, may inhibit N-nitrosomorpholine
(NNM) induced hepatocarcinogenesis and increase
the proportion of helper T lymphocytes in rats™*. Shi-
quan-da-bu-tang, a classical formula for tonifying Qi-
blood, inhibits NNM induced hepatocarcinogenesis
and increases interleukin-2 (IL-2) receptor-positive
lymphocytes in rats™®, However, the more exploited
and studied are modern formulas.

Liver and/or kidney-tonifying herbal formulas

According to TCM theory, the liver and kidney share the
same origin, and thus tonifying liver and/or kidney is
frequently used to prevent hepatocarcinoma. Nourishing
Yin Decoction, a formula for tonifying liver Yin, may inhibit
aflatoxin B1 (AFB1) induced hepatocarcinogenesis'®.
A-L tonic capsule, a tonifying liver and kidney Yin and
nourishing Qi based Chinese patent drug for improving
the immune system in cancer patients, may reduce
DNA content and improve its distribution in rat hepato-
carcinogenesis induced by diethylnitrosamine (DEN)!”..
Bu Shen Prescription, a formula composed of eight
herbs for tonifying kidney, inhibits DEN induced hepato-
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carcinogenesis in rats™®,

Liu et af'”! established Fu-zheng-hua-yu formula for
tonifying kidney and dissolving stasis, and demonstrated
that it may inhibit hepatocarcinogenesis and induce
cell cycle S phase arrest in DEN treated rat models. Fu-
zheng-hua-yu formula has been developed as a Chinese
patent drug for liver fibrosis treatment. Hugi San, a
formula for tonifying kidney and nourishing Qi, inhibits
the over-expression of c-jun, c-fos and c-myc oncogenes
and liver preneoplastic lesions induced by DEN?24,

Spleen-strengthening herbal formulas

Strengthening spleen is an important principle for
hepatocarcinoma prevention. Ganfujian, a formula
composed of dietary and medicinal Chinese herbs for
strengthening spleen, has showed effects in inhibiting
hepatocarcinogenesis, and down-regulation of CDK4
(cyclin-dependent kinase 4), cyclin D1 and PCNA
(proliferating cell nuclear antigen) in DEN induced hepatic
carcinogenesis in rats®?!. Qiu et a'** have established
an herbal recipe for strengthening spleen, regulating Qi,
removing heat, and softening hard lumps and resolving
phlegm (SRRS). SRRS recipe has been demonstrated to
have preventive effects against DEN induced hepatoca-
cinogenesis®®, Jianpi Jiedu Recipe, an herbal formula
for strengthening spleen and detoxification, has been
showed to be effective in inhibiting DEN induced hepa-
tocarcinogenesis, down-regulating miR-199a and
Phosphatidylinositol-4,5-bisphosphate 3-kinaseV-akt
murine thymoma viral oncogene homolog (PI3K/AKT),
and up-regulating p70s6ki***!,

Detoxifying herbal formulas

In addition to tonifying treatments, eliminating pathogenic
factors is another important principle for hepatocarcinoma
prevention. Removing Toxic Heat Decoction, a formula
based on detoxifying and tonifying liver Yin, may
inhibit AFB1 induced hepatocarcinogenesis™®. Gao et
al*® evaluated Gan-Zheng oral solution, a formula for
detoxification and dissolving stasis, in a DEN induced
rat model and demonstrated that it is effective in
inhibiting hepatocarcinogenesis and down-regulating
intercellular adhesion molecule 1 (ICAM-1)2. Zao-Lian
mixture, a formula for detoxification, dissolving stasis,
strengthening spleen, and soothing liver, may inhibit
hepatocarcinogenesis and protect liver function”. Sb/Bs
remedy, containing Scutellaria baicalensis Georgi (Sb)
and Bupleurum scorzonerifolfium Willd (Bs), suppressed
N-nitrosobis(2-oxopropyl)amine (BOP) induced liver
tumours, increased serum tumor necrosis factor (TNF)-
alpha and TGF-betal, decreased 8-OHdG expression,
and increased caspase-3 and apoptosis®®®.

Stasis-dissolving and other herbal formulas

Professor Fang’s group has investigated different TCM
treatments in DEN mediated hepatocainogenesis, and
found that the more efficient treatments are, in order,
promoting circulation and removing stasis, clearing
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heat and detoxifying, and strengthening spleen. All
those treatments up-regulated GTPase-activating
protein expression and down-regulated Ras expression.
Expression of growth factor receptor-bound protein 2
and Raf 1, and son of sevenless was inhibited by those
treatments, respectively™>", Herbal compound 861, a
formula composed of herbs with dissolving stasis and
nourishing Qi efficacy, prevents 2-acetylaminofluorene
(2-AAF) induced hepatocarcinogenesis in rats™>. A new
anti-tumor formula with tonifying Qi, soothing liver and
dissolving stasis effects inhibits hepatocarcinogenesis
induced by HBV and AFB1 accompanied by superoxide
dismutase (SOD) and glutathione S-transferase (GST)
activation and decreased malondialdehyde (MDA)"?..

Tonic herbs

Ginseng, one of the most frequently used herbs for
tonifying Qi, has been reported to be effective in inhibiting
DEN induced hepatocellular carcinoma in rats®*. Dang-
Gui (Angelica sinensis), a common used blood tonic, is
potent to inhibit AFB1 induced mutagenicity in Ames test
and hepatocarcinogenesis induced by AFB1P>*%, Ying-
tonifying herbs such as Nu-Zhen-Zi (Ligustrum lucidum
Ait.), Tian-Dong (Asparagus cochinchinensis), Bai-He
(Lilium brownii) and Shan-Zhu-Yu (Cornus officinalis) are
efficient to inhibit AFB1 induced mutagenicity in Ames
test™, Cao-Cong-Rong (Boschniakia rossica), an herb
with traditional efficacy of Yang-tonifying, may inhibit
DEN induced hepatocarcinogenesis, increase SOD and
GSH-PX (glutathione peroxidase), and down-regulate
expression of MDA, GST and mutant p53 and p21
proteins®>%,

Heat-clearing herbs

Ban-Zi-Lian (Sculellaria barbata), an herb with
traditional efficacy of clearing heat and detoxifying, has
been widely used as an anti-cancer herb. Ban-Zi-Lian
has been reported to be able to inhibit experimental
hepatocarcinoma and relieve hepatic injures in DEN
treated rats”®). Tu-Fu-Ling (Smilax glabra Roxb.),
another commonly used clearing heat and detoxifying
herb, inhibits hepatocarcinogenesis induced by AFB1%7,
Penta-acetyl geniposide, a component of Zhi-Zi (Gardenia
Jasminoides Ellis), may protect rats from AFB1 induced
hepatocarcinogenesis'*”, Berberine, a component of
Huang-Lian (Coptis chinensis Franch.) or Huang-Bai
(Phellodendron chinense Schnied.), inhibits hepatocyte
proliferation and inducible nitric oxide synthase expression,
decreases cytochrome P450 content, inhibits activities of
cytochrome P450 2E1 (CYP2E1) and CYP1A2 in DEN plus
phenobarbital treated rats'*'. Yin-Chen-Hao (Artemisia
capillaris Thunb.), an herb for clearing heat, inducing
urination and removing jaundice, has been reported to
be effective in inhibiting AFB1 induced mutagenicity in
Ames test'*?,

Stasis-dissolving herbs
Dissolving stasis is another principle for hepatocarcinoma
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prevention. Dan-Shen (Salvia miltiorrhiza Bunge)
may inhibit AFB1 mediated mutagenicity and hepato-
carcinogenesis, decrease AFB1-DNA adducts formation
and AFB1l-induced oxidative DNA damage, and induce
glutathione S-transferase Yc-2 expression™****, Jiang-
Huang (Curcuma longa Linn) has beneficial effects on
the early and late stages of liver pathogenesis, prevents
and delays liver carcinogenesis, and may be related
to decreased expression of hepatitis B virus X protein
(HBx) and increased expression of p-p53, p21 and cyclin
D1 in livers of HBx transgenic mice!™. Shan-Qi (Panax
notoginseng), an herb used for hemostasis and dissolving
stasis, has been showed to be effective to inhibit
DEN induced hepatocarcinogenesis and angiogenesis
accompanied by down-regulation of angiopoietin-2,
tunica internal endothelial cell kinase 2, hypoxia inducible
factor-1a (HIF-1a) and vascular endothelial growth factor
(VEGF)™,

Other herbs

Wu-Wei-Zi (Schisandra chinensis), commonly used
for inducing astringency, could inhibit AFB1 induced
mutagenicity in Ames test and hepatocarcinogenesis
induced by AFB1™**®, Gomisin A, an ingredient of Wu-
Wei-Zi, is effective to inhibit 3’-methyl-4-dimethyla-
minoazobenzene induced hepatocarcinogenesis by
enhancing the excretion of the carcinogen from the liver
and by reversing the normal cytokinesis'*®. Other herbs,
such as Bai-Ji (Bletilla striata), which may inhibit FAB1
induced hepatocarcinogenesis, Shan-Zha (Crataegus
pinnatifida), Yi-Yi-Ren (Coix lacryma-jobi L.), Xing-Ren
(Prunus armeniaca) and Wu-Mei (Prunus mume), which
may inhibit AFB1 induced mutagenicity in Ames test>>*%,

Clinical prevention against hepatocarcinogenesis
Current treatments for hepatocarcinoma are less
than satisfactory. It is important to prevent hepato-
carcinogenesis in high risk populations. Jian-Pi-Huo-Xue
Formula based herbal treatment has been demonstrated
to be effective to inhibit hepatocarcinogenesis in patients
with hepatitis, hepatic cirrhosis and low level of AFP™”,
Dan-Shen (Salvia miltiorrhiza Bunge) is potent to
protect male individuals from hepatocarcinogenesis
in a high incidence area of hepatocarcinoma!®. In
Japan, Sho-saiko-to (TJ-9) (Xiao-chai-hu-tang) has
been demonstrated to be potent to prevent heapto-
carcinogenesis in patients with cirrhosis, particularly in
patients without HBs antigen*.

Taken together, contemporary TCM physicians
have adopted classic TCM theory and principles for
hepatocarcinoma prevention study, developed A-L tonic
capsule, Fu-zheng-hua-yu capsule, Ganfujian, Gan-
Zheng oral solution, Herbal compound 861 and other
effective herbal formulas/drugs, and confirmed that NuG-
Zhen-Zi, Ban-Zi-Lian, Yin-Chen-Hao, Dan-Shen, Wu-Wei-
Zi and other herbs could inhibit hepatocarcinogenesis. It
is regrettable that there are no more studies on hepatitis
virus induced hepatocarcinogenesis models. Related
studies will promote TCM to contribute more to protect
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high-risk individuals from hepatocarcinogenesis. Herbal
formulas for hepatocarcinoma prevention are listed in
Table 1.

TCM SYNDROMES IN

HEPATOCARCINOMA

TCM syndrome (Zheng) is pathological status that
integrates information from clinical symptoms, etiology,
disease location and character, tongue picture and TCM
theory, and serves as the basis for herbal medication.
The clinical manifestation of liver cancer is complex
and different patients or different stage of disease may
present different TCM syndromes.

Syndrome differentiation in hepatocarcinoma

In 294 patients preliminarily diagnosed with primary
liver cancer, Zhao et al®™ found the early symptoms
were more observed in the liver and biliary system and
digestive tract system. Except for 23.5% of patients
without any TCM syndrome, the frequently observed
syndromes include dampness, blood-stasis, Qi-stagnation,
Qi-deficiency, blood-deficiency, heat, Yang-asthenia and
Yin-asthenia. One hundred and eleven cases presented
with single syndrome, 76 cases with two combined
syndromes, 31 cases with three combined syndromes,
6 cases with four combined syndromes and 1 case with
five combined syndromes®”.

In another study, the common syndromes observed
in liver cancer patients include blood stasis, spleen-Qi-
deficiency, liver-Qi stagnation, spleen deficiency and
dampness blocking, disharmony of liver and stomach,
dampness-heat of spleen and stomach, liver-Yin-
deficiency and kidney-Yin-deficiency. Liver-Qi stagnation
and spleen-Qi-deficiency can be found in patients from
stages [ to . Main syndromes in stage II are blood
stasis, Qi-stagnation, Qi-deficiency and damp-heat. While
in stage IlI, Qi-deficiency, Yin-deficiency, blood stasis, Qi-
stagnation and retention of water are the most common
syndromes. The average numbers of syndromes in
stages I, II and Il are 2.03, 3.47 and 4.99, respectively.
These observations suggest that syndromes are more
complicated along with disease progression, and Qi
stagnation, blood stasis, Qi-deficiency and Yin-deficiency
are the basic syndromes in liver cancer™*%.

In Guangzhou area, Wang et al*** have found that
TCM syndromes distributed in liver cancer patients
include spleen deficiency, Qi stagnation, blood stasis and
damp-heat. Two overlapped syndromes were observed in
43.5% of patients and 19.9% for three. The overlapped
syndromes in patients with stage II disease are spleen
deficiency and Qi stagnation, Qi stagnation and blood
stasis, spleen deficiency and damp-heat, and liver and
spleen deficiency. The overlapped syndrome in patients
with stage TII disease is liver and kidney-Yin-deficiency™.

Syndromes are related to prognosis and QOL to some
extent. Yang et a* analyzed relation between syndrome
and survival time. They found that the median survival
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In a systematic observation, Zhang et af** reported
that the syndromes before TACE treatment were blood
stasis (86.8%), excess-heat (68.9%), Qi stagnation
(58.5%), Qi-deficiency (58.5%), Yin-deficiency
(56.6%), blood deficiency (28.3%), Yang-deficiency
(17.0%), and fluid and damp syndrome (14.2%). TACE
treatment increased Qi-deficiency and Yang-deficiency
syndrome. The syndromes found in post-TACE patients
were blood stasis (84.0%), Qi-deficiency (82.1%),
excess-heat (80.2%), Qi stagnation (49.1%), Yin-
deficiency (46.2%), blood deficiency (39.6%), Yang-
deficiency (30.2%), and fluid and damp syndrome
(18.9%)"%,

HIFU treatment, an important method for liver
cancer therapy, may also affect syndrome distribution.
It has been reported that syndromes observed before
HIFU treatment are Qi-deficiency, blood deficiency, Yin-
deficiency, Qi stagnation, blood stasis and dampness.
HIFU treatment could relieve Qi stagnation and blood
stasis, and aggravate Qi-deficiency and Yin-deficiency'®..

Molecular insights into syndromes in hepatocarcinoma
Contemporary TCM has studied liver cancer syndrome
by methods of biomedical science. By using a meta-
bonomics method, Chen et a/®! found that amino
acid metabolism, lipid metabolism, glycometabolism
and energy metabolism are unbalanced or weak in
liver cancer patients with Yang-deficiency. Metabolites,
including very-low-density lipoprotein/low-density
lipoprotein, isoleucine, lactate, lipids, choline and glucose/
sugars, were decreased and may be potential biomarkers
for diagnosis of Yang-deficiency syndrome in liver cancer
patients®",

Serum protein is a potential source for syndrome
study. By using surface enhanced laser desorption
ionization time of flight mass spectrometry, Yang et a/®”
found serum proteins with mass-to-charge ratios (M/Z)
of 6589 and 4182 Da (dalton) were down-regulated in
liver stagnation syndrome, that with an M/Z of 5710
Da was down-regulated in damp-heat syndrome, that
with an M/Z of 6992 Da was down-regulated in Yin-
deficiency syndrome, while those with M/Z of 5816 Da
and 4297 Da were up-regulated in spleen deficiency
and blood stasis syndrome, respectively®. Huang
et al'®® reported that proteins with M/Z of 8576 Da
(cytochrome C6) and 8780 Da (cytochrome c oxidase
assembly factor 5) were over-expressed in serum from
patients with liver stagnation syndrome™®.

By means of GeneChip, Weng et al®” reported that
615 mRNAs were differentially expressed in peripheral
blood mononuclear cells from liver cancer patients with
liver-kidney Yin-deficiency syndrome. These genes
are related to GO (gene ontology) of anti-apoptosis,
regulation of cell cycle and transmembrane transport,
and 26 kyoto encyclopedia of genes and genomes
pathways. Among these genes, SEC62 [SEC62 homolog
(S. cerevisiae)], cyclin B1 and baculoviral IAP repeat
containing 3 (BIRC3) were significantly down-regulated
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in patients with syndrome of liver-kidney Yin-deficiency
compard with those without™”.,

TCM syndrome is closely associated with the stage
of disease. Su et al'®**®! explored the relationship
between syndrome differentiation and metastasis
potential of hepatocarcinoma cells. The percentage of
metastasis in patients was ranked from high to low as
follows: liver and kidney-Yin-deficiency, Qi stagnation
and blood stasis, damp-heat, and liver stagnation and
spleen deficiency, and was related to up-regulation
of B-catenin and down-regulation of E-cadherin and
matrix metalloproteinase-2 (MMP2)/tissue inhibitor of
metalloproteinase-21**,

In addition to clinical studies, it has been confirmed
that mouse models can be used for syndrome explo-
ration”’®. Pan et al”" studied gene expression in the
adrenal glands of H22 liver cancer bearing mice. In
toxicity accumulation and Qi-deficiency syndrome
(early stage), xanthine dehydrogenase and other 18
genes were up-regulated, while eukaryotic translation
elongation factor 1 alpha 2 and other 8 genes were
down-regulated. In Yang-Qi-deficiency syndrome
(middle stage), enolase 3 (beta muscle) and other 11
genes were up-regulated, while solute carrier family 32
(GABA vesicular transporter) and other 10 genes were
down-regulated. In Qi-Yin-Yang-deficiency syndrome
(advanced stage), albumin and other 29 genes were
up-regulated, while ATPase, Na*/K" transporting, beta
2 polypeptide and other 5 genes were down-regulated.
S100 calcium binding protein A8 (calgranulin A) and
other 11 genes were gradually up-regulated from early
stage to advanced stage™",

CLINICAL STUDY OF TCM FOR
HEPATOCARCINOMA TREATMENT

TCM has been widely used for liver cancer treatment in
combination with surgery, TACE, radiofrequency ablation
(RFA), microwave ablation (MWA), HIFU and target
therapy, or as monotherapy for disease control and/or
alleviating symptoms. TCM have been demonstrated
to be effective to inhibit tumor growth, prolong survival
time, ameliorate symptoms, and improve QOL and
immune function in hepatocarcinoma patients (Table 2).
Related studies will further improve clinical efficacy of
TCM and benefit more to hepatocarcinoma patients.

TCM in combination with surgery

Surgery is one of the most important treatments for
hepatocarcinoma. TCM has been proved potent to
prevent recurrence and metastasis after the surgery.
Treatment with Jiedu Granule and Cinobufacini injection
may postpone tumor recurrence and metastasis, and
prolong survival time in postoperative patients with
hepatocarcinoma’?.. Long-term use of Ruanjianhugan
tablets could prolong overall survival time in postoperative
patients with small hepatocarcinoma®. Treatment with
Jiedu xiaozheng yin for 7 d before surgery and Fuzheng
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TCM in combination with RFA

RFA is another widely used treatment for hepato-
carcinoma. Aidi injection, an herbal injection, has
been reported to effectively relieve hepatic function
impairment caused by cool-tip RFA, improve immune
function and reduce relapse rate in patients with
liver cancer’®. Xiaoaiping injection, an herbal extract
injection, could enhance RFA effects and reduce non-
bacterial inflammatory response post RFA®®”). Tianzhicao
capsule in combination with RFA may improve QOL
and immune function, prolong survival time in patients
with hepatocellular carcinoma™®®, Jinlong capsule has
been demonstrated to enhance RFA effects, reduce RFA
induced liver injury, improve QOL and immune function

in liver cancer patients®®,

TCM in combination with MWA

In combination with MWA, Fuzheng Yiliu Recipe could
enhance MWA efficacy, improve immune and liver function
in liver cancer patients®. Shengi mixture has been
showed to be effective to enhance MWA efficacy, prolong
survival time, improve QOL and immune function and
relieve symptoms in patients with hepatocarcinoma®..
Aidi injection is able to elevate MWA efficacy and improve
QOL, immune and liver function in hepatocarcinoma
patients®?,

TCM in combination with other treatments

HIFU has become an important treatment method for
hepatocarcinoma. In combination with HIFU, Qiankun
capsule can enhance therapeutic effects and improve
immune function in patients with hepatocarcinoma®?.
Fu-Zhen-Yang-Yin formula could alleviate HIFU induced
fever and liver function damage™*.

Sorafenib is a target agent for liver cancer treatment.
Syndrome differentiation based TCM therapy could
enhance therapeutic efficacy of sorafenib and prolong
survival time in patients with advanced hepatocarcino-
ma'®®l. Cinobufagin tablet has been confirmed to
enhance effects of sorafenib, improve QOL and liver
function and relieve pain in liver cancer patients®®.

TCM as a monotherapy

In addition to intravenous administration, herbal extract
injection also can be used as a perfusion/embolization
reagent instead of chemotherapeutic drug. Tian et
al®! reported that a Chinese medicine comprehensive
therapy, i.e., Oleum fructus bruceas intervention
combined with oral intake of Ganji Decoction and external
application of Ailitong, is safe and effective to prolong
survival time, improve QOL and relieve pain compared
with conventional TACE in liver cancer patients®”. Xu et
al®®! has demonstrated that hepatic artery perfusion/
embolization with turmeric oil microballoon, cinobufotalin
and Aidi injection is effective with fewer adverse
reactions compared with conventional TACE, and could
significantly ameliorate fatigue and anorexia in patients
with hepatocarcinoma™.

Raishidenge ~ WJH | www.wjgnet.com

Chinese patent herbal drugs have been approved as
effective treatments for hepatocarcinoma. Xiaoaiping
injection is effective to inhibit tumor growth, improve
QOL and immune function, increase progression-free
survival compared with best supportive treatment in
patients with advanced hepatocarcinoma™. Cinobufacini
injection has been demonstrated to be effective in
inhibiting tumor growth, protecting liver function and
prolonging survival time in patients with moderate
and advanced hepatocarcinoma'®”. Norcantharidin in
combination with herbal decoction treatment can inhibit
tumor growth, prolong survival time and improve QOL
in elderly patients with late stage liver cancert®".

Herbal decoction is the principle TCM treatment for
liver cancer. Jianpi Fuzheng decoction, an herbal formula
for tonifying spleen and strengthening body defense,
is effective in ameliorating TCM syndrome, improving
QOL and immune function and prolonging survival time
in patients with advanced liver cancer™®. Jianpi Yiliu
decoction, a formula for tonifying spleen and inhibiting
tumor, has been reported to effectively ameliorate
symptoms, improve QOL and protect liver function in
patients with late stage hepatocarcinoma®®. Jiawei
Yiguanjian, a modified classical herbal formula, has been
shown to be effective to prolong survival time, ameliorate
TCM syndrome, and improve QOL and immune function
in patients with advanced hepatocellular carcinoma*®",

EFFECTIVE MECHANISM OF CHINESE
HERB AGAINST HEPATOCARCINOMA

The effects of Chinese herbs against hepatocarcinoma
have been extensively studied, and it has been
demonstrated that Chinese herbs are effective to induce
apoptosis, autophagy, anoikis and cell senescence, arrest
cell cycle, regulate immune function, inhibit metastasis
and angiogenesis, reverse drug resistance and enhance
effects of chemotherapy. Anti-cancer effects of herbal
formulas against hepatocarcinoma are listed in Table 3.

Induction of apoptosis

Apoptosis is one of the most frequently studied filed
for elucidating effective mechanism of herbs against
hepatocarcinoma. Ren-Shen (Panax ginseng) is a com-
monly used Qi-tonifying herb. 20(R)-ginsenoside Rg3,
a component from Panax ginseng, may up-regulate
TNF-a and induce apoptosis in induced liver tumors in SD
rats''®. Blood tonifying herb or component, including Di-
Huang (Rehmannia glutinosa) and N-butylidenephthalide
from Dang-Gui (Angelica sinensis), is effective to induce
apoptosis of hepatocarcinoma cells®**”!, Gou-Qi (Lycium
barbarum), a liver-Yin tonifying herb, is effective to inhibit
proliferation and stimulate p53-mediated apoptosis in
liver cancer cells™. Icariin, an ingredient from Yang
tonifying herb Yin-Yang-Huo (Epimedium brevicornum
Maxim.), may generate reactive oxygen species
(ROS) and up-regulate JNK (c-Jun N-terminal kinase)
phosphorylation and B-cell lymphoma 2/Bcl2-associated
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growth and induce apoptosis accompanied by down-
regulation of Bcl-2, VEGF and phosphorylated signal
transducers and activators of transcription (p-STAT3)!M*.
Resveratrol-4-0-D-(2'-galloyl)-glucopyranoside from
Hu-Zhang (Polygonum cuspidatum) may activate
caspases 3 and 9 to induce apoptosis in hepatocellular
carcinoma via the JNK and ERK pathway™". Yin-Chen-
Hao (Artemisia capillaris Thunb.) is effective to induce
apoptosis and GO/G1 cell cycle arrest in SMMC-7721
cells™®,

Dispersing blood stasis is another important principle
for liver cancer therapy. Dan-Shen (Salvia miltiorrhiza)
was reported to effectively inhibit proliferation and induce
apoptosis in HepG2 cells coincided with depletion of
intracellular glutathione and reduction of mitochondrial
membrane potential’'”). Chi-Shao (Paeoniae Radix)
could inhibit cell growth and induce p53 independent
apoptosis coincided with up-regulation Bcl-2/adenovirus
E1B 19 kD-interacting protein 3 and down-regulation
of ZK1, RAD23 homologue B and heat shock 60 kDa
protein 1"'®, Curcumin is a component of Yu-Jin/Jiang-
Huang/E-Zhu (Curcuma kwangsiensis or Curcuma
phaeocaulis or Curcuma wenyujin or Curcuma longa).
Resveratrol is a compound that can be isolated from Hu-
Zhang (Polygonum cuspidatum) or other plants. We
have found that curcumin combined with resveratrol
may synergistically inhibit X-linked inhibitor of apoptosis
protein (XIAP) and survivin expression, up-regulate ROS
production, activate caspases-3, -8 and -9 to induce
apoptosis in liver cancer cells™*'.

Although the TCM pathological factor of phlegm is
not directly related to hepatocarcinogenesis, reducing
phlegm and/or resolving masses herbs are frequently
medicated as anti-cancer herbs in liver cancer. Ban-Xia
(Pinellia ternate) can inhibit cell proliferation, up-regulate
Bax/Bcl-2 and induce apoptosis in Bel-7402 cells™,
Tian-Nan-Xing (Arisaema heterophyllum) may activate
caspase-3 and induce apoptosis in hepatocarcinoma
cells™, Tubeimoside I, an ingredient from Tu-Bei-Mu
(Bolbostemma paniculatum), could up-regulate Bax/
Bcl-2 and induce intrinsic apoptosis in hepatoma cells!**?.,
Toxic Chinese herb or components such as Quan-Xie
(scorpio), Norcantharidin and polypeptides from bee
venom are potent to induce apoptosis in liver cancer
Ce"s[123»125].

Contemporary TCM physicians have developed
some new herbal formulas for liver cancer treatment.
Fuzheng vyiliu granule, a four herb formula for tonifying
Qi and blood, and dissolving stasis, is effective to up-
regulate p53 and caspase-3 expression and reduce
mitochondrial membrane potential to induce apoptosis
in H22 hepatocarcinoma™®**”), Fuganchun 6, a formula
for nourishing Qi and Yin, detoxifying and dissipating
mass, could induce apoptosis and arrest cell cycle at
GO0/G1 phase™®!., Bushen jianpi decoction, a formula
for tonifying kidney and spleen, was reported to
inhibit VEGF expression and induce apoptosis in H22
hepatocarcinoma™. Warming yang and dispersing
stasis formula may induce apoptosis in hepatocarcinoma
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Bel-7402 cells'®, Fufangkushen injection, a patent
herbal drug, may inhibit survivin and Bcl-2 expression,
increase caspase-3 expression and induce apoptosis
in SMMC-7721 cells™", Songyou Yin, another patent
herbal drug, could induce apoptosis and down-regulation
of MMP2 and VEGF to inhibit tumor growth and prolong
survival™? (Figure 1).

Arresting cell cycle

Sustaining proliferative signaling is a hallmark of
cancer™, Cancer cells present an un-controlled pro-
liferation cycle. To stop cell cycle is an ideal principle for
cancer treatment. Some herbs are demonstrated to be
potent to arrest cell cycle. Among tonic herbs, extracts
of Jiao-Gu-Lan (Gynostemma pentaphyllum) can inhibit
proliferation and arrest cell cycle at GO/G1 phase in
Hep3B cells!*****!, Triterpene-enriched extracts from
Ling-Zhi (Ganoderma lucidum) could suppress protein
kinase C, activate JNK and p38 mitogen-activated protein
kinases (MAPK) to prolong G2 cell cycle phase and inhibit
cell growth in Huh-7 cells™®,

Ban-Zhi-Lian (Scutellaria barbata) is able to inhibit
cell proliferation, decrease the number of cells in S-phase
and increase the number of cells in GO/G1-phase
and induce apoptosis in HepG2 cells "*"), Huang-Qin
(Scutellaria baicalensis) is effective to inhibit cell growth
and G2/M phase arrest accompanied by increased
Cydlin E and down-regulation of p53, ETS1 (V-ets avian
erythroblastosis virus E26 oncogene homolog 1), cell
division cycle 25B (Cdc25B), p63, epidermal growth
factor receptor (EGFR), ERK1/2, XIAP, HIF-2alpha, and
Cdc25C™®, Bufothionine also can inhibit cell proliferation
and arrest cell cycle at G2/M phase in liver cancer
cells™!, Rhein, a component from Da-Huang (Rheum
palmatum L. or Rheum tanguticum Maxim. ex Balf.), is
potent to inhibit cell growth, induce apoptosis and arrest
cell cycle at S phase!™*”.,

Huang-lian-jie-du-tang, a classic herbal formula for
clearing heat and removing toxicity, was reported to
effectively inhibit cell proliferation, induce cell cycle arrest
and apoptosis in hepatocarcinoma in vitro and in vivo™*".
Bu-Zhong-Yi-Qi-Tang, a Qi tonifying herbal formula, is
confirmed effective to inhibit cell proliferation, induce
apoptosis and arrest cell cycle at GO/G1 phase'**. Jiedu
Xiaozheng Yin, a modern herbal formula, could inhibit
the growth of HepG2 cells and arrest cell cycle at the GO/
G1 phase coincidence with up-regulation of cyclin D and
cyclin E'* (Figure 1).

Induction of autophagy
Autophagy, type II programmed cell death, is a process
in which organelles and proteins are sequestered and
subsequently degraded through fusion with lysosomes,
and has been recognized as a target for hepatocarcinoma
treatment!*****1, Long-Kui (Solanum nigrum L.), a
frequently used anti-cancer herb, may induce apoptosis
and down-regulate Bcl-2 and AKT to induce autophagy in
hepatocarcinoma cells!**,

Arenobufagin, a natural bufadienolide from toad

May 28,2015 | Volume 7 | Issue 9 |



Hu B et a/. TCM for hepatocarcinoma prevention and treatment

1)
Icariin, Ba-Qia

@ G B
- S . ) & Baicalein, Matrine,
Icariin, Shikonin  Ling-Zhi Icariin, Ban-Zi-Lian Shikonin et a/
2 Allicin, Long-Kui Shikonin,
Rg3 Long-Kui 8-11 ‘ ROS ‘*,‘ INK ‘ Tubeimoside I .00 Plumbagin, et a/

‘ TNF ‘*»‘ TNFR 1 ‘H‘ Cas-8 ‘

Bufothionine, Ban-Zhi-Lian 8 12 _>’:| -
Mao-Ren-Shen 36 | &3
Yin-Chen-Hao Ba-Qia, (7

Jiao-Gu-Lan L

Rhein

2, 8-11
m _ BAxL

‘ MMP-9 H MMP-2 ‘

Icariin, Ban-Zi-Lian,

Bax Ban-Xia et a/

— Huang-Lian

L F-actin
(2)

4
Ling-zhi ‘ p38 MAPK ‘ ‘ ERK ‘ ‘ Apoptosis ‘ ‘ Anoikis } } Metastasis
Huang-Qin ‘ R P

f T TN T
Ganoderiol F
Cdc25¢ Cell cycle | ‘ STAT3 ‘ ‘ Rock H RhoA ‘ ‘ ICAM-1 ‘
arrest —4 Cyclin D ‘ ‘ Cellse\n\escénce ‘ nm23-h1
Cdc258 \ s Arecoli
Hu-Zhan recoline 14
Cyclin E N\ 9 [ 14 ] IIl
; @
Huang-Qin Gou-Qi | ’ Autophagy ‘P‘ mTOR ‘«‘ AKT ‘e‘ PI3K ‘ ‘Vimentin ‘
Huang Qin
‘ ‘P‘ p21 ‘l—‘ P53 ‘ Bufalin Long-Kui  Arenobufagin Shikonin
Allicin
(8) Allicin AMPK
Ganoderiol F 916

—> Positive effect % Negative effect

Bufalin

— Positive or negative effect

1: Resveratrol-4-O-D-(2'-galloyl)-glucopyranoside; 2: Curcumin and resveratrol; 3: Tian-Nan-Xing (Arisaema heterophyllum); 4. Fuzheng yiliu granule; 5:
Fufangkushen injection; 6: Songyou Yin; 7: Jiedu Xiaozheng Yin; 8: Liver-Yin tonifying formula; 9: Ni-zhen-zi (Ligustrum lucidum Ait. Fruit); 10: Modified
Yi Guan Jian; 11: Hu-Zhang (Polygonum cuspidatum); 12: Arecoline; 13: Compound Astragalus and Salvia miltiorrhiza extract; 14: Shehuang Xiaoliu Fang.

