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Abstract

Ultrasound elastography is perhaps the most important
breakthrough in the evolution of ultrasonography in
the last 15 years. Since transient elastography was
introduced, many other methods have been developed
and became more and more widely available. The value
of ultrasound elastography in staging a chronic liver
disease has been established by numerous studies.
There have been many studies that have shown that
using liver elastography it is possible to predict the
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presence of the complications of cirrhosis: portal
hypertension, presence of esophageal varices (and even
their risk of bleeding) and hepatocellular carcinoma.
It has been shown that liver elastography can predict
the progression of liver fibrosis and also the survival
(hepatic events - free) of the patients with chronic liver
diseases. These are the real quests of the clinicians,
this is the ultimate scope of any medical investigation -
to predict the outcome of a patient and to help making
therapeutic decisions. I brought together only a small
amount of the data that has already been written
on this subject to support my affirmation that liver
ultrasound elastography is more than a tool for staging
the liver disease, but it is also comparable to a crystal
ball which in the hands of a skilled clinician can reveal
the future of the patient and can help to improve this
future.

Key words: Liver ultrasound elastography; Transient
elastography; Fibrosis; Hepatitis; Survival; Cirrhosis

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

Core tip: In this editorial I brought together data from
the literature in the support of the affirmation that
liver ultrasound elastography is more than a tool for
staging the disease, that it can also be used to predict
the presence of the complications of cirrhosis: portal
hypertension, presence of esophageal varices (and
even their risk of bleeding), ascites and hepatocellular
carcinoma. Studies shown that liver elastography can
predict the progression of liver fibrosis and also the
survival (hepatic events - free) of the patients with
chronic liver diseases, being therefore a helpful tool in
the hands of a skilled clinician.

Gherlan GS. Liver ultrasound elastography: More than staging
the disease. World J Hepatol 2015; 7(12): 1595-1600 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i12/1595.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.112.1595
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INTRODUCTION

Ultrasound elastography is perhaps the most important
breakthrough in the evolution of ultrasonography in
the last 15 years. Liver elastography in particular has
seen an unprecedented development in the last 10
years since transient elastography (TE) was introduced
in 2003 as a tool to assess the liver fibrosis. Since
then, many approaches have been tried with the same
purpose: to evaluate the stiffness of the liver tissue and
thus to appreciate the extension of the liver damage, to
correctly identify the stage of the fibrosis.

The main idea behind elastography is that the
elasticity of the analyzed tissue can offer information on
the health of that particular organ. A stiffer liver tissue
usually indicates the presence of the consequence of
any chronic liver disease: the fibrosis. There can be
some interferences (inflammation, steatosis, meal
consumption prior the examination)!*, but the increase
of the stiffness of the liver is mostly due to fibrosis.

Liver ultrasound elastography techniques are based
on the principle that the speed of a wave that propagates
through the liver is influenced by the stiffness of the
tissue. Basically, the stiffer the liver, the faster the wave
passes through.

TE (Fibroscan/Echosens) uses a mechanical wave
generated by a special transducer, while acoustic
radiation force impulse imaging (ARFI, Siemens) and
shear wave elastography (SWE, Supersonic Imaging) use
sound waves. Other ultrasound elastography techniques
have been also developed, but TE and ARFI are the
subjects of most researches, these two techniques being
the oldest in use.

The value of ultrasound elastography in staging a
chronic liver disease has been established by numerous
studies’® ™, But staging the disease is just one step
towards what the clinician actually wants to achieve:
to glimpse into the future of the patient, to see how
the disease is going to evolve, what complications and
when are they going to occur.

Liver elastography has some limitations - TE cannot
be performed or the results may be influenced in the
presence of the obesity, ascites, narrow intercostal
spaces. ARFI overcomes most of these limitations, the
rate of unsuccessful or unreliable measurements being
significantly lower than with TE.

The predictive value of the liver ultrasound elasto-
graphy is the subject of this editorial. If not otherwise
mentioned, the following information refers to TE.

USE OF LIVER ULTRASOUND
ELASTOGRAPHY FOR THE PREDICTION
OF THE PATIENT'S PROGNOSIS

There have been many studies that have shown
that using liver elastography it is possible to predict
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the presence of the complications of cirrhosis: portal
hypertension (PH), presence of esophageal varices (EV)
and their risk of rupture, ascites and hepatocellular
carcinoma (HCC). It has been shown that liver elasto-
graphy can predict the progression of liver fibrosis and
can also predict the survival of patients with chronic liver
diseases.

LIVER ELASTOGRAPHY IN THE
PREDICTION OF PH

PH is traditionally evaluated by measuring (invasively) the
hepatic vein portal gradient (HVPG) and is defined as the
HVPG of over 5 mmHg. PH becomes clinically significant
when HVPG value is over 10 mmHg as it is more often
associated with the presence of the varices™'®, A
value of over 12 mmHg predicts a high risk of variceal
bleeding™*®'. HYPG measurement is recommended to all
patients newly diagnosed with cirrhosis for the evaluation
of risk and establishment of prognosis'” and is also a
good tool to monitor the response to treatment and
achievement of endpoints (over 20% HVPG decrease as
compared to baseline and/or HVPG < 12 mmHg)"”..

Both liver stiffness and spleen stiffness have shown
to be predictors for detecting PH!"®?", Liver stiffness
measurement (LSM) has a good correlation with HVPG
r = 0.81, P < 0.0001 when using TE™®, and r = 0.611,
P < 0.0001 with SWE™”., One study that compared LS
with spleen stiffness (SS) assessed both by SWE found
that the diagnostic performance of LSM was significantly
better than that of SS for the diagnosis of clinically
significant PH (area under the receiver operating
characteristic curve of 0.87 vs 0.64, P = 0.003).

LSM has also a good correlation with the stage of
cirrhosis, increasing along with HVPG as the Child stage
increases™™. A meta analysis made on 18 studies which
included 3644 patients found an overall specificity of
90% (95%CI: 0.81-0.95) and a sensitivity of 79%
(95%CI: 0.58-0.91) for LSM by TE in the detection of
significant PH**!. The study of Zhang in 2014 showed
that a value of over 13.6 kPa at TE predicts significant
PH with a specificity of 72.53% and a sensitivity of
83.87%""!, Another study comparing TE with ARFI
found that both are well correlated with PH: r = 0.765;
P < 0.001 for TE and r = 0.646; P < 0.001 for ARFI?**,
At the optimal cut-off (2.58 m/s), the sensitivity and
specificity for ARFI (AUROC: 0.855) were 71.4% and
87.5%, respectively™. In the study by Carrién et af*,
there was a close correlation of TE with HVPG (r = 0.84,
P < 0.001). The optimal liver stiffness cutoff value for
diagnosis of PH (HVPG 6 mmHg) was 8.74 kPa, with a
sensitivity of 90%, specificity 81%, positive predictive
value 81%, and negative predictive value of 90%'*>".

Predicting clinically significant PH is one step towards
the prediction of the presence of EV and their risk of
bleeding.
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LIVER ELASTOGRAPHY IN THE
PREDICTION OF THE PRESENCE OF EV
AND THEIR RISK OF RUPTURE

Liver stiffness measured by TE showed good results
in detecting the presence of EV, with AUROC's ranging
between 0.76 and 0.88"%?°%, The cut-offs mentioned
by the above studies were 17.6, 21.5, 19 kPa and
respectively 19.2 kPa and for these cut-offs the
sensitivities were 0.9, 0.76, 0.84 and 0.85 while the
specificities were 0.43, 0.78, 0.7 and 0.87.

Studies have also shown a correlation between LSM
and the size of the EV¥?**, Thus, LSM may be of help
in the selection of patients for endoscopic screening for
EV and their complications.

Liver stiffness may also predict the risk of variceal
bleeding by predicting large grade EV (Paquet grade
higher or equal to 2), AUROC = 0.85 (95%CI:
0.75-0.94), Another study found an AUROC of
0.58 (95%CI: 0.48-0.67) for ARFI and 0.53 (95%CI:
0.44-0.63) for TE for predicting variceal bleeding™"
sowing that the two analyzed methods have similar
value for this purpose. Elastography may be helpful
to screen and identify patients who are at high risk of
having large grade EV, which predict variceal bleeding
and, therefore, need endoscopic screening.

Liver elastography can also be used in combination
with other markers (such as spleen diameter and
platelet count) to identify more precisely the patients
with higher risk for EV bleeding®”.

LIVER ELASTOGRAPHY IN THE
PREDICTION OF THE PRESENCE OF HCC

Prognosis of patients with chronic liver disease is
determined by the extent and progression of liver
fibrosis, which may lead to the development of HCC.

Liver stiffness is significantly higher in patients
with HCC than in patients without HCC®*>*!, However,
most of the studies found that liver stiffness alone is
insufficient to predict the presence or absence of HCC
and that it should be associated in a score with other
markers. A score developed by Wong et a/*® based
on liver stiffness, age, serum albumin and hepatitis B
virus DNA level was found to have AUROC's of 0.83 to
0.89 in the identification of the HCC patients and a very
good negative (99.4%-100%) for the exclusion of HCC
in patients. In the study conducted by Feier et a*, LS
was significantly higher (42 kPa vs 27 kPa, P < 0.0001)
in the HCC group than in the non-HCC group, but
other 3 parameters (alanine-aminotransferase, alpha-
fetoprotein and interquartile range of the LSMs) were
added to elastography in a score and the resulted model
combining the four variables showed a good diagnostic
performance in both training and validation groups, with
AUROCs of 0.86 and 0.8, respectively™",

Jung et al®® has shown that liver stiffness is also
useful as a part of a predictive model that identifies
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patients that are at risk for late recurrence after curative
resection of HCC. On multivariate analysis, patients with
older age, male sex, heavy alcohol consumption (> 80
g/d), lower serum albumin, HBe antigen positivity and
LSM > 8 kPa were at a significantly greater risk of HCC
development.

LIVER ELASTOGRAPHY IN THE
PREDICTION OF THE SURVIVAL OF
THE PATIENTS WITH CHRONIC LIVER
DISEASES

Liver stiffness, expressing the severity of the liver
damage, is correlated with hepatic events and death. It
has been shown by many studies that measuring liver
elasticity one can predict the survival of a patient!*%,

In the study conducted by Wong et al*”?, they found
age, Hui index and liver stiffness to be independent
predictors of hepatic event - free survival. The same
study showed that the worsening of the liver stiffness
and Hui index at a follow up visit compared to baseline
predicted a hepatic event.

Pang et al®® found that liver stiffness by TE was an
independent predictor of complications (hazard ratio
1.05 per kPa; 95%CI: 1.03-1.06), with the 2-year
incidence rates of death or hepatic complications
of 2.6%, 9%, 19%, and 34% in patients with liver
stiffness < 10 kPa, 10-19.9 kPa, 20-39.9 kPa, and =
40 kPa, respectively (P < 0.00005).

de Lédinghen et al*® showed that survival in patients
with chronic B hepatitis was significantly decreased in
patients diagnosed with severe fibrosis, no matter if liver
elastography was used (P < 0.0001) or liver biopsy (P =
0.02) for the staging of fibrosis.

The study conducted by Vergniol et af*” also showed
that in patients with chronic C hepatitis, noninvasive
tests for liver fibrosis (measurement of liver stiffness or
FibroTest) can predict 5-year survival.

The fact that liver stiffness can predict survival may
help clinicians in their decision-making process for
establishing therapeutic options for the patient and even
liver transplantation indication.

CONCLUSION

In the past 10 years, liver ultrasound elastography
struggled and succeeded to partially replace liver biopsy
for the purpose of staging the liver diseases regardless
of their etiology. However, as the method became more
widely available and because the actual quest of the
clinician is to evaluate as completely as possible the
extent of the liver damage, its complications and if
possible, even to predict an outcome, LSM was studied
recently for these purposes also.

It is now known that cirrhosis has a complex and
dynamic pathologic spectrum. The average risk of
progressing from compensated to decompensated
cirrhosis is 6%-9% per year*". Survival in the com-
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Table 1 Use of ultrasound elastography to predict liver disease related complications

Ref. Method Cut-off value Sensitivity Specificity AUROC
Elastography to predict significant portal hypertension

Zhang et al®! TE 13.6 kPa 83.87% 72.53% 0.83

Salzl et I TE 16.8 kPa 89.75% 75% 0.87

Salzl et al™ ARFI 258 m/s 71.4% 87.5% 0.85

Carrién et ™ TE 8.74 kPa 90% 81% 0.94
Elastography to predict the presence of esophageal varices

Vizzutti et al™ TE 17.6 kPa 90% 43% 0.76

Castéra et al™ TE 21.5 kPa 76% 78% 0.86

Kazemi et al™” TE 19 kPa 84% 70% 0.84

Par et ™ TE 19.2 kPa 85% 87% 0.88
Elastography to predict hepatocellular carcinoma

Feier et al™! TE 38 kPa 51.7% 90.4% 0.68

Wong et al™ TE (part of a score) - - - 0.83-0.89
Elastography to predict the liver related death of the patients with liver cirrhosis

Rate of death
Pang et al™ TE 40 kPa 34%/3 yr
de Lédinghen et al® TE <9kPa 2.9%/5 yr
> 20 kPa 38.5%/5 yr

TE: Transient elastography (fibroscan); ARFI: Acoustic radiation force impulse imaging.

pensated state is of an average of 12 years, while in the
decompensated state the median survival is of only 2
years'*!l, Thus identifying patients in early stages of a
liver disease (even in the compensated state of cirrhosis)
is crucial for the outcome of the patient. Besides,
identifying patients with complications and establishing
their survival prognostic is of more help in the treatment
decision and in the monitoring plan for the future.

We now have noninvasive means to precisely stage
the fibrosis. Particularly, as shown above, liver ultrasound
elastography (with many methods developed by now
for the same purpose - TE, ARFI or SWE) is also a useful
tool for identifying patients with a higher risk of having
complications like PH, EV and even HCC. With the use of
elastography the dlinician can also appreciate the risk of
the patient of having an unfavorable course and develop
complications like EV rupture, decompensation of the
cirrhosis and even death (Table 1).

Therefore, used rationally, liver ultrasound is more
than a tool for staging the disease, is a kind of crystal
ball that in the hand of a skilled clinician can reveal the
future of the patient and contribute to the improvement
of this future.
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Abstract

Ectopic varices are unusual with portal hypertension and
can involve any site along the digestive tract outside
the gastroesophageal region. Hemorrhage from ectopic
varices generally are massive and life threatening.
Diagnosis of ectopic varices is difficult and subsequent
treatment is also difficult; the optimal treatment has
not been established. Recently, interventional radiology
and endoscopic treatments have been carried out
successfully for hemorrhage from ectopic varices.

WJH | www.wjgnet.com

JRaishideng®

Key words: Portal hypertension; Endoscopic injection
sclerotherapy; Balloon-occluded retrograde transvenous
obliteration; Ectopic varices; Endoscopic band ligation;
Percutaneous transhepatic obliteration; Transjugular
intrahepatic portosystemic shunts

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

Core tip: Ectopic varices with portal hypertension are
considered to be the cause of hemorrhage presenting as
lower gastrointestinal bleeding. Recently, interventional
radiology and endoscopic procedures have been per-
formed successfully as a treatment option for ectopic
varices.

Sato T. Treatment of ectopic varices with portal hypertension.
World J Hepatol 2015; 7(12): 1601-1605 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i12/1601.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i12.1601

INTRODUCTION

Portal hypertension results from an increase in the
resistance of blood flow in the intrahepatic portal vein
and can cause the reopening of embryonic channelst*.
Portal venous pressure is critical in the liver function of
cirrhosis and esophageal varices are the most common
complication of cirrhosis. Ectopic varices are portosystemic
collaterals along the digestive tract outside the gastro-
esophageal region and are unusual®®, Endoscopic
procedures such as endoscopic injection sclerotherapy
(EIS) and endoscopic band ligation (EBL) have been
carried out for treating esophageal varices**!, Balloon-
occluded retrograde transvenous obliteration (B-RTO)
is an angiographic technique for fundic varices of
stomach®®. But, the optimal procedure has not been
defined for hemorrhage from ectopic varices.

Here, we review the options in the treatment of

June 28, 2015 | Volume 7 | Issue 12 |
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Figure 1 Endoscopy showed enlarged and tortuous, erosion positive rectal varices in a cirrhotic patient with anal bleeding (A) and endoscopic band

ligation was performed successfully (B).

hemorrhaging ectopic varices.

ECTOPIC VARICES

The majority of portosystemic collaterals with portal
hypertension are located in the esophagus and stomach
and, especially, esophageal varices are the most
common site. Ectopic variceal bleeding is massive and
serious condition. Other sites of ectopic varices are
the duodenum, small intestine, colon, rectum, and the
peritoneum™. A current survey of ectopic varices in
Japan has been reported and the most frequent sites
of ectopic varices are the rectum in 44.5%, followed by
the duodenum in 32.9%".

Rectal varices

Rectal varices are a consequence of portosystemic
collaterals from the superior rectal veins to the middle
inferior rectal veins. Endoscopy can detect the discrete
dilated submucosal varices in the rectum and some
investigators have reported that rectal varices occur at
a high frequency®*"!, Hemorrhage from rectal varices
occurs at a low frequency from 0.5% to 3.6%!"*'%,

Several medical procedures have been performed
for controlling rectal variceal bleeding, however, a
standard treatment has not been established.

Surgical procedures such as portosystemic shunting,
ligation, and under-running suturing, also have been
reported™. Interventional radiologic techniques,
including transjugular intrahepatic portosystemic shunts
(TIPS), have been performed successfully for bleeding
rectal varices'*"”),

As an endoscopic treatment, Wang et al'"® used EIS
for rectal variceal bleeding. EBL has been performed
as an effective procedure for rectal varices™**"! and
Levine et al™! used EBL successfully for the rectal
varices remaining after EIS. EBL is a safe and effective
treatment for rectal varices. However, a retrospective
study comparing EIS and EBL concluded that recurrence
rate tended to be greater with EBL™? and stated that
5% ethanolamine oleate of the sclerosant should be
carefully injected using fluoroscopy, avoiding injection
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into the systemic circulation. Sato et af**! evaluated the
efficacy of EIS for rectal varices and reported that EIS
was a useful and safe treatment for rectal varices with
regard to effectiveness and complication®.

Case presentation

EBL for rectal varices: Endoscopic finding of liver
cirrhosis with anal bleeding revealed enlarged and
tortuous, erosion positive rectal varices (Figure 1A), and
endoscopic band ligation was performed successfully
(Figure 1B).

EIS for rectal varices: EIS was performed using a
flexible gastrointestinal endoscope, with a transparent
hood attached to the tip, and the injection needle
was placed into the varices (Figure 2A). Fluoroscopic
observation with infusion of 5% ethanolamine oleate
with iopamidol was made to determine the extent of the
varices (Figure 2B).

Duodenal varices
Hemorrhage from duodenal varices is low frequent,
however, it is often serious condition®!. The hemo-
dynamics of duodenal varices involved the development
of collateral veins between the portal vein trunk or
superior mesenteric vein and the inferior vena cava®!.
Hemorrhage from duodenal varices is generally massive
and fatal®?®!, The diagnosis of duodenal varices is done
ordinary by endoscopic examination, however, it is often
difficult to observe hemorrhaging duodenal varices. The
common site of duodenal varices is the duodenal bulb®®,
ranked next the second portion of the duodenum'®”. In
the United States and Europe, varices of the duodenal
bulb occur most frequently because of extrahepatic
portal obstruction, causing portal hypertension. On the
other hand, in Japan, common site of duodenal varices
is the second portion of the duodenum. In addition,
hemorrhage from duodenal varices in the distal third
portion is very rare!??%,

Recently, interventional radiology and endoscopic
treatments have been performed successfully for duodenal
varices. EBL is useful for obtaining hemostasis®®*",
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Figure 2 Endoscopic injection sclerotherapy was performed using a transparent hood attached to the tip and injection needle placed into the varices (A)
and fluoroscopic observation with infusion of 5% ethanolamine oleate with iopamidol was made to determine the extent of the varices (B).

Figure 3 Endoscopy revealed tortuous duodenal varices in the anterior wall of the second portion (A) and N-butyl-2-cyanoacrylate was injected with

contrast medium into the duodenal varices on fluoroscopic observation (B).

however, re-bleeding of varices is an weak point with EBL.
EIS has been performed successfully for the treatment
of duodenal variceal bleeding®>* but there were serious
problem of re-bleeding of the varices®***!, N-butyl-2-
cyanoacrylate is a tissue glue monomer; upon contact
with blood, it immediately polymerizes and solidifies,
resultings in hemostasis of variceal bleeding. Endoscopic
therapy using N-butyl-2-cyanoacrylate is also very useful
for massive duodenal variceal bleeding®>" because of
the high blood velocity and blood flow. Interventional
radiologic techniques such as TIPS, B-RTO, and percu-
taneous transhepatic obliteration (PTO) are options
for hemorrhaging duodenal varices and successful
treatments have been reported, including TIPS®® and
B-RTO™**1, B-RTO is able to obliterate the afferent and
efferent veins and may be considered as a treatment
option for duodenal varices. PTO also has been used
successfully in some cases™**,

Case presentation

Endoscopic treatment using cyanoacrylate for
duodenal varices: Endoscopy of liver cirrhosis with
massive melena revealed tortuous duodenal varices
in the anterior wall of the second portion (Figure 3A).
N-butyl-2-cyanoacrylate was injected with contrast
medium into the duodenal varices on fluoroscopic
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observation (Figure 3B).

Small intestinal varices
Bleeding from jejunal and ileal varices may be massive
and serious and it is difficult to achieve early diagnosis.
Most cases are detected following intra-abdominal
surgery. The development of collateral circulation via
the post-operative adhesions is a risk factor of small
intestinal varices in patients with portal hypertension.
Many literatures of hemorrhaging jejunal™**! and
ileal varices**>*! have been described. Bleeding small
intestinal varices are as follows: portal hypertension,
hematochezia without hematemesis, and previous
abdominal surgery™. Several treatments are available
for jejunal varices, such as surgery™”, portal venous
stenting™*****! and percutaneous embolization****!, and
surgery has been used successfully for bleeding ileal
varices®>****71, 1n ileal variceal patients with a serious
condition, angiographic techniques including TIPS have
been used successfully as a non-surgical approach®*>>%,
B-RTO is also practical for treating ileal varices®®* and it
also may be used for patients in a serious condition.

CONCLUSION

1603

Ectopic varices in patients with portal hypertension are

June 28, 2015 | Volume 7 | Issue 12 |
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considered to be the cause of hemorrhage presenting
with lower gastrointestinal bleeding, and recently, their
frequency has been increasing.

The diagnosis of ectopic varices and subsequent
treatment are difficult. Recently, interventional radiology
and endoscopic treatments have been performed
successfully for ectopic varices. More investigations are
necessary in a large number of patients.
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Abstract

The first generation direct antiviral agents (DAAs)
highlighted substantial prognosis improvement among
liver transplant (LT) candidates and recipients with
recurrent hepatitis C virus (HCV) infection. During
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2014, second generation DAAs are associated with
high sustained virological response rates (> 95%),
shortened duration courses and relatively few toxicities.
In keeping with the currently available data, patients
with decompensated cirrhosis awaiting LT is preferable
to be treated with interferon-free, new generation
DAAs, with or without ribavirin combinations. Although
data about the safety of nhew DAAs combinations in
this patient population are limited, sofosbuvir and
daclatasvir pharmacokinetics do not appear to change
significantly in moderate or severe liver impairment,
while other new DAAs (simeprevir, asunaprevir)
seem to be contraindicated in patients with severe
liver impairment (Child-Pugh class C). On the other
hand, sofosbuvir should not be given in patients with
glomerular filtration rate < 30 mL/min, but ongoing
trials will clarify better this issue. With the objective
that newer antiviral combinations will yield safer and
more efficient manipulation of HCV recurrence post-
transplant, the European Association for the Study of the
Liver has recently updated its recommendations towards
this direction. Nevertheless the new antivirals’ high cost
may be the biggest challenge to their implementation
worldwide.

Key words: Liver transplantation; Decompensated
cirrhosis; Hepatitis C; New antiviral agents; Sofosbuvir;
Simeprevir; Daclatasvir; Recurrent hepatitis C

© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: Treatment landscape for liver transplant (LT)
candidates and recipients with chronic hepatitis C is
rapidly shifting due to novel updated data on direct
antiviral agents (DAAs); Patients with decompensated
cirrhosis awaiting LT should be treated with the inter-
feron (IFN)-free, new generation DAAs, with or without
ribavirin (RBV) regimens; IFN-free combinations of
sofosbuvir with other novel DAAs with or without RBV
led to remarkable on-treatment virological response
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along with minimal adverse effects “on difficult to treat”
LT recipients with recurrent hepatitis C - those with
chronic hepatitis C genotype 1, decompensated cirrhosis
with Child-Pugh stage B and C as well as previously
intolerant or non responsive to IFN therapy; Evidence
regarding the efficacy and safety of novel combinative
treatments although are very promising, refer still to
patients case series.

Pipili C, Cholongitas E. Treatment of chronic hepatitis C in liver
transplant candidates and recipients: Where do we stand? World
J Hepatol 2015; 7(12): 1606-1616 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i12/1606.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i12.1606

INTRODUCTION

Hepatitis C virus (HCV) infection is the leading liver
cause of death worldwide and the main indication for
liver transplantation (LT)". It also diminishes overall
and graft survival in LT recipients resulting in shorter
survival comparing with other LT recipients'*?'. Ideally,
viral load elimination prior to LT hampers graft loss from
chronic hepatitis C (CHC) recurrence'®. In the absence
of an HCV vaccine to prevent infection and with therapy
until very recently limited to interferon (IFN)-based
regimens, most HCV-infected candidates for LT patients
remained untreated.

Direct antiviral agents (DAAs) represent a striking
innovation in HCV treatment. The first generation
DAAs, boceprevir and telaprevir, act mainly as NS3-4A
serine protease inhibitors and have been in use since
2011. When combined with pegylated IFN (Peg-IFN)
and ribavirin (RBV) lead to 30% increase of sustained
virological response (SVR) on CHC patients with
genotype 1 treated for the first time and to 50%-60%
increase on those who experienced at least one episode
of relapse compared to the standard of care (Peg-IFN
plus RBV)"\. However, first generation DAAs present
significant draw backs such as limited efficacy on HCV
genotype 1, absolute co-administration with Peg-IFN
and RBV, frequent drug-to drug interactions and toxicity,
particularly in patients with underlying cirrhosis!”’.
Patients with decompensated cirrhosis who are on the
transplant list should be considered for IFN-free, ideally
RBV-free therapy because both Peg-IFN and RBV are
associated with poor tolerability and many side effects
mainly due to the splenomegaly-related pancytopenia'.

Other classes of DAAs targeting different steps of
HCV replication have been approved more recently,
including nucleotide polymerase (NUC-NS5B) inhibitors,
non-nucleotide polymerase (non-NUC-NS5B) inhibitors
and NS5A inhibitors. Several dual and triple DAA regimens
are in clinical development in patients before and after
LT suggesting that these regimens will dramatically
reduce the impact of recurrent HCV post LT®.,

Within 2014, three new DAAs were licensed for
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use in combined therapies against HCV infection in the
European Union. These include sofosbuvir, (Sovaldi,
Gilead Sciences) which represents the first NS5B HCV
polymerase inhibitor that has pangenotypic antiviral
activity and a high genetic barrier to resistance™’;
simeprevir (Olysio, Janssen), a second-wave NS3/4A
protease inhibitor; and daclatasvir (Daklinza, BMS), an
NS5A inhibitor®), In addition, other DAAs are currently
under consideration and their final approval is waiting
in the first half of 2015 (Table 1). All these DAAs have
been evaluated with or without Peg-IFN + RBV. Although
scarce data is available in LT candidates and recipients,
novel DAAs combinations seem more efficacious and
better-tolerated option. Nevertheless, cost limitations
across various health insurances may avert their use.
The current review updates treatment for patients with
CHC before and after LT.

HCYV positive LT candidates

The aim of antiviral therapy before LT is the undetectable
HCV RNA at the time of LT or SVR before LT, peg-
IFN and RBV was the standard of care for patients with
CHC up to 2011. Indeed they reduced cirrhosis driven
complications such as HCC and improved the abnormal
histological changes™®'", but in an inadequate per-
centage of patients™™®™, Generally, SVR rates are lower
in patients with cirrhosis ranging 40%-50% for Child-
Pugh (CP) class A and 7%-26% for CP class C*7*
and in patients with genotypes 1 and 4 compared with
genotype 2 and 3 patients (51% vs 61%)?” while a
reduction on SVR is evident regarding the level of fibrosis
(Tables 2 and 3).

Peg-IFN-based treatment has also been associated
with poor tolerability and lots of adverse effects?®?!,
These include neuropsychiatric disorders and mainly
pancytopenia®®”, requiring erythropoietin and granulocyte
colony- stimulating factors®®*??, Of note, LT candidates
with HCV compensated cirrhosis are more prone to Peg-
IFN- and RBV-related hematologic toxicities, because
splenomegaly caused by portal hypertension enhances
the risk for cytopenias®, Therefore, Peg-IFN and RBV
dose adjustment and close monitoring is recommendable.
More specifically, patients with CP score B require
treatment tailoring decisions focused on type of genotype,
level of viral load and first or repeat antiviral treatment™.,

A triple therapy with the addition of first generation
DAAs is the preferred choice for patients with genotype
1 when newer DAAs are not available!®. Boceprevir and
telabrevir are better therapeutic choice for patients with
genotype 1 ensuring excellent efficacy and prognosis
compared to Peg-IFN and RBV treatment. Data showed
that triple therapy increased SVR rates in naive and
previously treated patients with genotype 1 between
68%-75% and 59%-88% respectively®* %, Boceprevir
therapy also offers the possibility of shortened duration
therapy for rapid responders, defined by an undetectable
plasma HCV RNA level at treatment week 87*, One
should notice that DAAs should not be applied as
monotherapy and their dose should not be reduced,
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Table 1 Direct acting antivirals commenced on patients

with decompensated cirrhosis or recipients after liver trans-
plantation

Approved protease inhibitors

Boceprevir NS3-4A serine protease inhibitors
Telaprevir Second-wave NS3/4A protease
inhibitor
Simeprevir
Approved NS5A inhibitors
Daclatasvir NS5A inhibitor

Approved NS5B RNA-dependent
RNA polymerase nucleotide
inhibitor

Sofosbuvir NS5B RNA-dependent RNA
polymerase nucleotide inhibitor
Newer DAAs evaluated in

combination regimens without Peg-

IFN
Ledipasvir (formerly GS-5885) NS5A inhibitor
ABT-450 NS3/4A protease inhibitor
Ombitasvir (formerly ABT-267) NS5A inhibitor
Dasabuvir (formerly ABT-333) Non-nucleoside NS5B polymerase
inhibitor

Peg-IFN: Pegylated interferon.

stopped and then restarted!. However, high rates of
serious adverse events, discontinuation and deaths have
been recorded”. The adverse effects included anaemia,
metallic taste, infection and rash which were more
evident in patients with cirrhosis®?®!, For this reason
the administration of the triple therapy remains of high
risk in patients with cirrhosis. Anaemia is considered
positive predictor of SVR in patients receiving the triple
regimen and should be corrected with erythropoietin
and reduction of RBV dose™ ! without any change in
boceprevir or telaprevir administration.

The data regarding the efficacy and safety of triple
therapy to HCV patient with decompensated cirrhosis
are very limited. Verna et al®* treated 29 patients with
cirrhosis CP class A (62%) or B (38%) while waiting on
the transplant list with telaprevir (93%) or boceprevir-
based (7%) triple therapy for a median (range) of 27
(3-50) wk, including a Peg-IFN and RBV lead-in phase in
18%. Overall SVR at 12 wk was 52%, including patients
who completed a full course of therapy, but 28% of
patients require hospital admission because of treatment
complications including decompensation of liver disease,
variceal hemorrhage, cholecystits, optic neuritis and
anemia requiring transfusion®¥. The efficacy and the
safety of triple therapy have been tested in patients with
mildly decompensated cirrhosis as well®. SVR at 12 wk
was achieved by 35% of patients with CP = 6 vs 54%
of those with CP = 5%\, Furthermore, 25% of patients
with compensated cirrhosis discontinued treatment
early due to adverse events, while high proportion
required drug dose reductions and hospitalizations due
to side effects”!. Although a French multicenter phase
II trial is being assessing the safety and the efficacy
of boceprevir-based triple therapy in patients with
genotype 1 and a baseline MELD score 18 on the waiting
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Table 2 Doses of antivirals in liver transplant candidates and

recipients

Peg-IFN-o. 2a 180 pug/wk, subcutaneous
Peg-IFN-o. 2b  Weight-based 1.5 pug/kg

per week, subcutaneous
Weight-based, 1000 mg in patients
< 75kg, 1200 mg in patients = 75
kg, orally twice a day

Renal adjustment
No CNI adjustment

Ribavirin

Boceprevir 800 mg orally three times a day ~ No renal adjustment
Telaprevir 1125 mg orally twice a day CNI adjustment
Sofosbuvir 400 mg daily, orally

No renal adjustment’
No CNI adjustment®

Daclatasvir 60 mg daily, orally

Simeprevir 150 mg daily, orally

'Sofosbuvir only in patients with glomerular filtration rate > 30 mL/min;
*Simeprevir should not be given with cyclosporine. CNI: Calcineurin
inhibitor; Peg-IFN: Pegylated interferon.

list™, it is apparent that IFN-free therapies are highly
desirable for patients with decompensated disease®***.

In fact, the treatment chances of critical CHC can-
didates for LT will be very high should second generation
DAAs is applicable. Sofosbuvir, a nucleotide HCV
polymerase inhibitor, is now available and offers better
tolerability and efficacy across all HCV genotypes making
sustained clearance of HCV deliverable to a much larger
number of infected individuals®'. We are at the beginning
of an era where combinations of DAAs may pave the way
for IFN-free regimens, even improving the viral clearance
rate to near 100%. Evidence comes from the following
four trials®”*%, In the open label phase II study of Curry
et al*”’ 61 CHC candidates with HCC and normal liver
function tests (CP score << 7) commenced on sofosbuvir
(400 mg/d) and RBV (based on their weight) until LT for
a maximum of 48 wk. Thirty six out of the 40 patients
who underwent LT achieved viral load below 25 IU/mL
pre LT. In the view of excellent tolerability, 96% had
unidentifiable HCV RNA and no viral recurrence at four
weeks post LT. Nevertheless, 69% achieved SVR and
27% had HCV recurrence, 12 wk post LT. Curiously, one
patient undergone second LT died and one presented
anemia related to RBV.

Given the high mortality due to HCV recurrence
after LT, the evidence that sofosbuvir and RBV before
LT prevented the recurrence of CHC after LT in 70%
of patients who had undetectable HCV RNA prior to
LT, provide great hope for patients in need. In the
randomized open label study of Afdhal et ai®® 50 CHC
with genotypes 1-4 either commenced on sofosbuvir
plus RBV for 12 mo or were observed for 6 mo and
then treated. Patients’ characteristics included portal
hypertension plus/or minus decompensated liver disease,
CP score 5-10 and MELD score > 13. Undetectable
HCV-RNA was achieved in 100% for CP class A and
93% for CP class B after 6 mo of treatment. No patient
experienced treatment breakthroughs. Ultimately, in the
study of Gane et al”” 20 patients with CHC genotype
1 and CP cdlass B received sofovusvir £ RBV combined
with the newer NS5A inhibitor ledipasvir for four weeks
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Cirrhosis CP A, all HCV genotypes
Sofosbuvir + RBV until LT

Cirrhosis CP B and C, all HCV genotypes
Sofosbuvir + RBV until LT

Peg-IFN + RBV + sofosbuvir for 12 wk

IEN contraindicated

RBV + sofosbuvir + daclatasvir for 12 wk

RBV + sofosbuvir + daclatasvir for 12 wk

CP: Child-Pugh; HCV: Hepatitis C virus; LT: Liver transplant; RBV: Ribavirin; Peg-IFN: Pegylated interferon.

Table 4 Major studies of interferon-free regimens for treatment of hepatitis C virus positive liver transplant candidates reported in

2014

Ref. n CP score Antiviral scheme Virological response

Curry et al®” 61 <7 SOF + RBV for 48 wk or until LT 69% (12 wk after LT)

Gane et al™ 20 79 SOF + RBV + ledipasvir for 12 wk 89% (SVR 4 wk)

Flamm et al*” 108 Decompensated cirrhosis (range: 7-12) ~ SOF + RBV + ledipasvir for 12 or 24 wk  87% and 89%, respectively (SVR 12 wk)
Afdhal et al™ 50 5-10 SOF + RBV for 48 wk 100% CP class A

93% CP class B at 24 wk under treatment

n: Number of patients; CP: Child-Pugh; SOF: Sofosbuvir; RBV: Ribavirin; SVR: Sustained virological response.

(preliminary data for the ongoing Electron Study). High
percentage (89%) achieved SVR so far (at four weeks)
with good safety and tolerance profile (there were
no treatment discontinuations). Similarly, sofosbuvir,
ledipasvir and RBV for 3 or 6 mo were well tolerated and
resulted in high SVR (87% and 89%, respectively) in 108
patients with decompensated cirrhosis CP class B or C*”’,
Interestingly, Donato et a**! reported undetectable HCV
RNA for 24 wk after treatment discontinuation in a LT
recipient treated prior LT - on the waiting list- over LT and
post LT for a total period of 24 wk with the combination
of sofosbuvir and RBV (Table 4).

Based on the currently available data, patients
with decompensated cirrhosis awaiting LT should be
treated with the IFN-free, new generation DAAs, with or
without RBV regimens. Although more data are needed
about the safety of new DAAs drug combinations in this
patient population, it seems that the pharmacokinetics
of sofosbuvir and daclatasvir do not appear to change
significantly in moderate or severe liver impairment'*”,
while other new DAAs (simeprevir, asunaprevir) seem
to be contraindicated in patients with severe liver
impairment (CP class C). On the other hand, sofosbuvir
should not be given in patients with GFR << 30 mL/min,
but ongoing trials will clarify better this issue. With the
objective that newer drug combinations will yield safer
and more efficient prevention of HCV recurrence post-
transplant and the - so far poorly treated - patients
with low MELD scores and HCC will benefit most™,
treatment recommendations for LT candidates are
updated as below: Patients with conserved liver function
(CP class A) in whom the indication is HCC for LT is
strongly recommended to be treated with daily weight-
based RBV (1000 or 1200 mg in patients < 75 kg or
= 75 kg, respectively) and daily sofosbuvir until LT.
Otherwise, they should be offered a 12-wk treatment
prior to LT with the combination of Peg-IFN, RBV and
sofosbuvir or the combination of daily weight-based
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RBV, daily sofosbuvir and daily daclatasvir®. Candidates
with more advanced decompensated cirrhosis (CP
class B and C), should be commenced only in IFN-
free regimes; i.e., daily weight-based RBV and daily
sofosbuvir for minimization post-LT HCV recurrence; for
genotypes 1 to 4 the triple combination of daily weight-
based RBV, daily sofosbuvir and daily daclatasvir until
LT in experienced centres under close monitoring™.
Both sofosbuvir and daclatasvir do not need dose
adjustments in patients with CP class B or C disease.
Their most frequently reported side effects were fatigue,
headache, nausea and anemia, the latter attributable to
the co-administration of RBV®*,

HCV positive LT recipients
Reinfection of liver allograft is universal resulting in
acceleration of HCV recurrence compared with non-
LT patients leading in 70% decompensation vs 10%
in other immunocompetent groups three years post-
transplant™; graft loss and lower survival rates**,
HCV recurrence is the most frequent cause of death and
accounts for the two thirds of graft failures in patients
transplanted for HCV infection™. Fibrosing cholestatic
hepatitis is the most severe aggressive form of HCV
recurrence affecting 5%-8% of LT recipients™®’. It is
characterized by high viral load levels and extensive
dense portal fibrosis extending into the sinusoidal spaces,
ductular proliferation, cholestasis and mononuclear
inflammation™®, Its prognosis is very poor if recipients
do not respond to antiviral treatment (Tables 2 and 5).
Several strategies, including the new generation of
antivirals, the optimal donor and the immunosuppre-
ssant selection, have been applied to improve outcomes
post LT. Negative predictive factors associated with
aggressive recurrent HCV infection and graft loss are
the high HCV RNA levels in both serum and liver at
the time of or early post-LT, female gender and older
donor age, steatosis of the graft as well as the degree
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Table 5 Treatment of hepatitis C virus recurrence post liver transplant

IFN-free: Sofosbuvir + RBV (HCV genotype 2 for 12-24 wk); sofosbuvir + daclatasvir + RBV (HCV genotypes 1, 3-6 for 12-24 wk); sofosbuvir + simeprevir

+ RBV (HCV genotypes 1, 4 for 12 -24 wk)

In case of restriction applying first generation DAAs
Fibrosis metavir stage 3-4 Genotype 2/3
Genotype la
IL-28B polymorphism

Fibrosing cholestatic hepatitis Peg-IFN plus RBV

Genotype 1

Fibrosis metavir stage 2

Predictors of poor response

Peg-IFN plus RBV plus boceprevir or telaprevir

Non responders to previous treatments Monitor closely Hb, WBC, PLTs CNI levels, renal function

Consider

Administration of blood transfusions, EPO, CSGF

Decrease of RBV dose
Renal dose adjustment
Decrease of CNI dose

IFN: Interferon; RBV: Ribavirin; CNI: Calcineurin inhibitor; HCV: Hepatitis C virus; Peg-IFN: Pegylated interferon; DAA: Direct antiviral agent; WBC: White
cells blood count; PLTs: Platelets; EPO: Erythropoietin; CSGF: Granulocyte-colony stimulating factor.

of human leukocyte antigen matching of the donor and
recipient**”, Moreover, immunosuppressant selection
is considered a major factor contributing to acceleration
of HCV recurrence. While methyl prednisolone pulses
for treatment of acute rejection could drive aggressive
HCV recurrence ending up to graft loss, sirolimus could
result on HCV RNA elimination without additional antiviral
treatment™"*?, Ultimately, everolimus may offer a benefit
for posttransplant HCV-related fibrosis progression!®®.
Cyclosporine is considered to have advantage over the
other immunosuppressants, because of potential antiviral
action (the target protein of cyclosporine, cyclophilin A
is involved in the HCV replication)™; the enhancement
of SVR in LT recipients treated with the dual therapy™
and the fewer interactions with the triple regimen.
Steroid free regimens have been also tried; although
they were safe and effective, they did not influence HCV
recurrence ", Nevertheless, many of these issues
might have limited impact in the era of the newer DAAs,
since the majority of patients with HCV recurrence can
effectively be treated.

Preemptive prophylaxis for CHC recurrence post
LT is not recommendable so far with Peg-IFN-based
regimens, because as determined by randomized trials
the therapeutic cost is high, tolerability is poor and no
additional therapeutic effect is gained™®*”, Nevertheless,
new DAAs clinical application this may change this
therapeutic strategy in the near future. The presence of
significant fibrosis or portal hypertension one year after
transplantation is predictive of rapid disease progression
and graft loss, requiring urgent antiviral treatment®"®%,
Fibrosing cholestatic hepatitis and significant fibrosis®
determined by METAVIR score > F1%, liver stiffness
> 8.7 kPa'®! and hepatic venous gradient > 6"
are additional indications for antiviral treatment. Of
note is the fact that patients with fibrosis level > 3
cannot tolerate Peg-IFN-based therapy'™®!. Timely
diagnosis of HCV recurrence based on histology is also
recommendable, but should be properly differentiated
with acute liver rejection since pathology is similar
but treatment distinct™®”. Simultaneous use of regular
protocol biopsies, transient elastography and fibrosis
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markers are necessary to determine the progression of
rejection and/or fibrosis'??.

The therapeutic strategy for treatment of HCV
recurrence post LT continues to be updated. Initially,
Peg-IFN combined with RBV was the only therapeutic
choice. SVR stabilization has been achieved in only
30% of recipients™®”7"! and IFN on the top of intense
immunosuppression lead to multiple episodes of sepsis,
acute and chronic rejection and plasma cell hepa-
titis'>**%8!, Secondly, the addition of first generation
DAAs on the classical Peg-IFN and RBV regimen was
applied to LT recipients with genotype 1, non-responders
to dual therapy, cases of METAVIR fibrosis stage 2, and
cholestatic hepatitis'®*’?. The results were satisfactory
and encouraging. Seven studies”>”” (including four
multicenter) suggested that triple therapy was effective
in LT recipients, particularly those experiencing severe
recurrence, demonstrating SVR in 50%-91% when
administered for 12 to 66 wk (Table 6). One major benefit
of the triple therapy was the success in treating recipients
with fibrosing cholestatic hepatitis”*. Nevertheless,
serious adverse and few fatal events were recorded. The
most common side effect was anaemia (40%-50%)
required red blood cell transfusions, erythropoietin and/or
RBV dose reduction. The mechanism of anaemia was
the combination of hemolysis with suppression of bone
marrow. In cirrhotic non-responding patients severe
infections have been marked in the context of neutropenia
(pneumocystosis, aspergilosis, urinary tract infections and
erysipelas have been noted). On this ground, severe liver
disease may be a contraindication for triple regimen or
may require antibiotic prophylaxis and colony-stimulating
factors”®. Kidney insufficiency has also been reported in
13%-38%">74,

Furthermore drug-drug interactions remain a crucial
clinical issue. Close monitoring of daily calcineurin
inhibitors (CNIs) levels and reduction of CNIs dose
was required™’, CNI trough level is increased when
first generation DAAs are initiated because they may
inhibit cytochrome P450 3A4 and P-glucoprotein. With
boceprevir the average reductions were about 2-fold and
5-fold with cyclosporine and tacrolimus respectively, while
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Table 6 Major studies tested the efficacy of first generation direct antiviral agents combined with

peg-interferon and ribavirin in liver transplant recipients

Ref. Year of publication No. of patients Sustained virological response

Coilly et al™ 2013 37 50% (20% for telaprevir and 71% for boceprevir)
Pungpapong et al”" 2013 60 56% (67% for telaprevir and 45% for boceprevir)
Werner et al™ 2012 9 89%

Stravitz et al™ 2013 122 28%

Ann Brown et al”” 2013 46 60%

Faisal et al”™ 2014 76 59.5%

Werner et al™ 2014 14 50%

with telaprevir the interactions were more potent around
3-fold and 23-fold with cyclosporine and tacrolimus
respectively”?!. Great attention is needed at the time
of DAAs discontinuation, increasing the CNI dose the
next day and measuring CNI levels at least every 48 h
until steady state to be achieved. mammalian target of
rapamycin inhibitors are also metabolized by CYP3A4;
the clearance of everolimus was reported to decrease by
55% when boceprevir is commenced®”. No information
on the interactions between mycophenolate mofetil and
DAAs is available. In healthy individuals prednisone area
under the curve was increased by 22%",

So far, triple antiviral therapy with first generation
DAAs was less effective in patients with genotype 1a,
TT/CT interleukin-28B polymorphism and non res-
ponders to previous peg-IFN/RBV regimen®™., However,
the approval of sofosbuvir headed forward the care of
naive and treatment experienced LT recipients with
CHC recurrence with excellent tolerability, without
interaction with the immunosuppressive regimen and
potent antiviral activity across a broad range of HCV
genotypes**®l, Pparticularly, in the single-arm open-
label pilot study of Samuel et af*®®, 40 LT recipients with
CHC recurrence after 6 mo of LT treated with sofosbuvir
plus RBV for maximum of 6 mo. Thirty-three (83%)
patients had genotype 1, 16 (40%) were cirrhotic
and 9 (23%) patients were previously on telaprevir or
boceprevir combined regimens. All patients (100%)
had undetectable HCV RNA after a month of treatment
and 70% achieved SVR. Rejection and CNIs dose
adjustment were not needed. Only fatigue, anemia,
arthralgia and diarrhea were of note. Forns et a/t**
demonstrated significant antiviral efficacy associated
with disease amelioration in 87 LT recipients [72 (83%)
presented HCV genotype 1] with severe CHC recurrence
including fibrosing cholestatic hepatitis. Fifty-seven
(65%) were treated with sofosbuvir combined only with
RBV, while 30 (35%) received additional Peg-IFN for
up to 48 wk. SVR at 12 wk was achieved in 47 (54%)
of LT recipients treated with sofosbuvir plus RBV and in
40 (44%) of LT recipients treated with sofosbuvir plus
RBV plus Peg-IFN. No drug side effects were reported.
Importantly, 53 (70%) of patients had improved on
treatment, 10 (13%) had stabilized and 13 (17%) died
with all deaths attributed to progression of liver disease
or associated complications.
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More recently, very promising are the IFN-free
combinations of sofosbuvir with other novel DAAs with
or without RBV after LT (Table 7). Although these new
DAAs may have interactions with several drugs, they
have no contraindication for CNIs co-administration (only
simeprevir should not be given with cyclosporine) (Tables
2 and 8). Preliminary data’®®! showed that they led
to excellent on treatment virological response and SVR
rates along with minimal adverse effects on difficult to
treat LT recipients - those with CHC genotype 1, cirrhosis
CP stage B and C as well as previously intolerant or non
responsive to IFN therapy. More specifically, sofosbuvir
plus simeprevir presented 91% SVR in LT recipients
with genotype 1®%; Sofosbuvir and daclatasvir showed
85% on treatment virological response in LT recipients
with genotype 11 and major clinical improvement
in 71% along with HCV RNA < 15 IU/mL in 95% at
12 wk under treatment in LT recipients with fibrosing
cholestatic hepatitis®’; ledipasvir plus sofosbuvir plus
RBV presented 96%-98% SVR in LT recipients with CHC
recurrence’™,

Ultimately, preliminary data from Coral I study
showed breakthrough results in 34 LT recipients with
CHC genotype 1 treated for 24 wk with the following
four-drug combination: Paritaprevir (potent NS3/4A
protease inhibitor identified by AbbVie and Enanta,
formely ABT-450) with ritonavir (which increases overall
drug exposures of paritaprevir and enables once daily
dosing) combined with Ombitasvir (potent NS5A inhibitor,
formerly ABT-267) and Dasabuvir (non-nucleoside NS5B
polymerase inhibitor, formerly ABT-333) and RBV. More
specifically, 97.1% (33/34) achieved SVR at 4 wk and
97% (33/34) achieved SVR at 12 wk. The regimen was
generally well tolerated with 1 patient discontinuing study
drug due to adverse events. No deaths, no graft losses,
or episodes of rejection were recorded. CNI dosing was
manageable over the period of the study (Table 7).

Although data are preliminary, current EASL™
guidelines recommend the following therapeutic regimens
to treat HCV recurrence after LT: sofosbuvir and RBV for
LT recipients HCV genotype 2; sofosbuvir and daclatasvir
plus/minus RBV for LT recipients HCV genotypes 1,
3-6 and sofosbuvir and simeprevir plus/minus RBV for
genotypes 1, 4. All regimens should be continued for
12-24 wk and no dose adjustments are required for CNI
inhibitors.

[89]
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Table 7 Major studies of sofosbuvir with other novel direct antiviral agents with or without ribavirin for treatment of hepatitis C

virus positive liver transplant recipients reported in 2014

Ref. n Patient characteristics Antiviral scheme Virological response SVR Duration (wk)
Pungpapong et al®™ 55 Fibrosis 3-4 (29%) SOF + simeprevir + RBV 98% (EOT) 91% 12
Decompensated cirrhosis (4.%)
Cholestatic recurrence (15%)
Leroy et al™” 21  Fibrosing cholestatic hepatitis SOF + daclatasvir + RBV 95% HCV RNA - 24
(CUPILT) (n=13) <151U/mL
SOF + RBV (1 = 6) 81% were not detectable
(at week 12 under

treatment)
Conti et al™ 55 Fibrosis 3-4 (33%) SOF + daclatasvir 85% (at week 8 under - 24

treatment)

Fibrosing cholestatic hepatitis (7%)
Kwo et al®™ 34 Fibrosis 0-2 Paritaprevir + ritonavir + 100% (EOT) 97% 24
(CORALT) ombitasvir + dasabuvir + RBV
Reddy et al®™ 223 Fibrosis 0-3, CP A-C SOF + ledipasvir + RBV - 96%-98% 12-24
(CP A: 9%

CP B: 83%-85%
CP C: 60%-67%)

n: Number of patients included in the study; RBV: Ribavirin; SOF: Sofosbuvir; EOT: End of treatment; SVR: Sustained virological response; CP: Child-Pugh;
HCV: Hepatitis C virus.

