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Abstract

Oral nucleoside/nucleotide analogues (NAs) are currently
the backbone of chronic hepatitis B (CHB) infection
treatment. They are generally well-tolerated by patients

WJH | www.wjgnet.com
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and safe to use. To date, a significant number of patients
have been treated with NAs. Safety data has accumulated
over the years. The aim of this article is to review and
update the adverse effects of oral NAs. NAs can cause
class adverse effects (/.e., myopathy, neuropathy, lactic
acidosis) and dissimilar adverse effects. All NAs carry
a “Black Box” warning because of the potential risk for
mitochondrial dysfunction. However, these adverse effects
are rarely reported. The majority of cases are associated
with lamivudine and telbivudine. Adefovir can lead to
dose- and time-dependent nephrotoxicity, even at low
doses. Tenofovir has significant renal and bone toxicity
in patients with human immunodeficiency virus (HIV)
infection. However, bone and renal toxicity in patients
with CHB are not as prominent as in HIV infection.
Entecavir and lamivudine are not generally associated
with renal adverse events. Entecavir has been claimed
to increase the risk of lactic acidosis in decompensated
liver disease and high Model for End-Stage Liver Disease
scores. However, current studies reported that entecavir
could be safely used in decompensated cirrhosis. An
increase in fetal adverse events has not been reported
with lamivudine, telbivudine and tenofovir use in pre-
gnant women, while there is no adequate data regarding
entecavir and adefovir. Further long-term experience is
required to highlight the adverse effects of NAs, especially
in special patient populations, including pregnant women,
elderly and patients with renal impairment.

Key words: Nucleoside/nucleotide analogues; Adverse
events; Lamivudine; Chronic hepatitis B; Side effects;
Safety; Telbivudine; Hepatitis B infection; Adefovir;
Entecavir; Adverse effects; Tenofovir; Hepatitis B virus

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

Core tip: Extrahepatic effects of nucleotide analogues
(#.e., myopathy, nephropathy, bone disorders) are more
commonly indicated in current reports. Some of these
adverse events can be attributed to their effect of
causing mitochondrial dysfunction. These adverse events
are named as “class effects” and mostly associated
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with lamivudine and telbivudine treatment. Adefovir
is a well-known nephrotoxic agent. Nephrotoxic and
bone density loss effects of tenofovir in patients with
chronic hepatitis B (CHB) are not as clear as in those
with human immunodeficiency virus infection. Serum
creatinine, phosphorus and creatine kinase levels should
be monitored. Safety profile is a major issue that should
not be ignored in the treatment of CHB.

Kayaaslan B, Guner R. Adverse effects of oral antiviral therapy
in chronic hepatitis B. World J Hepatol 2017; 9(5): 227-241
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v9/i5/227 htm DOI: http://dx.doi.org/10.4254/wjh.v9.15.227

INTRODUCTION

Chronic hepatitis B (CHB) infection is one of the major
causes of chronic liver diseases and affects an esti-
mated 350 to 400 million people worldwide!"!. Up to
15%-40% of patients with CHB are at risk of developing
complications including cirrhosis, hepatic decompensation
and hepatocellular carcinoma (HCC)™. Prevention of
disease progression and disease-related complications
is the main goal of treatment in CHB and achieved by
suppression of hepatitis B virus (HBV) DNA replication'?.
Because CHB requires long-term treatment in the
majority of patients, the safety profiles of drugs become
important in addition to their antiviral activities. Two
different groups of antiviral agents have been approved
for the treatment of CHB: Conventional or pegylated
interferons (IFN or Peg-IFN), and oral nucleoside/
nucleotide analogues (NAs)**.. IFN/Peg-IFNs have some
disadvantages, including severe side effects, aggravation
of decompensated cirrhosis and autoimmune diseases.
NAs have become currently the backbone of CHB
treatment because they have been well tolerated by
patients for decades without severe side effects”™. There
are currently five NAs approved for the treatment of
CHB and they are classified into two groups: Nucleoside
analogues (lamivudine, telbivudine and entecavir) and
nucleotide analogues (adefovir dipivoxil and tenofovir
dipivoxil fumarate)™. To date, a significant number
of patients have been treated with NAs. Therefore,
experience with the efficacy, resistance and safety profile
of NAs has increased over the years. The aim of this
article is to provide a review of the adverse effects of oral
NAs in light of the current data.