Figure 1 Therapeutic targets of Chinese herb(s) in hepatocarcinoma cells. TNF: Tumor necrosis factor; ROS: Reactive oxygen species; JNK: C-Jun N-terminal
kinase; Bax/Bcl-2: B-cell lymphoma 2/Bcl2-associated X protein; XIAP: X-linked inhibitor of apoptosis protein; MMP-2: Matrix metalloproteinase-2; TGF-p:
Transforming growth factor-B; ICAM-1: Intercellular adhesion molecule 1; mTOR: Mechanistic target of rapamycin; AMPK: AMP-activated protein kinase; Cdc25B:
Cell division cycle 25B; TNFR I : Tumor necrosis factor receptor type I ; ERK: Extracellular signal-regulated kinase; FAK: Focal adhesion kinase; PI3K/Akt:
Phosphatidylinositol-4,5-bisphosphate 3-kinaseV-akt murine thymoma viral oncogene homolog; STAT3: Signal transducers and activators of transcription 3.

venom, is potent to induce apoptosis and autophagy
by down-regulation of PI3K/AKT/mechanistic target of
rapamycin (mTOR) pathway in HepG2/ADM hepatoma
cells, and thus inhibit xenograft tumor growth!**,
Bufalin, a component from toad skin, has been demon-
strated to induce AMP-activated protein kinase (AMPK)
dependent autophagy accompanied by enhanced
Bedlin-1 expression and LC3- [ to LC3-1I conversion, and
decreased p62 expression and mTOR signaling in HepG2
cells™®,

Allicin, a major phytochemical of crushed garlic,
is effective to induce autophagy in HepG2 cells by
decreasing the level of cytoplasmic p53, the PI3K/mTOR
signaling pathway, and Bcl-2 and up-regulating the
expression of AMPK/tuberous sclerosis protein 2 and
Beclin-1"**!, Shikonin, a naphthoquinone from Zi-Cao
(Lithospermum erythrorhizon), could induce autophagy
and reactive oxygen species generation which further
activates ERK™ (Figure 1).

Induction of cell senescence

Cell senescence is a state of stable, irreversible cell cycle
arrest provoked by a variety of stimuli. Pro-senescence
has been suggested for hepatocellular carcinoma
treatment™". We have established a liver-Yin tonifying
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formula (LYTF) for liver-Yin-deficiency in patients with
hepatocarcinoma. LYTF could activate caspases-8, -

and -3 to induce apoptosis, and up-regulate p16 and
p21 and down-regulate RB phosphorylation to induce cell
senescence in Bel-7402 cells™*?, Ganoderiol F, a tetracydlic
triterpene from Ganoderma amboinense, may activate
ERK and up-regulate p16 to induce cell senescence in
hepatoma HepG2 cells™™*. Nii-zhen-zi (Ligustrum lucidum
Ait. Fruit), an herb for tonifying liver-Yin, is potent to up-
regulate p21, activate caspases-8, -9 and -3 to induce
apoptosis and down-regulate RB phosphorylation to
induce cell senescence in hepatocarcinoma cells™** (Figure

1).

Induction of anoikis

Anoikis, an apoptotic process occurring when cells
detach from the extracellular matrix, is associated
with metastasis of hepatocarcinoma'™*>**®!. We have
found modified Yi Guan Jian, an herbal formula for
hepatocarcinoma, may activate caspase-3, -8 and
-9, inhibit the expression and phosphorylation of p38
MAPK, and induce anoikis in human hepatocarcinoma
Bel-7402 cells'™*®, Hu-Zhang (Polygonum cuspidatum),
an herb for draining dampness and dissipating stasis,
could activate caspase-3 and -9 and induce anoikis in
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human hepatocarcinoma Bel-7402 cells accompanied
by ROS generation and focal adhesion kinase down-
regulation™”). Arecoline, an alkaloid from Bing-Lang
(Areca catechu L.), may induce anoikis in HA22T/VGH
cells involving inhibition of STAT3 and increased RhoA/
Rock (Ras homolog family member A/Rho-associated,
coiled-coil containing protein kinase) activation'*®
(Figure 1).

Inhibition of metastasis

In addition to induction of anoikis, Chinese herbs also
could inhibit metastasis potential in hepatocarcinoma cells,
such as adhesion, migration, invasion and metastasis.
Among heat-clearing herbs, Coptidis Rhizoma (Huang-
Lian) may reduce F-actin polymerization and damage
to cytoskeleton network to inhibit hepatocarcinoma cell
migration™*, Baicalein, a compound from Scutellaria
baicalensis Georgi (Huang-Qin), could inhibit migration
and invasion in human hepatocellular carcinoma SMMC-
7721 cells accompanied by down-regulation of ezrin,
VEGF, and MMP-9"%’!, Matrine, a component of Sophora
flavescens Ait. (Ku-Shen), was reported to be effective
to inhibit MMP-9 and nudlear factor B (NF-«xB) to inhibit
invasion of liver cancer cells™®". Shikonin, an ingredient of
Lithospermum erythrorhizon (Zi-Cao), is potent to inhibit
the migratory ability of hepatocarcinoma cells through
downregulation of vimentin, MMP-2 and MMP-9!'%%),

Another frequently studied herbal type is dissolving
stasis herbs. Gekko sulfated polysaccharide-protein
complex has been demonstrated to be effective in
inhibiting hepatocellular carcinoma cell migration through
calcium-mediated regulation of the actin cytoskeleton
reorganization™®, Ardipusilloside, a compound from
Ardisia japonica (Thunb) Blume (Zi-Jin-Niu), has the
potential to inhibit liver cancer survival, invasion and
metastasis by down-regulation of MMP-9 and MMP-2
and activating Ras-related C3 botulinum toxin substrate
1 (Rac 1) to enhance E-cadherin activity™®*. Plumbagin,
a constituent of Plumbago zeylanica L. (Bai-Hua-Dan),
could suppress the proliferation and invasiveness in SK-
hep-1 cells by up-regulation of p21 and down-regulation
of MMP-2 and MMP-9"%*, Tanshinone II-A, a component
from Dan-Shen (Salvia miltiorrhiza), could effectively
inhibit invasion and metastasis of hepatocaxrcinoma
cells partly by inhibiting MMP-2 and MMP-9 activities and
blocking NF-xB activation!'*®,

Some herbal formulas have been confirmed to
be effective against hepatocarcinoma metastasis. In
addition to inhibiting liver cancer growth, Songyou Yin
also could down-regulate activated hepatic stellate
cells secreted IL-6, TGF-B1 and VEGF to reduce MMP-2
expression and reverse epithelial-mesenchymal
transition, and thus inhibit invasion and metastasis in
hepatocarcinoma!*®”). Biejiajian pill, a classical herbal
formula, could effectively inhibit HepG2 cell proliferation,
adhesion and invasion™®®. Compound Astragalus and
Salvia miltiorrhiza extract, an herbal component formula
made up of astragalosides, astragalus polysaccharide
and salvianolic acids, may inhibit TGF-f1 mediated
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invasion in HepG2 hepatoma cells through modulating
TGF-beta/Smad signaling!*®®’. Shehuang Xiaoliu Fang, an
herbal formula for detoxifying and dissipating masses,
is potent to inhibit invasive and adhesive ability of
SMMC-7721 cells accompanied by increased nm23-h1
expression and reduced ICAM-1 expression™’” (Figure
1).

Regulation of immune function

CD4" and CD8" T lymphocytes are the major cell
populations for cellular immunity against cancer. Lycium
barbarum (Gou-Qi) polysaccharides could increase CD4*
and CD8" T cells in tumor-infiltrating lymphocytes in
H22 hepatoma'’*!. Dong-Chong-Xia-Cao (Cordyceps
sinensis), a commonly used herb for tonifying kidney,
may increase the expression of major histocompatibility
complex class II antigens on human hepatoma HA22T/
VGH cells'’?, Ban-zi-Lian (Scutellaria barbata), an
effective anti-cancer herb for hepatocarcinoma, could
increase the thymus and spleen index, lymphocytes
proliferation activities, natural killer (NK) cell activities
and IL-2 production in splenocytes™”!. The proteins
extracted from mycelia of Lei-Wan (Omphalia lapidesces)
are effective in increasing spleen mass and interferon-y
(IFN-y) production in H22 hepatocarcinoma bearing
mice™*,

Xiaochaihu decoction, a classical herbal formula for
liver disease, is effective in inhibiting tumor growth and
increasing T lymphocyte proliferation, NK cells activities
and IL-2 level in H22 bearing mice!”’>\. Mylabris Mixture,
a modern anti-hepatoma herbal formula, may increase
CD4", CD8" lymphocytes and NK cells, and IFN-y and
IL-4 production in H22 cancer-bearing mice!’®. Fuzheng
Yiliu Granule, an effective pro-apoptosis contemporary
herbal formula, may increase CD4" lymphocytes and
related cytokines IL-2 and TNF-a, and NK cells in
H22 tumor-bearing mice™””. Fuganchun 6, a modern
herbal formula, can inhibit tumor growth and enhance
proliferation activity of lymphocytes, NK cell activities
and IL-2 production in H22 hepatoma bearing mice"’®.

Dendritic cells (DCs) are important antigen present
cells for anti-cancer immunity. Lycium barbarum (Gou-
Qi) polysaccharides could promote DCs to stimulate
allogeneic lymphocyte proliferation, produce IL-12p70
and IFN-y and may relate to NF-xB expression™’®’. Chen
et al*® found that human hepatocellular carcinoma
SMMC-7721 cells may impair the biorheological pro-
perties of DCs, such as cell deformability, migration,
and electrophoresis mobility, and changed organizations
of cytoskeletal proteins. Gekko (Tian-Long) sulfated
polysaccharide-protein complex could partially restore
the defective biorheological characteristics of DCs
mediated by SMMC-7721 cells™®”,

CD4* CD25" regulatory T cells (Tregs) are originated
from CD4" ThO cells upon the stimulation of TGF-§ and
Foxp3 expression. Tregs may produce IL-10 and function
as a negative immune regulator. Radix Glycyrrhizae
(Gan-Cao) polysaccharides were demonstrated to
down-regulate Tregs, related cytokines IL-10 and TGF-8,
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1: Ban-Zi-Lian (Sculellaria barbata); 2: Xiaochaihu decoction; 3: Mylabris Mixture; 4: Dong-Chong-Xia-Cao (Cordyceps sinensis); 5: Gou-Qi (Lycium
barbarum) polysaccharide; 6: Gekko (Tian-Long) sulfated polysaccharide-protein complex; 7: Radix Glycyrrhizae (Gan-Cao) polysaccharide; 8: Tian-
Long (Gekko Chinenis); 9: Gekko-sulfated glycopeptide; 10: Fu-Zheng-Kang-Ai-Tang; 11: Erbie San; 12: Huaier; 13: QHF; 14: Delisheng; 15: Chaigiyigan
granula; 16: Shengmai Injection; 17: Astragalus polysaccharides; 18: Astragaloside II; 19: Green tea catechins; 20: Tetramethylpyrazine.

Figure 2 Therapeutic targets of Chinese herb(s) in regulating immune function, inhibiting angiogenesis and combinational treatment with chemotherapy
in hepatocarcinoma. TGF-B: Transforming growth factor-f3; IFN-y: Interferon y; IL-6: Interleukin 6; VEGF: Vascular endothelial growth factor; bFGF: Basic fibroblast
growth factor; MRP2: Multi-drug resistance protein 2; NF-«B: Nuclear factor-iB; NK: Natural killer.

and Foxp3 expression, and increased IL-2 and IL-
12p70 levels in serum in H22 hepatocarcinoma bearing
mice®" (Figure 2).

Inhibition of angiogenesis

Angiogenesis, the process of new blood vessel generation
from existing vessels, plays a crucial role in tumor
growth and metastasis, and has been suggested as a
potential target for hepatocarcinoma prevention and
treatment!'#*'%%,

Tian-Long (Gekko Chinenis) has been showed to be
effective to inhibit tumor growth, induce apoptosis, and
inhibit angiogenesis accompanied by down-regulation of
VEGF and basic fibroblast growth factor (bFGF) in H22
hepatocarcinoma®!. Gekko-sulfated glycopeptide may
inhibit angiogenesis by decreasing bFGF secretion, and
binding to heparin/heparan sulfate in liver cancer™®.
Bai-Ji (Bletilla colloid) could inhibit endothelial cell growth
and angiogenesis after TACE'™®®!, Huaier may inhibit
VEGF expression and angiogenesis, induce apoptosis
and inhibit tumor growth in hepatocarcinoma!*®”.,

Fu-Zheng-Kang-Ai-Tang, an herbal formula for
strengthening body defense and anti-cancer, could inhibit
VEGF and bFGF expression, angiogenesis and tumor
growth in hepatocarcinoma!*®®’. Delisheng, an herbal
formula for tonifying Qi and resolving masses, may
inhibit cell growth and increase endostatin expression in
hepatocellular carcinoma HepG2 cells™?. Qingrejiedu,
huoxuehuayu and fuzhengguben (QHF) formula, an
herbal component formula, is potent to inhibit VEGF,
EGFR and MMP-2, angiogenesis and tumor growth™”,
Erbie San, a patent herbal drug for resolving masses, was
demonstrated to be effective to down-regulate VEGF/
endostatin and inhibit tumor growth in Walker-256 liver
cancer’™® (Figure 2).
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Combination with chemotherapy
Chemotherapy is not conventionally used in hepato-
carcinoma, but chemotherapeutic drugs based TACE is a
major treatment for liver cancer. Ban-Zi-Lian (Sculellaria
barbata) can significantly enhance 5-fluorouracil (5-Fu) to
inhibit tumor growth and prolong survival time, improve
immune function, and reduce the toxic effects of 5-Fu in
the H22 tumor-bearing mice™®. Ling-Zhi (Ganoderma
lucidum) is able to inhibit hepatocarcinoma cell
proliferation and protect hepatocytes from chemotherapy
induced damage'®®, Dong-Chong-Xia-Cao (Cordyceps
sinensis) may protect H22 hepatocarcinoma bearing mice
from chemotherapy induced immunosuppressiont**,
Chaigiyigan granula is potent to enhance inhibitory
effects of taxol on hepatocarcinoma growth accompanied
by up-regulation of Bax and down-regulation of p53
and VEGF"®, QHF, an herbal component formula, could
reduce cisplatin (DDP)-induced leucopenia, spleen and
thymus atrophy, enhance tumor growth inhibition and
prolong survival time in H22 bearing mice!***!, Shengmai
Injection, a patent herbal drug, is effective to enhance
anti-tumor efficacy and reduce toxicity of 5-Fu in H22
hepatocarcinoma'™®” (Figure 2).

Reversal of drug resistance

Drug resistance contributes to chemotherapy refrac-
toriness in hepatocarcinoma™®., To seek effective herbs
or herbal components to reverse drug resistance has
become one of research focuses in liver cancer study.
Astragalus polysaccharides have been reported to be
potent to enhance anti-tumor effects of adriamycin in
H22 hepatocarcinoma by up-regulating IL-1a, IL-2,
IL-6, and TNF-a, down-regulating IL-10 and multidrug
resistance protein 1 (MDR1)!**”, Astragaloside II, another
component from Huang-Qi (Astragalus membranaceus),
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is effective to increase 5-Fu cytotoxicity toward 5-Fu-
resistant Bel-7402/Fu cells accompanied by down-
regulation of P-gp (P-glycoprotein), phosphorylation of
ERK1/2, p38 and JNK?*”,

Green tea catechins have been reported to effec-
tively inhibit MDR1 expression, increase intracellular
doxorubicin (DOX) accumulation and enhance DOX-
induced cell killing activities against BEL-7404/DOX
cells'®®, Tetramethylpyrazine, a bioactive constituent
isolated from the root of Ligusticum chuanxiong Hort,
could down-regulate MDR1, multidrug resistance protein
2 (MRP2), MRP3 and MRPS5 in adriamycin resistant
HepG2 cells®™. Pseudolaric acid B, polyphyllin D and
Eclipta alba (Mo-Han-Lian) have been demonstrated
to increase drug sensitivity in drug resistant HepG2
hepatoma cells®*®*?* (Figure 2).

CONCLUSION

Hepatocarcinoma patients may present Qi-stagnation,
damp-heat, blood stasis, Qi-deficiency, Yin-deficiency
and other TCM syndromes. Modern treatments such as
surgery, TACE and HIFU and other treatments would
influence syndrome manifestation in liver cancer patients.
Modern technologies have been exploited to elucidate the
relation between syndromes and biomedical sciences.
Further studies are needed to use those information
for herb medication and formulation to improve clinical
efficacy of TCM treatment for hepatocarcinoma.

Since TCM pathological factors and syndromes
in hepatocarcinoma patients, such as Qi-stagnation,
damp-heat, blood stasis, Qi and Yin-deficiency, are
also seen in other disease, hepatocarcinoma needs to
be recognized and treated as a malignant disease. In
addition to syndrome differentiation based treatment,
anti-cancer therapy or anti-cancer herb application should
be reinforced in the treatment of hepatocarcinoma.
Moreover, since most of liver cancer patients receive
comprehensive therapy, TCM treatment in those patients
should consider the received therapy and accordingly
adjust herb medication.

Classic TCM theory and principles have been adopted
for hepatocarcinoma prevention study. Chinese herbs
with traditional efficacy of tonifying Qi, blood and Yin,
soothing liver-Qi stagnation, clearing heat and detoxifying
and dissolving stasis, have been demonstrated to be
potent to prevent hepatocarcinogenesis. Some classical
and modern herbal formulas have been demonstrated
to have preventive effects against hepatocarcino-
genesis. Further clinical studies are needed to use these
achievements to protect high-risk individuals from
hepatocarcinogenesis.

Clinical practices have confirmed that TCM is effective
to alleviate clinical symptoms, improve QOL and
immune function, prevent recurrence and metastasis,
delay tumor progression, and prolong survival time in
hepatocarcinoma patients. Experimental studies have
demonstrated that Chinese herbs and/or herbal formula
are potent to induce apoptosis, autophagy, anoikis and
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cell senescence, arrest cell cycle, regulate immune
function, inhibit metastasis and angiogenesis, reverse
drug resistance and enhance effects of chemotherapy in
hepatocarcinoma.

How to use experimental results to improve clinical
efficacy has become an important research subject.
For commonly used traditional herbs with anti-cancer
effects, the property of Chinese herbs should be firstly
considered and medicated by the guidance of TCM
principles. For traditionally uncommonly used anti-cancer
herbs, such as Mu-Tou-Hui (Patrinia scabra Bunge) and
She-Mei [Duchesnea indica (Andr.) Focke], the property
of Chinese herbs and anti-cancer characters of those
herbs need to be further studied. In addition, there is a
great need to explore the compatibility or combinational
application rule of anti-cancer herbs to further improve
clinical efficacy of TCM treatment for hepatocarcinoma.
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Abstract

There are no standard guidelines to follow when a
patient with chronic hepatitis B infection becomes
pregnant or desires pregnancy. Topics to consider
include which patients to treat, when to start treatment,
what treatment to use and when to stop treatment.
Without any prophylaxis or antiviral therapy, a hepatitis
B surface antigen and E antigen positive mother has up
to a 90% likelihood of vertical transmission of hepatitis
B virus (HBV) to child. Standard of care in the United
States to prevent perinatal transmission consists of
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administration of hepatitis B immune globulin and
HBV vaccination to the infant. The two strongest risk
factors of mother to child transmission (MTCT) of HBV
infection despite immunoprophylaxis are high maternal
HBV viral load and high activity of viral replication.
The goal is to prevent transmission of HBV at birth
by decreasing viral load and/or decreasing activity of
the virus. Although it is still somewhat controversial,
most evidence shows that starting antivirals in the
third trimester is effective in decreasing MTCT without
affecting fetal development. There is a growing body of
literature supporting the safety and efficacy of antiviral
therapies to reduce MTCT of hepatitis B. There are
no formal recommendations regarding which agent to
choose. Tenofovir, lamivudine and telbivudine have all
been proven efficacious in decreasing viral load at birth
without known birth defects, but final decision of which
antiviral medication to use will have to be determined
by physician and patient. The antivirals may be
discontinued immediately if patient is breastfeeding, or
within first four weeks if infant is being formula fed.

Key words: Chronic hepatitis B infection; Pregnancy;
Hepatitis B immune globulin; Hepatitis B virus vaccine;
Antivirals

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In pregnant patients chronically infected
with hepatitis B, determining which patients require
treatment is not well understood. In this concise review,
we discuss four important questions to consider when
faced with this patient population: who to treat, when
to treat, what medication in which to treat and when to
stop treatment.
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INTRODUCTION

Chronic infection with hepatitis B virus (HBV) is a
relatively well-understood and manageable disease
process. With current available medications, suppression
of the virus can be achieved in most patients. Practice
guidelines are available for beginning medical therapy
in chronic HBV infection. However, in certain specific
circumstances, treatment of HBV infection becomes
less clear. One of those circumstances is chronic HBV
infection in pregnancy. In fact, of the 50 million people
newly infected with hepatitis B every year worldwide,
the majority of this transmission occurs from mother
to child transmission (MTCT)™. In this concise review,
we discuss four important questions to consider when
faced with this patient population: who to treat, when
to treat, what medication in which to treat and when to
stop treatment.

WHO TO TREAT?

It is first important to note the difference between acute
and chronic HBV infection in pregnancy. Generally,
patients acutely infected with HBV during pregnancy
should be monitored closely and managed conservatively.
Unless the pregnant mother develops evidence of acute
liver failure, antivirals are not generally indicated™.

Although MTCT is not the most common transmission
route of HBV infection in the United States, it remains
extremely high risk if the mother and child are not
managed properly. Without any prophylaxis or antiviral
therapy, a hepatitis B surface antigen (HBsAg) and
E antigen (HBeAg) positive mother has up to a 90%
likelihood of vertical transmission of HBV to child™.
Standard of care in the United States to prevent perinatal
transmission consists of administration of hepatitis B
immune globulin (HBIG) and HBV vaccination to the
infant'**!, Despite receiving immunoprophylaxis, up
to 10%-15% of infants develop chronic HBV infection
through MTCT.

There are two indications to treat chronic hepatitis
B in a pregnant mother; chronic liver disease in mother
and prevention of MTCT. We will not discuss chronic
liver disease in the mother in detail in this review.

Risk factors that increase the risk of perinatal
transmission of HBV to the infant have been determined.
The two strongest risk factors are high maternal HBV
viral load and high activity of viral replication®”’. Other
risk factors including amniocentesis, preterm premature
rupture of membranes and breast feeding carry a much
lower risk for MTCT of HBV™®,

Not every pregnant woman with chronic HBV
infection needs antiviral therapy due to concern of drug
related adverse events'®.. The decision to start antivirals
must be discussed in detail between patient and
physician. However, it should be strongly considered in
HBsAg positive pregnant patients with high viral load
and/or active viral disease.

High viral load is defined as > 10° or > 108 copies
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per milliliter (20 million IU/mL) in previous studies™'".

High activity of viral replication can be defined in several
different manners and has been proposed with positive
HBeAg (prior to seroconversion) or elevated alanine
aminotransferase level and viral load of > 20000 IU/mL"..

WHEN TO TREAT?

Again, immunoprophylaxis is given to all infants born
to HBsAg positive mothers. The passive immunization,
the HBIG, is given to the infant within 12 h of birth.
The active immunization, which is the first dose of HBV
vaccine, is also given in these first few hours of life.
The remainder of the dosing for HBV vaccine follows
standard protocol; the second dose is given at 1 mo and
the last dose is given at 6 mo of age and no later than 9
mo of age'.

Maternal HBsAg is checked during early pregnancy
and again in the third trimester of pregnancy. If the
HBsAg status of mother is unknown at the time of birth,
the infant should receive first dose of HBV vaccine. If
confirmatory testing is positive for HBsAg in the mother,
then HBIG should be administered to the infant as well,
and the HBV vaccine should be completed™?..

If the decision is made to treat with antivirals, due
to either maternal high viral load and/or evidence of
active disease, the timing of administration of these
medications is noteworthy. The goal is to prevent
transmission of HBV at birth by decreasing viral load
and/or decreasing activity of the virus. Although it is
still somewhat controversial, most evidence shows that
starting antivirals in the third trimester is effective in
decreasing MTCT without affecting fetal development.
Starting medication earlier in the pregnancy is not
necessary to decrease MTCT and puts the fetus at
higher risk due to the longer exposure to a non-
approved medication. In fact, many studies have shown
the efficacy of starting antivirals well into the third
trimester, such as 29 wk, 32 wk or even 34 wk!***),

WHAT MEDICATION IN WHICH TO

TREAT?

As previously mentioned, MTCT accounts for more than
one-third of all HBV transmission worldwide. With the
use of HBV vaccination and HBIG, the rate of MTCT
may be reduced from 90% to 10%"®, The greatest
risk exists in children born to mothers with high viral
loads. In this particular population, there are several
studies examining the use of antiviral agents to further
reduce the risk of MTCT. The following paragraphs will
review the data surrounding the use antiviral agents
available for the treatment of chronic hepatitis B during
pregnancy.

Currently, there are six therapies approved for the
treatment of chronic HBV infection. None is approved
for use during pregnancy (Table 1). Current registry
data does not suggest any increased risk of major
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Table 1 Food and Drug Administration pregnancy categories

for nucleos(t)ide analogues for hepatitis B

Drug Pregnancy category
LdT B
TDF B
LAM C
Entecavir C
Adefovir C
(Pegylated) interferon C

LdT: Telbivudine; TDF: Tenofovir; LAM: Lamivudine.

birth defects in women exposed to tenofovir (TDF) or
lamivudine (LAM) during pregnancy compared with
large population controls™”.

In early studies of LAM in pregnancy, 8 women with
HBV DNA levels > 1.2 x 10° copies/mL were treated
with 150 mg daily beginning at 34 wk of gestation. Viral
serologies of their offspring were measured at 0, 3,
6, and 12 mo. Twenty-five children born to untreated
women served as controls. All children received active
and passive immunization at birth. At 12 mo of age,
only 1 of the 8 children (12.5%) in the treatment group
remained HBsAg positive with measurable HBV DNA
levels. In the control group, MTCT occurred in 7 of 25
children (28%)™!. No adverse events were noted. A
double blind, randomized control trial examined the use
of LAM 100 mg daily and active-passive immunization
vs placebo and active-passive immunization in Chinese
women from a gestational age of 32 wk to 12 wk
after delivery. All women had an HBV DNA level > 10°
copies/mL. At week 52, infants in the LAM group had a
significant decrease in HBsAg positivity (18% vs 39%)
and HBV DNA compared with placebo. With sensitivity
analyses to account for dropouts in the placebo group,
these differences were not statistically significant. One
congenital anomaly was noted in the LAM group!®.,

Telbivudine (LdT) has also been studied for the
prevention of MTCT of HBV. In an open label study, 135
women with HBV DNA levels > 107 copies/mL received
LdT 600 mg daily from week 20 to week 32 of gestation.
Ninety-four women served as controls. All infants
received standard active-passive immunization. Seven
months after delivery, MTCT was significantly lower in
the infants born to the LdT treated mothers than to
controls (0% vs 8%). No congenital abnormalities were
identified™. Similar efficacy and safety data has been
provided by other studies, wherein the rate of MTCT
was 8.6% in the placebo group vs 0% in the treated
group™. In a larger Chinese study, 648 women with
high viral load were randomized to receive LAM, LdT, or
placebo from 28 wk gestation until 4 wk postpartum.
On treatment analysis indicated 0% of HBsAg positive
infants in the treated group vs 2.84% in the placebo
group. There were no safety concerns identified in this
large study*®.

The utility of TDF for the prevention of MTCT was
first demonstrated in a small case series, in which
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women with greater than 107 copies/mL of HBV DNA
were given TDF 300 mg daily in the third trimester.
The median duration of TDF use was 10 wk. All infants
received active-passive immunization; all infants
were HBsAg negative 28-36 wk after birth™. A larger
multicenter prospective study demonstrated that MTCT
was reduced to 2% in a group of high viral load women
treated with TDF 300 mg daily for a mean of 58 d
before delivery. Within the same study population, the
rate of MTCT was 20% in the controls and 0% in the
LAM cohort®®!). Although there have been limited studies
regarding TDF and hepatitis B in pregnancy, there is
significant safety data within human immunodeficiency
virus/HBV coinfection cohorts supporting safe use of
TDF in pregnancy™,

In summary, there is a growing body of literature
supporting the safety and efficacy of antiviral therapies
to reduce MTCT of hepatitis B. This is especially
efficacious in women with known risk factors for MTCT as
discussed elsewhere in this paper. There are no formal
recommendations regarding which agent to choose. As
listed in Table 1, LAT and TDF are the United States Food
and Drug Administration (FDA) pregnancy category
B medications (animal studies without demonstrable
risk to the fetus), while LAM is a category C medication
(adverse risk to fetus in animal studies). Table 2 further
summarizes the articles that report on medication
options discussed above. Based on available evidence,
the previously mentioned drugs have minimal reported
side effects to mothers or newborns, but have not yet
been approved for standard use in pregnancy. Interferon
is contraindicated during pregnancy and the safety of
entecavir (a FDA category C medication) is unknown.
If indicated, antiviral therapy should be initiated in the
early third trimester as previously discussed.

WHEN TO STOP TREATMENT?

The dosing and administration of immunoprophylaxis
has been previously discussed, the third and last dose
of HBV vaccine should be completed by 9 mo of age™.

Concerning mothers that began antiviral medication
due to above listed indications during the third trimester,
discontinuation of the antivirals is not necessarily
intuitive. If the initial indication for antivirals was due to
high viral load or active disease, then the medication
can be continued, following the current guidelines
for treatment of chronic HBV infection®**¥, If the
indication for therapy was to simply reduce MTCT, the
antivirals may be discontinued immediately if patient is
breastfeeding, or within first four weeks if infant is being
formula fed™.

At this time, HBsAg positivity is not a contrain-
dication to breastfeeding as evidence has shown that
the risk of transmission is low™™. Although the active
metabolite of most antivirals is not expressed in breast
milk, breastfeeding on antiviral medication is not
recommended!*?.

Pregnancy that occurs in women on long term
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Table 2 Landmark study results of nucleos(t)ide analogues in hepatitis B virus infection and pregnancy

Ref. Medication Treatment timing  Major adverse events % of transmission
Treatment group Control group

Han et al™ LdT 600 mg daily 20 to 32 wk 0% 0% 8%

van Zonneveld et al™ LAM 150 mg daily 34 wk 0% 12.5% 28%

Pan et al™ LdT 300 mg daily 23 wk 0% 0% 8.6%

Zhang et al™ LdT 600 mg daily or LAM 100 mg daily 28 wk 0% 0% 2.8%

Greenup et al™ TDF 300 mg daily 32 wk 0% 1.1% 20%

LAM: Lamivudine; LdT: Telbivudine; TDF: Tenofovir.

treatment for chronic HBV infection is a topic not yet
discussed in this review. Due to concern for adverse
events from antiviral therapy early in pregnancy,
consideration to stop the medication during the first two
trimesters must be made. However, if the patient that
has become pregnant has significant chronic liver disease
due to HBV infection, risk of discontinuation of antiviral is
of larger concern and thus antiviral is typically continued
throughout pregnancy™.

There is a theoretical risk of a postpartum HBV flare
with the withdrawal of antiviral therapy. This flare is
typically defined as a significant rise in transaminases
above upper limit of normal. Nguyen et ai*® studied the
effects of continuing antivirals two weeks after delivery
vs twelve weeks after delivery, compared to patients
that opted out of antiviral therapy altogether. In this
study, there was no significant difference in occurrence
of postpartum flares among the three groups and
spontaneous resolution of the flare occurred equally
among the groups as well. Another retrospective cohort
study revealed similar findings®”. It can therefore
safely be concluded that the decision to start or stop
antiviral therapy should not be made based on concern
for possible postpartum HBV flare. Nonetheless, it is
important to monitor postpartum mothers closely for at
least 6 mo, especially those who are HBeAg-positive or
have stopped antiviral therapy*®®..

CONCLUSION

In conclusion, it is important to remember that
patients chronically infected with HBV that become
pregnant will need additional care and consideration.
All infants in the United States should receive active
and passive immunization at birth, as recommended
by the Centers for Disease Control and Prevention™.
Pregnant women with chronic HBV infection that have
high viral loads or elevated transaminases suggesting
active viral replication are at risk of MTCT despite
immunoprophylaxis. This patient population should
consider taking antiviral medication in the third trimester
of pregnancy to decrease risk of MTCT. TDF, LAM and
LdT have all been proven efficacious in decreasing viral
load at birth without known birth defects, but final
decision of which antiviral medication to use will have to
be determined by physician and patient.

Despite its prevalence and the availability of safe
treatment, there are no current consensus guidelines
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regarding prevention of MTCT. Large randomized studies
should be conducted to further characterize the most
effective method to minimize the transmission of HBV
to future generations. In the interim, although it is
not a frequent scenario for most gastroenterologists
to encounter, with these brief recommendations;
management of chronic HBV in pregnancy should be less
daunting.
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Abstract

Hepatic artery thrombosis (HAT) is the most serious
vascular complication after liver transplantation.
Multiple risk factors have been identified to impact
its development. Changes in haemostasis associated
with end stage liver disease and the disturbance of
the coagulation and anticoagulation cascades play an
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important role in development of this lethal complication.
Early recognition and therapeutic intervention is
mandatory to avoid its consequences. Pharmacological
prophylaxis, by the use of antiplatelet or anticoagulant
agents, is an important tool to reduce its incidence
and prevent graft loss. Only a few studies have shown
a clear benefit of antiplatelet agents in reducing HAT
occurrence, however, these studies are limited by being
retrospective and by inhomogeneous populations. The
use of anticoagulants such as heparin is associated with
an improvement in the outcomes mainly when used for
a high-risk patients like living related liver recipients.
The major concern when using these agents is the
tendency to increase bleeding complications in a setting
of already unstable haemostasis. Hence, monitoring of
their administration and careful selection of patients
to be treated are of great importance. Well-designed
clinical studies are still needed to further explore their
effects and to formulate proper protocols that can be
implemented safely.