Table 8 Major drug-drug interactions of the newer direct acting antivirals for hepatitis C

DAA Co-administration should be avoided
Sofosbuvir P-glycoprotein inducers
Anticonvulsants: Carbamazepine, oxcarbazepine, phenobarbital, phenytoin; antimycobacterials: Rifampin, rifabutin,
rifapentin; St. John's wort; HIV drugs: Tipranavir/ritonavir
Inhibitors or inducers of CYP3A4
Antifungals: Fluconazole, itraconazole, ketoconazole, posaconazole, voriconazole; Antibiotics: Clarithromycin, erythromycin,

telithromycin; Dexamethasone; Cicapride; HIV drugs: Cobicistat, efavirenz, delavirdine, etravirine, nevirapine, ritonavir and

Simeprevir

any HIV protease inhibitor

P-glycoprotein inducers

Strong inducers of CYP3A4 and/ or P-glycoprotein
e.g., phenytoin, carbamazepine, oxcarbazepine, phenobarbital, rifampicin, rifabutin, rifapentine, dexamethasone, St. John's
wort; HIV drugs: darunavir, lopinavir, etravirine

Sofosbuvir/ledipasvir ~ P-glycoprotein inducers, rosuvastatin, simeprevir

Daclatasvir

DAA: Direct acting antiviral; HIV: Human immunodeficiency virus.

CONCLUSION

Until 2011, the standard of care treatment for geno-
type 1 HCV was dual therapy with Peg-IFN and
RBV. Unfortunately the success rate was less than
50%, and treatment was frequently associated with
significant toxicity. For this reason, much effort has
been invested in the development of new treatment
for HCV, leading to the approval of the first generation
DAAs. Triple therapy with Peg-IFN, RBV and boceprevir
or telaprevir was associated with 68% SVR rates in
treatment-naive patients. Whilst the addition of these
first generation DAAs marked a bright new era for the
prognosis amelioration of LT candidates and recipients
with recurrent HCV, there remains the potential for
side effects and drug-drug interactions. During 2014,
different IFN-free regimens, combinations of second
generations DAAs associated with high SVR rates (>
95%), shortened duration courses and relatively few
toxicities. However, the efficacy of IFN-free regimens
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in patients with advanced decompensated cirrhosis
waiting for LT is not yet established and their high cost
may be the biggest challenge to their implementation
worldwide. Immune therapies and therapeutic vaccines
are very promising but still in progress. Based on the
current related published data and the EASL therapeutic
recommendations it was presented the rapidly shifting
treatment landscape for CHC LT candidates and recipients.
In the context of that treatment decisions continue to be
individualized.

REFERENCES

1 Kim WR. The burden of hepatitis C in the United States.
Hepatology 2002; 36: S30-S34 [PMID: 12407574 DOI: 10.1053/
jhep.2002.36791]

2 Wiesner RH, Sorrell M, Villamil F. Report of the first International
Liver Transplantation Society expert panel consensus conference
on liver transplantation and hepatitis C. Liver Transpl 2003; 9:
S1-S9 [PMID: 14586888 DOI: 10.1053/j1ts.2003.50268]

3 Adam R, Del Gaudio M. Evolution of liver transplantation for

June 28, 2015 | Volume 7 | Issue 12 |



10

11

13

JRaishideng®

hepatocellular carcinoma. J Hepatol 2003; 39: 888-895 [PMID:
14642602 DOI: 10.1016/j.jhep.2003.10.003]

Garcia-Retortillo M, Forns X, Feliu A, Moitinho E, Costa J,
Navasa M, Rimola A, Rodes J. Hepatitis C virus kinetics during
and immediately after liver transplantation. Hepatology 2002; 35:
680-687 [PMID: 11870384 DOI: 10.1053/jhep.2002.31773]
Vinaixa C, Rubin A, Aguilera V, Berenguer M. Recurrence of
hepatitis C after liver transplantation. Ann Gastroenterol 2013; 26:
304-313 [PMID: 24714603]

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]

Alexopoulou A, Papatheodoridis GV. Current progress in the
treatment of chronic hepatitis C. World J Gastroenterol 2012; 18:
6060-6069 [PMID: 23155334 DOI: 10.3748/wjg.v18.i42.6060]
Gane EJ, Agarwal K. Directly acting antivirals (DAAs) for the
treatment of chronic hepatitis C virus infection in liver transplant
patients: “a flood of opportunity”. Am J Transplant 2014; 14:
994-1002 [PMID: 24730431 DOI: 10.1111/ajt.12714]

Herbst DA, Reddy KR. Sofosbuvir, a nucleotide polymerase
inhibitor, for the treatment of chronic hepatitis C virus infection.
Expert Opin Investig Drugs 2013; 22: 527-536 [PMID: 23448131]
Roche B, Samuel D. Hepatitis C virus treatment pre- and post-
liver transplantation. Liver Int 2012; 32 Suppl 1: 120-128 [PMID:
22212582 DOI: 10.1111/.1478-3231.2011.02714.x]

Parshutin NP, Korsakov SG. [Comparative analysis of the data of
acupuncture electrodiagnosis and hormonal status of women with
oligomenorrhea]. Akush Ginekol (Mosk) 1990; (6): 26-29 [PMID:
2221258]

Bzowej N, Nelson DR, Terrault NA, Everson GT, Teng LL,
Prabhakar A, Charlton MR. PHOENIX: A randomized controlled
trial of peginterferon alfa-2a plus ribavirin as a prophylactic treatment
after liver transplantation for hepatitis C virus. Liver Transpl 2011;
17: 528-538 [PMID: 21506241 DOI: 10.1002/1t.22271]

Chalasani N, Manzarbeitia C, Ferenci P, Vogel W, Fontana RJ,
Voigt M, Riely C, Martin P, Teperman L, Jiao J, Lopez-Talavera
JC. Peginterferon alfa-2a for hepatitis C after liver transplantation:
two randomized, controlled trials. Hepatology 2005; 41: 289-298
[PMID: 15660392 DOI: 10.1002/hep.20560]

Mazzaferro V, Tagger A, Schiavo M, Regalia E, Pulvirenti
A, Ribero ML, Coppa J, Romito R, Burgoa L, Zucchini N,
Urbanek T, Bonino F. Prevention of recurrent hepatitis C after
liver transplantation with early interferon and ribavirin treatment.
Transplant Proc 2001; 33: 1355-1357 [PMID: 11267325 DOI:
10.1016/S0041-1345(00)02508-2]

Shergill AK, Khalili M, Straley S, Bollinger K, Roberts JP,
Ascher NA, Terrault NA. Applicability, tolerability and efficacy
of preemptive antiviral therapy in hepatitis C-infected patients
undergoing liver transplantation. Am J Transplant 2005; 5: 118-124
[PMID: 15636619 DOI: 10.1111/j.1600-6143.2004.00648.x]
Sugawara Y, Makuuchi M, Matsui Y, Kishi Y, Akamatsu N, Kaneko
J, Kokudo N. Preemptive therapy for hepatitis C virus after living-
donor liver transplantation. Transplantation 2004; 78: 1308-1311
[PMID: 15548968 DOI: 10.1097/01.TP.0000142677.12473.E5]
Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G,
Gongales FL, Haussinger D, Diago M, Carosi G, Dhumeaux
D, Craxi A, Lin A, Hoffman J, Yu J. Peginterferon alfa-2a plus
ribavirin for chronic hepatitis C virus infection. N Engl J Med 2002;
347: 975-982 [PMID: 12324553 DOI: 10.1056/NEJM0a020047]
Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman
M, Reindollar R, Goodman ZD, Koury K, Ling M, Albrecht JK.
Peginterferon alfa-2b plus ribavirin compared with interferon
alfa-2b plus ribavirin for initial treatment of chronic hepatitis C:
a randomised trial. Lancet 2001; 358: 958-965 [PMID: 11583749
DOI: 10.1016/S0140-6736(01)06102-5]

Hadziyannis SJ, Sette H, Morgan TR, Balan V, Diago M, Marcellin
P, Ramadori G, Bodenheimer H, Bernstein D, Rizzetto M, Zeuzem S,
Pockros PJ, Lin A, Ackrill AM. Peginterferon-alpha2a and ribavirin
combination therapy in chronic hepatitis C: a randomized study of

WJH | www.wjgnet.com

20

21

22

23

24

25

26

27

28

29

30

31

32

Pipili C et a/. Hepatitis C and direct acting antivirals

treatment duration and ribavirin dose. Ann Intern Med 2004; 140:
346-355 [PMID: 14996676 DOI: 10.7326/0003-4819-140-5-20040
3020-]

Bruno S, Shiffman ML, Roberts SK, Gane EJ, Messinger D,
Hadziyannis SJ, Marcellin P. Efficacy and safety of peginterferon
alfa-2a (40KD) plus ribavirin in hepatitis C patients with advanced
fibrosis and cirrhosis. Hepatology 2010; 51: 388-397 [PMID:
19918980 DOI: 10.1002/hep.23340]

Pipili C, Cholongitas E. Management of patients with hepatitis B
and C before and after liver and kidney transplantation. World J
Hepatol 2014; 6: 315-325 [PMID: 24868325 DOI: 10.4254/wjh.
v6.i5.315]

Rubin A, Aguilera V, Berenguer M. Liver transplantation and
hepatitis C. Clin Res Hepatol Gastroenterol 2011; 35: 805-812
[PMID: 21963086]

Vezali E, Aghemo A, Colombo M. A review of the treatment of
chronic hepatitis C virus infection in cirrhosis. Clin Ther 2010; 32:
2117-2138 [PMID: 21316532 DOI: 10.1016/S0149-2918(11)0002
2-1]

Poordad F, McCone J, Bacon BR, Bruno S, Manns MP,
Sulkowski MS, Jacobson IM, Reddy KR, Goodman ZD, Boparai
N, DiNubile MJ, Sniukiene V, Brass CA, Albrecht JK, Bronowicki
JP. Boceprevir for untreated chronic HCV genotype 1 infection.
N Engl J Med 2011; 364: 1195-1206 [PMID: 21449783 DOI:
10.1056/NEJMoal010494]

Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie AM,
Reddy KR, Bzowej NH, Marcellin P, Muir AJ, Ferenci P, Flisiak R,
George J, Rizzetto M, Shouval D, Sola R, Terg RA, Yoshida EM,
Adda N, Bengtsson L, Sankoh AJ, Kieffer TL, George S, Kauffman
RS, Zeuzem S. Telaprevir for previously untreated chronic hepatitis
C virus infection. N Engl J Med 2011; 364: 2405-2416 [PMID:
21696307 DOI: 10.1056/NEJMoal012912]

Bacon BR, Gordon SC, Lawitz E, Marcellin P, Vierling JM,
Zeuzem S, Poordad F, Goodman ZD, Sings HL, Boparai N,
Burroughs M, Brass CA, Albrecht JK, Esteban R. Boceprevir for
previously treated chronic HCV genotype 1 infection. N Engl J
Med 2011; 364: 1207-1217 [PMID: 21449784 DOI: 10.1056/
NEJMoal009482]

Zeuzem S, Andreone P, Pol S, Lawitz E, Diago M, Roberts S,
Focaccia R, Younossi Z, Foster GR, Horban A, Ferenci P, Nevens
F, Miillhaupt B, Pockros P, Terg R, Shouval D, van Hoek B,
Weiland O, Van Heeswijk R, De Meyer S, Luo D, Boogaerts G,
Polo R, Picchio G, Beumont M. Telaprevir for retreatment of HCV
infection. N Engl J Med 2011; 364: 2417-2428 [PMID: 21696308
DOLI: 10.1056/NEJMo0al013086]

Sherman KE, Flamm SL, Afdhal NH, Nelson DR, Sulkowski
MS, Everson GT, Fried MW, Adler M, Reesink HW, Martin M,
Sankoh AJ, Adda N, Kauffman RS, George S, Wright CI, Poordad
F. Response-guided telaprevir combination treatment for hepatitis
C virus infection. N Engl J Med 2011; 365: 1014-1024 [PMID:
21916639 DOLI: 10.1056/NEJMoal014463]

Joshi D, Carey I, Agarwal K. Review article: the treatment of
genotype 1 chronic hepatitis C virus infection in liver transplant
candidates and recipients. Aliment Pharmacol Ther 2013; 37:
659-671 [PMID: 23432320 DOI: 10.1111/apt.12260]

Hezode C, Dorival C, Zoulim F: Safety and efficacy of telaprevir
or boceprevir in combination with peginterferon alfa/ribavirin,
in 455 cirrhotic non responders. Week 16 analysis of the French
early access program (ANRS 020-CUPIC) in real-life setting.
Hepatology 2012; 56: S4 Abstract 51, 217A

Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis,
management, and treatment of hepatitis C: an update. Hepatology
2009; 49: 1335-1374 [PMID: 19330875 DOI: 10.1002/hep.22759]

Sulkowski MS, Poordad F, Manns MP, Bronowicki JP, Rajender
Reddy K, Harrison SA, Afdhal NH, Sings HL, Pedicone LD,
Koury KJ, Sniukiene V, Burroughs MH, Albrecht JK, Brass CA,
Jacobson IM. Anemia during treatment with peginterferon Alfa-
2b/ribavirin and boceprevir: Analysis from the serine protease
inhibitor therapy 2 (SPRINT-2) trial. Hepatology 2013; 57:
974-984 [PMID: 23081753 DOI: 10.1002/hep.26096]

June 28, 2015 | Volume 7 | Issue 12 |



33

34

35

36

37

38

39

40

41

4

43

44

JBaishideng®

Pipili C et a/. Hepatitis C and direct acting antivirals

Poordad F, Lwitz E, Reddy K, Afdhal NH, Hezode C, Zeuzem S,
Lee SS, Calleja JL, Brown RS, Craxi A, Wedemeyer H, Deng W,
Koury K, Boparai N, Pedicone LD, Burroughs M, Wahl J, Brass
CA, Albrecht JK, Sulkowski MS. A randomized trial comparing
ribavirin dose reduction versus erythropoietin for anemia
management in previously untreated patients with chronic hepatitis
C receiving boceprevir plus peginterferon/ribavirin. J Hepatol
2012; 56: S549-560 Abstract 1419 [DOI: 10.1016/S0168-8278(12)
61430-5]

Verna EC, Shetty K, Lukose T, Terry N, Mentore K, Olsen SK,
Fox AN, Dove LM, Brown RS. High post-transplant virological
response in hepatitis C virus infected patients treated with
pretransplant protease inhibitor-based triple therapy. Liver Int
2015; 35: 510-517 [PMID: 24905624]

Saxena V, Manos MM, Yee HS, Catalli L, Wayne E, Murphy RC,
Shvachko VA, Pauly MP, Chua J, Monto A, Terrault NA. Telaprevir
or boceprevir triple therapy in patients with chronic hepatitis C and
varying severity of cirrhosis. Aliment Pharmacol Ther 2014; 39:
1213-1224 [PMID: 24654657 DOI: 10.1111/apt.12718]

French National Agency for Research on AIDS and Viral
Hepatitis. Clinical Trial to Evaluate the Efficacy of Pegylated
Interferon-Ribavirin-Boceprevir Triple Therapy in Patients
Infected With Genotype 1 HCV With Cirrhosis and Awaiting Liver
Transplantation (ANRS HC 29 BOCEPRETRANSPLANT). In:
ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of
Medicine (US). Available from: URL: http://clinicaltrials.gov/ct2/
show/NCT01463956 NLM Identifier: NCT01463956

Curry MP, Forns X, Chung RT, Terrault NA, Brown R, Fenkel
IM, Gordon F, O’Leary J, Kuo A, Schiano T, Everson G, Schiff E,
Befeler A, Gane E, Saab S, McHutchison JG, Subramanian GM,
Symonds WT, Denning J, McNair L, Arterburn S, Svarovskaia E,
Moonka D, Afdhal N. Sofosbuvir and ribavirin prevent recurrence
of HCV infection after liver transplantation: an open-label study.
Gastroenterology 2015; 148: 100-107.el [PMID: 25261839 DOI:
10.1053/j.gastro.2014.09.023]

Afdhal N, Everson G, Calleja J,McCaughan G, Symonds WT,
Denning J, McNair L, McHutchison JG, Arterburn S, Charlton M,
Reddy R, Asselah T, Gane E, Forns X. Sofosbuvir and ribavirin
for the treatment of chronic hepatitis C with cirrhosis and portal
hypertension with or without decompensation: early virologic
response and safety. J Hepatol 2014; 60: S23 [DOI: 10.1016/
S0168-8278(14)60070-2]

Gane EJ, Hyland RH, An D, Pang PS, Symonds WT, Mchutchison
JG, Stedman CA: Sofosbuvir/Ledipasvir fixed dose combination
is safe and effective in -difficult- to treat populations including
genotype-3 patients, decompasated type 3 patients and genotype
1 patients with prior sofosbuvir treatment experience. J Hepatol
2014; 60: S1-22 [DOI: 10.1016/S0168-8278(14)60008-8]

Flamm S, Everson G, Charlton M, Denning J, Arterbur S,
Brandt-Sarif, Pang P, McHutchisonJ, Reddy K, Afdahal N:
Ledipasvir/Sofosbuvir with Ribavirin for the treatment of HCV in
Patients with Decompensated Cirrhosis: Preliminary Results of a
Prospective, Multicenter study. Hepatology 2014; 60 (Suppl 4):
321A

Donato MF, Monico S, Malinverno F, Aghemo A, Maggioni M,
Reggiani P, Colombo M. Bridging all oral DAA therapy from wait
time to post-liver transplant to improve HCV eradication? Liver Int
2015; 35: 1-4 [PMID: 25074044 DOLI: 10.1111/1iv.12646]

Lens S, Gambato M, Londono MC, Forns X. Interferon-free
regimens in the liver-transplant setting. Semin Liver Dis 2014; 34:
58-71 [PMID: 24782259 DOI: 10.1055/s-0034-1371011]

Forns X, Charlton M, Denning J, McHutchison JG, Symonds WT,
Brainard D, Brandt-Sarif T, Chang P, Kivett V, Castells L, Prieto
M, Fontana RJ, Baumert TF, Coilly A, Londofio MC, Habersetzer
F. Sofosbuvir compassionate use program for patients with severe
recurrent hepatitis C after liver transplantation. Hepatology 2015;
61: 1485-1494 [PMID: 25557906 DOI: 10.1002/hep.27681]
Berenguer M, Pricto M, Rayon JM, Mora J, Pastor M, Ortiz V,
Carrasco D, San Juan F, Burguefio MD, Mir J, Berenguer J. Natural
history of clinically compensated hepatitis C virus-related graft

WJH | www.wjgnet.com

45

46

47

48

49

50

51

52

53

54

55

56

57

58

cirrhosis after liver transplantation. Hepatology 2000; 32: 852-858
[PMID: 11003634]

Gane EJ, Portmann BC, Naoumov NV, Smith HM, Underhill JA,
Donaldson PT, Maertens G, Williams R. Long-term outcome of
hepatitis C infection after liver transplantation. N Engl J Med 1996;
334: 815-820 [PMID: 8596547]

Forman LM, Lewis JD, Berlin JA, Feldman HI, Lucey MR.
The association between hepatitis C infection and survival after
orthotopic liver transplantation. Gastroenterology 2002; 122:
889-896 [PMID: 11910340 DOI: 10.1053/gast.2002.32418]
Antonini TM, Sebagh M, Roque-Afonso AM, Teicher E, Roche B,
Sobesky R, Coilly A, Vaghefi P, Adam R, Vittecoq D, Castaing D,
Samuel D, Duclos-Vallée JC. Fibrosing cholestatic hepatitis in HIV/
HCYV co-infected transplant patients-usefulness of early markers
after liver transplantation. Am J Transplant 2011; 11: 1686-1695
[PMID: 21749638 DOI: 10.1111/j.1600-6143.2011.03608.x]
Berenguer M, McCaughan G. Hepatitis C virus-associated
cholestatic hepatitis: we cannot seem to agree on diagnostic
criteria. Liver Transpl 2013; 19: 115-117 [PMID: 23197377]

Di Bisceglie AM, Shiffman ML, Everson GT, Lindsay KL,
Everhart JE, Wright EC, Lee WM, Lok AS, Bonkovsky HL,
Morgan TR, Ghany MG, Morishima C, Snow KK, Dienstag JL.
Prolonged therapy of advanced chronic hepatitis C with low-
dose peginterferon. N Engl J Med 2008; 359: 2429-2441 [PMID:
19052125]

Di Bisceglie AM, Stoddard AM, Dienstag JL, Shiffman ML, Seeff
LB, Bonkovsky HL, Morishima C, Wright EC, Snow KK, Lee
WM, Fontana RJ, Morgan TR, Ghany MG. Excess mortality in
patients with advanced chronic hepatitis C treated with long-term
peginterferon. Hepatology 2011; 53: 1100-1108 [PMID: 21480316
DOI: 10.1002/hep.24169]

Manousou P, Samonakis D, Cholongitas E, Patch D, O’Beirne
J, Dhillon AP, Rolles K, McCormick A, Hayes P, Burroughs AK.
Outcome of recurrent hepatitis C virus after liver transplantation in
a randomized trial of tacrolimus monotherapy versus triple therapy.
Liver Transpl 2009; 15: 1783-1791 [PMID: 19938143 DOI:
10.1002/1t.21907]

Samonakis DN, Cholongitas E, Triantos CK, Griffiths P, Dhillon AP,
Thalheimer U, Patch DW, Burroughs AK. Sustained, spontaneous
disappearance of serum HCV-RNA under immunosuppression
after liver transplantation for HCV cirrhosis. J Hepatol 2005; 43:
1091-1093 [PMID: 16239045 DOI: 10.1016/j.jhep.2005.08.005]
Ganschow R, Pollok JM, Jankofsky M, Junge G. The role of
everolimus in liver transplantation. Clin Exp Gastroenterol 2014; 7:
329-343 [PMID: 25214801 DOI: 10.2147/CEG.S41780]

Chatterji U, Bobardt M, Selvarajah S, Yang F, Tang H, Sakamoto
N, Vuagniaux G, Parkinson T, Gallay P. The isomerase active site
of cyclophilin A is critical for hepatitis C virus replication. J Biol
Chem 2009; 284: 16998-17005 [PMID: 19380579 DOI: 10.1074/
jbc.M109.007625]

Cescon M, Grazi GL, Cucchetti A, Vetrone G, Ravaioli M, Ercolani
G, Morelli MC, Piscaglia F, Tameé M, Pinna AD. Predictors of
sustained virological response after antiviral treatment for hepatitis
C recurrence following liver transplantation. Liver Transpl 2009;
15: 782-789 [PMID: 19562715 DOI: 10.1002/1t.21760]

Klintmalm GB, Davis GL, Teperman L, Netto GJ, Washburn K,
Rudich SM, Pomfret EA, Vargas HE, Brown R, Eckhoff D, Pruett
TL, Roberts J, Mulligan DC, Charlton MR, Heffron TG, Ham
M, Douglas DD, Sher L, Baliga PK, Kinkhabwala M, Koneru B,
Abecassis M, Millis M, Jennings LW, Fasola CG. A randomized,
multicenter study comparing steroid-free immunosuppression and
standard immunosuppression for liver transplant recipients with
chronic hepatitis C. Liver Transpl 2011; 17: 1394-1403 [PMID:
21850690 DOI: 10.1002/1t.22417]

Neumann U, Samuel D, Trunecka P, Gugenheim J, Gerunda
GE, Friman S. A Randomized Multicenter Study Comparing a
Tacrolimus-Based Protocol with and without Steroids in HCV-
Positive Liver Allograft Recipients. J Transplant 2012; 2012:
894215 [PMID: 22690326 DOI: 10.1155/2012/894215]

Verna EC, Brown RS. Hepatitis C virus and liver transplantation.

June 28, 2015 | Volume 7 | Issue 12 |



59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

JRaishideng®

Clin Liver Dis 2006; 10: 919-940 [PMID: 17164125 DOI: 10.1016/
j.c1d.2006.08.012]

Fagiuoli S, Ravasio R, Luca MG, Baldan A, Pecere S, Vitale A,
Pasulo L. Management of hepatitis C infection before and after
liver transplantation. World J Gastroenterol 2015; 21: 4447-4456
[PMID: 25914454]

Gurusamy KS, Tsochatzis E, Xirouchakis E, Burroughs AK,
Davidson BR. Antiviral therapy for recurrent liver graft infection
with hepatitis C virus. Cochrane Database Syst Rev 2010; (1):
CD006803 [PMID: 20091608]

Blasco A, Forns X, Carrion JA, Garcia-Pagan JC, Gilabert R,
Rimola A, Miquel R, Bruguera M, Garcia-Valdecasas JC, Bosch
J, Navasa M. Hepatic venous pressure gradient identifies patients
at risk of severe hepatitis C recurrence after liver transplantation.
Hepatology 2006, 43: 492-499 [PMID: 16496308 DOI: 10.1002/
hep.21090]

Neumann UP, Berg T, Bahra M, Seechofer D, Langrehr JM,
Neuhaus R, Radke C, Neuhaus P. Fibrosis progression after liver
transplantation in patients with recurrent hepatitis C. J Hepatol 2004;
41: 830-836 [PMID: 15519657 DOI: 10.1016/j.jhep.2004.06.029]
Coilly A, Roche B, Samuel D. Current management and perspectives
for HCV recurrence after liver transplantation. Liver Int 2013; 33
Suppl 1: 56-62 [PMID: 23286847 DOI: 10.1111/1iv.12062]

Bedossa P, Poynard T. An algorithm for the grading of activity
in chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology 1996; 24: 289-293 [PMID: 8690394 DOI: 10.1002/
hep.510240201]

Carrion JA, Torres F, Crespo G, Miquel R, Garcia-Valdecasas JC,
Navasa M, Forns X. Liver stiffness identifies two different patterns
of fibrosis progression in patients with hepatitis C virus recurrence
after liver transplantation. Hepatology 2010; 51: 23-34 [PMID:
19839063 DOI: 10.1002/hep.23240]

Roche B, Sebagh M, Canfora ML, Antonini T, Roque-Afonso
AM, Delvart V, Saliba F, Duclos-Vallee JC, Castaing D, Samuel
D. Hepatitis C virus therapy in liver transplant recipients: response
predictors, effect on fibrosis progression, and importance of the
initial stage of fibrosis. Liver Transpl 2008; 14: 1766-1777 [PMID:
19025933 DOI: 10.1002/1t.21635]

Gierej B, Kobryn K, Gierej P, Gérnicka B. C4d in acute rejection
after liver transplantation and its usefulness in differential diagnosis
between acute liver rejection and hepatitis C recurrence. Ann
Transplant 2014; 19: 373-381 [PMID: 25082343 DOI: 10.12659/
AOT.890234]

Selzner N, Guindi M, Renner EL, Berenguer M. Immune-mediated
complications of the graft in interferon-treated hepatitis C positive
liver transplant recipients. J Hepatol 2011; 55: 207-217 [PMID:
21145865]

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 DOLI:
10.1016/j.jhep.2008.05.002]

Wang CS, Ko HH, Yoshida EM, Marra CA, Richardson K.
Interferon-based combination anti-viral therapy for hepatitis C
virus after liver transplantation: a review and quantitative analysis.
Am J Transplant 2006; 6: 1586-1599 [PMID: 16827859 DOI:
10.1111/5.1365-2893.2008.01019]

Xirouchakis E, Triantos C, Manousou P, Sigalas A, Calvaruso V,
Corbani A, Leandro G, Patch D, Burroughs A. Pegylated-interferon
and ribavirin in liver transplant candidates and recipients with
HCV cirrhosis: systematic review and meta-analysis of prospective
controlled studies. J Viral Hepat 2008; 15: 699-709 [PMID:
18673428]

Ramachandran P, Fraser A, Agarwal K, Austin A, Brown A,
Foster GR, Fox R, Hayes PC, Leen C, Mills PR, Mutimer DJ,
Ryder SD, Dillon JF. UK consensus guidelines for the use of the
protease inhibitors boceprevir and telaprevir in genotype 1 chronic
hepatitis C infected patients. Aliment Pharmacol Ther 2012; 35:
647-662 [PMID: 22296568 DOI: 10.1111/j.1365-2036.2012.04992.
X]

Coilly A, Roche B, Dumortier J, Leroy V, Botta-Fridlund D,

WJH | www.wjgnet.com

74

75

76

71

78

79

80

81

82

83

84

85

86

Pipili C et a/. Hepatitis C and direct acting antivirals

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 after liver transplantation: a multicenter experience.
J Hepatol 2014; 60: 78-86 [PMID: 23994384 DOI: 10.1016/
j-jhep.2013.08.018]

Pungpapong S, Aqel 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]

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]

Stravitz TLJ, Dodge J, Saxena V, Burton J, Verna E, O’Leary
J, Parikh N, Everson G, Brown R, Trotter J, Terrault N: Higher
Sustained Virologic Response (SVR-12) Achievable in Liver
Transplant (LT) Recipients with Hepatitis C (HCV) Treated with
Protease Inhibitor (PI) Triple Therapy (TT). Hepatology 2013: 58 (4
suppl)

Ann Brown K, Russo M, Levitsky J, Yoshida E, Vargas H, Bsharat
M, Rubin R, Brown R. Twice -daily Telaprevir in combination
with Peginterferon alfa 2a/ribavirin in genotype 1 HCV Liver
Transplant recipients: Interim week 16 Safety and Efficacy Results
on the Prospective, Multicenter REFRESH Study. Hepatology
2013;58: 4

Faisal N, Yoshida EM, Bilodeau M, Wong P, Ma M, Burak KW,
Al-Judaibi B, Renner EL, Lilly LB. Protease inhibitor-based
triple therapy is highly effective for hepatitis C recurrence after
liver transplant: a multicenter experience. Ann Hepatol 2014; 13:
525-532 [PMID: 25152985]

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]

Coilly A, Furlan V, Roche B, Barau C, Noél C, Bonhomme-
Faivre L, Antonini TM, Roque-Afonso AM, Samuel D, Taburet
AM, Duclos-Vallée JC. Practical management of boceprevir and
immunosuppressive therapy in liver transplant recipients with
hepatitis C virus recurrence. Antimicrob Agents Chemother 2012;
56: 5728-5734 [PMID: 22908172]

Jumes P. Pharmakokinetic interaction between the HCV protease
inhibitor boceprevir and prednisolone in healthy volunteers.
Hepatology 2012; 56 (S1): 10676A

Coilly A, Roche B, Duclos-Vallée JC, Samuel D. Management
of HCV transplant patients with triple therapy. Liver Int 2014; 34
Suppl 1: 46-52 [PMID: 24373078 DOI: 10.1111/1iv.12406]
Samuel D, Charlton E, Gane E, Brown JR, Curry M, Kwo P,
Fontana R, GilroyR, Teperman L, Muir AJ, McHutchison JG,
Symonds WT, Denning J, McNair L, Arterburn S, Terrault N,
Forns X, Manns M. Sofosbuvir plus ribavirin for the treatment of
recurrent hepatitis C infection after liver transplantation: Results of
a prospective, multicenter study. J Hepatol 2014; 60: S49910

Agqel B, Pungpapong S, Werner KT, Chervenak A, Rakela J, Watt
K, Leise M, Murphy J, Henry T, Ryland K. The use of Sofosbuvir
and Simeprevir to treat HCV G1 in the liver transplant setting: The
experience of three transplant settings. Hepatology 2014; 60 (S4):
206A

Pungpapong S, Werner KT, Aqgel B, Leise M, Murphy J, Henry T,
Ryland K, Chervenak A,Watt K, Vargas H, Keaveny A. Multicenter
Experience using Sofosbuvir and Simeprevir with /without
Ribavirin to treat HCV Genotype 1 after Liver Transplantation.
Hepatology 2014; 60 (S4): 201 A

Conti F, Lebray P, Schielke A, Regnaut H, Thabut D, Eyroad D,
Poujol-Robert A, Chazouilleres O, Calmus Y. Sofosbuvir/Daclatasvir
therapy for recurrent Hepatitis C after Liver Transplantation:

June 28, 2015 | Volume 7 | Issue 12 |



87

88

JRaishideng®

Pipili C et a/. Hepatitis C and direct acting antivirals

Preliminary report from the Parisian centers. Hepatology 2014; 60
(S4): 208A

Leroy V, Dumortier J, Coilly A, Sebag M, Fougerou-Leurent C,
Radenne S, Botta D, Dourand F, Silvain C, Lebray P.. High rates
of virological response and major clinical improvement during
sofosbuvir and daclatasvir -based regimens for the treatment of
fibrosing cholestatic HCV- recurrence after liver transplantation:
The ANRS study CO23 COPILT study. Hepatology 2014; 60 (S4):
207A

Reddy K, Everson G, Flamm S, Denning J, Arterburn S, Brandt-

WJH | www.wjgnet.com

89

1616

Sarif T, Pang P, McHutchison J, Curry M, Charlton M. Ledipasvir/
Sofosbuvir with ribavirin for the treatment of HCV in patients with
post transplant recurrence: Preliminary results of a prospective
multicenter study. Hepatology 2014; 60 (S4): 200A

Kwo PY, Mantry PS, Coakley E, Te HS, Vargas HE, Brown R,
Gordon F, Levitsky J, Terrault NA, Burton JR, Xie W, Setze C,
Badri P, Pilot-Matias T, Vilchez RA, Forns X. An interferon-free
antiviral regimen for HCV after liver transplantation. N Engl J
Med 2014; 371: 2375-2382 [PMID: 25386767 DOI: 10.1056/
NEJMoal408921]

P- Reviewer: Dang SS, Inoue K, Kapoor S S- Editor: Ji FF
L- Editor: A E- Editor: Liu SQ

June 28, 2015 | Volume 7 | Issue 12 |



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.i12.1617

World | Hepatol 2015 June 28; 7(12): 1617-1631
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Predictive factors associated with hepatitis C antiviral

therapy response

Lourianne Nascimento Cavalcante, André Castro Lyra

Lourianne Nascimento Cavalcante, André Castro Lyra,
Hospital Sao Rafael - Gastro-Hepatology Service, Salvador,
Bahia 41253-190, Brazil

André Castro Lyra, Department of Medicine, Federal University
of Bahia, Salvador, Bahia 40026-010, Brazil

Author contributions: Cavalcante LN and Lyra AC contributed
equally to this work.

Conflict-of-interest: The authors have no conflict of interest.

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: Lourianne Nascimento Cavalcante,
MD, Hospital Sao Rafael - Gastro-Hepatology Service, Diretoria
Cientifica, 6° andar Sao Rafael Av. 2152 - Sao Marcos, Salvador,
Bahia 41253-190, Brazil. lourianne@gmail.com

Telephone: +55-71-32816432

Fax: +55-71-32816855

Received: August 28,2014
Peer-review started: August 29, 2014
First decision: November 14, 2014
Revised: December 16, 2014
Accepted: May 5, 2015

Article in press: May 6, 2015
Published online: June 28, 2015

Abstract

Hepatitis C virus (HCV) infection may lead to significant
liver injury, and viral, environmental, host, immunologic
and genetic factors may contribute to the differences
in the disease expression and treatment response.
In the early 2000s, dual therapy using a combination
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of pegylated interferon plus ribavirin (PR) became
the standard of care for HCV treatment. In this PR
era, predictive factors of therapy response related to
virus and host have been identified. In 2010/2011,
therapeutic regimens for HCV genotype 1 patients were
modified, and the addition of NS3/4a protease inhibitors
(boceprevir or telaprevir) to dual therapy increased
the effectiveness and chances of sustained virologic
response (SVR). Nevertheless, the first-generation triple
therapy is associated with many adverse events, some of
which are serious and associated with death, particularly
in cirrhotic patients. This led to the need to identify
viral and host predictive factors that might influence
the SVR rate to triple therapy and avoid unnecessary
exposure to these drugs. Over the past four years,
hepatitis C treatment has been rapidly changing with the
development of new therapies and other developments.
Currently, with the more recent generations of pan-
genotipic antiviral therapies, there have been higher
sustained virologic rates, and prognostic factors may
not have the same importance and strength as before.
Nonetheless, some variables may still be consistent with
the low rates of non-response with regimens that include
sofosbuvir, daclatasvir and ledipasvir. In this manuscript,
we review the predictive factors of therapy response
across the different treatment regimens over the last
decade including the new antiviral drugs.

Key words: Hepatitis C; Direct acting antivirals; Antiviral
therapy; Interferon; Sustained virologic response

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

Core tip: Treatment of chronic hepatitis C has been
changing very rapidly in recent years. The chances of
cure have increased with the new drugs. Predictive
factors of sustained treatment response in the “age”
of based-interferon therapy is becoming less important
with the arrival of the direct acting antivirals, however,
viral genotype, cirrhosis and viral kinetics may still
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impact on therapy outcome with the new available
drugs.

Cavalcante LN, Lyra AC. Predictive factors associated with
hepatitis C antiviral therapy response. World J Hepatol 2015; 7(12):
1617-1631 Available from: URL: http://www.wjgnet.com/1948-
5182/full/v7/i12/1617.htm DOI: http://dx.doi.org/10.4254/wjh.
v7.i12.1617

INTRODUCTION

Hepatitis C virus (HCV) is an important etiology of
chronic hepatitis and cirrhosis and is the leading
indication for liver transplantation (LT) in adults around
the world™?, Therefore, early recognition and effective
management of the disease can modify its natural
history. HCV infection may lead to significant liver injury,
and viral, environmental and host factors, including
immunologic and genetic susceptibilities, may contribute
to differences in the disease expression and treatment
response™. This genetic susceptibility has a significant
part in developing of HCV infection, from viral antigen
recognition and presentation to the type of immune
response developed against the pathogen™.

The natural history of HCV genotypes 1, 2 and 3
infection appears to be similar, and patients are at risk
for developing liver cirrhosis, decompensation of liver
disease and hepatocellular carcinoma. HCV genotype 3
is also associated with an increase in hepatic steatosis,
which is believed to be related to viral interference in
host lipid metabolism™.

The predictive factors of therapy response are also
related to the virus and hosts, and they can be classified
as clinical, immunologic and genetic factors. HCV
genotype 1, male gender, advanced liver fibrosis, human
immunodeficiency virus (HIV) and HBV coinfection,
insulin resistance, poor treatment adherence, high viral
load (= 600.000 UI/mL) and African ancestry have
been related with the failure of interferon (IFN) based
therapies, particularly with dual therapy (pegylated
interferon and ribavirin)™*.

Gene polymorphisms that encode or regulate the
host molecular expression may be useful as disease
evaluation markers and therapy response predictors;
moreover, they could provide helpful information for
understanding the complex mechanisms underlying the
virus-host interaction and the variations observed in
antiviral therapy responses. The interleukin-28B (IL28B)
polymorphisms were considered the strongest baseline
identified predictors of dual therapy response (pegylated
interferon and ribavirin); they are also predictors of
viral kinetics and spontaneous clearance in acute HCV
infection. IL28B polymorphisms differs among different
ethnic backgrounds'®”.

Along the last four years, hepatitis C treatment
has rapidly changed with the development of new
therapies and other advancements, and the chances of
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cure are significantly increasing. Initially, with the first-
generation direct acting antivirals (DAA) boceprevir and
telaprevir, individuals with HCV genotype 1 achieved
sustained virologic response (SVR) rates of nearly 70%
or greater, and the viral kinetics and hepatic fibrosis
were the main predictors of response’®?., Currently, with
the more recent generations of pangenotipic antiviral
therapies, there have been even higher SVR rates, and
prognostic factors may not have the same importance
and strength as before. Nevertheless, viral kinetics, the
presence of liver cirrhosis and HCV genotype 3 may still
be relevant factors that influence the rates of SVR™.

PROGNOSTIC FACTORS IN DUAL
PEGYLATED INTERFERON PLUS
RIBAVIRIN THERAPY ERA

Early in 2000s, dual therapy using a combination of
pegylated interferon-alpha plus ribavirin (PR) was the
standard of care for HCV treatment. HCV genotype 1
infection used to be the most difficult genotype to treat,
with relatively low SVR rates compared to current rates,
and required an expected duration of therapy of 48 wk
that could be extended to 72 wk for partial responders.
Conversely, for genotypes 2 and 3 HCV infected patients,
the recommended treatment time was 12 to 48 wk,
and superior SVR rates were reached compared with
HCV genotype 1'%, The sustained virological response
proportion for HCV genotype 1 infected patients were
40%-50%, whereas for HCV genotype 2 and 3 infected
subjects it was, approximately, 75%-80%"".

In the PR era, predictive factors of therapy response
related to virus and host have been identified. Clinical
host characteristics possibly correlated with the response
to dual regimen are gender, age, dyslipidemia, insulin
resistance, liver fibrosis stage, ancestry, 25(0OH) vitamin
D status, coinfection with HBV and/or HIV. Immunologic
elements related with response to PR treatment are
cytokines and interferon-gamma inducible protein 10
(IP-10); in addition, genetic factors such as IL28B poly-
morphisms, other genes associated with JAK-STAT
pathway polymorphisms and genetic ancestry markers
have also been described as predictors of response!'!l,
The HCV features associated with therapy antiviral
response are genotype, baseline viral load and viral
kinetics at specific time-points throughout the treatment.
The single most important viral factor that influences the
response to antiviral treatment is HCV genotype, and the
most important host factors are IL28B genotype and liver
fibrosist*>*%,

Pegylated interferon alpha-2a and -2b

Both pegylated interferons may be used during PR
therapy. In the Ideal study, which included 3070 HCV
genotype 1 infected patients, the SVR rates were
similar among the schemes with pegylated interferon
alpha 2a or 2b; the SVR rates were 40.9% and 39.8%,
respectively, without statistically significant differences!*.,
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In HCV genotypes 2 and 3, ribavirin doses (800 mg/d
compared to 1000-1200 g/d adjusted for weight (kg) did
not produce any difference in SVR rates when patients
were treated for at least 24 wk™>'®,

On the other hand, a meta-analysis of 26 studies
included, 11 were randomized and 15 were non-
randomized, with a total number of 18260 patients
(8125 patients were treated with PEG-IFN alpha 2a
and 10135 were treated with PEG-IFN alpha-2b) and
showed that dual therapy with PEG-INF-alpha 2a was
associated with a greater SVR than PEG-IFN-alpha 2b in
HCV monoinfected patients, particularly for genotypes 1
and 4. An analysis of randomized clinical trials, including
HCV-type 1 and 4 patients, showed SVR rates of 43.2%
for the PEG-IFN-alpha 2a group and 38.7% for the PEG-
IFN-alpha 2b and ribavirin group. In the HCV genotypes
2 and 3 group, the SVR rates among patients treated
with PEG-IFN-alpha 2a was 82.6% and 75.5% for the
PEG-IFN-alpha 2b and ribavirin group"”..

Ancestry/race and SVR

Ancestry is an important marker of response to IFN-
based treatments in people chronically infected by HCV.
People of African descent have lower chances of success
with dual antiviral therapy compared with Caucasians.
These findings were observed in more homogeneous
populations, with low rates of racial admixture assessed
by self-reported ancestry; similar findings were found
in admixed populations when ancestry was assessed
using genetic markers!'®, Although people of African
descent are most commonly infected by HCV genotype
1, randomized studies ruled out the possibility that HCV
genotype infection was the reason for the lower response
to antiviral treatment in this group. The immunological
and genetic background appear to be the reasons for this
suboptimal response because these differences did not
occur as a result of therapy adherence, viral genotype,
histopathological changes, type of IFN or social or
the economic status of the patients®*”, The IL28B
polymorphisms are most likely influenced by ancestry,
and these variables may modify IFN-based therapy
outcomes®!,

IL28B polymorphisms
Genome Wide Association Studies (GWAS) described
single nucleotide polymorphisms of genes in the area
of the IFN-A as powerful predictors of therapy response
with double regimen with peg-IFN PR in patients infected
by hepatitis C genotype 1 and of spontaneous viral
clearance during acute HCV infection®®”*%#24, In HCV
genotypes 2 and 3 infected individuals, the outcomes
were somewhat controversial; some studies showed
that IL28B polymorphisms are associated with rapid
virologic response (RVR) and not SVR, whereas others
showed that IL28B polymorphisms are associated with
SVR only in patients who did not get RVR*.

The most studied IL28B genetic polymorphisms
are IL28B (IFN-AIII) rs12979860 single nucleotide
polymorphism (SNP) (T > C) and rs8099917 (T > G),
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which are separated by 4378 nucleotides. In genetic
studies with hepatitis C infected patients, both IL28B
variants (rs12979860 and rs8099917) are in linkage
disequilibrium, and in HCV genotype 1 patients treated
with pegylated IFN PR, the IL28B C/C genotype in
rs12979860, T/T in rs8099917 and A/A in rs12980275
were associated with sustained virological response'??,

According to GWAS, SNP rs12979860 1L28B C/C
genotype was strongly related with superior chances
of SVR, and it was observed that ancestry had affected
the results. Individuals with European ancestry and C/C
genotype had two times superior chances of achieving
SVR than did subjects with T/T genotype; IL28B C/C
African Americans had three times higher chances
of achieving SVR than IL28B T/T genotype African
Americans, and among Hispanics, the C/C genotype
was associated with a twofold higher chance of SVR
compared to the T/T genotype®, Data revealed that
African Americans with chronic hepatitis C genotype
1 and I128B C/C have better SVR rates compared to
European Americans (north American Caucasians)
without the IL28B C/C genotype'®”), The C allele is
more common in populations of European and Asian
ancestries, and this supports the hypothesis that
some of the differences in SVR rates among people of
African descent and Caucasians can be explained by
the variance in the frequency of the C allele in these
populations. Asians infected with hepatitis C genotype 1
virus had higher SVR rates compared with Caucasians,
African Americans and Hispanics, and the frequency
of the IL28B alleles is a possible explanation for this
difference”.

An analysis of the Brazilian admixed population
showed that the IL28B gene polymorphisms, rs12979860
and rs8099917, were also predictors of SVR to PR dual
therapy consistent with results of studies conducted
in populations with low levels of racial admixture™®.
However, in the studied admixed population, the
association among ancestry, IL28B polymorphisms and
therapy response was detected only when ancestry was
assessed using genetic markers'®.

Liver fibrosis

Liver fibrosis is a host factor that has consistently been
associated with response rates to IFN-based therapies.
Patients with advanced liver fibrosis (Metavir F3 or F4)
have a lower chance of SVR compared to subjects with
milder liver fibrosis. Invasive (liver-biopsy) and non-
invasive methods may be used to assess the fibrosis
stage!®,

IP-10

The combination of serum IP-10 and IL28B SNPs may
increase the predictive value of the treatment response.
The IP-10 (IFN - IP-10) is also called CXCL10 and belongs
to the CXC chemokine family. IP-10 is a indicator of liver
inflammation and fibrosis in individuals with chronic
hepatitis C. Low pre-treatment IP-10 levels have been
related with SVR and on the other hand, increased levels
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have been associated with therapy failure. A baseline
IP-10 level > 600 pg/mL was determined to be greatly
predictive of an unfavorable therapy outcome®**”.,

Vitamin D

Studies including HCV genotypes 1 and 4 infected
patients have revealed that low vitamin D status is
related with inferior probabilities of achieving SVR
following peg-IFN alpha PR therapy”®*®.. Nevertheless,
a recent published systematic review and meta-analysis
did not confirm these findings™®.. The authors found
no significant association between the baseline mean
25(0OH) D level and SVR (OR = 1.44; P = 0.11), either
in patients infected with HCV genotypes 1, 4, 5 (OR =
1.48; P = 0.09) or genotypes 2/3 (OR = 1.51; P = 0.65).

Statin use

The role of metabolic factors as well overweight and
visceral obesity, hepatic steatosis, insulin resistance
and diabetes, in the response to antiviral therapy has
been studied widely in the last decade™. To assessing
the role of statins on HCV response rate to treatment,
several studies analyzed the addition of fluvastatin
to the HCV treatment (peg-IFN and ribavirin)F'>%,
The use of statins significantly improved SVR (OR =
2.02, 95%CI: 1.38-2.94), RVR (OR = 3.51, 95%CI:
1.08-11.42) and early virologic response (OR =
1.89, 95%CI: 1.20-2.98). The SVR rate substantially
improved for HCV genotype 1 (OR = 2.11; 95%CI:
1.40-3.18). There was not an important increase in
adverse events reports and withdrawn with the adding
of statins.

Gender

Females overall appear to have higher chances of
achieving SVR. Nevertheless, several studies have
suggested that in HCV genotype 1 infected women,
menopause is related with an increased severity of
liver fibrosis, and with a lower likelihood of response to
therapy with peg-IFN and ribavirin®>7¢,

A cohort of HCV patients treated with dual therapy
revealed that SVR was independently related with
female gender, younger age, IL28B C/C genotype, viral
genotype and low baseline levels of serum HCV-RNAP,
However, females older than 50 years infected with HCV
genotype 1 achieved lower rates of SVR. The possible
reason was that, at baseline, females older than 50
years included in cohort had high body mass index
and visceral obesity, metabolic alterations and severe
histological liver damage, findings more frequently
observed in the menopause females. In genotype 2 and
genotype 3 patients, gender usually does not affect the
SVR™,

RVR

As reported in several studies, RVR (HCV RNA viral load
undetectable at week 4) is associated with a notably
higher rate of SVR. Some trials have observed that
patients infected with HCV genotypes 2 or 3 achieve
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RVR in higher proportions than patients infected with
genotype 1. However, regardless of the HCV genotype,
patients who reach RVR have the highest rates of SVR.
In the study by Fried et al*”’ RVR was achieved by 16%
of patients with genotype 1, 71% of genotype 2 and
60% of genotype 3. Among individuals who reached
RVR, the SVR rate was high across all HCV-genotypes
and ranged from 88% to 100% (genotypes 1-4).
Baseline predictive factors of RVR comprised genotype,
low baseline viral load, high alanina aminotransferase
ratio, nonexistence of advanced fibrosis, and younger
age. RVR was the most important predictor of SVR
based on logistic regression analysis””. Among HCV
genotype 3 infected patients, if RVR is present, the
treatment period may be shortened. In a previous
trial, among patients with RVR - week 4, SVR was
81.6% among patients treated for 24 wk and 82.5%
among them treated for 12 wk. In patients without
RVR, SVR was 52.1% if the treatment duration was 24
wk and 61.7% if the duration was 36 wk. According
to this study, HCV genotype 3 patients with RVR may
be treated for 12 wk if the appropriate ribavirin doses
are used; in patients without RVR, the SVR rates were
higher with 36 wk of treatment compared with 24 wk™®,

FIRST WAVE OF DIRECT ACTING
ANTIVIRAL (TELAPREVIR AND

BOCEPREVIR)

In 2010/2011, therapeutic regimens for HCV genotype 1
patients were modified, and the adding NS3/4a protease
inhibitors to dual therapy increased the effectiveness and
chances of SVR. The grouping of pegylated IFN, ribavirin
and a protease inhibitor (boceprevir or telaprevir)
significantly improved the SVR rates compared with dual
treatment (approximately 70% to 80% vs 40% to 50%
SVR, respectively)®***%, Protease inhibitors should not
be used as monotherapy, due to the development of
resistance and genetic modification of the host barrier.
With triple therapy, there is the possibility of shortening
treatment as guided by viral kinetics. Individuals with
IL28B (rs12979860) genotype C/C have higher chances
of achieving shortened response guided therapy.
Randomized trials have suggested that patients with
unfavorable IL28B genotypes (C/T and T/T, rs12979860)
had significantly improved SVR rates when protease
inhibitors were combined with dual therapy!®4-
(Tables 1 and 2).