All five NAs have a favorable safety profile!”. However,
undesired extrahepatic adverse events may occur during
the treatment of CHB infection. The most common
extrahepatic adverse events are renal dysfunction, de-
creased bone mineral density and some neurological
findings. Because hepatitis B infection itself may lead
to extrahepatic organ involvement™, determining the
source of extrahepatic manifestations may be difficult
sometimes during the treatment of CHB. Extrahepatic
adverse events may result from mitochondrial toxic effect
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of NAs. These adverse effects are generally named as
“class effects"®,

CLASS EFFECTS OF NAs

NAs suppress viral replication by the inhibition of the
HBV polymerase enzyme. As NAs structures were similar
to natural nucleosides, some of these agents can also
inhibit human mitochondrial polymerase-y and cause
mitochondrial toxicity™>°!. Mitochondrial toxicity was first
noticed during human immunodeficiency virus (HIV)
treatment with antiretroviral therapy. Nucleos(t)ide
reverse transcriptase inhibitors (NRTIs) are activated by
phosphorylation in the cell, and then inhibit HIV reverse
transcriptase. Additionally, these drugs also inhibit a
human polymerase-y enzyme, which is responsible for
the production of mitochondrial DNA (mtDNA) content.
mtDNA-encoded proteins are present in multiple copies
in each mitochondrion and responsible for encoding
enzyme subunits of the respiratory chain function.
Respiratory chain function is required for numerous
metabolic pathways, including oxidative synthesis of
ATP and synthesis of DNA. The depletion of mtDNA-
encoded proteins results in mitochondrial dysfunction
that causes impaired oxidative phosphorylation. The
other result of human mitochondrial polymerase-y
inhibition is increased reactive oxygen species that
cause cellular damage (Figure 1)®%'%, The close relation
between NRTIs and mitochondrial toxicity have been
described in many reports™®'!l, Because NAs lead to
a minimal mitochondrial polymerase-y inhibition, NAs-
associated mitochondrial toxicity cases have been rarely
reported. All NAs carry a warning of mitochondrial
toxicity as part of their prescribing information®®!. The
clinical manifestations of mitochondrial toxicity include
hematologic disorders, peripheral neuropathy, skeletal
and cardiac myopathy, pancreatitis, hepatic failure and
lactic acidosis™".

The most remarkable examples of mitochondrial
toxicity were reported with clevudine therapy. Clevudine
is a thymidine-nucleoside analogue approved in South
Korea and the Philippines for the treatment of CHB.
Although no mitochondrial dysfunction findings had been
detected in preclinical studies, multi-center international
phase III studies were terminated due to the emergence
of clevudine-associated myopathy cases. Clevudine
had been shown to be peripherally phosphorylated
by mitochondrial thymidine kinase and to accumulate
in cells rich in mitochondria™. South Korea revoked
its approval because of indirect adverse effects!**™,
The emergence of an association between clevudine
and myopathy served as a reminder that all NAs have
a potential risk for mitochondrial toxicity. Among the
NAs, lamivudine and telbivudine are the agents most
frequently reported to be associated with myopathy
and peripheral neuropathy (Table 1). Long-peripheral
neurons were more susceptible to mitochondrial toxic
effect of NAs due to length-dependent effect!”!. Xu et
al*® performed muscle and nerve biopsy in the 6 cases
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A

B

‘ HBV polymerase inhibition ‘ E— ‘Desired antiiviral effect‘

‘ —> | Undesired side effect

Human mitochondrial
polymerase-y inhibition

Mitochondrion

‘Oxidative phosphowlation/[\

Impaired energy MitochonQrial
production dysfunction

Increased reactive Cellular d
oxygen species g CSIUIET GEINES

Figure 1 Effects of nucleos(t)ide analogues. A: NAs show antiviral effect
by inhibition of hepatitis B virus (HBV) polymerase; B: NAs also inhibits human
mitochondrial polymerase-y enzyme. Thus, mitochondrial DNA (mtDNA) can
not be synthesized. Oxidative phosphorylation is impaired. There are two
consequences of this: Impaired energy production and increased reactive
oxygen species that cause cellular damage. NAs: Nucleos(t)ide analogues.