Key words: Hepatic artery thrombosis; Haemostasis;
Anticoagulation; Liver transplantation; Antiplatelets;
Heparin
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Core tip: Hepatic artery thrombosis (HAT) is the most
serious vascular complication after liver transplantation.
Changes in haemostasis associated with liver disease
play a role in its development. Pharmacological pro-
phylaxis may reduce its incidence and prevent graft loss.
Few studies have shown a clear benefit of antiplatelets
in reducing HAT occurrence, however, these studies
have several limitations. The use of anticoagulants
showed an improvement in the outcomes when used for
high-risk patients. Their major concern is the tendency
to increase bleeding complication. Hence, monitoring of
their administration and careful selection of patients to
be treated are of great importance.
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INTRODUCTION

Vascular complications after liver transplantation (LT)
are common despite the progressive improvement and
innovations in anastomotic vascular techniques. They
frequently result in hepatic failure and graft loss and
thus the need for re-transplantation. Hepatic artery
thrombosis (HAT) after LT remains the most serious
vascular complication with an overall incidence varies
from 2% to 9%"™. It is usually associated with around
50% rate of mortality or re-transplantation'®.

The mechanism of HAT development is not fully
understood. It is believed to be multifactorial including
both operative and non-operative factors (Table 1),
All these factors are involved in causing recipient
hypercoagulability and to disturb the unstable rebalanced
haemostasis that usually occurs in liver disease patients
leading to a rise in the incidence of HAT™*®,

An early diagnosis with immediate treatment is the
key to proper management of HAT. Therapeutic options
for managing HAT include either revascularization
of the transplanted graft or re transplantation'’.
Revascularization can be achieved through arterial
reconstruction, surgical thrombectomy, or radiologically
guided thrombolysis. Shortage of organs and poor
patients conditions may lead physicians to consider
revascularization, which can achieve good success
ratest®, Re-transplantation is still the gold standard
treatment for HAT but is confounded by both graft
availability and the patient’s general condition.

Prophylaxis against HAT in the early postoperative
period by usage of antiplatelet or anticoagulant agents
is thought to be hazardous by many surgeons because
of the risk of postoperative bleeding. However, post-
operative pharmacological prophylaxis can reduce the
risk of arterial anastomosis thrombosis when used in
vascular surgical procedures™. The adoption of this in
LT could help in reducing the incidence of HAT.

HAEMOSTASIS IN END STAGE LIVER
DISEASE

In liver transplant recipient with cirrhosis, considerable
changes in the haemostatic system are often found™?.
These changes include thrombocytopenia, platelet
functional defects, decreased circulating levels of
coagulative factors and decreased fibrinolytic proteins.
Although routine diagnostic tests of haemostasis are
commonly abnormal, interpretation of these tests is
more difficult in patients with a complex haemostatic

Raishidenge ~ WJH | www.wjgnet.com

disorder as in cirrhotic patients. It is now well established
that patients with cirrhosis and abnormal routine
coagulation tests might not have an increased bleeding
tendency and that thrombotic complications may still
occur™, This happens through a state of a rebalanced
haemostasis where the changes in the pro-haemostatic
pathways are associated with changes in the anti-
haemostatic pathways (Figure 1)"?. The changes that
promote bleeding include thrombocytopenia, platelet
function defects, enhanced production of nitric oxide and
prostacydlin, low levels of factors 1I, V, VI, IX, X, and
XI, vitamin K deficiency, dysfibrinogenemia, low levels
of a2-antiplasmin, factor XIIl and thrombin-activatable
fibrinolysis inhibitor and elevated tissue plasminogen
activator level. Those alterations are encountered by
others that counteract bleeding such as: elevated levels
of von Willebrand factor, decreased levels of ADAMTS-13
(von Willebrand factor cleaving protease), elevated
levels of factor VI, decreased levels of protein C, protein
S, antithrombin, a2-macroglobulin and heparin cofactor
II and low levels of plasminogen™*?.

The resultant effect of all these changes is a rebalanced
haemostasis. Although it is a functional system, it is
unstable compared to the haemostatic balance in healthy
individuals, explaining the potential occurrence of both
bleeding and thrombotic complications in patients with
cirrhosis™™.

CHANGES IN THE HAEMOSTATIC
BALANCE AFTER LT

In the first days after LT, multiple transplantation-
related triggers initiate pro-coagulation, anticoagulation
and pro-fibrinolytic cascades. Theses mechanisms
might not be balanced properly leading to thrombosis
in the area of anastomosis (Figure 1). The triggers
include substantial surgical damage, stasis as a result
of clamping of major vessels, release of activators from
the donor liver and systemic inflammatory responses.
Other factors are shown in Table 1%,

Intraoperatively, the graft endothelium gets activated
due to cold ischemia and reperfusion effects. As soon
as the reperfusion happens, platelets adhere to the
sinusoidal endothelium, which contributes to endothelial
cell apoptosis causing more ischemia/reperfusion
damage. This process will probably expose additional
pro-coagulant triggers causing further platelet activation
and initiation of coagulation'®. As long as these pro-
coagulant triggers go on, thrombosis can easily occur.
However, the activated fibrinolytic system removes
the clots immediately as they are formed. When this
balance is disturbed, a state of hypercoagulability arises
and a clinically evident thrombus might form in the
anastomotic areas™.

In addition, an acquired hypercoagulability may
increase the risk for immediate graft thrombosis. It can
be due to transplanting a liver from a donor with factor
V Leiden mutation or infections like cytomegalovirus
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Normal situation

A

Liver disease

Balanced haemostasis

A

Rebalanced haemostasis

After transplant

Unbalanced haemostasis

Procoagulant Anticoagulant

Figure 1 Changes in haemostasis in normal situation, liver disease and
after liver transplantation.

(CMV). Perioperative haemostatic agent such as fresh
frozen plasma, platelets, recombinant factor Vla, and
anti-fibrinolytics such as aprotinin and aminocaproic
acid plays role as well (Table 2)™4,

Mechanisms of late thrombosis of the graft vascular
anastomosis or even systemic thrombosis are less
obvious. It could be because of pro-thrombotic side effect
of immunosuppressant or as consequences of medical
comorbidities like hypertension, hypercholesterolemia
and diabetes mellitus. It could happen due to viral
infection as well especially CMV!*?,

Liver diseases are classically portrayed as having
a substantial bleeding tendency. For this reasons, the
postoperative use of anticoagulants or antiplatelets has
been restricted, in order to limit bleeding complications.
However, recent data showed that the bleeding diathesis
of patients with liver disease is not only a result of poor
haemostasis!*®!. Other factors may play a significant role
and augment bleeding tendency. Portal hypertension
is an example of that. The minimal blood loss and the
decreasing requirements of coagulation products in
nowadays transplant support this concept. Moreover,
improvements in surgical techniques and a restrictive
fluid and transfusion protocols has led to a reduction in
perioperative transfusion requirements™’. Considering
this fact, the limited use of anticoagulants or antiplatelets
in the postoperative period is reconsidered.

USE OF ANTIPLATELETS IN LT

In the immediate periods after LT, the constant platelet
activation and aggregation result in development of
thromboxane leading to fibrinogen activation, which
contribute to arterial thrombosis and graft failure!®,
Because of this pivotal role of platelets, antiplatelets
therapy by inhibiting this platelet-activation may lead
to reduction in the incidence of such complication.
Aspirin, which is the most frequent used antiplatelet
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Table 1 Risk factors of hepatic artery thrombosis

Operative factors

Non operative factors

Surgical technique
Number of anastomosis

Donor age of more than 60 yr
Long cold ischemia time
Preservation damage
Lack of blood group compatibility
Cytomegalovirus-positive donor status
Hypercoagulable recipient status
Recipient cigarette smoking
Rejection
Primary sclerosing cholangitis

Use of conduits
Vessels kinking
Small vessels size

Table 2 Factors involved in development of hypercoagulability
after liver transplantation

Endogenous Acquired

Donor with factor V Leiden mutation
Infections

Substantial surgical damage
Stasis as a result of clamping of
major vessels

Release of activators from the Viral infection like cytomegalovirus
donor liver

Systemic inflammatory responses  Perioperative haemostatic agent

The quality of the graft Fresh frozen plasma
The length of surgery Platelets

The technique of graft Recombinant factor Vla
Ppreservation

Cold ischemia/reperfusion effect Anti-fibrinolytics

Aprotinin Aminocaproic acid

agents, interferes with platelet aggregation, which in
turn leads to an endothelial cell-mediated inhibition
of the coagulation cascade. This happens through
irreversible inhibition of cyclooxygenase 1 and hence,
inhibition of thromboxane generation™?.

Very few studies focused on the efficacy and safety
of antiplatelet therapy in patients after LT. In 1997, in
a retrospective study, Wolf et a* found no significant
difference in the incidence of early HAT (3.7%) vs
(4.0%) between patients who had a prophylaxis aspirin
(354 of 529 patients) and those who did not. Bleeding
events occurred in 1.1% of patients treated with aspirin
compared to 0.6% of the control group. The effect of
aspirin prophylaxis on late HAT was not investigated™.

Vivarelli et a®" reported a single centre retrospective
study where they looked to the effect of long-term
aspirin administration (100 mg) on the incidence of late
HAT in a large number of patients. In this study, they
categorize the patients into high and low risk groups
based on their finding on a previous study. One of two
independent risk factors was used to categorize the
patients into either group: grafts retrieved from donors
who died from a cerebrovascular accident or the use of
an arterial iliac conduit. Late HAT incidence was 3.6%
(12 of 338) of the high-risk patients who were not given
aspirin, whilst it was seen in only 0.6% (1 of 160) of the
high-risk patients who received aspirin prophylaxis. The
relative risk reduction was 82%. In the low-risk group,
1 of 330 patients developed late HAT and he was in the
non-prophylaxis arm (254 patients). Out of 236 patients
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who received aspirin, there was no recorded episode
of any bleeding complications throughout the follow
up period (median of 1704 d). They could not assess
the effect of antiplatelets on early HAT due to their
inability to start patients immediately on aspirin with
a known impaired coagulative function and a high risk
of bleeding. This obvious benefit of aspirin on late HAT
occurrence should be considered specifically in patients
with an absence of bleeding complications.

Shay et al*® showed that aspirin prophylaxis is
safe and effective in decreasing early HAT in adult
recipients. The incidence of overall HAT was found to
be significantly higher at 4.9% in the control group vs
3.0% in the treated group. Early HAT incidence dropped
from 3.9% in the control group to 1.8% with aspirin
prophylaxis. Also the incidence of early HAT causing
graft loss decreased significantly from 3.6% to 0%
with the use of early aspirin prophylaxis. There was no
difference in bleeding complications between the two
groups. The main difference between these studies
is the dosage and the time of initiation of therapy.
Shay et al'” used a higher dosage at 325 mg/d,
initiated immediately after surgery with no evidence of
significant bleeding.

There are several limitations to these studies that
should be considered. First, not all of them include
paediatric patients, where the incidence of HAT is
higher and survival is better. Secondly, they were all
retrospective studies with a higher risk of bias. Also
the compared groups were mostly from different time
periods where surgical techniques, donor selection, and
postoperative management are different. However,
these studies showed evidence of benefit from the use
of antiplatelet agents as a prophylaxis for early and late
HAT without increasing the risk of bleeding or other
surgical complications. The current usage of antiplatelet
agents in treatment of cardiovascular and peripheral
vascular disease might support this conclusion. A
further well-designed randomized study to explore this
field would be appropriate.

USE OF ANTICOAGULANTS IN LT

The plasma concentration of coagulant and anti-
coagulant proteins is disturbed after LT. This imbalance
leads to hypercoagulability condition that contributes
to vascular thrombosis and possible loss of the graft™.
The reducing level of antithrombin III and protein C
are believed to be responsible for the development
of this hypercoagulability state'™. For this reason,
supplementation of protein C and augmenting the
effect of antithrombin Il could help to overcome this
haemostatic disturbance.

Fresh frozen plasma (FFP) is usually the source of
protein C along with other clotting factors. Hashikura
et al*" reported that infusing FFP was helpful in
reducing incidence of HAT and maintaining coagulation
haemostasis. In contrast, Mazzaferro et al** found
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a higher incidence of HAT in paediatric liver recipient
who received more FFP compared to those who did
not receive FFP intraoperatively. Hatano et af*® found
a similar result where the occurrence of HAT was
associated with a higher intraoperative infusion of
FFP. Although the use of FFP might be associated with
an increased risk of HAT, its usage is still warranted
to maintain haemostasis and to reduce bleeding
complication. Excessive use of FFP should be avoided as
it might induce a state of hypercoagulability and could
result in graft thrombosis.

Heparin appears to be the method of choice to
anticoagulate liver transplant recipients. Most liver
transplant centres have developed their own protocols
for heparin infusions and the monitoring of its activity.
It is important to note that the rationales of these
protocols remain unclear, as they are designed based
on empirical rules. The Shinshu group demonstrated
that intensive anticoagulation should be established in
living related liver transplantation (LDLT) in a paediatric
Population. Sugawara et a/'*”! showed a similar
result in the setting of living donor LT. The reports
on usage of heparin in cadaveric liver transplant are
very limited to date. The anti-coagulatory effect of the
unfractionated heparin (UFH) is known to be through
its antithrombin III activity. The low molecular weight
heparin (LMWH) selectively inhibit clotting factor X
a and to a lesser extent augment antithrombin III
activity™,

Bleeding complication can occur with the unmonitored
use of heparin. Kaneko et af*® reported that 9% of their
living related liver recipients who used UFH developed
haemorrhagic complications that required surgical
treatment. In contrast to UFH, using LMWH is believed to
be useful to reduce haemorrhagic complications due to its
selective inhibition of coagulation factor Xa and because
of its reduced ability to bind to endogenous plasma
proteins such as platelet factor 4 and von Willebrand
factor®.. In addition, LMWH lessen liver damage in
ischemia-reperfusion injury and hyperperfusion®”,
For these reasons, LMWH is more advantageous than
UFH for intraoperative and postoperative anticoagulant
therapy in LT. The major problem for the prophylactic use
of LMWH is determining the optimal dose and monitoring
serum factor X a activity. The route of administration of
LMWH depends on the indication. In patients with a high
bleeding tendency, such as liver transplant recipients, an
adjustable continuous infusion may be recommended
to avoid increased plasma levels and to cope with
continuous pathophysiological changes in the coagulation
cascade™",

Antithrombin is plasma glycoprotein synthesized in
the liver and plays a major role in the coagulation after
LT. The level of antithrombin III drops after transplant
and remains low for up to two weeks. Replacing this
drop might help to gain an adequate anticoagulation
effect’®, Kaneko et al? in his pilot study found that
the combined use of AT and UFH might reduce fibrin
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degradation product D-dimer levels and prevent a
postoperative drop in the platelet count. Taniai et al™™
concluded in his study that adding antithrombin to
heparin could be the best approach. Further research
should be done to prove its benefit and safety in LT™?,

Monitoring of anticoagulation after LT assures an
adequate level without an increase in the bleeding
complications. Activated clotting time (ACT) is the
most commonly used monitoring method. Linkins et
al*¥ showed that UFH is more sensitive than LMWH in
regards to ACT level. This indicates that the ACT cannot
monitor the activity of factor Xa but is still a valuable
tool in monitoring the anticoagulant effects of LMWH.
The lower level of antithrombin activity in the LMWH
compared to the anti-Xa activity could explain this
lower sensitivity!®®’. It has been shown that ACT can
monitor the anticoagulatory effect of LMWH in coronary
intervention procedures®!. Uchikawa et a/*" showed
that ACT measurement is a simple, reliable method for
bedside monitoring of LMWH anticoagulant effects for
LDLT. It is assumed that ACT level should be kept within
the normal range in order to prevent haemorrhagic
complication. Thus, the anticipated value of ACT is
between 140 and 150 s, which is the upper limit of
the normal range. However, Kaneko et a/** tested
the ACT level by measuring plasmin-alpha2 plasmin
inhibitor complex, thrombin-antithrombin Il complex
and fibrin degradation product pre and postoperatively
with measurement of complete blood count, ACT,
activated partial thromboplastin time and prothrombin
time international normalized ratio for two weeks after
surgery. They conclude that frequent monitoring of
ACT is necessary to keep the ACT level in the target
range in the first postoperative week. Because of hyper-
fibrinolytic condition and the high rate of haemorrhagic
complications after the first week, the dose of heparin
should be adjusted to maintain lower ACT levels during
this period.

In contrast to UFH, LMWH are cleared by renal route.
Hence in patients with impaired renal functions, as
commonly seen following LT, monitoring and adjustment
of the dose according to the degree of renal injury are
required. Observational studies have shown more
bleeding complications in renal impaired patients"®.
Prophylactic LMWH doesn’t appear to increase the
bleeding tendency and therefore might not need
monitoring or adjustment™”. Therapeutic LMWH bio
accumulates and cause more bleeding if left unad-
justed™®, This bioaccumulation is more evident when
creatinine clearance is less than 30 mL/min®®®!, No clear
guidelines are available for dose adjustment and further
clinical and pharmacological studies are required for
dosage guidance™.

It is clear that a further study looking to the appro-
priate protocols of anticoagulation and the proper
monitoring tools is needed. The rarity of studies and the
empirical assumption of tailoring the protocols make
drawing a conclusion difficult.
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CONCLUSION

Pharmacological prophylaxis is probably beneficial in
reducing the incidence of HAT. It is relatively safe if used
carefully with a continuous monitoring and adjustment.
Proper protocols need to be developed based on proper
well-designed clinical studies.
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Abstract

Determining the prognosis of cirrhotic patients is not an
easy task. Prognostic scores, like Child-Pugh and Model
of End-stage Liver Disease scores, are commonly used
by hepatologists, but do not always reflect superimposed
events that may strongly influence the prognosis.
Among them, bacterial intestinal translocation is a key
phenomenon for the development of cirrhosis-related
complications. Several biological variables (C-reactive
protein, serum free cortisol, copeptin, von Willebrand
factor antigen) are surrogates of “inflammatory stress”
and have recently been identified as potential prognostic
markers in cirrhotic patients. Most of these above
mentioned markers were investigated in pilot studies
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with sometimes a modest sample size but allow us to
catch a glimpse of the pathophysiological mechanisms
leading to the worsening of cirrhosis. These new data
should generate further well-designed studies to better
assess the benefit for liver function of preventing
intestinal bacterial translocation and microvascular
thrombosis. The control of infection is vital and among
all actors of immunity, vitamin D also appears to act
as an anti-infective agent and therefore has probably a
prognostic value.

Key words: Cirrhosis; C-reactive protein; Copeptin;
Vitamin D; Serum free cortisol; Von Willebrand factor
antigen

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review provides new insights on the
prognosis of cirrhotic patients. Several biological markers
account for events that strongly impact on prognosis but
are not taken into account by common prognosis scores
such as Child-Pugh or Model of End-stage Liver Disease.
The rationale for the use of these markers is discussed
on the basis of the most recent available data.

Di Martino V, Weil D, Cervoni JP, Thevenot T. New prognostic
markers in liver cirrhosis. World J Hepatol 2015; 7(9): 1244-1250
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/19/1244.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i9.1244

INTRODUCTION

The prognosis of patients with cirrhosis depends on
several factors such as the etiology and severity of
liver disease, the presence of associated complications
and comorbidities. Several prognostic scores have
been developed to estimate the survival of patients in
a simple and reliable manner, thus allowing to better
adapting their management. Child-Pugh and Model
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of End-stage Liver Disease (MELD) scores, commonly
used in clinical practice, mainly reflect the degree of
liver failure but do not account for events superimposed
to liver failure that are strongly involved in the onset of
extrahepatic organ failures. Therefore, beyond a certain
severity of liver failure, MELD and Child-Pugh scores
appear limited for accurately predict short-term death.
In critically ill cirrhotic patients admitted to intensive
care unit (ICU), for instance, general ICU scores such
as Acute Physiology and Chronic Health Evaluation
(APACHE) II, Sequential Organ Failure Assessment
(SOFA), its derivative from the Chronic Liver Failure
Consortium of the European Association for the Study
of the Liver and simplified acute physiology score (SAPS)
II scores provide better prediction of short-term death
than liver specific scores™. The purpose of this review
is to introduce readers to some new recently published
biomarkers that may provide additional prognostic
information to that given by the usual prognostic scores
(Child-Pugh and MELD) and their derivatives (MELD-
Na, iIMELD, MESO index) even out of the context of
multiorgan failure. Such variables, combined with the
MELD score should be useful to better sort patients
awaiting a liver transplant. The list of these variables
of interest discussed in this article is probably not
exhaustive.

C-REACTIVE PROTEIN

C-reactive protein (CRP) is a protein of the acute phase
of inflammation. Its hepatic synthesis is primarily
stimulated by interleukin-6 (IL-6), a proinflammatory
cytokine, and maintained even in the context of
advanced liver failure®?!, The value of CRP reflects the
degree of systemic inflammation, regardless of its cause.
The physiological role of CRP is to bind to apoptotic cells
and microorganisms through the recognition of different
molecular patterns. This binding results in activating
the complement system and stimulating phagocytosis.
Recent studies also suggest a role of CRP in the
induction of endothelial dysfunction'® (Figure 1). Serum
CRP increases in the event of systemic inflammatory
response syndrome (SIRS) (even in the absence of overt
bacterial infection). It was able to predict the risk of
death in different populations of non-cirrhotic patients. In
cirrhotic patients, SIRS is associated with the occurrence
of complications such as hepatic encephalopathy, kidney
failure and death®™. However, the diagnostic criteria of
SIRS may be modified in the context of cirrhosis, making
the interpretation difficult. Hypersplenism can hide
leukocytosis or increase leukopenia; subclinical hepatic
encephalopathy can increase the respiratory rate and
favor hypocapnia; hyperkinetic syndrome can increase
heart rate in cirrhotic patients whereas beta-blockers
may mask tachycardia. This is why the measurement
of CRP could be both easier and more reliable than the
SIRS criteria to identify a systemic inflammation that
may adverse the prognosis of cirrhotic patients. We
investigated the prognostic value of CRP in a prospective
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series of 148 cirrhotic patients hospitalized for clinical
decompensation (Child Pugh = 8), without hepatocellular
carcinoma. The CRP levels were not correlated to the
MELD score and had a strong prognostic significance'®.
High CRP levels were indeed associated with an
independent risk of mortality at 6 mo, especially when
considered the subgroup of 32 patients in whom the
value of CRP remained above 29 mg/L during the first
15 d of hospitalization despite the resolution of any overt
bacterial infection initially documented. The prognostic
value of CRP remained significant when the analysis
was restricted to patients without bacterial infection or
alcoholic hepatitis at baseline. Taking into account the
MELD, the existence of comorbidities, and the variation
of CRP levels during the first 15 d, it was possible to build
a prognostic model that was able to predict the mortality
at 6 mo with a performance of 0.80 (AUROC) vs 0.67 for
the MELD alone. Recently, the CANONIC study including
1343 cirrhotic patients from 29 European centers showed
that the risk of organ failure and death was significantly
associated with the value of CRP, even when the
analyzes were restricted to uninfected patients”’. When
we analyzed the subgroup of 583 patients from the
CANONIC study in which serial measures of CRP were
available, our prognostic model was still relevant™®.,

SERUM FREE CORTISOL

The existence of a cortisol deficiency in cirrhosis
remains uncertain and the reported prevalence of
adrenal insufficiency (AI) (approximately one third of
patients “hemodynamically stable” and up to 77% of
septic patients) was overestimated by the measure of
total serum cortisol concentrations that closely depends
on its two main carrier proteins (CBG and albumin)
synthesized by the liver and generally lowered in
cirrhotic patient. Hence, total serum cortisol is low in
case of decreased serum concentrations of CBG and
albumin, whereas the free fraction of total cortisol
that corresponds to the biologically active hormone
is increased™. In addition, the lack of specificity of
symptoms (fatigue, malaise, reduced muscle strength)
renders the clinical diagnosis of Al difficult, especially
in the setting of cirrhosis, in which malnutrition is
common. Conventionally, the diagnosis of Al is made
when the plasma cortisol measured at 8:00 AM is <
83 nmol/L and/or when adrenal stimulation exhibits
poor adrenal reactivity (cortisol < 500 nmol/L 30 or
60 min after the intravenous injection of 250 mcg
adrenocorticotropic hormone (Synacthen). In patients
under stress (especially with septic shock), adrenal
dysfunction is defined by a delta cortisol < 250 nmol/L
or a random total cortisol < 276 nmol/L!"?. In cirrhotic
patients, the mechanisms involved in the onset of Al
are not well understood but may involve an exhaustion
of the adrenal gland by lack of substrate (high density
lipoprotein-cholesterol) for the synthesis of cortisol,
or a corticoresistance induced by pro-inflammatory
cytokines.
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Figure 1 Mechanisms involved in the poor prognosis of cirrhosis (favoring the occurrence of multiorgan failures) and their related markers. Systemic
inflammation and endothelial dysfunction appear as high relevant factors not reflected by Child-Pugh, MELD score, or measure of the HVPG. They worsen
liver function, increase portal hypertension, and self-sustain the processes. HVPG: Hepatic venous pressure gradient; CRP: C-reactive protein; ADAMTS13: A

metalloprotease with decreased activity.

In cirrhotic patients, the study of adrenal function
remains difficult because the definition of Al is
lacking. Due to changes in cortisol binding proteins
concentrations related to liver impairment, the “normal”
levels of total serum cortisol are not determined, and
measuring serum free cortisol (SFC) is challenging and
not routinely feasible. In a recent study we conducted,
however, the determination of SFC provided unexpected
results regarding its prognosis implications™". When
the 1 mcg synacthen test was performed in 95 hemo-
dynamically stable cirrhotic patients, a poor prognosis
was associated with high levels of SFC (deaths occurred
in 26.2% of patients with SFC = 79 nmol/L vs 3.4%
of patients with SFC < 79 nmol/L, P = 0.027 by log-
rank test). By adjusting on the severity of cirrhosis
(MELD) and on serum albumin levels, the risk of death
of patients with SFC = 79 nmol/L was increased by
5 times but the relationship was no longer significant
probably due to the small sample size of this pilot
study. Another interesting finding of this study was
that concentrations of SFC were positively correlated
with CRP levels, suggesting that SFC increases in the
context of systemic inflammation. Further studies with
sufficient numbers and serial determinations of cortisol
are warranted to clarify the prognostic role of SFC by
distinguishing different categories of cirrhotic patients
(compensated, decompensated without sepsis, and
septic). From our results, the concept of “hepatoadrenal
syndrome”*? mimicking the hepatorenal syndrome
(i.e., Al occurring in end-stage liver disease and
impacting on mortality) is probably wrong or at least
largely overestimated. Recent experimental data using
deuterated cortisol-tracer technique show that the
cortisol synthesis is increased by 83% in critically ill
patients and that the conversion of cortisol to cortisone
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is reduced in order to maintain high levels of serum
cortisol™®!. The levels of pro-inflammatory cytokines
(IL-6 and tumor necrosis factor alpha) were positively
correlated with cortisol production, and patients with
a SIRS had 90% higher cortisol production than those
who did not have SIRS. These new data allow us to
better understand the discrepancies between the
two landmark studies which evaluated the impact of
hydrocortisone administration on survival in patients
with septic shock™***!, Conversely to these findings, a
rationale for a true “hepatoadrenal syndrome” in end-
staged cirrhotic patients still persists. It has been shown
that inflammation may cause endothelial dysfunction,
leading to impaired cortisol synthesis'*® (Figure 1). Thus,
in patients with compensated cirrhosis, although AI may
be a latent condition, the proinflammatory cytokines
appropriately stimulate the hypothalamic-pituitary
adrenal axis leading to an increase of cortisol. When the
stress becomes more intense (and associated with an
excessive production of pro-inflammatory cytokines), a
steroid-resistance may occur leading to an insufficient
cortisol production regarding the clinical situation. This
concept of relative Al is probably of high relevance in
cirrhotic patients, particularly in the event of septic
shock. It was a rationale to conduct a randomized
controlled trial to assess the effect of hydrocortisone
on survival in 75 cirrhotic patients with septic shock.
Despite initial hemodynamic improvement, an interim
analysis found no difference in 28-d mortality between
the two groups, and the trial was thus interrupted!*”’.

VITAMIN D

Vitamin D (calciferol) is essential to the maintenance
of phosphate homeostasis of the body. It comes from
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food and skin. Under the action of sunlight (UV-B), skin
7-dehydrocholesterol is converted to previtamin D3
then vitamin D3 and is subsequently transported to the
liver where hydroxylation to 25-OH vitamin D3 occurs.
Then, 25-OH D3 undergoes a second hydroxylation
in the kidney thereby resulting in 1,25-(0OH)2-vitamin
D3 (calcitriol), which is the biologically active hormonal
form of vitamin D3 (rarely measured in clinical practice).
Serum 25-OH vitamin D3 (the storage form of the
vitamin) concentration is nearly 1000 times higher than
that of serum 1,25-(0H)2 vitamin D3. The measure
of serum 25-OH vitamin D3 is thus appropriate for
the diagnosis of vitamin D deficiency™®. In cirrhotic
patients, however, because of low albumin and vitamin
D binding protein levels, recent reports highlighted the
overestimation of vitamin D deficiency and suggested
that the measure of free 25-OH D3 would be more
appropriate™.

The role of vitamin D is not confined to its skeletal
actions. Vitamin D also regulates immune defenses and
is able to modulate the differentiation and proliferation
of certain cell types. Its deficiency has been associated
with an increased risk of cancer, cardiovascular disease,
autoimmune diseases and infectious diseases™®. The
impact of vitamin D on immune system may be relevant
for the prognosis of cirrhotic patients. Indeed, vitamin
D it is commonly deficient in this population and it’s
easy to hypothesize that it favors bacterial infections,
which increase by four-fold the risk of death in cirrhotic
patients” (Figure 1). Because of the antiproliferation,
pro-differentiation, pro-apoptosis, anti-inflammation,
and immune regulation properties of vitamin D, Vitamin
D deficiency may also contribute to the development of
hepatocellular carcinoma. Although the epidemiologic
evidence regarding the association of vitamin D and
hepatocellular carcinoma is still inconclusive, biochemical
evidence clearly indicates that hepatocellular carcinoma
cells are responsive to the inhibitory effect of vitamin
D and its analogs™ and genetic determinants have
been identified for the role of vitamin D to modulate the
development of hepatitis C associated hepatocellular
carcinoma (HCC)®?.. Unfortunately, the therapeutic use
of vitamin D analogs for HCC provided disappointing
results to date.

The reasons why vitamin D is deficient in patients with
cirrhosis are multiple and include solar underexposure of
these patients, malnutrition, malabsorption of vitamin D
by a lack of bile acids and/or impairment of the hepatic
hydroxylation®. In a recent study, low vitamin D levels
(< 6 ng/mL) were associated with increased mortality
(OR = 6.3, P = 0.024) in cirrhotic patients regardless of
their MELD score, and sepsis were the cause of death in
the majority of these patients™. Similar findings were
observed in 75 cirrhotic patients from Austria, in which
negative correlations were observed between 25-OH
vitamin D concentrations and MELD scores (r = -0.34,
P = 0.003)™!. By distributing vitamin D levels into
tertiles, the authors observed an increased risk (OR =
6.37, P = 0.005) of hepatic decompensation (ascites,
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encephalopathy, gastrointestinal bleeding, hepatorenal
syndrome) in patients with the lowest values of vitamin
D (1* tertile) compared to those with the highest values
(3" tertile). Patients of the 1% tertile had also a higher
risk of death compared with patients of the 3™ tertile
in multivariate analysis adjusted for age and sex (HR
= 4.31, P = 0.012). However, the adjustment on the
Child-Pugh score and/or MELD score no longer allowed
retaining vitamin D as a significant prognostic marker per
se. A more recent study conducted in 324 patients with
alcoholic liver disease showed that low vitamin D levels (<
10 ng/mL) were associated with: (1) cirrhosis; (2) high
hepatic venous pressure gradients; (3) high Child-Pugh
and MELD scores; (4) occurrence of portal hypertension-
related complications; and (5) one-year mortality™®.
Vitamin D deficiency may contribute to deterioration
of liver functions by increasing liver inflammation and
fibrosis. Indeed, experimental models have shown a
reduction in inflammatory and profibrotic activity of
hepatic stellate cells after vitamin D”. An unresolved
issue is whether vitamin D supplementation could
improve liver function and survival of cirrhotic patients.
Anyway, screening and treatment of vitamin D deficiency
in patients with cirrhosis is already justified given the
high prevalence (12%-86%) of osteoporosis and
fracture risk (5%-20%) in these patients. Further studies
should investigate the free faction of vitamin D and may
determine more in depth the true spectrum of vitamin D
deficiency in cirrhosis and its clinical implications.