Nevertheless, the first generation triple therapy is
associated with many adverse events, some of which
are serious and associated with death, especially in
cirrhotic patients. This led to the need to identify viral
and host predictive factors that might influence the SVR
rate to triple therapy, and additionally, it was important
to determine whether a subdivision of patients might
have a higher likelihood of response to dual therapy so
that the use of first-generation protease inhibitors with
their associated adverse effects and high costs could be
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Table 1 Risk factors associated with response (sustained virologic response 12) to first-

generation direct acting antivirals in naive patients

SVR12 rates (%)

Boceprevir Telaprevir

Predictive variables PR48 BOCRGT BOCPR48 PR48 T12PR48
Naive 40 67 66 44 75
Mild-moderate fibrosis 38 67 67 47 118.5
Advanced fibrosis 38 41 52 33 62
Black race 23 42 53 25 62
HCVRNA viral load < 800.000 IU/mL 64 76 85 36 74
1IL28B C/C 78 82 80 64 90
128BC/T 28 65 71 23 71
IL28BT/T 27 55 59 25 73
HCV genotype 1a 35 59 63 41 71
HCV genotype 1b 40 66 70 4 79
BMI < 25 47 58 67 44 83
BMI = 30 33 48 66 41 71
Relapse 22 9 9 28 9

Data obtained, analyzed and adapted from Ref. [8,9,44]. PR48: Standard therapy with pegylated interferon plus
ribavirin for 48 wk; BOCRGT: Boceprevir with therapy possibly shortened by response guided therapy; BOCPR48:
Boceprevir with treatment fixed time for 48 wk; T12PR48: Telaprevir by 12 wk and standard therapy for 48 wk;

IL28B: Interleukin-28B; BMI: Body mass index; HCV: Hepatitis C virus; SVR: Sustained virologic response.

Table 2 Risk factors associated with therapeutic response to first-generation direct acting

antivirals in patients previously treated with pegylated interferon and ribavirin

SVR rates (%)

Boceprevir Telaprevir
Predictive variables PR48 BOCRGT BOCPR48 PR48 T12PR48
Previous relapser 29 69 75 24 83
Previous partial-responder 7 40 52 15 59
Previous null responder 5 29
Mild-moderate fibrosis 23 63 68 16 76
Advanced fibrosis 13 44 68 11 49
Black race 8 61 63 10 55
HCVRNA viral load > 800.000 IU/mL (baseline)
IL28B C/C 46 79 77 29 79
1128B C/T 17 61 73 16 60
IL28BT/T 50 55 72 13 61
HCV genotype 1a 24 5 61
HCV genotype 1b 22 65 73
BMI < 25 20 6 68
BMI = 30 11 56 65
Relapse 15 59 54

Data obtained, analyzed and adapted from Ref. [40,41,44,45]. PR48: Standard therapy with pegylated interferon
plus ribavirin for 48 wk; BOCRGT: Boceprevir with therapy possibly shortened by response guided therapy;
BOCPR48: Boceprevir with treatment fixed time for 48 wk; T12PR48: Telaprevir by 12 wk and standard therapy
for 48 wk; IL28B: Interleukin-28B; BMI: Body mass index; HCV: Hepatitis C virus; SVR: Sustained virologic

response.

avoided.

SVR rates to treatment regimens containing pro-
tease inhibitors vary with the type of prior non-response
to treatment. Naive individuals reach response rates
between 67% and 75% (Table 1), and among relapsers
to previous dual PR therapy, the response rates vary
between 69% and 88%; for previous partial responders,
the response rates are between 40% and 59%, and for
previous null responders, the SVR rates vary between
23% and 38%°******! However, the response rates
are lower among individuals with liver cirrhosis (SVR =
11%-68%) and are higher among subjects with IL28B

JBaishideng®
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genotype C/C (Table 2).

In two phase 3 trials including boceprevir, baseline
predictors of SVR in previously treated patients include
former treatment response (previous relapse rather
than previous partial nonresponse), nonexistence of
cirrhosis, use of triple therapy rather than PR, low viral
load at baseline and lack of cirrhosis. In previously
naive patients, based on multivariate analysis, baseline
predictors of SVR were triple therapy, non-black race,
low viral load at baseline (< 400.00 UI/mL), age (<
40 years), statin use and absence of cirrhosis. In both
studies, a 1 logi IU/mL decline in HCV-RNA viral load
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after the 4-wk (lead-in) on-treatment was the greatest
predictor of SVRE>4¢1,

Untreated subjects with unfavorable predictive
variables of therapy response to PR treatment have
improved the chances of cure with the addition of
telaprevir. Patients with advanced fibrosis (bridging
fibrosis or cirrhosis), older age, diabetes mellitus, and
HCV RNA levels of 800000 IU/mL or higher, black race
and C/T and T/T IL28B genotypes showed improved
chances of an HCV cure™. Studies with telaprevir-based
triple therapy including previously treated patients
evaluated previous partial responders, relapsers and null
responders. The SVR rates during treatment were higher
in patients who had previous relapse or partial response
than in patients who had null response. Based on these
analyzes, advanced fibrosis appears to be associated
to unsuccessful, especially among patients with no
response or a partial response to previous treatment,
although there was no such effect on prior relapsers. The
lead-in phase with peguilated IFN alpha-2a PR before
telaprevir intake did not improve the response rate!*!
(Table 2).

Lead in phase as a predictor of SVR

Clinical trials have suggested that the lead-in phase, by
evaluating the sensitivity to IFN, is able to predict the
efficacy of triple therapy using first generation DAA™”.,
Lead-in phase consists of four weeks of pegylated IFN
and ribavirin treatment before triple therapy. A viral
load decline > 1 log after lead-in was the strongest
predictor of SVR in both naive and previously treated
patients with boceprevir*, Notably, in individuals with
a viral load decline less than 1 log after lead-in phase,
the chances of achieving SVR were lower, which may
reflect resistance to IFN. In the Sprint-2 trial, patients
who achieved more than a 2 log viral load decline after
lead-in had an SVR rate greater that 80%.

The rationale for performing a lead-in phase is to
avoid adverse effects associated with triple therapy with
boceprevir or telaprevir in patients with few chances of
SVR, particularly in cirrhotic and previous experimented
patients. Poor-IFN sensitive patients without RVR
at week 4 after lead-in and with other unfavorable
predictors to SVR may avoid the disadvantages of triple
therapy with boceprevir or telaprevir and should be
treated with new IFN-free therapies.

A multivariate analysis to evaluate the baseline
markers that predict this IFN response after the lead-in
phase, accessing previously untreated patients, showed
that baseline markers of good response involved the
following: IL28B C/C genotype, low baseline viral load,
absence of cirrhosis, and lower body mass index (BMI).
In previous treatment-failures, baseline predictors of
good response after lead-in were IL28B C/C genotype
and previous relapse to PR therapy. Statistically
significant differences in SVR rates for patients who
did not reach a 1 Log IU/mL decline after lead-in were
observed such as the following: patients with genotype
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1b vs 1a (47% vs 25%), METAVIR score FO/1/2 vs
F3/4 (38% vs 17%), and baseline viral load < 800000
vs > 800000 (69% vs 31%). Gender, race (black vs
nonblack), age, BMI and steatosis score were not
associated with response in this subgroup of patients™*,

First generation DAA and IL28B

The IL28B C/C genotype is a strong predictor of IFN
response with PR therapy, however, with first wave DAA
IFN-based triple therapy IL28B C/C genotype is a good
marker of early response in naive or previous treatment
experimented patients and viral kinetics is the strongest
predictor of SVR.

Sprint-2 and Respond-2 were phase Il studies
that evaluated the effectiveness of triple therapy with
pegylated IFN, ribavirin and boceprevir in naive and
previous treated patients, respectively. Subanalysis
of these studies assessed the impact of the IL28B
polymorphism (rs12979860) as a predictor of therapy
responset*****1 The genotype C/C IL28B was the
best predictor of treatment response at week 4 (after
lead-in) and week 8. Considering the IL28B C/C and
RVR (HCVRNA < 100 IU/mL at week 8 and 12), the
duration of treatment with triple therapy was reduced in
approximately 90% of previously treated and treatment-
naive patients. In the IL28B C/C genotype group in the
Sprint-2 study, the SVR rates were higher in all three
treatment studied arms (dual therapy, response-guided
triple therapy with boceprevir and triple therapy with
boceprevir fixed dose)®. However, in this cohort, the
IL28B genotype C/C was a more important predictor
of shortening treatment; 89% of patients cleared the
virus at week 8 of treatment. IL28B C/C was a predictor
of SVR in a limited model analysis with covariates
(Respond-2: OR = 2.2, P = 0.025 and Sprint-2: OR =
4.5, P < 0.001), but when a model of logistic regression
analysis was performed, the response after lead-in (week
4) was a stronger variable for predicting SVR than
any other, including IL28B C/C, based on the baseline
evaluation. In a combined Sprint-2 and Respond-2
studies analysis, early response to pegylated IFN and
ribavirin, i.e., response after week 4, was the best
predictor of SVR in patients with unfavorable IL28B
genotypes C/T and T/T. In the response-guided therapy,
the duration of therapy was based on the detection of
HCV-RNA at week 8 and patients who had undetectable
HCV at this time point were eligible for shortening their
therapy. The majority of C/C patients treated with
boceprevir had undetectable HCV-RNA viral load by
week 8 (89% in Sprint-2, and 76% in Respond-2), and
consequently was eligible for abbreviated treatment. On
the other hand, a fewer number of patients with the C/T
and T/T IL28B genotypes had undetectable viral loads
at week 8 (CT, 53% in Sprint-2 and 46% in Respond-2/
TT, 42% in Sprint-2 and 63% in Respond-2). The SVR
rate for patients in the boceprevir groups who became
undetectable by week 8 was 81%-100%, regardless of
the IL28B genotype™®*.
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Table 3 Cupic study evaluation of the risk/benefit of the
treatment cirrhotic patients with telaprevir or boceprevir

triple therapy considering the chances of death or severe
complications and sustained virologic response 12 according
to cutoffs of serum albumin level and platelet count 7 (%)

Platelet count Platelet count
> 100000/mm®> < 100000/mm’

Factors

Serum albumin level > 35 g/L

Patients with severe 19 (6.2) 9(122)

complications or death)

SVR12 168 (54.9) 27 (36.5)
Serum albumin level >35 g/L

Patients with severe 5(16.1) 19 (51.4)

complications or death

SVR12 9 (29.0) 10 (27.0)

Adapted from Hézode et al™. SVR12: Sustained virologic response at 12
wk after ending of treatment.

The phase Il study Advance analyzed triple therapy
with pegylated IFN, ribavirin and telaprevir in treatment-
naive patients with genotype 1 chronic hepatitis C*°’.
Retrospective analysis of the Advance study evaluated
SVR rates based on IL28B genotypes in 42% (n =
454/1088) of patients from the study population, all
Caucasians based on self-reported ancestry. In the
group with IL28B C/C, 90% of subjects (n = 45/50)
achieved SVR with triple therapy vs 64% SVR among
those who received pegylated IFN and ribavirin in the
control group. The genotypes C/T and T/T patients had
SVR rates of 71% and 73%, respectively in the group
treated with triple therapy compared with SVR rates of
23% and 25% in those treated with dual therapy. The
C/C patients achieved higher rates of extended RVR
(eRVR) characterized by HCVRNA viral load < 1000
IU/mL at week 4 and 12 of treatment; subjects with
eRVR were eligible for shortened therapy. In this study,
eRVR was the best predictor of SVR, although, notably,
individuals with the IL28B C/C genotype also had high
rates of SVR. The overall SVR rate in the group with
eRVR was 91%, but among individuals who also had
the IL28B C/C genotype, the SVR rate increased by 6%
(97%); among those who did not achieve eRVR, the
SVR rate was significantly lower (43%), but in those
without eRVR and with genotype C/C IL28B, the SVR
was 63%.

The phase III study Realize compared the efficacy,
safety and tolerability of telaprevir (with or without lead-
in) in combination with pegylated IFN and ribavirin,
with the control group treated with pegylated IFN and
ribavirin in patients non responsive to prior treatment,
including relapsers, as well as partial and null responders.
In a retrospective analysis, the association between the
IL28B genotype (rs12979860) and SVR was investigated
in 527 (80%) patients included in the study; however,
the IL28B C/C genotypes were not predictors of SVR
among individuals treated with triple therapy. SVR rates
were greater in telaprevir treated groups vs PR for all
1128B genotypes (CC: 79% vs 29%, CT: 60% vs 16%,
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TT: 61% vs 13%, respectively)“?.

Role of advanced liver fibrosis in first wave DAA
treatment regimens

Although triple therapy combining the protease inhibitors
(telaprevir or boceprevir), pegylated-IFN and ribavirin
have increased the chances to eliminate HCV in many
groups of patients, its efficacy remains suboptimal in
treatment experienced cirrhosis patients. These patients
are considered difficult-to-treat, and lower SVR rates
than noncirrhotics are achieved; they have an enlarged
risk of developing serious adverse events. Moreover,
cirrhosis patients were underrepresented in first
generation DAA clinical trials.

A real life study analyzed a total of 660 cirrhosis
patients who were previous relapsers, partial responders
and null responders to pegylated IFN and ribavirin
treatment, including 299 treated with telaprevir and 212
with boceprevir. Patients were included in each group at
the discretion of the physician®®. The first endpoint (SVR
12) achieved among patients treated with telaprevir was
74.2% for relapsers, 40.0% for partial responders and
19.4% for null responders. Among individuals treated
with boceprevir, 53.9% of relapsers, 38.3% of partial
responders and none of null responders got SVR at week
12. A late virologic breakthrough during therapy was
observed after discontinuing TVR in 16.4% of the cases,
a relapse in 14.7%, and 4.7% patients failed for other
reasons (7 were lost to follow-up, 4 died, and 3 were
missing HCV-RNA level measurements). Among the
121 patients who failed boceprevir treatment, virologic
breakthrough during therapy was observed in 9%, 17%
relapsed and 1.9% patients failed for other reasons (2
deaths and 2 missing HCV-RNA level measurements).

Variables associated with SVR 12 among patients
treated with telaprevir were HCV subtype 1b and RVR.
In the group treated with boceprevir, HCV subtype 1b,
1 Log HCV-RNA decline after lead in (week 4), 3 Log
HCV-RNA decline or undetectable viral load at week 8
were good predictors of SVR12. In multivariate analysis,
factors associated with SVR12 included previous
response to previous treatment, HCV subtype 1b and
baseline platelet count greater than 100000/mm?.

Serious adverse events occurred in 49.9% of cases,
comprising hepatic decompensation, severe infections
in 10.4%, and death in 2.2%. According to multivariate
analysis, baseline serum albumin level less than 35
g/L and platelet counts of 100000/mm?® or less predict
serious side effects or death. Among patients with
serum albumin levels < 35 g/L and platelet counts <
100.000/mm?, the proportion of severe complications
or death was 51.4%, and therefore, this treatment is
not advisable for this subgroup of patients (Table 3)*°.

In the Cupic study, the long follow-up period (60 wk)
of subjects treated with telaprevir or boceprevir revealed
a large number of serious adverse events (SAE), such as
severe infection or hepatic decompensation and death in
10.6% of patients. These SAE were attributed, in part, to
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a higher mean age of the study population compared to
phase 3 studies, as well as a more severe liver disease
and portal hypertension. Therefore, treatment with first-
generation DAA is not recommended for patients with
advanced cirrhosis and severe portal hypertension®”.,

First wave DAA and drug resistance

The emergence of drug-resistant variants is a concern
with the utilization of antiviral drugs. A large amount
of genetically different variants, or viral quasispecies
may occur in a unique individual, considering that about
10" HCV are produced daily with a mutation rate of
approximately 1 x 10* to 1 x 107 per nucleotides®™".,
These resistant variants can be selected in antiviral
treatment as the level of wild-type HCV decreases.

The most common resistance variants related
to therapy failure are comparable for telaprevir and
boceprevir. V36A/M, T54A/S, R155K/T and A156S/T
are clinically expressive variants that are resistant
to both drugs®?. The V55A and A156V are variants
associated with boceprevir only. In patients treated with
telaprevir or boceprevir, diverse resistance patterns are
identified for the HCV genotype 1 subtypes (1a and 1b).
Genotype 1b is correlated with a low-resistant variant
selection rate, the higher genetic barrier and superior
response to triple therapy in comparison with genotype
1a™, The most probable reason for these differences
are the lower genetic barriers to resistant variants at
key-sites on the HCV NS3 protease in genotype 1la
patients in comparison to patients with genotype 1b.

In phase 3 trials, patients who did not reach SVR
with telaprevir and boceprevir triple therapy, resistant
variants were identified in 86% and 55% of genotype
la patients, respectively; 56% and 47%, of those with
genotype 1b, respectively™. Genotype 1b-resistant
variants sustained for a median of 1-2 mo comparatively
with 8-11 mo for genotype 1a, in phase 3 clinical
trials with telaprevir®., In phase 1b trials, ultradeep
sequencing showed more variants in patients treated
with telaprevir or boceprevir: R117H in patients treated
with telaprevir, S174F in boceprevir-treated patients and
A87T in both groups; they were only found in genotype
1b, and the effect of these variants on triple therapy is
undetermined.

If patients do not get SVR with telaprevir-based
therapy, telaprevir-resistant variants are often increased
at the end of treatment. Population sequencing revealed
that the telaprevir-resistant variants are typically not
detectable at baseline (prevalence of patients < 5%)
and the majority of the variants present at the time of
treatment failure are no longer detectable at the end
of the study. The analysis performed in the Realize
study using a deep-sequencing technique showed that
before treatment, telaprevir-resistant variants (T54A,
T54S, or R155K) were detected in 2% of patients and
that these variants were not essentially detected at the
time of treatment failure. Analysis of 49 patients, deep-
sequencing technique, revealed the presence of variants
V36A/L/M, T54S or R155K in 16 patients (33%) at the

Raishidenge ~ WJH | www.wjgnet.com

[55]

end of the study

NEW WAVES OF DAA

Currently, the hepatitis C virus antiviral therapy challenge
is the development of drugs and therapy regimens
with markedly antiviral activity, high genetic barrier
to resistance, few side effects and short duration. An
improved understanding of the HCV genome lifecycle led
to the discovery of many potential targets for antiviral
therapy. The polyprotein processing and replication, viral
entry and fusion, the RNA virus translation, assembly
and release of host cells and numerous other factors
are attractive targets for new and alternative antiviral
therapies. Combinations of antiviral agents with different
action mechanisms have brought about IFN-free
treatment regimens, with expressive rates of sustained
response, better tolerability and fewer side effects™®.
Some characteristics of the new DAA are summarized in
Table 4.

Sofosbuvir

Sofosbuvir is a nucleotide analogue inhibitor of the
HCV NS5B RNA-dependent RNA polymerase, with HCV
pangenotypic action.

The phase 3 NEUTRINO trial evaluated sofosbuvir
(400 mg/d) in combination with PEG-IFN and weight-
based RBV (1000 mg to 1200 mg daily) for 12 wk™".
In the NEUTRINO study, of the 456 patients with HCV
genotype 1, 4, 5, or 6, 291 had HCV genotype 1 and
327 began treatment. A total of 17% of patients were
black, 71% were non-CC IL28B genotype, and 17%
had cirrhosis. The SVR rate at 12 wk after treatment
was 90%. The variables associated with therapy
response were cirrhosis, IL28B (rs12979860) genotype
and ribavirin exposure. The SVR12 for patients with
genotype 1 infection was 89.4% (SVR12 91.6% to HCV
subtype 1a and 81.9% to HCV 1b); SVR12 was inferior
in patients with cirrhosis (80%) than in those without
cirrhosis (92%). Subjects with IL28B CC achieved a
97.9% SVR12 compared to 87.1% among non-CC
I1.28B genotypes™.

In the FISSION study, 499 patients with HCV
genotype 2 or 3 began treatment and 20.5% of patients
in all groups had cirrhosis™”. In this phase 3 trial, among
patients receiving sofosbuvir-ribavirin, the predictive
factors associated with SVR12 were HCV genotype,
presence of cirrhosis, HCV-RNA viral load at baseline
and ribavirin exposure. The response rates were lower
among patients with HCV genotype 3 than among those
with genotype 2 (55.7% vs 97.1%); in addition, SVR
rates observed were worse for cirrhotic patients than for
those without cirrhosis (46.9% vs 72.1%), and patients
with HCVRNA = 6 logio UI/mL at baseline also had lower
SVR rates at week 12 (61.6% vs 78%).

In both Neutrino and Fission trials, known variables
such as older age, black race (self-reported), body
mass index = 30 kg/m’ that are commonly associated
with failure of previous IFN-based treatments were not
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Table 4 Characteristics of the "New-wave" direct acting antivirals and the most important variables associated with sustained

virological response

Drug Characteristics

Resistance-associated SVR predictive factors OR'

P-value'

Sofosbuvir  Nucleotide analogue HCV

NS5B

HCV mutation S282T Genotype 1

McHutchison ef al™

Polymerase inhibitor Cirrhosis: no vs yes 3.93 0.0018 Neutrino study
Against all HCV genotypes 1L28B: CC vs CT/TT 7.99 0.006
RBV exposure (mg/kg per day) 1.39 0.0005
Genotypes 2 and 3
HCV genotypes 2 vs 3 4249 <0.0001 Fission study
Cirrhosis: no vs yes 2.94 0.005
HCV RNA baseline: <vs = 6 Log IU/mL  2.33 0.009
RBV exposure (mg/kg per day) 1.26 0.002
Simeprevir NS3/4A serine protease QB80K-HCV HCV 1a: Q80K: no vs yes 019 1.7x10°  Jacobson et al"
inhibitor subtype 1a
HCV genotype 1 R155K FO-F2 vs F3-F4 2.09 0.029 Quest-1 study
D168V - HCV IL28B: CCvs CT/TT 511 1.3 x10*
subtype 1b
HCV RNA baseline: < vs > 800.000 IlU/mL  3.13 0.028
Daclatasvir ~ NS5A replication complex ~ NS3 polymorphisms HCV genotype 1a vs 1b 2.82 0.025 Hézode et al'™”
inhibitor
Against all HCV genotypes NS5A-A30K HCV genotypes 2 vs 3 131 0740  Sulkowski et al*
Ledipasvir HCV NS5A replication Afdhal et al'”
complex inhibitor
HCV genotype 1
ABT-450 NS3/4A protease inhibitor Treatment vs placebo 719 43 x20™ Feld et al™
Ritonavir HCV NS5A replication
complex inhibitor
Ombitasvir HCV NS5A inhibitor HCV genotype 1a
(Pangenotipic)
Dasabuvir HCV NS5B RNA non- Ribavirin: with vs without 3.50 0.038 Ferenci et al'®”
nucleoside polymerase
inhibitor
HCV genotype 1

'Statistical analyses were performed using Fisher’s test, two-tailed. An alpha error < 5% was considered. IL28B: Interleukin-28B; HCV: Hepatitis C virus;

SVR: Sustained virologic response; RBV: Ribavirin.

associated with SVR based on the multivariate logistic
regression.

Notably, 28 patients from NEUTRINO study and
the 74 patients from FISSION study who received
sofosbuvir relapsed after a virologic response at the end
of treatment; however, the reason for this non-response
is unknown. Testing for viral resistance did not find the
S282T HCV mutation associated with Sofosbuvir.

Daily sofosbuvir (400 mg) and weight-based
ribavirin plus weekly pegylated IFN for 12 wk is one of
the recommended treatment regimens for IFN-eligible
subjects with HCV genotype 1, 2 and 3 infection™®*,

Cost-effectiveness exploratory analysis showed
that in developed countries the strategy of treating all
individuals with genotype 1 and 4 chronic hepatitis C
with Peg-IFN alpha-2a, ribavirin and sofosbuvir (12
wk) as well as treating HCV genotype 2 and 3 patients
with sofosbuvir PR (12 wk) would be cost-effective
when compared to no treatment or to restricting
therapy according to stage of fibrosis (= F2, analyzed
by non-invasive tests). This analysis has considered
other treatment options and has showed that treating
everyone would be cost-effective if the overall increase
in treatment reached up to about £ 37500, but not over.
If costs increased to greater than £ 37500 the strategy
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to restrict the treatment for patients with METAVIR
= F2 would be the most cost effective. Unfortunately
these results can’t be extrapolated to developing
countries, where local cost-effectiveness analyzes need
to be evaluated™®.

Simeprevir

Simeprevir is a specific inhibitor of the HCV NS3/4A
serine protease, which is used to treat HCV genotype
1 patients. The recommendations have comprised
a treatment regimen of simeprevir plus PR for HCV
infected patients, especially HCV genotype 1b. If the
IFN-based treatment is not appropriate for patients,
combination with sofosbuvir + ribavirin should be
considered.

In the Quest-1 trial, patients with HCV genotype 1
were treated with simeprevir once daily plus peg-IFN
alpha 2a and ribavirin compared to PR treatment!®*.
Therapy period was 24 wk or 48 wk in the simeprevir
group agreeing with response-guided therapy. The
SVR12 from the Simeprevir group was higher when
compared to the PR group (80% vs 50%, respectively),
without worsening the adverse events associated with
peg-IFN. RVR and SVR12 was better in the simeprevir
group compared to the PR group independent of
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baseline HCV RNA, HCV subtype (1a without Q80K or
1b), METAVIR score (FO-F2, F3, or F4), IL28B genotype
(CC, CT, or TT) and race. Cirrhotic patients achieved
58% SVR12 in the Simeprevir group compared with
29% in the PR group; FO-F2 had 83% and 60% SVR12
in simeprevir and PR regimens, respectively; F3,
achieved 78% SVR12 when treated with simeprevir
and 26% SVR12 with PR treatment. Black or African-
American patients in the simeprevir group achieved
63% SVR12 compared with 25% in the PR group;
59% black or African-American patients treated with
simeprevir had RVR and 94% of them achieved SVR12.
In the Quest-2 trial, simeprevir was added to peg-IFN
alpha 2a or peg-IFN alpha 2b PR, and the combination
improved SVR in treatment-naive patients with HCV
genotype 1 infection!®,

In the Cosmos study, combination treatment with
simeprevir and sofosbuvir, in an IFN-free regimen was
evaluated in 167 patients with chronic HCV genotype 1
infection who had previously not response to peg-IFN
and ribavirin or who were untreated™”). There were two
groups: cohort 1 (enrolled patients with a null response
to PEG-IFN/RBV with Metavir fibrosis stage 0 or 2) and
Cohort 2 (including patients who were treatment-naive
or with a previous null response with Metavir fibrosis
stage 3 or 4). SVR12 were reached within 154 (92%)
patients, 90% in cohort 1 and 94% in-group 2.

The ATTAIN phase Il study compared two
treatments regimens, simeprevir plus PR and telaprevir
plus PR in HCV genotype 1 patients who were previously
treated with PR therapy. The SVR in the simeprevir
group was achieved in 69.7% in partial responders
and in 43.6% of previous null responders to PR. In the
teleprevir group, the SVR was 68.5% among partial
responders and 46.6% among the null responders!*’*>%,

For patients with HCV genotype 1a infection, the
Q80K polymorphism is a negative predictive variable
for achieving SVR, and baseline resistance testing may
be considered because the mutation clearly modifies
the probability of SVR to simeprevir. The SVR12 was
90% in the HCV genotype 1 group; however, in subtype
la with Q80K polymorphism at baseline, SVR12 was
52% whereas in the la group without Q80K, SVR12
was 85%"®!. Most likely, the Q80K polymorphism does
not prevent treatment with simeprevir plus sofosbuvir
since SVR rate remains high in patients with genotype
1a/Q80K infection treated with this regimen (SVR 12 in
cohort 1 was 86%)"".

Patients treated with simeprevir who did not achieve
SVR12 progressed with increasing number of mutations
up to the time of failure in 92% (35 of 38) of patients.
In HCV genotype 1a infected patients, the mutations
were mainly R155K and for patients infected with HCV
genotype 1b, the mutations were mainly D168V*”.,

Daclatasvir

Daclatasvir is a HCV NS5A replication complex inhibitor
that has great antiviral activity and is effective in patients
infected with HCV genotypes 1, 2, 3 and 4. Treatment
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may be combined with peg-IFN PR or sofosbuvir PR and
therapy duration varies between 12 and 24 wk.

The phase II b COMMAND-1 study analyzed HCV
genotype 1 untreated patients and showed SVR rates of
87% in subtype 1b and 58% in subtype 1a patients®®®.
This trial evaluated the combination of sofosbuvir
and daclatasvir in HCV genotypes 1, 2 and 3 infected
patients*®’. The results showed that once-daily oral
daclatasvir plus sofosbuvir was related with increased
rates of SVR among patients infected with HCV
genotypes 1, 2 or 3, comprising those with no response
to previous therapy with telaprevir or boceprevir. Among
individuals infected by genotype 1, 98% of previously
naive patients and 98% who did not achieve SVR with
first-generation protease inhibitors had SVR12.Among
HCV genotype 2 patients, 92% had SVR as well as 89%
of HCV genotype 3 subjects. The SVR rates at 12 wk
after treatment were similar in subgroups in accordance
with viral subtype (genotype 1a, 98% vs genotype 1b,
100%), IL28B genotype (CC, 93% vs CT/TT, 98%),
race (white, 97% vs black, 96% and other race, 90%),
ribavirin presence (ribavirin, 94% vs without ribavirin,
98%) and, finally, previous treatment failure with
telaprevir or boceprevir (98%)"*.

The virologic response was high despite the presence
or absence of baseline NS3 mutations that confer
resistance to telaprevir or boceprevir. At baseline,
resistance analysis detected an NS5A-A30K existing
polymorphism related with daclatasvir resistance at
baseline; nevertheless, all of the patients with preexisting
daclatasvir resistance variants achieved SVRI**%4,

Ledipasvir

Ledispavir is a NS5A inhibitor that has been associated
with high rates of SVR among patients with HCV
genotype 1. Multicentric trials have showed that com-
bination treatment with sofosbuvir and ledipasvir for
12 wk was effective in patients with HCV genotype 1
infection!®®),

In naive patients, the SVR12 rate among those who
were treated with 12 wk of ledipasvir plus sofosbuvir
was 99%; among patients treated with 12 wk of
ledipasvir plus sofosbuvir PR, the SVR rate was 97%.
Among individuals who received 24 wk of ledipasvir plus
sofosbuvir the SVR12 was 98%, while subjects treated
with 24 wk of ledipasvir plus sofosbuvir PR had an
SVR of 99%™, In this trial, the SVR rates were similar
among known subgroups traditionally associated with
low chances of SVR such as cirrhotic patients in whom
SVR12 ranged from 94% to 100%"®*. Patients with HCV
genotype 1a had 97%-99% rates of SVR; among those
with a non-CC IL28B allele, the SVR12 rate also ranged
between 97%-99%, and among black patients, the
SVR12 ranged from 91% to 100%"*".

Good SVR rates were also detected when previous
non-responders to IFN-based therapies (including
protease inhibitors previous non-responders) were
treated with sofosbuvir plus ledipasvir regimens. A trial
with 440 patients previously non responders to IFN
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associated treatment, including 20% cirrhosis patients
and 79% HCV genotype 1a infected individuals, the
SVR12 rates in treatment groups were as follows:
94% response in patients receiving 12-wk-ledipasvir
sofosbuvir; 96% among those who received 12 wk of
ledipasvir-sofosbuvir and ribavirin; 99% among patients
who received 24 wk of ledipasvir-sofosbuvir; and
99% in the group that received 24 wk of ribavirin and
ledipasvir-sofosbuvir®”. Treatment was well tolerated
with rare cases of breakthrough or relapse.

ABT-450/r-ombitasvir and dasabuvir

A 12-wk treatment with the combination of ABT-450/
r-ombitasvir, an NS5a inhibitor (a once-daily dose of
150 mg of ABT-450, 100 mg of ritonavir, and 25 mg
of ombitasvir), dasabuvir, NS5B RNA non-nucleoside
polymerase inhibitor (250 mg twice daily) and ribavirin
according to body weight was tested in the HCV
genotype 1 infected non-cirrhotic patients who achieved
SVR12 rates of approximately 96%"* 7", There was
no difference in SVR12 among HCV genotype 1b or
la. Among patients with HCV genotype 1b, the SVR
rates were 99.5% including ribavirin in the regimen
and 99.0% without ribavirin; on the other hand,
among those with HCV genotype 1a, the addition of
ribavirin appeared to increase the SVR rates (97.0%
and 90.2%, SVR12 with and without ribavirin, res-
pectively)®. Another trial analysed the efficacy of
ABT-450/r-ombitasvir and dasabuvir + ribavirin among
HCV genotype 1b infected patients without cirrhosis
and previously treated with peg-IFN and ribavirin. The
SVR12 rate including ribavirin was 96.6% and without
ribavirin, was 100%"", The SVR rates were 95.3% for
previously relapsed patients, 100% among patients with
previous partial response and 95.2% among those with
a null response'*,

MK-5172 + MK-8742 £ RBV in HCV genotype 1

MK-5172 100 mg once daily plus MK-8742 50 mg once
daily and RBV 1000-1200 mg divided twice daily is
another treatment regimen, which is under evaluation
for HCV genotype 1 patients. Therapy-naive patients
with HCV genotype 1 and cirrhosis were treated for 12
wk with MK-5172 + MK-8742 = ribavirin and obtained
SVR 4/8 rates of 90% with ribavirin containing regimen
and 97% when ribavirin was not included. Groups in
which patients were treated for 18 wk presented SVR
rates of 97% with or without ribavirin. Previous HCV
genotype 1 patients null responders to PR therapy
when treated for 12 wk had a 94% SVR 4/8 rate in the
regimen with ribavirin, and a 91% SVR 4/8 rate in the
regimen without ribavirin. When treated for 18 wk, the
SVR4/8 was 100% in the ribavirin-containing regimen
group and 97% if ribavirin was not added to therapy™?.

LT

Treatment of HCV infection in the transplant scenario is
indicated in two different situations: patients awaiting LT
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to prevent HCV infection of the graft; and patients with
hepatitis C recurrence after LT in order to reduce the
damage to the already infected graft.

Patients awaiting LT

Post-transplant recurrence of HCV is common in
patients who have detectable HCV RNA at the time of
transplantation. In patients waiting for LT, antiviral
therapy may be indicated because it prevents graft
infection if HCV RNA becomes undetectable at least
30 d prior to transplantation®®’. Current IFN-based
treatments are not effective and safe in patients with
advanced cirrhosis!”?!. With the recent approval of
sofosbuvir, simeprevir and daclatasvir in the United
States and Europe, IFN-free regimens are being used in
those cirrhotic patients with compensated liver disease
awaiting LT. Guidelines have recommended antiviral
therapy to Child-Pugh A patients in whom the indication
for transplantation is HCCP?,

Sixty-one patients with hepatocellular carcinoma,
HCV- any genotype, Child-Pugh score << 7, on LT wait
lists, were evaluated in an open-label phase 2 study,
that aimed to avoid HCV recurrence after LT. Subjects
received up to 48 wk sofosbuvir and ribavirin before
LT. Among them, 46 received transplanted livers, 43
(93.5%) patients had HCV-RNA level less than 25 IU/mL
at the time of transplantation; 30 of 43 subjects (70%)
achieved a post-transplantation SVR at week 12. In this
analysis, 10 (23%) had recurrent infection that was
related inversely to the number of consecutive days
of undetectable HCV RNA before transplantation. The
authors concluded that sofosbuvir and ribavirin before
LT can prevent post-transplant HCV recurrence”®.

In decompensated cirrhotic patients (Child-Pugh B or
C) waiting for transplantation, antiviral therapy may be
offered on an individual decision in experienced centers.
Data about safety and efficacy data are still scarce and
therefore there are no clear recommendations as well
as there are insufficient data about time of treatment,
post-LT relapse rate and safety. Of note, a few patients
without HCC may be delisted they improve liver function
and/or portal hypertension after achieving SVR.

Post-LT hepatitis C recurrence

Hepatitis C recurrence after transplantation is responsible
for reduced post-transplant survival. Approximately 30%
of patients with HCV develop severe recurrent acute
hepatitis C after transplant which rapidly progress to liver
cirrhosis; 5% to 7% have fibrosing cholestatic hepatitis
and may rapidly progress to death!>’®. Patients with
HCV post-transplant recurrence should be considered for
therapy. The treatment of recurrent HCV infection with
combination of peg-IFN PR after LT is associated with
low rates of SVR, ranging between 15%-35%, and with
significant adverse effects””. The triple therapy adding
boceprevir and telaprevir to PEG-IFN and ribavirin have
improved the therapeutic efficacy in comparison with
dual therapy, increasing in 30% the SVR rate, however,
this is accompanied by an additional cost and high
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toxicity with often serious adverse events and important
drug interactions, especially with calcineurin inhibitors”®.
The new wave of DAA with fully oral schemes of sim-
eprevir, sofosbuvir and/or daclatasvir has achieved
significant SVR rates and better tolerability. Combination
of sofosbuvir PR has been associated to better SVR rates
as high as 70% and good tolerance'.

All-oral sofosbuvir plus daclatasvir combination shows
high virological efficacy in liver transplant recipients and
appears not to interact with immunosuppressants™”.
Drug-drug interactions may be important in the post-
transplant setting; until this moment, no clinically signi-
ficant drug-drug interactions have been found between
sofosbuvir, simeprevir or daclatasvir and cyclosporine and
tacrolimus imunossupressants.

FINAL REMARKS

As the efficacy of new drug regimens used to treat
chronic hepatitis C is improved, the influence of host
and viral factors that may interfere with the chances of
obtaining a SVR decreases.

Because IFN-based antiviral therapies were the main
option, several studies searched for variables that are
predictive of SVR in patients with chronic hepatitis C.
Various viral factors, the host and the genetic variables,
metabolic and immunological characteristics have
influenced the response to IFN-based therapy. The most
important viral factors that influence the response to IFN-
based antiviral treatment appear to be HCV genotype
and HCV RNA kinetics. Conversely, the strongest
identified host baseline risk factor associated with SVR
was IL28B polymorphisms, especially rs12979860
and rs8099917. Other important SVR risk factors at
baseline were high viral load (> 600.000 Ul/mL), older
age, African ancestry, body weight, insulin resistance,
steatosis, and advanced fibrosis stage. Viral kinetics is a
strong predictor of SVR, particularly when the viral load is
not detectable at week 4 (RVR).

With the arrival of first generation DAAs, some
variables previously associated with SVR lost their value.
Considering telaprevir and boceprevir, viral kinetics is
the most important predictive factor of SVR. The IL28B
was associated with greater chances to shorten therapy
but not to achieve SVR.

With the new generation DAAs, it has been possible
to identify treatment regimens that substantially
improve SVR rates, including difficult to treat subgroups
of patients such as patients with cirrhosis. Nonetheless,
HCV subtype 1a, cirrhosis, some cases of HCV genotype
3 and “failure” of viral load decrease on-treatment may
still indicate low rates of non-response with regimens
that include sofosbubir, daclatasvir and ledipasvir.

It is expected that newer high genetic barrier
drug treatment regimens will produce very high SVR
rates with short therapy durations independent of the
presence of the current known unfavorable host, viral
and immunogenetic variables associated with response.
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Abstract

Hepatocellular carcinoma (HCC) is ranked as the 5"
common type of cancer worldwide and is considered as
the 3™ common reason for cancer-related deaths. HCC
often occurs on top of a cirrhotic liver. The prognosis
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is determined by several factors; tumour extension,
alpha-fetoprotein (AFP) concentration, histologic
subtype of the tumour, degree of liver dysfunction,
and the patient’s performance status. HCC prognosis
is strongly correlated with diagnostic delay. To date,
no ideal screening modality has been developed.
Analysis of recent studies showed that AFP assessment
lacks adequate sensitivity and specificity for effective
surveillance and diagnosis. Many tumour markers
have been tested in clinical trials without progressing
to routine use in clinical practice. Thus, surveillance is
still based on ultrasound (US) examination every 6 mo.
Imaging studies for diagnosis of HCC can fall into one
of two main categories: routine non-invasive studies
such as US, computed tomography (CT), and magnetic
resonance imaging, and more specialized invasive
techniques including CT during hepatic arteriography
and CT arterial portography in addition to the conventional
hepatic angiography. This article provides an overview
and spotlight on the different diagnostic modalities and
treatment options of HCC.

Key words: Diagnosis of hepatocellular carcinoma;
Surgical resection; Hepatocellular carcinoma; Liver
transplantation; Radiofrequency ablation; Microwave
ablation; Percutaneous ethanol or acetic acid ablation;
Radio-embolisation; Systemic chemotherapy; Trans-
arterial chemoembolisation

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

Core tip: This review aims to spotlight on the different
diagnostic modalities, and treatment options of
hepatocellular carcinoma (HCC). Despite lack of adequate
sensitivity of ultrasound (US) examination and alpha-
fetoprotein, both are still considered the cornerstone for
surveillance for HCC. So, a plethora of clinical studies
searching for a more ideal tool are running. One of these
tools is the microRNAs which can be considered as a
promising diagnostic as well as prognostic tool for HCC.
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This review discusses the diagnostic utility of computed
tomography and magnetic resonance imaging, as
well as the enhanced US efficacy in diagnosis of HCC.
Management of HCC depends on the tumour stage,
liver function reserve, and patient performance status,
and requires a multidisciplinary approach for optimal
treatment. Liver transplantation and hepatic resection
are the only curative options in early stage of disease. In
addition, radiofrequency ablation is equivalent to surgical
resection in well-selected patients. Radioembolization
with use of resin or glass sphere appear promising.
Novel molecular therapies are also discussed. For
patients with advanced disease, sorafenib is the only
approved therapy, but novel targeted agents and their
combinations are emerging.

modalities (resection and liver transplantation) and
radiological techniques [radiofrequency ablation (RFA),
microwave ablation, percutaneous ethanol (or acetic
acid) ablation and transarterial chemoembolisation
(TACE)] in addition to systemic chemotherapy and
molecularly targeted therapies.

DIAGNOSIS OF HCC

A multidisciplinary approach includes clinical, radiological,
and laboratory modalities with or without liver biopsy (in
certain cases) to establish the diagnosis of HCC.

CLINICAL PRESENTATION

Attwa MH, El-Etreby SA. Guide for diagnosis and treatment of
hepatocellular carcinoma. World J Hepatol 2015; 7(12): 1632-1651
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
112/1632.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i12.1632

INTRODUCTION

Hepatocellular carcinoma (HCC) is the 5™ common
type of cancer all over the world; after lung, prostate,
colorectal, and stomach cancers. It evolves at a fairly
constant rate of 3% per year, and is often preceded
by liver cirrhosis!!. In Egypt, incidence of HCC has
increased over the last decade from 4% to 7.2%""\.
This remarkable increase may be explained by an
increase in risk factors, such as the hepatitis C virus
(HCV) infection that emerges over the same period
of time'. Additionally, Egypt has a high prevalence
of HCV affecting approximately 12% of the general
population™®. Cirrhosis represents an entity of diffuse
hepatic disease that results from exposure to chronic
injury with subsequent regeneration of liver cells and
formation of abnormal structural nodules surrounded by
fibrosis. It occurs secondary to chronic viral hepatitis,
metabolic liver diseases (e.g., hemochromatosis, al-
antitrypsin deficiency, Wilson’s disease, non-alcoholic
steatohepatitis), alcoholic liver disease, and autoimmune
diseases (e.g., primary sclerosing cholangitis, primary
biliary cirrhosis, and autoimmune hepatitis)'’?. The
prognosis of HCC is strongly correlated with diagnostic
delay. To date, no ideal screening modality has been
developed. Recent studies revealed poor sensitivity
and specificity of alpha-fetoprotein (AFP) for proper
surveillance and diagnosis. Thus, the basis for surveill-
ance is still an abdominal ultrasound (US) every 6
mo despite inadequate sensitivity™®*®". The barcelona-
clinic liver cancer (BCLC) system has been certified for
use by both European (EASL) and American (AASLD)
associations for the Study of Liver Diseases®'”, The
best treatment modality for liver cirrhosis as well as
HCC is orthotopic liver transplantation (OLT)™Y, Different
treatment options are available, including both surgical
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In early stages, HCC usually runs a silent course
making clinical diagnosis difficult. This may be due to
the deep position of the liver underneath the lower
ribs, making the liver difficult to feel; moreover, the
tumour must reach a substantial size before it invades
adjacent structures or organs. The liver has considerable
functional reserves, so clinical manifestation as jaundice
and other evidence of hepatic dysfunction do not appear
until a large part of the organ has been replaced by
tumour. Additionally, no pathognomonic symptoms or
signs are attributable to HCC; tumours generally spread
to distant sites late in the disease. As a result, the clinical
picture is extremely variable and the patient may be
completely asymptomatic with no physical signs other
than of cirrhosis. Alternatively, the presentation may be
florid, indicative that liver failure has occurred™?. These
complications are frequently associated with the tumour
spread into the portal or hepatic veins or through
arteriovenous shunt induced by the tumour™.

Few patients may have weight loss, sense of poor
appetite or early fullness of the stomach, or a visible
mass in the upper abdominal part. These symptoms
often signify the presence of an advanced hepatic
lesion™,

Pain

Pain is a common feature, which is dull aching in
nature, of mild to moderate severity, continuous, felt
as a non-specific, located in the epigastrium, and right
upper quadrant or back. Rarely, pain of severe degree
occurs and is due to perihepatitis or infiltration of the
diaphragm. Acute abdomen may occur as a result of
sudden intra-peritoneal bleeding when the tumour
ruptures. The most important determinant of this
complication is the superficial location of the tumour in
the liver. Rupture of the tumour is either spontaneous, or
follow mild blunt abdominal trauma!**. This complication
is associated with a severe drop in haematocrit and
hypotension and diagnosis is made by peritoneal lavage
and laparotomy. A liver mass and free intraperitoneal
blood are typically seen on computed tomography (CT)
scan!*®, This complication is a life-threatening, and
control of bleeding is a goal. It may require emergent
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angiography and embolization of the bleeding vessel or
even surgery™®. Delayed resection may be considered,
although there is a high risk of peritoneal dissemination.

Other unusual clinical presentations include: (1)
Obstructive jaundice owing to intrahepatic duct com-
pression, infiltration of biliary tract or rarely, as a result
of hemobilia. It occurs in less than 10% of patients
from a high incidence population™; (2) Diarrhoea;
(3) Bone aches or dyspnoea due to metastases; (4)
Fever might develop in association with central tumour
necrosis™®; (5) Pyogenic liver abscess (very rare)™*;
(6) Paraneoplastic syndromes: Occasionally, patients
with HCC presented by a paraneoplastic syndrome
that can manifest as hypoglycaemia, thrombocytosis,
erythrocytosis, hypercalcemia, or diarrhoea of watery
nature. The presence of any of these manifestations,
other than erythrocytosis, is generally associated with
a poor prognosis®”; (7) Hypoglycaemia: In advanced
HCC, hypoglycaemia usually occurs as a reflection of
increased metabolic demands of the tumour. Typically,
the hypoglycaemia is mild degree and present without
symptoms; however, severe reductions in the levels
of plasma glucose can happen, resulting in state of
lethargy and confusion. The types of hypoglycaemia
have been described in HCC are two: Type A: hypogly-
caemia that occurs in the late stages of the disease, the
severity is a mild to moderate degree and associated
with a poorly differentiated tumour; and Type B (less
common): hypoglycaemia of severe degree that occurs
in the early stages of the HCC and is associated with a
well-differentiated slow growing tumour. The possible
explanations of hypoglycaemia that occurs in HCC
include high secretion of insulin-like growth factor I
by the tumour tissue (< 5% of patients) and impaired
gluconeogenesis due to liver decompensation (glucose
underproduction)®*?”’: (8) Erythrocytosis: In HCC,
tumour secretion of erythropoietin raises in up to 23%
of patients, this is probably the cause of erythrocytosis.
However, elevations in packed cell volume or haemo-
globin concentration are uncommon. Indeed, at the
time of diagnosis most patients are anaemic, because
of other effects of the tumour®?%; (9) Thrombocytosis:
Underestimation of thrombocytosis might represent a
difficult issue in HCC cases owing to the fact that most
patients already have low platelet count caused by the
underlying liver cirrhosis. Mean serum thrombopoietin
level is significantly increased in HCC patients with
thrombocytosis rather than those with normal or low
platelet count. In addition, interventions like hepatic
resection or TACE in HCC patients with thrombocytosis
result in drop of both serum thrombopoietin level
and platelet count which rise again in case of tumour
recurrence®*": (10) Hypercalcaemia: HCC cases might
present with hypercalcaemia due to associated osteolytic
metastases or secretion of parathyroid hormone-related
protein®>®!; (11) Watery diarrhoea: In one study,
diarrhoea was statistically significantly more frequent
among cirrhotic patients with HCC when compared to
those without HCC (48% vs 9%, P < 0.05)"®. It might
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be intractable and severe, leading to achlorhydria and
hypokalaemia®*. The actual mechanism of watery
diarrhoea in HCC is not clearly understood. An increase
in intestinal production of different peptides including
vasoactive intestinal polypeptide, prostaglandin-like
immunoreactivity peptides and gastrin might be a
plausible explanation™"; (12) Hyperthyroidism: may
be due to increased thyroid-stimulating hormone pro-
duction®!; (13) Gynaecomastia: is painful and associated
with increased level of oestrogen®®; and (14) Systemic
arterial hypertension in few patients with HCC?”.

Budd-Chiari syndrome

Budd-Chiari syndrome (BCS) is found in less than 1%
of all HCC patients. Clinical features that occur in HCC
patients complicated by BCS are diverse. These range
from complete absence of symptoms and signs to a
variable degree of abdominal or chest pain, dyspnoea,
and even variceal haemorrhage. BCS diagnosis can
be exclusively done by using imaging techniques only
without the need to do percutaneous liver biopsy.

The diagnostic accuracy (sensitivity and specificity)
of Doppler ultrasonography for the diagnosis of BCS is
considered to be high ranging from 85% to 90%"®.
Bargalld et al*® classified the ultrasonographic features
of BCS into three categories: (1) Specific: Obstructed
hepatic vein; (2) Suggestive: Collaterals between
intrahepatic, portal or caval veins and caudate vein diame-
ter more than 3 mm; and (3) Nonspecific: Hypertrophied
caudate lobe, portal vein thrombosis, extrahepatic
collaterals, regenerating nodules, non-homogeneous liver
parenchyma, and ascites.

The most frequent US signs of BCS are altered
hepatic (71.1%) and/or caval (28.9%) veins. Com-
bination of these two signs together with caudate lobe
hypertrophy has the highest positive predictive value
(PPV) of 97.8% for the diagnosis of BCS"®.

CT scan allows for more comprehensive assessment
of the patency of both hepatic and caval veins. It also
allows for more accurate measurement of the degree
of hypertrophy of caudate lobe. Magnetic resonance
imaging (MRI) helps in the differentiation of chronic BCS
from acute form as well as further delineation of vascular
anatomy™>*,

Cutaneous features

Numerous cutaneous manifestations have been reported
in association with HCC; however, none of them are
clue for the diagnosis of HCC*Y, These comprise;
dermatomyositis, pemphigus foliaceus, pityriasis rotunda,
Leser-Trélat sign, and porphyria cutanea tarda™***!,

The physical findings in most patients with HCC are
manifestations of decompensated cirrhosis**, Rarely,
bruits over the liver are heard.