of NAs-associated myopathy or neuropathy and revealed
similar changes in all the muscle and nerve biopsy
samples of the patients in light or electronic microscopy
and showed the decrease of the mitochondrial DNA by
the quantitative real-time PCR in the affected muscle.
Although an association between telbivudine and
mitochondrial toxicity was not detected in vitro studies'*?,
telbivudine-associated myopathy and creatine kinase
(CK) elevations have been reported repeatedly in real-
life patients after phase studies. Myopathy may be
accompanied by neuropathy in some of patients given
telbivudine or lamivudine for the treatment of CHB
infection. In one study, 3 of 6 patients with lamivudine
or telbivudine-associated myopathy had a complaint
of numbness in the distal end of limbs, suggesting
peripheral neuropathy. The presence of neuropathy was
confirmed by the electrophysiological studies and nerve
biopsies by the study team™®!, Neuropathy cases have
been reported more commonly in patients who have
been treated with a combination therapy of telbivudine
and Peg-IFN alfa-2a. Combination therapy provided a
rapid reduction in HBV DNA level compared to telbivudine
or Peg-IFN alfa-2a monotherapy. However, the risk of
peripheral neuropathy has been reported to increase up
to 20% in combination with Peg-IFN*2*%17],

Myopathy is characterized by CK elevation alongside
muscle pain and weakness. CK elevations are among
the well-described adverse effects of NAs, but they
are not specific for myopathy and may be associated
with strenuous exercise and many other illnesses. CK
elevations may occur in patients treated with all approved
NAs for CHB. However, the incidence of myopathy is
very low during the treatment with adefovir, entecavir
and tenofovir, and similar to comparative groups. The
causal relationship has not been elucidated as of yet™*®,
Myopathy cases can be seen in every age group (25-82
years). There is no difference between male and female
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patients in terms of myopathy incidence. The mean onset
time of myopathy from the initiation of NAs was reported
as 6.4 mo, but it can occur even if in the 5" year of
treatment. Myopathy cases had been mostly reported
from the South Korea and China, but the association
between myopathy and race remains unclear*'”’,

LAMIVUDINE

Lamivudine is the first oral NA approved by the United
States Food and Drug Administration (FDA) for the
treatment of CHB in 1998 at a dose of 100 mg/d. Itis an
analogue of cytidine [2’,3’-dideoxy-3’thiacytidine (3TC)]
and phosphorylated to its active triphosphates form by
intracellular deoxycytidine kinase enzyme. The active
anabolite prevents HBV replication by competitively
inhibiting viral reverse transcriptase and terminating
proviral DNA chain extension. Lamivudine has been
the most experienced oral antiviral in CHB patients™®*”.
It can be used effectively in a broad range of patients,
with minimal adverse effects”". However, long-term
treatment of lamivudine is associated with high rates
of drug resistance, which lead to virological relapse
and biochemical flare™*®. Therefore, lamivudine is
recommended as a second-line therapy for the treatment
of CHB™?,

Long-term lamivudine treatment was generally well-
tolerated by CHB patients®®??, In the GLOBE trial, a
large, multi-center phase IlI study, of the 1367 CHB
patients who received telbivudine and lamivudine,
adverse events were reported in 23% of the lamivudine
recipients, similar to the findings for the telbivudine
recipients (29%). The most common adverse events
were upper respiratory tract infection (16.2%), naso-
pharyngitis (13.1%), headache (13.4%) and fatigue
(12.1%). Of the patients, 6% (44) experienced serious
adverse events™®!, The primary adverse event was reported
as hepatic flares due to emergence of lamivudine-resistant
HBV with prolonged treatment. After 4 years, hepatic
decompensation and other severe adverse effects in-
creased among patients with lamivudine resistance!®".
In an Asian study by Leung et a®¥, 12% (n = 7) of
patients treated with lamivudine experienced severe side
effects. Most of these were increased transaminase and
CK levels, and resolved spontaneously. Increased alanine
aminotransferase (ALT) levels were generally associated
with emergence of YMDD mutant strains and had no
clinical importance. In another study conducted among
998 patients with hepatitis B e antigen (HBeAg)-positive
compensated liver disease who were treated with
lamivudine for up to 6 years, lamivudine demonstrated
a good safety profile, with only a 5% rate of severe
adverse events®®”., Similarly, lamivudine has been found
to be effective in HBV DNA decrease, ALT normalization
and histological improvement, and it was well-tolerated
by patients with cirrhosis. Lamivudine had been used in
patients with acute or fulminant hepatitis without any
adverse event, and led to fast recovery and increased
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Table 1 Characteristics of approved oral antiviral drugs for chronic hepatitis B treatment