COPEPTIN

In cirrhotic patients, intestinal bacterial translocation is
responsible for overproduction of nitric oxyde (NO) via
activation of monocytes and lymphocytes and increase
in circulating levels of proinflammatory cytokines.
NO increases splanchnic vasodilation that stimulates
compensatory systems to restore adequate blood
volume: sympathetic nervous system, renin-angiotensin-
aldosterone system and arginine vasopressin (AVP,
also called antidiuretic hormone). It has been shown
that AVP concentrations increase with deterioration
of liver function and this biological marker may thus
have a prognostic value. However, its measurement
is difficult and not routinely available. Copeptin, the
pre-pro-AVP C terminal fragment, is released into
the serum in equimolar quantities than AVP. Hence,
copeptin concentrations closely reflect the production of
AVP, either in healthy subjects or in stressful situations
such as sepsis®®®. The main interest of copeptin is its
serum stability, conversely to AVP. Copeptin is thus
easy to measure. Moreover, its concentration increases
much more than cortisol in the event of stress. The
prognostic value of copeptin was recently mentioned
in several diseases: high concentrations of copeptin
were associated with unfavorable outcomes in patients
with chronic heart failure, pulmonary infections, and in
patients with transient ischemic stroke'®. We studied
this marker in a cohort of 125 cirrhotic patients including
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34 Child-Pugh A, 29 Child-Pugh B, 32 Child-Pugh
C and 30 infected patients with Child-Pugh score >
B8"*?). Copeptin concentrations were higher in infected
patients (18.81 pmol/L vs 6.64 pmol/L in patients
without infection, P = 0.0007), patients with ascites
(13.27 pmol/L vs 6.06 pmol/L in others, P < 0.0001)
and patients with renal impairment (44.67 pmol/L vs
8.40 pmol/L in patients with normal renal function, P
= 0.0018). Copeptin concentrations were positively
correlated with Child-Pugh, MELD scores (r = 0.43, P <
0.0001) and CRP levels (r = 0.49, P < 0.0001). After a
median follow-up of 12 mo, 8 patients were transplanted
and 28 (24%) patients had died. In univariate analysis,
patients who died or were transplanted had higher
baseline copeptin concentrations compared with others
(15.02 pmol/L vs 6.68 pmol/L; P = 0.0006), and nearly
three quarters of patients who had died belonged to the
two highest quintiles regarding copeptin concentrations.
Survival analysis showed excess mortality in patients
with copeptin values > 13 pmol/L. In multivariate
analysis, high value (> 13 pmol/L) of copeptin kept its
detrimental impact on prognosis after adjustment on
CRP and MELD score. This study suggests that copeptin
could be a good marker of stress during cirrhosis. Its
impact on survival warrants confirmation by larger
studies.

THE VON WILLEBRAND FACTOR
ANTIGEN

The vascular endothelium plays a critical role in the
regulation of vascular tone through its ability to release
vasoactive substances, including NO and prostacyclin
(vasodilators) and endothelin and thromboxane A2
(vasoconstrictors). In cirrhotic patients, an endothelial
dysfunction is responsible for abnormal vascular re-
activity which is involved in portal hypertension both
by increasing intrahepatic vascular resistance (due to
intrahepatic vasoconstriction) and portal flow (by increase
in cardiac output to compensate for systemic arteriolar
vasodilatation). The measurement of hepatic venous
pressure gradient (HVPG) identifies cirrhotic patients at
high risk of complications (mainly esophageal varices)
and death when HVPG exceeds 10 mmHg but this
measure is not feasible in routine. The Von Willebrand
antigen (VWF Ag) is a glycoprotein synthesized by
activated endothelial cells and can be used as a marker
of endothelial dysfunction. Endotoxemia activates
endothelial cells and is well correlated with the levels of
serum VWF AgP. In 42 cirrhotic patients with severe
portal hypertension (HVPG = 12 mmHg), the team from
Barcelona has shown a positive correlation between
serum VWF Ag and MELD score (r = 0.34, P = 0.032),
and between serum VWF Ag and HVPG (r = 0.47, P <
0.001)"Y. However, given the small sample size and
the inclusion of patients with HVPG = 12 mmHg, the
prognostic value of VWF Ag could not be determined
convincingly. A more recent study™” has come to fill this
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gap by including 286 patients with cirrhosis at different
stages of severity (Child-Pugh 148 A, 104 B and 34
C). These authors confirmed the previous results and
showed a good correlation (r = 0.68, P < 0.001) between
VWF Ag and HVPG™?. A nice consequence for clinical
practice was that levels of VWF Ag > 241% accurately
predicted the risk of variceal bleeding, as well as HVPG =
12 mmHg did. In addition, VWF Ag > 315 % was able to
predict death (HR = 2.92, P < 0.001) regardless of the
HVPG, the Child-Pugh, the MELD, and the presence of
hepatocellular carcinoma. This spectacular result suggests
that marked endothelial dysfunction, as assessed by high
levels of VWF Ag, has a strong detrimental prognostic
influence per se. During cirrhosis, VWF Ag may remain
high due to the presence of circulating endotoxins but
also due to a decreased activity of a metalloprotease
(ADAMTS13), which cleaves the multimers of Willebrand
factor. A recent study suggests that a low enzymatic
activity of ADAMTS13 predicts the risk of death at 1
year and 2 years, as well as Child-Pugh and MELD
scores do™. The mechanisms involved in the pejorative
influence of high levels of VWF Ag are unknown. VWF Ag
plays a key role in both primary hemostasis (mediator of
platelet adhesion to sub-endothelium) and coagulation
(plasma factor VII carrier). It is likely that elevated serum
VWEF Ag levels participate to a hypercoagulable state that
is often underestimated in severe cirrhotic patients. This
hypercoagulable state may contribute to deterioration
of liver functions by inducing thrombosis in the hepatic
microcirculation, as well as it may increase portal
hypertension as hypothesized by Wanless twenty years
ago™* (Figure 1). It is also possible that these thrombotic
events, when located in the intestinal microcirculation,
favor enterocyte ischemia and intestinal bacterial
translocation subsequently. This self-perpetuates the
phenomenon and causes systemic inflammation.

CONCLUSION

Risk assessments of cirrhotic patients is sometimes
tricky but remains crucial for optimal identifications of
liver transplant candidates. Even commonly used for
a long time in clinical practice, Child-Pugh and MELD
scores lack finesse, whereas general scores (such
as SAPS II, APACHE or SOFA), are inappropriate
outside of the context of intensive care. New biological
variables (CRP, serum free cortisol, copeptin, vitamin
D, or Willebrand antigen) account for well identified
event which impact on prognosis of cirrhotic patients
and deserve further research to build a new prognostic
score, easy to use but more powerful than Child-Pugh,
MELD score, or its derivatives created to date.

REFERENCES

1 Levesque E, Hoti E, Azoulay D, Ichai P, Habouchi H, Castaing
D, Samuel D, Saliba F. Prospective evaluation of the prognostic
scores for cirrhotic patients admitted to an intensive care unit.
J Hepatol 2012; 56: 95-102 [PMID: 21835136 DOI: 10.1016/
j.jhep.2011.06.024]

May 28,2015 | Volume 7 | Issue 9 |



13

14

JRaishideng®

Bota DP, Van Nuffelen M, Zakariah AN, Vincent JL. Serum levels
of C-reactive protein and procalcitonin in critically ill patients with
cirrhosis of the liver. J Lab Clin Med 2005; 146: 347-351 [PMID:
16310518]

Park WB, Lee KD, Lee CS, Jang HC, Kim HB, Lee HS, Oh MD,
Choe KW. Production of C-reactive protein in Escherichia coli-
infected patients with liver dysfunction due to liver cirrhosis.
Diagn Microbiol Infect Dis 2005; 51: 227-230 [PMID: 15808312]
Devaraj S, Kumaresan PR, Jialal I. C-reactive protein induces
release of both endothelial microparticles and circulating endothelial
cells in vitro and in vivo: further evidence of endothelial dysfunction.
Clin Chem 2011; 57: 1757-1761 [PMID: 21980169 DOI: 10.1373/
clinchem.2011.169839]

Thabut D, Massard J, Gangloff A, Carbonell N, Francoz C,
Nguyen-Khac E, Duhamel C, Lebrec D, Poynard T, Moreau R.
Model for end-stage liver disease score and systemic inflammatory
response are major prognostic factors in patients with cirrhosis and
acute functional renal failure. Hepatology 2007; 46: 1872-1882
[PMID: 17972337]

Cervoni JP, Thévenot T, Weil D, Muel E, Barbot O, Sheppard F,
Monnet E, Di Martino V. C-reactive protein predicts short-term
mortality in patients with cirrhosis. J Hepatol 2012; 56: 1299-1304
[PMID: 22314431 DOI: 10.1016/j.jhep.2011.12.030]

Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J,
Durand F, Gustot T, Saliba F, Domenicali M, Gerbes A, Wendon
J, Alessandria C, Laleman W, Zeuzem S, Trebicka J, Bernardi M,
Arroyo V. Acute-on-chronic liver failure is a distinct syndrome
that develops in patients with acute decompensation of cirrhosis.
Gastroenterology 2013; 144: 1426-1437, 1437.e1-9 [PMID:
23474284 DOLI: 10.1053/j.gastro.2013.02.042]

Cervoni JP, Amoros A, Moreau R, Arroyo V, Jalan R, Saliba F.
Prognostic value of C-reactive protein in patients with cirrhosis:
external validation from the CANONIC cohort. Hepatology 2014;
60 (Suppl): 495A

Thevenot T, Borot S, Remy-Martin A, Sapin R, Cervoni JP,
Richou C, Vanlemmens C, Cleau D, Muel E, Minello A, Tirziu
S, Penfornis A, Di Martino V, Monnet E. Assessment of adrenal
function in cirrhotic patients using concentration of serum-free and
salivary cortisol. Liver Int 2011; 31: 425-433 [PMID: 21281437
DOI: 10.1111/5.1478-3231.2010.02431.x]

Marik PE, Pastores SM, Annane D, Meduri GU, Sprung CL, Arlt
W, Keh D, Briegel J, Beishuizen A, Dimopoulou I, Tsagarakis
S, Singer M, Chrousos GP, Zaloga G, Bokhari F, Vogeser
M. Recommendations for the diagnosis and management of
corticosteroid insufficiency in critically ill adult patients: consensus
statements from an international task force by the American College
of Critical Care Medicine. Crit Care Med 2008; 36: 1937-1949
[PMID: 18496365 DOLI: 10.1097/CCM.0b013e31817603ba]
Thevenot T, Dorin R, Monnet E, Qualls CR, Sapin R, Grandclement
E, Borot S, Sheppard F, Weil D, Degand T, Di Martino V,
Kazlauskaite R. High serum levels of free cortisol indicate severity
of cirrhosis in hemodynamically stable patients. J Gastroenterol
Hepatol 2012; 27: 1596-1601 [PMID: 22647073 DOI: 10.1111/
j-1440-1746.2012.07188.x]

Fede G, Spadaro L, Tomaselli T, Privitera G, Germani G,
Tsochatzis E, Thomas M, Bouloux PM, Burroughs AK, Purrello F.
Adrenocortical dysfunction in liver disease: a systematic review.
Hepatology 2012; 55: 1282-1291 [PMID: 22234976 DOI: 10.1002/
hep.25573]

Boonen E, Vervenne H, Meersseman P, Andrew R, Mortier L,
Declercq PE, Vanwijngaerden YM, Spriet I, Wouters PJ, Vander
Perre S, Langouche L, Vanhorebeek I, Walker BR, Van den Berghe
G. Reduced cortisol metabolism during critical illness. N Engl
J Med 2013; 368: 1477-1488 [PMID: 23506003 DOI: 10.1056/
NEJMoal214969]

Annane D, Sébille V, Charpentier C, Bollaert PE, Frangois B,
Korach JM, Capellier G, Cohen Y, Azoulay E, Troché G, Chaumet-
Riffaud P, Bellissant E. Effect of treatment with low doses of
hydrocortisone and fludrocortisone on mortality in patients with
septic shock. JAMA 2002; 288: 862-871 [PMID: 12186604]

WJH | www.wjgnet.com

1249

16

17

19

20

21

22

23

24

25

26

27

28

29

Di Martino V et a/. Prognostic markers in cirrhosis

Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K,
Weiss YG, Benbenishty J, Kalenka A, Forst H, Laterre PF, Reinhart
K, Cuthbertson BH, Payen D, Briegel J. Hydrocortisone therapy
for patients with septic shock. N Engl J Med 2008; 358: 111-124
[PMID: 18184957 DOI: 10.1097/CCM.0B013E3181659610]
Kanczkowski W, Chatzigeorgiou A, Grossklaus S, Sprott D,
Bornstein SR, Chavakis T. Role of the endothelial-derived
endogenous anti-inflammatory factor Del-1 in inflammation-
mediated adrenal gland dysfunction. Endocrinology 2013; 154:
1181-1189 [PMID: 23364949 DOI: 10.1210/en.2012-1617]

Arabi YM, Aljumah A, Dabbagh O, Tamim HM, Rishu AH, Al-
Abdulkareem A, Knawy BA, Hajeer AH, Tamimi W, Cherfan
A. Low-dose hydrocortisone in patients with cirrhosis and septic
shock: a randomized controlled trial. CMAJ 2010; 182: 1971-1977
[PMID: 21059778 DOI: 10.1503/cmaj.090707]

Holick MF. Vitamin D deficiency. N Engl J Med 2007; 357:
266-281 [PMID: 17634462]

Lai JC, Terrault N, Bikle D, Lizaola BL, Schwartz JB. Total
25(0OH) Vitamin D is Not an Accurate Marker of Vitamin D Status
in Patients with Cirrhosis and Synthetic Dysfunction. Hepatology
2014; 60 (suppl): 304A

Arvaniti V, D’Amico G, Fede G, Manousou P, Tsochatzis E,
Pleguezuelo M, Burroughs AK. Infections in patients with cirrhosis
increase mortality four-fold and should be used in determining
prognosis. Gastroenterology 2010; 139: 1246-1256, 1256.e1-5
[PMID: 20558165 DOTI: 10.1053/j.gastr0.2010.06.019]

Chiang KC, Yeh CN, Chen MF, Chen TC. Hepatocellular carcinoma
and vitamin D: a review. J Gastroenterol Hepatol 2011; 26:
1597-1603 [PMID: 21880026 DOI: 10.1111/j.1440-1746.2011.06892.
X]

Lange CM, Miki D, Ochi H, Nischalke HD, Bojunga J, Bibert
S, Morikawa K, Gouttenoire J, Cerny A, Dufour JF, Gorgievski-
Hrisoho M, Heim MH, Malinverni R, Miillhaupt B, Negro F,
Semela D, Kutalik Z, Miiller T, Spengler U, Berg T, Chayama
K, Moradpour D, Bochud PY. Genetic analyses reveal a role
for vitamin D insufficiency in HCV-associated hepatocellular
carcinoma development. PLoS One 2013; 8: ¢64053 [PMID:
23734184 DOLI: 10.1371/journal.pone.0064053]

Ziiiiga S, Firrincieli D, Housset C, Chignard N. Vitamin D and
the vitamin D receptor in liver pathophysiology. Clin Res Hepatol
Gastroenterol 2011; 35: 295-302 [PMID: 21440524 DOI: 10.1016/
j-clinre.2011.02.003]

Stokes CS, Krawczyk M, Reichel C, Lammert F, Griinhage F.
Vitamin D deficiency is associated with mortality in patients with
advanced liver cirrhosis. Eur J Clin Invest 2014; 44: 176-183
[PMID: 24236541 DOI: 10.1111/eci.12205]

Putz-Bankuti C, Pilz S, Stojakovic T, Scharnagl H, Pieber TR,
Trauner M, Obermayer-Pietsch B, Stauber RE. Association of
25-hydroxyvitamin D levels with liver dysfunction and mortality
in chronic liver disease. Liver Int 2012; 32: 845-851 [PMID:
22222013 DOI: 10.1111/7.1478-3231.2011.02735.x]

Trépo E, Ouziel R, Pradat P, Momozawa Y, Quertinmont E, Gervy
C, Gustot T, Degré D, Vercruysse V, Deltenre P, Verset L, Gulbis
B, Franchimont D, Deviére J, Lemmers A, Moreno C. Marked
25-hydroxyvitamin D deficiency is associated with poor prognosis
in patients with alcoholic liver disease. J Hepatol 2013; 59:
344-350 [PMID: 23557869 DOI: 10.1016/j.jhep.2013.03.024]
Potter JJ, Liu X, Koteish A, Mezey E. 1,25-dihydroxyvitamin D3
and its nuclear receptor repress human al (I) collagen expression
and type I collagen formation. Liver Int 2013; 33: 677-686 [PMID:
23413886 DOI: 10.1111/1iv.12122]

Morgenthaler NG, Struck J, Jochberger S, Diinser MW. Copeptin:
clinical use of a new biomarker. Trends Endocrinol Metab 2008;
19: 43-49 [PMID: 18291667 DOI: 10.1016/j.tem.2007.11.001]
Moreno JP, Grandclement E, Monnet E, Clerc B, Agin A, Cervoni
JP, Richou C, Vanlemmens C, Dritsas S, Dumoulin G, Di Martino
V, Thevenot T. Plasma copeptin, a possible prognostic marker in
cirrhosis. Liver Int 2013; 33: 843-851 [PMID: 23560938 DOI:
10.1111/1iv.12175]

Ferro D, Quintarelli C, Lattuada A, Leo R, Alessandroni M,

May 28,2015 | Volume 7 | Issue 9 |



31

32

JRaishideng®

Di Martino V et a/. Prognostic markers in cirrhosis

Mannucci PM, Violi F. High plasma levels of von Willebrand factor
as a marker of endothelial perturbation in cirrhosis: relationship to
endotoxemia. Hepatology 1996; 23: 1377-1383 [PMID: 8675154]
La Mura V, Reverter JC, Flores-Arroyo A, Raffa S, Reverter E,
Seijo S, Abraldes JG, Bosch J, Garcia-Pagan JC. Von Willebrand
factor levels predict clinical outcome in patients with cirrhosis and
portal hypertension. Gut 2011; 60: 1133-1138 [PMID: 21427197
DOI: 10.1136/gut.2010.235689]

Ferlitsch M, Reiberger T, Hoke M, Salzl P, Schwengerer B,
Ulbrich G, Payer BA, Trauner M, Peck-Radosavljevic M, Ferlitsch
A. von Willebrand factor as new noninvasive predictor of portal
hypertension, decompensation and mortality in patients with liver
cirrhosis. Hepatology 2012; 56: 1439-1447 [PMID: 22532296

WJH | www.wjgnet.com

1250

33

34

DOI: 10.1002/hep.25806]

Takaya H, Uemura M, Fujimura Y, Matsumoto M, Matsuyama T,
Kato S, Morioka C, Ishizashi H, Hori Y, Fujimoto M, Tsujimoto T,
Kawaratani H, Toyohara M, Kurumatani N, Fukui H. ADAMTS13
activity may predict the cumulative survival of patients with
liver cirrhosis in comparison with the Child-Turcotte-Pugh score
and the Model for End-Stage Liver Disease score. Hepatol Res
2012; 42: 459-472 [PMID: 22292786 DOI: 10.1111/j.1872-
034X.2011.00950.x]

Wanless IR, Wong F, Blendis LM, Greig P, Heathcote EJ, Levy
G. Hepatic and portal vein thrombosis in cirrhosis: possible role in
development of parenchymal extinction and portal hypertension.
Hepatology 1995; 21: 1238-1247 [PMID: 7737629]

P- Reviewer: Bruha R, Khattab MA, Liu QD  S- Editor: Ji FF
L- Editor: A E- Editor: Liu SQ

May 28,2015 | Volume 7 | Issue 9 |



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 /wijh.v7.i9.1251

World | Hepatol 2015 May 28; 7(9): 1251-1257
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Valproic acid and nonalcoholic fatty liver disease: A possible

association?

Edoardo Farinelli, David Giampaoli, Anja Cenciarini, Ephraim Cercado, Alberto Verrotti

Edoardo Farinelli, David Giampaoli, Anja Cenciarini, Alberto
Verrotti, Department of Pediatrics, University of Perugia, 06100
Perugia, Italy

Ephraim Cercado, General Surgery Department, Lung Center
of the Philippines, Quezon Avenue, Diliman, Quezon City, 1101
Metro Manila, Philippines

Author contributions: All authors contributed equally to this
work.

Conflict-of-interest: The researchers involved in this study
have no financial interests and are not affiliated in any company
involved with the medications mentioned in this research.
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/

Correspondence to: Alberto Verrotti, MD, PhD, Department
of Pediatrics, University of Perugia, Via G. Dottori 1, 06100
Perugia, Italy. averrott@unich.it

Telephone: +39-075-5782491

Fax: +39-075-5782492

Received: November 19, 2014

Peer-review started: November 22, 2014

First decision: December 26, 2014

Revised: January 21, 2015

Accepted: February 4, 2015

Article in press: February 9, 2015

Published online: May 28, 2015

Abstract

Valproic acid (VPA) is one of the most prescribed drugs
in children with newly diagnosed epilepsy. Weight
gain and obesity have been observed as side effects
of VPA. These are often linked with other metabolic
disturbances such as development of insulin resistance,
dyslipidemia, metabolic syndrome (MetS) and non-
alcoholic fatty liver disease or nonalcoholic fatty liver
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disease (NAFLD). NAFLD refers to a group of liver
disorders with marked hepatic steatosis. It is associated
with an increased incidence of cardiovascular diseases
and overall reduced life expectancy. NAFLD occurs in
20%-25% of the general population and it is known
to be the most common cause of chronic liver disease.
NAFLD therefore represents a major public health
issue worldwide. This study reviews and summarizes
relevant literature that supports the existence of an
association between VPA therapy and the development
of NAFLD in children. Long-term VPA-therapy appears
to be associated with an increased risk of developing
NAFLD. Further studies are needed to clarify the
pathogenic mechanisms that lie behind this association
and to standardize the options for the use of this
drug in overweight patients and in those with risks for
developing MetS and NAFLD.

Key words: Nonalcoholic fatty liver disease; Valproic
acid; Obesity; Insulin resistance

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonalcoholic fatty liver disease (NAFLD) is a
major medical issue worldwide. It affects 20%-25%
of the general population including children. The term
NAFLD covers a wide spectrum of hepatic diseases. These
diseases include simple hepatic steatosis, inflammation,
cirrhosis and the development of hepatocellular
carcinoma. Valproic acid (VPA), one of the most used anti-
epileptic drugs, has been investigated as a contributing
factor for the development of NAFLD. This association
seems stronger with long term VPA therapy. Further
studies are required to determine the mechanism of this
association.
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NONALCOHOLIC FATTY LIVER DISEASE:

DEFINITION

Nonalcoholic fatty liver disease (NAFLD) is a group of
diseases characterized by steatosis and the absence of a
secondary cause for hepatic fat accumulation. Steatosis
must be documented histologically or with sonography™'..
Secondary causes of hepatic fat accumulation such as
hereditary syndromes, infective diseases, significant
alcohol use or steatogenic drugs should be excluded.
NAFLD has two subsets. These are nonalcoholic fatty liver
(NAFL) and nonalcoholic steatohepatitis (NASH). NAFL
is a benign condition characterized by the presence of
intrahepatic fat accumulation (micro or macro-vesicular
steatosis) without evidence of hepatic injury. NASH
has worse lesions like hepatic steatosis with associated
inflammation and hepatic injury with or without fibrosis.
NASH also poses a risk for the development of cirrhosis
and hepatic malignancy. NAFLD can be suspected
in findings of slightly elevated liver enzymes. Such
blood exam results correlate well with NAFLD in obese
patients. Ultrasound and other non-invasive imaging
techniques can diagnose the presence of NAFLD!"?,
However, a histologic evaluation is necessary to accu-
rately assess the degree of steatosis and confirm the
distinct inflammatory lesions that characterize NASH.
Biopsy of the liver is therefore needed to distinguish
simple steatosis from other conditions like steatosis
with inflammation, fibrosis, cirrhosis and cancer. The
spectrum of lesions associated with NAFLD is presented
in Table 1 which shows a validated semi-quantitative
scoring system to assess the severity of inflammation
(grading), fibrosis (staging) and steatosis in NAFLD. This
system is simple and useful in managing both adults
and children with any degree of NAFLD. Biopsy samples
with scores = 5 are diagnosed as having NASH while
scores less than 3 are not considered as NASH®, The
estimated prevalence of NAFLD in the general population
is about 20%-25%""?. In children, it has been estimated
to be 9%-10%. Several studies have demonstrated
that NAFLD is more common in adolescents than in
children with a male predominance ratio of 2:1%.
Factors that may explain the higher rate of NAFLD in
adolescents include increased circulating hormones,
puberty related insulin resistance (IR), diet preferences
and having a sedentary lifestyle™. Patients with NAFLD
are usually asymptomatic®®.. Patients with NASH have
a general sensation of being unwell and have an upper
right abdominal discomfort”). Physical examination
may document the presence of hepatomegaly and,
rarely, splenomegaly. NAFLD is associated with obesity,
dyslipidaemia, type 2 diabetes, IR, metabolic syndrome
(MetS). There are also emerging associations between
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NAFLD and polycystic ovary syndrome, hypothyroidism,
hypopituitarism, hypogonadism, obstructive sleep apnea
and pancreatico-duodenal resection. Adults with a
diagnosis of NAFLD in childhood have a higher risk to
develop cardiovascular diseases, MetS, cirrhosis and
hepatocellular carcinoma'®. There are no current specific
therapeutic indications for NAFLD. Since most NAFLD
patients are overweight or obese, experts recommend
lifestyle modification which include proper dieting and
exercise programs®. It is a primary intervention with
the intention of maintaining ideal body weight in this
set of patients. For patients with poor compliance or
unresponsive to this conservative approach, a phar-
macological approach can be considered. Dietary
supplementation with docosahexaenoic acid has been
shown to improve liver steatosis and insulin sensitivity in
children with NAFLD™?, Other therapeutic approaches
for NAFLD may include administration of antioxidants
such as alpha-tocopherol (vitamin E), insulin sensitizers
like metformin, cytoprotective agents like ursodeoxycholic
acid, probiotic therapy and bariatric surgery®®***?,

VALPROIC ACID: MAIN SIDE EFFECTS

Valproic acid (VPA) is a widely used antiepileptic
drug (AED). It is effective against many types of
seizure disorders either alone or as a component of a
multidrug regimen. It was commercialized in 1969 in
France and 1978 in United States. VPA has a broad
spectrum of activity against generalized and partial
epilepsy in both adults and children. VPA is generally
regarded as a first-choice agent for newly diagnosed
epilepsy*®. Recently, it has been used for other medical
conditions such as neuropathic pain, in prophylaxis
for migraine headaches and as a mood stabilizer for
specific psychiatric disorders. VPA is sometimes used
for controlling behavioral disturbances in dementia
patients and in treating spinal muscular atrophy™®. It
has been estimated that more than one million people
in the world are taking VPA every day. It may as well
be the most widely prescribed antiepileptic drug world-
wide!**), VPA is available in oral (immediate release,
enteric-coated and delayed-release) and parenteral
preparations. The side effects of this drug are listed in
Table 2147,

In 1978, several clinical studies revealed the existence
of VPA-related biochemical abnormalities in the liver.
Hepatotoxicity associated with VPA may manifest as
one of the following conditions: (1) Hyperammonaemia:
It can be observed as an isolated biochemical finding
discovered on a routine blood examination. It can be
a symptomatic condition with progressive impairment
of consciousness and ataxia that is usually preceded
by gastrointestinal symptoms like nausea, vomiting,
anorexia and diarrhea. Generally, hyperammonaemia
and its related symptoms resolve after one to three days
of drug discontinuation™®; (2) Hepatitis-like syndrome:
It is characterized by a dose-dependent elevation of
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Table 1 Nonalcoholic steato-hepatitis Clinical Research Network Scoring System (adapted from ref. [3])

Item

Definition

Score/code

Steatosis

Fibrosis

Grade

Location

Microvesicular steatosis

Stage

Inflammation

Lobular inflammation

Microgranulomas

Large lipogranulomas

Portal inflammation

Liver cell injury

Ballooning

Acidophil bodies
Pigmented macrophages

Megamitochondria

Other findings

Mallory's hyaline

Glycogenated nuclei

Low-to medium-power evaluation of parenchymal involvement by steatosis
<5%

5%-33%

> 33%-66%

> 66%

Predominant distribution pattern
Zone 3

Zone 1

Azonal

Panacinar

Contiguous patches

Not present

Present

None

Perisinusoidal or periportal

Mild, zone 3, perisinusoidal
Moderate, zone 3, perisinusoidal
Portal/ periportal

Perisinusoidal and portal / periportal
Bridging fibrosis

Cirrhosis

Opverall assessment of all inflammatory foci
No foci

< 2 foci per 200 x field

2-4 foci per 200 x field

> 4 foci per 200 x field

Small aggregates of macrophages

Absent

Present

Usually in portal areas or adjacent to central veins
Absent

Present

Assessed from low magnification

None to minimal

Greater than minimal

None

Few balloon cells

Many cells/ prominent ballooning
None to rare

Many

None to rare

Many

None to rare

Many

Visible on routine stains
None to rare

Many

Contiguous patches
None to rare

Many

W N = O

W N = O

(=}

@ N R o

[=}

Juy

= O R O R ONR O

serum aminotransferases. Majority of the patients
are asymptomatic but a few can manifest symptoms
of malaise, anorexia and lethargy. Biochemical abnor-
malities and clinical aspects usually normalize after
discontinuing the drug"®*®; (3) Reye’s-like syndrome: It
is a dangerous, rare and idiosyncratic condition. Patients
usually manifest with acute onset of high fever, vomiting,

anorexia, lethargy, loss of consciousness and cerebral
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edema®'®; and (4) NAFLD: The steatogenic effect
of VPA has been demonstrated since the beginning of
the 1980s. This was documented by histology of liver
tissue taken from patients considered to have died from
VPA hepatotoxicity™™® and by experimental studies on
animals®>*!,

The pathology behind the development of hepato-
toxicity, hyperammonaemia and NAFLD in relation to
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Table 2 Main side effects of valproic acid

GI disorders: an increase of liver enzymes is common, particularly in early treatment, and it may be transient. Nausea and diarrhea occur frequently at

the beginning of treatment, but disappear after a few days without discontinuing treatment. Rare cases of pancreatitis have been reported
Nervous system disorders: transient side effects such as dizziness, headache, tremor, diplopia and sedation have been evaluated and they can lead to the

reduction or the discontinuation of the drug

Weight gain: being overweight at the beginning of treatment may be a significant predictor of further weight gain with VPA
Blood dyscrasias: different studies demonstrated the association of VPA with pro and anticoagulatory effects and they are dose-dependent
Endocrinological disorders: there is a correlation between hypothyroidism and treatment with VPA in monotherapy; moreover, VPA increases the

synthesis of Testosterone and decreases its conversion to Estradiol, leading to the PCOS with amenorrhea and irregular periods
Hair loss: it is usually transient and sometimes dose-related. Regrowth normally begins within 6 months after the end of the therapy

Hypersensitivity: this effect is rare and dose, time, frequency-independent

Teratogenicity: despite VPA can induce teratogenic effects during pregnancy, United States Food and Drugs Administration considers acceptable the
risk/benefit ratio. The most common teratogenic effect is the delay/impaired development

VPA: Valproic acid; PCOS: Polycystic ovary syndrome.

VPA

' '

‘ Hypothalamus ‘ ‘Adipose tissue ‘ ‘ Liver ‘ ‘ Pancreatic p-cell ‘
1 GABA
| FIAF | Adiponectin 1 ADIPO-R1 Oxidative stress
| Sympathetic | | T Leptine 1 Free fatty acid || Direct effect
activity 1 Insuline
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Figure 1 Pathogenic mechanisms of valproic acid-induced nonalcoholic
fatty liver disease/nonalcoholic steato-hepatitis. VPA: Valproic acid; GABA:
Gamma-aminobutyric acid; FIAF: Fasting-induced adipose factor; ADIPO-R1:
Adiponectin receptor expression; NAFLD: Nonalcoholic fatty liver disease; NASH:
Nonalcoholic steato-hepatitis.

VPA therapy is still poorly understood.

VPA, WEIGHT GAIN AND INSULIN
RESISTANCE

The association between VPA-therapy and weight gain
was first proved in a study performed in 198174, The
frequency of developing obesity in children treated with
VPA ranged from 10% to 70%'*!, Most affected patients
were peri-pubertal girls who underwent a prolonged
therapy and were already overweight from the beginning
of treatment'®, The pathogenic mechanisms of VPA-
induced weight gain remains unclear and is most likely
multifactorial. It is regulated centrally and peripherally
by various neuropeptides and cytokines (Figure 1).
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These regulatory substances include resistin, fasting-
induced adipose factor (FIAF), adiponectin, leptin,
ghrelin and visfatin®®'. VPA may increase appetite and
craving by enhancing gamma-aminobutyric acid (GABA)
transmission in the hypothalamic pathways. VPA may
also modify gene expression of adipokines such as
resistin and FIAF. This could lead to leptin and insulin
resistance and eventually, obesity. These mechanisms
have been suggested in patients treated with VPA*?,
Adiponectin is a protein that belongs to the adipokine
family. It plays an important role in the modulation of
lipid metabolism and insulin sensitivity and therefore in
body-weight regulation™™’. VPA has been shown to down-
regulate adiponectin gene expression in adipocytes®
and increase the gene expression of its receptor (adipoR1)
in liver cells. This contributes to the dysregulation of
fatty acid oxidation'”®!. Leptin, another protein of the
adipokine group, suppresses hunger and increases fatty
acid metabolism within the adipocytes®™. Its serum
concentration and mRNA expression in adipose tissue is
directly related to fasting insulin serum concentrations
and to the obesity severity®. Increased serum leptin
and leptin resistance was frequently reported in obese
patients undergoing long term VPA therapy. Normal leptin
levels were observed in non-obese patients™ %, The
leptin levels and resistance may not be directly affected
by VPA but could be a consequence of the abundance
in adipose tissue™"*?. Ghrelin is an orexigenic hormone
which acts in increasing appetite. Plasma ghrelin levels
increase before meals and decrease post-prandial®?.
Moreover, ghrelin regulates the secretion of leptin and
insulin and preferentially consumes carbohydrates over
lipids'®*., There is an increase in ghrelin levels in the
early period of VPA-treatment™*. Hyperinsulinaemia
has been extensively reported during VPA-therapy™®>*.
It is known that this alteration is often associated with
obesity, dyslipidaemia and insulin resistance. Some
authors do not consider insulin resistance as an effect of
weight gain. Rather, they consider it as a trigger for the
development of weight gain itself*>*®, This is supported
by the observation that VPA-induced obesity is related
to an increase in insulin levels and a decrease in glucose
levels™, This could stimulate appetite and therefore
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lead to obesity. A study on the prevalence of MetS
among a group of obese Chinese patients treated with
VPA for epilepsy revealed that the homeostasis model
assessment index was higher in the VPA-obese patients
than in the non-VPA treated obese control group®. This
supports the hypothesis that VPA may be the trigger
for IR. These findings have also been confirmed by a
study which showed that both obese and lean patients
taking VPA had higher serum insulin levels compared to
their respective control groups with similar body mass
index (BMI) values™'. Different hypotheses regarding
the role of VPA in determining hyperinsulinaemia and
IR have been formulated: (1) VPA is a GABA agonist
which may increase insulin levels directly stimulating
GABA receptors of pancreatic beta-cells®>*; (2) VPA
and its metabolites may increase oxidative stress and
consequently cause pancreatic beta-cells dysfunction™**”;
(3) VPA can affect the sympathetic response to glucose
load™"; (4) VPA metabolism can compete with fatty acid
mitochondrial oxidation thus increasing free fatty acid
plasma levels and therefore increase insulin release from
pancreatic beta-cells™**’; and (5) VPA can impair insulin
signal transduction pathway by inhibiting GLUT-1 mRNA
expression™. GLUT-1 is a cell membrane carrier involved
in the insulin transduction signal pathway.