Laboratory examination is often nonspecific. The
majority of HCCs patients have underlying hepatic
disease, and subsequent cirrhosis, so hyperbilirubi-
naemia, hypoalbuminemia, and hypoprothrombinaemia
are frequently encountered. Patients are often mildly
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Figure 1 Abdominal ultrasound of the liver. A: Transverse sonogram shows a small, 3 cm, hypoechoic mass in the right lobe of the liver; B: Transverse sonogram

shows a heterogeneous large mass in the right lobe of the liver™”,

Table 1 Sensitivity and specificity of different radiological

modalities in hepatocellular carcinoma

Sensitivity (%) Specificity (%)

us 60 97
Colour Doppler US 92 100
MPCT 68 93
MRI 81 85
Angiography 82-93 73

MPCT: Multiphasic helical computed tomography; MRI: Magnetic resonance
imaging; US: Ultrasound.

anaemic and may have thrombocytopenia. They may
have electrolyte disturbances (e.g., hyponatraemia,
hypokalaemia, metabolic alkalosis) that are associated
with defective water handling. Liver enzymes as serum
aminotransferases, alkaline phosphatase, and gamma
glutamyl transpeptidase are often abnormal with non-
specific patterns'.,

RADIOLOGICAL DIAGNOSIS

Imaging studies for diagnosis of HCC can fall into one
of two main categories: routine non-invasive studies
such as US, CT, and MRI, and more specialized invasive
techniques including CT during hepatic arteriography,
iodised 0il-CT, and CT arterial portography in addition
to the conventional hepatic angiography™®. Diagnostic
accuracy assessed by the sensitivity and specificity of
these different radiological modalities in HCC detection
was shown in Table 1.

us

To date, the surveillance for hepatic focal lesions in high
risk patients is based on US. Different appearances in
US may be present; either hypoechoic, hyperechoic
or target lesions. Unfortunately, all of these signs are
non-specific. Suspicion for HCC is raised when any
lesion is recognized in US, particularly if it is more
than 1 cm in size in the background of liver cirrhosis™”
(Figure 1). Several studies assessed the diagnostic
accuracy of US as a screening tool for early detection
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of HCC!®>!, One systematic review concluded that
the specificity was 97% (95%CI: 95%-98%) and
sensitivity was 60% (95%CI: 44%-76%) compared
with pathologic assessment of resected or explanted
liver as a standard reference®®*. In a large prospective
study enrolling non-cirrhotic hepatitis B carriers, the
specificity, sensitivity, and PPV of US were 93%, 71%,
and 15%, respectively™®. The sensitivity increased up
to 79%, when combined with AFP assessment. In other
studies, sensitivity values have ranged from 78%"™" to
much lower values of 40% to 50%, mostly when the
diagnosis is established by examination of the resected
liver after transplantation or autopsy specimens™,

Abdominal US allows the recognition of tumours as
small as 1 cm in size. Furthermore, the identification
of metastases by US in a normal liver is much easier
than the recognition of small HCC in a cirrhotic liver™*®,
In advanced tumour stage, the patency of vascular
structures and the existence of adenopathies at the hilum
can be assessed by USP®. In addition, small tumour
nodules can be detected by intraoperative US during
hepatic resection.

US offers many signs that raise the suspicion of
malignant transformation, including the presence of
intrahepatic venous thrombosis®®! (Figure 2), a mass
protruding from the hepatic surface or dilated intrahepatic

bile duct, even in the absence of a definite liver mass™®.

Colour Doppler US

When combining Doppler with US in patients with HCC,
the detection rate of malignant portal vein thrombosis
can be increased. Thus, the diagnostic accuracy can
be improved, to achieve a sensitivity of 92% and a
specificity of nearly 100%™ (Figure 3). Portal thrombosis
is ruled out, when US-Doppler shows no obstruction and
evidence of normal permeability of the portal venous
system®.

Contrast-enhanced US

Ultrasonographic visualization and characterization
of hepatic tumor vascularity can be improved by
using contrast-enhanced US (CEUS) that utilizes on-
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Figure 2 Doppler abdominal ultrasound shows the disappearance of Doppler

flow in the intrahepatic segment of the inferior vena cava (arrowhead) and
138]

the right hepatic vein™.

linear imaging modes™”?, CEUS can provide useful

data about the characteristics of hepatic lesions that
are not recognized with conventional US. CEUS has
comparable diagnostic performance of CT and MRI in the
characterization of hepatic focal lesions that are identified
during US screening in patients with chronic liver disease
or with a past history of prior malignancy™®. CEUS is well
tolerated, safe and may be the best choice when the CT
or MRI are contraindicated™. However, a meta-analysis
of 18 studies was unable to determine whether CEUS
was adequate to exclude HCC lesions of size less than 30
mm™,

Endoscopic US

Endoscopic US can establish a diagnosis of HCC especially
if combined with fine needle aspiration (FNA) and has
the probability to enhance the diagnostic accuracy of
staging of HCC compared with CT and MRI®", The role of
endoscopic US (EUS) in the assessment of patients with
suspected HCC is still being investigated. Early experience
in assessment of EUS-FNA diagnostic accuracy in
detection of focal liver lesions, suggests that EUS-FNA is
comparable to the results of CT-FNA. However, EUS-FNA
is limited anatomically to only a portion of the hepatic
parenchyma including the left hepatic lobe, hilum and
proximal biliary tree. Meanwhile, extrahepatic biliary
tree, gallbladder, and perihilar lymph nodes are all readily
accessible™?,

Abdominal CT multiphase perfusion CT

Currently, multiphase perfusion CT is the technique
of choice for diagnosis of HCC with an excellent
performance in the early detection of hepatic focal lesions
and staging. It comprises four subsequent phases;
namely pre-contrast, hepatic arterial, portal venous and
finally the delayed phases. This technique utilizes a single
detector spiral scanner of a high-speed and images are
taken out after injection of the contrast at a delay of
25, 70 and 300 s that correspond to the three phases
of arterial, portal venous, and equilibrium, respectively.
From the anatomical view, hepatic artery supplies the
principal blood flow to the tumour tissues, owing to their
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hypervascular appearance throughout the hepatic arterial
phase. Conversely, throughout the delayed phase due to
early washout of contrast, HCCs appear hypodense. It
was observed that images of delayed phase could assist
in confirming the diagnosis of HCC in 14% of patients™.
The gold standard imaging modality for evaluating
the response after loco-regional intervention of HCC is
Spiral CT*®?. In some centers, CT scan is also used as a
principal screening modality for HCC in cirrhotic patients.
Numerous studies have assessed test characteristics of
CT for diagnosis of HCC. A systematic review estimated
that the specificity was 93% (95%CI: 89%-96%) and
the sensitivity was 68% (95%CI: 55%-80%) compared
with pathologic tissue examination of an explanted or
resected liver as the reference standard®™.

Multi-detector helical CT

Multi-detector helical CT (MDCT) has permitted us
to collect early arterial phase images (18-28 s post
contrast injection) as well as late (early parenchymal)
arterial phase images (35-45 s post contrast injection).
Although the lesions are demonstrated better in the
“late” rather than the “early” arterial phase, the latter
clarifies more optimally the vessels in patients who are
considered for surgical resection®. The capability and
sensitivity of MDCT in the identification of HCC lesions
within the cirrhotic parenchyma of the liver is very high.
This can be attributed to its elasticity and rapid speed of
the device which lead to gaining images of high quality
by using both thin sections and 3-D capabilities™. In
the equilibrium phase (3-5 min after injection), the
appearance of vascular tumors is hypodense relative to
the surrounding liver tissue. In addition, focal hepatic
lesions that measure less than 2 cm can be accurately
identified in this phase due to washout of contrast
rapidly from the tumor tissue than from the normal
parenchyma of the liver®®”! (Figure 4). It was observed
that MDCT scan is valuable in early diagnosis of HCC
and in monitoring the successful treatment of HCC
lesions particularly the small ones. This is the most
important issue especially during follow-up of patients
with chronic viral hepatitis and/or cirrhosis™*®’. Non-
contrast CT scan has very low sensitivity for detecting
small HCCs. If contrast cannot be given safely, US or
MRI is the preferred diagnostic modality™?.

MRI

The advantage of MRI over CT is obtaining images of the
liver of high-resolution without using ionizing radiation
or nephrotoxic contrast agents. MRI has an equivalent
diagnostic accuracy as helical CT in the early detection
and diagnosis of HCC®®®*!, On T2-weighted MRI images,
HCC gives a high intensity pattern, while on T1-weighted
MRI images it gives a low intensity pattern” (Figure 5).
MRI is superior to both US and CT in differentiating the
nature of regenerative nodules from HCC nodules in the
patient with cirrhosis”!. A systematic review described
that the sensitivity was 81% (95%CI: 70%-91%) and
specificity was 85% (95%CI: 77%-93%) compared
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Figure 3 Colour Doppler ultrasound of the liver. A: Transverse sonogram shows portal vein thrombus; B: Transverse colour Doppler sonogram of the right upper

quadrant shows heterogeneous flow within the tumour thrombus™”.

Figure 4 Multi-detector computed tomography of hepatocellular carcinoma. A: Pre-contrast; B: Late arterial phase; C: Portal venous phase; D: Equilibrium
phase dynamic multi-detector computed tomography images. The hepatocellular carcinoma (arrowheads) is visualised as an enhanced nodule in the late arterial
phase and as a hypo-attenuated nodule in the equilibrium phase; E: Three-dimensional computed tomography angiography of hepatic arteries shows that the right
hepatic artery branches (arrow in E) from the superior mesenteric artery; F: The portal venous system with creation of varices (arrow)*®.

with pathologic tissue assessment of an explanted or
resected liver tissue as the reference standard””. The
sensitivity may be higher when used in conjunction
with US. In one series of patients with known HCC,
the combination of MRI and US detected 85 out of 87
HCCs". The sensitivity also appears to be augmented
when gadoxetic acid-enhanced and diffusion-weighted
imaging are combined”®”, In a study of 130 patients
with small (< 2.0 cm) HCCs and 130 cirrhotic patients
without HCC'”?!, the sensitivity of the combined approach
was 91% to 93%, compared with 81% to 82% for
gadoxetic acid-enhanced imaging and 78% to 80% for
diffusion-weighted imaging alone. The specificity did not
differ among the groups. In patients with advanced renal
failure, gadolinium used for MRI can cause nephrogenic
systemic fibrosis/nephrogenic fibrosing dermopathy, and
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thus alternatives should be used. As a novel technique,
MRI angiography during a single breath-hold, allows for
the achievement of a three-dimensional data set. This
will include the 3 subsequent phases; arterial phase,
portal venous phase and late venous phase”. In one
series, comparing this procedure to triphasic CT found
that it had higher sensitivity (76% vs 61%) for detection
of HCC nodules = 10 mm. Indeed, helical CT scanning
is still the preferred technique used by most radiologists,
because of both the high cost of MRI and the extended
duration necessitated to achieve standard MRI images
with good quality. MRI may be important in patients
presented with renal impairment or those who had a
hypersensitivity to CT contrast agents. MRI may also be
valuable in cases in which CT results are unclear; this is
predominantly true when the liver is severely nodular,
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Figure 5 Dynamic magnetic resonance imaging of hepatocellular carcinoma. A: Precontrast; B: Arterial phase; C: Portal venous phase; D: Equilibrium phase;
dynamic magnetic resonance imaging obtained with the LAVA sequence prior to therapeutic treatment. The hepatocellular carcinoma (HCC) (arrow) is seen adjacent
to the hepatic vein as an enhanced nodule in the late arterial phase and as hypo-attenuated nodule in the portal venous and equilibrium phases; E: T1-weighted
gradient echo image; F: Spin echo T2-weighted image two days after radiofrequency ablation therapy for HCC. The completely ablated area shows as hyperintense

on T1-weighted images and as hypointense on T2-weighted images (arrowheads)

Figure 6 Hepatic angiography. Typical hyper-vascular pattern, correspon-

ding to the findings of enhanced Doppler study, is clearly demonstrated by
i

angiography"".

because MRI can distinguish HCC focal lesions from
dysplastic nodules’*7®, MRI has higher performance
compared to CT scanning in the characterization of focal
fat lesion from HCC and vascular lesions (such as a
haemangioma).

Angiography

Owing to the hypervascular characteristic of HCC, the
tumor frequently has dilated, distorted, tortuous, and
displaced arterial supply””” (Figure 6). Strong tumour
staining, presence of vascular lakes and venous pools are
the most common features described in angiography™®.
It can enhance the detection and characterization of

HCC if combined with CT or MRI scanning'®®?. The
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technique includes injection of intra-arterial contrast
dye (usually in the superior mesenteric, splenic, or
hepatic artery) instantly before performing CT or MRI,
followed by achieving images through both arterial and
portal phases. The diagnostic performance of hepatic
arteriography largely depends on the size of hepatic
tumour and the pattern of vascularization™, The overall
diagnostic accuracy of angiography in the diagnosis of
smaller HCCs (< 5 cm) is up to 89%, with sensitivity
of 82%-93%, and specificity of 73%. These estimated
values were reduced, when the size of the tumor was
smaller than 2 cm™!, Recently, the less invasive and
novel techniques discussed above have substituted
conventional angiography for the diagnosis and early
detection of HCC. So, angiography became reserved for
therapeutic use during chemoembolization of tumors
and for the control of bleeding from ruptured focal
HCC™®. In a randomized trial with 280 HCC patients
eligible for RFA, performing CT hepatic arteriography and
portography led to the identification of 75 nodules that
were not detected by conventional CT scan, but this fact

did not improve the recurrence-free survival rates®.

LABORATORY DIAGNOSIS

Serum markers

The ideal tumour marker should possess the following
properties: (1) high specificity and not detected in benign
diseases and healthy subjects; (2) high sensitivity and
detectable very early when few cancer cells are present;
(3) organ specificity; (4) correlation with tumour stage
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Table 2 Currently used and investigational serum tumour markers

Markers Character Cut-off level Sensitivity Specificity Comments
AFP Oncofoetal glycoprotein 10-16 ng/dL 60%-80% 70%-90% Poor marker alone
20 ng/dL 39%-66% 76%-97 %

AFP-L3 AFP variant (subtype) 10% 39.9% 93.4% Useful in combination

15% 36.1%-96% 92%-99.5% with other markers
GP73 Golgi-specific membrane protein 10 relative units 69% 86% Promising marker
GPC3 Oncofoetal glycoprotein 2ng/dL 51% 90% Limited utility as a marker
DCP Abnormal prothrombin 40 mAU/mL 48%-62% 81%-98% Useful in combination
HS-GGT Abnormal prothrombin 551IU/mL 43.8%-74% Not available Non specific
AFU Lysosomal enzyme 870 nmol/mL per hour 82% 71% Lower specificity and poor marker

AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris-reactive AFP; GP73: Golgi protein 73; GPC3: Glypican-3; DCP: Des-gamma-carboxyprothrombin; GGT:

Gamma-glutamyl transferase; AFU: Alpha-L-fucosidase.

or tumour mass; (5) correlation with prognosis; and (6)
reliable predictive value. Such a tumour marker could be
used for diagnosis (in screening programs), prognosis,
monitoring the effects of the therapy and as a target for
localisation and therapy.

The most frequently used marker for diagnosis of
HCC is the serum concentration level of AFP. Numerous
serologic markers (such as des-gamma-carboxy-
prothrombin) may be used; the diagnostic accuracy of
which may be improved when they are combined with
serum AFP. While in clinical practice, these markers
are not routinely used, they represent a fruitful area of
investigation (Table 2).

AFP is a glycoprotein of an oncofoetal origin. Its
level is increased in patients with cirrhosis complicated
by HCC. Primarily, it is a foetal-specific antigen
produced in the liver of the foetus. After birth, its serum
concentration falls rapidly and decreases through adult
life. Elevation of serum AFP occurs normally during
pregnancy, and an abnormal rise has been reported
with gonadal tumours (both germ cell and non-germ
cel)®™ and in a different variety of other malignancies,
especially cancer stomach™®, Several studies reported a
rise of serum AFP in patients with chronic hepatic disease
without HCC, and in patients with acute or chronic viral
hepatitis’®®®. In addition, patients with HCV-related
cirrhosis may have a slightly higher concentration level
of AFP. In one series, patients who had been treated
with a combination of pegylated interferon plus ribavirin
for HCV-related cirrhosis demonstrated significant
decrease in AFP level after treatment™. Additionally, in
small HCCs the serum concentrations of AFP are normal
in up to 40%, as not all tumours secrete AFP®®,

A fibrolamellar carcinoma is a variant of HCC
characterized by normal AFP levels in the majority
of cases®. In one report, patients with cirrhosis and
persistently elevated AFP values compared with those
who have fluctuating or normal levels have an increased
risk of developing HCC (29% vs 13% and 2.4%,
respectively)®.

Assessment of diagnostic performance of serum
AFP as a screening tool in the early detection of HCC
using certain parameters as sensitivity, specificity,
and predictive values depends upon the value of cut-
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off chosen for confirming the diagnosis, the natural
characteristics of the population under study, and the
gold standard test used to establish the diagnosis of
HCC. Test characteristics in different situations have
described in several studies**®, A large systematic
review that enrolled five studies revealed the following
prognostic values; sensitivity of 41% to 65%, specificity
of 80% to 94%, negative likelihood ratio of 0.4 to 0.6
and a positive likelihood ratio of 3.1 to 6.8 when a cut-
off value based upon > 20 mcg/L®*4,

Although values of AFP above 400 ng/dL are
considered diagnostic for HCC, such a high level of
AFP present only in a small percentage of patients™,
Patients with high AFP levels (above 400 ng/dL) tend
to have larger tumour mass, diffuse or multilobar
involvement, thrombosis of the portal vein and a lower
survival rate®,

The utility of AFP in differentiating HCC from benign
liver diseases has also been noted to be limited with
false negative rates and high false positive rates®”’.
Although AFP is considered to be the gold standard as
a serum bio-marker of HCC, its utility as a screening
tool for HCC detection is of a questionable issue due
to its poor performance. The role of variant forms of
AFP has been investigated, to improve the diagnostic
performance of AFP.

Three different AFP variants (AFP-L1, AFP-L2, and
AFP-L3) have been investigated. Each variant has
a different sugar chain with a differential affinity for
lectins, such as Lens culinaris agglutinin. AFP-L3 (Lens
culinaris-reactive AFP) is more specific and superior for
HCC than is global AFP®®, The United States Food and
Drug Administration approved AFP-L3 as a screening
marker for HCC. The AFP-L3 percentage is calculated
as a ratio of AFP-L3 to whole AFP. Initial investigations
demonstrated a specificity and sensitivity of 93.9%
and 55.3%, respectively, when a cut-off value of 15%
AFP-L3 was used™.,

More recent studies using the same cut-off value
showed a sensitivity of 96% and specificity of 92%.
Another series, using cut-off values of AFP-L3 about 10%
to 15% exhibited a lower sensitivity (30.9%-36.1%)
but comparable specificity (93.4%-99.5%)"%, However,
the diagnostic accuracy of AFP-L3 vs whole AFP in
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Table 3 MicroRNAs with potential prognostic impact in patients with hepatocellular carcinoma

MiRNAs Molecular alteration Clinical significance Ref.
20 miRNAs Signature Venous metastasis, overall survival [154]
19 mi NAs Signature Poor survival [155]
MiR-19a, miR-886-5p, miR-126, miR-233, miR-24, Signature Predictor of overall survival and recurrence-free survival after LT  [156]
and miR-147

MiR-26a Down-regulation Poor survival [157]
MiR-122 Down-regulation Gain of metastasis properties [158,159]
MiR-122 Down-regulation Early recurrence [160]
Let-7 members Down-regulation Early recurrence [161]
MiR-199a-3p Down-regulation Reduced time to recurrence [162]
MiR-199b-5p Down-regulation Poor overall survival and progression-free survival rates [163]
MiR-101 Down-regulation Advanced tumour progression, poor prognosis [164]
MiR-125a Up-regulation Better survival [165]
MiR-92, miR-20, miR-18 Up-regulation Poor differentiation [166]
MiR-372 Up-regulation Advanced TNM stage [167]
MiR-221 Up-regulation Multi-nodularity, reduced time to recurrence [168]
MiR-221 Up-regulation Gain of metastatic properties [169]
MiR-221 Up-regulation High tumour capsular infiltration [170]
MiR-17-5p Up-regulation Multiple tumour nodules, vein invasion, shortened overall survival [171]
MiR-155 Up-regulation High recurrence and poor prognosis following OLT [172]
MiR-203 Up-regulation Good prognosis [173]
MiR-18 Up-regulation Poor prognosis [174]

Data adapted from Negrini et al"””. MiRNAs: MicroRNAs; TNM: Tumour-node-metastasis; LT: Liver transplantation; OLT: Orthotopic liver transplantation.

distinguishing patients with HCC from patients who
have only cirrhosis and regenerating nodules, is still a
matter of debate and has not been well investigated.
Interestingly, several studies have reported that AFP-L3
may be a useful prognostic bio-marker for HCC, and
higher percentage values are associated with increased
tumour size, poorly differentiated HCC, vascular invasion,
and metastasis''”. Therefore, it appears that because
of inconsistencies in its sensitivity and specificity data
for predicting HCC occurrence, AFP-L3 is still unreliable,
even though it is more precise and specific than whole
AFP. Also, AFP-L3 may not be very useful for surveillance
even though it may be a valuable prognostic bio-marker
in patients with known HCC™"",
Des-gamma-carboxyprothrombin (also recognized
as “prothrombin produced by vitamin K absence or
antagonism II”) has also shown advances in the
detection of HCC. In one series, 69 out of total 76
patients diagnosed as HCC, had a mean serum level
concentration of this marker in the range of 900 mcg/L;
much lower mean values were reported in chronic
hepatitis patients, metastatic liver disease, and healthy
individuals (10 and 42 mcg/L and undetectable,
respectively). Tumours of less than 3 cm in size show less
frequent elevations in des-gamma-carboxyprothrombin.
In addition, there is no significant correlation between
serum levels of abnormal prothrombin and AFP!%2%7),

MicroRNAs

The plasma microRNA expression has also been
investigated as a possible marker of HCC'® %, One
study examined 934 participants in 4 groups; healthy,
chronic HBV, cirrhosis, and HBV-related HCC!'®!, Regard-
less of the stage of HCC, a microRNA panel that included
miR-122, miR-192, miR-21, miR-223, miR-26a, and
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miR-801 accurately identified patients with HCC (AUC
0.89 with a specificity of 84% and a sensitivity of 82% for
the validation set). This microRNA panel also accurately
differentiated patients with HCC from healthy individuals
and those with cirrhosis or chronic HBV. Additionally,
microRNAs have a potential prognostic impact in patients
with HCC (Table 3).

Other serum bio-markers of HCC that have been
studied include: (1) Tumour-associated isoenzymes of

gamma-glutamy! transpeptidase''"’; (2) Transforming

growth factor-g-1 in urine™?; (3) Serum circulating
intercellular adhesion molecule-1 level™; (4) Serum
alpha-L-fucosidase activity™*; (5) Glypican-3 (a cell-
surface heparin sulfate proteoglycan)™’; (6) Dickkopf-
1%19): (7) Human carboxylesterase 1'”); and (8) Plasma

proteasome!**8**%,

PERCUTANEOUS LIVER BIOPSY

It should only be considered when diagnostic imaging
results are doubtful, for example, in patients with
cirrhosis and nodules of hypovascular nature, and
the result would directly have an impact on manage-
ment?**?!, Both the European (EASL) and the American
(AASLD) Associations for the Study of Liver Diseases
have proposed a role for liver biopsy in confirming the
diagnosis and identification of HCC'!, In addition,
clinical criteria have been developed that can be designed
for prioritising patients with any suspicion of HCC prior
to liver transplantation without confirming the diagnosis
with a biopsy™®. Possible risks encountered of a biopsy
include bleeding, and tumour spread through the track
of the needle. The magnitude of the risk ranges from
1.6% to 5%"** ', A large meta-analysis of eight dlinical
studies estimated that the overall risk was 2.7%"*".
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Figure 7 Updated Barcelona Clinic Liver Cancer staging system and treatment strategy, 2011"". The BCLC algorithm classifies HCC into five stages-based on
the extent of disease, Child-Pugh score, and ECOG performance status-that enables prognostication and informs allocation of first-line treatment. BCLC: Barcelona
Clinic Liver Cancer (group); HCC: Hepatocellular carcinoma; PST: Performance status test; TACE: Transarterial chemoembolization; RF: Radiofrequency; PEI:
Percutaneous ethanol infusion; CLT: Cadaveric liver transplant; LDLT: Living donor liver transplant.

However, some reports have not observed any adverse
impact of preoperative FNA, or an increased risk of
needle tract seeding, on long-term outcome and survival
in patients who were considered for elective surgical
resection of HCC!*?**?%1%°1 - Although the potential risk
of spreading tumour through the biopsy tract should
always be considered, liver biopsy might be performed
in certain circumstances as surgical resection and liver
transplantation.

TREATMENT OF HCC

Surveillance programs have been conducted in the high-
risk group patients; and led to an increasing number of
early detection of HCC™®. Nevertheless, HCC is usually
diagnosed late along its course, and the median survival
is approximately 6 to 20 mo after the establishment of
the diagnosis®'®, Based upon pre-established prognostic
criteria, the BCLC dlassification categorizes HCC patients
into five stages (0, A, B, C and D) (Figure 7). Different
treatment modalities are available including: (1) Surgical
resection; (2) Liver transplantation; (3) RFA; (4)
Microwave ablation; (5) Percutaneous ethanol or acetic
acid ablation; (6) TACE; (7) Radioembolization; (8)
Cryoablation; (9) Radiation therapy (RT) and stereotactic
radiotherapy; and (10) Systemic chemotherapy and
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molecularly targeted therapies.

SURGICAL RESECTION

In patients with adequate liver functional reserve,
potentially curative partial hepatectomy is the optimal
treatment for HCC. Solitary HCC confined to the liver is
ideal for surgical resection, which shows no radiographic
evidence of portal hypertension, no evidence of invasion
of the hepatic vasculature, and preserved hepatic
function. In carefully selected patients, Relapse-free
Long-term survival rates, average 40% or better and
five-year survival rates as high as 90% are reported.

The preoperative evaluation should focus on the
probability of disease being confined to the liver, and
whether the anatomic bonds of the intrahepatic tumour
and the underlying liver function will permit resection.
Although surgeons restrict suitability for resection of
patients with tumours that are < 5 cm in diameter,
there is no general basis regarding tumour size for
determination of patients for resection. A comparable
survival rate reported in patients with a solitary HCC
without vascular invasion regardless of tumour size,
although patients with smaller tumours tend to have a
better outcome.

Hepatic reserve assessment is of paramount im-
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portance in the selection of patients for resection.
Perioperative mortality is twice as high in cirrhotic as in
non-cirrhotic patients unless proper selection of patient
is applied. Patients with Child-Pugh class (A) cirrhosis,
who have a normal bilirubin and well-preserved hepatic
function, can undergo operative surgical resection
safely. Also, liver volumetry, and portal vein patency
should be assessed before major surgical liver resection
in those patients.

The utilization of intraoperative US allows accurate
localisation and staging of tumours. Anatomical consi-
deration is favoured by some gastrointestinal surgeons
during surgical resection, where segment-wise hepa-
tectomies is carried out whenever feasible. This depends
on the fact that microscopic intrahepatic metastasis is
expected to rise in the same original segment from which
the tumour rise. Interestingly, even after apparently
curative surgical resection, recurrent HCC develops
in 80% of patients within five years because of latent
metachronous multicentric carcinogenesis or intrahepatic
metastasis'>".

LIVER TRANSPLANTATION

Practically all patients who are candidate for liver
transplantation are unresectable because of the degree
of underlying liver dysfunction rather than tumour
extent. Liver transplantation can be considered as an
appropriate treatment option for patients with end
stage liver disease and earlier stage HCC. OLT is an
appropriate option for patients with chronic liver disease
(usually cirrhosis) who would not tolerate liver resection
and according to Milan criteria have a single HCC focal
mass with size < 5 cm in diameter or up to three
separate focal lesions, with any one of them is not larger
than 3 cm, with no distant metastases or regional nodal
and no evidence of gross invasion of vascular structure.

When these strict selection criteria used, excellent
overall three- to four-year actuarial (75% to 85%) and
recurrence-free survival rates (83% to 92%) could be
achieved. Long-term survival is similar to or only a little
worse in precisely designated patients experiencing
OLT for HCC, than survival for patients performing OLT
for non-malignant aetiologies. Patel et af**? found that
patients transplanted within Milan criteria and those
transplanted outside of Milan criteria but within the
University of California, San Francisco criteria (one
tumor < 6.5 cm, or < 3 tumors with largest tumor
diameter < 4.5 cm and total tumor diameter < 8 cm)
had equivalent outcomes.

A major disadvantage with OLT (in addition to the
need for lifelong immunosuppression with its attendant
risks) is the long waiting time for donor organs. The
requirement for livers continues to go up as the waiting
list of possible recipients remains to be extended. The
shortage of donor organs is a universal problem. With 12
mo duration waiting lists, many patients (up to 25%) are
expected to be excluded from liver transplantation due
to tumour progression. A scarcity of donor livers has led
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to the development of schema, whereby preference for
donor organs is given to the most critically ill patients. In
the United States, the selection depends on the “model
for end-stage liver disease” score which is used in the
prediction of median survival in cirrhotic patients putting
into consideration that diagnosis of HCC will increase the
priority score for donor organs™"***,

RFA

As regards loco-regional intervention ablation therapy
of HCC, RFA has been the most commonly evaluated
option. Distinctive types of electrode are available
including internally cooled electrodes and multi-tined
expandable electrodes with or without perfusion for
clinical RF ablation'**!, The raising of temperature with
subsequent damage is dependent on both the degree
of the temperature achieved within the tissue and
the whole length of exposure to the heating process.
Irreversible cellular damage produced by raising the
temperature of tumour tissue to 50 C-55 °C for 4-6 min.
In addition, tissue vaporises and carbonises at more than
100 C-110 C. A key factor that affects the achievement
of successfully RF ablation is the capability to destroy
all viable tumour tissues and probably a satisfactory
tumour-free margin. Ideally, ablative margin at 360°, and
0.5-1 cm-thick should be created around the tumour.
This cutoff would verify that microscopic invasions around
the margin of a tumour have been eliminated™*,

While there is no precise tumour size beyond which
RFA should not be applied, single tumour < 4 cm in
diameter have the best outcome. As noted above, RFA
has also been used as a “bridging” therapy™*°..

Five randomised controlled trials (RCTs) have
compared the efficacy of RFA vs percutaneous ethanol
infusion (PEI) in the management of early-stage HCC.
RF ablation showed superiority in the local control of the
HCC than PEI due to its higher anti-cancer effects!™*”,
In addition, two large meta-analyses endorsed RF
ablation as the standard percutaneous modality for HCC
treatment™®,

A question arises here, whether RFA can replace the
surgical resection as the first-line option for patients
with small, single HCCs. A RCT comparing RFA ablation
vs surgical resection in Child A patients with a solitary
HCC lesion of diameter 5 cm or less, has failed to
demonstrate any statistically significant differences in
disease-free survival and overall survival rate between
the two treatment groups™®?,

Another limitation of RFA applicability in the
treatment of HCC is the anatomical location of the HCC
lesions; those who are close to the gastrointestinal
system or near portahepatis or gall bladder are risky,
with the potential for major complications!*®, Up to
30% of the small size tumours may not be appropriate
for RFA due to their unfavourable position. Consequently,
there are no clear data to support RFA as an alternative
technique for surgical resection as a first-line in the
management plan for patients with early-stage HCC!**".,
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MICROWAVE ABLATION

Microwave ablation is a medical term used for all
electromagnetic methods that result in tumour damage
by using different devices with various frequencies (equal
to or more than 900 kHz). These microwaves move
through the cells or other materials containing water
leading to rotation of the different molecules. The rapid
rotation of these molecules produces a consistent and
evenly distributed hotness, which is continued until the
radiation is completely stopped. A necrosis area in the
form of round or column shape, created by microwave
irradiation around the needle is formed, depending
on the type of needle used and the amount of power
generated™*?,

One RCT compared the efficacy of both microwave
ablation and RF ablation in the management of HCC.
There is a propensity favouring RFA over microwave
ablation despite taking into account the rate of both
complications and local recurrences and that there was
no statistically significant differences in the efficacy of
the two procedures. It has to be noted that technology
of microwave ablation has improved dramatically.
Newer devices seem to have overcome the limitation
encountered by the small size of the coagulation area
produced by a single probe insertion. Microwave ablation
offers an important advantage over RF ablation in that
treatment outcome is not influenced by the site of the
tumour*®,

PEI OR ACETIC ACID ABLATION

PEI is often indicated in patients who are not suitable
for resection and with small HCCs due to their poor
functional hepatic reserve. The ethanol produces
coagulation necrosis of the tumour mass, through differ-
ent mechanisms as dehydration of cells, denaturation
of protein, and occlusion of small vessels. PEI is a well-
established technique for the management of HCC
nodular-type. Nodules of HCC have soft consistency
within a firm cirrhotic liver. Consequently, the injected
ethanol diffuses easily and selectively within these lesions.
Multiple (4-6) sessions of PEI have been shown to be
effective with complete response (CR) in approximately
70% of all lesions of small size!**,

An inherent advantages of PEI are low financial
cost and low morbidity, but the higher local recurrence
rate is a major limitation, that may occur in up to 33%
in small lesions (less than 3 cm) and in up to 43% in
larger lesions!*4,

The CR is not usually achieved by ethanol injection,
due to the uneven allocation of the ethanol within the
lesion (particularly in the existence of intra-tumoural
septa) and a restricted influence on extracapsular
cancer cells spread. The current advance of dedicated
multi-pronged PEI needles has been shown to overcome
some of these limitations, leading to the achievement of
90% sustained rate of CR, when the size of the tumour
is smaller than 3 cm and furthermore treated only with
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a single session ablation. Acetic acid injection as another
method of chemical ablation has been utilized for the
treatment of HCC. However, this procedure has been
investigated by very few researchers worldwide!**!,

TACE

TACE has been commonly used for treatment of
unresectable type of HCC. The principle of TACE depends
on deprivation of HCC lesions from their blood supply
which is predominantly derived from the hepatic artery,
whereas portal system supplies blood to surrounding
liver tissue. TACE is preferable for multiple or large size
focal HCC lesions and even in cases of impaired hepatic
reserve. The tip of the catheter is introduced at the
nearest and the achievable site of the feeding artery of
HCC lesion. Under fluoroscopic monitoring, an emulsion
of anti-cancer agents combined with lipidol followed
by careful injection of gelatin sponge particles. The
dose of chemotherapeutic agent and lipidol emulsion
used in TACE is calculated and determined according
to tumour size and extension of the lesions™'. A more
recent method of chemoembolisation involves the use of
drug-eluting polyvinyl alcohol microspheres (“beads”),
which seems to cause less toxicity with similar efficacy.
Use of drug-eluting beads causes simultaneous or
sequential occlusion of the feeding branch of hepatic
artery until blood flow to the tumour tissue ceases, which
may lead to greater efficacy of anti-cancer drug than
chemotherapy alone.

TACE is the first-line strategy in the plan of down-
staging of HCC tumours that exceed the criteria for
transplantation'*®. During follow up, dynamic CT or MRI
has been done every 3 to 4 mo and TACE was considered
when local recurrence, second primary HCCs and/or
intrahepatic metastasis were found. Limitations of TACE
include invasion of liver capsule, extracapsular growth of
the tumour, or invasion of the vessels with thrombosis.
Rarely, complete ablation and necrosis of whole lesions is
obtained, so the TACE should be considered for advanced
HCC lesions that cannot be treated by resection or
ablation.

Takayaso et al'**®! noticed that TACE resulted in a
five-year survival rate of 26%. A mortality rate of 0.5%
was reported in 8510 patients with unresectable tumour
of HCC. Patient survival can be predicted by assessment
of hepatic reserve, characteristics of HCC (size, number
of lesions, portal vein patency, and presence of tumour
invasion) and values of alpha fetoproteint*’*¢I,

Adverse events associated with TACE were described
in approximately 10% of treated patients; these
events include abdominal pain, nausea, vomiting, bone
marrow suppression, and ischemic cholecystitis. A post-
embolisation syndrome has been observed in > 50%
of patients treated with TACE and the patients usually
presented with fever, abdominal pain, and intestinal
obstruction of moderate degree. Treatment-related
mortality is less than 5%!"*".,

Absolute contraindications to TACE include portal
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vein thrombosis (absence of hepatopetal blood flow),
encephalopathy, and biliary obstruction. Relative
contraindications include increased level of bilirubin >
2 mg/dL, aspartate aminotransferase > 100 unit/L,
lactate dehydrogenase > 425 unit/L, tumour burden
occupying > 50% of the liver, cardiac or renal co-
morbidities, ascites, significant thrombocytopaenia, or
recent variceal hemorrhage*'.

TACE PLUS RFA

Combined TACE and RFA can be applied to overcome
the limitations of RFA when used alone. Three meta-
analyses have concluded that combined TACE together
with RFA was associated with an improvement of overall
survival rate than RFA alone. While the combination
of TACE plus RFA may be better than RFA alone, there
is no obvious indication that it is better than TACE
alone™,

CRYOABLATION

Cryoablation is the application of alternating freeze-thaw
cycles through the use of a cryoprobe inserted directly
into the tumour; this procedure is used intraoperatively
more frequently in HCC patients with unresectable
lesions. RFA has supplanted the use of percutaneous
cryoablation™?.,

RT AND STEREOTACTIC BODY
RADIOTHERAPY

External-beam RT is an emerging utility in the mana-
gement of liver cancer, although its place among other
treatment modalities for patients with unresectable
HCC, its role has yet to be clarified. HCC is considered
one of the radiosensitive tumours, and the liver is an
extremely radiosensitive organ. As a whole, the liver
can only tolerate radiation doses of approximately 20
Gy, although newer techniques using three-dimensional
conformal treatment planning or stereotactic focusing
may permit the guided delivery of up to 100 Gy.
Stereotactic body radiotherapy (SBRT) is a technique
in which a high-dose radiation fractions used as a single
or in limited numbers are delivered and condensed
to a small, accurately distinct target lesion by utilizing
multiple, non-parallel beams of radiation. These beams
focus and converge exactly on the precise target lesion,
minimising adjacent healthy tissue from exposure to
radiation. This precise targeting facilitate treatment of
small- or medium-sized tumours in extracranial sites
in either both types of single or limited number of dose
fractions, but experience with SBRT is still limited™>*">4,

RADIOEMBOLISATION

A variety of hepatic artery-directed treatment is
radionuclide yttrium-90 therapy. Microspheres containing
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yttrium-90 of approximately 25 mm in diameter are
introduced through a catheter precisely inserted into
the hepatic artery at the lobar or segmental level,
and discharge of local radiation with minimal radiation
exposure to neighbouring healthy tissue!**,

High intensity focused US (HIFU) therapy has been
evolved for the treatment of solid organs tumours.
The principle of HIFU is based on an extracorporal US
source that focuses to a predetermined target lesion
inside the body. The US energy passes safely through
overlying tissues to a predetermined specific target
area. The energy deposition rapidly produces a rapid
elevation of the temperature of this area, resulting in an
irreversible death of cells with an obvious area of tissue
necrosis. The reported disadvantages of HIFU therapy
include the long duration of the procedure (3-4 h) and
the rarely required rib resection when the tumour is
situated behind the rib bone'*". In addition to the high
cost, certain anatomical constraints (e.g., pass-through
of the radioactive material to the lung in some patients
with shunting) and a question of less effective tumour
necrosis than is seen with TACE limit the utility of this
treatment. It is under active study for patients with
thrombosis of the portal vein and those with advanced
disease, but still there is an appropriate liver reserve.
No RCTs are currently available.

SYSTEMIC THERAPY

Molecularly targeted therapy (sorafenib)

One of the oral multi-tyrosine kinase inhibitor is
sorafenib which is currently considered as the first drug
that might improve survival in patients with advanced
HCC. The multicentre European randomised SHARP
trial in 2007, demonstrated monotherapy with sorafenib
agent as a standard systemic treatment for advanced
tumour of HCC.

In a large series, double-blinded placebo-controlled
phase IlI, the estimated median overall survival
estimated in months was found to increase from 7.9 in
the placebo arm to 10.7 in the sorafenib arm (HR = 0.69;
95%CI: 0.55-0.87; P = 0.00058), which results in a
31% decrease in the relative risk of death.

A preliminary data from a randomised phase 1I trial
comparing the results of sorafenib plus doxorubicin vs
doxorubicin alone suggested an advantage for combined
therapy; however, whether this combination is superior
to sorafenib alone will necessitate a randomised trial in
which the sorafenib is the control arm.

Cytotoxic chemotherapy

Chemotherapy has not been used consistently in the
treatment of advanced HCC for a several reasons: (1)
the relatively chemotherapy-refractory nature of HCC
tumour. This is partially due to the high rate of drug
resistance gene expression, including mutations in p53,
glutathione-S-transferase, P-glycoprotein, and the heat
shock proteins; (2) systemic chemotherapy is typically
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Table 4 Ongoing randomised phase I-II trials aimed at

changing the standard of care in hepatocellular carcinoma
management during the period 2012-2013""

Indication Randomised studies

Adjuvant Sorafenib vs placebo

Intermediate HCC Chemoembolisation + sorafenib
Chemoembolisation * brivanib
Chemoembolisation + everolimus

Advanced HCC

First line Sorafenib + erlotinib

Sorafenib vs brivanib
Sorafenib vs sunitinib
Sorafenib vs linifanib
Sorafenib * yttrium-90
Sorafenib + doxorubicin
Second line Brivanib vs placebo
Everolimus vs placebo

Ramucirmab vs placebo

HCC: Hepatocellular carcinoma.

not properly acknowledged and endured by patients
owing to the presence of significant underlying poor
hepatic reserve. The overall survival of the patients is
most often estimated neither by tumour aggressiveness
nor the impact of a systemic treatment, but by the
degree of impairment of hepatic reserve; and (3) clinical
trials of systemic chemotherapy in patients with advanc-
ed stage of HCC have been conducted in different variety
of populations.

Despite these issues, emerging data suggest a
modest degree of antitumour efficacy for several
cytotoxic agents and/or combined drug regimens; a
chemotherapy trial may be warranted in many indivi-
duals, particularly if they have normal underlying liver.
Reactivation of viral hepatitis may happen in patients
with HCC who are experiencing intense systemic
chemotherapy; it is therefore important to continue their
antiviral medications.

Using a combination therapy of intra-arterial infusion
of 5-Fluorouracil (5-FU) and subcutaneous interferon in
116 HCC patients with portal vein invasion has shown
promising results™,

The treatment cycle comprises of 4 wk; 5000000 u
(5 MU) IFU was administered three times weekly, given
intramuscularly at days 1, 3, and 5 from each week,
with a total dose of 60 MU per cycle. 5-FU (500 mg/d)
was injected into the hepatic artery through a portable
infusion pump on days 1-5 of the first and second weeks
through the intra-arterial catheter (5 gm per cycle) over
a period of five hours each time. A CR achieved in 19
(16%) patients and a partial response obtained in the
other 42 (36%). Only, nausea and appetite loss were
noticed as adverse events. The overall survival rates
reported at 12 and 14 mo among those patients were
34% and 18%, respectively, and those among patients
who achieved CR were 81% and 59%, respectively™".

Other molecular targets under clinical development
are shown in Table 4.
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CONCLUSION

At present, the surveillance of HCC is based on US
examination every 6 mo because AFP lacks the satis-
factory sensitivity and specificity necessary for successful
surveillance and diagnosis. Numerous clinical trials
searching for a more ideal tool are running. One of these
tools is the microRNAs which can be considered as a
promising diagnostic as well as prognostic tool for HCC.
Treatment of HCC depends on assessment of the tumour
stage using BCLC or other scoring systems, preserved
hepatic function, and performance status of the patients.
Thus, a multidisciplinary approach is required for an
optimal treatment of HCC. Indeed, hepatic surgical
resection and liver transplantation are the only curative
treatment options in the early stages of disease. RFA
is equivalent to surgical resection in highly-selected
patients with an early stage of HCC. Radioembolisation
using resin or glass spheres appears to be a promising
tool. Molecular studies of HCC have recognized peculiar
activation of different signalling pathways, which signify
key targets for emerging molecular therapies. The only
approved therapy in patients with advanced disease
is sorafenib, but novel and emerging targeted agents
and their combinations are promising and being used in
several clinical trials.
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Abstract

Metformin, a biguanide derivative, is the most commonly
prescribed medication in the treatment of type 2 diabetes
mellitus. More recently, the use of metformin has shown
potential as a preventive and therapeutic agent for a
broad spectrum of conditions, including liver disease
and hepatic malignancies. In this systematic review,

WJH | www.wjgnet.com

JRaishideng®

we critically analyze the literature behind the potential
use of metformin across the spectrum of liver disease
and malignancies. The PubMed and Ovid MEDLINE
databases were searched from 2000 to March 2015,
using a combination of relevant text words and MeSH
terms: metformin and mammalian target of rapamycin,
hepatitis B virus (HBV), hepatitis B virus (HCV), non-
alcoholic fatty liver disease (NAFLD), hepatocellular
carcinoma (HCC) or cholangiocarcinoma. The search
results were evaluated for pertinence to the issue of
metformin in liver disease as well as for quality of study
design. Metformin has a humber of biochemical effects
that would suggest a benefit in treating chronic liver
diseases, particularly in the context of insulin resistance
and inflammation. However, the literature thus far does
not support any independent therapeutic role in NAFLD
or HCV. Nonetheless, there is Level I evidence for
a chemopreventive role in patients with diabetes and
chronic liver disease, with decreased incidence of HCC
and cholangiocarcinoma. The use of metformin seems
to be safe in patients with cirrhosis, and provides a
survival benefit. Once hepatic malignancies are already
established, metformin does not offer any therapeutic
potential. In conclusion, there is insufficient evidence to
recommend use of metformin in the adjunctive treatment
of chronic liver diseases, including NAFLD and HCV.
However, there is good evidence for a chemopreventive
role against HCC among patients with diabetes and
chronic liver disease, and metformin should be continued
in patients even with cirrhosis to provide this benefit.

Key words: Non-alcoholic fatty liver disease; Metformin;
Chemoprevention; Hepatocellular carcinoma; Hepatitis
C

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

Core tip: There has recently been a growing literature
on the use of metformin as a potential preventive and
therapeutic agent for various chronic liver diseases and

June 28, 2015 | Volume 7 | Issue 12 |



hepatic malignancies. We therefore decided to review
the efficacy of metformin across the spectrum of liver
disease and malignancies. Based on our systematic
review, there is insufficient evidence to recommend
use of metformin in the adjunctive treatment of non-
alcoholic fatty liver disease and hepatitis C. However,
there is good evidence for a chemopreventive role
against hepatocellular carcinoma among patients with
diabetes and chronic liver disease, and metformin
should be continued in patients even with cirrhosis to
provide this benefit.

Bhat A, Sebastiani G, Bhat M. Systematic review: Preventive
and therapeutic applications of metformin in liver disease. World
J Hepatol 2015; 7(12): 1652-1659 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i12/1652.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i12.1652

INTRODUCTION

Metformin as an oral hypoglycemic medication has
been typically prescribed for type 2 diabetes and insulin
resistance in polycystic ovarian disease. Its hypoglycemic
action occurs by virtue of its ability to inhibit both
gluconeogenesis and glycogenolysis in hepatocytes!"!
(Figure 1). It also indirectly downregulates circulating
insulin and insulin growth factor-1, by virtue of decreasing
serum glucose™*, Additionally, metformin binds
reversibly to complex I of the mitochondrial electron
transport chain in hepatocytes, giving rise to cellular
stress™!, This inhibition leads to an increase in adenosine
monophosphate (AMP) generation, with a concomitant
decrease in adenosine triphosphate (ATP) production.
Increasing levels of AMP bind to AMP kinase (AMPK), a
key regulator of cellular metabolism in both normal and
cancer cells, resulting in a conformational change and
activation™®”, Cellular stress, such as nutrient deprivation
and hypoxic conditions, also increase AMP levels'”!. Once
activated by AMP, the conformational change facilitates
liver kinase B1 (LKB1) phosphorylation of AMPK, which
in turn phosphorylates Tscl/2. This leads to negative
regulation of the mammalian target of mpamycin (mTOR)
pathway'®. Metformin improves insulin resistance through
activation of AMPK, which subsequently blocks hepatic
glucose release and promotes glucose uptake in skeletal
muscle!., It also likely uses various mechanisms to restore
insulin sensitivity by limiting lipid storage through the
inhibition of free fatty acid formation; AMPK suppression
of acetyl-CoA carboxylase 1 (ACC1), ACC2, and HMG-CoA
reductase decreases fatty acid synthase expression and
activates malonyl-CoA carboxylase™*°**!, Moreover, AMPK
suppresses fatty acid synthesis through the inhibition of
transcription factor SREBP-1c. This transcription factor is
induced by glucose and insulin excess, and is therefore
inappropriately elevated in patients with non-alcoholic
fatty liver disease (NAFLD)™**, Interestingly, metformin
has also been shown to modulate adipokine synthesis
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(cytokines that have action on adipose tissue). Adipokines
such as tumor necrosis factor-o. and interleukin-6 can
directly stimulate AMPK, thereby preventing hepatic
fat accumulation through an increase in p-oxidation of
free fatty acids (FFAs) and/or by decreasing de novo
synthesis™™, Zhang et af**! have shown that metformin
exerts antagonistic effects on catecholamine-induced
lipolysis via decrease in CAMP production.

Recent years have seen investigation of its use in
a variety of conditions, such as NAFLD, in addition to
potential use as a chemopreventive and chemotherapeutic
agent. The exploration into the use of metformin in
chemoprevention began in 2005, with Evans et a/'*®
demonstrating that metformin significantly reduced
the risk of cancer development in diabetic patients. The
findings of this large cohort study demonstrated a 23%
reduction in overall cancer incidence among diabetic
patients treated with metformin as compared to those
treated with sulfonylurea derivatives'. The discovery
gave rise to a number of studies focusing on the ability
of metformin to lower the risk of cancer in long-term
users of the medication. A prospective cohort study by
Libby et al'”! demonstrated that 7.3% of patients taking
metformin had a diagnosis of cancer, as compared
to 11.6% of a control population. After adjusting for
confounding variables, patients on metformin still had a
significantly decreased risk of cancer, with a hazard ratio
of 0.63 (95%CI: 0.53-0.75). A second prospective cohort
study by Bowker et af'® similarly showed that the use of
metformin reduced cancer-related mortality as compared
to sulfonylureas or insulin in diabetic patients, with an
adjusted hazard ratio of 0.80 (95%CI: 0.65-0.98). These
studies fuelled further investigation into chemopreventive
use in hepatic malignancies, as well as applications
to target insulin resistance in chronic liver disease.
The biochemical basis of these effects, along with the
literature behind potential applications in hepatology, are
systematically detailed in this review.

LITERATURE STUDY

We systematically searched PubMed and Ovid
MEDLINE databases from 2000 to March 2015, using
a combination of metformin with the following relevant
text words and MeSH terms: hepatitis B virus (HBV),
HCV, NAFLD, hepatocellular carcinoma (HCC) or
cholangiocarcinoma. The search results were evaluated
for pertinence to the issue of metformin in liver disease
as well as for quality of study design, and we used
material written in English. The reference lists from all
identified studies were searched for further relevant
papers. Review articles were used as a reference, but
not as primary sources of information.