NAs (approval  Class effect Renal effect Most common adverse events  Laboratory Rare severe adverse Pregnancy Detection in
year) monitoring reactions category breastfeeding
Lamivudine Myopathy and No significant effect =~ Upper respiratory tract ~ Serum ALT and  Rhabdomyolysis, C Yes
(1998) neuropathy cases infection, nasopharyngitis, bilirubin acute dystonia,
were reported headache and fatigue pancreatitis
ALT flairs Rare lactic acidosis
CK elevation may occur
(usually not requiring
cessation of drug)
Telbivudine Myopathy and  Nephroprotective Upper respiratory tract CK level Lactic acidosis B Yes
(2006) neuropathy cases effect infection, nasopharyngitis, ~ Serum lactate
were reported Increase in GFR headache and fatigue
(especially in Increased incidence of
combination CK elevation (usually
with Peg- IFN) asymptomatic and self-
limiting, not required
cessation of drug)
Adefovir Very rare, Clinically significant Pharyngitis, asteni, headache, Serum Hypophosphatemia C Unknown, not
(2002) No increased nephrotoxicity abdominal pain, flu-like creatinineand ~ Fanconi syndrome recommend
incidence of Decrease in GFR symptoms and nausea phosphate level for use
myopathy
compared to
placebo
Entecavir Very rare, No decrease in GFR Headache, upper respiratory = Serum lactate Lactic acidosis C Unknown, not
(2005) No increased tract infection, cough, recommend
incidence of nasopharyngitis, fatigue, for use
mitochondrial dizziness, upper abdominal
toxicity in pain and nausea
combination of
entecavir with
other NAs and
IFN
Tenofovir Very rare, May decrease Headache, nasopharyngitis, Serum B Yes
(2008) No increased GFR, clinically back pain, nausea creatinine and
incidence of insignificant Bone mineral density loss  phosphate level
myopathy Nephrotoxic in (more prominent in HIV BMD
compared to HIV patients patients)
placebo Hypophosphatemia

NAs: Nucleos(t)ide analogues; ALT: Alanine aminotransferase; CK: Creatine kinase; IFN: Interferon; GFR: Glomerular filtration rate; HIV: Human

immunodeficiency virus; BMD: Bone mineral density.

survival®®,

Lamivudine has a good safety profile in different
patient populations having some comorbid diseases. It
is the most experienced drug for preemptive treatment
of hepatitis B infection in solid-organ recipient and
immunosuppressive patients™, There are limited data
for experiences with the other NAs®, Although highly
potent oral NAs with high genetic barriers to antiviral
resistance, such as entecavir and tenofovir, have become
the current preferred regimen, lamivudine remains a
therapeutic option for hepatitis B prophylaxis since it is
the most cost-effective choice for these patients? .
Lamivudine has been well tolerated by patients receiving
immunosuppressive treatment. In a systematic review
investigating the preventive effect of lamivudine on
chemotherapy - induced hepatitis B-related morbidity
and mortality in hepatitis B surface antigen (HBsAg)-
positive patients with cancer, none of the eight studies
that recorded safety profile of lamivudine reported any
significant adverse events™. Lamivudine has also been
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used safely in children without any serious side effects. In
one study, only slight and transient increase of ALT levels
were reported in 6.8% of children with CHB, without any
complaint or dlinical findings®®.