On the other side of the spectrum, some others
authors believe that IR and MetS are the consequences
and not the trigger for increased body fat. Supporting
this theory, a recent 2010 study reported that about
40% of patients who became obese during treatment
with VPA developed MetS and IR, while patients who
did not gain weight did not manifest such metabolic
changes'*.

In summary, irrespective of the mechanism involved,
VPA significantly increases body-weight and therefore the
likelihood of obesity, IR and MetS. All these conditions
are important risk factors for the development of
cardiovascular complications, diabetes, dyslipidemia and
intrahepatic fat accumulation (NAFLD). The choice of
initiating VPA-therapy is a decision that should thus be
made after evaluating the individual risks and benefits
posed by the treatment especially in children®,

VPA AND NAFLD

Despite the growing body of literature regarding
NAFLD, the role of VPA-therapy in the development
of this liver disease is poorly understood. Luef et a/t*®
in 2004 published a pilot study. In a group of forty-
five non-diabetic, non-obese, epileptic patients treated
with VPA or carbamazepine (CBZ) monotherapy for
at least two years, ultrasound features of fatty liver
disease were found in 61% of the VPA-treated patients
compared to 23% of CBZ-treated patients*®. In 2009,
the same authors led a cross-sectional controlled study
where sixty-eight non-diabetic and non-obese epileptic
patients received either VPA, CBZ or lamotrigine
(LTG) as monotherapy for at least two years. They
were compared with sixteen healthy controls. All the
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patients were evaluated by abdominal ultrasound
and by measurement of serum fasting insulin and
glucose, serum lipids, liver function parameters and
anthropometric data. They demonstrated ultrasound
characteristics of NAFLD in 60.9% of patients treated
with VPA, in 22.7% with CBZ, in 8.7% with LTG and
in 12.5% of healthy controls. The mean BMI was
significantly higher in the VPA-treated group compared
to LTG group and controls (P = 0.015 and P = 0.049
respectively). The authors emphasized the importance
of regular ultrasound monitoring as well as measuring
serum lipids and BMI during treatment with VPA and
other AEDs'”. In 2005, a Spanish group reported three
cases of adult NAFLD in patients receiving long term VPA-
therapy for epilepsy. NAFLD was diagnosed by ultrasound
evaluation and by histological findings in one case. At
the time of diagnosis the patients were asymptomatic
but obese, dyslipidemic and with slightly elevated serum
aminotransferases. Treatment with VPA was interrupted
and interestingly, some months later, aminotransferase
levels normalized and the ultrasound evidence of NAFLD
disappeared*®. The first pediatric case of an eleven
year old pre-pubertal girl who developed NAFLD after
one year of treatment with VPA was reported in 2004.
At the beginning of the treatment, the girl had a normal
body mass index (between 50"-75" percentiles) and
normal routine biochemical serum laboratory exams.
Her serum exams included albumin, total proteins,
alanine-aminotransferase, aspartate-aminotransferase,
gamma-glutamyltransferase, ammonia and lipid profile.
No major changes were noted during the first six
months of therapy with VPA. After twelve months the
patient showed a clear increase in BMI (95" percentile)
and a threefold increase in serum aminotransferases
values. At this time an ultrasound scan of the abdomen
revealed NAFLD. The VPA treatment was replaced with
LEV. Three months later, serum liver enzymes returned
to normal values and NAFLD disappeared™. In 2011,
the same authors published a cross sectional double-
controlled study to highlight the prevalence of NAFLD
in adolescents receiving VPA. Eighty-six adolescents
with epilepsy who had received VPA monotherapy for
at least twelve months and had a normal weight (BMI
< 85™ percentile) before starting VPA were enrolled.
During the same period, two groups of subjects for
comparison were taken. Sixty seven age and sex-
matched adolescents with normal weight (normal weight
controls) and forty three age, sex and BMI-matched
adolescents (weight-matched controls) were included.
The occurrence of NAFLD was significantly higher in the
VPA-treated patients than in the normal weight control
group (36% vs 7.5% respectively, P < 0.001) but was
surprisingly similar between the VPA-treated and weight-
matched control (36% vs 34.9% respectively, P > 0.05).
Considering these data, the authors hypothesized that
even if there is a clear association between NAFLD and
VPA-treatment, the development of NAFLD may not be
the consequence of the action of the VPA-metabolites
per seP®, It may be the consequence of the weight
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gain, MetS and IR induced by VPA. Finally, a recent
2012 cross-sectional controlled study performed by
an Egyptian group evaluated the presence of NAFLD
in thirty-eight children and adolescents treated with
VPA, CBZ or in combination for at least eight months.
Interestingly, they found characteristics of NAFLD in
42.8% of VPA, in 21.4% of CBZ, in 60% of combination
therapy and none in the healthy control group™". In this
study, the diagnosis of hepatic steatosis was made by an
abdominal computer tomography scan. This diagnostic
modality is not normally recommended due to the
unjustified radiation exposure especially for the pediatric
population!*?,

CONCLUSION

Long term VPA-therapy is associated with an increased
development of NAFLD. Evidences from the current
literature indicate that the association is particularly
strong in patients who are initially overweight with
presenting features of MetS. The pathogenic mechanisms
through which VPA leads to obesity, MetS and increased
risk of NAFLD are still an issue for debate. Further studies
are needed to clarify the chronology and sequencing
of events between NAFLD, weight gain, MetS and VPA
therapy and to determine if any VPA metabolite is
involved. Patients in VPA-treatment who gain weight or
develop features of MetS should be closely monitored
to prevent or detect the early development of NAFLD.
Monitoring with abdominal ultrasound, liver function
tests, lipid profile and fasting blood glucose determination
is strongly recommended in patients taking VPA alone
or as part of a multi-AED treatment. Finally, the option
to replace or retain VPA-therapy in obese patients, in
patients who quickly gain weight during the treatment
and in patients with risks of developing MetS and NAFLD
requires standardization.
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Abstract

Alcoholism has been associated with growth impairment,
osteomalacia, delayed fracture healing, and aseptic
necrosis (primarily necrosis of the femoral head), but
the main alterations observed in the bones of alcoholic
patients are osteoporosis and an increased risk of
fractures. Decreased bone mass is a hallmark of oste-
oporosis, and it may be due either to decreased bone
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synthesis and/or to increased bone breakdown. Ethanol
may affect both mechanisms. It is generally accepted
that ethanol decreases bone synthesis, and most authors
have reported decreased osteocalcin levels (a “marker” of
bone synthesis), but some controversy exists regarding
the effect of alcohol on bone breakdown, and, indeed,
disparate results have been reported for telopeptide
and other biochemical markers of bone resorption.
In addition to the direct effect of ethanol, systemic
alterations such as malnutrition, malabsorption, liver
disease, increased levels of proinflammatory cytokines,
alcoholic myopathy and neuropathy, low testosterone
levels, and an increased risk of trauma, play contributory
roles. The treatment of alcoholic bone disease should be
aimed towards increasing bone formation and decreasing
bone degradation. In this sense, vitamin D and calcium
supplementation, together with biphosphonates are
essential, but alcohol abstinence and nutritional improve-
ment are equally important. In this review we study the
pathogenesis of bone changes in alcoholic liver disease
and discuss potential therapies.

Key words: Alcoholism; Liver disease; Osteoporosis;
Vitamin D; Bone fractures

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Alcoholism is associated with an increased risk
of fractures and a higher prevalence of bone disease,
particularly osteoporosis. While ethanol has a direct
toxic effect on bone, other factors such as malnutrition,
increased levels of proinflammatory cytokines, alcoholic
myopathy and neuropathy, and an increased risk of
trauma also contribute to bone disease. It is noteworthy
that alterations in bone metabolism have been described
as reversible so that the mainstay of treatment should be
alcohol abstinence. Treatment with vitamin D, calcium,
and biphosphonates have been studied in the general
population but further trials are needed in alcoholic
patients.
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INTRODUCTION

Heavy alcohol consumption has classically been
associated with an increased risk of bone fractures. In
1977, Oppenheim™ described the “battered alcoholic
syndrome” in patients with three or more fractures in
different stages of healing. In that study, Oppenheim
suggests that alcohol itself has direct negative effects
on bone metabolism. In fact, other authors have
found a similarity between alcoholic patients and the
postmenopausal and geriatric population due to an
increased incidence of fractures and a lower bone density.
In 1965, Saville™ described that the bone density
measured in the left iliac crest of alcoholics below 45
years of age was similar to that of non-alcoholic men and
women older than 70 years. Snell™ described in 1971
that the pattern of fractures seen in alcoholics is similar
to that seen in patients 20 years older. And in a classic
study published in 1980, Israel et af*! found an increased
prevalence of rib and vertebral fractures in alcoholic
patients and therefore suggest using routine chest X rays
to identify problem drinking and to screen the general
population for alcoholism.

Although alcoholics may have an increased risk of
trauma and subsequent fractures, alcohol itself has a
negative impact on bone metabolism. Alcoholism has
been associated with growth impairment, osteoporosis,
osteomalacia, fractures, delayed fracture healing, and
aseptic necrosis (primarily necrosis of the femoral
head)®. The mechanisms that explain the loss of
structural integrity of bone are partially known. These
include a direct toxic effect of ethanol on bone synthesis
and systemic alterations such as malnutrition and
malabsorption, liver disease, altered hormonal and
cytokine profiles, alcoholic myopathy, and neuropathy
(Figure 1)®®.. In this review we will outline each of these
mechanisms.

ALTERED BONE SYNTHESIS. DIRECT
EFFECTS OF ETHANOL

As mentioned above, in 1965 Saville'” had already
described decreased bone density among alcoholic
patients. In 1989 Diamond et al’”’ found that drinkers
had significantly less osteoblastic activity than tee-
totallers and suggested that reduced bone formation
and mineralization is due to osteoblastic dysfunction.
This has been reproduced in a study by Gonzalez-
Calvin et al'® where they found that chronic ethanol
consumption reduces bone mineral density regardless
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of liver cirrhosis. In recent decades osteocalcin, a
polypeptide bone matrix protein also known as bone
gamma-carboxyglutamic acid-containing protein or
BGLAP, has been described as a specific marker of
osteoblast function and bone synthesis™. In the same
study by Diamond et al’”’, they described decreased
osteocalcin levels in alcoholics. The same finding was
also described in a more recent study by Santori et ai™®
in 2008.

Giuliani et at" found that in murine bone marrow
cultures, ethanol and acetaldehyde (the main metabolite
of ethanol) significantly reduced osteoblast proliferation
and decreased the number of colony forming units
for fibroblasts. This may explain the decreased bone
mineral density (BMD) in alcoholics. In fact, Torricelli
et al™ found in an in vitro model that osteoblast
proliferation is affected more significantly by exposure
to alcohol than by estrogen deficiency. Therefore,
chronic alcoholism may have even more deleterious
effects on bone metabolism than menopause.

These findings contrast with those described by Lau
et a™ in which they found that ethanol had a dose-
dependent effect on bone formation. These authors found
that low levels of alcohol increased bone proliferation
but that alcohol might interfere with the normal bone
remodeling process!*®. Similar results were reported
by Marrone et al'""! where postmenopausal moderate
alcohol consumers were found to have increased BMD
and reduced bone turnover markers. However, in
several studies the amount of alcohol consumed and the
presence of osteopenia adopts a J-shaped curve where
heavy drinking clearly has detrimental effects on BMD
and the risk of fractures™®,

Other studies have also suggested that the inhibition
of bone formation in chronic alcoholism may be mediated
by the accumulation of reactive oxygen species (ROS).
Chen et a”? found that in a rat model ethanol up-
regulated NADPH oxidase expression in osteoblasts.
Administration of antioxidants such as N-acetyl cysteine
prevented bone loss in rats exposed to ethanol'”,
This was also shown in a study by Lee et a/™® and
Choi et al™® where an NADPH oxidase inhibitor called
apocynin protected osteoblasts from oxidative damage
and increased cell survival, calcium deposition and
osteoprotegerin release. Consistent with these findings,
Chen et al®® showed that ethanol-induced TNF-a
secretion also promotes differentiation of mesenchymal
cells towards adipose tissue. All of these effects are in
line with the observation performed by Maurel et a/f*!!
regarding osteocyte apoptosis suffered by osteocytes
exposed to ethanol.

However, the changes in bone metabolism are not
permanent and bone disorders in alcoholic patients have
been considered by some authors as reversible®**?], In
fact, in the study mentioned above by Gonzalez-Calvin
they found that after just 7 d of abstinence, osteocalcin
levels increased significantly'™. We found similar
results among 60 patients who were followed-up after
admission and it was found that those who had stopped
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Figure 1 Factors that contribute to bone disease in alcoholic patients.

drinking showed an increase in total BMD as measured
by bone densitometry?*,

While there are several studies that describe
the effect of alcohol on bone metabolism in adults,
adolescence is an important period in determining bone
mass. In a study performed in rats by Tumer et af** in
1988, it was found that tibial length was lower in animals
exposed to ethanol and that there was an increase in
resorption and a loss of trabecular bone. While bone
disorders associated with alcoholism have been reported
to be reversible in adults, osteopenia was shown to not
be completely reversible in growing Sprague-Dawley
rats exposed to ethanol®. We found among two sets
of patients that those who began to drink before 18
years of age were shorter than controls. We also found
that these patients had Harris lines in their right tibiae,
a condition associated with episodes of stunted growth
and subsequent recovery®®”,

ALTERED HORMONE LEVELS MUSCLE
ATROPHY

The effects of alcohol administration have been described
in rats where it resulted in the stimulation of adrenal
steroid production that did not occur when rats were
hypophysectomised®®®!, Smith® found that stimulation of
the adrenal cortex led to increased excretion of calcium
in urine which may contribute to bone demineralization
in alcoholics. In a study by Badrick et al®®* a 3%
increase in cortisol levels per unit of alcohol consumed
was found. They also showed a reduced control of the
hypothalamic-pituitary-adrenal (HPA) axis. However,
what is usually described among alcoholics is a Pseudo-
Cushing’s syndrome in which it has been suggested that
there is increased secretion of corticotropin releasing
hormone with a normal HPA axis®®*!, While these
patients usually have physical signs of hypercortisolism,
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they can be differentiated because Cushing’s syndrome
is associated with a higher cortisol midnight:morning
ratio, higher midnight serum cortisol levels, and higher
levels of corticotropin-releasing hormone/stimulated
cortisol after dexamethasone suppression®. While
cortisol may theoretically reduce BMD, we have failed to
find a relationship between cortisol and BMD in several
studies™”’.

Muscle mass and strength are determinants of
bone mass and muscle atrophy and bone loss have
already been described as interdependent. In a study
by Lloyd it has been found that in mice subjected to
mechanical unloading, muscle atrophy precedes bone
loss and contributes to trabecular bone loss™. In this
sense, muscle atrophy associated with alcoholism
is yet another factor that contributes to decreased
BMD in alcoholics. Muscle atrophy in alcoholics is, in
turn, associated with vitamin D deficiency and low
testosterone levels.

Decreased vitamin D levels have been described in
patients with chronic liver disease®.. In a study by Fisher
et al*” it was found that cirrhotic patients had a higher
prevalence of vitamin D deficiency (defined as levels
below 50 nmol/L) and that these levels were significantly
lower in Child-Pugh class C patients. A correlation
between serum vitamin D levels and INR and albumin
was also found. In addition, vitamin D has an important
effect on muscle and a specific vitamin D receptor has
already been described in muscle fibers?®**”,

On the other hand, hypogonadism has been classically
described in men with chronic alcoholism and this has
been attributed to a defect in testicular androgen
production or to defects in luteinizing hormone secre-
tion*"), Testosterone increases muscle mass so that
testosterone deficiency in alcoholics contributes to the
muscle atrophy that is seen in these patients.

Muscle function affects bone through the activation of
the Wnt/B-catenin pathway mediated by the load exerted
by muscle contraction. The Wnt signaling cascade was
described in the 1980s and its role in bone formation
has been extensively studied in recent years*?. This
cascade regulates osteogenesis through the repression
of mesenchymal differentiation towards adipocytes and
chondrocytes, favoring osteoblast differentiation while
also blocking osteoblast apoptosis™“?. In a study by
Kramer et al*? it was shown that B-catenin deficient
mice had a low bone mass associated with increased
osteoclast activity. Independently on the effects of muscle
mass, Chen et a** described that ethanol inhibits the
Wntl/p-catenin signaling pathway, leading to a shift of
differentiation of bone marrow cells towards adipogenesis
instead towards osteoblasts. Li et a**' have shown that
sclerostin could antagonize Wnt signaling by binding
to low-density lipoprotein receptor-related proteins 5
and 6 (LRP5 and LRP6). In this sense, loss of sclerostin
should be associated with an increased bone mass but
low sclerostin levels have been described in osteoporotic
women™, In a preliminary study on alcoholic patients
we have found increased levels of sclerostin which could
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explain decreased BMD™”.,

INCREASED BREAKDOWN THE ROLE
OF CYTOKINES AND THE OPG/RANK-L
SYSTEM

Bone resorption depends on osteoclasts and osteoclast
differentiation is in turn mediated through the receptor
activator of nuclear factor-kappaB (RANK)/RANK
ligand (RANKL)/osteoprotegerin (OPG) signaling
pathway which was described in the late 1990s!®,
This pathway regulates the formation and activation of
osteoclasts. On the other hand, OPG binds to RANKL
and prevents it from binding to RANK. Osteoprotegerin
was first described by Simonet et a/'*”! in 1997 as a
novel member of the TNF receptor superfamily that is
able to block osteoclast formation. Therefore, the OPG/
RANKL ratio is an important marker of bone formation/
degradation and is also regulated by the Wnt/bcatenin
canonical pathway. This pathway up-regulates OPG
expression and down-regulates RANKL expression,
thus suppressing osteoclastogenesis™”,

Hofbauer et a/®" report that proinflammatory
cytokines such as interleukin (IL)-1beta and tumor
necrosis factor (TNF)-a but not IL-6 increase oste-
oprotegerin ligand levels (whose effects are prevented
by its receptor, osteoprotegerin) which may stimulate
the formation of osteoclasts. This may explain reduced
BMD among alcoholics in which there are increased
levels of TNF and IL-6 due to the effect of activated
Kuppfer cells mediated by gut-derived endotoxin®>>?,
Proinflammatory cytokine levels are also increased
in alcoholics due to associated infections that are
common among these patients. Therefore, the effects
of increased TNF-a levels involve both decreased
osteoblast differentiation and increased bone resorption.
In accordance with the resorptive effect of TNF-a (a
molecule which induces increased ROS production),
NADPH oxidase derived ROS are also involved in
increased osteoclastogenesis®™",

However, despite these experimental evidence, in
alcoholic patients the effects of ethanol on osteoclast
activity is less clear™ and while some authors report
increased bone turnover in alcoholic cirrhosis, others
find no differences with controls. In one study we found
increased levels of OPG in alcoholic patients which may
be interpreted as a compensatory mechanism in the
context of osteopenia®™®.

MALNUTRITION AND VITAMIN D
DEFICIENCY IN ALCOHOLICS

Malnutrition is one of the main factors that contributes
to decreased bone mass among alcoholic patients and
is associated with decreased caloric intake, impaired
absorption, and decreased hepatic synthesis of proteins.
Alcoholism-associated malnutrition is multifactorial
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and is related to irregular feeding habits, cirrhosis
with ascites, high ethanol intake and social factors™”.
Interestingly, we have shown that low BMD is not
related to the intensity of alcoholism or calciotropic
hormone levels but to malnutrition'””,

Specific nutritional deficiencies such as lower zinc
levels have also been described among chronic alco-
holics®®. Zinc deficiency in these patients may be due
to impaired absorption, increased urinary excretion or
decreased affinity of albumin for zinc™. As described
by Yamaguchi®®, zinc stimulates osteoblastic bone
formation and mineralization while its deficiency is
associated with decreased bone mass. This suggests a
possible role of zinc supplementation in the prevention
of osteoporosis in alcoholic patients.

Bone changes in alcoholic patients are also related
to deranged vitamin D metabolism. As reviewed
previously by Pitts et al®, low vitamin D levels in
alcoholics are due to reduced hepatic 25-hydroxylase
activity, malabsorption, irregular feeding habits and
lack of sun exposure. Low vitamin D levels also have an
effect on calcium and phosphate homeostasis due to
malabsorption of calcium and resultant hypocalcemia.
Laitinen et af® described in 1991 that moderate drinking
elevates parathyroid hormone (PTH) levels while acute
ingestion of alcohol leads to a transient decrease in
PTH. This was reproduced in an animal model studied
by Chen et al® where it was found that long term
treatment of hamsters with ethanol lead to stimulation of
the secretory activity of the parathyroid gland. Another
effect of ethanol on calcium homeostasis was described
by Kalbfleisch et af** in 1965 when it was described that
the administration of ethanol increased urinary excretion
of calcium and magnesium.

POTENTIAL THERAPIES FOR ALCOHOL-
INDUCED BONE DISEASE

As illustrated throughout this review, alcohol has a toxic
effect on bone mediated by decreased bone formation
and increased bone degradation that are, in turn,
influenced by nutritional, hormonal, and proinflammatory
factors. Therefore, the treatment of osteoporosis in
alcoholic patients should be aimed towards increasing
osteoblastic and decreasing osteoclastic activity (Figure
2). As mentioned above, the supplementation of alcoholic
patients with micronutrients such as zinc may also have
an important role in the prevention of bone disease.
In this sense, we have shown that in Sprague-Dawley
rats zinc supplementation increases osteoid area but
randomized trials in patients are still needed™®.,

Some studies have shown that vitamin D supple-
mentation in mice exposed to ethanol may have bene-
ficial effects on bone metabolism® and this has also been
shown in animal models of acute alcohol consumption
(equivalent to binge drinking)™®. Once again, further
studies in humans are needed to determine the impact
of vitamin D supplementation and treatment with

May 28,2015 | Volume 7 | Issue 9 |



Gonzalez-Reimers E et a/. Bone disease and alcohol

‘ Alcoholic bone disease ‘

Problem
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Figure 2 Pathogenesis of alcoholic bone disease and potential therapies. Bone disease in alcoholic patients is due basically to decreased bone formation
(decreased osteoblast activity and poor mineralization) and increased bone degradation (increased osteoclast activity). Potential therapies should counteract
these effects but the mainstay of treatment should be alcohol abstinence. RANK: Receptor activator of nuclear factor kappa-B; RANK-L: RANK ligand; OPG:

Osteoprotegerin.

biphosphonates among alcoholic patients.

Biphosphonates inhibit bone resorption and have been
widely used to treat osteoporosis in postmenopausal
women. They promote the apoptosis of osteoclasts
through the inhibition of farnesyl pyrophosphate syn-
thase, an enzyme that is involved in the production
of isoprenoid lipids. This impairs the isoprenylation of
proteins that are involved in the survival of osteoclasts'®”.
In a meta-analysis that studied 11 trials performed on
postmenopausal women receiving alendronate, it was
found that it reduced the risk of both vertebral and non
vertebral fractures. It also increased bone density and
this was dose and time dependent®®,

Biphosphonates have also been studied in patients
with chronic liver disease. In a recent Cochrane meta-
analysis it was found that treatment of patients with
primary biliary cirrhosis with biphosphonates (etidronate
or alendronate) did not decrease the risk of fractures
compared with those who received placebo. They
also had no significant effect on bone mineral density
compared with placebo. In the trials analyzed they found
that biphosphonates reduced the concentration of urinary
amino telopeptides of collagen and serum osteocalcin®.
Despite these findings, biphosphonates are well tolerated
and are considered the mainstay of treatment in bone
disease associated with both cholestatic and parenchymal
liver disease.

Other classes of drugs that have been shown to be
effective in postmenopausal osteoporosis and could
theoretically benefit alcohol-induced osteoporosis are
selective estrogen receptor modulators such as raloxifene
and molecules that inhibit the activation of the RANK/
RANKL pathway such as Denosumab. Raloxifene was
studied in postmenopausal women in the MORE trial
and it was found that continued therapy reduced the
incidence of vertebral fractures, preserved bone mineral
density and lowered markers of bone turnover®. On the
other hand, Denosumab is a human monoclonal antibody
to the RANKL, thus inhibiting its binding to RANK and
decreasing osteoclast activity and subsequent bone
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resorption. Denosumab reduced the risk of vertebral, non
vertebral, and hip fractures in postmenopausal women
compared to placebo” . Once again, these results could
be extrapolated to alcoholic patients.
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Abstract
Hepatitis B virus (HBV) infection is a disease with a
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highly variable course. Chronic HBV infection may
cause end-stage liver disease including cirrhosis
and hepatocellular carcinoma, which is the 3™ most
common cause of cancer related death due to the poor
prognosis. The prevalence of HBV infection is low in many
countries. Still, it remains important due to the potential
consequences of the disease. HBV is endemic in the
Arctic with serologic markers of chronic HBV infection in
up to 29% of the population in some areas in Greenland.
Interestingly, Inuit populations rarely show signs of
liver disease despite the fact that around half of all
Inuit has been exposed to HBV and around 8% of Inuit
are chronically infected with HBV. These findings have
been consistent in surveys conducted for more than
four decades among Arctic Inuit. We thus review HBV
infection in the Arctic with focus on Greenland Inuit and
compared with Inuit in Canada, Alaska and Siberia. The
aspects described include epidemiology and monitoring
of the disease, as well as treatment and the risk of liver
cancer.

Key words: Hepatitis B; Hepatitis D; Monitoring disease;
Prevention; Liver cancer; Inuit; Greenland; Arctic

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis B virus (HBV) is endemic in the Arctic
with serologic markers of chronic HBV infection in up
to 29% of the population in some areas in Greenland.
Interestingly, Inuit populations in Greenland and Canada
rarely show signs of liver disease as opposed to Alaskan
Inuit where hepatocellular carcinoma was common
before introduction of vaccination. Wheather this is
related to a special favorable genotype or other host or
environmental factors remains to be clarified. This paper
is a review of present status.

Rex KF, Andersen S, Krarup HB. Hepatitis B among Inuit: A
review with focus on Greenland Inuit. World J Hepatol 2015,
7(9): 1265-1271 Available from: URL: http://www.wjgnet.
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is recognized
as a disease with several stages ranging from immune
tolerant and an inactive carrier state to cirrhosis with
end-stage liver disease and liver cancer. The course
of the disease is influenced by a number of factors
such as hepatitis B e-antigen (HBeAg) seroconversion,
HBV-DNA level, HBV genotype, pre-core (pre-C) and
core promoter mutations, reactivation with flares, co-
infections, etc. Also, age at infection, disease duration,
environmental and genetic factors, ethnicity and gender
influences the disease!". Still, HBV causes a potentially
lethal infection and a number of aspects of the disease
remain unknown with lessons to be learned from
populations with endemic disease occurrence.

More than 350 million people are chronically infected
with HBV globally and HBV will continue to pose a
health problem for decades™?. In general, the risk of
chronic disease is 90% in children vertically infected,
while the risk is approximately 30% in horizontally
infected children under the age of five and less than
10% in adults®*. Chronic HBV infection relates to end-
stage liver disease, including cirrhosis and hepatocellular
carcinoma (HCC), and it causes 1 million deaths per
year?l, Hence, HCC is now the 6™ most common cause
of cancer in the world, and the third most common
cause of cancer death due to the poor prognosis™.

Earlier studies in the circumpolar region have shown
HBV infection to be endemic in the various indigenous
populations with the highest prevalence among Arctic
Inuit’®?,

This paper will address HBV epidemiology, moni-
toring, treatment and consequences of chronic HBV
infection among Inuit. The focus is on Greenland Inuit,
which is a major Inuit population, and the perspective is
based on comparisons with Inuit in Canada, Alaska and
Russia.

EPIDEMIOLOGY

Greenland Inuit
The population in Greenland is around 57000 people
and most are of Inuit descent. Around 7000 are born
outside Greenland, most in Denmark, and around 18000
persons in Denmark are of Greenlandic descent!'®'!,

Greenland has for many years been recognized as a
high-risk area for hepatitis B!*?. Markers of present or
previous HBV infection have been found to vary from
42% to 88% in studies of different age groups and from
different areas in Greenland®®****,

Studies have shown a prevalence of hepatitis B
surface antigen (HBsAg) ranging from 12% to 29%
among Inuit in East Greenland, 6.2% to 17% in
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Northwest Greenland and between 1.2% and 7.3%
among Inuit in Southwest Greenland (Table 1)®***3,
A comprehensive study among a population aged 12
years and above in Greenland’s second largest town
showed that 75% of population had signs of present
or previous HBV infection at the age of 25 and a
rise in HBV markers of 40% was seen between the
ages of 15 and 25 years'™, The highest incidence of
acute HBV infection was observed in that same age
interval. This suggested that sexual transmission is an
important mode of transmission® in addition to other
modes of horizontal spread. Also, extensive horizontal
transmission between the ages of 5 and 20 years rather
than from mother to child has been reported among
Inuit in Greenland™***7,

In a later study among individuals aged 7 through
79 years Langer found 7% (n = 35) HBsAg positive
(Table 1). HBeAg was positive in 6% of these and 94%
were anti-HBe positive. HBV-DNA could be measured in
49% and genotype could be determined in 11 persons
of which 9 had genotype D and 2 had genotype A™.

In a more recent study among individuals aged 50
through 69 years, HBsAg was positive in 20% (n =
86). This study found a difference with geography as
HBsAg was positive in 28.9% in East Greenland and
2.7% in West Greenland™. HBeAg was positive in 1%,
five percent were both HBeAg and anti-HBe positive,
and 94% were anti-HBe positive only. HBV-DNA could
be measured in 71% of HBsAg positive individuals. The
dominating genotype B was found in 47 individuals, 4
had genotype D and 1 had both B and D. Genotype B
was subtyped to be genotype B6"'.

In a comprehensive study covering all age groups in
most of West Greenland, Bgrresen et a'® describes in
her thesis 650 (7.3%) HBsAg positive subjects out of a
total of 8879 participants.

Based on this study and other population based
studies it can be estimated that there are between 3000
to 4000 carriers of HBsAg in Greenland, and that only
17% of the Inuit population in Greenland has never
been exposed to HBV™,

Greenland Inuit in Denmark

As described above Denmark hosts a greater part of
Inuit migrants from Greenland and their descendants.
This provides an opportunity to gain insight into some
aspects of the influence of migration on the prevalence
and consequences of hosting an HBV infection. Rex et
al*®! showed that the occurrence of markers of HBV
infection was similar among Inuit in Denmark and
in Greenland. Accordingly, 54.5% of this group aged
40 through 69 years had serological signs of HBV
exposure. Present HBV infection was found in 4% of
individuals (Table 1) and all were anti-HBe positive”,
Thus, there was no difference between Inuit in
Denmark and in Greenland even though a major group
of those migrated had lived in Denmark for decades.
These data suggest that migration does not influence
the prevalence of HBV infection.

May 28,2015 | Volume 7 | Issue 9 |



Rex KF et a/. Hepatitis B in arctic Inuit

Table 1 Studies of hepatitis B virus markers among Inuit populations

Country Ref. HBsAg Anti-HBs Anti-HBc HBeAg Anti-HBe Participants Year
% % % % % Inuit/n
Greenland
Skinhoj et al™” 7.1 2904/2904 1974
Skinhoj et al™ 16.6' 45.8' 41.6' 6 30° 1450,/1450 1977
Skinhgj et al"® 16.7 23.6 0.0 2.6 191/254 1979
Melby et al"” 0-20* 0-35* 193/371 1984
Olsen et al® 11.5° NA/1893 1989
Langer et al™ 7.0 420 0.4 503,/503 1997
Krarup et al”! 20 434/434 2008
Borresen et al™ 189 62.6 43 185/185 2010
Borresen et al® 7.8 37.4 NA/8879 2011
Rex et al™ 4.4 0.0 136/136 2012
Canada
Minuk et al™! 4.0° 0.0 3.8° 671/720 1982
Larke et al”! 3.9 24.5 8.8’ 8282/14198 1987
Baikie et al™ 6.9 26.4 0.0? 766/2156 1989
Alaska
Schreeder et al™ 6.4 17.8 3053/3053 1983
Russia
Ohba et al® 11.8° 35.9° NA/348 1999

!Calculated from randomly selected samples; >Among all HBsAg positive tested for HBeAg; *Among all HBsAg positive tested for

anti-HBe; ‘Age specific prevalences; >’Among all studied. HBeAg: Hepatitis B e-antigen; HBsAg: Hepatitis B surface antigen; Anti-HBc:
Hepatitis B core antibody; Anti-HBs: Hepatitis B surface antibody; Anti-HBe: Hepatitis B e antibody; NA: Not analyzed.