NAFLD

Although the pathogenesis of NAFLD is not clearly
understood, it is known that insulin resistance assumes
a pivotal role. Importantly, NAFLD is associated with
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Figure 1 Effects of metformin on hepatocyte energy status and the mammalian target of rapamycin pathway, in turn affecting metabolism and
inflammation. 4E-BP: 4 eukaryotic-binding protein; ACC: Acetyl-CoA carboxylase; PKB: Protein kinase B; AMPK: Adenosine monophosphate kinase; cAMP: Cyclic
adenosine monophosphate; DEPTOR: DEP domain-containing mTOR interacting protein; EGF: Epidermal growth factor; elF4E: Eukaryotic translation initiation factor
4E; FFAs: Free fatty acids; HIF-1o.: Hypoxia-inducible factor-1 alpha; IGF: Insulin growth factor; LKB1: Liver kinase B1; mLSTB: Mammalian lethal with SEC13 protein B;
mTOR: Mammalian target of rapamycin; PI3K: Phosphoinositol 3 kinase; PKA: Protein kinase A; PPARy: Peroxisome proliferator-activated receptor gamma; PRAS40:
Proline-rich Akt substrate of 40 kDa; RAPTOR: Regulatory-associated protein of mTOR; Rheb: Ras homolog enriched in brain; RTK: Receptor tyrosine kinase;

SREBP: Sterol regulatory element-binding proteins; TSC: Tumor suppressor complex; VEGF: Vascular endothelial growth factor.

an increased risk of type 2 diabetes mellitus and
cardiovascular disease™. In insulin-resistant patients,
the increased influx of FFAs into the liver due to
peripheral lipolysis leads to hepatic steatosis. Insulin
resistance is said to increase hepatic lipogenesis through
activation of the lipogenic transcription factor sterol-
regulator element binding protein-1 (SREBP1). The state
of hyperinsulinemia upregulates glycogenolysis, leading
to increased fatty acid synthesis in the hepatocytes.
The “two-hit” hypothesis of non-alcoholic steatohepatitis
(NASH) pathophysiology proposes a synergistic effect
of “first-hit” obesity and diet, followed by the “second-
hit” of inflammation and cellular injury. The “second-
hit” is thought to contribute to the insulin resistance by
releasing cytokines and free fatty acids, and increasing
intracellular oxidative stress!?*?!,

Current management of patients with NAFLD prin-
cipally involves weight loss through diet and exercise!.
Vitamin E is recommended as first line pharmacotherapy
in non-diabetic adults with biopsy-proven NASH but not
in diabetic patients due to lack of ad hoc data®®?. Hence,
there is no pharmacotherapy as yet for diabetic NASH
patients. There have been several pharmacotherapeutic
attempts to target the insulin resistance thought to be
the underlying pathophysiologic mechanism of NAFLD™.
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In a 6-mo, prospective, randomized study (level II) that
compared low-dose metformin (1 g/d) with diet to diet
alone, both groups achieved a significant reduction in
the proportion of patients with ultrasonographic evidence
of hepatic steatosis’®*!. Although metabolic parameters
were significantly better in the metformin group, this
study illustrated that diet in itself could ameliorate hepatic
steatosis. Improvement in liver histology of NAFLD
patients on metformin treatment has been documented
(level IV - open-label, single arm)®?”, In a pilot study,
26 NASH patients were treated with 48 wk of metformin
2000 mg a day™. This resulted in a histological response
and improvement in alanine aminotransferase levels in
only 30% of the patients, and correlated with weight
loss rather than with improvement in insulin sensitivity.
Histological improvement was limited to hepatocellular
injury and parenchymal inflammation. Along with
histological improvement, there was a significant decrease
in the aminotransferase levels observed®®. Another
uncontrolled trial of metformin (850-1000 mg/d) with
N-acetylcysteine (1.2 g/d) for 12 mo demonstrated
significant improvement in steatosis and fibrosis, although
lobular inflammation and hepatocellular ballooning
remained unchanged. Aminotransferase levels also
were not significantly different following the treatment
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course®®”, In three randomized trials (level II), metformin
treatment had very little effect on liver histology, but it
did ameliorate the liver aminotransferases and insulin
resistance®*’, A 12-mo, randomized, placebo-controlled
trial of diet, exercise and metformin vs diet and exercise
only in 19 non-diabetic patients with insulin resistance and
NASH failed to show any improvement in histology and
liver enzyme levels®®®. It was rather weight loss in itself
through diet and exercise that correlated with improved
liver histology, aminotransferases and insulin resistance.
Another randomized trial (not placebo-controlled) of
metformin (850 mg twice daily) and dietary treatment vs
dietary treatment alone in 36 patients showed histological
improvement in both groups®®®. The metformin group did
nonetheless have significantly decreased insulin resistance
and aminotransferases. An additional randomized,
placebo-controlled trial of metformin in 48 patients with
biopsy-proven NAFLD failed to show any histological
improvement as compared to placebo™.

In the pediatric context as well, metformin has failed
to show any histological benefit. In a small observational
pilot study of 57 overweight or obese children between
ages of 9 to 18 years with biopsy-proven NAFLD or NASH
for 24 mo, metformin was no more efficacious than
lifestyle modifications in improving serum transaminases,
hepatic steatosis or liver histology in patients (level IV
- open label trial)®". A meta-analysis by Mazza et af*”
concluded that the addition of metformin may still be
an attractive option to patients who have prediabetes or
diabetes, due to clear evidence of improvement in insulin
resistance associated with NAFLD. However, metformin
has not demonstrated concrete improvement in liver
histology in randomized, controlled studies, and therefore
cannot be recommended for treatment of NASH?*?.

METFORMIN IN HBV

There have been conflicting reports as to whether chronic
HBV infection is correlated with insulin resistance®*?.
Insulin resistance in patients with HBV is more likely
concordant with their individual metabolic profiles.
There are therefore no clinical studies of metformin on
patients with HBV infection. Nonetheless, an in vitro
study demonstrated that metformin transcriptionally
downregulated hepatitis B surface antigen expression
and HBV replication when used on a human hepatoma
cell line. Additionally, it was found to act synergistically
with antiviral effects of Lamivudine and interferon (IFN)
alpha-2b"*". Based on in vitro studies, metformin may
have potential benefit for patients with HBV, however
clinical trials are needed to further explore this therapy.

METFORMIN IN HCV

It is well established that HCV infection can induce a
state of insulin resistance, ultimately leading to hepatic
steatosis. It is hypothesized that HCV utilizes host
cell glucose or lipid metabolism in order to complete
its own life cycle, giving rise to the high prevalence
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of diabetes mellitus in patients with chronic HCV™?.,
Evidence indicates that there is an association between
patient metabolic profiles and the severity of hepatic
fibrosis in HCV patients®®. One of the key metabolic
factors is insulin resistance, known to aggravate hepatic
steatosis, which promotes liver fibrosis progression
and increases the risk of HCC. It is also associated
with high HCV viral load and poor virologic response to
interferon treatment™”. As oral hypoglycemic agents are
the treatment of choice for insulin resistance, Romero-
Gomez et al*” hypothesized that metformin would aid in
improved responses to peg-IFN (PEG-IFN) alfa-2a plus
ribavirin (RBV) treatment in patients with naive genotype
1 CHC patients. Although addition of metformin to
peginterferon and RBV improved insulin sensitivity in this
randomized, placebo-controlled trial of 123 patients, the
results failed to show a significant difference in sustained
virological response (SVR) between treatment and
control groups®™”. Though the aforementioned results
were not as promising as anticipated, additional trials
were conducted to study whether metformin could help
improve HCV treatment outcomes by correcting insulin
resistance. A randomized, double-blind controlled trial of
metformin vs placebo in addition to PEG-IFN and RBV
treatment showed that SVR was no different between
the 2 groups (75% vs 79%)". In a small, randomized
controlled trial by Hsu et al”®, various oral hypoglycemic
agents, including metformin, were combined with
the standard IFN-based therapy in patients with HCV
genotype 1 and insulin resistance. Although the study
was too small to derive definite conclusions, the data
suggested that the addition of an oral hypoglycemic
agent to PEG-IFN alfa-2a plus RBV achieved a better SVR
(level II - randomized, not placebo-controlled). Although
new oral interferon-free regimens are rapidly changing
the therapeutic landscape of HCV treatment, these
findings suggest metformin may play a role in improving
HCV treatment response specifically in the subgroup of
patients with insulin resistance. Furthermore, metformin
has an impact on the prognosis of HCV-induced liver
cirrhosis, as shown by a reduction in the incidence of
HCC and liver-related death or transplantation (level
)™,

METFORMIN IN HEPATIC MALIGNANCIES

The PI3K/Akt/mTOR pathway is often activated in
malignancies, and phosphorylates downstream signaling
effector molecules involved in cell cycle progression,
protein synthesis, cell growth, and angiogenesis™.
Metformin is known to inhibit the mTOR pathway at least
partly through an LKB1-AMPK-dependent mechanism,
as illustrated by the lack of its effects in LKB1-deficient
mice”!. The effects of metformin on cell survival and
metabolism can be explained both by this LKB1-AMPK-
dependent mechanism as well as its insulin-lowering
effects. Insulin has mitogenic and pro-survival effects
on cells, and tumor cells often express insulin receptors
at higher levels, making them highly sensitive to insulin
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stimulation™”. Ultimately, metformin results in inhibition
of the mTOR pathway and downstream effectors.
These downstream effectors include eIF4E, which is
normally bound to the 4E-BPs (eIF4E-binding proteins).
When phosphorylated by mTORC1, the 4E-BPs detach
from eIF4E, which is then free to complex with other
proteins to initiate translation. The translation of MRNAs
coding for proteins involved in processes pertinent to
tumorigenesis, such as the cell cycle, angiogenesis, and
apoptosis, is particularly favored™!. Other effectors of
mTORC1 are cyclin D1 (cell cycle regulation), p70S6K
=> phospho-S6 (ribosome biogenesis), and SREBP (lipid
synthesis), which all contribute to fuelling tumorigenesis.

Specific effects of metformin on the hallmarks of
cancer as defined by Weinberg and Hanahan have been
elucidated™., In tumor development, the growth of the
cell mass quickly exceeds its supply of nutrients and
oxygen. Rapidly growing tumors encounter hypoxic
conditions that hinder their ability to grow. However,
cancer cells are able to circumvent these metabolic
limitations. Despite conditions of cellular stress, there
may be insufficient activity of AMPK, enabling the mTOR
pathway-activated and uncontrolled cell growth. This
makes metformin an attractive chemopreventive agent
as it is an AMPK activator'®. Angiogenesis is essential
in the growth and invasive properties of tumor cells.
Studies have shown that metformin negatively regulates
hypoxia-inducible factor-1a, tumor necrosis factor-a,
plasminogen activator inhibitor-1, and von Willebrand
Factor, which decreases the levels of vascular endothelial
growth factor (VEGF) and ultimately angiogenesis™.

Metformin plays a role in induction of apoptosis
through either p53-dependent or independent me-
chanisms. The tumor suppressor p53 is involved in DNA
damage repair and cell cycle regulation. Ultimately, the
activation of p53 induces apoptosis of cells under low
nutrient conditions®®., Tumor suppressor p53 regulates
synthesis of cytochrome c oxidase 2 (SCO2) activity,
allowing the cell to efficiently couple mitochondrial
oxidative phosphorylation. Hence p53-defective cells, as
is seen in over 50% of tumors, have a decrease in SCO2
activity and a deregulation of cell metabolism in a hypoxic
environment. The inability of these cells to conserve
energy when exposed to metformin-induced energetic
crisis ultimately leads to apoptosis™. Metformin blocks
the cell cycle partly through decreased levels of cyclin
D1 expression, with a dose-dependent inhibition of cell
proliferation’®!. Hence, metformin inhibits all of these
processes that are key to tumorigenesis.

HCC is one of the leading causes of cancer-related
deaths'™ and its incidence is on the rise in North
America particularly due to the increasing burden of
HCV dirrhosis™. Most HCC tumors are diagnosed at an
advanced stage, when curative therapy is no longer an
option. The only chemotherapy with survival benefit,
though minimal, is the Ras-Raf kinase inhibitor sorafenib.
The mTOR pathway is upregulated in up to 50% of
HCCs. The mTOR pathway has also been found to play
an essential role specifically in hepatocarcinogenesis
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arising in the context of NASH™.,

In vitro data have shown metformin to be a potent
inhibitor of HepG2 and Huh7 liver cancer cell pro-
liferation”*®). An apoptotic effect has also been noted
through increased expression of cleaved caspase-3 and
a significantly increased percentage of early apoptotic
cells™. Cell cycle arrest in GO/G1 phase in several HCC
cell lines has also been found in vitro, correlating with a
strong decrease in expression of G1 cyclins, specifically
cyclin D1, cyclin E and cyclin-dependent kinase 4.
In vivo studies have shown that metformin also exerts
effects on apoptosis, cell cycle, and proliferation, likely
through the mTOR pathway. In an in vivo study on
HepG2 cells xenografted into nude mice, Xiong et af*!
demonstrated that metformin treatment at 200-mg/kg
per day dose led to a 40.8% reduction in tumor
volume. In this study as well, metformin was shown to
suppress the protein synthesis machinery downstream
of mTOR, inhibit cell proliferation and induce apoptosis.
In a diethylnitrosamine-induced HCC mouse model,
metformin was shown to down-regulate lipogenesis
through decreased expression of lipogenic enzymes'*®.
In addition, the restoration of these lipogenic enzymes
through ectopic expression rescued the metformin-
mediated growth inhibition. These findings provide an
interesting application of metformin in patients with HCC
in the context of disorders where there is upregulation of
lipid synthesis such as NAFLD™?,

Population data have suggested a role for metformin
as a chemopreventive agent against HCC among
patients with diabetes!***®! and chronic liver disease™"®.
In a meta-analysis of 8 observational studies, including
22650 cases of HCC in 334307 patients with type 2
diabetes, it was found that metformin given to diabetic
patients resulted in a 50% risk reduction in HCC
incidence (OR = 0.50, 95%CI: 0.34-0.73)***., A similar
meta-analysis of 7 studies (3 cohort, 4 case-control,
with 562 HCC cases out of 16549 patients) reported an
even further reduced risk of HCC in diabetic patients on
metformin vs those using other hypoglycemic agents
(OR = 0.24, 95%CI: 0.13-0.46)"*. Although these data
are striking, it should be kept in mind that the studies
used in these meta-analysis were observational, and
higher quality randomized trials would be optimal to
consolidate whether metformin has a chemopreventive
benefit.

In already-diagnosed HCC, the clinical literature is
sparse. A retrospective clinical study determined that
in patients with already-established HCC™®, though
duration of exposure to metformin prior to diagnosis
was not available. Combination therapy of metformin
with radiofrequency ablation (RFA) has also been
attempted prospectively. In a prospective case cohort
study, diabetic patients with early stage HCC were
treated with RFA concurrently with metformin®. The
use of metformin as a chemotherapeutic adjunct in
these patients was observed to have a lower mortality
rate as compared to the untreated diabetic patients with
early stage HCC. Furthermore, patients with early stage
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HCC receiving sulfonylureas and insulin exposures did
not achieve the same effects as metformin (level Il -
prospective case cohort study)™®”.

Physicians are often hesitant to use metformin in
cirrhotic patients, given previous reports of lactic acidosis.
A recent study has disproven this concern, revealing
that cirrhotic patients may safely take metformin®®*.
Additionally, use of metformin significantly extended
survival in cirrhotic patients, with continuation decreasing
risk of death by 57%. Hence, using metformin as a
chemopreventive agent against HCC is a reasonable
option in patients with chronic liver disease. However, it
is unclear at this time whether metformin is beneficial as
an adjunct in the treatment of HCC.

METFORMIN IN
CHOLANGIOCARCINOMA

Cholangiocarcinoma is associated with a dismal
prognosis, serving as an impetus to study its molecular
basis and thereby develop therapeutic avenues. McKay
et al'®® performed an array of comparative genomic
hybridization to discover any potential therapeutic
targets. The DNA extracted from 32 cholangiocarcinoma
tumors was discovered to have copy number gains in
several genes along the mTOR pathway™. Frequent
gain of function mutations in genes related to the mTOR
pathway, including mTOR, VEGF receptor, platelet-
derived growth factor, and epidermal growth factor
receptor, were identified making this a novel target for
treatment options'***?., In a case-control study, it was
established that type 2 diabetes mellitus independently
predicts risk of intrahepatic cholangiocarcinoma (ICC),
along with primary sclerosing cholangitis, cirrhosis, and
smoking™’. Diabetic patients with metformin had a
significantly decreased odds ratio for ICC as compared
to diabetics not on metformin (OR = 0.4; 95%CI:
0.2-0.9; P = 0.04). An in vitro study demonstrated a
dose and time-dependent antiproliferative action of
metformin through apoptosis induction and cell cycle
arrest via the AMPK-mTORC1 pathway in ICC cell
lines®®, Additionally, metformin was found to enhance
the sensitivity of ICC cells to sorafenib, 5-fluorouracil
and As203. Hence, one might anticipate at least a
chemopreventive role for metformin in ICC, although
it would be interesting to determine whether such a
role exists in prevention of perihilar and extrahepatic
cholangiocarcinoma.

CONCLUSION

In conclusion, metformin is a widely used hypoglycemic
agent with benefits beyond the management of diabetes.
Given its effects on insulin resistance, there are data
suggestive of benefit in HCV and NAFLD. However, at this
time, there is insufficient evidence to recommend use of
metformin in the adjunctive treatment of these chronic
liver diseases. Nonetheless, by virtue of its inhibitory
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effect on the mTOR pathway, there is good evidence for a
chemopreventive role against HCC among patients with
diabetes and chronic liver disease, and metformin should
be continued in patients even with cirrhosis to provide
this benefit.
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Abstract

Prevention of hepatitis B virus (HBV) infection with its
consequent development of HBV chronic liver disease
and hepatocellular carcinoma is a global mandatory
goal. Fortunately, safe and effective HBV vaccines are
currently available. Universal hepatitis B surface antigen
HBV vaccination coverage is almost done. Growing
knowledge based upon monitoring and surveillance of
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HBV vaccination programs has accumulated and the
policy of booster vaccination has been evaluated. This
review article provides an overview of the natural history
of HBV infection, immune responses and the future of
HBV infection. It also summarizes the updated sources,
types and uses of HBV vaccines, whether in the preclinical
phase or in the post-field vaccination.

Key words: Hepatitis B surface antigen; Hepatitis B
virus vaccines; Immunological memory; Hepatitis B
virus; Booster and therapeutic vaccination

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

Core tip: Worldwide, it is estimated that more than
2 billion people have been infected with hepatitis B
virus (HBV). Of these, approximately 240 million are
chronically infected and at risk of serious illness or
death from development of cirrhosis and subsequent
progression to hepatocellular carcinoma (HCC), estimated
to cause one million deaths each year worldwide.
Prevention and control of HBV infection can therefore
make a significant contribution to community health and
to saving lives by preventing HCC. This review concerns
the major advances in the field of HBV over the last
few decades which have resulted in understanding the
natural history of HBV infection and the development
of effective vaccines against the virus. In the era of
universal HBV vaccination coverage, the current growing
body of knowledge regarding monitoring and surveillance
of HBV vaccination programs and the policy of booster
vaccination, several issues have to be evaluated re-
garding the vaccination policy and booster doses. In
addition, it is worth evaluating vaccine-escape viral
mutants, long-term protection and the therapeutic use of
HBV vaccine as a promising new strategy for controlling
chronic HBV infection.

Said ZNA, Abdelwahab KS. Induced immunity against hepatitis
B virus. World J Hepatol 2015; 7(12): 1660-1670 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i12/1660.
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INTRODUCTION

A serum antigen named Australia antigen was detected
in sera from Australian aborigines'!. Later it was
found in sera from Down'’s syndrome, leukemia and
hepatitis patients. It was identified as a marker of post-
transfusion viral hepatitis and given the letter hepatitis
B virus (HBV) to replace the previous term of serum
hepatitis. Data accumulated to document that HBV has
7-9 genotypes with more or less defined geographical
distribution®. The “a” component of hepatitis B surface
antigen (HBsAQ) is shared by all genotypes; however,
infection by one genotype does not prevent subsequent
infection by other types. Moreover, the antiviral effec-
tiveness is related to HBV genotype and genotype D
prevalent in the Middle Eastern countries, which is the
most resistant to antivirals.

The virus morphology visualized by electron micro-
scopy was described by Dane et af! and the complete
HBV virion was named Dane particle, synonymous
with HBV. The immunogen of HBV is a subviral unit of
envelope proteins named HBsAg. During HBV replication,
excess of the subviral components are produced. The
hepatitis B core antigen (HBCcAQ) is restricted to the
hepatocytes and to the full virion. Modified HBcAg,
named hepatitis B e antigen (HBeAg), is released into the
circulation. Moreover, excess HBsAg is released into the
circulation in different morphological forms.

According to the 2010 Global Disease Burden
estimates™®, both HBV and HCV caused 1.4 million
deaths from acute infection, chronic infection, cirrhosis
and hepatocellular carcinoma (HCC). It was reported
that 240 million people are chronically infected with
HBV and are at risk of serious illness or death from
development of cirrhosis and subsequent progression
to HCC. Later data showed that approximately 780000
persons die each year from hepatitis B infection'.

The first anti HBV infectivity vaccine was HBsAg
vaccine, which was produced by recombinant-DNA
technology using yeasts. The r-DNA HBsAg vaccine
produced robust immunity against the HBV infectivity
and consequently prevented all the post HBV infection
complications, including HCC. Prevention of HBV hepatitis
and HCC is a significant contribution to global health
and productivity. Progress in knowledge of HBV within
the last few decades resulted in the understanding of
the natural history of HBV infection, the development
of sensitive assays for screening of blood donors for
safe blood donation and monitoring of antiviral drugs,
viral suppression and clearance'”’, plus manufacturing
improved r-DNA HBsAg vaccines. This progress paves
the way for worldwide future elimination of HBV.

Natural history of HBV infection
Severity of HBV liver diseases shows great individual
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variations'®. The outcome of infection and the patho-
genesis of hepatic disease are determined by host
factors and viral factors that play an essential role in
virus clearance and persistence. It has been difficult to
fully elucidate such factors on an experimental basis
because of the restricted host range of HBV to man and
chimpanzees™. Clinical research showed that there is
a relationship between HBV genotype, natural history
of infection and response to specific HBV antiviral
treatment!*®, Both antibodies and cytotoxic T cells
directed to different HBV antigens play an important role
for decreasing viral load and clearing HBV-infected hepa-
tocytes from the liver'™, On the other hand, very weak
or functionally impaired virus-specific immune responses
have an essential role in the persistence of HBV
infection!*?, Most primary infections of adults (70%-90%),
whether symptomatic or not, ends up with efficient
control of infection, with virus clearance from blood,
liver and extrahepatic cells supporting HBV replication.
The risk for chronicity decreases with increasing age at
the time of exposure to HBV infection. HBV infection in
nonimmune young children is mainly asymptomatic.
Unlike adults who mostly do not develop chronic infec-
tion, neonates and infants who acquire HBV infection
from their mothers at birth are most susceptible to the
establishment of chronic HBV infection™™!, Currently,
it is clearly emphasized that there are extrahepatic cells
that support HBV replication and survival for several
years or lifelong. These cells cause HBV infection of
transplanted liver and rejection of the transplant.

HBV infected adults showed no clinically evident liver
disease or mild acute hepatitis that terminated without
long-term sequelae with development of lasting immunity
to re-infection'*”. The other patients (10%-30%) who
do not succeed in clearing the virus progress to chronic
infection with continuous HBV replication. Host immune
response plays an essential role in HBV-related hepatocyte
damage because the virus itself is not cytolytic. The
balance between host immune response and HBV
replication in hepatocytes and in extrahepatic host cells is
dynamic™®, Fortunately, 70%-90% chronic HBV infected
patients are asymptomatic without life-threatening
effects on liver cells, while 10%-30% of patients develop
liver cirrhosis'® with consequent hepatic insufficiency
and portal hypertension that make liver cirrhosis one
of the most frightening consequences of chronic HBV
infection®. Development of HCC is also a catastrophic
result of chronic HBV infection with a lot of evidence
supporting an association between HBV replication and
the risk of development of HCC'*®?®), The HBx protein is a
potent transactivator that activates host genes, including
oncogenes™®,

Occult HBV infection

Occult HBV (OHBV) infection is a potential transmission
source of post transfusion or organ transplantation
HBV infection. To investigate the properties of hepatitis
B surface antibody (HBsAb) in OHBV infection and its
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affinity to different serotypes of HBsAg, Zhang et a/*?
conducted long-term follow-up in 2 HBsAb positive
patients with occult HBV infection where the HBsAb
subtype was determined by performing neutralization
experiments with different serotypes of HBsAg. They
showed that the HBsAbs are mainly specific for common
epitopes among different serotypes of HBsAg and are
probably different than those produced by vaccine
inoculation.

Immune response

Experimental infection of chimpanzees does not produce
the same events as in human infection, which greatly
limits the tools to study the natural life cycle of HBV in
humans. Few well documented human HBV infections
have shown that the virus itself is not cytolytic and the
hepatolysis is immune-mediated. It was also shown
that the HBsAg level varied with a different clinical
or virological status. A low baseline level of HBsAg is
associated with advanced liver fibrosis in HBeAg positive
CHB patients'””. Experimental studies demonstrated
that acute HBV infected animal models developed silent
innate immunity®’ and HBV does not immediately
begin to replicate efficiently after inoculation®*", as it
does in acutely infected humans. Following infection and
up to 4-7 wk later, neither HBV antigens nor HBV-DNA
are detectable in serum or liver®?®, The absence of
early symptoms in HBV-infected patients is an indirect
indication of the defective type I interferon (IFN)
production during the early phase of HBV infection when
exponential virus replication is going on™..

The immunological events in the early phase of
HBV replication mainly influence the differences in the
adaptive immune response to HBV that characterizes
resolved and chronic HBV infections™. Coordinated
activation of the different branches of adaptive immunity
is necessary for effective viral control®. Researchers
showed that macrophages have an essential role in
modulating HBV clearance, chronic hepatitis and the
developed tissue damage, with M1-like macrophages
promoting HBV clearance and M2-like macrophages
impairing Thl immune response and promoting tissue
fibrosis/remodeling/wound healing'*’). Full recovery
with elimination of HBV infected hepatocytes depends
on active CD8" cytotoxic T lymphocytes. Following HBV
infection, early immunological response failed to be
activated as it is delayed until the exponential phase of
replication™®. In acute, self-limited hepatitis B infection,
strong antiviral T-cell response is detected in peripheral
blood. It includes both CD4* helper and CD8* cytotoxic
T lymphocytes reactive with epitopes of multiple HBV
antigens within the HBV core, polymerase and envelope
proteins'™®, Virus-specific CD8"* T cells have an essential
role in HBV clearance®®, Resolution of human HBV
infection was believed to be solely dependent upon
contact cytolysis of virus infected hepatocytes by CD8*
cytotoxic T lymphocytes. However, researches on HBV
transgenic mice and HBV-infected chimpanzees showed
that T cell control of HBV replication is also influenced
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by cytokine-mediated noncytolytic mechanisms. CD8"
lymphocytes produce different cytokines, including IFN-y
and tumor necrosis factor-a, that lead to inactivation
of HBV in infected hepatocytes™®. The cytolytic and
noncytolytic action of virus-specific CD8" lymphocytes
in its reaction with HBV-producing host cells adds up
in acquired immune reactions against HBV infected
hepatocytes. However, the noncytolytic mechanisms
retain the more effective role®.

Chronic HBV infected patients have impaired
immune response to HBV™**Y, In chronic HBV carriers,
virus-specific T-cell responses are mainly attenuated;
however, antibody responses are vigorous and sustained
but free anti-HBs antibodies are undetectable because of
excess circulating HBsAg™. Also, toll-like receptor (TLR)
signaling in murine nonparenchymal liver cells (NPCs)
is suppressed in the presence of HBsAg. This has been
shown when peripheral blood mononuclear cells (PBMCs)
from HBV infected patients and controls were stimulated
by TLR ligands in the presence or absence of autologous
serum. The expression of both TLR-mediated cytokine
[e.g., interleukin-6 (IL-6) and IL-10] and TLR3-induced
IFN in PBMCs of HBV infected patients demonstrated a
significant increase compared to the healthy volunteers,
denoting a negative correlation between HBsAg and
TLR3-mediated IFN-y levels™?.

Six viral epitopes that are reactive with autologous
HLA-A2 domains on cytotoxic T lymphocytes(CTL) were
identified by Rehermann et a/**.. These epitopes are
present in the highly conserved reverse transcriptase
and RNase H domains of the viral polymerase protein.
In acute HBV infected patients, the CTL response to
polymerase is polyclonal, multi-specific and is mediated
by CD8" T cells, but it is undetectable in chronic HBV
infected patients or in healthy blood donors™*. CTL
responses against polymerase, core and envelope
epitopes were identified up to one year following
complete clinical recovery and seroconversion, indicating
either the persistence of viral replication or the presence
of long lasting memory CTL despite the absence of the
viral antigens. It was shown that wild type viral DNA and
RNA can persist indefinitely in trace amounts in serum
and PBMC following complete clinical and serological
recovery, despite a concomitant, vigorous and sustained
polyclonal CTL response', In order to explain the
persistence of HBV, the authors further emphasized that
the virus may retreat into immunologically privileged
places from where it can seed the circulation and reach
CTL inaccessible tissues, thereby maintaining the CTL
response in apparently cured individuals and thus
prolonging the liver disease in chronic HBV hepatitis
patients™™. In a large prospective clinic-based cohort of
Asian chronic HBV patients, Desmond et af**! identified
significant associations between HLA types and HBV
sequence variation at 41 sites within the HBV genome.

HBV VACCINES

Vaccination is the most effective measure to decrease the
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worldwide HBV incidence and its complications, including
liver cirrhosis and HCC. Worldwide, immunization
has been an essential strategy for many countries to
decrease the burden of HBV infection®™. Economically,
vaccination is an attractive option, both in terms of cost-
effectiveness and benefit-cost ratios when compared
with other health care interventions™". Commercial HBV
vaccine supplies have been available for thirty years. HBV
vaccine was the first vaccine against a chronic disease,
the first vaccine to protect from a sexually transmitted
infection and the first vaccine against a cancer®. The
choice of a vaccine type and a schedule for doses and
route of vaccination varies between countries. An ideal
HBV vaccine schedule should protect against infection
in infancy when the risk of becoming a chronic HBV
carrier is high and in adolescence with common, high
risk behaviors such as sex and drug abuse™. The CDC
Advisory Committee on Immunization Practices (ACIP)
recommends that all children should receive a birth dose
of HBV vaccine and complete the vaccine series by 6-18
mo of age. It also recommends that older children and
adolescents who did not previously receive the HBV
vaccine should be vaccinated™. These policies were
implemented by several countries with medium to high
endemicity of HBV infection.

History of HBV vaccine development

The first HBV vaccine was prepared from the plasma
of asymptomatic carriers of HBV in the form of purified
inactivated HBsAg particles”. Later on, the r-HBsAg
vaccines that contain the major (s) small protein
spanning the hydrophilic amino acids 124-149 as the
dominant immunogenic epitope were developed. HBV
vaccinations induce neutralizing antibodies (anti-HBs)
that are directed mainly towards the “a” determinant of
HBsAg in all HBV genotypes from A to H*”, The r-HBsAg
vaccine elicits active synthesis of anti-HBs and prolonged
immunological memory which provides continuous
protection™, Persistent memory for 5 years or more is
recognized from large, fast increases in anti-HBs level
after booster vaccination, even in those who showed
undetectable anti-HBs as measured by the available
commercial kits. Using an in vitro enzyme linked
immunosorbent assay (spot-ELISA), it was shown that
the number of memory B lymphocytes able to induce
anti-HBs does not decrease with decline of the anti-HBs
level™, It was found that the value of immune memory
and of the following secondary immune response can
be estimated by the antibody response after primary
vaccination. Both dose and structure of vaccine antigen
influence the primary antibody response as well as the
development of immune memory™*.

To increase the efficacy and prolong the duration
of protection against HBV, second generation r-HBsAg
vaccines, including the middle (pre-S2) and the large
(pre-S1) proteins in HBV vaccine, were recognized. The
immunogenicity of r-HBs 20 nm particles secreted by
transfected Chinese hamster ovary (CHO) cells was
compared with yeast-derived r-HBsAg vaccines™!, The
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CHO-derived vaccine contains the small hepatitis B
surface antigen (HBs protein) as the major component,
together with pre-S2 and pre-S: antigens, induced an
augmented anti-HBs response in mice when compared
with mice receiving the already used yeast-derived
vaccines™?,

The current widely used r-HBsAg vaccines are a viral
subunit produced by yeast that has been transfected
with a plasmid that contains the S gene (codes for
HBsAQ) either as a single preparation or in combined
form. Commercial r-HBsAg single antigen vaccines are
Recombivax-HB (Merck) and Engerix-B (Glaxo). There
are other approved combined vaccines against both HAV
and HBV (Twinrix-Glaxo)™*". Other formulations for infants
are tetra or penta vaccines against diphtheria, tetanus,
pertussis (whooping cough) and HBV for tetra vaccine
and with the addition of injectable inactivated Salk polio
(IPN) for the penta vaccine™®’. Combined Hepatitis
B-Haemophilus influenzae type b (Hib) conjugate vaccine
cannot be given before age of six weeks or after the
age of seventy-one months!*®. Hexavalent combined
vaccine, including diphtheria, tetanus, pertussis, HBV,
Haemophilus b (Hib) and the three IPV serotypes
antigens, is considered the most suitable combination
vaccine for routine immunization®>**!, Combined vaccines
aid in improving compliance and simplifying complex
pediatric immunization schedules, reduce storage require-
ments, reduce handling, costs of immunization programs
and minimize the number of injections required, thereby
reducing distress for infants and parents™*®**”). Their
development is restricted because of their technical
manufacturing complexity. High technical complexity
increases production costs and therefore many manu-
facturers target them as premium products for developed
countries*,

Formulating of different types of HBV vaccine
Prophylactic vaccines: The need for HBV immu-
noprophylaxis was recognized as early as the late 1970s.
The plasma derived vaccine was licensed in 1981. The
vaccine contained a purified HBsAg single component
that was obtained from sera of HBsAg carriers. Plasma
derived HBV vaccines have been demonstrated to be
highly immunogenic, efficacious and safe!*®*’!. The long-
term effect of plasma-derived HBV vaccine which was
given to children born in 1986 was observed in a recent
Chinese study. The vaccine showed a good long-term
protective effect and there was no need for boosting the
immunization 23 years later™. However, the use of this
vaccine was dropped due to concern regarding the safety
of a human blood-derived products, the inconsistency of
a source of raw viral particles and the availability of new
recombinant vaccines produced from yeast transfected
with vector plasmid with DNA sequence coding for the
production of soluble r-HBsAg proteins that are easily
purified from the yeast proteins™*.,

Yeast-derived recombinant hepatitis B vaccine
contains a gene for the HBV surface antigen (S) which
has been cloned into yeast cells that are cultured on
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a wide scale to amplify the recombinant DNA coding
for producing a large amount of the specified antigen
(HBsAg) which is further purified, concentrated and
combined with adjuvant to be ready for vaccination.
Alum is included as an adjuvantin all licensed HBV
vaccines™®!, HBsAg prevalence decreased dramatically
after the implementation of yeast-derived r-HBsAg
vaccine for 12 years for children in HBV-endemic areas in
China, with no need for booster immunization™". Billions
of doses of r-HBsAg vaccines have been administered
worldwide, with a high record of immunogenicity and
safety™,

Years ago, several preclinical studies were conducted
to evaluate the potential use of synthetic preS analogues
for hepatitis B vaccination®™; however, global adoption of
these experimental vaccines was not achieved.

HBV DNA vaccines have been shown to be useful for
both prophylaxis and treatment of HBV infection. It is one
of the most effective ways to elicit protective immunity
against infections. Preclinical studies in animal models,
including mouse, chimpanzee, duck and woodchuck,
were developed to evaluate the ability of DNA vaccines
targeting hepadnaviral proteins to induce sustained strong
immune responses in naive animals and to enhance
virus clearance and break immune tolerance in chronic
HBV carriers!*). HBV-DNA based vaccine is a plasmid
DNA encoding the hepatitis HBVsAg that was shown to
be immunologically effective, safe and well tolerated in
chronic HBV carriers and non-responders to routinely
used HBV vaccines>**, The protective immunogenicity
of a particle-mediated HBV-DNA vaccine in subjects
who have responded suboptimally to conventional
vaccination was evident™. In comparison with antigen-
based HBV vaccines, plasmid DNA vaccine against HBV
was evaluated in chimpanzees and protective anti-
HBs antibody response was attained together with a
strong anamnestic response achieved one year later™.
It was well recognized that HBV DNA vaccine induces
strong antigens that stimulate both humoral and cellular
immunities that can be promoted by a joining of DNA
that expresses IL-2 or IL-12 epitopes™. HBV-DNA based
vaccines stimulated CD8CTL cells. Among the recently
studied adjuvants, layered double hydroxide (LDH)
nanoparticles as well as core-shell structure SiO-@LDH
nanoparticles were effectively proven adjuvants.
Experimentally, SiO2@LDH nanoparticles taken in
by macrophages caused a higher dose-dependent
expression of IFN-y, IL-6, CD86 and MHC 1II. Further-
more, in vivo immunization of BALB/c mice indicated
that HBV DNA vaccine loaded-SiO-@LDH nanoparticles
not only induced increased serum antibody response
compared to naked DNA vaccine and plain hanoparticles,
but also obviously promoted T-cell proliferation and
skewed T helper to Thi polarization®™”; however, these
experimental adjuvenated HBV DNA vaccines have not
been adopted for humans so far.

Early trials to make use of genetically engineered
plants as an alternative way for developing an HBV
inexpensive and edible vaccine showed preservation of
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epitopes of HBsAg of both B- and T-cells when the antigen
is expressed in a transgenic plant™®. Also, HBVsAg
encoding DNA gene was previously introduced into
Agrobacterium tumerifacience LBA4404 that was used
to get transgenic lupin (Lupinus luteus L.) and transgenic
lettuce (Lactuca sativa L.) cv. Burpee Bibb expressing
envelope surface protein. It was found that mice that
were fed on HBV transgenic lupin tissue developed a
significant amount of HBV specific antibodies. Meanwhile,
human volunteers fed with transgenic lettuce plants
expressing HBVsAg also developed a specific serum-
IgG response to plant produced HBsAg™. Later on, a
new modified HBV pre-S: protein gene was constructed
and expressed by transgenic tomato plants®®. The
specific antigen expression from transgenic plants was
proved by molecular techniques, including polymerase
chain reaction (PCR) and reverse transcriptase PCR.
Enzyme-linked immunoassays using a monoclonal
antibody directed against human serum-derived HBsAg
revealed that the highest amount of HBsAg was about
0.02% of the soluble protein in transgenic tomato fruit.
The amount of HBsAg in mature fruit was found to be
much more than that in small or medium fruit or leaf
tissues. The ability of potato-derived HBV major surface
antigen (P-HBsAQ) that was orally administered to mice
in different dosages (0.02 to 30 nug) to induce antibody
responses was evaluated™'. It was shown that all
immunized mice developed specific serum IgG and fecal
IgA antibodies against P-HBsAg even at low levels (< 5
ug), comparable to development of serum IgG anti-HBs
following administration of a 0.5-ug yeast-derived HBsAg.
Recently, a plant-derived prototype oral tri-component
vaccine against HBV was evaluated for the potential of
M/L-HBsAg expression in leaf tissue and the conditions
of its processing for a prototype oral vaccine were
assessed. Tobacco and lettuce carrying M- or L-HBsAg
genes and resistant to the herbicide glufosinate were
engineered and integration of the HBV-DNA transgenes
was evaluated by PCR and Southem hybridizations'®.
Currently, several experimental trials for developing
virus vector HBV vaccines are ongoing. Following a
single immunization in mice, a recombinant vesicular
stomatitis virus-based vaccine vector expressing the
HBV pre-S: protein was able to efficiently promote a
strong HBs-specific antibody response. It also developed
robust CD8 T-cell activation, where response was
broader in specificity and greater in magnitude than
that acquired by a vaccinia virus-based vaccine vector
or by recombinant protein immunization®®. In addition,
it was found that recombinant lentivectors could induce
strong HBV HBsAg specific T cell responses and humoral
immune responses. The HBS-Fc-lv lentivector could
effectively break immune tolerance and elucidate strong
HBsAg specific adaptive immune responses in HBsAg
transgenic (Tg) mice with low serum level of HBsAg.
The induction of HBsAg specific immune responses in
TG mice accompanied seroconversion from HBsAg to
anti-HBsAb™®*., Recently, Song et al* investigated the
generation of recombinant influenza viruses that had
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HBV B cell epitopes in its neuraminidase stalk region as
a dual vaccine candidate against both HBV and influenza
viruses. They successfully generated a chimeric influenza
virus which contained 22 amino acid peptides derived
from the surface and pre-surface HBV protein as foreign
antigens™®.

Universal childhood immunization in the first year of
life with three doses of HBV vaccine is a highly effective
way for control and prevention of HBV infection!®!.
Prevention of prenatal HBV infection is achieved by
active and passive HBV immunization after birth as an
intervention for preventing mother-to-child transmission
of the HBV infection. A recent Taiwanese study was
conducted in 2013 to compare the cost-effectiveness
of strategies to control HBV that combine universal
vaccination with hepatitis B immunoglobulin (HBIG) for
neonates of carrier mothers. It was found that HBIG
additional treatment to universal vaccination is likely to
be cost-effective, particularly in settings with available
healthcare infrastructure. Targeting HBIG in neonates of
higher risk HBeAg-positive mothers may be preferred
where willingness-to-pay is moderate. However, in very
resource-limited settings, universal vaccination only is
adequate®”. CDC recommends vaccination of adults
at high risk for infection, including dialysis patients,
recipients of certain blood products, healthcare workers,
household contacts and sex partners of persons with
chronic HBV infection, those with a recent history of
multiple sex partners, those with a sexually transmitted
disease, IDUs and MSM!™®,

Following vaccination, testing for antibodies is
not needed for healthy people; however, it should
be evaluated following vaccination in hemodialysis
patients, those at occupational risk of infection, babies
born to HBsAg-positive mothers, those with a family
history of HBV carriers and human immunodeficiency
virus positive people’®. Long-term protection against
HBV infection depends on the persistence of strong
immunological memory. There is no need for boosters
in immune competent individuals who have finished
their vaccination course properly according to the
recommended timelines. This was demonstrated in
several studies conducted up to 20 years following the
original immunization course. However, a booster dose
is recommended for immunocompromised individuals
based on serological monitoring™®.

The ACIP'®!, the United States government,
recommends that all children receive a birth dose of
HBV vaccine and complete the vaccine series by 6-18
mo of age. Older children and adolescents who did not
previously receive the HBV vaccine have to be vaccinated.
A titer of anti-HBs antibodies to HBVsAg = 10 IU/L is the
marker of seroconversion to anti-HBs positivity following
vaccination. It was found that the mean antibody level
decreased significantly with increasing age”®’*. Long-
term follow-up studies have demonstrated that 10%
to 50% of infants with seroprotective levels post third
dose of vaccination had low or undetectable levels of
antibody 5-15 years later’”?. Long-term protection due to
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persistent memory is obvious from quick rises in antibody
after booster vaccination, even in those who have lost
their anti-HBs. Recently, we conducted an Egyptian
study aimed at estimating the seroprotection rate and
evaluating the immune response to a booster dose in
children and adolescents with an age range of 9 mo to
16 years who completed HBV vaccination during infancy.
It was concluded from this Egyptian study that, in spite
of the significant decline of level of antibodies over time,
about half of the studied children have a seroprotective
level of antibodies after primary compulsory vaccination.
Moreover, the developed anamnestic response among
children with a non-seroprotective level confirms imm-
unological memory that can outlast the presence of
protective level of antibodies”™. Werner et al’* found
that HBsAg vaccine-induced immunity protects against
new infection but does not induce sterilizing immunity
in vaccinated healthcare workers with occupational
exposure to HBV, as evidenced by detection of HBcore-
and polymerase-specific CD8 (+) T cells™.

According to current CDC recommendations'”>”"],
all healthcare providers and students should receive a
3 dose series of HBV vaccine followed by assessment
of HBsAb to determine vaccination immunogenicity.
Revaccination should be provided if indicated. Following
revaccination (receiving a total of 6 doses), healthcare
providers whose anti-HBs concentration is still not
protective (< 10 mIU/mL) should be evaluated for HBsAg
and anti-HBc to determine their infection status®".

When considering offering a booster dose of
the vaccine, Fitzsimons et a/l’® recommended that
vaccinees who were not tested for anti-HBs antibody
one month following vaccination or those who have
undetectable anti-HBs antibodies when tested should
be potential recipients of it. Long-term protection
is usually evaluated by 4 methods: the anamnestic
response following administration of a booster dose,
in vitro B and T cell activity evaluation, infection rate
in vaccinated populations and seroepidemiological
studies™. Estimation of the incidence of break-through
infection (positive anti-HBc), as well as chronic carrier
state (positive HBsAg) among previously vaccinated
individuals, is used to determine the long-term protection
provided by the HBV vaccine”®. Many factors are
related to HBV vaccination non response, including age
above 40 years, male gender, impaired vaccine storage
conditions, administration of the vaccine in buttocks,
infections, obesity, drug abuse, smoking, chronic kidney/
liver diseases, human immunodeficiency virus infection,
celiac disease, thalassemia, type I diabetes mellitus,
Down’s syndrome and other forms of mental retardation
that are characterized by a poorer response than
healthy subjects to HBV vaccination®*®”, It has been
shown that development of anti-HBs in hemodialysis
patients is associated with gene polymorphisms of
interleukins involved in the Thl system®!. Also, it was
found that the administration of HBV recombinant
vaccine by the intradermal route is very effective and
could be a more useful strategy and an alternative to
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conventional intramuscular vaccine in all non-responder
patients™. As obesity is considered to be a major cause
of decreasing the rate of antibody production by the HBV
vaccine, recently it was reported that antibody titers
can be raised in vaccinating obese youth by using long
needles™.

Therapeutic HBV vaccine: HBV vaccines have been
recently identified as a promising therapeutic strategy
for treatment and control HBV infection in HBV carriers
and persistently infected patients®®*®*. Clinical trials
of its therapeutic use in chronic HBV infection rely
on using the conventional sAg based HBV vaccine.
Specific treatment by the standard anti-HBV vaccine
is effective in decreasing the replication of HBV and
inhibiting the immune tolerance to HBsAg protein in
about 50% of chronic active HBV patients'™. However,
it is well recognized that monotherapy with HBsAg-
based immune therapy cannot lead to sustained control
of HBV replication and/or liver damage™. New therapy
strategies are currently shown to provide potent and
durable antiviral immune responses in patients who can
maintain long-term control of HBV replication®”. Recent
research concentrates on the clinical use of combined
HBsAg- and HBcAg-based vaccines in CHB patients™’.
Using a duck HBV model, therapeutic DNA vacci-
nation was proven to be able to enhance hepadnavirus
intrahepatic covalently closed circular DNA clearance™.
It was shown in humans that HBV DNA vaccination can
specifically but transiently activate T-cell responses in
some chronic HBV carriers who showed no response to
the available HBV antiviral therapies™. Obeng-Adjei et
al'"! evaluated the use of multivalent synthetic plasmids
against HBV consensus core (HBc) and surface (HBs)
antigens genotypes A and C for their immune potential
in animal models and they found that it induced binding
antibodies to HBsAg and robust cell-mediated immunity.
The same responses to both HBc and HBs antigens
were demonstrated by inoculation of HBc-HBs cocktails
in mice and non-human primates. Besides the cytotoxic
T-lymphocyte activities exhibited by the immunized mice,
the vaccine-induced responses were broadly distributed
across multiple antigenic epitopes'!’. Immune therapy
with HBV-related antigens (HBsAg-based vaccine) has
been used in CHB patients as a combination therapy
with cytokines, growth factors and antiviral drugs, but
proper designs of antigens, types of adjuvant, dose of
vaccinations and routes of administration need further
analyses for the development of an effective protocol
of immune therapy for HBV infection™. GS-4774 is a
safe and well-tolerated recombinant, heat-killed, yeast-
based immunotherapy engineered to express HBV
(HBV)-specific antigens and it is a promising therapeutic
vaccine for chronic HBV infection™. Intensive research
is currently concentrated on a better understanding
of immune responses in hepatocytes, on mechanisms
by which HBV evades innate immunity and on proper
selection of patients susceptible to benefit from immune
therapy, which could increase the efficacy of therapeutic
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vaccination®®,

What is the future HBV epidemiology after universal
mass vaccination?

In 1992, the World Health Organization recommended
that all countries integrate the hepatitis B vaccine
into their childhood national immunization programs.
By 2012, 181 countries implemented this vaccine in
their national immunization program, with the global
hepatitis B vaccine coverage estimated at 79%. 119
countries have reported > 90% vaccination coverage
with consequent decrease in the prevalence of chronic
HBV infection in children born since the r-HBsAg vaccine
was included in infant immunization schedules™. It is
well recognized that the use of highly immunogenic
HBV vaccines produces long-lasting immunity. Some
of the major challenges facing current HBV vaccines
have been their inability to induce both humoral and
cellular immunity to multiple antigenic targets and
the induction of potent immune responses against the
major genotypes of HBV!'",

The efficacy of universal immunization has been
demonstrated in many countries, with a prominent
decrease in the prevalence of HBV carriage in children.
Moreover, HBV vaccination can protect children against
fulminant hepatitis and HCC®. The success of the
vaccination programs has also now been challenged
by the discovery of mutant viruses showing amino acid
substitutions in HBsAg, which may lead to evasion of
vaccine-induced immunity®. Induction of immune
escape mutants is one of the unwanted effects of the
widely used HBV vaccine. It was first described in 1990
by Carman et al® when they observed the acquiring
of HBV infection in 44 contacts of HBV carriers despite
passive and active immunization according to the
implemented standard schedules. There was partial loss
of the common “a” determinant to which the vaccine-
induced immunity is mainly directed. Globally, several S
mutations that are potentially able to evade neutralizing
anti-HBs immune response and thus infect vaccinated
individuals have been recognized™”. Inclusion of Pres:
and Pre-S: epitopes may be recommended in order to
reduce the emergence of such vaccine escape mutants.
Meanwhile, it was shown that selection of pre-S/S
mutants may demonstrate a relevant pathobiological
and clinical impact. HBV mutants with an antigenically
modified surface antigen may be potentially infectious
for immune-protected patients and may account for
those with occult HBV infection®®. On the other hand,
Romand et al*” confirmed that the overall effect of
vaccine escape mutants is likely to be low and thus does
not cause a public health threat or a need to modify the
implemented HBV vaccination programs.

The effectiveness of universal hepatitis B vaccination
is promising, although the coverage of vaccination varies
between countries. The inclusion of r-HBsAg vaccine
in the expanded programs of childhood vaccination
had a major impact on protection against the disease
and its complications and was successful in almost
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eliminating childhood chronic HBV infection. However,
this recombinant HBV yeast derived vaccine has a
number of limitations that justify the development of
new HBV vaccines: the need for multiple doses, lack
of long-lasting immunity, incomplete protection in all
vaccinees where a group of non-responders do exist and
it is therapeutically ineffectivet*,
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Abstract

The emerging evidence of the potentially clinical
importance of occult hepatitis B virus (HBV) infection
(OBI) increases the interest in this topic. OBI may
impact in several clinical contexts, which include the
possible transmission of the infection, the contribution
to liver disease progression, the development of
hepatocellular carcinoma, and the risk of reactivation.
There are several articles that have published on OBI in
Egyptian populations. A review of MEDLINE database
was undertaken for relevant articles to clarify the
epidemiology of OBI in Egypt. HBV genotype D is the
only detectable genotype among Egyptian OBI patients.
Higher rates of OBI reported among Egyptian chronic
HCV, hemaodialysis, children with malignant disorders, and
cryptogenic liver disease patients. There is an evidence
of OBI reactivation after treatment with chemotherapy.
The available data suggested that screening for OBI must
be a routine practice in these groups of patients. Further
studies needed for better understand of the epidemiology
of OBI among Egyptian young generations after the era
of hepatitis B vaccination.

Key words: Hepatitis B virus; Occult hepatitis B virus
infection; Hepatitis C virus; Egypt; Blood donors;
Hemodialysis; Hepatitis B virus reactivation

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

Core tip: Hepatitis B virus (HBV) genotype D is the
only detectable genotype among Egyptian occult HBV
infection (OBI) patients. Higher rates of OBI reported
among Egyptian chronic HCV, hemodialysis, children
with malignant disorders, and cryptogenic liver disease
patients. There is an evidence of OBI reactivation
after treatment with chemotherapy. The available data
suggested that screening for OBI must be a routine
practice in these groups of patients. Further studies are
needed to understand the epidemiology of OBI among
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Egyptian young generations after the era of hepatitis B
vaccination.