Serious adverse events have rarely been reported
with lamivudine treatment™'*?, Lamivudine-induced
rhabdomyolysis is one of them and characterized by
a triad of muscle weakness, myalgia and abnormal
laboratory findings including CK elevation, increased
urine and blood myoglobin level, and acute renal
injury. Tubular damage and obstruction is considered
the main reason underlying pathogenesis®* ., Clinical
and laboratory findings improve generally within a few
days after cessation of the drug. However, in one case,
rhabdomyolysis relapsed after readministration of la-
mivudine for HBV infection prophylaxis and resolved
completely after discontinuation of the drug again®*. The
mortality rate was reported to be high in patients who
developed rhabdomyolysis and may be reduced by the
early recognition of the disease and fluid resuscitations™".
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Lamivudine-induced acute dystonic reaction was reported
in 2 patients, and the acute dystonia resolved after
discontinuing the lamivudine therapy™. Lamivudine-
associated ichthyosiform eruptions and pancreatitis cases
have been reported in the literature™**3%,

TELBIVUDINE

Telbivudine is a thymidine nucleoside analogue which
selectively inhibits HBV DNA synthesis. It was approved
in 2006 for the treatment of CHB patients at a dose of
600 mg/d. Telbivudine is a more potent NA against HBV
compared to lamivudine and adefovir®*!, However,
high resistance rates limit the use of telbivudine as the
firstline therapy™?. Upper respiratory tract infection,
nasopharynagitis, fatigue and headache were reported
as the most frequent adverse events associated with
telbivudine use. Adverse events’ frequencies were found
to be similar in lamivudine and telbivudine groups.
However, Grade 3/4 increase in CK level occurred more
commonly in patients given telbivudine (12.9% vs 4.1%),
but these were not associated with musculoskeletal
adverse events and no rhabdomyolysis cases were
detected during the study period™. CK elevations were
generally self-limiting and asymptomatic. Discontinuation
of telbivudine was not required in most of the cases.
Telbivudine-associated myopathy and CK elevations
have been reported in several studies™****, Zou et
af*! conducted a prospective study to investigate clinical
features and risk factors of telbivudine-associated
myopathy and CK elevations. The serum CK levels of
200 patients treated with telbivudine were analyzed.
The 3-year cumulative incidence of CK elevations
was considerably high (84.3%). Nine patients (5%)
experienced myopathy and were required to discontinue
telbivudine therapy in 3 of those. None of the patients
developed rhabdomyolysis. CK elevations were reported
to occur in males more often than in females and in those
with HBeAg negativit and aged < 45 years. In another
study in which 105 patients given telbivudine were
evaluated for adverse reactions, 5 presented serious
adverse events. There was nervous system damage
in 3 of the cases and cardiac arrhythmia in 1 case. All
5 patients had elevated CK enzymes. Therefore, it is
recommended that CHB patients treated with telbivudine
should be monitored closely for musculoskeletal sym-
ptoms and CK enzyme levels™.

Some infrequent but serious side effects were
reported in previous studies. Lactic acidosis is one of
them and it was reported also in patients treated with
all the other nucleos(t)ide analogues™. It results from
mitochondrial dysfunction or loss due to the inhibitor
activity of telbivudine on human mitochondrial DNA
polymerase-y. A few lactic acidosis cases depending
on telbivudine therapy were reported in the literature.
The symptoms of patients were anorexia, nausea, vo-
miting, muscle pain and weakness in upper and lower
extremities. The laboratory tests revealed elevated serum
CK levels and hyperfactatemia. One patient’s complaints
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continued even after the withdrawal of telbivudine
treatment, and the patient recovered after venovenous
hemodiafiltration. To diagnose hyperlactatemia, the
patients should be monitored by periodic (3-6 mo
interval) lactate measurements, in addition to the CK
monitoring.

The mechanism of adverse events associated with
telbivudine use has not yet been defined. Because
adverse events may occur in multiple organs including
muscles, nervous and cardiac systems, Zhang et a/*”!
suggested that the mechanism is associated with cell
energy metabolism. Deficiency in manufacture of
the energy molecule ATP and, therefore, inadequate
supplementation of substrate for oxidative phosphory-
lation causes mitochondrial damage. Highly energy-
dependent organs such as nerves, heart and muscles
are the most susceptible to mitochondrial dysfunction.
Telbivudine leads to adverse events in these organs.
However, to establish a link between adverse events and
mitochondrial disease, muscle biopsy and DNA studies
should be done*?.