Inuit in Canada, Alaska and Russia

A survey in 1980 that included 720 people (93%
Canadian Inuit) found serologic markers of HBV infection
in 27%, an increase with age, and an overall prevalence
rate of HBsAg of 4% in Nunavut™. The 29 HBsAg
carriers were adults who were anti-HBe positive®, A
comprehensive study in the Northwest Territories in
Canada in the early 1980-ties included 51% (n = 8282)
of the Inuit population”’. Among Inuit, they found a
prevalence of 3.9% (n = 309) for HBsAg and 24.5% (n
= 2031) for anti-HBs. Among the 14198 participants
428 were HBsAg positive and 37 HBeAg positive.
Baikie et a*? reported HBsAg carrier rate among Inuit in
seven northern Labrador communities to be 6.9% (Table
1) and none were HBeAg positive. Furthermore, they
found that 85% had a marker of HBV exposure. These
reports suggest a similar pattern of HBV exposure and
infection among Canadian Inuit compared to Greenland
Inuit.

Studies in Alaska have found HBsAg in 6.4% of
3053 residents of 12 Inuit villages (Table 1)), Evidence
of HBV exposure as defined by either positive HBsAg
or anti-HBs was suggested in 5% to 70% of those
surveyed. The occurrence differed between villages and
age groups with a rise with age'?®.

Data on hepatitis from the Russian Arctic are sparse.
However, Ohba et al®" reported the prevalence of
HBV infection in 348 Siberian natives who lived in the
Kamchatka Peninsula of Russia. HBsAg was found in
41 of 348 (12%) and anti-HBs was found in 125 of 348
(36%)™". Though the data are limited the occurrence
may be comparable to that seen among the Inuit in
Alaska, Canada and Greenland.
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CO-INFECTION WITH HBV AND HDV,
HCV OR HUMAN IMMUNODEFICIENCY
VIRUS

A limited number of studies have focused on co-infection
of HBV with HDV, HCV or human immunodeficiency
virus (HIV) among Inuit. Nevertheless, co-infection
with HDV could become a problem in Greenland as
superinfection in chronic carriers of HBV has caused
severe liver disease even in children. An outbreak of
hepatitis D infection was reported in one settlement in
West Greenland™ but also sporadic cases have been
identified from the remaining parts of the west coast
(Krarup, personal communication). Still, HDV was rare
in a systematic testing of adults aged 50 through 70
years in East or West Greenland®”, However, there is
limited data available for Greenland Inuit.

Olsen et al® found no HIV positive in their study
among Greenlanders.

Spradling et al**® found that co-infection with HIV
or HCV was uncommon and HIV was found in only 3
of 300 HBV infected Alaska natives with defined risk
factors for HIV®®, Also HDV co-infection prevalence was
stated to be low™,

There are very limited data published on HBV co-
infections among Inuit in Canada and the Russian Arctic.
In Canada co-infection with HDV was rare in a study of
several ethnic groups® but the number of Inuit was not
specified.

The high number of Inuit with HBV infection in
Greenland and the other Arctic countries poses a risk to
the Inuit societies. Should HDV spread in the population
as a super infection it is a threat as it has been related
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to more severe accelerated fulminant acute hepatitis,
chronic active hepatitis, cirrhosis and HCC in other
populations®”*® as well as in a single outbreak in
Greenland™,

VACCINATION AND MONITORING OF
HBV

Greenland

All health care services are publicly funded in Greenland.
This includes free vaccination, treatment and all visits to
health care providers. Such free services support high
coverage of health care and reliability of programs to
monitor populations.

Screening for hepatitis B has been carried out among
pregnant women in Greenland since 1992™%, Universal
hepatitis B vaccination of newborns was introduced in
2010 as part of the childhood immunization program™®.
Also, the Greenlandic Hepatitis B database (HB database)
has operated since 1992. It records the results of HBV
testing in Greenland, performed at Queen Ingrid’s
Hospital, Nuuk™®. Thus, recording of HBV among Green-
land Inuit is ongoing.

Legislation enforces reporting of acute and chronic
hepatitis, and HBV infections are notifiable to the
Chief Medical Officer in Greenland. Laboratory findings
of persons tested positive for hepatitis are reported
to the Chief Medical Officer. Cases of viral hepatitis
are also identified through the mandatory screening
of blood donors, pregnant women and through the
diagnostic workup of patients undergoing routine clinical
investigations. Besides, screening for HBV infection is
recommended in Greenland in all patients referred for
chemotherapy and immunosuppressive treatment,
including tumor necrosis factor-inhibitors and patient
on corticosteroid for more than one month, in patients
with HIV and in those who have elevated alanine
aminotransferases. Despite these case finding measures,
hepatitis B infection is still likely to be underdiagnosed
and underreported in Greenland.

The National Board of Health in Greenland collects
surveillance data using the unique 10-digit civil registration
number assigned to all individuals in Greenland. Data
on several infectious diseases, including HBV, and data
on childhood vaccination can be retrieved through the
national electronic patient record systems.

A new childhood vaccination program against
hepatitis B was introduced in Greenland 2010. This
includes four vaccinations in all, at birth and at 1, 2 and
12 mo. Also, children born before the initiation of the
program are offered three vaccinations after the age of
twelve. Recording of vaccinations changed from being
based on pen and paper to electronic reporting. This was
believed to improve the quality of the data reported.
However, the records were incomplete in 2010 and 2011,
and it has not been possible to estimate vaccination
coverage for these years. Thus, results are available for
2012 only™,
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Based on the electronic registration it seems
that fewer children were vaccinated than previously.
However, data may be lacking.

Data from 2012 showed that the universal hepatitis
B vaccination at birth covers 55%, and that 38.5%
receives the fourth hepatitis vaccination. The vaccination
at the age of 12 mo is only given to children who have
had the first three HBV vaccinations.

Unlike Alaska, Greenland has no systematic follow-up
on patients with chronic HBV infection despite knowledge
on HBV status. There are intentions to initiate such
a program but as yet this has not been established.
Furthermore, there are no national guidelines for diagnostic
work-up and follow-up of HBV infection in Greenland.
Treatment is in accordance with international guidelines.
Both recording of vaccination and follow-up on chronic
carriers may be optimised as a new nation-wide electronic
patient record system is scheduled for implementation.

HDV infection is not a notifiable disease in Greenland
as is the case in most of the countries in the Arctic.
Hence, limited information on hepatitis D infection is
available.

Canada, Alaska and Russia

Canada has a universal vaccination program against
hepatitis B. However, the vaccination schedules are
reported to differ between provinces and the children and
adolescents may not be vaccinated if they move between
provinces at certain ages™>”, As a result a nation-
wide HBV vaccination programme for newborns and
children does not provide full coverage™*” and it may
be calculated that among adult Canadians approximately
39.7% are immunized>?,

A surveillance system of hepatitis B has been
operating in Canada since 1998, including The Northwest
Territories from 2009. This surveillance system provides
clinical and laboratory data of new cases of acute and
chronic hepatitis B>*, Also, follow-up of newborns occurs
in all regions of the North*".

Alaska has been the lead in childhood vaccination
against hepatitis B. Alaska natives received universal
HBV vaccination since 1984, and since 1994 The State
of Alaska has had a policy of universal hepatitis B
vaccination of all newborns®®*. This included all children
up to age of 18 years from 1997 and was free of charge.
The universal hepatitis B vaccination program coverage
in Alaska is at the moment approximately 59.4%
for newborns and 92.1% for 24 mo old children®’.
Surveillance of HBV is a State responsibility in Alaska,
and laboratories and health care providers are required
by law to report cases of acute hepatitis B, In 2003
there were 1300 Alaska Natives followed for chronic
hepatitis B

In Russia HBV vaccination of newborns and 13-year-
old children was introduced in 1998"%. Universal infant
immunization was added from 2001, which included
school-based catch up programs'*. The childhood
vaccination programs in Russia have an average coverage
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rate of over 95%"%*",

A surveillance program for infection with HBV operating
in Russia includes acute and chronic HBV infection as well
as the carrier state®***,

TREATMENT

Vaccination and immunoglobulin treatment of newborns
has been shown to have a huge impact on the incidence
of chronic hepatitis among the circumpolar populations
as documented also in other areas™™. This supports the
benefit of vaccination. However, a unique characteristic
among Greenland Inuit has been the lack of apparent
disease among those infected with HBV. Hence, there
has been little attention to the need for treatment of
HBV infection. Still, a few patients have been identified
with signs of moderate fibrosis on liver biopsy (Krarup,
personal communication). These patients were initially
treated with lamivudine and since 2009 with tenofovir.
Furthermore, patients co-infected with hepatitis D have
been treated with interferon-alpha, and in recent years
this has been as pegylated interferon. Still, systematic
follow-up on these patients has not been undertaken
yet.

The Greenlandic guidelines on treatment of chronic
hepatitis are similar to the Danish guidelines®. All
hepatitis B infected Greenlanders in need of diagnostic
work-up or treatment are consulted by one central unit
in Greenland. The consultants at the Department of
Internal Medicine at Queen Ingrid’s Hospital in Nuuk
are further in close consultancy with hepatitis experts in
Denmark. This structure supports an updated treatment
in Greenland.

Even though subpopulations in Canada host HBV
infections with endemic prevalence there are no data
regarding the effects of anti-viral therapy in Canadian
circumpolar populations infected with viral hepatitis'*®.
Treatment of HBV infection in Alaska is in accordance
with the AASLD guidelines™".

LIVER CANCER

The long term clinical outcome of hepatitis B infection
is variable. HCC has in general demonstrated a low
occurrence among Inuit in Greenland compared to what
would be expected based on the prevalence of HBsAg.
Similar findings are available for other populations in the
Arctic region, specifically in Canada. In 1978 Skinhgj et
al*? reported an occurrence of HCC in Greenland Inuit
similar to that seen in Northern European populations.
This report was based on official mortality statistics and
biopsies and necropsies, and it covered the time period
from 1951 through 1975. They recognised that death
statistics were not comprehensive. In addition, the
greater part of this time span was prior to westernisation
and the referral to hospital and travel from the small
settlements scattered along the vast coastline of the
world’s largest island was likely limited. This probably
hampered the diagnosis of HCC.
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Similar limitations account for the study by Melbye
et al'” using the same methods. They identified 12
cases in the same area between 1960 and 1981 with
a 15 year overlap between the two studies. Thus, the
diagnosis of HCC was probably not comprehensive in
this study either.

Nielsen and Storm reported a total of 3255 incident
cancers diagnosed from 1969 to 1988 in 85000-110000
individuals among circumpolar Inuit in Greenland,
Canada, Alaska and Russia. Among these inhabitants of
the circumpolar region primary liver cancer was reported
in 53 men with 37 from Alaska, 15 from Greenland, and
1 from Canada™?. There were 16 cases among women
with 6 from Alaska, 7 from Greenland, and 3 from
Canada. They also reported an increasing incidence
in Greenland Inuit and a decreasing incidence among
Alaska Inuit. This coincided with the introduction of the
vaccination program in Alaska. Indirect standardization
showed excess risk of cancer of the liver and stomach
compared to populations in the lower states in United
States, in Canada and in Denmark™®. The study by
Nielsen was more comprehensive than previous studies
in Greenland, and a gradual improvement of the validity
of the registries may be anticipated.

Friborg et al** retrieved information of liver
cancer cases among a total of 72331 individuals born
in Greenland and alive from 1973 to 1997. These
individuals were tracked in the Danish Cancer Registry
by the use of their Civil Registration Number. Cancers
among Inuit living in Denmark at the time of diagnosis
were included. Standardized incidence ratio for liver
cancers in Greenlandic men was 1.9 (95%(CI: 1.0-3.5)
compared with Denmark from 1988 to 1997"%. This
conforms to the notion that liver cancer was not a
prominent disease in Greenland at least up until 15
years ago.

A more recent study on the occurrence of liver
related disease among Greenland Inuit was based on
more valid hospital statistics. The study was conducted
as a follow-up in 2007 on studies performed in 1987
and 1998M1, A main finding was a lower frequency of
hospitalization due to liver disease than what would
be expected even when compared to areas with a
low HBV prevalence™. Also, the authors identified 15
cases of HCC. This may still not cover all cases of HCC
in Greenland due to logistics, patient choice and the
aggressive nature of HCC. However, the number is low,
and the data suggest that HBV infection in Greenland
may be associated with a lower risk of liver cancer and
liver disease than in other parts of the world™®. Further
investigations based on this finding are of interest as
new aspects of the infection may present themselves
and contribute to an understanding of what causes a
benign or non-benign outcome of the disease.

The overall low incidence HCC in chronically HBV-
infected Inuit has suggested a more benign course in
Greenland than in other parts of the world®***, This
finding is not restricted to Greenland Inuit. HCC is also
uncommon in Canadian Inuit*?, The incidence is only
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marginally higher in Inuit compared to Danes who have
a low occurrence of HBV. Among Alaskan Native people
infected with HBV, genotypes F and C associate with a
higher incidence of HCC. This outcome may be associated
with the genomic variability of the predominant HBV
genotype in each country™®,

Hepatitis B vaccination programs and especially
universal infant vaccinations have demonstrated success
in reducing both incidence of disease and chronic
carriers but indeed also in reducing HCC occurrence
in children™**¥). Even though the incidence is low in
Inuit the vaccination programmes in the Arctic should
prevent the few cases that may be anticipated.

FUTURE ASSESSMENT

Health care workers, health care providers and the
population of Greenland and other Arctic countries must
be advised on the burden of hepatitis. A nation-wide
approach that acts according to international guidelines
on the monitoring of hepatitis should be implemented.
For economical, educational, feasibility and technical
reasons monitoring should be performed through readily
available IT-programs to reduce technical problems
among health-care staff in a geographical area with huge
infrastructural challenges due to sparse populations in
vast areas. Also, patients should be given the opportunity
to have blood samples drawn whenever they come
to a town. Patients with clinical and/or biochemical
abnormalities should go through the usual clinical work-
up through contact to physicians at the medical depart-
ment at the local hospital.

CONCLUSION

Infection with HBV is endemic in Greenland Inuit as in
other Inuit populations across the Arctic. Still, studies
seem to confirm a benign course of the disease among
Inuit both in Greenland and Canada, but not in Alaska.
This has contributed to a late initiation of a universal
HBV vaccination program in Greenland in contrast
to Alaskan, Canadian and Russian Arctic. Thus, a
monitoring program for viral hepatitis in Greenland is
relevant and the inclusion in an electronic patient file
system covering all of Greenland is warranted and
scheduled.
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Abstract

Chronic hepatitis B (CHB) remains a significant unmet
medical need, with 240 million chronically infected
persons worldwide. It can be controlled effectively
with either nucleoside/nucleotide-based or interferon-
based therapies. However, most patients receiving
these therapies will relapse after treatment withdrawal.
During recent years, the advances in molecular biology
and immunology have enabled a better understanding
of the viral-host interaction and inspired new treatment
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approaches to achieve either elimination of the virus from
the liver or durable immune control of the infection. This
review aims to provide a brief overview on the potential
new therapies that may overcome the challenge of
persistent CHB infection in the near future.

Key words: Hepatitis B; Antiviral therapy; Covalently
closed circular DNA; Drug target; Immunomodulator
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Core tip: Current hepatitis B treatments can only control
the disease, but they rarely lead to substantial rates
of hepatitis B surface antigen loss and seroconversion.
Several new therapeutic approaches are being developed
so as to attain the elusive goal of successful functional
cure of chronic hepatitis B infection.

Phyo WW, Soh AYS, Lim SG, Lee GH. Search for a cure for
chronic hepatitis B infection: How close are we? World J Hepatol
2015; 7(9): 1272-1281 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i9/1272.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.19.1272

INTRODUCTION

Chronic hepatitis B (CHB) remains a global health
challenge. More than 240 million persons have been
infected with CHB virus. CHB has become one of the
most common causes of liver cirrhosis and hepatocellular
carcinoma, and has led to more than 780000 deaths
per year'"?, At this point, there is no cure for CHB,
even though potent drugs are available to control the
virus and prevent complications. In the last few years,
several new drug classes targeting the various stages
of hepatitis B replication cycle are under investigation.
Whether and which of these agents could become
clinically useful therapies are still unclear’®. The review
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will discuss these new investigational approaches for the
treatment of hepatitis B virus (HBV) infection, and their
respective stages of development in clinical trials.

WHY DO WE NEED NEW DRUGS FOR
CHB?

The Food and Drug Administration-approved chronic
hepatitis B treatment of choice is either an immuno-
modulators [standard and pegylated interferon (Peg-
IFN)] or nucleoside/nucleotide analogues (lamivudine,
adefovir, telbivudine, entecavir and tenofovir). The latter
class is less expensive and orally available. These drugs
have minimal side-effects comparing to interferon and
can be used for decompensated cirrhosis and after liver
transplantation'. However, they have to be taken on
a long-term basis in general, and result in hepatitis B
e antigen (HBeAg) seroconversion rate of 20%-25%
and HBV antigen (HBsAg) loss of 1% or less™., This is
because they are designed to be reversible transcriptase
inhibitors, a crucial step in viral replication, but not to
eliminate the HBV minichromosomes [HBV covalently
closed circular DNA (cccDNA), Figure 1] persisting in
the nucleus of the hepatocytes'. There is a significant
risk of HBV reactivation and sometimes HBV flare after
withdrawal of the antiviral agents. Drug resistance
may evolve after long-term therapy”. In contrast, the
interferon-alfa therapy is of finite duration and results
in 30%-40% HBeAg seroconversion, 5%-10% HBsAg
seroclearance, with no risk of drug resistance. However,
its systemic adverse effects limit its usefulness, especially
in patients with decompensated liver cirrhosis'®.

Modifications to existing therapies are being
investigated, such as combining nucleoside/nucleotide
analogues with interferon, switching treatments, and
extending Peg-IFN. Twenty-five HBeAg negative patients
were given an extended (96-wk) course of Peg-IFN
plus adefovir in a study by Cao et al”’. All patients
achieved HBV DNA of less than 500 copies/mL, and
HBsAg seroconversion rates were 12%, 28%, and
32% at weeks 48, 96 and 120 respectively. HBeAg
positive patients who had been on entecavir for 9 to 36
mo, with HBV DNA of < 1000 copies/mL and HBeAg
< 100 PEIU/mL, randomized to switch to Peg-IFN or
to continue entecavir for 48 wk in OSST trial. The
trial showed that switching to Peg-IFN led to a higher
HBeAg seroconversion at week 48 (14.9% vs 6.1%, P
= 0.0467). Among Peg-IFN-treated patients with HBeAg
loss and HBsAg < 1500 IU/mL at randomization, as high
as 22.2% achieved HBsAg loss®.. Larger studies for the
optimal combination regimen are ongoing, but HBsAg
loss much higher than 30% is unlikely using current
modalities available.

WHAT ARE THE POTENTIAL TARGETS
IN THE VIRAL LIFE CYCLE?

Viral life cycle
Understanding the HBV life cycle is essential before
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attempting to discuss the mechanisms of the new
targets. HBV, belonging to hepadnaviridae family, is
42 nm in diameter comprising of approximately 3.2 kb
double-stranded relaxed coiled DNA (rcDNA) formed by
the reverse transcription of pregenomic RNA (pgRNA)™.
HBV is hepatotrophic and hepatocytes are the only cells
that support HBV replication in the human body™.
Availability of the cell lines susceptible to HBV infection
has led to the better understanding of the early stages
of its life cycle, starting from viral attachment, entry and
translocation of rcDNA into nucleus to form cccDNA,
as well as the later stages viral replication, including
transcription of viral RNA, reverse transcription to form
daughter DNA, assembly of viral particles and secretion
out of the cells™"! (Figure 1).

HBV virion enters the hepatocyte via endocytosis
by its N-terminal region of large (L) envelope (preS1)
binding to the sodium taurocholate cotransporting
polypeptides (NTCP) receptor on the plasma membrane
of hepatocyte™, A peptide derived from this preS1
region is a possible therapeutic target to inhibit viral
entry by binding to its receptors™. After uncoating and
releasing into the cytoplasm, nucleocapsid containing
rcDNA is transported to the nucleus to form cccDNAP,
This formation is mediated by the viral polymerase that
completes the incomplete plus-strand of viral rcDNA after
which the polymerase is removed by cellular enzymes,
leading to the formation of cccDNA by covalent ligation of
both DNA strand™. cccDNA is also known as episomal
minichromosome and is crucial for the persistence of
the virus in the host hepatocytes and cause chronic
infection!®.. It acts as the sole DNA template for the
formation of 4 groups of viral RNA, namely precore
mRNA (pre-C); pgRNA; mRNA coding for surface (S),
middle (M) and large (L) envelope proteins; and mRNA
coding for X protein™, Pre-C mRNA is processed into
HBeAg that can be detected in the circulation with
commercial assays, which reflects infectivity of the HBV
infection. The pgRNA serves as a template for viral DNA
by reverse transcription, DNA polymerase and viral
capsid protein. pgRNA, together with core protein and
DNA polymerase, are self-assembled and encapsidated'..
Inside the nucleocapsid, pgRNA is reverse transcribed
into rcDNA, enveloped and is either secreted out of
the hepatocyte!® or shunted back into the nucleus to
replenish the HBV cccDNA poolt”,

HBYV entry inhibitor

PreS1 region of viral L protein is required to bind to cell
surface receptor for viral entry. The functional receptor
is the heparan sulphate proteoglycans, specifically NTCP
on the surface of hepatocytes™*®!, With this knowledge,
the scientists discovered that a synthetic myristoylated
lipopeptide derived from HBV envelop protein'**,
myrcludex-B, reversibly inhibits HBV entry into the naive
hepatocyte!, Six weeks of subcutaneous treatment
of Myrcludex B to humanized mice infected with HBV
reduced amplification of existing intrahepatic cccDNA as
well as the spread of infection® !, without interfering
with viral replication™. The drug has also been tested in
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Figure 1 Replicative cycle of hepatitis B virus and the respective targets of the current and experimental therapeutic agents. Modified from Chan et al"®,
with permission granted by Elsevier (Copyright owner). ER: Endoplasmic reticulum; HAP12: Heteroaryldihydropyrimidines 12; HBs protein L, M, S: HBs protein Large,
Medium, Small; HBV: Hepatitis B virus; HBsAg: Hepatitis B virus antigen; RC-DNA: Relaxed circular DNA; RNAi: RNA interference; shRNA: Short/small hairpin RNA;
cccDNA: Covalently closed circular DNA; KAT: Kynurenine aminotransferase; LTBR: Lymphotoxin beta receptor; TALEN: Transcription activator-like effector nuclease;

ZFN: Zinc finger nuclease.

chronic HBV infected subjects showing good tolerability
and lack of serious side-effects with doses up to 5 mg
intravenous and 0.8 mg subcutaneous'. Moreover, this
entry inhibitor could be used as a treatment option for
infected patient and high risk neonates. The application
could potentially be extended clinically to post-liver
transplantation and post-immunosuppression therapy to
prevent HBV reactivation or flare™™. In order to achieve
the optimal outcome, the entry inhibitor was suggested
to be used together with existing antivirals®®”.

Targeting the HBV cccDNA

Persistence of HBV cccDNA in patients after successful
long-term viral suppression by antiviral agents suggests
that the key to HBV eradication in established CHB
infection lies in the elimination of the reservoir of HBV
minichromosomes from the hepatocyte!™!. Efforts in
this area are still in early pre-clinical phases. This can
be achieved by inhibiting cccDNA synthesis and main-
tenance, which include inhibition of its establishment,
silencing its activity by transcription inhibitors, direct
deactivation of cccDNA using engineered nucleases and
activation of host innate immune response.

Blocking of HBV cccDNA formation: Recently, two
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novel compounds were reported that block conversion
of relaxed circular HBV DNA into cccDNA at micromolar
concentrations. Broadly known as distributed sulpho-
namide (DSS) compounds, they have phosphodiesterase
or protease inhibitor activity, and can inhibit the
conversion to cccDNA from rcDNA in human and duck
hepatocytes through direct inhibition of deproteinization
of rcDNA. The compounds were identified through
a cell-based high throughput screen and neither the
mechanism nor the target for these compounds is
currently known. Among DSS, CCC-0975 and CCC-0346
were found to be the most potent in duck hepatocytes.
Further studies are needed to improve their potency in
order to obtain optimal benefits'*".

Promoting HBV cccDNA loss: One of the most
exciting finding in 2014 in the field of HBV was the work
by Lucifora et al®!, which described how IFN-o can
induce specific degradation of the nuclear HBV cccDNA
without detectable hepatotoxicity. Similar effect can also
be achieved by activating the lymphotoxin-f receptor
(LTBR), a receptor engaged by members of the TNF
cytokine superfamily, which up-regulated APOBEC3A
and APOBEC3B cytidine deaminases in HBV-infected
cells. This appeared to be mediated through HBV
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core protein and its interaction with nuclear cccDNA,
resulting in cytidine deamination, apurinic/apyrimidinic
site formation. Extensive nucleotide changes [guanine
(G) to adenine (A)] in cccDNA, a transition that was
a hallmark of cytidine deamination, eventually led to
cccDNA degradation that prevented HBV reactivation.
Remarkably, this deamination did not occur in cellular
DNA, which indicates that viral clearance might involve
cccDNA-specific mechanisms®.

Although there were some questions raised on the
technical aspects of the study, the major concern with
regards to the clinical application of this discovery was
safety issue. LTBR agonists had been known to trigger
apoptosis, hepatocellular proliferation, inflammation, and
hepatocellular carcinoma. Thus safety considerations
are likely to preclude regulatory approval in its current
form™”.,

Scientists have also developed engineered site-
specific mutagenic nucleases as a powerful laboratory
technique, and are working to apply these methods
to the treatment of human diseases. This type of
technology includes the zinc-finger nucleases (ZFNs), the
transcription activator-like effector nucleases (TALENS)
and the CRISPR-Cas9 (clustered regularly interspaced
short palindromic repeats-associated caspase-9)%>?,
Potentially it may be used to strategically disrupt
the targeted gene related to viruses such as human
immunodeficiency virus (HIV) and HBV, with the aim of
mutating the intra-nuclear viral DNA reservoir, making it
no longer competent for replication™”,

In HBV infection, the target gene is the HBV
cccDNAP., For viral hepatitis B, these cleavage enzymes
are delivered through viral vectors to reach the target
HBV minichromosomes inside the hepatocyte nucleus?®!..
ZFNs are derived from consecutive alteration of the
amino acids on the zinc-finger protein domains®?.
Three days after cotransfection of ZFN pair with a target
cccDNA plasmid, 26% of target remained linear while
10% was cleaved and misjoined tail-to-tail, resulting in
loss of function in both groups. It was also found that
the simultaneous use of multiple pairs of ZFNs not only
inactivate the target DNA but also circumvent the viral
resistance if combined with existing antivirals™?.

Alternative to ZFNs are TALENs, which can also
specifically disrupt or cleave the target episomal
DNA and inactivate it. Bloom et a/*® successfully
engineered mutagenic TALENs that target four HBV-
specific sites within the viral genome. TALENs targeting
sequences in the S or C open-reading frames (ORFs)
can efficiently disrupt the sequences at the intended
sites and suppressed HBV replication. The S TALEN
caused targeted mutation in about one third of cccDNA
molecules following triple transfection of the TALEN-
expression plasmids into HepG2.2.15 cell lines that
contained stably integrated copies of HBV genome.
Markers of viral replication were also inhibited in vivo in a
murine hydrodynamic injection model of HBV replication.
HBV target sites within S and C ORFs of the injected HBV
DNA were mutated without evidence of toxicity. Efficacy
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in vivo indicated these engineered nucleases have
potential for use in treatment of chronic HBV infection®..
Other groups of scientists were trying to develop the
best possible mathematical model for how to achieve
the best outcome with the effective minimal doses of
nucleases while taking all parameters, such as vector
delivery, intracellular pharmacodynamics and resistance
into consideration, which may eventually bring these
DNA-editing technology to clinical applications™".

HBV cccDNA transcription inhibitor: Small molecules
had been identified that can hinder cccDNA transcription
to pgRNA and HBV replication by alteration of epigenetic
regulation. By controlling the acetylation or methylation
of the histone proteins surrounding the cccDNA, the
transcription of the HBV genome can be inhibited. These
small molecules include Class I, I and Il histone
deacetylase inhibitors; p300 and P300/CBP-associated
factor histone acetyltransferases inhibitors; hSirtl
activators; JMID3 histone demethylase inhibitors®*. All
of these are still in the preclinical phase of development.
Due to the wide ranging effect of these target enzymes
on the expression multiple genes, the safety profiles
of these compounds still requires extensive evaluation
before clinical use.

As a proof-of-concept, liver regeneration was tested in
uPA/SCID chimeric mice, which showed potent reduction
of cccDNA levels and viral replication, when there is rapid
regeneration of cccDNA-free hepatocytes. However, this
regeneration technology requires further investigations
in combination with existing antiviral agents, to have a
possible chance of curing of chronic HBV infection'*.

Inhibiting viral replication by RNA interference

RNA interference is carried out using complementary
double stranded RNA to silence the homologous gene
in post-transcriptional mRNA level®. In mammalian
cells, the silencing is induced by the small interfering
RNA (siRNA). In HBV-infected cells, siRNAs had been
used to produce sequence-specific and dose-dependent
knockdown of HBV surface or polymerase region of viral
mRNA. siRNA functions by binding to complementary
HBV mRNA and pgRNA, which will be degraded,
resulting in no translation/reverse transcription[36].
Animal studies conducted by biotechnology company
had demonstrated long-term suppression of HBV RNA,
HBsAg, HBeAg and HBV DNA can be achieved by co-
injection of ARC-520 (an anti-HBV siRNA) with DPC
delivery vehicle into chimpanzees. This was followed
by a phase 1 study, showing that all studied doses
were safe and well-tolerable by normal volunteers
and this result had led to an ongoing phase 2a clinical
trial of ARC-520 in combination with entecavir in Hong
Kong. This study will evaluate not only the safety and
pharmacodynamics of the drug but also its efficacy on
the levels of HBsAg, HBeAg and HBV DNA quantity,
when given in combination with entecavir®”.. Meanwhile,
some researchers suggested that the use of combination
of siRNAs may achieve a stronger inhibition on HBV
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replication and antigen expression in HepG2.2.15 cell
line and in mice models™***,

New nucleoside analogues

Like lamivudine and tenofovir, a number of drugs
designed to target the reverse transcriptase of HIV are
also potential new active therapies for HBV.

Besifovir (LB80380): Besifovir (LB80380), a potent
acyclic nucleotide phosphonate, has demonstrated
excellent preclinical safety profile, being effective
against both wild-type and YMDD mutant HBV. In a
randomized placebo-controlled Phase I /Il study of
besifovir, 29 HBeAg positive patients were treated for 4
wk, and led to maximum HBV DNA reduction of up to 4
log:o copies/mL respectively™®.

A Phase II b randomized trial of besifovir vs entecavir
in chronic hepatitis B patients was carried out™®'. One
hundred and fourteen patients were randomized to
receive besifovir, at 90 mg or 150 mg daily or Entecavir 0.5
mg daily. Mean logio HBV DNA changes from baseline
were -5.84, -5.91 and -6.18 for HBeAg-positive patients,
and -4.65, -4.55, and -4.67 respectively for HBeAg-
negative patients (P > 0.05). Of ninety-four point one
percent of patients on besifovir had lowering of serum
L-carnitine, which returned to normal with carnitine
supplement.

MIV-210: 2,3-dideoxy-3-fluoroguanosine (FLG), a
fluorinated guanosine analogue, was initially developed
for treatment of HIV-infected patients, and is currently
being investigate for HBV therapy. In 2006, Jacquard
et a*” studied its mode of inhibition and found that it
inhibits the priming of the reverse transcription and also
a competitive inhibitor of deoxyguanosine triphosphate
incorporation resulting in termination of the DNA chain.
It is @ more potent inhibitor of wild-type DHBV minus-
strand DNA synthesis than lamivudine. In Huh7 cells
transfected with HBV, the inhibition of wild-type,
lamivudine-resistant, adefovir-resistant and adefovir-
plus-lamivudine-resistant HBV mutants by FLG were
similar.

In woodchucks infected with woodchuck hepatitis
virus (WHV), oral administration of MIV-210 at 20 or
60 mg/kg per day led to a rapid virological response,
reducing WHV DNA levels by 4.76 logio and 5.72 logzo
respectively™. A daily dose of 10 mg/kg was found to
decrease serum WHV load by 400-fold after 4 wk of
treatment, and a dose at 5 mg/kg per day was sufficient
to maintain this antiviral effect. MIV-210 at 20 or 60
g/kg per day led to a 2.0 logio drop in hepatic content
of WHV cccDNA. MIV-210 is currently undergoing Phase
II trial in South Korea by Daewoong.

Tenofovir alafenamide (GS-7340): Tenofovir
alafenamide (TAF, or GS-7340), a new oral prodrug
of tenofovir, was found to be more stable in plasma
compared to tenofovir disoproxil fumarate (TDF). TAF
achieved higher levels of tenofovir diphosphate in
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target cells at lower doses than TDF*., In an open-

label phase 1b trial, patients were randomized to TAF
8 mg, 25 mg, 40 mg, 120 mg, and TDF 300 g for 2 d.
Most adverse reactions were mild to moderate, with the
most common being headache, nausea, vomiting and
fatigue. There was also minimal decline in creatinine
clearance with TAF compared to TDF. At doses of 8 mg
to 120 mg of TAF, there were no differences in viral
decline!™*. Compared to TDF, TAF does not interact with
OAT1 or OAT3 (renal transporters) and hence is unlikely
to accumulate in renal proximal tubules!*.