Elbahrawy A, Alaboudy A, El Moghazy W, Elwassief A,
Alashker A, Abdallah AM. Occult hepatitis B virus infection in
Egypt. World J Hepatol 2015; 7(12): 1671-1678 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i12/1671.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i12.1671

INTRODUCTION

The detection of hepatitis B virus (HBV) nucleic acid in
the blood or liver of hepatitis B surface antigen (HBsAQ)
negative patients is called occult HBV infection (OBI).
The molecular basis of OBI usually attributed to the
long-term persistence viral covalently-closed-circular
DNA in the nuclei of the hepatocytes'?. The majority
of the OBI cases infected with replication-competent
HBV showing strong suppression of replication and
gene expression™. The causes of this suppression
had not yet clarified, although host immune response
and epigenetic factors may play crucial roles. As a
consequence of HBV suppression, the viral load is very
low (usually below 200 IU/mL) or even undetectable in
OBI cases'".

Patients with OBI can be either seropositive or
seronegative. Seropositive OBI is characterized by
positivity of anti-hepatitis B core antibody (anti-HBc)
with or without the presence of anti-hepatitis B surface
antibody (anti-HBs) while the seronegative OBI s
characterized by the negativity of both antibodies.
Sero-positive OBI constitutes the vast majority of OBI
which can be quite explained by the larger proportion of
resolved HBV infection. More than 20% of the occult
carriers are seronegative for all HBV markers™?, Whether
OBI-seronegative persons lack circulating antibodies
due to the progressive antibodies disappearance in the
years after acute infection resolution or it occurs from
the beginning of HBV infection is unknown™?. Similarly,
the difference in terms of clinical impact between OBI-
seropositive and OBI-seronegative individuals is entirely
obscure. What is known that OBI shows long-lasting
specific T-cell immune response against HBV epitopes
with a profile that is different between these two subsets
of individuals? In fact, while ex vivo responses are
similarly weak, in vitro T-cell expansion following specific
peptide stimulation is more efficient among seropositive
OBI cases than seronegative OBI cases'.

The only reliable diagnostic marker of OBI is HBV-
DNA detection. No standardized assays for the detection
of OBI in liver tissue are available!"!, It is strongly
recommended to utilize a highly sensitive™ and specific
approach, for both blood and liver analysis based on
“nested” or “real time” polymerase chain reaction (PCR)
techniques. In addition, the use of primers specific for
different HBV genomic regions and complementary
to highly conserved (genotype shared) nucleotide
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sequences highly suggested™. Anti-HBc should be used,
as a less than ideal surrogate marker if highly sensitive
HBV-DNA testing is not feasible™®.

Worldwide, the prevalence of OBI is quite variable',
This variability depends on the sensitivity of the HBV
DNA detection assay, the sample size, and whether it
tested in the liver or the serum®®. There is a growing
evidence of a positive correlation between prevalence
of OBI and the endemicity of HBV infection!*!. HCV
infected patients appear to be a category of individuals
with a higher prevalence of occult HBV!'*?, In particular,
HBV-DNA is detectable in about one-third of HBsAg-
negative HCV carriers in the Mediterranean countries™?.,
In addition, it was suggested that OBI is highly prevalent
in HCV-infected patients with the advanced liver disease
even in areas with less HBV spread!'!. Prevalence of
OBI appears to be fairly elevated even in patients with
the cryptogenic liver disease, particularly in those with
cirrhosis™. Among blood donors, OBI appears to be a
rare occurrence in the western world. It is a frequent
incident in the developing countries''!. OBI rate in
hepatitis B (HB)-vaccinated children varies in different
risk groups, according to the local incidence of HBV, and
irrespective™ to anti-HBs sero-status.

The emerging evidence of the potentially considerable
clinical importance of occult HBV infection is the main
reason for increasing interest in this topic™"". OBI
may impact in several clinical contexts. The possible
transmission of the infection™, the contribution to liver
disease progression™", the development of hepatocellular
carcinoma (HCC)™Y, and the risk of reactivation are the
most relevant contexts!*¥,

In 2013, the Food and Drug Administration had
drawn attention to the possible fatal risk of hepatitis B
reactivation in patients receiving anti-CD20 drugs"™?.
HBV reactivation is known to occur with a wide variety
of immune-suppressive therapies and may occur in the
context of cancer treatment'™”, immunosuppressive
therapy for autoimmune disease!*” and transplantation. It
is a potentially lethal condition and yet is preventable!*?.

HBV reactivation does occur in persons who have
anti-HBc"* with and without anti-HBs and no detectable
HBsAg in serum™. Among 100 patients undergoing
chemotherapy for non-Hodgkins lymphoma, reactivation
was noted in 2 of 45 (4%) anti-HBc positive/HBsAg
negative patients™”. In a study™ from the Brigham and
Women's Hospital in Boston. Sixty-one patients identified
with resolved HBV infection before a hematopoietic
stem cell transplant (HSCT), (HBsAg negative, anti-
HBc positive)™™. Of these, 12 (20%) developed reverse
seroconversion*?l, A recent systematic literature review
identified reports of 257 patients with active or recovered
HBV infection™ treated with anti-tumor necrosis
factor™. Reactivation detected in 5% of those who
were HBsAg negative but anti-HBc positive™™. These
data hint that all patients undergoing chemotherapy,
immunosuppressive therapy, HSCT or solid organ
transplantation should screen for prior HBV infection™".
The use of antiviral treatment appears to diminish the
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Table 1 General, and epidemiological characteristics of included studies 7 (%)

Ref. Study period Studied population Location of the study Age group  Total number OBI rate
Elrashidy et al™” 2013-2014 Healthy/ diabetic children Lower Egypt Children 170 0(0)
Raouf et al™” 2011-2013 HCV positive cancer Lower Egypt Children 50 16 (32)
Kishk et al™ ND HCV Lower Egypt Adults 162 3 (1.85)
Elkady et al™ 2010-2011 Hematologic malignancy Upper Egypt Adults 59 1(1.88)
Said et al™ ND HBD Lower Egypt Adults 3167 52 (1.64)
El-Ghitany et al®" ND HBD and HCV-BD Lower Egypt Adults 504 21 (4.16)
Youssef et al™ ND CLD Lower Egypt Children 24 7(29.2)
Abu El Makarem et al™ ND HD Upper Egypt Adults 145 6 (4.1)
Elgohry et al™ ND HD Lower Egypt Adult 93 25 (26.9)
Shaker et al™ ND Thalasemics Lower Egypt Children 80 26 (32.5)
Selim et al™ 2008-2009 HCV Lower Egypt Adult 60 23 (38.3)
Hassan et al®™ ND HCC Lower Egypt Adult 40 25 (62.5)
Emara et al™ ND HCV Lower Egypt Adult 155 6(3.9)
Antar et al™ 2007-2008 HBD ND Adult 1021 5 (0.48)
El-Sherif et al™ 2005-2006 HCV Lower Egypt Adult 100 16 (16)
Youssef et al™ ND CLD Lower Egypt Adult 204 119 (58.3)
El-Zayadi et al™ 2005 HBD Upper/lower Egypt Adult 712 9 (1.26)
Said et al™ ND Hematologic malignancy and disorders Lower Egypt Children 100 21 (21
'El-Sherif et al® 1998-1999 HBD Lower Egypt Adults 150 2(1.3)

"Data taken by direct contact with authors. ND: Not determined; OBI: Occult HBV; HBD: Healthy blood donors; HCV-BD: Blood donors positive for HCV;
CLD: Cryptogenic liver disease; HD: Hemodialysis; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus.

risk of severe or fatal reactivation of HB infection ™.

Egypt had a high prevalence of HCV (17.5%)">'® and
intermediate endemicity for HBV infection™®. The rising
prevalence of OBI in Egypt is not surprising. Several
reports published on OBI in Egyptian populations. We
find that it will prudent to enumerate those studies, and
review them to clarify the overall prevalence of OBI and
determine the size of that problem in Egypt.

GEOGRAPHIC DISTRIBUTION OF OBI IN
EGYPT

Lehman et al''”’ were unable to compare the HBV
prevalence between Upper and Lower Egypt due to the
inadequate number of HBV prevalence studies in Upper
Egypt. Similarly, only two studies'®*'® addressed OBI
prevalence in Upper Egypt (Table 1). Lower OBI rate
(4.1%)™® reported among Upper Egypt hemodialysis
(HD) patients compared with HD patients in Lower Egypt
(26.9%)"?. HCV prevalence was significantly higher in
patients from Lower Egypt according to Lehman et af'*”,
which in turn confirms the positive correlation between
HCV and OBI frequencies.

OBI GENOTYPES AMONG EGYPTIANS

The genetic background of OBI studied by Raouf et
al®®, The researchers recruited only children with
cancer and the results pointed out that the incidence of
OBI in those patients was 32% (Table 1). All infections
were with genotype D, and 5 out of 16 OBI patients
showed some mutation in the HBV sequence. Two
patients had a mutation in the surface gene, and a
third one had mutation with a significant shift from the
wild-type genetic sequence and those three mutations

JRaishideng®

WJH | www.wjgnet.com 1673

were presumed to be the cause of OBI. The remaining
two mutations were considered silent and not the
cause of OBI. In addition Kishk et a/*! concluded that
HBV genotype D was the only detectable genotype in
Egyptian OBI patients with chronic HCV®", Among 53
HBsAg negative patients with hematologic malignancies,
5 of them (9.4%) experienced HBV reactivation. OBI
was confirmed in one of them (1.88%) (Table 1), and
all five patients had Genotype D1%?.. HBV-DNA detected
in 7/24 HBsAg-negative children with symptomatic
hepatic dysfunction. The G1896A mutation found in
3/7 (43%) HBsAg-negative children and all classified
as genotype D™, Classically it had been concluded that
HBV genotype D is more common in the Mediterranean
area, the Middle East and India®. The similarity of
OBI genotype and the reported HBV genotype in Egypt
could support the assumption that OBI infection is part
of the natural history of HBV rather than a distinct entity
of infection.

OBI DISTRIBUTION AMONG DIFFERENT
AGE GROUPS

HBV prevalence is decreasing in Egyptian young
generations'”, which may attributed to universal HBV
vaccination. The average prevalence of HBV in Egyptian
adults is 8% while the average prevalence in children is
1.6%"%.. OBI prevalence among Egyptian adults ranges
from 0.48%**! to 58.3%"®, with lower prevalence
among blood donors and higher prevalence among
chronic liver disease patients (Table 1). Unexpectedly
the prevalence of OBI in children was high according
to available data. OBI detected in 32%"”, 32.5%"",
21%"® of HCV-positive cancer children, thalassemic
and children with hematologic malignancy and disorders
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respectively (Table 1). These high OBI rates could be
attributed to the fact that; these studies assessed OBI
in children with multiple risks for HBV transmission,
includes poly-transfusion and immunosuppression. In
addition, many children in these studies were HCV co-
infected, which may explain the higher OBI prevalence
among tested children. Going with our notion Elrashidy
et al'®, were unable to detect OBI among HB-vaccinated
healthy children (n = 107).

the available literature data. Two studies, with a small
number of OBI patients (6 patients), addressed the
impact of OBI on the response of HCV patients to
antiviral therapy. Emara et al* concluded that; detection
of OBI in chronic HCV-positive patients (n = 3) has no
impact on response to combined pegylated interferon/
ribavirin therapy. Similarly, Kishk et af*'. 2014 reported
OBI patients (n = 3) were responsive to combine
pegylated interferon/ribavirin therapy after 12 wk.

OBI IN HCV EGYPTIAN PATIENTS

OBI IN EGYPTIAN BLOOD DONORS

As HBV and HCV share many risk factors and the same
transmission routes, OBI detection in HCV patients
is not surprising. Indeed, El-Sherif et al*®’ showed
that; among HBsAg-negative patients, the number of
patients with parenteral antischistosomal therapy (PAT)
is significantly higher in anti-HBc-positive HCV-positive
patients, compared with anti-HBc-negative HCV-positive
patients™. They concluded that PAT transmitted both
HCV and HBV in many Egyptians. OBI prevalence in
Egyptian HCV-positive patients is 1.85% to 38.3%
according to the available data®*” (Table 1). This wide
range of OBI may be related to different study designs
as well as different HBV-DNA detection methods.
Moreover, it may related to the liver disease severity
and the immunity of the studied patients.

Occult HBV prevalence correlated with the severity of
liver disease in HCV patient™, and it inflicted an adverse
impact on HCV outcome®®. Selim et al*® found that
OBI prevalence was higher among patients with alanine
aminotransferase (ALT) flare (63.3%) in contrast with
normal ALT patients (13.3%). One hundred chronic HCV
patients negative for HBsAg subdivided into two groups
according to anti-HBc seroreactivity and tested for
OBI by El-Sherif et af*®\. Group A included 71 patients
positive for anti-HBc and group B included 29 patients
negative for anti-HBc. HCV- patients positive for anti-
HBc have more severe liver disease compared with anti-
HBc negative patients™. Although HBV-DNA in the
serum detected in 22.5% of anti-HBc-positive chronic
HCV patients, it was not detected in any of anti-HBc-
negative patients™. There was no significant difference
in the clinical and laboratory parameters tested,
between anti-HBc-positive patients with and without
HBV-DNA in the serum™®. Kishk et af*" examined the
difference between HCV-infected and HCV/OBI dually
infected patients in terms of proinflammatory markers,
and histopathological picture. Although they used small
sample size (3 patients) their results highlighted that OBI
associated with higher Necro inflammatory markers and
worse histopathological picture. A clear example came
from El-Ghitany et af*"’ who compared OBI prevalence
between two groups of apparently healthy blood donors,
they found no significant difference between OBI
prevalence among both HCV-positive (3.2%) and HCV-
negative (5.1%) cohorts.

One cannot perform firm conclusion about the
OBI impact on response to HCV antiviral therapy from
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Occult HBV infection extensively explored in blood
donors!"! where it appears to occur quite rarely in the
western world and more frequently in developing
countries™. According to available data, OBI was
detected in 1.26%"* to 4.16%"" of Egyptian blood
donors (Table 1). The detection rate of OBI in Egyptian
HBsAg-negative blood donors, without known anti-
HBc serostatus, is relatively low (4.16%)P". This rate
markedly increased when OBI tested in anti-HBc positive
donors (14.3%)™*. This high rate of OBI among anti-
HBc-positive donors is not consistent with the findings
of many published studies®*?®, which ranged from
0%-6%. This high prevalence may attributed to the high
sensitivity of used assay. Out of five studies, three!****
used nested PCR. The fourth one™" used a real time
PCR with very low detection limit (3.8 IU/mL) (Table 2),
increasing the sensitivity of OBI detection.

Little data are available about the infectivity of
OBI after a blood transfusion, although the overall
OBI transmission rate is 28% according to a recent
European study™”. A lower rate detected in a Taiwanese
study™" (18.2%). The lower transmission rate detected
among Japanese (3%) may related to exclusion of
patients with detectable levels of HBV-DNA in mini pool
nucleic acid test and those with high titer anti-HBc,
and many recipients were immune'*. The infectivity
of OBI assessed in a small number of Egyptian blood
recipients™, where 11/34 recipients received anti-HBc
positive blood, two of them were HBV-DNA positive, and
none developed post-transfusion hepatitis. Like other
lookback studies; this study reported several difficulties
and limitations in addition to the small sample.

These data indicated that screening Egyptian
blood donors for HBsAg only is not safe and the need
for additional blood safety measures to reduce post-
transfusion HBV transmission. Anti-HBc screening of
Egyptian blood donors (in addition to HBsAg) is not
practical. It could result in discarding a significant amount
of blood, where HBV-DNA not detected in 82.8%,
88%**, 90%, 93.7%"* of HBsAg-negative/anti-HBc-
positive blood donors according to available data. On the
other hand missing anti-HBc/HBV-DNA-definite units may
have serious implication if used in blood transfusion®.,
Based on the high OBI rate among blood donors, we
believe that HBV-DNA testing should introduce in Egypt’s
blood banks. Whether to test HBV-DNA in a mini pool,
in all blood donors or in anti-HBc-positive donors only is
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Ref. HBV DNA detected in PCR method DNA limit of detection
Elrashidy et al™” Serum Nested ND
Raouf et al™ Serum Real-time and Nested ND
Kishk et al™ Serum Real-time and Nested ND
Elkady et al®” Serum Real-time 20 IU/mL
Said et al™ Serum Real-time 3.81U/mL
El-Ghitany et al"™" Serum Semi-nested 45 copies/mL
Youssef et al™ Serum Real-time 10 copies/mL
Abu El Makarem ef al Serum Nested and Real-time for HBV- 6 IU/mL for real-time PCR
DNA-positive by nested PCR
Elgohry et al™ Serum Real-time ND
Shaker et al™ Serum Real-time ND
Selim et al™” Serum Semi-nested 45 copies/mL
Hassan et al® Liver tissue Nested ND
Emara et al® Serum Real-time 121U/mL
Antar et al™ Serum Real-time ND
El-Sherif et al™ Serum Real-time 35 copies/mL
Youssef et al™ Serum Nested ND
El-Zayadi et al®” Serum Nested ND
Said et al™ Serum Nested ND
'El-Sherif et al"™ Serum Nested ND

'Data taken by direct contact with authors. ND: Not determined; PCR: Polymerase chain reaction; HBV: Hepatitis B

virus.

debatable and attractive area for research. Similarly, the
relatively high OBI rate among Egyptian blood donors
justifies further lookback and traceback extensive study
of OBI infectivity among blood recipients.

OBI IN EGYPTIAN THALASSEMIC

Populations at high risk of parenterally transmitted
infection have widely investigated for OBI. Thalassemic,
are at increased risk of infectious disease transmission.
The prevalence of OBI among Egyptian thalassemic
children was found to be 32.5% (26/80)"” (Table 1). The
prevalence of OBI was 0% and 31.4% among Iranian™
and Indian™ thalassemic respectively. This variation
may mostly related to small samples size.

OBI IN EGYPTIAN HEMODIALYSIS

PATIENTS

The OBI prevalence in Egyptian hemodialysis (HD)-
patients range from 4.1% to 26.9%"*' (Table 1).
Studies on HD-patients have provided widely divergent
results. The highest OBI prevalence (58%) in HD-patients
reported from Spain®. The results reported from Turkey
varied from 0% to 27.5%**"), Lower prevalence (3.8%)
was reported by American investigators™*®. Studies
from Greece showed that 0.9%-20.4% of HD-patients
suffered from OBI"**”. The prevalence of OBI among
HD-patients seems to be multi-factorial and could not be
explained by one factor. It is not region specific, where
different studies reported contradictory results from the
same county. The difference in methods sensitivity and
specificity in the various studies could be the main cause
responsible for the discrepant findings.

Age, sex, history of hepatitis, blood transfusion,
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schistosomal antibodies, liver enzymes, and serum
albumin level not associated with OBI in Egyptian hemo-
dialysis patients. In addition, no significant differences
in the age, duration of hemodialysis, biochemical
parameters, and serological markers of HBV, or HBV-
DNA between patients with and without HCV infection.
In contrast, the presence of HBV-DNA significantly
associated with anti-HBc (P = 0.003)™®. These data
support the role of anti-HBc as a useful surrogate marker
for OBI in HD-patients whenever HBV-DNA testing is not
available.

OBI IN EGYPTIAN CHILDREN WITH

HEMATOLOGIC MALIGNANCIES

Raouf et a/*” and Said et a*® tested OBI in children
with hematologic malignancies, and the results pointed
out that the incidence of OBI in those patients was
21%-32%, respectively (Table 1). The majority of OBI
patients were seronegative to anti-HBc which point
that anti-HBc is not sufficient to exclude OBI at least in
patients with hematologic malignancies. It believed that
hematological malignancies associated with an immune
deficiency that could preclude the synthesis of anti-HBs
and anti-HBc. Another interesting finding is the higher
OBI prevalence in HCV-infected patients.

OBI IN CRYPTOGENIC LIVER DISEASE
PATIENTS

Occult HBV infection is becoming an important disease
entity as a cause of liver disease in HBsAg negative
patients. OBI diagnosed in 58.3%"® of Egyptian patients
with symptomatic hepatitis (Table 1). Lower OBI
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frequency (30%) reported by Chemin et ai*! among
patients with chronic non-A non-E hepatitis in France.
This difference may related to the difference of HBV
prevalence in general populations of both countries.

OBI IN EGYPTIAN HCC PATIENTS

Occult HBV infection may play a direct oncogenic role
through both its integration into the host genome and
the maintained transcriptional activity. The prevalence
of OBI in HBsAg-negative and anti-HBC-negative HCC
patients varies among the different population. It
ranges from 16% in the United States, which has a low
prevalence of chronic hepatitis B, to 70% in endemic
areas like china® . A high rate of OBI was found
among Egyptian HCC patients 62.55% (25/40)** (Table
1). This high frequency of OBI in Egyptian patients
with HCC cannot explain the level of HBV endemicity in
Egypt. The small samples size in addition to combined
OBI and HCV infection may partially explain the higher
OBI frequency among studied HCC patients.

REACTIVATION OF OBI AFTER
CHEMOTHERAPY
[22]

Among 53 patients with hematological malignancies~,
negative for HBsAg before the start of and throughout
the chemotherapy course. Thirty-five (66%) were anti-
HBc-negative, and the remaining 18 (34%) patients
were anti-HBc-positive. Five of the 53 (9.4%) patients
with hematologic malignancies experienced HBV
reactivation®, one of them (1.88%) developed reactiv-
ation from an occult HBV infection (Table 1).

ROLE OF HEPATITIS B-VACCINE IN
PROTECTION AGAINST OBI

Because of immune incompetence in diabetic patients
compared with healthy control, OBI detected in 11% of
diabetic patients vs 3% of healthy controls™. Elrashidy
et al'® tested the incidence of OBI in HB-vaccinated
healthy (n = 107) and diabetic (n = 63) children.
None of the tested children had evidence of OBI or
remote HBV infection (anti-HBc) which indicate that HB
vaccination had been protective against OBI'” (Table 1).

CONCLUSION

Like HCV and HBV; nationwide epidemiological study
providing exact data regarding OBI situation in Egypt
is lacking. Our review represented a trial to synthesize
the published OBI results in Egypt. The current report
highlights the increase in OBI prevalence in Egyptian
HCV-positive patients parallel to the progression of liver
disease. Screening for OBI in HCV-positive patients may
detect those vulnerable to more progression of their liver
disease. Further testing of the impact of OBI on HCV
antiviral therapy and transplanted patients is needed. In
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addition screening for OBI must be a routine practice in
blood donors and poly transfused as well as cryptogenic
liver disease patients. A definitive assessment of OBI
among Egyptian blood donors needed for testing all
HBsAg-negative blood donors, instead of only testing
anti-HBc-positive patients. Further evaluation of the OBI
epidemiology among Egyptian young generations after
the era of HBV vaccination is needed. As well, studies of
OBI in Upper Egypt should be encouraged.
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Abstract

The intestine of the human contains a dynamic population
of microbes that have a symbiotic relationship with
the host. In addition, there is an effect of the intestinal
microbiota on metabolism and digestion. Non-alcoholic
fatty liver disease (NAFLD) is a common cause worldwide
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of hepatic pathology and is thought to be the hepatic
manifestation of the metabolic syndrome. In this review
we examine the effect of the human microbiome on
the components and pathogenesis of the metabolic
syndrome. We are now on the threshold of therapeutic
interventions on the human microbiome in order to effect
human disease including NAFLD.

Key words: Microbiome; Metabolic syndrome; Stool
transplantation; Non-alcoholic fatty liver disease

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

Core tip: The human intestine contains more bacterial
cells than mammalian cells. These have a symbiotic
relationship with the host. Non-alcoholic fatty liver
disease is the hepatic manifestation of the metabolic
syndrome and a major cause of hepatic morbidity as a
consequence of the obesity epidemic. We examine the
effect of the human microbiome on the components of
the metabolic syndrome and fatty liver and mention the
possibility of therapeutic interventions in humans.

Abdul-Hai A, Abdallah A, Malnick SDH. Influence of gut
bacteria on development and progression of non-alcoholic fatty
liver disease. World J Hepatol 2015; 7(12): 1679-1684 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i12/1679.
htm DOTI: http://dx.doi.org/10.4254/wjh.v7.i12.1679

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is considered
the hepatic manifestation of the metabolic syndrome.
The metabolic syndrome is defined by clear clinical and
laboratory criteria (Table 1). NAFLD encompasses a
range of liver damage ranging from simple steatosis to
non-alcoholic steatohepatitis (NASH), fibrosis, cirrhosis
and its complications. NAFLD is present in approximately
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Table 1 The definitions of the metabolic syndrome

NCEP ATP III

IDF

Absolutely required None

Criteria Any three of the five criteria below

Central obesity (waist circumference) = 94 cm in males or = 80 cm
in females European origin
= 90 cm in males or = 80 cm in females
Central obesity plus two of the four criteria below

(1) fasting glucose = 100 mg/dL
(2) TG = 150 mg/dL or treated for dyslipidemia
Or

(4) HDL cholesterol < 40 mg/dL in males, or <50 mg/dL (3) HDL cholesterol <40 mg/dL in males, or < 50 mg/dL in females

or under treatment

Obesity (1) waist circumference > 40 inches in males, or > 35 inches
in females
Hyperglycemia (2) fasting glucose = 100 mg/dL or treated for DM
Dyslipidemia (3) TG = 150 mg/ dL or treated for dyslipidemia
Or
in females or under treatment
Hypertension

for HTN

(5) > 130 mmHg systolic or > 85 mmHg diastolic or treated (4) > 130 mmHg systolic or > 85 mmHg diastolic or treated for HTN

NCEP ATP III: National Cholesterol and Education Program - Adult Treatment Panel II[; IDF: International diabetes federation; DM: Diabetes mellitus; TG:

TG: Triglycerides; HTN: Hypertension.

1/3 of the United States population, who have isolated
steatosis of the liver. Of the patients with NAFLD,
approximately 30% have NASH'™. NASH refers to
those patients who have developed liver inflammation
and fibrosis. It is those patients with NASH who may
develop stage 3 or 4 fibrosis (cirrhosis)™..

Many factors including diet, sedentary lifestyle and
genetics have been shown to influence the progression
from steatosis through NASH to cirrhosis. However, not
all people who are obese develop NAFLD and neither
are all patients with NAFLD obese.

GUT MICROBIOTA

The intestinal microbiome is attracting an increasing
amount of attention™. It is becoming apparent that there
is a symbiotic relationship between the intestine and
its microbiota and that disturbance in this relationship
can be associated with the pathogenesis of many
disorders. The most striking example of such an asso-
ciation is Clostridium difficile infection, for which fecal
transplantation from healthy donors is now an accepted
treatment™,

Distinct gut microbiota profiles are linked with specific
metabolomes. Ninety-five percent of the gut microbiota
of humans consists of the Firmicutes, Bacteroidetes
and Actinobacteria phyla. The species level of the
human microbiota, however, has higher diversity, with
approximately 200 highly prevalent and up to 1000 less
common bacterial species®. In humans as in mice, each
individual has an unique bacterial species profile’”’, The
gut bacteria may alter in response to a high fat diet (HFD),
which could be responsible for some of the responses to
an HFD.

Bacteria from human stools can be transferred to
germ free (GF) mice and result in a similar microbiome
in the host mice™. This can result in the appearance
of human gut enzymatic activities in GF rodents after
human fecal transplantation™®,

Recently, the transfer of human gut microbiome from
obesity discordant twins to GF mice was shown to result
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in the transfer of the adiposity phenotype of the donor
twin™, Thus, the transfer of human fecal microbiota
to GF mice may result in the development of human
diseases and provide an experimental study system.

INTESTINAL MICROBIOTA ARE RELATED
TO OBESITY AND INSULIN RESISTANCE

The gut microbiota is now recognized as contributing
to obesity and NAFLD™, GF mice have been found to
gain less weight than conventional mice after being fed
a high sugar and fat diet in spite of a higher amount
of food consumption™**, Furthermore, GF mice on an
HFD develop an increase in insulin sensitivity!”” and
GF mice colonized with conventional mouse intestinal
microbiota develop an increase in body fat content!*,
There are, however, wide variations in the development
of HFD-associated features!®”), but the responsible
factors are still undefined.

The insulin resistance index can be transferred
by gut microbiota transplantation™®. Gut microbiota
affects both macrophage fat accumulation and systemic
glucose metabolism by different mechanisms'®. In
a diet-induced obesity mouse model, administration
of antibiotics improved fasting glycemia and insulin
resistance independently of both food intake or adi-
posity™. Furthermore the improved insulin sensitivity
correlated with less hepatic lipogenesis and steatosis
in the antibiotic-treated mice®". Taken together, these
findings suggest that the gut microbiota influences both
host glucose metabolism and liver function.

A study in humans showed that transfer of intes-
tinal microbiota from lean donors to males with the
metabolic syndrome resulted in increased insulin sensi-
tivity’®"). Dietary factors and changes in diet influence
the composition of the microbiome. The intestinal
microbiota of obese individuals has a different microbial
diversity compared to lean persons. They have less
Bacteroides and more Firmicutes®®. Furthermore,
an HFD increases the proportion of Gram-negative to
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Gram-positive microbes, resulting in the production
of lipopolysaccharide (LPS) which is responsible for
inflammation®. Gram-positive microbes are increased
following the administration of prebiotics™. A prebiotic
is a nondigestible food substrate which increases the
growth of intestinal bacteria that can result in health
benefits for the host.

The intestinal microbiome in obesity has an increased
capacity to extract energy from the host diet. Bacterial
enzymes extract calories from otherwise indigestible
dietary polysaccharides'®. Enteric bacteria suppress the
synthesis and secretion of small intestinal fasting-induced
adipocyte factor, resulting in an increased activity of
lipoprotein lipase and increased liver triglyceride!>**.

GF lean mice that were resistant to becoming obese
on a fat-enriched diet had an increase of phosphorylated
adenosine monophosphate-activated protein kinase
(AMPK) in both the skeletal muscle and liver. AMPK
phosphorylates acetyl coenzyme A (CoA) carboxylase,
resulting in decreased malonyl CoA levels. Malonyl CoA
controls the rate-limiting step of long-chain fatty acyl
CoA entry to the mitochondria by blocking carnitine
palmitoyltransferase which promotes the oxidation of
fatty acid and results in a lower storage of fat™**®,

Thus, the intestinal microbiome has an effect on
both obesity and insulin resistance, as well as hepatic
fat content.

GUT MICROBIOTA AND NAFLD

In view of the intimate connection between the metabolic
syndrome with its concomitant insulin resistance and
NAFLD, it is expected that there is an effect of the
intestinal microbiome on NAFLD.

The fecal microbiota in NAFLD and NASH patients
has been examined using quantitative polymerase chain
reaction (PCR) and deep sequencing of a conserved
region in the bacterial 16S ribosomal RNA gene!”’>%,
A recent review provides a summary of the changes
in the intestinal microbiota associated with NAFLD and
NASH™, Many of these studies have variable and often
contradictory findings. This may be due to differences
in patient mix, methodology and documentation of liver
disease.

In addition to the mixture of bacteria in the colon,
patients with obesity or NAFLD have more small intestinal
bacterial overgrowth®**, Small intestinal bacterial
overgrowth was found in 50% of patients with NASH,
significantly more than that in a control population™.
The intestinal permeability and bacterial overgrowth were
shown to be related to the degree of hepatic steatosis
but not inflammation or fibrosis®"’.

However, it is not clear if the assessment of small
bowel bacterial overgrowth by breath tests is accurate
since an estimate of total fecal bacterial count by real-
time PCR did not detect any difference between healthy
controls and patients with NAFLD and NASH™®,

Possible mediators of the link between the enteric
microbiome and the host include alcohol, choline
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and endotoxins. Obese animals have been shown to
have higher levels of alcohol in breath tests than thin
animals®*. Alcohol reaches the liver via the portal blood
and can cause triglyceride accumulation in hepatocytes™.
In addition, alcohol may provide the “second hit” to the
liver for making the transformation from steatosis to
steatohepatitis'®®..

Choline may also be involved in the development of
NAFLD and NASH. It is well known that choline deficiency
may result in chronic liver disease®”. In animal models
choline-deficient diets were utilized, but it is now known
that choline deficiency can exist while there is a diet that
is not deficient. HFDs produce intestinal microbiota that
converts dietary choline into methylamines. This results
in a reduction of serum level of phosphatidylcholine which
can cause NASH?®!, Phosphatidylcholine is important for
the production of very low-density lipoprotein (VLDL)"®
and thus choline deficiency secondary to the intestinal
microbiome will result in lower hepatic secretion of VLDL
and result in triglyceride accumulation in hepatocytes.

The products of the intestinal microbiota are also
implicated in the development of NAFLD and NASH.
Endotoxemia has been found in patients with NASH™?,
Toll-like receptor 4, a receptor for LPS, in hematopoietic-
derived cells is necessary for the development of hepatic
steatosis but not for obesity in mice™*”. Mice that are
deficient in sensing pathogen-associated molecular
patterns (PAMPs) or downstream signaling are resistant
to NASH!"*#),

The microbial products reach the liver via the portal
vein and cause inflammation. Mice that are genetically
obese are more sensitive to endotoxin-induced hepa-
totoxicity and develop steatohepatitis after being exposed
to low doses of LPS™*, NAFLD patients have an increased
intestinal permeability and changes in the intestinal tight
junctions, as compared to healthy individuals®". The
increased permeability, in combination with bacterial
overgrowth, increases the hepatic exposure to endotoxins.

Alteration of the fecal microbiome by administration
of probiotics has been shown to decrease the amount of
intrahepatic triglyceride content in addition to a decrease
in Firmicutes and an increase in Bacteroidetes™. A
meta-analysis of the published trials of probiotics in
patients with NAFLD, showed a reduction in serum
transaminases, total cholesterol, tumor necrosis factor-a
and an improvement in insulin resistance™.

Dysbiosis can induce intestinal inflammation. Indeed
GF mice are protected from inflammation of the small
intestine!*”. Mice deficient in NIrp3 and NIrp6 are unable
to form cytoplasmic multiprotein complexes composed
of nucleotide-binding domain and leucine-rich repeat-
containing proteins (NLR) family, inflammasomes. Inflam-
masomes are sensors of exogenous PAMPs that regulate
cleavage of precursors of inflammatory cytokines
including pro-interleukin 1 beta (pro-IL1B) and pro-
IL18. In mice, loss of NIrp3 and NIrp6 inflammasomes
is associated with intestinal dysbiosis and colonic
inflammation via CCL5. Dysbiosis is linked to an increase
in Prevotella®®. The consequent translocation of bacteria
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Figure 1 The effect of the intestinal microbiota on non-alcoholic fatty liver disease. High fat diets (HFD) produce dysbiosis and small bowel intestinal
overgrowth (SBIO). There is an increase in energy extraction and fermentation of dietary fibers to oligo- and mono-saccahrides and short chain fatty acids (SCFA).
There is also an increase in ethanol (ETOH) production. The microbiota metabolize choline to trimethylamine (TMA). There is a choline deficiency which decreases
very low-density lipoprotein (VLDL) efflux and hepatic steatosis. In addition the intestinal microbiota suppresses the production of fasting induced adipocyte factor (Fiaf)
in intestinal epithelia, which increases the activity of lipoprotein lipase and the levels of free fatty acids (FFA). Dysbiosis results in a disruption of tight junctions in the
enterocytes via chemokine (C-C motif) ligand 5 (CCL-5). The resulting increase in intestinal permeability results in the translocation of microbial products to the liver
and inflammation; MS: Monosaccharides; LPL: Lipoprotein lipase.

leads to an increase in bacterial products including LPS is evidence that manipulation of the fecal microbiome
and bacterial DNA in the portal vein. The ensuing hepatic may result in a change in the metabolic syndrome and
inflammatory response promotes progression of NAFLD an improvement in the features of NAFLD. This needs
to NASH (Figure 1). This change in phenotype can be to be explored further in order to investigate if there will
transmitted by co-housing wild-type and NASH-prone be an improvement in dlinically significant end points.
micel*®,
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Abstract

AIM: To elucidate the efficacies of tolvaptan (TLV)
as a treatment for refractory ascites compared with
conventional treatment.

METHODS: We retrospectively enrolled 120 refractory
ascites patients between January 1, 2009 and Septe-
mber 31, 2014. Sixty patients were treated with oral TLV
at a starting dose of 3.75 mg/d in addition to sodium
restriction (> 7 g/d), albumin infusion (10-20 g/wk), and
standard diuretic therapy (20-60 mg/d furosemide and
25-50 mg/d spironolactone) and 60 patients with large
volume paracentesis in addition to sodium restriction
(less than 7 g/d), albumin infusion (10-20 g/wk), and
standard diuretic therapy (20-120 mg/d furosemide and
25-150 mg/d spironolactone). Patient demographics
and laboratory data, including liver function, were
not matched due to the small number of patients.
Continuous variables were analyzed by unpaired ¢-test
or paired #test. Fisher's exact test was applied in cases
comparing two nominal variables. We analyzed factors
affecting clinical outcomes using receiver operating
characteristic curves and multivariate regression
analysis. We also used multivariate Cox’s proportional
hazard regression analysis to elucidate the risk factors
that contributed to the increased incidence of ascites.

RESULTS: TLV was effective in 38 (63.3%) patients.
The best cut-off values for urine output and reduced
urine osmolality as measures of refractory ascites
improvement were > 1800 mL within the first 24 h and
> 30%, respectively. Multivariate regression analysis
indicated that > 25% reduced urine osmolality [odds
ratio (OR) = 20.7; P < 0.01] and positive hepatitis C
viral antibodies (OR = 5.93; P = 0.05) were positively
correlated with an improvement of refractory ascites,
while the total bilirubin level per 1.0 mg/dL (OR = 0.57;
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P = 0.02) was negatively correlated with improvement.
In comparing the TLV group and controls, only the
serum sodium level was significantly lower in the TLV
group (133 mEq/L vs 136 mEq/L; P = 0.02). However,
there were no significant differences in the other
parameters between the two groups. The cumulative
incidence rate was significantly higher in the control
group with a median incidence time of 30 d in the TLV
group and 20 d in the control group (P = 0.01). Cox
hazard proportional multivariate analysis indicated that
the use of TLV (OR = 0.58; P < 0.01), uncontrolled
liver neoplasms (OR = 1.92; P < 0.01), total bilirubin
level per 1.0 mg/dL (OR = 1.10; P < 0.01), and higher
sodium level per 1.0 mEg/L (OR = 0.94; P < 0.01)
were independent factors that contributed to incidence.

CONCLUSION: Administration of TLV results in better
control of refractory ascites and reduced the incidence
of additional invasive procedures or hospitalization
compared with conventional ascites treatments.

Key words: Refractory ascites; Tolvaptan; Paracentesis;
Decompensated cirrhosis

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

Core tip: Tolvaptan (TLV) was effective in 38 (63.3%)
refractory ascites patients. The best cut-off values for
urine output and reduced urine osmolality as measures
of refractory ascites improvement were > 1800 mL
within the first 24 h and > 30%, respectively. The
cumulative incidence rate was significantly higher in the
control group with a median incidence time of 30 d in the
TLV group and 20 d in the control group. Administration
of TLV results in better control of refractory ascites and
reduced the incidence of additional invasive procedures
or hospitalization compared with conventional ascites
treatments.

Ohki T, Sato K, Yamada T, Yamagami M, Ito D, Kawanishi K,
Kojima K, Seki M, Toda N, Tagawa K. Efficacy of tolvaptan
in patients with refractory ascites in a clinical setting. World J
Hepatol 2015; 7(12): 1685-1693 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i12/1685.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i12.1685

INTRODUCTION

Hepatic edema and ascites are common complications
in decompensated liver cirrhosis patientst?. Refractory
ascites is defined as non-responsiveness to sodium
dietary restriction and high dose diuretic therapy that
occurs in 15%-20% of all ascites patients™., Refractory
ascites is also associated with a poor quality of life (QOL)
and prognosis due to restricted treatment optionst.
Tolvaptan (TLV) is a new oral, selective vasopressin
V2 receptor antagonist originally developed for the
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treatment of hypervolemic or euvolemic hyponatremia
in patients with heart failure, cirrhosis or syndrome
of inappropriate antidiuretic hormone'®”). Inhibition
of the vasopressin V2 receptor by TLV prevents the
insertion of aquaporin 2 water channels into the apical
cell membrane of the collecting duct, which increases
free water excretion without significantly affecting
urinary sodium or potassium secretion®®. This allows for
reduced water retention with elevated serum sodium
levels, which is an ideal outcome in decompensated
liver cirrhosis patients with refractory ascites.

In Japan, the addition of TLV to conventional diuretic
therapy has been useful for the treatment of refractory
ascites. A phase 3 study showed a remarkable reduction
in ascites with a median loss of 2 kg body weight
compared with the placebo controls. However, the
administration of TLV was limited to 7 d because of the
study design, and since decompensated cirrhosis is
a progressive disease, even transient improvement of
refractory ascites could eventually result in uncontrolled
ascites.

Our principal objective was to conduct an obser-
vational retrospective study to elucidate the clinical
outcomes of TLV. These outcomes included assessing
the safety and efficacy of long-term administration,
determining the effectiveness cut-off level, and identifying
factors that contribute to improved refractory ascites
in a clinical setting. In addition, since decompensated
cirrhosis is a progressive disease, we examined the
time to progression by comparing TLV to conventional
treatment.

MATERIALS AND METHODS

Study design

A single center, open label, observational retrospective
study was conducted in Mitsui Memorial Hospital (Tokyo,
Japan) between January 1% 2009 and September 30
2014. The last follow-up date was October 31 2014.

Inclusion criteria

This study enrolled liver cirrhosis patients 20-80
years of age with refractory ascites who had been
receiving loop diuretic and/or anti-aldosterone agents.
Refractory ascites was defined as follows: existence
of ascites detected by ultrasound under the treatment
of a loop diuretic at a daily dose equivalent to = 40
mg/d furosemide and = 25 mg/d spironolactone, a
loop diuretic at a daily dose equivalent to = 20 mg/d
furosemide and = 50 mg/d spironolactone, or a loop
diuretic alone at a daily dose equivalent to = 60 mg/d
furosemide. Patients were required to be hospitalized or
to be available for hospitalization during the treatment
period. Exclusion criteria were existence of hepatic
encephalopathy, inability to take oral medication, or end
stage renal disease on hemodialysis.

Patients
We enrolled 60 refractory ascites patients treated with
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TLV until September 30, 2014. We included another
60 refractory ascites patients treated with conventional
large volume paracentesis as a control group from
our liver disease database between January 1, 2009
and September 30, 2012. Patient demographics and
laboratory data, including liver function, were not
matched due to the small humber of patients. The final
analysis included 120 patients.

Therapeutic protocol

Sixty patients received oral TLV at a starting dose of
3.75 mg/d in addition to sodium restriction (> 7 g/d),
albumin infusion (10-20 g/wk), and standard diuretic
therapy (20-60 mg/d furosemide and 25-50 mg/d
spironolactone). Patients could drink water without
restriction. The dose of TLV was increased to 7.5 mg/d
if insufficient effects were seen. Because the effect
of TLV is closely related to serum creatinine levels™,
in some patients with poor renal function, the TLV
dose was increased to 15.0 mg/d as directed by the
primary physician. TLV was discontinued if patients
had encephalopathy, hematemesis, hemodialysis or
side effects of > grade 3 assessed using the common
terminology criteria for adverse events (CTCAE) version
4.0 or if the patients were unable to take the medication
orally. If there were no improvements with TLV, the
patients received large-volume paracentesis as a rescue
treatment for refractory ascites.

The control patients received conventional large
volume paracentesis as a treatment for refractory
ascites in addition to sodium restriction (less than 7 g/d),
albumin infusion (10-20 g/wk), and standard diuretic
therapy (20-120 mg/d furosemide and 25-150 mg/d
spironolactone). In all cases, total paracentesis was
achieved by removal of all ascites by supplementing
10-20 g albumin per each liter exceeding 5 L. If ascites
re-accumulated during the follow-up period, large-
volume paracentesis was repeated.

Efficacy assessment

In the TLV-treated group, the primary endpoint was
improvement of symptoms, such as bloating sensation
or respiratory discomfort, or a > 2-kg reduction in body
weight. We also assessed factors that contributed to
the effectiveness of TLV by comparing the TLV-treated
group with the controls. The primary endpoint was the
cumulative incidence rate. In the controls, all ascites
was removed transiently by large volume paracentesis.
The cumulative incidence rate was defined as the
necessity of an additional invasive procedure to treat
refractory ascites, including large volume paracentesis,
or admission for the treatment of refractory ascites. The
secondary endpoint was overall survival rate.

Safety assessment

Patients were monitored throughout the study period,
and any incidences of adverse events or deaths were
recorded. Adverse events were evaluated using CTCAE
version 4.0.
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Statistical analysis

Data was expressed as medians (25-75" percentile
range) or means + SD deviations, unless otherwise
indicated. Continuous variables were analyzed by
unpaired t-test or paired t-test. Fisher's exact test was
applied in cases comparing two nominal variables.
We applied receiver operating characteristic (ROC)
curve analysis to determine the ideal cut-off levels that
indicate the potency of TLV. Univariate and multivariate
logistic regression analyses were used to assess the
predictors for improvement of refractory ascites by TLV.
The cumulative incidence rate and survival rate were
estimated using the Kaplan-Meier method compared with
the log-rank test. We used univariate and multivariate
Cox’s proportional hazard regression analysis to elucidate
the risk factors that contributed to the increased
incidence of ascites. Differences with a P < 0.05 were
considered statistically significant. Data processing and
analysis were performed using StatView version 5 (SAS
institute, Cary, NC, United States).

RESULTS

Characteristics of patients treated with TLV

Sixty patients were treated with TLV. The demographics
and other baseline characteristics of these patients
are shown in Table 1. The mean dosing period was
54 d, and the mean observational period was 168 d.
There were 27 (45.0%) Child-Pugh class C patients
and 26 (43.3%) patients who had uncontrollable liver
neoplasms, defined as TNM stage 3, 4a or 4b. There
were four patients with a small amount of ascites who
had severe hepatic hydrothorax. The mean estimated
glomerular filtration rate (eGFR) was 43.1 mL/min per
1.73 m?, which indicated the existence of moderate
chronic kidney disease.

Changes after administration of TLV

Body weight was significantly reduced during the
treatment period. The median reduction in bodyweight
was 3 kg (P < 0.01), and 38 (63.3%) patients had
improved bloating sensation or respiratory discomfort
or achieved a > 2-kg weight reduction (Figure 1).
The serum sodium concentration increased, peaking
3 d after administration of TLV. The median elevated
serum sodium concentration was 4.5 mEqg/L (P < 0.01,
Figure 2). The eGFR was decreased significantly after
administration of TLV from 43.1 mL/min per 1.73 m?
to 38.1 mL/min per 1.73 m* (P < 0.01, Figure 3). The
minimum urine osmolality was markedly reduced 7 d
after administration of TLV with a 34% reduction in the
urine osmolality rate (Table 2).

Follow-up of TLY treated patients

The median follow-up period was 168 d. During this
follow-up period, 33 of 38 patients (86.8%) treated
with TLV who improved then experienced exacerbated
symptoms, such as bloating sensation or respiratory
discomfort, or an increase in body weight, which
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(kg) Median (min - max) mEg/L . )
110 - 61 kg (39-102 kg) 58 kg (39-102 kg) 155 Median (min - max)
138.5 mEg/L(127-148 mEg/L)

100 L 150 - 134 mEg/L (116-143 mEg/L)

90 - P <0.01 145 135 mEg/L (126-141 mEg/L)

Paired ¢-test

80 - 140 I

70 - 135 |

60 - 130 - J

S0 125 -

40 + 120 +

30 115

Before administration After administration Before administration After 24 h After 3 d

Figure 1 The median reduction in body weight was 3 kg (P < 0.01) during Figure 2 The serum sodium concentration peaked 3 d after administration
the tolvaptan treatment period. of tolvaptan. The median elevated serum sodium concentration was 4.5 mEg/L.

Table 1 Baseline characteristics of the patients treated with tolvaptan and controls

Characteristic TLV group (7 = 60) Controls (7 = 60) P

Age (yr) 67.1+£11.2 69.5+9.0 0.21
Male 46 (76.7%) 46 (76.7%) 1.00
Bodyweight (kg) 61 (54-69) 64 (55-73) 0.58
HCV antibody positive 36 (60.0%) 35 (58.3%) 1.00
Child-Pugh class C 27 (45.0%) 24 (40.0%) 0.71
Refractory ascites 56 (93.3%) 60 (100%) 0.12
Hepatic hydrothorax 32 (53.3%) 29 (48.3%) 0.72
Liver neoplasms stage 3, 4a, or 4b 26 (43.3%) 25 (41.7%) 1.00
Serum albumin (g/dL) 2.8 (2.5-3.1) 2.8 (2.5-3.1) 0.98
Total bilirubin (mg/dL) 2.7 (0.7-3.1) 2.8 (1.1-3.6) 0.81
ALT (IU/L) 42 (20-44) 36 (20-53) 0.27
Serum creatinine (mg/dL) 1.40 (0.90-1.61) 1.45 (0.78-1.59) 0.30
eGFR (mL/min per 1.73 m’) 43.1 (31.0-62.7) 49.8 (33.5-67.8) 0.95
Serum sodium (mEq/L) 133 (130-136) 136 (132-139) 0.02
Platelet count (x 10°/pL) 114 (58-147) 95 (69-139) 0.80
Prothrombin activity (%) 58.7 (45.0-70.0) 57.3 (42.3-70.2) 0.71

ALT: Alanine aminotransferase; eGFR: Estimated glomerular filtration rate; HCV: Hepatitis C virus;
TLV: Tolvaptan.

mL/min per 1.73 m?
160 43.1 (11.4-142.8)

Table 2 Changes in the urine volume and osmolality after

Median (min - max) administration of tolvaptan
140 | 38.1 (11.4-109.8)
120 - P <0.01 TLV group (n = 60)
Paired ¢-test 24 h urine volume (mL) 1844 (1200-2400)

100 - 24 h water intake (mL) 1231 (894-1463)

80 Pre-urine osmolality (OSM) 417 (366-487)

Time to achieve the minimum urine osmolality (d) 7 (2-8)

60 The minimum urine osmolality (OSM) 274 (230-311)

40 Pre-post-urine osmolality rate (%) 66 (55-79)

20 j T

OSM: Osmole; TLV: Tolvaptan.
0
Before administration After administration

TLV adverse events during the hospitalization period

Patients received TLV while hospitalized for 6-8 d.
Adverse events were observed in 19 (31.7%) patients
during the hospitalization period. The most common
indicates the progression of ascites. The median time to  adverse event was thirst. Polydipsia was observed in 14
progression was 48 d. Although administration of TLV (23.3%) patients (CTCAE grade 1 to 2). There were no
transiently improved refractory ascites, decompensated  other severe side-effects higher than grade 3 as defined
cirrhosis is a progressive disease that will eventually lead by CTCAE version 4 during the hospitalization period;
to the development of uncontrolled ascites. CTCAE grade 2 tachycardia was seen in 1 patient,

Figure 3 The estimated glomerular filtration rate significantly decreased
after administration of tolvaptan from 43.1 to 38.1 mL/min per 1.73 m’.
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Table 3 Comparison of baseline characteristics (effective vs ineffective with tolvaptan)

Characteristic Effective (7 = 38) Ineffective (n = 22) P

Dosing period (d) 73 (12-109) 22 (7-36) 0.02
TLV (mg/d) 7.5 (7.5-7.5) 7.5 (7.5-7.5) 0.36
Age (yr) 66.7 £11.1 67.0+11.4 0.95
Male 33 (86.8%) 13 (59.1%) 0.02
Bodyweight (kg) 62 (54-68) 60 (48-71) 0.58
"Bodyweight (kg) 3.6 (2.1-4.7) 0.2 (0.1-0.8) <0.01
HCV antibody positive 27 (71.1%) 9 (40.9%) 0.03
Child-Pugh class C 11 (28.9%) 16 (72.7%) <0.01
Refractory ascites 35 (92.1%) 32 (95.5%) 1.00
Hepatic hydrothorax 21 (55.3%) 11 (50.0%) 0.79
Liver neoplasms stage 3, 4a, or 4b 11 (28.9%) 15 (68.2%) <0.01
Serum albumin (g/dL) 2.9(2.6-3.2) 2.7 (2.3-3.0) 0.20
Total bilirubin (mg/dL) 1.7 (0.7-1.9) 4.5 (1.5-6.3) <0.01
ALT (IU/L) 37 (20-41) 50 (25-77) 0.18
Serum creatinine (mg/dL) 1.53 (0.89-2.09) 1.17 (0.95-1.40) 0.11
eGFR (mL/min per 1.73 m’) 49.8 (26.7-62.7) 51.7 (34.6-62.5) 0.80
Serum sodium (mEq/L) 134 (132-138) 131 (128-136) 0.03
Platelet count (x 10°/pL) 107 (58-144) 127 (65-190) 0.27
Prothrombin activity (%) 61.5 (46.3-73.2) 53.8 (41.2-64.2) 0.10

'Reduction. ALT: Alanine aminotransferase; eGFR: Estimated glomerular filtration rate; HCV:
Hepeatitis C virus; TLV: Tolvaptan.