Synergistic effect can occur in case of simultaneous
use of two drugs. A study comparing telbivudine and
lamivudine combination and lamivudine monotherapy
reported that the addition of telbivudine to lamivudine
treatment did not increase the toxic adverse effects'**.
However, the combination of telbivudine with Peg-IFN
caused peripheral neuropathy in 17.0% of patients. For
this reason, telbivudine should not be recommended in
combination with Peg-IFN™,

ADEFOVIR DIPIVOXIL

Adefovir dipivoxil is an oral prodrug of the nucleotide
analogue adefovir, approved for CHB treatment at 10
mg/d dose in 2002. It was used initially in patients with
HIV infection, but its use was abandoned due to the fact
that higher doses of adefovir led to nephrotoxicity!®.
Adefovir improves histological, biochemical and virological
outcomes in CHB patients with lamivudine resistance.
The rates of adverse events in patients given adefovir are
similar to those given placebo™® . The most common
adverse events were pharyngitis, asteni, headache,
abdominal pain, flu-like symptoms and nausea®. In
a randomized controlled study, adverse events were
similar in two groups, but headache and abdominal pain
occurred more frequently in the adefovir group than in
the placebo group. However, these adverse events did
not lead to discontinuation of the study drug™®. Adefovir
is associated with dose-dependent renal toxicity. The
nephrotoxic effect of adefovir was discussed in the
section below on “Renal Safety of NAs".

Myopathy cases were reported in CHB patients
given adefovir treatment, but its incidence was similar
to patients receiving placebo!*?. Adefovir-related lactic
acidosis may occur when combined with other NAs™,
The development of resistance to adefovir therapy is
another undesirable event. Drug resistance was reported
in 26% of CHB patients treated with adefovir, after
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5 years™®. The resistance rate of adefovir in patients

with lamivudine resistance who were given adefovir
add-on lamivudine rescue therapy was 6% at the
end of 5 years™. To optimize therapy in lamivudine-
resistant patients, it is recommended not to discontinue
lamivudine therapy for a while after initiating adefovir'®.,

ENTECAVIR

Entecavir is a highly selective guanosine nucleoside
analogue, approved by the FDA at a dose 0.5 mg in
treatment naive and 1 mg/d in lamivudine-resistant
CHB patients in 2005™°Y. It inhibits three steps of viral
replication, which involves HBV polymerase priming,
reverse transcription of the pre-genomic messenger
RNA and synthesis of the positive-stranded HBV DNA™.,
Entecavir is a well-tolerated antiviral agent in CHB
patients, with rates of adverse events similar to placebo
or lamivudine therapy. In a comparative study, the
adverse event rate was found to be similar in patients
given entecavir monotherapy to those given combination
of entecavir and IFN"?., Long-term use was reported to
be associated with a very low rate of side effects. Adverse
events were not dose-related; their frequencies were
similar between 0.5 or 1 mg doses of entecavir®>?.,
The most frequent adverse events in clinical trials were
headache (17%-23%), upper respiratory tract infection
(18%-20%), cough (12%-15%), nasopharyngitis
(9%-5%), fatigue (10%-13%), dizziness (9%), upper
abdominal pain (9%) and nausea (6%-8%). Most of
these adverse effects were mild or moderate severity
and did not require discontinuation of the drug®>".
Severe adverse events accounted for 7%-10% and
discontinuation of therapy accounted for 1%-2% of
patients’®. In a randomized controlled study, severe
adverse events occurred in 4.7% of pediatric patients
(n = 8), and only one of them discontinued entecavir
due to headache. This adverse event was not attributed
to the study drug™*. Although preclinical data reported
an association between long-term entecavir use and
carcinogenicity, to date, no evidence has been detected
regarding occurrence of cancer due to entecavir the-
rapy™>.

The FDA requires all approved NAs to include a
“Black Box"” warning in their product label regarding
potential mitochondrial toxicity™®®.. Entecavir is the most
innocent antiviral agent leading to mitochondrial toxicity
among the effective therapies in CHB treatments.
In long-term cell culture studies, entecavir has been
observed to have very low potential for mitochondrial
toxicity in in vitro cultures studies at the highest levels
tested, 300 umol/L. Combination of entecavir with the
other NAs also did not cause an increase in the risk of
other drugs™*®”). Entecavir-associated myopathy and
peripheral neuropathy cases were very rarely reported
in the literature™*>*), Although a study reported similar
CK elevation rates with both telbivudine and entecavir
therapy, there were not many studies supporting this™. In
a meta-analysis, six randomized controlled trials involving
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555 patients treated with telbivudine and entecavir for 24
or 52 wk were evaluated. Both drugs had similar antiviral
and biochemical effects. However, the entecavir group
was reported have greater safety than the telbivudine
group, in terms of adverse events™. In another meta-
analysis comparing the effects of telbivudine and
entecavir in HBeAg-positive CHB patients, thirteen trials
(3925 patients in total) were evaluated. Adverse effects
were reported in 10 trials and CK elevations in 5 trials.
The rates of increased CK were found to be statistically
higher in the telbivudine group than in the entecavir
group™®”.,