Multiple studies performed on HIV patients had
shown that both TAF and TDF were well tolerated,
and adverse events were mild to moderate in severity
and self-limiting"*®*”). Patients on the TAF regimen had
smaller reductions in estimated creatinine clearance, less
renal tubular proteinuria and smaller changes in bone
mineral density for hip and spine. However, they also
had higher increases in HDL, LDL and total cholesterol.
Phase 2 studies of TAF on anti-HBV are currently in
progress.

Interruption of HBV capsid assembly

The nucleocapsid of HBV is composed of hundreds of
core proteins™® and its structure is important for HBV
DNA synthesis and virion assembly™®*?, Heteroaryl-
dihydropyrimidines (HAPs) are inhibitors of nucleocapsid
formation or assembly of core particles. This is achieved
by misdirecting the process, without primarily affecting
the core protein level and viral transcription level.
Nonetheless, diminished core proteins level was observed
as a consequence of its inhibitory effect on the capsid
assembly and viral replication®"..

Bay 41-4109, a member of HAPs is a highly potent
non-nucleoside antiviral whose inhibitory effect on the
viral replication could be detected within 5 d of drug
administration in mice model, while at the same time
controlling the spread of infection. Hepatotoxicity was
detected only at doses over 100 mg/kg per day™.
Unexpectedly, studies revealed its effects on the
epigenetic state of host genes, which controlled the host
innate immunity™*!. However, the drug action ceased
after its withdrawal tested™*. Despite its reversibility, Bay
41-4109 is still a potential novel therapeutic which could
be useful for patients infected with resistant HBV strains
or those who failed standard therapy™?.

Another member of the HAP with intriguing property
is HAP12 which binds to core proteins on the nuclear
minichromosome, causing structural changes and for-
mation of core protein that does not support cccDNA
transcription and further production of pgRNA. Therefore,
HAP12 is also another potential therapeutic agent that
can suppress cccDNA function in addition to its effective
inhibition of capsid proteins®,

Alternative to HAPs is a direct-acting agent against
HBV core protein, known as NVR-1221, which is
currently in phase I a trial with the drug test tested on
approximately 40 healthy volunteers™®. Other similar
alternatives with inhibitory effects on capsid proteins
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are 2-amino-N-(2,6-dichloropyridine-3-yl) acetamide
derivatives™, sulphamoylbenzamide derivatives®” and
sulfanilamide derivatives™®!, with the first derivatives
shown to have synergistic inhibitory effect on HBV load
if used together with lamivudine®™.

Inhibition of HBsAg secretion

The release of HBsAg is independent of virion release
and the antigen itself is postulated to be involved in
suppressing the host innate immunity allowing the virus
to cause persistent infection in human liver. REP 9AC,
a nucleic acid polymer compound®®, is a potent HBsAg
secretory inhibitor, which can eliminate HBsAg from
the human circulation as early as 7 d of administration
in a small study. This was followed by reactivation of
the suppressed innate immune system of the host to
produce anti-HBs antibody by weeks 15 and achieved
sustained virological response after stopping the
administration™, HBV DNA remained undetectable if
add on immunotherapy was given. More work is being
carried out to better understand the optimal duration of
treatment to sustain its effects, tolerability and the best
route of administration™®.

Novel immunomodulators
Host immune response can be broadly divided into
the innate and adaptive immunity. The adaptive HBV-
specific, T cell-mediated immune responses are widely
regarded as the most important elements against HBV.
As an essential part of host innate immune system, Toll-
like receptors are membrane-bound receptors involved
in recognition of pathogens thereby activating the
expression of several genes that contribute to antiviral
immune responses™”. Their importance in chronic HBV
infection is increasingly recognized in recent years.
Toll-like receptor (TLR)-7, expressed on the dendritic
cells and B lymphocytes'®!, is able to recognize nucleic-
acid like structures of viruses™ and the stimulation
of their respective receptors enhance dendritic cells to
produce interferon alpha and other cytokines to further
activate natural killer and cytotoxic T lymphocytes™. It
is also found that TLR-7 and a number of other receptors
are suppressed in chronic HBV infected patients leading
to immune dysfunction against the infection®®?, especially
in the presence of HBsAg'®, GS-9620, a potent oral
agent containing TLR-7 agonist action, was shown to
have ability to reduce HBsAg as well as HBV DNA in
both serum and liver with even short-term usage in
woodchucks and chimpanzees. The immune responses
triggered by TLR-7 eliminate HBsAg, HBeAg and hepatitis
B core antigen (HBcAQ) positive hepatocytes and inhibit
viral replication directly™. The drug also has high
bioavailability and tolerability among healthy volunteers
without serious side-effects'®. The combination of
GS-9620 and nucleoside analogues may be able to treat
HBV infection effectively without significant systemic
side-effects associated with interferon-based therapy'™®'..
An ongoing research has recently been conducted on the
safety and pharmacodynamics of GS-9620 in chronic
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hepatitis B patients'®.,

Therapeutic vaccine

GS-4774 is a yeast-based vaccine expressing a recom-
binant X, large S and core antigens of HBV. Its action
includes activation of dendritic cells after phagocytosis,
stimulation of CD4" and CD8" T cells and reduction of
regulatory T cells level. Phase 1 studies of GS-4774
in normal healthy adults provided satisfactory results
showing high tolerability while achieving satisfactory
immune responses to the administered recombinant
antigens and peptides. Further study to further evaluate
its usage in chronic hepatitis B patients is being
conducted recently™®,

DV-601 is another therapeutic vaccine, containing
recombinant HBV surface and core antigens, whose
action is to trigger immune responses and to produce
antibodies relating to HBV-specific cytotoxic T lymphocyte
and B cell. The vaccine was given intramuscularly
to chronic HBV infected patients, 8 HBeAg positive
treatment-naive and 6 HBeAg negative entecavir-treated
subjects. The vaccine was found to be well-tolerable
with only mild adverse effects that resolved without
treatment. All patients were found to achieve the desired
lymphoproliferative response and HBsAg, HBeAg and
viral load were found to be reduced satisfactorily. Anti-
HBs antibody and anti-HBe antibody were detected in
those receiving the higher dose of DV-601"".,

A combination therapeutic vaccine containing
HBsAg and HBcAg (known as NASVAC) was developed
at CIGB, Cuba. NASVAC is delivered through nasal
spray and in phase I trial was found to be safe and
tolerable. All subjects developed anti-HBc antibody
at days 30 after immunization, with 75% developing
anti-HBs antibody of more than or equals 10 IU/L at a
maximum at days 90°®". The phase I trial to evaluate
the therapeutic effects on lowering HBV DNA and
other clinically important parameters is presently being
conducted.

Synthetic HBV core antigen vaccine, firstly invented
in 2012 by Inovia researchers aimed at reducing the
risk of liver cancer, was reported to be a highly potent
immune-therapeutic vaccine. This vaccine was designed
to eliminate the HBV infected hepatocytes, without
causing liver damage, through strong HBcAg-specific
killer T-cell and antibody responses whose action will
add on to existing host T-cells responses in the liver™®,

HOW CLOSE ARE WE TO CLINICAL
APPLICATION?

Most of the new antiviral agents discussed above
remains in the early preclinical phase (laboratory and
animal study) (summarized in Table 1). A few of these,
driven by established biotechnology and pharmaceutical
companies, had made it to phase- I /Il A clinical trials.
Gaining momentum and safety profiles from the HIV
trials, the newer nucleoside analogues are likely to be
the first group of drugs to obtain formal approval for
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Table 1 Novel anti-hepatitis B virus compounds in development

Therapeutic agents Mechanism Manufacturer Status
Viral entry inhibitors
Myrcludex B Entry inhibition Myr_GmbH, Germany Phase Il A, Russia

cccDNA Transcription inhibitors

CC-0975, CC-0346 (DSS) Induces deproteinization of rcDNA Preclinical

LTRR Induces cccDNA cytidine deamination Preclinical

Small molecules cccDNA transcription inhibitor Preclinical
DNA editing technology

ZFNs cccDNA inactivation Preclinical

TALENs cccDNA inactivation Preclinical
RNAI gene silencer

ARC 520 RNAI gene silencer Arrowhead Research Pasadena, CA Phase T A
New nucleoside analogues

Besifovir (LB80380) Inhibits viral DNA polymerase LG Life Sciences, South Korea Phase II

MIV-210 Inhibits viral DNA polymerase Medivir/Daewoong, South Korea Phase I

Tenofovir alafenamide (GS-7340) Prodrug of tenofovir Gilead Foster City, CA Phase III
Interruption of HBV capsid assembly

Heteroaryldihydropyrimidine (Bay 41-4109) Inhibits viral nucleocapsid AiCuris, Germany Phase I

Heteroaryldihydropyrimidine (HAP12) Inhibits capsid assembly Preclinical

NVR-1221 Capsid inhibitor Novira Therapeutics, Doylestown, PA Phase T A
HBsAg release inhibitor

REP 9AC HBsAg release inhibitor REPLICor Inc. Montreal, Quebec Phase I

HBsAg-3 shRNA HBsAg expression inhibitor Preclinical
Immunomodulator

GS-9620 TLR-7 agonist Gilead Foster City, United States Phase I

CYT 107 (interleukin-7) Immunomodulator Cytheris, Paris, France Phase 1 /TTA
Therapeutic vaccination

GS-4774 HBV X, surface and core antigens Gilead Sciences with Globe Immune Phase 1

Louisville, CO

DV601 HBYV surface and core antigens Dynavax, Berkeley, CA Phase 1 B

NASVAC HBV surface and core antigens CIGB, Cuba Phase |

HBV core Ag vaccine T-cell mediated therapeutic vaccine Emergent Europe, United Kingdom Phase |

Modified from hepatitis b foundation drug watch™. NASVAC: Nasal Vaccine Candidate; rcDNA: Relaxed circular DNA; RNAi: RNA interference;
shRNA: Short/small hairpin RNA; cccDNA: Covalently closed circular DNA; DSS: Distributed sulphonamide; LTBR: LymphoToxin beta receptor; TALEN:
Transcription activator-like effector nuclease; ZFN: Zinc finger nuclease; HBsAg: Hepatitis B virus antigen; HBV: Hepatitis B virus; TLR-7: Toll-like

receptor-7.

clinical use. Being in the same class as the existing
therapy, they are unlikely to be game changers, but
they may add to the arsenal of reverse transcriptase
inhibitors to tackle the drug-resistant HBV strains that
may emerge with long-term use of current agents.

However for the new classes of anti-HBV compounds
that truly aims to cure CHB, the development is still
in their infancy and major breakthrough is required to
deliver the compound to the target (infected hepatocyte
nucleus for the cccDNA inhibitors) or overcome esta-
blished immune tolerance (new immunomodulators), at
acceptable safety profiles.

CONCLUSION

We discussed the new anti-HBV compounds and new
targets that can be broadly divided into two main
categories: (1) therapies that target the virus either
directly or by targeting host factors required for viral
replication; and (2) therapies targeting the host innate
or adaptive immune response.

To achieve the goal of curing CHB, any new
approaches based on targeting the virus, will need to
establish that target inhibition ultimately translates into
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significantly increased cccDNA depletion and HBsAg loss.
For example, simply blocking viral replication, even by a
mechanism other than nucleoside/nuclectides, is unlikely
to cure infection unless the cccDNA reservoir is removed.
Directly targeting cccDNA fundamentally tackles the
issue of viral persistence but such new technologies
as sequence-targeting nucleases and modulation of
epigenetic regulators face challenges including drug
delivery to target cells and risk of off-target effects.
Approaches such as blocking antigen secretion, directly
targeting viral RNA and blocking the HBV entry receptor
are more technically feasible in the near term, but likely
will not clear the cccDNA reservoir on their own. Our
growing understanding of the immune defects in CHB
is enabling the development of new immunotherapy.
TLR-7 agonist represents one of such promising
immunotherapeutic approaches. There remains the
concern of safety in activating the immune system.
Although many potential new approaches to treat
CHB have been identified, therapeutic translation has
been challenging and relatively few drug candidates
have emerged and entered clinical trials. If the success
story of developing effective therapies leading to the
ability to cure nearly all hepatitis C infection is any
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guide, the search for a functional cure for CHB is
definitely not an illusive dream, and it is likely to come
in the form of combination therapies of current effective
antiviral agents with one or more new anti-HBV agents
that either eliminate HBV cccDNA or overcoming specific
immune pathways that will result in immunoclearance
of the virus.
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Abstract

Chronic hepatitis B virus (HBV) infection is a major risk
factor for hepatocellular carcinoma (HCC). The HBV
mutations, which include point mutation, deletion,
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insertion and truncation mutation of A8V gene in 4
open reading frames (S, C, P, X), are closely associated
with HCC pathogenesis. Some mutations accumulated
during chronic HBV infection could be regarded as
a biomarker to predict the occurrence of HCC. The
detection of the mutations in clinical practice could be
helpful for defining better preventive and therapeutic
strategies and, moreover, predicting the progression of
liver disease.

Key words: Hepatitis B virus; Mutations; Hepatocellular
carcinoma; Carcinogenesis; Chronic hepatitis B
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Core tip: This mini review fully describes the relationship
between hepatitis B virus (HBV) genome mutations
in different regions with liver disease progression and
development to hepatocellular carcinoma (HCC) according
to the recent data of mutations in chronic hepatitis
B patients. Accordingly, the HBV mutations, either in
the preS or PreC or/and core promoter region, are
significantly associated with HCC and could be regarded
as a biomarker to predict the occurrence of HCC.

Zhang X, Ding HG. Key role of hepatitis B virus mutation in
chronic hepatitis B development to hepatocellular carcinoma.
World J Hepatol 2015; 7(9): 1282-1286 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i9/1282.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i9.1282

INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a medical
problem and the main cause of chronic hepatitis,
cirrhosis and hepatocellular carcinoma (HCC) worldwide.
The major risk factor of HCC carcinogenesis is chronic
HBV infection, especially in China. Other factors,
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including products of HBV, HBV integration and mutation
and host susceptibility, contribute to HBV-related HCC.
At present, carcinogenesis in HBV infection is not well
understood!"!, The main contribution of HBV infection
development to HCC is progressive stages of liver fibrosis
and nonresolving inflammation™®*, The HBV genome
contains four partially overlapping open reading frames
(ORFs) (preS/sS, preC/C, P and X) which have diverse
kinds of patterns of mutations. The mutations, including
point mutation, deletion, insertion and truncation in 4
ORFs, are closely associated with HCC pathogenesis and
liver disease progression**!. This mini review provides
an overview of the recent data regarding development to
HCC of HBV mutation in chronic hepatitis B patients.

S REGION GENE MUTATION

The S region of ORFs are composed of three translation
start codons (AUG codons) coding the expression of
three kinds of proteins: large (L), middle (M) and small
(S). PreS1 region is unique for L protein. PreS2 region
is the shared sequence with the M protein and the S
region is seen in all three kinds of proteins. The L and
S proteins are fundamental for virion formation and
the M enhances the virion secretion efficiency®”’. The
S and M proteins are detected as hepatitis B s antigen
(HBsAg). The dominant epitopes of HBsAg are the
targets of neutralizing B cell responses, located in the
“a” determinant (aa 124-147) in the major hydrophilic
region™,

The relationship between S gene mutation and
HCC were studied focusing on the preS region. HBV
preS mutations are closely related to an increased risk
of HCC. Both the single and combined mutations with
the other region gene mutations may be predictive for
hepatocarcinogenesis.

Qu et al® found that T53C mutation, preS2 start
codon mutations and preS deletions were related to
HCC significantly in a study. The longitudinal study
showed that the preS deletion mutations occurred
during the long course of liver diseases, but not at the
beginning of HBV infection.

Wang et al™® found that preS mutant large HBV
surface antigens (LHBs) can initiate endoplasmic
reticulum (ER) stress to induce oxidative DNA damage
and genomic instability. PreS mutant LHBs can up-
regulate cyclooxygenase-2 and cyclin A to induce cell
cycle progression and proliferation of hepatocytes.
Dysplasia of hepatocytes can be induced by preS
mutants in transgenic mice. In a nested control study,
the presence of preS mutants was closely associated
with development to HCC in HBV carriers.

In an interesting recent study, Su et al™"! observed
that in a transgenic mice model, preS2 mutants induced
ER stress-dependent and independent pathways, leading
to oxidative DNA damage, genomic instability and
transforming capabilities. In their study, the combined
expression of HBx and preS2 mutant showed enhanced
oncogenic effects in HCC development; however, the
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concrete role of X protein (HBx) and preS2 mutant
protein in HCC carcinogenesis is still to be clarified.

T53C, preS1 deletion, preS2 start codon mutation,
C7A, A2962G, C2964A and C3116T in the preS region
are significantly related to an increased risk of HCC™.
Furthermore, the effects of other HBV preS/S mutations
in hepatocarcinogenesis are still limited.

PREC/C REGION GENE MUTATION

Mutations in the core promoter and precore regions
of HBV lead to downregulation of hepatitis B e antigen
(HBeAg). These mutations are related to chronic hepatitis,
cirrhosis and HCC. C ORF of HBV genome encodes core
protein and HBeAg!*?. The core shell of HBV is an effective
immune stimulator, activating an intense neutralizing
immune response to foreign epitopes. Mutations in this
region of the HBV genome focus in the region of basal
core promoter (BCP) and PreC*.,

T1762/A1764 double mutations in BCP is the most
convincing association between HBV mutation and the
development of HCC. The relationship between BCP double
mutations and HCC were proved in two large prospective
cohort studies™. Moreover, V1753, T1766, A1768 in BCP
and T1653 mutations in box-a of Enhancer I have been
shown to be associated with the development of HCC in
several reports.

Park et af'™! analyzed the 8 key mutations (G1613A,
C1653T, T1753V, A1762T, G1764A, A1846T, G1896A and
G1899A) in 442 serum samples of 310 non-HCC and
132 HCC patients to confirm the combinations with HCC.
They reported that the BCP combination mutations of =
6 mutations that include G1613A + C1653T + A1846T
+ G1896A and < 5 mutations with reduced HBeAg
production may increase the risk of HCC occurrence
compared to only the number of mutations.

In our study, we also found five high frequency
mutations (= 10%) in the BCP and preC region. We
observed thirteen types of multi-mutations in one fragment,
among which, 3 types were common combinations (=
5%). The three most common multi-mutations were
A1762T/G1764A (36%), A1762T/G1764A/G1896A (11%)
and T1753 (A/C)/A1762T/G1764A/G1896A (8%). The
multi-mutations in HBV genomes (= 3) may carry a high
risk of liver cirrhosis or HCC. G1896A mutation had an
effect on liver disease progression independent of patient
age. Additionally, in our study, the results showed that
the more viral mutations detected (= 3) and G1776A
mutation contribute to HBeAg negativity"'®..

Finally, accumulation of mutations, including V1753
and/or A1768 aside from T1762/A1764 in BCP region,
were closely associated with HCC among the patients
infected with HBV/C1, as shown in a study by Li et af''”’.
The BCP mutations have an effect on the biological
functions of HBx, increasing the risk of HCC. T1653
mutation in the box-a of the core upstream regulatory
sequence and V1753 mutation of BCP region in HBV-
infected patients has also been reported to increase the
risk of HCC™"*®), However, the mechanism between BCP
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mutation and hepatocarcinogenesis is mainly unknown.

Several studies have shown that HBV mutations,
including C1653T, T1674C/G, T1753V, A1762T/G1764A
and C1766T/T1768A in the enhancer 1I/BCP regions
and G1899A, C2002T, A2159G, A2189C and G2203A/T
in the precore/core region, are significantly related to
an increased risk of HCC™,

P REGION GENE MUTATION

One of the regions with mutation susceptibility in HBV
ORF is the P region, which encodes the polymerase
protein (reverse transcriptase). The envelope (S) gene
is completely overlapped by the polymerase gene, so
it is logical to assume that changes in virus encoding
related to antiviral resistance in the polymerase may
have impact on the envelope gene, showing a close
relationship between mutations in the S and P regions
of the HBV genome®®®. Mutations in the HBV P gene
are frequently associated with drug resistance. Cross-
sectional studies on the mutations of this gene are
rare. Mutations in this region have not been assumed
to be responsible for HCC as frequently as other
regions spoken above, but antiviral therapy associated
mutations did impact the disease progression on the
subject. Several approved antiviral therapeutic agents
are available at present, including regular or pegylated
interferon and nucleoside/nucleotide analogues (NUCs)
such as lamivudine (LAM), adefovir dipivoxial (ADV),
entecavir (ETV), telbivudine and tenofovir. The mutation
of rtM204V/I with LAM resistance is the most frequent,
located at the catalytic YMDD motif. The rtL180M
mutation often occurs at the same time. The rtA181T
mutation was reported largely in LAM-resistant patients.
The rtN236T and rtA181T/V mutations were the most
frequent in ADV-resistant patients. ETV resistance is rare
in antiviral therapy in naive patients (1.5% by the fifth
year), but if the rtI169T, rtT184A/F/G/I/L/S, rtS202G/1
or rtM250V mutation coexists, ETV resistance can occur
in the presence of rtM2041/V mutations. The most
resistant mutant of telbivudine was rtM204I. Tenofovir
has a low risk of drug resistance.

Yeh et al®! in a study on 123 LAM-resistant chronic
hepatitis B patients reported that the occurrence of the
rtA181T/sW172* mutant in LAM-resistant patients could
increase the risk of HCC development in the subsequent
courses of antiviral therapy.

In our study, we followed up 131 cases of HBV-
infected patients who had taken antiviral therapy. The
results showed that the antiviral drug resistance was
not significantly associated with the progression of the
liver disease. Once resistance happened, there was no
difference between chronic hepatitis B (CHB) patients
with successful and unsuccessful rescue therapy
after 6 years. 1126T mutation in the S region may be
associated with a poor prognosis for patients with CHB.
I269L mutation in the P region and I68T mutation in
the S region may be associated with poor response of
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NUCs treatment. These mutations could be potential
new resistant mutations. Whether the mutations
mentioned above are related to progression of the
liver disease is still to be proved. In our hepatitis B
related cirrhosis cohort study, the two year cumulative
incidence of HCC in antiviral resistance (DR) patients
(30.6%) was significantly higher than that in both
complete virologic response patients (4.3%). Of these
DR patients especially, the extremely high incidence
of HCC was 55.6% in the failed rescue therapy. The
rtA181T mutation was closely associated with rescue
therapy failure'”. It is suggested that the P region gene
mutation related DR is associated with chronic hepatitis
B development to HCC.

X GENE MUTATION

X ORF produces the HBx and, despite the specific
function of HBXx, is still undefined during HBV replication.
Many studies show that HBx is essential for viral replication
in vivo and in vitro. HBV X gene, extremely easy to
mutate and integrate into hepatocytes, plays a significant
role in HBV infection and HCC development. Mutations in
the X region can effect viral replication through the BCP
and the enhancer II. Because the BCP region overlaps
with the X gene in the concomitant reading frame, the
X gene at xK130M and xV131I was changed by the
A1762T plus G1764A core promoter mutations in the
aforementioned study™.

Wild-type HBx has been proved to activate hypoxia-
inducible factor-1a. (HIF-1a), which could contribute to
HCC development and progression. Liu et af**! sequenced
101 HCC tissues in Hong Kong. In their study, the
double mutations K130M/V131I increased the function
of HBx as they upregulated the HIF-1la expression
and transcriptional activity. Wang et al** reported
that during the infection and replication of HBV, HBx
mutates to adjust itself to the hepatocyte and increase
the carcinogenesis. COOH-terminal truncated HBX may
play a stimulative part in HBV-related HCC development
as well as hydrophobic/hydrophilic character changes in
some specific amino acid sites.

Besides, Tuteja et al®™ reported 222 cases with
HBsAg positive patients and they found that T36A and
G50R mutations in the X gene were associated with HCC.
The integration of the viral genome into the host cellular
genome was detected in 80%-90% of these cancers.
The viral DNA integration also may cause insertional
mutagenesis and result in a 3"-terminal truncation of HBX
that was deleted at the C-terminal region by 20-40 amino
acids. In the HBX sequence, multiple point mutations
may be a consequent change with integration. Moreover,
it showed that both truncation and point mutations
may increase the oncogenic activation processes. It has
been found that the C-truncated HBx proteins transform
immortalized liver cell lines and interact with the
mutant p53 protein p.R249S to change genetic stability
and proliferation of non-transformed hepatocytes in

May 28,2015 | Volume 7 | Issue 9 |



experimental models®”. Lee et ai™ found that a specific
HBx mutation may contribute to the development of HCC
in chronic hepatitis B patients by activating nuclear factor-
kappa B activity. The HBx 5 mutation in genotype C2 HBV
was shown to increase the risk of the development of
HCC.

HBV X gene multi-site mutations were found fre-
quently in the dlinical HCC tissues. Wang et a/*® analyzed
the HBx gene sequences of 60 cases of HCC tumor
tissues and paratumor tissues from China. The results
showed that the most frequent mutations were at amino
acid 30, 88, 144 from tumor samples and at amino acid
31, 43, 87, 94 from non-tumor samples. It has been
found that HBx-linked mutations, such as at aa L30F/
S144A, was 29.5% positive in the tumor tissues.

Among the HCC-associated mutations, combined
rather than single mutations are associated with the risk
of HCC significantly. In the preS region, the frequencies
of combined mutations (haplotypic carriages), including
2964C-3116T-preS2 start codon wildtype-7A, 2964C-
3116T-7A-76C and 2964A-3116T-7C-76A/T, are
significantly higher in patients with HCC than in those
without HCC, and yet the haplotypic carriages with
single mutation are inversely associated with HCC. In
the preS and Enh1II/BCP regions, HCC patients have
a more frequent occurrence of a haplotypic carriage
with 105C and 2962G than those without HCC. The
frequency of 2962G-preS2 start codon wild type-105C-
1762T/1764A is 47.9% in HCC and 4.3% in those
without HCC.

Accordingly, the HBV mutations, either in the preS or
in the core promoter region, are significantly associated
with HCC, whereas the wild-type nucleotides in these
regions are mostly associated with liver cirrhosis. HBV
mutations can be used as indicators for the prediction of
end-stage liver diseases, including HCC. Although these
mutations and the combinations are specific for HCC to
some extent, it will be more practical if they can predict
the malignancy in HBV-infected subjects before the
occurrence of HCC.

IN THE FUTURE

Many factors have an effect on the development
of HBV-associated HCC, including products of HBYV,
HBV integration and mutation and host susceptibility.
HBV sequences from these individuals demonstrate
numerous mutations/deletions and alterations that can
result in decreased immune recognition of the virus,
thereby affecting the expression and functions of specific
genes and contributing to liver disorders. However,
the aforementioned studies mostly lacked a series of
observation and detection. Additionally, sequencing the
HBV genome to find the HCC-related HBV mutations
have conflicting results, suggesting that the patho-
genesis of development to HCC is a combination.
The hepatocarcinogenesis of chronic inflammation,
host immunity and environment in chronic hepatitis B
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patients with different patterns of mutation should be
further studied.
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Abstract

AIM: To characterize management of telaprevir (TVR)-
based triple therapy of hepatitis C virus (HCV) reinfection
after liver transplantation (LT).

METHODS: We retrospectively analyzed safety and
efficacy of telaprevir - based triple therapy in a single
center cohort of 19 patients with HCV genotype (GT)
1 recurrence after LT, with respect to factors possibly
predicting sustained viral response (SVR) or non-SVR.
All patients were treated with TVR, pegylated (PEG)
and ribavirine (RBV) for 12 wk followed by a dual phase
with PEG/RBV for 12 wk in 7 patients and for 36 wk in
5 patients.

RESULTS: In total 11/19 (58%) of patients achieved
a sustained response. All (11/11) SVR patients showed
a rapid viral response at treatment weeks 4 and 11/14
rapid virological response (RVR) patients achieved
SVR. Notably, all (7/7) patients who completed 48 wk
of therapy and 80% (4/5) patients who completed
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24 wk of therapy achieved SVR24. Treatment failure
was significantly (P > 0.049) more frequent in GT1a
infection (5/7) compared to GT1b (3/12) infection and
was associated with emergence of resistance-associated
mutations in the NS3 protease domain. Bilirubin level
at baseline is also related to SVR (P > 0.030). None of
the patients had to discontinue treatment due to side
effects.

CONCLUSION: RVR, GT and bilirubin are clearly related
to achievement of SVR. Providing a thorough patient
selection and monitoring, a full course of TVR-based
triple therapy in LT patients is feasible and achieves high
SVR rates.

Key words: Liver transplantation; Telaprevir; Hepatitis
C virus recurrence; Predictors; Hepatitis C virus therapy

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Experiences with telaprevir-based triple therapy
in 19 patients with hepatitis C virus recurrence after liver
transplantation are analysed and described in detail. We
observed a exceptionally high sustained viral response
rate and analyzed clinicopathological factors which
might contribute to predict which patients rather benefit
from this therapy and which do not. While the new
generation directly acting antivirals start to be available
in some countries, many parts of the world will not have
the privilege of these therapeutic options for a long
time. Therefore we are eager to share our experiences
with telaprevir in liver transplantation patients with the
international hepatologist community.

Herzer K, Papadopoulos-K6hn A, Achterfeld A, Canbay A, Piras-
Straub K, Paul A, Walker A, Timm J, Gerken C. Management
of telaprevir-based triple therapy for hepatitis C virus recurrence
post liver transplant. World J Hepatol 2015; 7(9): 1287-1296
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i9/1287.htm DOI: http://dx.doi.org/10.4254/wjh.v7.19.1287

INTRODUCTION

About 160 million people worldwide are currently
affected by a chronic hepatitis C virus (HCV) infection
with the deleterious consequences of decompensated
cirrhosis and hepatocellular carcinoma (HCC)!™?. In
western countries, HCV-induced liver cirrhosis and HCC
can be therapeutically addressed by liver transplantation
(LT). However, reinfection of the liver graft occurs in
virtually all patients typically followed by an accelerated
course of progressive liver damage. About 3 to 5 years
post-LT, 30% of HCV-positive patients develop cirrhosis
of the graft with a consecutively unfavorable prognosis®.
Over the past decade, treatment of HCV-reinfection with
pegylated interferon (PEG-IFN) and ribavirin (RBV) was
the only treatment option associated with moderate
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sustained virological response (SVR) rates of only
8%-50% depending on the genotype (GT), defining
patients who received liver transplant as a “difficult-to
treat” group™. In 2011, the first generation of directly
acting antivirals (DAAs), the protease inhibitors (PI)
telaprevir (TVR) and boceprevir (BOC), were approved
for treatment of chronic HCV infection, in combination
with PEG-IFN and RBV™. The TVR-based triple regimen
was reported to achieve SVR rates of up to 75% in
treatment naive GT1 non-LT patients compared to
44% with the previous dual therapy™. Unfortunately,
in the post-LT setting the triple regimen comprised
unforeseen challenges. Severe drug-drug-interactions
of the immunosuppressive (IS) agents and the PI which
may result in increased toxicity or/ and loss of efficacy
of both drugs, potentially resulting in severe allograft
rejections'”®l, Nevertheless, reports from different
transplant centers supported the principal feasibility
of combining immunosuppressive agents and PIs in
the post-LT setting™'?l. SVR rates of 20%-50% were
reported in hard to treat (mostly intensively pretreated)
cohorts of patients™™!. In the meantime, new DAA are
approved™, Thus, a therapeutic hold is observed in
the prospect of new treatment options promising no
drug-drug interactions and less severe side effects,
most importantly because interferon may become
dispensable!*®. However, when and whether at all the
first generation PIs will be replaced by novel DAAs also
depends on economic aspects in a humber of countries
and potentially the emergence of resistances™***.,

The aim of our retrospective analysis was to summarize
and communicate the rather good experience of our
center with treatment course and outcome of a large
single center cohort of patients with HCV GT1 reinfection
after LT with TVR-based triple therapy. We intend to
give a thorough description of our observations and
estimations, in order to share our experiences with the
community, in particular in those parts of the world were
the second generation DAAs are not yet available.

MATERIALS AND METHODS

Patients studied

Between April 2012 and January 2013, 19 patients with
HCV GT1 recurrence after liver transplantation were
selected for treatment with TVR-based triple therapy.
For demographic parameters and baseline clinical
chemistry (Table 1).

Patients were considered eligible for TVR-based
triple therapy upon clinical and histological evidence
of recurrence of HCV GT1 infection. Before PEG-IFN
was administered, all patients underwent an allograft
biopsy for evaluation of fibrosis stage according to the
METAVIR system and for exclusion of graft rejection.
Exclusion criteria for antiviral treatment were evidence
of biopsy-proven acute rejection during the past 3
mo or any medical contraindication to treatment with
PEG-IFN and RBV that would predict the occurrence
of complications during IFN administration, such as
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Table 1 Characteristics of patients at baseline

Demography
Age, yr 57 41-70
Gender (male/female) 16/3
Body mass index (kg/m?) 26 21-33
Race, 1/ % 19 100
Caucasian, 1/ % 18 94.74
Hispanic, 1/ % 1 5.26
Immunosuppressive regimen
TAC/CSA 17/2
MMEF (n) 8
Steroids (1) 0
Baseline clinical parameters
Duration of therapy 24 4-48
Ishak fibrosis score (grade) 2 0-4
Inflammation (grade) 15 0-2
Fibroscan baseline (kPa) 13.8  4.5-46.4
Time from LT to triple therapy (mo) 22 7-295
Baseline clinical chemistry
Bilirubin total (mg/dL) 08 03-3.2
GGT (U/L) 52 13-32
GPT (ALAT), U/L 41 21-159
GOT (ASAT), U/L 52 18-88
AP,U/L 101 53-404
Creatinine (mg/dL) 1.26 0.67-1.89
GFR (MDRD) 573  23-133
International normalized ratio 1 0.8-1.2
Héamoglobin (g/dL) 13.5 9-16.8
WBC (/uL) 373 1.6-83
Platelet count (/uL) 111 62-246
Basline viral characteristics
HCV GT
la,n/% 7 36.8
1b,1/% 12 632
VL (logwo IU/mL) 1.95 0.13-14.9
Recipient IL-28b polymorphism, 1/ %
CC 5 26.3
CT 9 474
TT 5 26.3
History of any prior PEG-INF/RBV treatment, /% 11 57.89
History of post-LT PEG-INF/RBV treatment, 1/ % 5 26.3
HCC prior to LT (1) 6
HBV coinfection (1) 0

TAC: Tacrolimus; HCV: Hepatitis C virus; LT: Liver transplantation;
HBV: Hepatitis B virus; GFR: Glomerular filtration rate; WBC: White
blood count; GT: Genotype; VL: Viral load; IL-28b: Interleukin-28b; PEG-
INF: Pegylated-interferon; RBV: Ribavirine; GGT: Gamma-glutamyl
transpeptidase; GPT: Glutamat pyruvat transaminase; ALAT: Alanin-
aminotransferase; GOT: Glutamat oxalacetat transaminase; ASAT:
Aspartate aminotransferase; CSA: Cyclosporine; MMF: Mycophenolate
mofetil; AP: Alkaline phosphatase.

platelet count lower than 100000/uL or white blood cell
count lower than 2000/uL; clinical signs or laboratory
values indicating decompensating liver function; renal
insufficiency, with a glomerular filtration rate (GFR)
lower than 60 mL/min; and anemia, with a hemoglobin
level lower than 10 mg/dL at baseline. Whenever
possible, treatment with mycophenolate mofetil and
corticosteroids was discontinued before the initiation of
antiviral treatment™®.,

As limited experience exists in the post-LT setting,
patients were thoroughly informed of possible interactions
and side effects prior to treatment. Serological and
clinical data were collected from the patients’ files and
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retrospectively analyzed. The analysis was conducted
in accordance with the Helsinki Declaration of 1975 and
approved by the ethics committee of the University
Hospital Essen.