Table 4 Comparison of the changes after administration of tolvaptan (effective vs

ineffective with tolvaptan)

Effective (m = 38) Ineffective (n = 22) P

3.6 (2.1-4.7) 0.2 (0.1-0.8) <0.01
2154 (1448-2516) 1352 (871-1675)  <0.01
24 h water intake (mL) 1238 (800-1429) 1235 (1000-1463) 0.96
Pre-urine osmolality (OSM) 445 (411-485) 417 (335-495) 0.42
Time to achieve the minimum urine osmolality (d) 7 (3-9) 4 (1-6) 0.02
The minimum urine osmolality (OSM) 251 (213-288) 313 (256-359) <0.01
Pre-post-urine osmolality rate (%) 58 (51-69) 78 (66-90) <0.01

"Bodyweight
24 h urine volume (mL)

'Reduction. OSM: Osmole.

CTCAE grade 2 fatigue in 1 patient, CTCAE grade 2
cough in 1 patient, and CTCAE grade 2 acute kidney
injury in 1 patient. One patient discontinued TLV due to
the necessity for frequent blood tests. During the entire
follow-up period, 8 (13.3%) patients developed hepatic
encephalopathy. However, it is difficult to determine
whether this was due to adverse events or the natural
course of decompensated cirrhosis.

Comparison of TLV effectiveness

There were 38 patients who had improved symptoms,
such as a bloating sensation or respiratory discomfort,
or a loss of 2 kg body weight. There were significant
differences in TLV effectiveness related to the proportion
of male patients, comorbidity with hepatitis C virus
(HCV), severe liver dysfunction, and uncontrolled liver
neoplasms. Blood tests showed significantly higher
levels of serum bilirubin and lower levels of sodium in
patients in whom TLV was ineffective (Table 3).

Comparison of the changes between effective and
ineffective patients after administration of TLV
We evaluated the changes in urine volume and osmolality

Baishidenge  WJH | www.wjgnet.com

between the two groups after administration of TLV (Table
4). Urine volume recorded at 24 h after administration
of TLV was significantly higher in the effective group
(2154 mL vs 1352 mL; P < 0.01). The minimum urine
osmolality was also significantly lower in the effective
group (251 osmole vs 313 osmole; P < 0.01). The time
to reach minimum urine osmolality was significantly
longer in the effective group (median: 7d vs 4 d; P =
0.02).

eGFR analysis to determine the cut-off level

Figure 4A indicated that a reduction in urine osmolality
over 25% was the single best cut-off level to clarify
the improvement of refractory ascites with 89.5%
sensitivity and 59.1% specificity. A combined measure
of urine > 1800 mL within the first 24 h and a reduction
in urine osmolality > 30% were the best cut-off levels
to clarify refractory ascites improvements with 84.2%
sensitivity and 81.8% specificity (Figure 4B).

Multivariate regression analysis to elucidate the factor
contributing to improved refractory ascites
Multivariate regression analysis was performed to
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Figure 4 Receiver operating characteristic analysis. A: A reduction in urine osmolality > 25% was the single best cut-off level for improvement of refractory ascites
with 89.5% sensitivity and 59.1% specificity; B: A combination of urine output > 1800 mL within the first 24 h and a 30% reduction in urine osmolality were the best cut-
off levels for improvement of refractory ascites with 84.2% sensitivity and 81.8% specificity.
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Figure 5 The cumulative incidence rate was significantly higher in the
control group, with a median incidence time of 30 d in the tolvaptan group
and 20 d in the control group.

evaluate the factors found to be significant in univariate
analysis. As a result, a reduction in urine osmolality
> 25% [odds ratio (OR) = 20.7; P < 0.01] and the
presence of positive HCV antibodies (OR = 5.93; P =
0.05) were positively correlated with an improvement of
refractory ascites, while the total bilirubin level per 1.0
mg/dL (OR = 0.57; P = 0.02) was negatively correlated
with improvement (Table 5).

Comparing the patients backgrounds between the TLY
group and historical controls

Due to the small number of patients, their backgrounds
and laboratory data, including liver function, were not
matched. In comparing the TLV group and controls, only
the serum sodium level was significantly lower in the TLV
group (133 mEg/L vs 136 mEg/L; P = 0.02). However,
there were no significant differences in the other
parameters between the two groups (Table 1).

Cumulative incidence rate
The cumulative incidence rate was defined as the need
for an additional invasive procedure to treat refractory
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Table 5 Multivariate regression analysis assessing the effec-

tiveness of tolvaptan

Variables HR (95%CI) P

20.7 (326-132)  <0.01

Reduction of urine osmolality over 25%

Age (yr) 1.00 (0.93-1.08) 0.91
HCV antibody positive 5.93 (1.01-34.8) 0.05
Uncontrollable liver neoplasms 0.68 (0.03-1.20) 0.21
Total bilirubin (per 1.0 mg/dL) 0.57 (0.35-0.93) 0.02
Na (per 1.0 mEq/mL) 0.99 (0.84-1.17) 0.93

HCV: Hepatitis C virus.

ascites, including large volume paracentesis, or hospital
admission for the treatment of refractory ascites. The
cumulative incidence rate was significantly higher in the
control group, with @ median incidence time of 30 d in
the TLV group and 20 d in the control group (P = 0.01,
Figure 5).

Factors affecting the incidence of refractory ascites

We used univariate and multivariate Cox’s proportional
hazard regression analysis to elucidate the risk factors
predicting incidence. Cox hazard proportional multivariate
analysis indicated that the use of TLV (OR = 0.58; P <
0.01), uncontrolled liver neoplasms (OR = 1.92; P <
0.01), a total bilirubin level per 1.0 mg/dL (OR = 1.10; P
< 0.01), and a higher sodium level per 1.0 mEqg/L (OR =
0.94; P < 0.01) were independent factors contributing to
the incidence of refractory ascites (Table 6).

Cumulative survival rate

There was no significant difference in cumulative
survival rate between the TLV group (median survival
time = 121 d) and control group (median survival time
=123 d; P = 0.57, Figure 6).

DISCUSSION
This study demonstrated that administration of TLV
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Figure 6 There was no significant difference in cumulative survival rate
between the groups, with a median survival time of 121 d in the tolvaptan
group and 123 d in the control group.

improved refractory ascites in 38 (63.3%) patients.
Before the introduction of TLV, treatment of refractory
ascites was initially based on invasive procedures,
such as paracentesis, concentrated ascites reinfusion
therapy, the Denver® shunt, or transjugular intrahepatic
portosystemic shunt!’®*?, Although, increased doses
of loop diuretic agents or spironolactone were also
allowed, the effectiveness was limited and renal
function deteriorated™. TLV is a less invasive novel oral
aquaresis treatment that complements conventional
refractory ascites therapies. The effectiveness of TLV is
limited, however, because decompensated liver cirrhosis
is a progressive disease, although compared with
conventional large volume paracentesis treatment, TLV
may prolong the time to disease progression. Thus, TLV
may be an important therapy that transiently improves
refractory ascites to avoid early invasive treatment or
hospitalization.

Determining the best timing of TLV administration
is difficult, since TLV was not effective in 22 cases of
patients with either uncontrolled liver neoplasms or
severe liver dysfunction Child-Pugh class C. In this study,
we defined refractory ascites as follows: existence of
ascites detected by ultrasound under the treatment
of a loop diuretic at a daily dose equivalent to = 40
mg/d furosemide and = 25 mg/d spironolactone, a
loop diuretic at a daily dose equivalent to = 20 mg/d
furosemide and = 50 mg/d spironolactone, or a loop
diuretic alone at a daily dose equivalent to = 60 mg/d
furosemide. If refractory ascites was not controlled
with these doses of standard diuretic medicines, TLV
administration should be considered. If TLV is initiated
later, its effects may be restricted due to liver dysfunction
or progression of liver neoplasms.

The change in urine osmolality is an important factor
to consider when evaluating the effectiveness of TLV. It
has been reported that a reduction in the rate of urine
osmolality can predict TLV effectiveness in chronic heart
failure patients™. In these patients, urine osmolality was
measured before and 4-6 h after administration of TLV.
However, in refractory ascites patients, our current study
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Table 6 Cox’s proportional hazard multivariate regression

analysis assessing the factors contributing to the incidence of
refractory ascites

Variables HR (95%CIl) P

Use of TLV 0.58 (0.39-0.87) <0.01
Age (yr) 1.01 (0.99-1.03) 0.19
Uncontrollable liver neoplasms 1.92 (1.23-2.94) <0.01
ALT (IU/L) 1.00 (0.98-1.01) 0.11
Total bilirubin (mg/dL) 1.10 (1.03-1.18) <0.01
Na (mEq/mL) 0.94 (0.91-0.98) <0.01

HCV: Hepatitis C virus; ALT: Alanine aminotransferase; TLV: Tolvaptan.

showed that the minimum urine osmolality was reached
at a median of 7 d after TLV administration (Table 2),
which indicated that the reduction rate in urine osmolality
was a promising measure of TLV effectiveness. However,
the sensitivity and specificity were more accurate
using the combination of 24-h urine volume and urine
osmolality reduction rate after the administration of
TLV. The mechanisms underlying this difference remain
unknown, although it has been reported that elevated
intra-abdominal pressure due to refractory ascites might
affect renal function™. Treating refractory ascites with
TLV may lead to a gradual improvement of glomerular
blood flow. Thus, the decrease in urine osmolality was
slower in refractory ascites patients compared with the
change in chronic heart failure patients. At any rate,
the results showed that it was difficult to predict the
effectiveness of TLV in a short-term study.

TLV is thought to be a relatively safe drug with little
impact on renal function®*®!. However, in our study, TLV
administration deteriorated renal function. Although
there is a possibility that TLV could lead to dehydration
and decrease eGFR, progressive liver disease induces
renal impairment, a phenomenon known as hepatorenal
syndrome!'”. The control patients also had a significant
decrease in eGFR during the follow-up period. These
patients were treated with large-volume paracentesis
under infusion of albumin, which was also reported to
have less impact on renal function®. In a comprehensive
manner, the decrease in eGFR did not depend on TLV but
on progressive liver disease itself. Thus, we concluded
that TLV could be used safely in patients with refractory
ascites.

An elevation in the serum sodium level is a major
side effect of TLV!*®". Advanced liver cirrhosis tends to
result in hyponatremia, and TLV is used as a treatment
option for hyponatremia in patients with euvolemic
hyponatremia®. In this study, we did not experience
any side effects of hypernatremia in patients treated
with TLV. Although the median level of serum sodium
was elevated to a maximum of 138.5 mEqg/L, this was
preferable to hyponatremia in advanced liver cirrhosis
patients. Comorbidity with hyponatremia has a high
risk for mortality!®. In this current study, there were
no significant differences in the cumulative survival
rate between the TLV and control group. However, the

June 28, 2015 | Volume 7 | Issue 12 |



Ohki T et a/. The efficacy of tolvaptan

patients’ backgrounds between the two groups were not
matched, and it was difficult to elucidate the true effect
of treating hyponatremia with TLV. A further prospective
study is needed to clarify the outcome of improving
hyponatremia on the cumulative survival rate.

There were no severe adverse events that exceeded
CTCAE grade 2 during the hospitalization period.
The most common side effect was thirst observed in
14 (23.3%) patients, which was similar to previous
reports®®>?’l, Hypernatremia was also reported as an
adverse effect of TLV treatment™. However, there were
no patients with a severe elevation in serum sodium.
During the follow-up period after hospital discharge,
hepatic encephalopathy occurred in 8 patients. It is
difficult to clarify whether the cause of encephalopathy
was administration of TLV or part of the natural course
of severe liver dysfunction. On the whole, TLV is a safe
treatment for refractory ascites patients with advanced
liver cirrhosis.

This study has several limitations. It was not a
randomized retrospective study, and the control group
was not matched to the TLV group. However, this study
was conducted in a realistic clinical setting. We propose
that the clinical outcomes of TLV will have significant
meaning for the treatment of refractory ascites, and the
current results revealed that the best new indicators
to predict efficacy of TLV were a 24-h urine volume >
1800 mL and > 30% urine osmolality reduction rate, as
well as prolongation of progression-free survival. Thus,
this retrospective study will serve as a reference for
using TLV in refractory ascites patients.

In conclusion, administration of TLV achieved not
only better control of refractory ascites but also improved
QOL by avoiding additional invasive procedures, including
paracentesis, or the need for hospitalization compared
with conventional ascites treatments.

COMMENTS

Background

Hepatic edema and ascites are common complications in decompensated liver
cirrhosis patients. In Japan, the addition of tolvaptan (TLV) to conventional
diuretic therapy has been useful for the treatment of refractory ascites. The
principal objective was to conduct an observational retrospective study to
elucidate the safety and efficacy of long-term administration, determining the
effectiveness cut-off level, and identifying factors that contribute to improved
refractory ascites in a clinical setting. In addition, since decompensated
cirrhosis is a progressive disease, the authors examined the time to progression
by comparing TLV to conventional treatment.

Research frontiers

TLV was reported as a new oral, selective vasopressin V2 receptor antagonist
originally developed for the treatment of hypervolemic or euvolemic hyponatremia
in patients with heart failure, cirrhosis or syndrome of inappropriate antidiuretic
hormone. A phase 3 study showed a remarkable reduction in ascites with a
median loss of 2 kg body weight compared with the placebo controls. However,
the administration of TLV was limited to 7 d because of the study design.

Innovations and breakthroughs

The authors concluded that administration of TLV resulted in better control of
refractory ascites and reduced the incidence of additional invasive procedures
or hospitalization compared with conventional ascites treatments. The authors
also determined the best values for urine output and reduced urine osmolality
as measures of refractory ascites.
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Applications

This study may provide a new treatment option for refractory ascites. TLV
could use safely in refractory ascites patients with over 60% of effectiveness.
Administration of TLV may be considered before invasive procedure such as
paracentesis.

Peer-review

This is an interesting topic.
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Abstract

AIM: To evaluate the downstaging rates in hepatitis
C virus-patients with hepatocellular carcinoma (HCC),
treated with degradable starch microspheres trans-
catheter arterial chemoembolization (DSM-TACE), to
reach new-Milan-criteria (nMC) for transplantation.

METHODS: This study was approved by the Ethics
Committee of our institution. From September 2013 to
March 2014 eight patients (5 men and 3 women) with
liver cirrhosis and multinodular HCC, that did not meet
nMC at baseline, were enrolled in this study. Patients
who received any other type of treatment such as
termal ablation or percutaneous ethanol injection were
excluded. DSM-TACE was performed in all patients
using EmboCept® S and doxorubicin. Baseline and
follow-up computed tomography or magnetic resonance
imaging was assessed measuring the longest enhancing
axial dimension of each tumor according to the modified
Response Evaluation Criteria In Solid Tumors measure-
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ments, and medical records were reviewed.

RESULTS: DSM-TACE was successfully performed in
all patients without major complication. We treated 35
lesions (mean 4.3 per patient). Six of eight patients
(75%) had their HCC downstaged to meet nMC. Every
patient whose disease was downstaged eventually
underwent transplantation. The six patients who re-
ceived transplant were still living at the time of this
writing, without recurrence of HCC. Baseline age (P =
0.25), Model for End-stage Liver Disease score (P =
0. 77), and a-fetoprotein level (P = 1.00) were similar
between patients with and without downstaged HCC.

CONCLUSION: DSM-TACE represents a safely and
effective treatment option with similar safety and
efficacy of conventional chemoembolization and could
be successfully performed also for downstaging disease
in patients without nMC, allowing them to reach liver
transplantation.

Key words: Hepatocellular carcinoma; Transcatheter
arterial chemoembolization; Liver transplantation;
Degradable starch microspheres; New-Milan-criteria;
Recurrence-free survival; Locoregional therapies

© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: Liver transplantation (LT) is the standard of
care for select patients with hepatocellular carcinoma
(HCC) and cirrhosis and recently more transplant centers
use the new Milan criteria to assess the candidacy of HCC
patients for LT. This manuscript reports a preliminary
experience on the HCC treatment in liver transplant
candidates without new-Milan-criteria, using a new
technique of transcatheter arterial chemoembolization
with degradable starch microspheres transcatheter
arterial chemoembolization (DSM-TACE). Providing a
temporary embolization DSM-TACE allows to treat more
patients with an impaired liver function reducing toxicity
due to standard arterial embolization. Moreover good
down-staging rates after repeated DSM-TACE were
successfully achieved.

Orlacchio A, Chegai F, Merolla S, Francioso S, Del Giudice
C, Angelico M, Tisone G, Simonetti G. Downstaging disease
in patients with hepatocellular carcinoma outside up-to-seven
criteria: Strategies using degradable starch microspheres trans-
catheter arterial chemo-embolization. World J Hepatol 2015;
7(12): 1694-1700 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i12/1694.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.112.1694

INTRODUCTION

Currently, trans-arterial chemoembolization (TACE)
represents the most accepted and widely used treatment
for large or multinodular hepatocellular carcinoma (HCC),
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notably in patients with a relatively preserved liver
function without vascular invasion and/or extra-hepatic
spread'".

HCC ranks as the third most common cause of
cancer-related death and is the sixth most common form
of cancer worldwide™.

The purpose of TACE is to reach high and lasting
concentrations of chemotherapeutic drugs in the tumor
site in order to increase their uptake by neoplastic cells,
reducing at the meantime systemic side effects.

Nevertheless, liver transplantation (LT) remains the
ideal treatment for small HCC resulting from chronic
liver disease. Given the difference between donor organ
availability and need, rigorous inclusion criteria, named
the Milan criteria, have been originally adopted to
warrant tumor free survival after LT. They was defined
as having a single tumor 5 cm or less in diameter in
patients with single HCC, or up to 3 separate lesions
< 3 cm and without microscopic vascular invasion or
extra-hepatic spread™.

The excessive intransigence of those criteria has
been a matter of debate, with some groups questioning
their restrictive settings'**'. Afterwards, the tendency
of the Milan group was to make the previous criteria
less stringent, so were developed new ones called the
up-to-seven criteria [new-Milan-criteria (nMC)]: HCCs
with seven as the sum of the size of the largest tumor
(in cm) and the number of tumors®®. Several studies
have then evaluated their reliability and usefulness in
assessing the possible candidates for LT among patients
with HCC"®l, Nevertheless, albeit have been analyzed
all over the world, up-to-seven criteria have not been as
widely accepted as the Milan criteria.

In prospective studies on selected patients with
HCC, loco-regional treatments has been shown both
to downstage the disease and to confer acceptable
disease free survival after liver trasplantation. Several
locoregional treatment for downstaging may be used™*,
Green et al'® using doxorubicin-eluting bead transarterial
chemoembolization showed that a treatment with
drug eluting beads (DEB) has a high likelihood (77%)
of downstaging the disease so that it can meet Milan
criteria.

Nevertheless, by interrupting blood flow to the
tumor, TACE induces necrosis at the site of disease but
it may create conditions that permit or even encourage
angiogenesis™.

A recent study performed by Pieper et a™? in a
swine model demonstrated that using degradable starch
microspheres (DSMs) a short term embolization can
be achieved (30 min), without significant hystological
differences in damage between treated or untreated liver.
Thus, using DSMs it is possible to avoid the paradoxical
angiogenetic effect due to ischemia™®!, emphasizing the
effects of arterial chemotherapy.

As reported by Furuse et at** in their work, DSM-
TACE should not be employed as a single session therapy
but needs to be performed at least three times until there
was evidence of disease progression or unacceptable
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Figure 1 Contrast enhanced computed tomography in patient with multinodular hepatocellular carcinoma before the degradable starch microspheres
transcatheter arterial chemoembolization not in agreement with new-Milan-criteria. The enhanced computed tomography images show 5 hypervascular lesions,
in the patients with a score of 8 using the new-Milan-criteria. A: Hepatocellular carcinoma (HCC) on VI segment with maximum diameter of 14 mm'; B: HCC on VI
segment with maximum diameter of 10 mm'; C: HCC on VIl segment with maximum diameter of 12 mm'; D: HCC on VI segment with maximum diameter of 31 mm'; E:

HCC on IV-1I segment with maximum diameter of 14 mm.

toxicity.

Anyhow this procedure is well tolerated by the
patients and it could be safe also in those with a severe
hepatic disease, even with a Child-Pugh score C.

The aim of our work is to assess downstaging rates in
patients with HCC using DSM TACE and doxorubicin, in
order to meet new Milan criteria and to create conditions
allowing LT.

MATERIALS AND METHODS

The herein described study was approved by the
Ethics Committee of our institution. The Child-Pugh
score, the Model for End Stage Liver Disease (MELD
score), radiological and pathological tumor classification
according to nMC, demographics (age, sex), etiology
of cirrhosis, laboratory tests, imaging studies and
pathology reports were recorded for each patient.

Exclusion criteria were an active peptic ulcer,
unmanageable ascites or pleural effusion, hepatic ence-
phalopathy, or any other preexisting medical condition
of sufficient severity to prevent full compliance with
the study. Moreover, patients who received any other
type of treatment such as thermoablative treatment, or
percutaneous ethanol injection were excluded.

All patients in our study were selected during the
follow-up for liver cirrhosis and the opportunity of
locoregional ablative treatment was carefully evaluated
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by a multidisciplinary team of hepatologists, surgeons,
radiologists and interventional radiologists'**’.

We have selected patients with a multinodular
HCC that did not meet, at baseline, Milan criteria. The
diagnosis of HCC was set according to the guidelines of
the European Association for the Study of the Liver!'®..

All patients underwent, within two weeks before
treatment, a dynamic multislice computed tomography
(CT) (Light Speed 64 CT, GE Medical Systems,
Milwaukee, United States) (Figure 1).

A dynamic CT evaluation following the DSM-TACE
treatment was performed to assess whether HCC
patients were downstaged to meet the nMC.

Embolization technique

Under local anesthesia the right common femoral artery
was punctured using the Seldinger approach and a
4-French (4-Fr) sheath introducer was placed to secure
the access site. Selective hepatic angiography was then
performed with a 4-Fr catheter. The tip of the catheter
was placed in the proper hepatic artery or right and/or
left hepatic artery to inject embolic agents (Figure 2).

A combination of DSM, at a concentration of 225
mg per 6 mL of contrast medium, and doxorubicin at
a dose of 50 mg/m?, was injected until embolization
of peripheral hepatic arteries was confirmed; the
aforementioned procedure was repeated for three times
every 4 to 6 wk.
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Figure 2 Hepatic intraprocedural angiograms show staining of multiple tumors, which are diagnosed as hepatocellular carcinoma. A and B: Early arterial

digital subtraction angiography (DSA) phase; C: Late parenchymal DSA phase.

Table 1 Demographics and clinical characteristics of the series

Characteristics

Gender (male), n 5
Mean age (yr) £ SD 59+6
Mean aspartate aminotransferase levels (IU/L) + SD 68.8+53
Mean alanine transaminase levels (IU/L) + SD 62.5 + 65
Mean gamma-glutamyl-transpeptidase levels 156 + 211
(IU/L) £SD

Mean creatinine levels (mg/dL) 0.86 £ 0.25
Mean international normalized ratio 12401
Mean platelet levels (10°/pL) + SD 975000 + 57000
Mean alfa fetoprotein (ng/mL) + SD 149+21.4

Imaging evaluations

All patients were scanned by contrast-enhanced CT
(ceCT), at the baseline, within two weeks before the
first DSM-TACE. Thirty days after each DSM-TACE,
patients were re-assessed by ceCT.

CeCT protocol
To assess any changes in the size of the nodule and/or
appearance of new lesions, multidetector ceCT scan
was obtained with triphasic technique (30, 65 and
180 s) after intravenous administration of 125-175
mL of iodinate contrast medium (350 mg iodine/mL)
depending on the body mass index of the patient,
followed by administration of saline solution (20-30 mL)
using an automatic injector at flow rates of 3-4 mL/s.
CT was performed with the following parameters:
rotation time of 0.6 s; 2.5 to 5 mm thick sections with
the possibility of back-reconstructions up to 0.6 mm;
automatic milliamperage (mA) (min 300 mA, max 450
mA), 120 kV (Figure 2).

Assessment of treatment effectiveness
Therapeutic response was determined on a lesion-by-
lesion basis by evaluating morphological and vascul-
arization changes in tumor between baseline and sub-
sequent ratings based on ceCT.

The treatment response was evaluated according to
modified Response Evaluation Criteria in Solid Tumors
criteria™”). Based on CT results, tumor response to
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treatment, were defined complete [complete response
(CR)] when there was disappearance of all signs of the
lesion and no pathological enhancement was detectable
on the edges of the area treated and partial or in-
complete [partial response (PR)] in case of a limited
destruction of the lesion, with at least a 30% reduction
in volume. A lesion not presenting such dimensional
decrease or increase was considered stable disease
(SD).

Statistical analysis
A descriptive statistics for baseline demographics and
staging criteria were calculated.

Continuous variables were reported as the mean + SD
or the median (25%-75% interquartile range), depending
on the variable distribution whereas categorical variables
were reported as numbers and percentages.

Recurrence-free survival was calculated from the
day of the transplantation to the first evidence of tumor
relapse during follow-up or; in patients without recurrence,
to the most recent follow-up visit. Follow-up of those
patients who died without evidence of recurrence was
censored at the time of death.

RESULTS

From September 2013 to March 2014 eight patients (5
men and 3 women) with liver cirrhosis and multinodular
HCC were enrolled in this study.

Demographics and clinical characteristic are reported
in Table 1.

The age of patients ranged from 56-64 years. Four
patients were in Child-Pugh class B and four patients
were in Child-Pugh class C. All of them had hepatitis C
virus (HCV)-related cirrhosis, 2 patients had a coinfection
with HBV and one had a combined HCV and alcohol
related cirrhosis.

The o-fetoprotein (AFP) levels, registered before the
procedure, were on average 14.9 £+ 21.4 ng/mL.

A total of 35 HCC nodules were treated, 25 of
which were located in the right lobe (segments V-
VII) and 10 in the left lobe (segments I -IV). No major
complications were observed after DSM-TACE. The post-
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Figure 3 Enhanced computed tomography control after degradable starch microspheres transcatheter arterial chemoembolization shows a complete
response of 4/5 lesions in well downstaged patient. After degradable starch microspheres transcatheter arterial chemoembolization patients had a new-Milan-
criteria score of 4. A: Complete response of hepatocellular carcinoma (HCC) nodule on VI segment; B: On VI segment (white arrows); C and D: Partial response of

HCC nodules (red and white arrows).

embolization syndrome (transient fever, abdominal pain,
nausea) was the most common complication following
chemoembolization; all side effects were successfully
treated with medical therapy.

Six patients met the nMC and had downstaging of
their disease (Figure 3). Two patients were considered
non-downstaged. Baseline age (P = 0.25), Model for
End-stage Liver Disease score (P = 0.77), and AFP
level (P = 1.00) were similar between patients with and
without downstaged HCC.

Complete necrosis of tumor with no evidence of
viable tumor on pathologic examination was observed
in 4 patients. After the treatments 18/35 lesions were
classified as CR, 12 as PR and 5 as SD. Microscopically,
in all lesions classified as CR, tumor necrosis was
mixed, both colliquative and coagulative. The median
time spent on the waiting list was 3.3 mo in patients
downstaged with DSM-TACE. All six patients downstaged
were successfully transplanted and after three months
from LT did not experience tumor recurrence.

DISCUSSION

One of the main drawbacks of LT in patients with HCC
is the downtime on the waiting list while the risk of
tumor progression increases, resulting in a cumulative
probability of dropout from the waiting list of 7.2% for a
6-mo waiting time, which rises to 37.8% and 55.1% for

12 and 18 mo of waiting time, respectively™®,
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Thirteen years after the Milan criteria were developed,
the Mazzaferro group developed more indulgent criteria
called the up-to-seven criteria (NMC). In their study, the
5-year overall survival rate for Milan group patients was
73.3% and overall survival rate was 71.2%".

Afterwards, numerous studies have appraised the
effectiveness of adopting the up-to-seven criteria as
inclusion criteria for HCC LT. Similar post LT survival
rates among patients were demonstrated in a study
by de Ataide et al**®!, They directly compared the long-
term outcomes of an up-to-seven criteria group, whose
survival rates of 87.7%, 74.5% and 65.3% at 1, 3, and
5 years were similar to those in patients meeting the
Milan criteria.

In our preliminary experience we achieved a
downstaging disease within the nMC in 75% of patient
treated with DSM-TACE. Moreover these patients were
successfully transplanted without any complication.

In a study by Green et ai*® with DEB-TACE in patient
with T3ANOMO HCC, were obtained survival rates quite
comparable with our results with an high likelihood (77%)
of downstaging the disease to meet Milan criteria.

In another recent work by Nicolini et a*® on re-
currence-free survival after LT in patients with HCC,
were assessed the possible effect of two different types
of preoperative TACE. Additionally, the effects of TACE
on tumor were histologically analyzed. The authors
used conventional Lipiodol TACE and DEB-TACE gaining
better result with the latter treatment.
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DEB-TACE could effectively promote tumor necrosis
and improving recurrence-free survival after LT in HCC.
In the authors’ opinion the best result carried out with
DEB TACE was mostly due to the increase of intra-tumor
drug delivery. Indeed there are 3 main pharmacokinetic
advantages associated with DEB-TACE: a long lasting
elution of the drug, an higher concentration distributed
locally into the tumor and a lower systemic exposure to
the drug in comparison with conventional-TACE®Y,

DSM were developed to avoid a permanent occlusion
of blood flow to the tumor; a condition which could permit
Or even encourage angiogenesis.

The microspheres are 45 £ 7 x 10°® m in diameter
and descend until the arteriole/capillary level, where
they lodge®”. The duration of occlusion in the hepatic
arteries by DSM may range between 30 and 80 min. An
anticancer drug coadministered with DSM is selectively
trapped with DSM in small arteries, and is concentrated
in areas of liver tumor. Consequently, the activity of
the drug is expected to increase in effectiveness and
durability. Thus, in light of the expected reduction in
toxicity levels and adverse events, it could be used
safety in patients with Child C or a high MELD score.

In this respect, Niessen et al”> shown that patients
with unresectable intermediate-stage HCC had a
lower increase in aminotransferase when they were
treated with DSM-TACE compared to patients treated
with doxorubicin and ethidiol TACE. In our experience
the procedure with DSM-TACE was well tolerated by
patients and no major complications were seen.

However, the present study results have to be viewed
with caution because this is a preliminary experienced
with a relative new type of chemoembolization agent and
because of the small number of patients and the relative
short time of follow-up after the LT.

These concerns were also expressed by Sotiropoulos
et al®" who, in a letter to Mazzaferro et al*®, stated that
although the up-to-seven criteria are based on objective
tumor characteristics such as tumor size, tumor number
and microvascular invasion, these aspects represent
pathology findings and not preoperative objective tumor
characteristics. Hence, they conclude that the up-to-
seven criteria are illusive and not applicable in clinical
practice!®".

Anyhow, in our experience, DSM-TACE represents
an effective treatment option with a similar safety and
efficacy as a conventional TACE (Lipiodol or DEB),
and could be safety and successfully used in patients
without nMC for downstaging disease.

COMMENTS

Background

The paper trys to evaluate the possible down-staging rate using degradable
starch microspheres transcatheter arterial chemoembolization (DSM-TACE)
in hepatocellular carcinoma (HCC) patients without new-Milan-criteria (nNMC).
Liver transplantation remains the ideal treatment for small HCC and several
locoregional treatment for downstaging may be used when patients were out
from transplant criteria. DSMs are new materials for embolization which permit
to obtain a good results also in patients with an unpaired liver function.
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Research frontiers
This new technique permits to dowsntage HCC patients without nMC saftely
and with a good results in term of tumor response and tolerability.

Innovations and breakthroughs

This is the first study where DSM TACE was used to obtain a down staging
disease in patients with multi-nodular HCC. Previous study evaluated the
efficacy of conventional TACE and drug eluting beads-TACE.

Applications

DSM-TACE represents an effective simple treatment option with a similar safety
and efficacy as a conventional TACE. Transient occlusion of tumor feeding
arteries permits to obtain good results in terms of tumor response without
significant worsening liver function. It can be used safety in multifocal and multi-
nodular HCC even when HCC has a bilobar localization.

Terminology

DSM: Degradable starch microspheres. The starch microspheres consist of a
three-dimensional, cross linked hydrophilic starch matrix, which swells heavily
in a water suspension environment (the specific diameter refers to its swollen
state) and are completely degradable by amylase.
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Abstract

AIM: To identify plasma metabolites used as biomarkers
in order to distinguish cirrhotics from controls and ence-
phalopathics.

METHODS: A clinical study involving stable cirrhotic
patients with and without overt hepatic encephalopathy
was designed. A control group of healthy volunteers was
used. Plasma from those patients was analysed using
'H - nuclear magnetic resonance spectroscopy. We
used the Carr Purcell Meiboom Gill sequence to process
the sample spectra at ambient probe temperature. We
used a gated secondary irradiation field for water signal
suppression. Samples were calibrated and referenced
using the sodium trimethyl silyl propionate peak at
0.00 ppm. For each sample 128 transients (FID's)
were acquired into 32 K complex data points over a
spectral width of 6 KHz. 30 degree pulses were applied
with an acquisition time of 4.0 s in order to achieve
better resolution, followed by a recovery delay of 12
s, to allow for complete relaxation and recovery of
the magnetisation. A metabolic profile was created for
stable cirrhotic patients without signs of overt hepatic
encephalopathy and encephalopathic patients as well
as healthy controls. Stepwise discriminant analysis was
then used and discriminant factors were created to
differentiate between the three groups.
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RESULTS: Eighteen stabled cirrhotic patients, eighteen
patients with overt hepatic encephalopathy and seventeen
healthy volunteers were recruited. Patients with cirrhosis
had significantly impaired ketone body metabolism, urea
synthesis and gluconeogenesis. This was demonstrated
by higher concentrations of acetoacetate (0.23 + 0.02
vs 0.05 £ 0.00, P < 0.01), and b-hydroxybutarate (0.58
+ 0.14 vs 0.08 + 0.00, P < 0.01), lower concentrations
of glutamine (0.44 £+ 0.08 vs 0.63 £+ 0.03, P < 0.05),
histidine (0.16 £+ 0.01 vs 0.36 + 0.04, » < 0.01) and
arginine (0.08 £+ 0.01 vs 0.14 = 0.02, P < 0.03) and
higher concentrations of glutamate (1.36 + 0.25 vs
0.58 + 0.04, P < 0.01), lactate (1.53 + 0.11 vs 0.42
+ 0.05, P < 0.01), pyruvate (0.11 + 0.02 vs 0.03 £
0.00, P < 0.01) threonine (0.39 + 0.02 vs 0.08 + 0.01,
P < 0.01) and aspartate (0.37 = 0.03 vs 0.03 £ 0.01).
A five metabolite signature by stepwise discriminant
analysis could separate between controls and cirrhotic
patients with an accuracy of 98%. In patients with
encephalopathy we observed further derangement
of ketone body metabolism, impaired production of
glycerol and myoinositol, reversal of Fischer's ratio and
impaired glutamine production as demonstrated by
lower b-hydroxybutyrate (0.58 + 0.14 vs 0.16 + 0.02, P
< 0.0002), higher acetoacetate (0.23 £ 0.02 vs 0.41 +
0.16, P < 0.05), leucine (0.33 + 0.02 vs 0.49 + 0.05, P
< 0.005) and isoleucine (0.12 + 0.02 vs 0.27 + 0.02, P
< 0.0004) and lower glutamine (0.44 + 0.08 vs 0.36 +
0.04, P < 0.013), glycerol (0.53 + 0.03 vs 0.19 + 0.02,
P < 0.000) and myoinositol (0.36 £+ 0.04 vs 0.18 £+ 0.02,
P < 0.010) concentrations. A four metabolite signature
by stepwise discriminant analysis could separate
between encephalopathic and cirrhotic patients with an
accuracy of 87%.

CONCLUSION: Patients with cirrhosis and patients
with hepatic encephalopathy exhibit distinct metabolic
abnormalities and the use of metabonomics can select
biomarkers for these diseases.

Key words: Ketone bodies; Branch chain amino acids;
Glutamine; Glycolysis

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

Core tip: Few studies have approached the metabolic
abnormalities of liver cirrhosis and its complication hepatic
encephalopathy. This study provides evidence that in
stable cirrhosis key metabolic pathways are impaired and
confirms the fact that there is impaired gluconeogensis,
impaired ketogensis and ketone bodies break down as
well as impaired urea cycle. In encephalopathy there
is a reversal in the pattern of branch chain amino acids
concentrations towards normal. By using stepwise
discriminating analysis we were able to separate with
remarkable accuracy metabolic phenotypes of cirrhotic
patients from controls and also those who suffered from
encephalopathy from those cirrhotics who did not.

Dabos KJ, Parkinson JA, Sadler IH, Plevris JN, Hayes PC. 'H
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nuclear magnetic resonance spectroscopy-based metabonomic
study in patients with cirrhosis and hepatic encephalopathy.
World J Hepatol 2015; 7(12): 1701-1707 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i12/1701.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.112.1701

INTRODUCTION

Insults on the liver parenchyma could result in fat
accumulation, inflammation and fibrosis. Most chronic
liver injuries could result in cirrhosis, which is a com-
bination of hepatic fibrosis and nodular regenerative
hyperplasia. Hepatitis B infection is the most common
cause in Asia and Africa whereas alcohol is the most
common cause in the developed world. Currently world-
wide, the proportion of cirrhosis due to chronic Hepatitis
C infection is on the increase™?..

One of the major complications of cirrhosis is hepatic
encephalopathy. This is a complex neuropsychiatric
syndrome which has a potential for full reversibility.
It is characterised by global depression of the central
nervous system (CNS) and has different degrees of
severity. The syndrome is usually episodic and relapsing
but some patients exhibit a chronic protracted course'®.

Cirrhosis is associated with alterations in proteins
and amino acids metabolism, including diminished urea
formation and hyperammonaemia'*?. Most studies that
have looked at amino acid metabolism in cirrhosis would
agree that there seems to be a recognisable pattern
in the plasma amino acid profile with an elevation of
aromatic amino acids (AAA) and methionine and reduced
levels of branch chain amino acids (BCAA)'®”\. Although
this pattern has been used as the basis for the false
neurotransmitter theory in the pathogenesis of hepatic
encephalopathy™, not many studies have proved that the
pattern observed in cirrhosis is valid for encepahlopathy
too!®*%, Furthermore it is now well accepted that
encephalopathy due to acute hepatic failure is a different
entity and the mechanisms contributing to the CNS
dysfunction in the two diseases might be different.

Apart from disturbances in the BCAA to AAA ratio,
other biochemical abnormalities are present in cirrhotics.
Gluconeogensis is impaired and hyperammonaemia and
diminished urea production make it necessary for the
body to find other pathways for nitrogen elimination™***%,

In the last few years, the emerging field of meta-
bonomics, which examines global metabolic profiles
using various data collection techniques, offered the
possibility to identify biomarkers in evolving diseases!*’.
Lately, this technique has been used in delineating
disease phenotypes in humans suffering from chronic
liver disease!****! and animal models of liver failure™®*”,
Metabonomics makes use of multivariate statistical
approaches to analyse complex data sets, such as those
obtained by 'H NMR spectroscopy"®. It is particularly
useful if there are few samples to analyze and many
variables to consider.

The aim of our study was to apply *H NMR spec-
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troscopy in controls, cirrhotics and cirrhotics with
hepatic encephalopathy and analyse the data to identify
metabolic patterns that could distinguish between the
three groups.

MATERIALS AND METHODS

Patients

The Local Research Ethics committee had approved
the study protocol (373/1997). The study protocol
conformed to the guidelines of the 1975 Declaration of
Helsinki. Patients were recruited at the Centre of Liver
and Digestive Disorders and at the Day Case Unit at
the Royal Infirmary of Edinburgh. All patients signed
an informed consent. For those unable to consent due
to encephalopathy, consent from the next of kin was
sought. Encephalopathy was defined using the West
Haven Criteria™®. The diagnosis of cirrhosis was based
on a combination of clinical, histopathological and
imaging criteria. Patients with grade III or IV hepatic
encephalopathy were excluded from the study as
they usually had an acute precipitating episode and
were not stable cirrhotics. Patients with coagulation
abnormalities (International Normalized Ratio < 2.0,
platelets < 80000) were excluded from the study as
the ethics committee did not approve internal jugular
vein puncture in patients with impaired coagulation.
Patients with an upper gastrointestinal bleeding episode
in the previous two weeks were also excluded. Patients
with hepatocellular carcinoma, pregnant and lactating
women were also excluded from the study.

A total of 42 patients were recruited. Six of them
eventually withdrew consent and were not included in
the study. The study recruited for just over 16 mo.

We studied patients with stable cirrhosis (group A, 18
patients), patients with stable cirrhosis during an episode
of hepatic encephalopathy (group B, 18 patients) and
sex and age matched normal controls (group C, 17
subjects).

All patients were fasted overnight before blood
collection. Blood was collected from the internal jugular
vein, from all three groups two to three hours following
a main meal as differences in the concentration of amino
acids between sexes are less pronounced postprandially,
in lithium heparin tubes. It was immediately centrifuged
at 2000 g for 15 min at 4 °C. The supernatant was then
aliquoted in 2.5 mL vials. The vials were then stored at
-40 °C until NMR analysis.

Sample preparation for NMR spectroscopy

Samples were prepared by adding a D20 solution
(150 pL) to plasma (600 pL) providing an internal field
frequency lock for the spectrometer, a Varian 600 MHz
at 14.1T. Five millimeter probes were used for the
analysis. Chemical shifts were referenced externally to
the singlet methyl resonance of sodium trimethyl silyl
propionate (TSP) (75 ulL) at zero ppm. Plasma samples
were left in room temperature for 1 h before samples
for the NMR analysis were prepared.
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Proton NMR spectroscopy

The CMPG sequence was applied, to acquire our data,
as this sequence enabled us to observe a flat baseline
in our spectra from plasma samples, by minimising the
signals acquired from macromolecules present in the
plasma such as proteins and lipoproteins. All spectra
were acquired at ambient probe temperature (298 + 0.2
K). For each sample 128 transients (FID’s) were acquired
into 32 K complex data points over a spectral width of 6
KHz. 30° pulses were applied with an acquisition time of
4.0 s in order to achieve better resolution, followed by a
recovery delay of 12 s, to allow for complete relaxation
and recovery of the magnetisation. Water signal
suppression was achieved by applying a gated secondary
irradiation field at the water resonance frequency.

Spectral processing

FID's were multiplied by an exponential function before
applying Fourier transform. Transformed spectra were
automatically corrected for phase and baseline distortions
and calibrated using the TSP peak at 0.00 ppm. A
preliminary assignment of the amino acid metabolites
was performed and only the areas between 0.70 and 3.80
ppm and between 6.80 and 7.70 ppm were subjected to
stepwise discriminant analysis (SDA).

To assess which peaks were significantly different
between the three groups a one-way analysis of variants
was used. Normality of data distribution was assessed
using the Wilk’s Lamda distribution.

Spectral assignments were made by reference to
literature values of chemical shifts in various media and
biological fluids (18) and coupling constants. Spectra
were processed using the Mestre-C software (Mestrelab,
Santiago de Compostela, Spain).

Variables

We measured a large array of aminoacids and products
of cellular metabolism to ensure representation of the
main metabolic pathways performed by the hepatocyte
in our results. The following substances were measured.
Lactate, pyruvate, acetoacetate, b-hydroxybutyrate,
leucine, isoleucine, valing, alanine, threonine, glycine,
aspartate, glutamine, glutamate, histidine, arginine,
methylamine, dimethylamine, trimethylamineoxide
(TMAQ), glycerol, and myoinositol. Results are expressed
as mmols/L unless otherwise state.

Statistical analysis

To compare between the three groups we used the
three way ANOVA test. Where the ANOVA test was
statistically significant the Tuckey test was performed
to compare between groups. Values are expressed as
mean (range and standard error). A P value of < 0.05
was taken as statistically significant (two-tail test of
significance).

For the multivariate analysis we opted for the SDA.
Data with statistical significance on ANOVA were entered
into the SDA. We used SDA to extract and classify
variables from different spectra. Analysis was performed
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Table 1 Patients and controls were well matched for age and

sex

Table 2 Results for ketone bodies, branch chain and aromatic
amino acids are shown

Controls Cirrhosis Encephalopathy Chemical shift Cirrhosis Encephalopathy Controls

Age 48.8+9.9 543 +8.8 56.8 + 6.0 Acetoacetate 2.29 0.23+0.02° 041+0.05° 0.05+0.00
Sex M: 10 M:9 M: 12 B-hydroxybutyr 2.31 0.58+0.14° 0.16+0.02°  0.08 £ 0.00
F.7 F: 9 F:6 Leucine 0.96 0.33 £ 0.02 0.49+0.05°  0.35+0.02

CP score N/A 78+1.6 99+21 Isoleucine 1.01 0.12 £ 0.02 0.27+0.02°  0.13 £0.02
Child class a N/A 1 1 Valine 1.04 014+0.01¢ 016+0.02° 0.36+0.03
Child class b N/A 11 6 Phenylalanine 7.38 0.08+0.01° 0.06+0.02° 0.02+0.01
Child class ¢ N/A 6 11 Tyrosine 6.91 023+0.02° 025+0.06° 0.07+0.00
Methionine 214 0.07+£0.02° 0.08+0.02° 0.03+0.01

Patients with hepatic encephalopathy had more severe liver disease. CP:
Child-Pugh; M: Male; F: Female.

Table 3 Results for glycolysis end products and gluconeo-

genetic precursors are shown

Acetoacetate and B-hydroxybutyrate concentrations were significantly
higher in patients than controls ("P < 0.01 in all cases). Aromatic amino
acids concentrations were significantly higher in patients than controls
(P < 0.01 in all cases). Valine concentrations were significantly lower
in patients than controls (‘P < 0.01). Leucine was significantly higher if
we compared encephalopathics with controls (*P < 0.01), but there was
no difference if we compared cirrhotics and controls. Isoleucine was

Chemical shift  Cirrhosis  Encephalopathy  Controls significantly lower if we compared encephalopathics with controls (*P <
Lactate 1.33 1.53+0.11° 1.41+0.13° 0.42 +0.05 0.01) but there was no difference between cirrhotics and controls.
Pyruvate 2.38 011+0.02°  017£0.02°  0.03£0.00
Alanine 1.48 077+0.04°  073+£0.06°  0.61£0.05
. b b
Threonine 1.34 039+ 0'02b 025+ 0.01b 0.08+0.1 Table 4 Results for urea cycle intermediates are shown
Glycine 8157 0.31+0.03 0.18 £ 0.01 0.09+0.1
+0.03" +0.02° +
Aspartate 282 037£0.03 027£0.02 003£0.1 Chemical shift ~ Cirrhosis  Encephalopathy Controls
Lactate, pyruvate, alanine, threonine, glycine and aspartate concentrations Glutamine 246 0.44:+0.08° LSO (L L008
2 vate, 2 2 a
pr, e t,gyt " It’ o D 2 001 Al Glutamate 2.36 136+025°  084+016° 058+0.04
were all significantly higher in patients than controls ( chma Histidine 7.83 016+0.01°  018+0.02°  0.36+0.04
cases). Arginine 1.93 008+001°  01£001" 0.14+0.02

in stepwise manner entering variables with the highest
statistical significance first. A discriminant function was
thus established and receiver operator curves (ROC)
analysis was performed. Analyses were performed
using SAS 8.0 software (SAS Institute, Cary, NC, United
States).

RESULTS

Patient characteristics in groups A and C are shown in
Table 1. Patients were well matched for age and sex.
Patients with hepatic encephalopathy had in general
more severe liver failure.

Table 2 shows the results for ketone bodies, BCAA
and AAA. Acetoacetate and B-hydroxybutyrate, tyrosine,
phenylalanine and methionine concentrations were all
significantly higher in patients than controls (P < 0.01
in all cases). Valine was significantly lower in patients
than controls (P < 0.01 in both cases). Leucine was
significantly higher in encephalopathics than controls (P
< 0.01), but there was no difference between cirrhotics
and controls. Isoleucine was significantly lower in
controls than encephalopathics (P < 0.01) but there
was no difference between cirrhotics and controls.

Table 3 shows the results obtained for glycolysis.
Lactate and pyruvate concentrations were significantly
higher in patients than controls (P < 0.01 in all cases).
Alanine, threonine, glycine and aspartate concentrations
were significantly higher in patients than controls (P <
0.01 in all cases).
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Glutamine, histidine and arginine concentrations were significantly lower
in patients than controls ("P < 0.01 in all cases). Glutamate concentrations
were significantly higher in cirrhotics (‘P < 0.01) compared to controls. It
was also significantly increased if we compared encephalopathics with
controls (*P < 0.05).

Table 4 shows the results obtained for urea cycle
end products. Glutamine, histidine and arginine
concentrations were significantly lower in patients than
controls (P < 0.01 in all cases). Glutamate concen-
trations were significantly higher in cirrhotics (P <
0.01) compared to controls. They are also significantly
increased if we compared encephalopathics with controls
(P < 0.05).

Table 5 shows the results for methylamine, dimethy-
lamine, TMAO, glycerol and myoinositol. Methylamine,
dimethylamine and TMAO concentrations were present in
similar amounts in cirrhotic and encephalopathic patients
but were absent in controls. Glycerol concentrations
were significantly higher in patients than controls (P <
0.01 in both cases). Myoinositol concentrations were
significantly higher in cirrhotics (P < 0.015) but there
were no differences between encephalopathic patients
and controls.

Using SDA we were able to identify five metabolites,
tyrosine, phenylalanine, methionine, pyruvate and glycine
that yielded the strongest segregation between groups
A and C. A discriminant function (sum of concentrations
of all five metabolites (tyrosine + phenylalanine +
methionine + pyruvate + glycine) in mmols/L < 0.50 for
controls) was created. By performing ROC analysis it had

June 28, 2015 | Volume 7 | Issue 12 |



Dabos KJ et a/. Metabonomics in cirrhosis and encephalopathy

Table 5 Results for amines, glycerol and myo-inositol are
shown

Chemical shift Cirrhotics Encephalopathics Controls

Methylamine 2.54 0.17+0.03  019+0.03 0
Dimethylamine 2.72 029+0.03  031+0.04 0
Tmao 327 045+0.07  051+0.08 0
Glycerol 3.79 0.53 +0.09° 02+0.02°  0.08+0.02
Myoinositol 3.63 037+006° 019+0.04  0.16+0.03

Methylamine, dimethylamine and TMAO were present in patients and
absent in controls. Glycerol concentrations were significantly higher
in patients than controls ("P < 0.01). Myo-inositol concentrations were
significantly higher in cirrhotics (*P < 0.015) but there were no differences
between encephalopathics and controls.

a positive predictive value (PPV) of 100%, a negative
predictive value (NPV) of 94% a sensitivity of 95%, a
specificity of 100% and an overall accuracy of 98%.