Lactic acidosis can also occur during treatment with
NAs as a result of mitochondrial toxicity. US prescribing
information for entecavir and the other NAs carries
a warning regarding the risk of lactic acidosis in CHB
patients treated with NAs!®"*¥, Entecavir is a good option
for the treatment of CHB patients with decompensated
cirrhosis because of the rapid effect on HBV decline and
low resistance rates. However, it was suggested that a
high Model for End-Stage Liver Disease (MELD) score
that is used to detect highly impaired liver function can
be associated with lactic acidosis in patients receiving
entecavir®. One retrospective study identified 5 cases
of lactic acidosis among 16 entecavir-recipient CHB
patients with cirrhosis. One of them died, and the
lactic acidosis resolved within 4-5 d after withdrawal
of entecavir in the remaining 4 cases. All patients who
developed lactic acidosis had a MELD score of at least 20
(22-38), whereas the patients who did not develop lactic
acidosis had a MELD score below 18. A significant (P =
0.002) correlation was seen between the MELD score
and the development of lactic acidosis™*!. However, a
small retrospective study did not find an increased risk of
lactic acidosis in the CHB patients with decompensated
liver disease and high MELD scores during entecavir
treatment, compared to those who have non-HBV-
related decompensated liver disease and similar clinical
features'®®l. Entecavir has been reported to have
a high safety profile in decompensated patients and
recommended as one of the first-line treatment choices
of CHB patients with decompensated liver disease in an
Asian-Pacific consensus statement'®®®, Nevertheless,
the patients should be monitored cautiously for the risk
of lactic acidosis during the treatment and entecavir
should be suspended in the case of suspected lactic
acidosis! %,

Patients with severe acidosis complained of nausea,
dyspnea and weakness, and showed a reduced general
physical condition, impaired consciousness and tachypnea.
In addition, 2 of 3 patients with severe acidosis suffered
from paresthesia and the remaining 1 patient developed
hepatic steatosis typical for mitochondrial toxicity. ALT
flares, potentially leading to decompensated hepatic
disease, can be another serious health problem in a
patient given entecavir for CHB. In clinical trials, ALT
flare had been reported to occur in a small percentage of
patients treated with entecavir and to resolve even if the
treatment continued. In an open-label study evaluating
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the safety and tolerability of entecavir, Grade 3 and 4
adverse events were detected in 19% of the patients,
with only 4% of them possibly related to entecavir.
These Grade 3 and 4 adverse events were myalgia,
neuropathy, increased lipase, increased creatinine and
lactate, CK elevation, decreased bicarbonate and pan-
creatitis. Entecavir treatment was discontinued in only
1% of cases due to adverse events. ALT flares were
reported in 3% of the patients during the treatment,
and were associated with inhibition of viral replication,
at least 2 logio decrease of HBV DNA™, In a multi-
center European study investigating the incidence and
outcome of ALT flares during long-term entecavir in
CHB, 729 patients treated with entecavir for a median
of 3.5 years were evaluated. Flares were classified as
host-induced (preceded by HBV DNA decline), virus-
induced (HBV DNA increase) or indeterminate (stable
HBV DNA). A total cumulative incidence of ALT flare was
6.3% (30) at year 5. Of them, 12 were host -induced
and associated with biochemical remission. HBeAg and
HBsAg seroconversion was observed in only these host-
induced flares. Virus-induced flares were reported to be
associated with entecavir resistance and non-compliance
to the therapy™. Therefore, long-term use of entecavir
is generally safe and associated with low rates of serious
adverse events, and discontinuation of the treatment is
rarely required. ALT flares were low in patients receiving
entecavir and generally associated with the improvement
of liver disease. In current guidelines, entecavir is also
recommended as treatment and prophylaxis of CHB
infection in patients with renal transplant due to being an
agent without signs of nephrotoxicity™.