Antiviral treatment regimen

Patients were treated with TVR, PEG-IFN and RBV for
12 wk followed by 12 or 36 wk of dual therapy with
PEG-IFN/RBV. The RBV dose was administered with
600 mg/d at baseline and only reduced in two cases of
acute renal failure. PEG-IFN was initiated with 180 pg/d
and reduced in 3 cases due to cytopenia and overall
tolerance. TVR was preferred to BOC due to a shorter
triple regimen and administered as 1175 mg twice per
day. The stopping rule applied was failure to achieve a
reduction in HCV viral load (VL) to less than 1000 IU/mL
at treatment weeks (TW) 12, a detectable viral load at
TW 24 or viral breakthrough (VB) with discontinuation of
all antiviral treatment.

For the assessment of efficacy, viral load was
monitored in plasma using the ABBOTT Real Time HCV
assay (Abbott Molecular, United States; lower limit of
detection 12 IU/mL) at baseline and then at week 1,
2,3,4,8, 12, 16, 20, 24, 36 and 48. Genotypes were
determined using phylogenetic analyses of the core
region. A rapid virological response (RVR) was defined
as an undetectable VL at TW 4 of triple therapy. At TW
12, an undetectable viral load was defined as early viral
response (EVR). An end of therapy treatment response
(EOT) was obtained when the VL remained negative
at the time of treatment discontinuation. A SVR24
was defined as negative VL 24 wk after the end of
treatment. VB was defined as achieving an undetectable
viral load but the subsequent occurrence of a detectable
VL over time. In all patients, the whole NS3 region was
analyzed by sequencing, and PI resistance mutations
were recorded.

Resistance analysis of the NS3 protease domain

The NS3 protease domain was sequenced before
therapy and in patients experiencing treatment failure
in the first available viremic sample. HCV-RNA was
extracted utilizing spin columns and reverse transcribed
followed by subsequent amplification of cDNA by nested
polymerase chain reaction (PCR). Detailed information
on primer sequences and PCR protocols are available
upon request. The PCR product was directly sequenced
by Sanger technology and obtained sequences were
analyzed utilizing the resistance prediction algorithm as
implemented in Geno2pheno (HCV) 0.92 (http://hcv.
biocinf.mpi-inf.mpg.de).

Management of immunosuppression and safety
assessments

Immunosuppressive regimen was left unchanged with
tacrolimus (TAC) in 17 and cyclosporine A (CyA) in 2
patients. Mycophenolate mofetil (MMF) as comedication
in 8 patients was skipped for the period of therapy in
order to avoid myelosuppressive effects. Before starting
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triple therapy, patients were on a stable dose of TAC
or CyA with stable therapeutic levels. After initiating
TVR, TAC dosage was skipped until start of decline of
therapeutic level and then administered as 0.1 mg with
once or twice daily dosing as described previously!®.
Trough levels of TAC were checked daily for the first
10 d and twice a week for the next two wk and then
once a week during the remaining duration of TVR.
Once TVR was stopped, TAC was reinstituted with a
goal to achieve pre-TVR doses gradually over a period
of 5 d with daily trough level checks. The dose of CyA
was reduced by 50% upon start of TVR with control
of trough levels as described for TAC. The day after
stopping TVR, CyA was reinstituted at the dose before
TVR-therapy with controls according to TAC. Trough
blood concentrations (TBC) ranged from 5 to 7 ng/mL
for TAC and from 50 to 80 ng/mL for CyA!®.,

Creatinine clearance was estimated using the MDRD
formula. Upon decrease of renal function parameters,
renal function was immediately stabilized by intensive
daily intravenous fluid application and patients were
admonished to increase fluid intake from baseline.
Erythropoietin (Epoentin®; Hexal) was administered
to support the red blood cell count when hemoglobin
(HB) levels dropped to below 10 g/dL. Granulocyte
colony stimulating factor (G-CSF) (Neupogen®; Amgen
Europe BV) was administered to support the neutrophil
count when it fell below 1000/uL despite PEG-IFN dose
reduction.

Safety and efficacy data were gathered in short
intervals during time of treatment. The modalities of
treatment, on-treatment surveillance and follow-up were
previously described™”,

Statistical analysis

Continuous variables were expressed as medians,
means and ranges. The Wilcoxon signed-rank-test was
used to compare paired groups. A P-value of < 0.05
was considered to be significant. Numeric liver values
of small groups (n < 30) were compared by Mann-
Whitney-U-Test. Categorical variables were analysed by
2°-test with pearson approximation. Statistical analysis
were performed using SPSS 19 statistical software (IBM
SPSS; Chicago, IL).

RESULTS

Effectiveness

Patients with stable blood count, liver and renal function
as central inclusion criteria were thoroughly selected for
therapy. The median time between LT and treatment
was 22 mo (7-295). All patients had histologically
proven HCV reinfection of the graft. None of the
patients had clinical signs of decompensation. None of
the patients was suffering from fibrosing cholestatic
hepatitis (FCH). Seven patients were infected with
GT1la, 12 patients with GT1lb. Seventeen patients
received tacrolimus as immunosuppressive regimen
and 2 patients received cyclosporine A. Eight patients
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received MMF as concurrent medication which was
stopped at the beginning of triple therapy in order to
prevent aggravation of myelosuppressive effects of the
antiviral substances. Patients’ characteristics are shown
in Table 1.

Eight patients had to discontinue antiviral therapy
early: one because of impaired liver function after 4
wk, three because of VB after TW 8 and TW 12. One
patient had a partial response with a viral decline of
> 2-logw IU/mL at TW 12 but was stopped when viral
load was still detectable at TW 24. One patient had a
VB at TW 16 despite RVR and was discontinued. Two
patients who had an EVR experienced a VB at TW
14 and TW 24 and were discontinued from therapy.
Notably, only one patient had to stop therapy due to
side effects, respectably deterioration of liver function,
which resolved. All other patients with an unfavourable
course of therapy were stopped due to VB or insufficient
response (Table 2). Two patients with initial RVR and
VB at TW 12 and 16 selected mutations associated with
resistance as described below (Table 3).

Five of the 12 remaining patients with RVR and
undetectable viral load at TW 24 decided to stop therapy
at TW 24. Of these, 4 experienced a sustained response
with SVR24 while 1 patient relapsed within 12 wk after
the end of treatment (Table 2). Seven patients decided
to continue treatment for the full course of 48 wk, all of
which achieved SVR24 (Table 2). Notably, all patients
with sustained clearance of the virus (4 after a 24 wk-
course and 7 after a 48 wk-course) were characterized
by RVR (Table 2). In brief, we observed an overall RVR4
in 14/19 patients (73.7%), an EVR in 16/19 patients
(84.3 %), an EQOT response in 12/19 patients (63.1%)
and SVR24 in 11/19 patients (57.9%).

Complete sequence information was obtained for the
NS3 protease domain from baseline samples and from
the first viremic sample of patients with treatment failure.
We were unable to amplify the protease domain from one
sample after treatment failure. Of the seven remaining
patients, six harbored isolates with substitutions known
to be associated with resistance to telaprevir. Four
patients with genotype 1la infection and subsequent
treatment failure selected the R155K substitution, in
two cases combined with a substitution V36M/L. Two
patients with genotype 1b infection and subsequent
treatment failure selected either an A156F subsititution
associated with high-level resistance or a combination of
the substitutions V36L and T54S. In one patient infected
with genotype 1b resistance-associated substitutions
were not detectable by bulk sequencing. Two patients
with subsequent treatment failure carried the resistance-
associated substitution V36M/L already prior to therapy.
Notably, resistance-associated substitutions were not
detected at baseline in all patients who achieved SVR.
Mutation related to PI resistance were detected in eight
patients who all experienced a treatment failure, a VB or
a non-response (Table 3).

In order to determine whether successful TVR-
based triple therapy influences liver parameters, we
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Figure 1 Development of liver parameters during treatment. A: Liver stiffness in correlation to fibrosis was determined by fibroscan at baseline and end of
treatment. Measurements are calculated in kPa. Student's t-test was used to compare categorical characteristics, “P-value of < 0.01 was considered to be significant;
ALT (B), AST (C) and bilirubin (D) were determined at baseline and end of treatment. Student's t-test was used to compare categorical characteristics, °P-value of < 0.01
was considered to be significant. 'Wilcoxon signed-rank-test, P < 0.05 set as statistic significant. SVR: Sustained viral response; ALT: Alanine aminotransferases;

AST: Aspartate aminotransferase.

Table 3 NS3 protease domain sequence information

HCV GT Patient TW  Outcome Baseline  End of treatment
1b Patl 24 SVR Not detected NA

1b Pat2 24 SVR Not detected NA

la Pat3 24 SVR Not detected NA

1b Pat4 24 SVR Not detected NA

1b Pat5 48 SVR Not detected NA

1b Pat6 48 SVR Not detected NA

1b Pat7 48 SVR Not detected NA

1b Pat.8 48 SVR Not detected NA

1b Pat9 48 SVR Not detected NA

la Pat.10 48 SVR Not detected NA

1b Pat.11 48 SVR Not detected NA

la Pat12 24 Relapse Not detected Not done
la Pat13 24 Nonresponse Not detected R155K

la Pat14 24 VB Not detected  V36M, R155K
1b Pat.15 24 VB Not detected -

la Pat16 24 Relapse V36L V36L, R155K
1b Pat17 16 VB V36LV V36L, T54ST
la Pat18 4 Relapse Not done R155K

1b Pat.19 8 VB Not detected A156F

Resistance mutations before and after treatment in association with
outcome and genotype. HCV: Hepatitis C virus; GT: Genotype; TW:
Treatment week; VB: Viral breakthrough; SVR: Sustained viral response
(undetectable HCV RNA 24 wk after end of antiviral therapy); NA: Not
applied.

Two patients had to be hospitalized due to diarrhea
and weight loss during the triple phase. Symptoms
improved considerably after stop of TVR and the
patients could be dismissed at TW 14. One patient had
to be hospitalized for an acute flare-up of chronic kidney
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disease at TW 2 and recovered after rehydration. Half
of the patients experienced a reduction of their renal
function with a nadir of the GFR between TW 8 and 12
which was stabilized by the intense recommendation
to increase fluid intake and daily intravenous fluid
application in 3 cases in the outpatient clinic. No severe
impairment of renal function could be observed after
the triple phase (TW 13-48). Median GFR decreased
hardly in patients receiving 24 wk of therapy with - 4
mL/min from baseline to end of treatment, median GFR
yet increased in patients receiving 48 wk of therapy by
13 mL/min (Table 5). HB levels decreased in line with
deteriorating renal function.

In general, adverse events including moderate and
severe adverse events were more frequent during the
first 12 wk of therapy. After discontinuation of TVR,
adverse events declined substantially to moderate
disorders during the second half of the 48 wk course
(Figure 2). This pattern encourages us to rather apply
TVR instead of BOC in LT patients, as the period of
intense monitoring and potential complications due
to side effects can be shortened to 12 wk. However,
we observe IFN-induced psychiatric side effects and
depressive disorders as major problem severely com-
promising the motivation of the patients. Depressive
disorder, weakness and loss of appetite together with
weight loss were the most preponderant problems
between TW 12 and TW 48, most likely related to IFN.

In our cohort, only one patient had to stop therapy
because of deteriorating liver function. None of the
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Figure 2 Safety and adverse events during triple therapy after liver transplantation. Cumulative analysis of moderate and severe side effects related to the

treatment period. TW: Treatment week.

Table 4 Clinical baseline characteristics and their predictive value for sustained viral response

SVR Non SVR P<

Patients, n/ % 11 60% 8 42%
Age, yr 53 41-70 58 53-64 0.115'
Body mass index (kg/m?) 26 22-30 26 21-331 0505
Ischak fibrosis score (grade)

I-I 7 64% 6 75%

m-v 4 36% 2 25%
Fibroscan baseline (kPa) 14.6 45-23.4 113 5.9-26 0.773!
Time from LT to triple therapy (mo) 22 7-156 23 8-295 0.869"
Bilirubin total (mg/dL) 0.6 0.3-11 1 0.4-3.2 0.030'
GPT (ALT) (U/L) 46 21-159 40 24-85 0.563'
GOT (AST) (U/L) 52 18-84 53.5 22-88 0.620'
Platelet count (/pL) 143 68-246 103.5 63-236 0.302'
Viral load (logi IU/mL) 19 039-149 42 0.13-13.70  0.409'
HCV GT 0.049*

la,1/% 2 18% 4 50%

1b, n/% 9 81% 4 50%
Recipient IL-28b polymorphism, 2/ % 0.552°

cc 4 36% 1 12.50%

CT 3 27% 6 75%

TT 4 36% 1 12.50%
History of any prior PEG-INF/RBV treatment, 1/ % 7 63% 4 50% 0.552°
History of post-LT PEG-INF/RBV treatment, 11/ % 2 18% 3 37.50% 0.345°

"Pearson's 5 test; “Mann-Whitney-U-test, P < 0.05 set as statistic significant. HCV: Hepatitis C virus; PEG-INF:
Pegylated-interferon; RBV: Ribavirine; SVR: Sustained viral response; LT: Liver transplantation; GT: Genotype;

GPT: Glutamat pyruvat transaminase; GOT: Glutamat oxalacetat transaminase; ALT: Alanine aminotransferases;

AST: Aspartate aminotransferase.

patients had to stop therapy because of severe side
effects and none died. All patients recovered completely
from all side effects after discontinuation of treatment.
Trough blood concentrations of IS were kept stable
using a special dosing regimen as described"®. Frequent
controls of TBC were performed. Thus, none of the
patients experienced acute rejection which had been
excluded by graft biopsies in all patients after end of
treatment.

DISCUSSION

We report our single center experience with TVR-based
triple therapy in a cohort of 19 LT patients with recurrent
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HCV reinfection, retrospectively analyzing treatment
response, SVR rates, adverse events, resistance
mutations before and after treatment and clinical and
patients characteristics with potential predictive value
for SVR.

We observed a substantial rate of sustained viral
response in 11 out of 19 patients (58%) in our cohort of
11 pre-treated and 8 treatment-naive patients. Of note,
all (7/7; 100%) of the patients who completed the full
course of 48 wk of treatment and 4/5 (80%) of the
patients who completed 24 wk of treatment achieved
SVR24. While we observe a SVR rate of 58%, from
other multi-centric post-LT cohorts, where SVR rates
between 20% and 41% were reported™”*®,

May 28,2015 | Volume 7 | Issue 9 |



Herzer K et a/. HCV therapy after liver transplant

Table 5 Appearance of adverse events in dependence on the
course of therapy n (%)

Moderate side effects  Severe side effects
TW 1-12 TW 13-48 TW 1-12 TW 13-48

Hematological toxicity 0 0 0 0
Anemia <10g/dL <10g/dL <8g/dL <8g/dL
9474) 11(579) 8(421) 2 (10.5)
Low WBC (<1/pL) <34/pL <34/pL  <1/pL <1/uL
16 (84.2) 14(73.7)  2(10.5) 3 (15.8)
Low PT (<50/pL) <50/puL  <50/uL  <20/uL  <20/pL
3 (15.7) 6 (31.6) 0 0
Renal failure 8 (42.1) 0 1(5.2) 0
Dermatological toxicity 0 0 0 0
Rash std. I 7 (36.8) 0 0 0
Rash std. I 0 0 1(5.2) 0
Rash std. I 0 0 0 0
Anorectal pain 9 (47.4) 0 10 (52.6) 0
Pruritus 4 (21.0) 0 4 (21.0) 0
Stomatitis 3(15.7) 0 1(5.2) 0
Loss of appetite 5(26.3) 0 0 0
Loss off weight >10% 6 (31.6) 0 1(5.2) 0
Diarrhoe 5(26.3) 0 1(5.2) 0
Weakness 10 (52.6) 7 (36.8) 0 0
Hospitalisation 0 0 3 (10.5) 2(15.8)
Hepatic decompensation 0 0 1(5.2) 0
Edema 0 0 3 (15.8) 0
Diabetes melitus 0 0 3 (15.8) 3 (15.8)
Psychiatric disorders 0 4 (21.0) 0 1(5.2)
Medical induced fever 0 9 (47.4) 0 0
Infection 0 0 0 2 (10.5)

WBC: White blood count; TW: Treatment week; PT: Platelets.

Of 8 patients who were discontinued, only one
patient had to discontinue because of deterioration of
liver function. Seven patients were discontinued due
to non-response or viral break through. None of the
patients had to discontinue because of adverse events.

RVR4 is considered as a positive predictive factor
for SVR™.. A significant number of our patients (14/19)
displayed RVR with non-detectable viral load at treatment-
weeks 4, and all patients with SVR achieved RVR. RVR4
has been reported to be an important predictor of
SVR™! and response-guided therapy is well established
in non-LT patients™”*Y, This is reflected in our cohort, as
all patient achieving SVR24, had a HCV viral load below
LLOQ (12 IU/mL) at TW 4. All patients with a detectable
HCV viral load at TW 4 had a virological failure later
on. These findings underline the exceptional prognostic
impact of a rapid viral response in TVR-based triple
therapy through all treatment cohorts. These results
might suggest a reduction in length of treatment to 24
wk based on prediction by RVR for TVR-based triple
therapy after LT. Four out of five patients who decided
to stop therapy at TW 4 achieved SVR. Thus, in case of
RVR, shortening TVR-based triple therapy to a 24 wk-
course in LT patients may be considered to spare IFN-
related side effects for the patient and also to increase
cost effectiveness.

Clinical parameters (fibrosis score, AST, ALT) im-
proved significantly in all patients achieving SVR. While
liver values and platelet count have been described as
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independent predictors for SVR, these factors differ not
with significance between patients with SVR or without
SVR in our cohort. However; in our patients a low bilirubin
turns out to be favourable together with HCV GT1b.

Notably, there was a significant difference in SVR
rates between GT1la and 1b. Although the cohort size
is not sufficient to adequately address this question,
this reveals a clear trend towards lower SVR rates
in patients infected with GT1a. Here, 2 of 7 patients
infected with genotype 1a achieved SVR while 9 of 12
patients infected with GT1b were successfully treated.
Importantly, treatment-failure in genotype la was
associated with selection of R155K in all samples tested.
This goes in line with previous reports indicating that the
barrier to resistance to TVR is lower in GT1la compared
to GT1b™, Interestingly, two patients, one infected with
GT1la and subsequent relapse and one infected with
GT1b and subsequent VB, already carried the resistance-
associated substitution V36L/M prior to therapy.
Resistance-associated substitutions were undetectable in
all patients achieving SVR. Although not conclusive, this
may suggest that the pre-existence of the resistance-
associated substitutions may have contributed to
treatment-failure in those two patients. Resistance
testing prior to PI treatment in the setting of LT-patients
should be considered and the clinical relevance needs
further evaluation.

Interactions with IS were a major concern before
the treatment of LT patients with PIs. PIs are potent
inhibitors of the CYP3A4 enzyme and numerous drug-
drug interactions have been described with CNIs®!,
Based on these reports, patients were monitored daily
regarding trough blood levels. In addition, we chose a
daily low dose application of TAC in order to avoid major
variations in trough levels with nephrotoxic potential
and risk of rejection as previously described™®. In our
patients, dosage of IS had to be reduced 30-fold for
TAC and 2,5 fold for CyA as reported elsewhere!*%'¢,
Still, our observations confirm that tight monitoring of
CNI trough levels is necessary but can be managed.
Even daily dosing and trough levels of CNIs are, in our
point of view, a hallmark in order to avoid trough peaks
with consecutive toxicity. In combination with intensified
oral and intravenous fluid supply, stabilization of renal
function is a central factor to avoid RBV accumulation
with aggravation of anemia. RBV reduction below a
certain level should be avoided regarding the conse-
quence of therapeutic efficiency.

Severe adverse events are a major drawback
of TVR-triple therapy, being considerably more pro-
nounced in the post-LT group of patients™™. The most
predominant adverse event was anemia in almost
all patients, in line with other post-LT experiences.
The abundance of erythrocyte concentrates, which
were administered to our patients, illustrates this fact
impressively. As the baseline hemoglobin level was a
predictor for the probability of developing anemia during
telaprevir treatment™, we excluded patients with a
HB < 10 g/dL from treatment. It has been reported,
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that those patients with a complicated course post-LT
before onset of treatment (FCH, recirrhosis, signs of
decompensation) developed the most severe adverse
events, most importantly viral or bacterial infections. We
therefore did not consider patients with decompensated
cirrhosis for treatment.

Taken together, our results confirm that TVR-based
triple therapy represents a considerable alternative
for LT patients with HCV GT1 reinfection in terms of
effectiveness. Moreover, our data suggest that 100%
response rate after completing a 48 wk course and
80% after completing a 24 wk course can be achieved.
A RVR at TW 4 can be confirmed as positive predictor
for SVR, and also a low bilirubin at baseline and GT1b
are related to a beneficial course and outcome of
TVR-based triple therapy. However, conclusions have
to be drawn with cautiousness as the sample size is
reduced due to a limited number of patients who is
eligible for this treatment, analysis has been performed
retrospectively and controls are missing for possible
confounding factors.

The high rate of treatment failure associated with
emergence of resistance mutations in GT1la suggests
that GT1b should be preferably selected for TVR-based
triple therapy. We recommend daily low dose application
of IS and eager stabilization of renal function in order
to maintain RBV doses of not less than 600 mg/die.
However, severe adverse events are frequent during
therapy, therefore, careful selection of patients eligible
for TVR-based triple therapy is of eminent importance.
To this end, stable liver function and stable blood
count at baseline and intensive patient monitoring
are recommended. In the prospect of IFN-free DAA-
based treatment regimens associated with less harmful
side effects, post-LT treatment of HCV with the first
generation PIs should be avoided in patients with signs
of decompensation, FCH or instable blood count. In order
to achieve a maximum benefit together with the least
risk, patients should be screened for alternative IFN-free
therapy options in those countries where next generation
DAAs are available.

ACKNOWLEDGMENTS

This manuscript forms part of the thesis of A. P-K.

COMMENTS

Background

Chronic hepatitis C (HCV) infection is a serious health burden world-wide.
Previous therapeutic options were inefficient and accompanied by serious side
effects. The introduction of new direct acting antivirals (DAAs), starting with
Telaprevir in 2011, improved the efficiency of treatment significantly. However,
first generation protease inhibitors must still be combined with interferon (IFN),
serious side effects are still common and thorough monitoring of the patients
during therapy is still necessary. In particular, patients who received liver
transplant (LT) due to HCV cirrhosis and who experienced reinfection of their
graft, do have a high medical need for an effective HCV therapy.

Research frontiers

In 2014, several IFN-free treatment options for HCV were introduced and
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approved in several countries. Still, real life data are missing for those
applications and tremendous costs of the second generation DAAs makes
the access difficult for many countries. Patients who received LT due to HCV
cirrhosis are appreciated as a special patient population due to additional
difficulties concerning the application of HCV therapeutics, like, e.g., drug-drug
interactions with immunosuppressants and the risk of graft rejection.

Innovations and breakthroughs

The authors introduce their experience with a large cohort of patients with
recurrent HCV-GT1 infection after LT, who received Telaprevir-based triple
therapy for 48 wk or 24 wk. They display characteristics for each course of
treatment and discuss predictors for potential shortening of treatment duration
without limitation of efficacy.

Applications

They quite extensive and elaborate description of procedure and experiences
will be of interest for centers who might chose to apply a telaprevir-based triple
therapy due to lack or availability of next generation DAAs.

Terminology

TLV, telaprevir: first generation protease inhibitor with direct antiviral efficacy
against HCV; 48 wk course of treatment: standard duration of treatment with
telaprevir-based triple therapy; predictors of outcome: to define factors that
predict the benefit for the patient if undergoing a given treatment with potential
severe side effects.

Peer-review

The study is considered to be of high interest to the field of hepatology due
to the concise and thorough work up of a large data set with the described
treatment modality.

REFERENCES

1 Thomas DL. Global control of hepatitis C: where challenge meets
opportunity. Nat Med 2013; 19: 850-858 [PMID: 23836235 DOI:
10.1038/nm.3184]

2 Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and natural
history of HCV infection. Nat Rev Gastroenterol Hepatol 2013; 10:
553-562 [PMID: 23817321 DOI: 10.1038/nrgastro.2013.107]

3 Terrault N. Liver transplantation in the setting of chronic HCV.
Best Pract Res Clin Gastroenterol 2012; 26: 531-548 [PMID:
23199510 DOL: 10.1016/j.bpg.2012.09.010]

4 Berenguer M. Systematic review of the treatment of established
recurrent hepatitis C with pegylated interferon in combination with
ribavirin. J Hepatol 2008; 49: 274-287 [PMID: 18571272 DOI:
10.1016/j.jhep.2008.05.002]

5 Marks KM, Jacobson IM. The first wave: HCV NS3 protease
inhibitors telaprevir and boceprevir. Antivir Ther 2012;17: 1119-1131
[PMID: 23188750 DOI: 10.3851/IMP2424]

6  Forestier N, Zeuzem S. Telaprevir for the treatment of hepatitis C.
Expert Opin Pharmacother 2012; 13: 593-606 [PMID: 22332992
DOI: 10.1517/14656566.2012.660524]

7 Werner CR, Egetemeyr DP, Nadalin S, Konigsrainer A, Malek NP,
Lauer UM, Berg CP. Treatment of recurrent genotype 1 hepatitis C
post-liver transplantation: single center experience with telaprevir-
based triple therapy. Z Gastroenterol 2014; 52: 27-34 [PMID:
24420796 DOLI: 10.1055/5-0033-1356345]

8  Charlton M. Telaprevir, boceprevir, cytochrome P450 and immuno-
suppressive agents--a potentially lethal cocktail. Hepatology 2011;
54: 3-5 [PMID: 21710471 DOI: 10.1002/hep.24470]

9 Werner CR, Egetemeyr DP, Lauer UM, Nadalin S, Konigsrainer
A, Malek NP, Berg CP. Telaprevir-based triple therapy in liver
transplant patients with hepatitis C virus: a 12-week pilot study
providing safety and efficacy data. Liver Transpl 2012; 18:
1464-1470 [PMID: 22941516 DOI: 10.1002/1t.23542]

10 Herzer K, Papadopoulos-Kéhn A, Timm J, Paul A, Jochum C,
Gerken G. [HCV reinfection after liver transplantation - management
and first experiences with telaprevir-based triple therapy]. Dtsch Med
Wochenschr 2013; 138: 1759-1764 [PMID: 24002874 DOI: 10.1055/
$-0033-1349494]

11 Forestier N, Zeuzem S. Triple therapy with telaprevir: results in
hepatitis C virus-genotype 1 infected relapsers and non-responders.
Liver Int 2012; 32 Suppl 1: 44-50 [PMID: 22212571 DOI: 10.1111/

May 28,2015 | Volume 7 | Issue 9 |



15

18

JRaishideng®

Herzer K et a/. HCV therapy after liver transplant

j-1478-3231.2011.02720.x]

Pawlotsky JM. New hepatitis C therapies: the toolbox, strategies,
and challenges. Gastroenterology 2014; 146: 1176-1192 [PMID:
24631495 DOI: 10.1053/j.gastro.2014.03.003]

Feld JJ. The beginning of the end: what is the future of interferon
therapy for chronic hepatitis C? Antiviral Res 2014; 105: 32-38
[PMID: 24548815 DOI: 10.1016/j.antiviral.2014.02.005]

Hill A, Khoo S, Fortunak J, Simmons B, Ford N. Minimum costs
for producing hepatitis C direct-acting antivirals for use in large-
scale treatment access programs in developing countries. Clin Infect
Dis 2014; 58: 928-936 [PMID: 24399087 DOI: 10.1093/cid/ciu012]
Salvatierra K, Fareleski S, Forcada A, Lopez-Labrador FX. Hepatitis
C virus resistance to new specifically-targeted antiviral therapy:
A public health perspective. World J Virol 2013; 2: 6-15 [PMID:
24175225 DOI: 10.5501/wjv.v2.i1.6]

Papadopoulos-Kohn A, Achterfeld A, Paul A, Canbay A, Timm
J, Jochum C, Gerken G, Herzer K. Daily Low-dose Tacrolimus
Is a Safe and Effective Immunosuppressive Regimen During
Telaprevir-based Triple Therapy for Hepatitis C Virus Recurrence
After Liver Transplant. Transplantation 2015; 99: 841-847 [PMID:
25208324 DOLI: 10.1097/TP.0000000000000399]

Werner CR, Franz C, Egetemeyr DP, Janke-Maier P, Malek NP,
Lauer UM, Berg CP. Efficacy and safety of telaprevir (TVR) triple
therapy in a ,real-life* cohort of 102 patients with HCV genotype
1: interim analysis after 24 weeks of treatment. J Viral Hepat 2014;
21: 333-340 [PMID: 24716636 DOI: 10.1111/jvh.12145]

Coilly A, Roche B, Dumortier J, Leroy V, Botta-Fridlund D,
Radenne S, Pageaux GP, Si-Ahmed SN, Guillaud O, Antonini TM,
Haim-Boukobza S, Roque-Afonso AM, Samuel D, Duclos-Vallée
JC. Safety and efficacy of protease inhibitors to treat hepatitis C

WJH | www.wjgnet.com

1296

19

20

21

22

23

24

after liver transplantation: a multicenter experience. J Hepatol 2014;
60: 78-86 [PMID: 23994384 DOI: 10.1016/j.jhep.2013.08.018]
Fried MW, Hadziyannis SJ, Shiffman ML, Messinger D, Zeuzem
S. Rapid virological response is the most important predictor of
sustained virological response across genotypes in patients with
chronic hepatitis C virus infection. J Hepatol 2011; 55: 69-75
[PMID: 21145856 DOI: 10.1016/j.jhep.2010.10.032]

Sarrazin C, Schwendy S, Méller B, Dikopoulos N, Buggisch P,
Encke J, Teuber G, Goeser T, Thimme R, Klinker H, Boecher WO,
Schulte-Frohlinde E, Prinzing R, Herrmann E, Zeuzem S, Berg T.
Improved responses to pegylated interferon alfa-2b and ribavirin by
individualizing treatment for 24-72 weeks. Gastroenterology 2011;
141: 1656-1664 [PMID: 21784046 DOL: 10.1053/j.gastr0.2011.07.019]
European Association for Study of Liver. EASL Clinical Practice
Guidelines: management of hepatitis C virus infection. J Hepatol 2014;
60: 392-420 [PMID: 24331294 DOI: 10.1016/j.jhep.2013.11.003]
Wyles DL, Gutierrez JA. Importance of HCV genotype 1 subtypes
for drug resistance and response to therapy. J Viral Hepat 2014; 21:
229-240 [PMID: 24597691 DOI: 10.1111/jvh.12230]
Pungpapong S, Agel BA, Koning L, Murphy JL, Henry TM,
Ryland KL, Yataco ML, Satyanarayana R, Rosser BG, Vargas HE,
Charlton MR, Keaveny AP. Multicenter experience using telaprevir
or boceprevir with peginterferon and ribavirin to treat hepatitis
C genotype 1 after liver transplantation. Liver Transpl 2013; 19:
690-700 [PMID: 23696372 DOI: 10.1002/1t.23669]

Zeuzem S, DeMasi R, Baldini A, Coate B, Luo D, Mrus J, Witek
J. Risk factors predictive of anemia development during telaprevir
plus peginterferon/ribavirin therapy in treatment-experienced
patients. J Hepatol 2014; 60: 1112-1117 [PMID: 24486089 DOI:
10.1016/j.jhep.2014.01.013]

P- Reviewer: Hu R, Teoh AYB, Voutsas V  S- Editor: Tian YL
L- Editor: A E- Editor: Liu SQ

May 28,2015 | Volume 7 | Issue 9 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.



	WJHv7i9-Cover
	World Journal of Hepatology-Editorial Board
	WJHv7i9Contents
	WJH-7-1154
	WJH-7-1157
	WJH-7-1168
	WJH-7-1184
	WJH-7-1192
	WJH-7-1209
	WJH-7-1233
	WJH-7-1238
	WJH-7-1244
	WJH-7-1251
	WJH-7-1258
	WJH-7-1265
	WJH-7-1272
	WJH-7-1282
	WJH-7-1287
	WJHv7i9-Back Cover