If we compared between patients in groups A
and B, pB-hydroxybutyrate was significantly lower in
encephalopathics (0.58 £ 0.14 vs 0.16 £ 0.02, P <
0.0002). In contrast, acetoacetate was significantly
higher in encephalopathics (0.23 + 0.02 vs 0.41 + 0.16,
P < 0.05). The concentration of leucine (0.33 £ 0.02 vs
0.49 £ 0.05, P < 0.005) and isoleucine 0.12 + 0.02 vs
0.27 £ 0.02, P < 0.0004) were significantly higher in
encepahopathics. Glutamine concentrations were lower
in encephalopathic patients (0.44 + 0.08 vs 0.36 + 0.04,
P < 0.013). Glycerol (0.53 = 0.03 vs 0.19 £ 0.02, P
< 0.000) and myoinositol concentrations (0.36 + 0.04
vs 0.18 £ 0.02, P < 0.01) were significantly lower in
encepahlopathic patients.

The strongest segregation was observed with
input from B-hydroxybutyrate, glutamine, glycerol and
glutamate in the SDA. A discriminate function (sum of
concentrations of all four metabolites (B-hydroxybutyrate
+ glutamine + glycerol + glutamate) in mmols/L <
1.5 for encephalopathics) was created. By performing
ROC analysis it had a PPV of 89%, a NPV of 83%, a
sensitivity of 84%, a specificity of 88% and an overall
accuracy of 87%.

DISCUSSION

Our study has confirmed that significant changes
occur in plasma concentrations of amino acids and
other key metabolites in patients with cirrhosis in the
presence or not of hepatic encephalopathy. By using
the metabonomics approach we were able to pinpoint
metabolites that could be used to identify a patient
with or without cirrhosis and with or without hepatic
encephalopathy. We will now look at some particular
substances in more detail.

Lactate and the amino acids alanine, threonine,
glycine and aspartate are major precursors for
gluconeogenesis. Pyruvate is also a central substance
in glucose metabolism. In both cirrhotics and ence-
phalopathics we found that the concentrations of those
substances were uniformly increased. It appears then
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that gluconeogesis is generally impaired in cirrhosis
and encephalopathy. This would be in accordance with
previous studies in humans'’"® and animal models™®*".,
Pyruvate and glycine were part of the discriminate
function between cirrhotics and healthy controls.

Our study showed that the concentrations of ketone
bodies were significantly increased in both groups of
patients compared to controls. In encephalopathics,
acetoacaetate was even more increased than in
cirrhotics but B-hydroxybutyrate concentrations were
decreased. The fact that all ketogenic amino acids are
increased in cirrhosis as well, would favour a hypothesis
of impaired ketone bodies utilisation in the periphery
(muscle, brain) The fact that p-hydroxybutyrate and
acetate are significantly decreased in encephalopathic
cirrhotics is indicative of an impaired ketogensis. We
observed, however, that acetoacetate is increased in
encephalopathics. Acetoacetate is the main product of
ketogenesis and then by using nicotinamide adenine
dinucleotide hydrogen (NADH) as co-substrate is further
metabolised to acetate in the cellular mitochondria.
B-hydroxybutyrate was part of the main discriminate
function between cirrhotic and encephalopathic patients.
We can hypothesize that, possibly, the precarious state
of energy production in encephalopathy makes the
availability of NADH for this further reaction minimal and
it is shifted towards energy production from the Kreb’s
cycle, which is vital to the hepatocytes, instead of finali-
sing a product which is destined for export to other
organs like muscle and brain. This is further consolidated
by the fact that encephalopathics were shown to have a
significantly lower glycerol level. This is an indication that
fewer triglycerides are broken down and fewer lipids are
made available for oxidation which is the main pathway
that would lead to ketone body production. Glycerol was
part of the main discriminant function between cirrhotic
and encephalopathic patients. This lends support to
the recent hypothesis that the phenylacetate could be
used as a treatment in hepatic encephalopathy™" and
to subsequent studies in animal models that were in
accordance with that®***,

Typical changes in plasma amino acid patterns have
been found in different studies in patients™*?*! and
experimental animals in chronic liver failure®*”), Those
changes are increased concentrations of the AAA and
methionine and decreased concentrations of the BCAA.
The AAA and methionine are primarily metabolised
by the liver and their raised concentrations in both
cirrhotics and encepahlopathic cirrhotics are probably
due to impaired liver metabolism and portosystemic
shunting of blood. Our findings related to AAA confirm
findings by numerous previous studies® "1 which
showed an increase in AAA concentrations.

The story is more complex for the BCAA and is
further complicated by the findings of this study that
in encepohalopathics there was an increase in the
concentrations of leucine and isoleucine. The normal liver
does not play a major role in the breakdown of the BCAA
which are mostly catabolised in the skeletal muscle
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and kidneys. It was postulated that hyperisulinaemia
which is present in cirrhosis may drive BCAA to the
muscle and the kidneys where they are broken down™®.
Our results do not support this hypothesis particularly
in encephalopathy as concentrations of leucine and
isoleucine are increased in encephalopathy. If we look
at BCAA individually we find that their metabolic fate
after the initials transamination and decarboxylation
can be very different from one to the other. Leucine is
a ketogenic amino acid which can be oxidised to acetyl-
CoA. This study provides evidence that ketogenesis
is impaired in encephalopathy as is the peripheral utili-
sation of the ketone bodies and this might explain the
increased concentrations of leucine. Valine can only be
a gluconeogenic amino acid that could enter the Kreb's
cycle and provide towards the production of ATP. As
acetyl-CoA is in short supply Kreb’s cycle can be fuelled
from alternative sources such as valine. And this might
explain the decreased concentrations of that amino acid.

We do not have an immediate explanation as to why
the concentration of isoleucine is high in encephalopathic
cirrhotics in our study population. Isoleucine is a ketogenic
amino acid and as the production of acetoacetate is
increased but its catabolism is not it might be an index of
diminished ketogenesis in encephalopathy.

Hyperammonaemia and diminished urea production
are well characterised phenomena in cirrhotic patients™ ",
Our study showed that cirrhotics had increased levels of
glutamate, histidine and arginine and decreased levels
of glutamine. This is a pattern which is not in accordance
with the previous studies which showed a generalised
decrease in those amino acids in chronic liver failure. It is
in accordance though with studies in experimental animal
models of liver failure. Although other studies in patients
suffering acute liver failure confirmed this pattern, our
studies in acute liver failure found no differences in any
of those substances between patients and controls®**%,
Arginine is an amino acid that is an intermediary of
the urea cycle. Its observed increased concentrations
are in agreement with a decreased urea cycle as is the
increased histidine concentrations which is a glutamate
precursor.

Glutamine however, was part of the main discriminate
function between cirrhotic and encephalopathic patients.
Although this might seem paradoxical, there is evidence
of increased ammonia production during encephalopathy,
which is implicated in its pathogenesis. The fact that
glutamine synthesis is impaired may provide another
point for the hyperammonaemia of encephalopathy. An
alternative pathway to this is the production of amines
and TMAO which can assist in the ammonia detoxification
in the presence of urea cycle impairment. Glutamate and
glutamine were part of the discriminate function between
cirrhotics and encephalopathic patients.

In conclusion, this study provides evidence that in
stable cirrhosis key metabolic pathways are impaired and
confirms the fact that there is impaired gluconeogensis,
impaired ketogensis and ketone bodies break down
and impaired urea cycle. In encephalopathy there is a

JRaishideng®
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reversal in the pattern of BCAA concentrations towards
normal. By using SDA we were able to separate with
remarkable accuracy metabolic phenotypes of cirrhotic
patients from controls and also those who suffered from
encephalopathy from those cirrhotics who were not.
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Background

The irreversible liver damage that characterises liver cirrhosis is a bad
prognostic factor. The presence of hepatic encephalopathy, a complication of
cirrhosis is considered a further aggravating factor.

Research frontiers

Over the last few years a plethora of studies have looked at non-invasive
markers to be used in the detection of cirrhosis. At present, the presence of
hepatic encephalopathy can only be assessed clinically. Few studies have
approached the metabolic abnormalities of liver cirrhosis and its complication
hepatic encephalopathy.

Innovations and breakthroughs

This study provides evidence that a combination of biomarkers can differentiate
between healthy volunteers and cirrhotic patients. Another combination of
biomarkers can predict the presence of overt hepatic encephalopathy in
cirrhotics with remarkable accuracy.

Applications

If the findings are confirmed in larger studies and the biomarkers are accurate
in differentiating between cirrhosis and pre-cirrhotic states they would provide
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encephalopathy.
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Abstract

AIM: To review all of epidemiological and etiological
aspects of hepatocellular carcinoma (HCC) and examined
the prevention of this disease in Asia.

METHODS: We conducted a systematic review
according to the PRISMA guidelines. We were chosen
articles that published previously, from PubMed
(MEDLINE), the Cochrane database and Scopus. The
key words used in this research were as follows: HCC
in Asia and the way of prevention of this disease, with
no language limitations. We selected those papers
published before 2014 that we considered to be most
important and appropriate. All relevant articles were
accessed in full text and all relevant materials was
evaluated and reviewed.

RESULTS: More than 70% of all new cases of liver
cancer were diagnosed in Asia, a region that 75% of all
those chronically infected with hepatitis B virus (HBV)
in the world. Chronic HBV infection is the main cause
of HCC in Asia, where the virus is endemic and vertical
transmission is common. Japan, Saudi Arabia, Egypt
and Pakistan are exception because of high prevalence
of HCV infection in these regions. The prevalence of this
cancer is high in Eastern and South-Eastern Asia, But
Middle Eastern countries are characterized as moderate
prevalence rate of HCC region and Central Asia and
some part of Middle Eastern countries are known as low
prevalence rate of HCC. In addition of HBV and HCV
the other factors such as aflatoxin, alcohol, obesity,
diabetes and non-alcoholic fatty liver disease (NAFLD)
might be responsible for a low prevalence of HCC in
Asian countries. Currently available HCC therapies,
chemotherapy, surgical are inefficient, mainly due to
usually late diagnosis and high recurrence rates after
surgical resection, and usually end with treatment
failure. Liver transplantation also remains as a difficult
strategy in patients with HCC. Thus prevention of HCC
by treating and prevention HBV and HCV infection,
the major causative agents of HCC, and the other risk
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factors such as aflatoxin, alcohol, obesity, diabetes and
NAFLD is of a great medical importance.

CONCLUSION: The main challenge which still present
in Asia, is the high prevalence of chronic hepatitis.
So, prevention of HBV and HCV is the key strategy to
reduce the incidence of HCC in Asia.

Key words: Hepatocellular carcinoma; Viral hepatitis;
Prevention strategy; Asian countries

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

Core tip: In this current review, the burden and
incidence of hepatocellular carcinoma (HCC) in Asian
countries, risk factors and prevention of HCC are
discussed. Infection of hepatitis B virus (HBV) is the
main cause of HCC in Asia continent, where the virus is
endemic and vertical transmission is common. Japan,
Saudi Arabia, Egypt and Pakistan are exception due to
of high prevalence of HCV infection. The main challenge
which still present in Asia, is the high prevalence of
chronic hepatitis. So, HBV and HCV prevention is the
key strategy to decrease the incidence and burden of
HCC in Asia.

Ashtari S, Pourhoseingholi MA, Sharifian A, Zali MR. Hepato-
cellular carcinoma in Asia: Prevention strategy and planning.
World J Hepatol 2015; 7(12): 1708-1717 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i112/1708. htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i112.1708

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide. HCC is the fifth most
common cancer in men (554000 cases, 7.5% of the
total) and the ninth in women (228000 cases, 3.4% of
the total), with 782000 new cases occurring in 2012
and approximately 746000 persons die each year from
this™. The rate of incidence and mortality are similar
because most HCCs are diagnosed at an advanced
stage. HCC is the second most common cause of
death from cancer in the world™?.. Its distribution geo-
graphically related to the hepatitis B virus (HBV) and/or
HCV prevalence, which are HCC’s main risk factors'. Its
burden is the highest in the South-East Asia and Sub-
Saharan Africa due to HBV infection’s endemic'”’ and
most new cases (up to 80%) occur in theses area with
the age-standardized incidence (> 20 per 100000),
compared to low-incidence areas with (< 5 per 100000)
in South and Central America, and the some part of
Europe™®). For men, high incidence regions are Eastern
and South-Eastern Asia (> 20 per 100000). Intermediate
rates occur in Southern Europe and Northern America
(5-10 per 100000) and the lowest rates are in Northern
Europe and South-Central Asia (< 5 per 100000)"". For

Raishidenge ~ WJH | www.wjgnet.com

Ashtari S et a/. Hepatocellular carcinoma in Asia

women, the rates are much lower, the highest rate are
in Eastern Asia and Western Africa (5-10 per 100000),
the lowest in Northern Europe and Micronesia (< 5 per
100000)™, In Asian and African countries, HBV is the
most common cause of HCC, while HCV is the most
common cause in regions with a low prevalence of HBV
(e.g., America, Northern Europe and Australia)™*”.

This cancer is generally affecting men more than
women, although this difference varies across the
world™“’*, According to the GLOBOCON estimates for
2002, the overall male to female ratio was 2.4 and this
ratio was even higher in regions with high incidence
rate of HCC®'4, High rate of HCC in men (compare to
women) may be related to higher consume of alcohol
and smoking, or/and it has been related to the estrogen
and androgens activities!>™*,

The age distribution of HCC varies by incidence rate,
sex and region®. In low-risk countries (e.g., United
States, Canada, and United Kingdom), and also in high-
risk Asian countries (e.g., Hong Kong and China) the
highest age-specific rates are among persons aged 75
and older™ and this is despite the fact that, the age-
specific rates occur among male aged 60 and 65 before
declining in high-risk African countries (e.g., Gambia,
Mali), whereas the peak of female’s rates are between
65 and 70 before declining®*?..

MATERIALS AND METHODS

We conducted a systematic review according to
the PRISMA guidelines. All searches for writing this
review is based on the papers was found in PubMed
(MEDLINE), Cochrane database and Scopus in August
and September 2014 for topic of HCC in Asia and the
way of prevention of this disease, with no language
limitations. All relevant articles were accessed in full text
and all relevant materials was evaluated and reviewed.
We extracted data on epidemiology of HCC, burden
and prevalence of HCC, risk factors characteristics
association HCC, and prevention of HCC. All findings
were reviewed and analyzed, then reported as results in
the tables and text.

RESULTS

Burden of liver cancer in Asia
Asian continent covers approximately 4.3 billion people
(60% of the world’s current population). More than
70% (50% in China alone) of all new cases of liver
cancer were diagnosed in Asia, a region that 75% of
all those chronically infected with HBV in the world™”.
HBV is the main cause of HCC in Asia, where the virus
is endemic and vertical transmission is common®™*l, In
Japan (68%), Saudi Arabia (39.5%), Egypt (69%) and
Pakistan (45%) infected with HCV is the main risk factor
for HCC™*,

Incidence rate of HCC is high in Eastern and South-
Eastern Asia (e.g., China, Hong Kong, Taiwan, South
Korea, Thailand, and Philippines)®. It is less in the
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Table 1

[6,10]

Incidence rate for males and females, and common cause of

hepatocellular carcinoma in some Asian countries

Country Incidence rate (per 100000 persons) Common cause of HCC
Males Females
China 58 22 HBV
Hong Kong 29.9 8.3 HBV
India 0.9-34 0.2-1.8 HBV
Japan 8 6 HCV
South Korea 45 33.6 HBV
Malaysia 3.6 1.6 HBV
Philippines 13.4 4.8 HBV
Singapore Al 1.5 HCV
Taiwan 58 21 HBV
Thailand 334 12.3 HBV
Egypt 2189 45 HCV
Iran 14 1.9 HBV
Kuwait 8.1 3.6 HBV
Oman 74 3.2 HBV
Saudi Arabia 59 22 HCV
Bahrain 5.3 &l HBV
Lebanon 815 22 HBV
Qatar 34 1.8 HBV
Palestine 2.6 0.7 HBV
Tunisia 22 0.7 HBV
Jordan 1.9 1.3 HBV

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

Middle-East countries (e.g., Iran, Iraq, Kuwait, Oman,
Qatar, Saudi Arabia, Bahrain, and Lebanon) compared
to high incidence countries in South-East Asia, except
in Egypt because of higher incidence of HCC in Middle-
East region!*®. Central Asia and some part of Middle
East regions (Kazakhstan, Kyrgyzstan, Tajikistan, and
Turkmenistan) are characterized by a low incidence rate
of HCC!™. The summery of incidence rate of HCC for
males and females and also common cause of HCC in
some countries of Asia are shows in Table 1.

Risk factors of HCC: HCC is a complex disease
associated with many risk factors and cofactors!*>?,
Main risk factors for HCC include HBV/HCV infection,
alcohol, aflatoxin exposure, obesity, non-alcoholic fatty
liver disease (NAFLD) and diabetes™™****!, In developing
countries, chronic HBV with or without aflatoxin exposure
in most cases, is the major cause of HCC. Besides,
in these countries, HBV infection is transmitted from
mother to newborn and in these infected children, 90%
experienced developing chronic HBV?*?, In developed
countries, in contrast, 90% of HCC cases occur in
cirrhosis patients (with chronic HCV or alcohol abuse)
and in this regions HCV infection spreads mainly through
sexual and other horizontal transmission an adulthood,
and if that the HBV vaccination is widely effective in this
countriest?’%,

Hepatitis B in Asia: In general, the 350 million people
diagnosed with HBV worldwide, and it is estimated that
HBV is responsible for (50% to 80%) cause of HCC?**",
Although HBV would be the cause HCC in the absence
of cirrhosis, the majority of HCC patients (70%-80%)
who infected with HBV-related, have cirrhosis too. The
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increased HCC risk associated with HBV. Thus, the HCC's
incidence increases with the prevalence of hepatitis B
surface antigen (HBsAQ) in all areas, particularly in
endemic HBV region™ %, Similar to the world distribution
of HBV, Asian countries also divided in to the low (<
2%), intermediate (2%-8%) and high endemic areas
(> 8%) of HBV'**., Although the region of South-East
Asia previously has classified as a high endemicity area,
China is now the only country, classified as high endemic
area with 8%-20% prevalence of HBV®*, Oman, Yemen
and Jordan in the Middle East are characterizes by a
moderate to high prevalence rate of HBV in their own
populations®®***!, Countries with intermediate endemicity
in Asia includes; India, Taiwan, Thailand, Philippines,
Korea, Iraqg and United Arab Emirates, and countries with
low endemicity including Japan, Pakistan, Singapore,
Sri Lanka, Bangladesh, Malaysia, Iran, Kuwait and
Bahrain®**",

Because of hepatitis B prevention programs (vacci-
nation), the epidemiological pattern of HBV prevalence
changes with time in most Asian countries. In Taiwan
due immunization program of HBV, the percentage of
HBV-related HCC in children and adolescents decre-
ased®®*, In Saudi Arabia and Malaysia, the prevalence
of HBV infection in children have declined since the
beginning of the vaccination™®*!, Iran is located in low
risk area and characterized as low incidence rate of
HCC (< 5 per 100000)"?. According to a recent study
designed in Southern Iran, HBV was the main HCC's risk
factor, accounts for of 52.1% of cases™, After setting
the HBV National Vaccination Program for all newborns
and high risk groups since 1992 in Iran, the prevalence
of the virus decreased dramatically’****. According to
World Health’s report in 2001 and Centers for Disease
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Control and Prevention’s in 2005, prevalence of chronic
hepatitis B (CHB) infection in Iran ranges between
2%-7%">*), Factors which increased the risk of HCC
in persons with chronic HBV infection include; male,
age, long time infected, family history of HCC, aflatoxin
exposure, alcohol, tobacco, and infected with HBV
genotype C*®,

Hepatitis C in Asia: 170-200 million people are
infected with HCV worldwide and its play an important
role in HCC especially in regions where CHB is less
common™*®, In contrast, HCC in HCV patients almost
occurs in people with cirrhosis™**®, The estimated
risk of HCC in patients with HCV is 15 to 20 times
higher in healthy persons, and also increased the risk
of HCC in patients with advanced hepatic fibrosis or
cirrhosis®™". Prior to anti-HCV screening tests for blood
donors (in 1990/1991 in Europe and United States),
blood transfusion and injection drug use (IDU) were
recognized as the leading cause of HCV, but after the
implementation of routine blood donor screening, IDU is
the main risk factor (only in developed countries)!%*.
According to World Health Organization’s (WHO) Global
Database for Blood Safety. It is calculated that 43% of
blood donors (in developing countries) are not properly
screened for prevent the transfer of infections, including
HCV™, Therefore, in developing countries blood
transfusion is a highly main risk for HCV transmission.
Sexual and maternal-infant HCV transmission can
occur but it is rare®™. Generally, the population at risk
for HCV infections who are exposed to infected blood,
hemodialysis, IDU, prisoners, tattooing, and during
medical and dental care™.

The most high prevalence rate of HCV occurs in
African and Asian countries (5.3% in Africa and 2.15%-
3.9% in Asia)*®**"). The prevalence of HCV infection in
Asian countries varies geographically, In Japan, Saudi
Arabia, Egypt and Pakistan, HCV is the cause of HCC.
The markers of Hepatitis C infection (positive anti-HCV)
are found in 80%-90% HCC patients in Japan, 70% in
Egypt, 40%-50% in the Pakistan and 35%-40% in Saudi
Ar_abia[IO,SB-Gl].

According to the population-based study of Merat et
al®? the prevalence of HCV in Iran was 0.3%, 1.6% and
1.0% in Tehran, Hormozgan, and Golestan provinces,
respectively. After HBV, HCV infection is the main risk
factor of HCC in Iran with an incidence of 8.5%"*.

Factors which increased the risk of HCC in persons
with chronic HCV include; male, elderly, co-infected
with human immunodeficiency virus and HBV infection,
heavy alcohol intake, diabetes and obesity™®**®.,

Concept of carcinogens in HBV and HCV

HBV is members of hepadnaviruses that can cause
transient or chronic infections. And finally chronic
infections can lead to liver failure with cirrhosis and
HCC'®”.. Multiple factors are involved in the hepatocar-
cinogenesis of HBV infection. A main factor is chronic
necroinflammation and subsequent fibrosis/liver cell
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proliferation. In spite of that, HCC only occurs in a
small proportion of HBsAg carriers. Because the hepato-
carcinogenic process includes the interplay between
hepatitis B and host hepatocytes, both genomes could
contribute to the final pathogenic outcomes, individually
or synergistically™®.

HBV contains a double stranded genomic DNA that
may encode oncogenic viral proteins which is possibly
contributed to hepatocarcinogenesis®®. For example,
protein HBx (which is a well-known viral non-structural
gene) operates as a multifunctional regulator modulating
gene transcription, cell responses to oxidative stress,
protein degradation, apoptosis, and several signaling
pathways"”. Due to this fact that, the specific mechanism
is still unknown, its role in liver malignant transformation
has been clearly demonstrated by HBx'"Y, In addition to
viral oncogenic proteins, several viral factors, including
genotype, BCP mutation, and viral load have been
confirmed to be associated with hepatocarcinogensis. In
Asia, it is revealed that, genotype C is more commonly
associated with liver cirrhosis and HCC compared with
genotype B2,

Hepatitis C is member of the flaviviruses, which it
forms its own genus, hepacivirus. HCV is a small, enve-
loped positive-sense, single stranded RNA virus, and
its life cycle is predominantly cytoplasmict’?!, Therefore,
this virus is likely to predispose to cancer by alteration of
cell signaling and metabolism as similar as by inducing
immune responses”’*. Modulation of cellular immunity
and metabolism are processes that establish a liver
microenvironment which characterized by chronic inflam-
mation, oxidative stress and repair processes that lead to
liver fibrosis, cirrhosis and HCC>7%,

Other environmental and genetic risk factors of HCC
HBV and HCV infections are the major causes of
more than 75% of the HCC in the world, with an even
more in developing countries™. HBV infection is most
common in Asia, except in Japan, Saudi Arabia, Egypt
and Pakistan, where HCV instead, is the main cause of
primary HCC. In addition, exposure to aflatoxin in Asia is
a significant risk factor, especially in China and Tai-
wan®”!. On the other hand, other factors such as
alcohol, obesity, diabetes and NAFLD might be responsible
for a low prevalence of HCC in Asian countries™”.

Aflatoxin: Aflatoxin is a mycotoxin produced by
the Aspergillus fungus. This fungus grows easily on
foodstuffs including; peanuts, corn, pistachio, etc., which
stored in warm and damp conditions®”. Studies have
been done in sub-Saharan Africa and South-East Asia
revealed the association between aflatoxin and HCC®.,
Also, some studies in Asia, Shanghai and Taiwan,
indicated the interaction between aflatoxin exposure and
hepatitis B infection and a study in Taiwan reported that
in HBsAg carriers, who were susceptible to aflatoxin,
were more likely to develop HCC®*®¢, Besides, in most
regions where aflatoxin exposure is high, HBV infection
also is highly prevalent!*®. A recent study in Taiwan'®”
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reported the relationship between aflatoxin and HCV
with advanced liver disease. Unfortunately we don’t
have any study in Middle East countries that worked on
association between of aflatoxin and HCC.

Alcohol: Alcohol generally contributed to 15% to 45%
of HCC cases in developed countries due to its significant
role in cirrhosis!**®, Many studies have shown the
association of heavy alcohol intake (> 50-70 g/d for
several years) and HCC'®*", Men tend to consume more
alcohol than women™®. The annual incidence of HCC due
to alcohol cirrhosis is 1%-4%"?. Alcohol consumption in
Asian countries, in contrast to American and European
countries, plays a minor role for HCC development.
Especially in Middle Eastern countries, rather than to
south Eastern countries in Asia the consumption of
alcohol is very low®***,

Obesity, diabetes and non-alcoholic fatty liver:
Epidemiological studies have shown that obesity is a risk
factor for HCC. Similar studies further indicate that type
2 of diabetes milieus (T2DM) is also a major risk factor.
Both obesity and T2DM are often related to NAFLD. Case
reports have shown progression of NAFLD to cirrhosis
and HCC®**, A Danish study indicated that, the chance
of HCC is more in obese people than general population
(RR = 1.9)I, The risk of HCC in obese Patients (with
body mass index greater than 30) is increasing more
than cirrhotic patients'®™. The prevalence of obesity in
Asian countries varies geographically. This prevalence is
19.4% in Iran, 33.3% in Saudi Arabia, 33.2% in Qatar,
33.1% in Egypt, 32.9% in Bahrain, 5.7% in China, 5.0%
in Japan, 14.0% in Malaysia™®. The highest prevalence
belongs to Kuwait with 42.0% and lowest prevalence
belongs to Bangladesh with 1.1%"® (data adjusted for
2008 for comparability). Prevalence of overweight and
obese people based on several national health surveys in
Asia has increased™. The prevalence of obesity in adults
in South-East Asian countries is usually low, compared
to developed countries like as the United State, but in
contrast to South-East Asian countries, the prevalence
of obesity in Middle-East countries is high and almost is
equal to developed countries. In the future, obesity may
be play as an important role of HCC because of the high
prevalence in Middle-East countries®.

Comparative Prevalence of diabetes in Asian countries
also, varies geographically. This prevalence is 9.94%
in Iran, 23.09% in Kuwait, 22.87% in Qatar, 16.80%
in Egypt, 17.30% in Bahrain, 9.02% in China, 12.28%
in Singapore, 10.85% in Malaysia®. The highest
prevalence belongs to Saudi Arabia with 23.87% and
lowest prevalence belongs to Japan with 5.12%". The
prevalence of diabetes in countries located in South-
east Asia is quite low but, in contrast, this prevalence
is high in Middle-East countries. In the future, the high
incidence rate of diabetes in countries of Middle-East
might become it as the major risk factor for HCC in this
region.

According to community-based cohort studies in the
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United States, Scandinavia, Taiwan, and Japan'®*®>,

the occurrences of HCC was 1.5 to 2.0 times higher in
obese persons than in people with normal weight. Also
some case-control studies and a few cohort studies
indicated that, occurrence of HCC in persons with T2DM
than in non-diabetics persons is double™**'*, NAFLD
is clearly linked with obesity and T2DM, that is way
it is recognizes as a possible risk factor for HCC!®,
NAFLD may started as simple steatosis (NAFLD), to
non-alcoholic steatohepatitis (NASH) or cirrhosis and
HCC (due to obesity), T2DM associated to metabolic
derangements!'®, NASH is a more advanced stage of
NAFLD, so that about 20% of NASH patients usually
progress to liver cirrhosis or even some patients with
NASH show HCC with or without liver cirrhosis! %,
NASH is the first damage caused by a buildup of fat in
the liver (NAFLD), NASH can progress and get worse
with scar and severe inflammation and fibrosis. With
5-year follow-up of patients with NASH, observed that
the progression of fibrosis can lead to cirrhosis™®*.
Some factors such as abnormal glucose regulation,
obesity, T2DM and triglyceride can increase the risk of
NASH™®!, Generally the whole fibrogenesis develops of
NASH from NAFLD due to multiple factors, including;
oxidative stress, insulin resistance, lipotoxicity, pro-
inflammatory cytokine and hepatic stem cells!'®”’,

DISCUSSION

The main challenge which still present in Asia, is the
high prevalence of chronic hepatitis. So, prevention of
infection with hepatitis B and hepatitis C is the key to
reduce the burden of HCC in Asia!'%'%,

Prevention of HBV

HBV vaccination is the most effective methods to
prevent HBV in both newborn and adult infections with
HBV!'?!, National HBV vaccination program reduces
the prevalence of HBV and also the incidence of HCC
dramatically'*”!. However, more time is needed to reach
the final results, because this program were introduced
between 1982 and 1990 in the world and most cases of
HCC occur after the age of 40 years!*'**%,

Antiviral treatment of HBV

The results of many studies suggested that antiviral
therapy is very effective to controls HBV infection. In
a study has been done in China, cirrhosis and fibrosis
HBV patients randomly assigned in two groups; first
received 100 mg of lamivudine per day and second
received placebo for up to 5 years. According to the
results, the incidence of HCC was significantly reduced
in the lamivudine group (3.9% vs 7.4%; HR = 0.49; P
= 0.047)"7,

Prevention of HCV

HCV'’s prevention, in absence of an effective vaccine,
is more challenging than the HBV's and requires a
fundamental and comprehensive strategy, including;
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blood donations screening, safe injection and systematic
avoidance of unnecessary injections™?.

Antiviral treatment of HCV

Combination antiviral therapy helps to prevent the
HCV and followed by HCC. Combination therapy
decreases the risk of HCC in patients with HCV-related
cirrhosis, even without complete biochemical and
virological clearing. The current treatments for HCV
are combination therapy of pegylated interferon with
ribavirint*** 17,

Other strategy and remaining challenge to
prevent HBV and HCV infection: In most Asian
countries, HBV is usually transmitted from mother
to newborn™'®!, In order to avoid of maternal-child
transmission, WHO is recommending HBV vaccination at
birth, but unfortunately less than half of member states
have policy to provide HBV vaccination at birth and only
27% of newborns globally received this vaccine™¥*%%,

Raising awareness and knowledge about the viral
hepatitis B and C infection help reduce transmission in
the community, also increasing awareness among policy-
makers, health professionals and decision- makers in
society can help to make better decision and planning
to prevent viral hepatitis™*”. Implementation of blood
safety strategies is one of the best ways to prevent
transmission of hepatitis C infection®*'®, screening
blood donation is really effective but in low-income
countries where data available, only 35% of donated
blood samples were screened in a quality assured
manner in 2008,

Early detection of HBV and HCV cases provides
the best opportunity for effective medical support and
prevention of further spread®®>'*®,

Most new cases of HCV and HBV infections in Asia
(or elsewhere) are due to IDU. Needle and syringe
sharing practices between Injecting drug users, largely
increase the risk of HCV and HBV. Generally, about
60%-80% (about 10 million people) of injecting drug
users is positive for HCV and 5%-10% positive for HBV.
Controlling this social problem is important in prevention
of HCV and HBV cirrhosis related to HCC!"*'#%,

Prevention of HCC associated with other risk
factors: The proportion of HCC cases due to other
causes (except HBV and HCV) is usually between 10%
and 20% in Asia™*®®, Such cases include aflatoxin, alcohol
consumption, obesity, type 2 diabetes and NAFLD.
Therefore abstaining from alcohol and toxin exposure is
very effective for reducing the risk of HCC.

NAFLD in synergy with other risk factors such as
obesity, diabetes and metabolic syndrome, is becoming
one of the other risk factors for HCC. Due to the lack of
understanding of the pathogenesis of the disease, the
prevention of NAFLD remains as a difficult problem. So
prevention of the risk factors of NAFLD such as obesity,
insulin resistance, diabetes and metabolic syndrome is
the key strategy to reduce the incidence of NAFLD in
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the world™*.. Therefore, changing the life style such
as weight loss and regular physical activity is directed
towards reducing HCC risk factors. Based on the
epidemiologic evidence, obesity and T2DM are associated
to NAFLD and they are independent risk factors of HCC.
In addition, early detection and treatment of diabetes
and hyperinsulinemia are very essential and critical to
prevent of HCC associated with diabetes and NAFLD.
Several studies showed that the use of insulin-sensitizing
(metformin and thiazolidinediones) agents in diabetes
could reduce the risk of HCC''*'*"), Insulin-sensitizing
drugs and avoiding from treatments contributing to
hyperinsulinemia would be helpful to prevent HCC and
to improve disease outcomes!*®,
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Abstract

Mild to moderate autoimmune thrombocytopenia (AITP)
is @ common finding in patients receiving interferon-
based antiviral treatment, due to bone marrow suppre-
ssion. Here we report the case of a patient with chronic
genotype 1b hepatitis C virus (HCV) infection treated
with pegylated-interferon alpha-2a, ribavirin and
telaprevir for 24 wk; the patient developed severe AITP
three weeks after treatment withdrawal. We performed
a systematic literature search in order to review
all published cases of AITP related to HCV antiviral
treatment. To our knowledge, this is the second case of
AITP observed after antiviral treatment withdrawal. In
most published cases AITP occurred during treatment;
in fact, among 24 cases of AITP related to interferon-
based antiviral treatment, only one occurred after
discontinuation. Early diagnosis of AITP is a key factor in
order to achieve an early interferon discontinuation; in
the era of new direct antiviral agents those patients have
to be considered for interferon-free treatment regimens.
Prompt prescription of immuno-suppressant treatment
(.e., corticosteroids, immunoglobulin infusion and even
rituximab for unresponsive cases) leads to favourable
prognosis in most of cases. Physicians using interferon-
based treatments should be aware that AITP can occur
both during and after treatment, specially in the new era
of interferon-free antiviral treatment. Finally, in the case
of suspected AITP, presence of anti-platelet antibodies
should be checked not only during treatment but also
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after discontinuation.

Key words: Autoimmune thrombocytopenia; Pegylated
interferon; Chronic hepatitis C; Viral hepatitis; Anti-
platelet antibody
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Core tip: This is the second case report of autoimmune
thrombocytopenia (AITP) occurred after peg-interferon/
ribavirin treatment completion: generally, AITP was
observed in course of interferon treatment. To our
knowledge, among 24 interferon-related AITP cases
reported in literature, in 23 cases the side effect
occurred during treatment while in only one after
treatment completion. Physicians using interferon-based
antiviral therapy should be aware that acute AITP can
occur both during and after treatment; in the case of
suspected AITP, presence of anti-platelet antibodies
should be checked not only during treatment but also
after discontinuation.

Arena R, Cecinato P, Lisotti A, Buonfiglioli F, Calvanese C,
Grande G, Montagnani M, Azzaroli F, Mazzella G. Severe
immune thrombocytopenia after peg-interferon-alpha2a, ribavirin
and telaprevir treatment completion: A case report and systematic
review of literature. World J Hepatol 2015; 7(12): 1718-1722
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i12/1718.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i12.1718

INTRODUCTION

Presence of autoimmune thrombocytopenia (AITP)
could be directly related to hepatitis C virus (HCV)
infection, even in early stages of the disease. To date,
AITP was not considered an absolute contraindication
for interferon-based antiviral treatment and usually
resolves after virus clearance'?; however, with the
registration of interferon-free regimen, patients with
severe thrombocytopenia should be considered for all-
oral new direct antiviral agents therapy.

On the other side, mild to moderate thrombocyto-
penia could be observed in patients receiving antiviral
treatment with interferon alpha, due to bone marrow
suppression'®l, However, severe life-threatening immune
thrombocytopenia has rarely been associated with
interferon treatment™?®. Finally, thrombocytopenia
is @ common finding in liver cirrhosis, usually related
to congestive splenomegaly and to inadequate liver
thrombopoietin synthesis™”.

We present a case of a chronic HCV infected patient
in which severe AITP occurred 3 wk after pegylated-
interferon (Peg-IFN)a-2a, ribavirin (RBV) and telaprevir
treatment completion.

CASE REPORT

We describe the case of a 68-year-old female patient

Raishidenge ~ WJH | www.wjgnet.com

affected by genotype 1b chronic HCV infection (on
histology, fibrosis staging F3 according to Metavir); the
patient reported a partial response (fall of 4 logio HCV-
RNA) to a previous course of therapy with Peg-IFNa-2a
plus RBV and, in February 2012, started treatment with
Peg-INFa-2a (180 mcg/wk) plus RBV (1200 mg/d) and
telaprevir (2250 mg/d during the first 12 wk).

Before starting treatment the patient had normal
laboratory tests, in particular: haemoglobin 14 g/dL,
white blood cell count 6.840/mmc, platelet count
155.000/microl, aspartate aminotransferase (AST) 32
IU/L, alanine aminotransferase (ALT) 52 IU/L, y-glutamyl
transpeptidase 48 IU/L, total bilirubin 0.89 mg/dL,
albumin 4.1 g/dL, gamma-globulin 1550 mg/dL, HCV-
RNA 256665 IU/mL, thyroid stimulating hormone
2.08 microU/mL; anti-mitochondrial antibodies, anti-
smooth muscle antibodies, anti-thyroid autoantibodies
were negative while anti-nuclear antibodies were found
positive at a title of 1:80 with speckled pattern. Anti-
platelet antibodies were not assessed. HCV-RNA level
decreased rapidly and became undetectable after 2
wk of treatment (-5.4 log UI/mL HCV-RNA in 2 wk).
After completing the 12-wk course of triple therapy, the
patient continued Peg-INFa-2a and RBV for other 36 wk.

During treatment, the patient developed severe
anemia without clinical signs of blood loss that required
two blood transfusions and then therapy with erythro-
poietin 40000 U/wk for 14 wk.

At the end of the treatment, laboratory values
showed: HCV RNA not detectable, normal ALT and AST,
hemoglobin 11 g/dL, platelets 115.000/mmc, white
blood 2.560/mmc, gamma-globulins 1280 mg/dL.

Three weeks after treatment withdrawal, an episode
of gingival bleeding occurred; laboratory finding showed
severe thrombocytopenia (1.000/microl) with normal
white and red blood cells count; liver and kidney function
and coagulation tests were normal. Anti-platelets auto-
antibodies, both immunoglobulin M (IgM) and IgG, were
found positive, while direct Coomb’s test and irregular
antibodies against erythrocytes were negative. Anti-
nuclear antibodies were still positive with a speckled
pattern. Antibodies anti-Helicobacter pylori were
negative.

Clinical and laboratory findings were consistent with
the diagnosis of AITP; therefore, intravenous methyl-
prednisolone 60 mg/d was started for one week, followed
by 30 mg/d of oral prednisone, gradually tapered for
three months. No further bleeding and a gradual increase
in platelet count were observed; after one week of
treatment, platelet count was 40.000/microl. After eight
weeks, platelet count was within normal range (211.000/
microl), anti-platelet as well as antinuclear antibodies
became negative and HCV-RNA was persistently unde-
tectable (the patient achieved a sustained virological
response).

DISCUSSION

This is the second case of AITP occurred after Peg-IFN
and RBV treatment completion: generally, this side
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Table 1 Literature review and summary of all published cases of interferon-induced autoimmune thrombocytopenia for hepatitis C

virus infection

Ref. Sex Age HCV genotype Antiviral therapy Occurrence of AITP Clinical outcome
de Manuel Moreno et al F 46 1b Peg-IFNo-2b + RBV 12wk Corticosteroids responsive
Kim et al F 72 NR Peg-IFNo-2a 120 wk Corticosteroids responsive
Li et al® F 54 1b Peg-IFNa-2a + RBV 12 wk CR
Elefsiniotis et al"” M 27 NR Peg-IFNa-2b + RBV 24 wk after therapy CR
discontinuation

Huang et al”) F 48 2 Peg-IFNa-2a + RBV 1wk Corticosteroids responsive
Naz et al! F 60 NR Peg-IFNo-2b + RBV 7wk CR (treated with ursodeoxycholic acid)
Enomoto et al” F 69 1b Peg-IFNo-2b + RBV 12 wk Corticosteroids responsive
Carnero-Fernandez et al" M 20 NR Peg-IFNo-2b + RBV 20 wk CR (treated with iv immunoglobulin )
Alves Couto et al™ M 4 NR Peg-IFNa-2b + RBV 16 wk CR
Weitz et al™ F 43 1b Peg-INF + RBV 48 wk CR (treated with Rituximab)
Lambotte et al™! F 73 1b Peg-IFNa-2a + RBV 8wk CR
Nakajima et al™ M 47 1b IFNa-2a + RBV 8 wk Incomplete response
Medeiros et al™ M 40 NR IFN-a + RBV (for 24 wk) 36 wk CR

and Peg-IFNo-2a + RBV
Dimitroulopoulos et al™ F 20 3 IFNo 28 wk CR
Sevastianos et al™ F 38 4 Peg-IFNa-2b 4 wk CR
Fujii et al™ F 24 NR IFNa 4 wk CR
Sagir et al™ M 45 NR Peg-IFNa-2b + RBV 10 wk CR
Pockros et al™” M 6l 1b IFNo, 16 wk CR
Jiménez-Saenz et al™ M 46 NR IFNa-2b 144 wk CR
Tappero et al™ F NR NR IFNa-2a 8 wk CR
Dourakis et al™ M 39 NR IFNo, 32 wk CR
Dourakis et al™ F 64 NR IFNo, 24 wk CR
Shrestha et al'”! M 4 NR IFNo, NR CR
Demirturk et al™” NR NR NR Peg-IFN + RBV NR CR

CR: Completely resolved; NR: Not reported; HCV: Hepatitis C virus; IFN: Interferon; Peg-IFN: Pegylated-IFN; AITP: Autoimmune thrombocytopenia;

RBV: Ribavirin; iv: Intravenous.

effect is observed in course of interferon treatment.
Thrombocytopenia is usually defined as a platelet count
less than 100000/microl. Severe thrombocytopenia (<
50000/microl) is associated with increased bleeding
risk during invasive procedures, while spontaneous and
even severe bleeding could be observed in patients with
platelet count less than 1000/microl.

Thrombocytopenia is a frequently observed in patients
with haematological disorders, with HCV infection, with
hypersplenism associated to liver cirrhosis or related to
drug assumption.

Drug-induced thrombocytopenia develop through
two main mechanisms: (1) bone marrow toxicity (i.e.,
cytotoxic drugs) resulting in reduced production of all
blood cells (red cells, white cells and platelets); and (2)
increased destruction of normal platelets (both immune-
mediated or not)™,

The incidence of drug induced AITP in the general
population is approximately 10 cases per million inha-
bitants per year, and its pathogenesis is not completely
understood yet; however, IgG-type antibodies against
platelet glycoprotein (GP) IIb/Illa, GP I a/Ila, and/or
GP 1 b/IX seem to play an important role®®.,

In literature, we found several cases of PegIFN-
induced autoimmune cytopenias; among those, severe
life-threatening AITP, although rare, is a well-documented
and recognized adverse event.

To our knowledge, 24 cases of AITP are related to
interferon-based treatment for HCV; among those, only
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one occurred after treatment discontinuation™® (Table
1).

In the reported case, the patient experienced an
episode of severe thrombocytopenia three weeks after
antiviral therapy completion, despite negative HCV-RNA
(the patient achieved a sustained virological response):
the concomitant presence of spontaneous bleeding,
anti-platelets antibodies positivity, the exclusion of all
other possible causes (i.e., viral and Helicobacter pylori
infection, haematological or autoimmune disorders and
other concomitant therapies) led to the diagnosis of
Peg-IFN-induced AITP.

The relationship between AITP and discontinuation
of the drug, in our case, could be explained by the long
half-life of Peg-IFNa-2a (T2 = approximately 160 h);
since five plasma half-lives are necessary to eliminate
about 99% of administered drug, 33 d are necessary
for a 99% clearance of Peg-IFNa-2a"",

Peg-IFN-induced autoimmune diseases may appear
even after treatment withdrawal; however, we encourage
the investigation all other causes of autoimmunity,
especially when a tight time-correlation with the event is
absent.

Based on the latest guidelines on the management
of AITPPY, we prescribed a first-line long course of
corticosteroids (e.g., prednisone 1 mg/kg orally for 21
d then tapered off); in this case, the patient presented
a rapid improvement in platelet count after first-line
treatment (Figure 1); therefore the administration of
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Figure 1 Total platelet count during antiviral treatment, after discontinuation
and during steroid therapy. IFN: Interferon; Peg-IFN: Pegylated-IFN; RBV:
Ribavirin.

IV immunoglobulin was not necessary. In fact, immuno-
globulin infusion should be prescribed, together with
corticosteroids, when a rapid increase in platelet count is
clinically required™”. In non-responsive cases, rituximab
may be an option. Platelets infusion should be considered
only in cases of severe thrombocytopenia associated with
active bleeding. In cases of AITP survival time of infused
platelets is reduced to a few hours. However, this practice
can help to control acute bleeding™”.

Literature review shows a higher incidence of AITP
in patients treated with Peg-IFNa-2b compared to
those treated with a-2a; however, published data are
insufficient to assume a greater immunogenicity of Peg-
IFNa-2b over Peg-IFNa-2a"”.

In conclusion, physicians prescribing pegylated
interferon should be aware that acute AITP can occur
both during and after treatment. Consequently, it seems
logical to us that anti-platelet antibodies dosage should
be determined in all patients presenting with thrombo-
cytopenia both during treatment and after discontinuation.
A deep knowledge and prompt recognition of interferon-
related adverse events is even more important with the
availability of interferon-sparing treatment regimens.

COMMENTS

Clinical diagnosis

Gingival spontaneous bleeding was the first finding in this patient; severe
thrombocytopenia coupled with positive anti-platelet antibodies led to the
diagnosis.

Differential diagnosis

All other causes of autoimmune thrombocytopenia (AITP) had been evaluated;
moreover, the not-tight time-correlation required an accurate evaluation of
possible hematological or autoimmune disorders, assumption of concomitant
drugs.

Laboratory diagnosis

Severe thrombocytopenia (1000/mmc) and positive anti-platelet antibodies
suggested the diagnosis of AITP.

Treatment

Treatment with intravenous corticosteroids led to prompt total platelet count
increase within one week; after 8 wk of treatment, normal platelet count and
negative anti-platelet antibodies were observed.

Related reports

All related cases of interferon-related AITP were reviewed and summarized in
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Table 1.

Term explanation

IFN: Interferon; Peg-IFN: Pegylated-IFN; AITP: Autoimmune thrombocytopenia;
RBV: Ribavirin.

Experiences and lessons

AITP can occur even after interferon withdrawal; physicians must be aware of
this unusual clinical manifestation and consider interferon-related AITP also in
this setting.

Peer-review

Authors report a rare case of AITP in a very particular population.
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Abstract

I read with great interest the review published by
Eslamparast et a/, on the dietary supplements with
hepato-protective properties, and their proposed
mechanisms to protect against non-alcoholic fatty liver
disease. In this way, recently, our study group reported
the efficacy of the Mediterranean diet associated to an
antioxidant complex, to improve in overweight patients
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not only anthropometric parameters, but also insulin-
resistance, lipid serum levels, and intra-hepatic fat
accumulation.

Key words: Non-alcoholic fatty liver disease; Metabolic
syndrome; Mediterranean diet; Milk thistle; Antioxidant

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

Core tip: The prescription of an antioxidant rich dietary
regimen by the physicians and nutritionists, may
represent an appropriate approach on non-alcoholic
fatty liver disease, in clinical practice.

Abenavoli L. Non-alcoholic fatty liver disease and beneficial
effects of dietary supplements. World J Hepatol 2015; 7(12):
1723-1724 Available from: URL: http://www.wjgnet.com/1948-5182/
full/v7/112/1723 htm DOIL: http://dx.doi.org/10.4254/wjh.v7.i112.1723

TO THE EDITOR

I read with a great interest the review published by
Eslamparast et al', on the dietary supplements with
hepato-protective properties, and their proposed
mechanisms to protect against non-alcoholic fatty liver
disease (NAFLD). Actually, NAFLD is emerging as one of
the most common chronic liver diseases worldwide, and
represents one of main cause of hepatology referral in
some centers. NAFLD is a clinical syndrome that ranges
from simple fatty liver, to non-alcoholic steatohepatitis,
to advanced fibrosis, and cirrhosis™™. It is associated
with insulin-resistance, obesity, and dyslipidemia, which
are the main features of the metabolic syndrome (MS).
NAFLD and MS are often seen in the same individual,
and it has been reported that nearly 90% of the subjects
affected by NAFLD, have more than one component
of MS. In fact, the NAFLD patients are inclined to a
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higher energy intake, and in particular to a greater
carbohydrate intake when compared with the healthy
subjectst?],

Currently dietary modifications and physical exercise,
should be recommended in clinical practice for the
management of NAFLD. The general recommendations
for the diet are individualized, depending on the body
weight of the subject, and one should aim to achieve
energy restriction of 500-1000 kcal/d. Total fat and
reduced saturated fat, should constitute less than 30%
of the total energy input, with an increase in soluble fibre
intake and the decrease of refined sugars consumption.
The recommended physical activity is 60 min/d for
at least 3 d/wk, and the physical exercise should be
progressively increased to 5 d/wk™. The reduction of
hepatic fat deposition is directly related to the lifestyle
intervention, and requires a weight loss of 5% to 10%.

The traditional Mediterranean diet, is a dietary pattern
that has been associated with a favourable health profile,
mainly in relation to cardiovascular diseases, cancers,
and in the treatment of MSP., It has been hypothesized
that carotenoids, fibres and folic acid, characteristic
components of this diet, can play a central role in pre-
venting or slowing oxidative stress phenomena. In
addition the vegetables, important elements of the
Mediterranean diet, are the main source of phytosterols
and a natural cholesterol-lowering agent, that reduce
cardiovascular risk. Finally, Mediterranean diet can
improve the serum level of adiponectin, a soluble matrix
protein expressed by adipoctyes and hepatocytes,
reduced in insulin resistance, type-2 diabetes, and
obesity, and linked with development of liver steatosis.
Recently, our study group reported the efficacy of
the Mediterranean diet associated to an antioxidant
complex with silybin phytosome complex (silybin plus
phosphatidylcholine) and with vitamin E in improving in
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overweight patients not only anthropometric parameters,
but also insulin-resistance, lipid serum levels, and intra-
hepatic fat accumulation™. In this way, the prescription
of an antioxidant rich dietary regimen by the physicians
and nutritionists, may present an appropriate approach in
clinical practice. It can play a main role in the prevention
and in the treatment of several chronic diseases, and in
particular in the management of NAFLD.
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