TENOFOVIR

Tenofovir disoproxil fumarate (TDF) is a prodrug of teno-
fovir that has been approved as a nucleotide analogue
by the United States FDA for use in HIV infection in
2001 and in CHB infection in 2008 at a dose of 300
mg'®. TDF is converted to tenofovir by hydrolysis and
then phosphorylated by cellular enzymes to tenofovir
diphosphate. It inhibits (potentially) HBV DNA polymerase
and reverse transcriptase. Tenofovir, one of the main
components in antiretroviral regimens, plays a key role
in HIV treatment. It is also a highly potent inhibitor of
HBV DNA replication and recommended as a first-line
treatment choice in CHB by the current clinical guidelines
due to the absence of resistance to the drug™’®. The
molecular structure and general safety profile of tenofovir
is similar to adefovir, but nephrotoxicity has not been
a major problem with tenofovir at therapeutic doses.
Therefore, it can be used at higher doses compared
to adefovir and leads to more effective responses in
HBV DNA decline. The nephrotoxic effect of tenofovir is
discussed in detail in the below section on “Renal Safety
of NAs”.

In phase III studies of tenofovir, the adverse event
profiles were similar to those in the comparative arm of
adefovir. The most frequent adverse events were head-
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ache, nasopharyngitis, back pain and nausea. Treatment-
related adverse events were detected in 6% of patients,
serious adverse events in 4% and adverse events that
required discontinuation of tenofovir in less than 1%®>7.,
A 3-year, prospective real-world study (Vireal group)
reported 68 adverse events in 41 (9.3%) patients among
a total of 440 patients receiving tenofovir. Adverse events
occurring in more than one patient were renal disorders
(n = 11), abdominal pain (n = 8), asthenia (n = 7),
nausea (n = 6), vomiting (n = 5) and diarrhea (n = 5).
Nine of the 16 serious side effects were reported to be
tenofovir-related (visual impairment, nausea, asthenia
gait disturbance, weight loss, depression, muscular
weakness, muscular pain and psoriasis)”!..
Osteomalacia can occur during long-term tenofovir
treatment. In randomized clinical trials, a great loss of
bone mineral density (BMD) had been well-described in
patients with HIV infection treated with tenofovir™ 77,
However, tenofovir-related bone fractures were not
reported in patients with HBV monoinfection®®. During
the 3-year prospective follow-up, fractures were
observed in 1% of 375 HBeAg-negative and 266 HBeAg-
positive patients, but none were related to tenofovir”..
The primary responsible mechanism for bone density
loss is believed to be related with inhibitory effects
of HIV proteins or immune status in osteoblasts and
an increased osteoclastic activity. Modifying effects of
tenofovir on osteoblast gene expression and function
was the other mechanism defined in recent reports”?.
The exact mechanism of bone toxicity in CHB is not clear.
Possibly, proximal tubular damage caused by TDF therapy
leads to hypophosphatemia and, indirectly, to inadequate
mineralization of bone matrix”. There have been case
reports regarding tenofovir-associated osteomalacia. A
recent study including 170 patients with CHB infection
compared patients treated with tenofovir (n = 122) and
control patients (n = 48) in terms of bone health!”?. The
prevalence of BMD loss in patients receiving tenofovir
was similar to those who were not exposed to tenofovir.
Tenofovir was reported to be associated with a lower
T score only in the hips. Additionally, in the study,
there was no significant correlation between duration
of exposure to tenofovir and reduction in BMD at any
side. The risk factors for reduction in BMD other than
tenofovir exposure were the known classical factors
including advancing age, lower body mass index and
smoking”*”*, A large retrospective study including
53500 subjects in Hong Kong (46454 untreated and
7046 treated) investigated renal and bone events in CHB
patients with and without NAs. The patients treated with
NAs had similar risk of hip fracture, spine fracture and all
fracture, compared to untreated CHB patients. Treatment
with nucleotide analogues, compared to nucleoside
analogues, was found to increase only the risk of hip
fracture but not the other side fracture, and the overall
fracture rate was low!”®. Additionally, BMD reduction
was demonstrated to remain constant on a plateau from
year 4 through year 7 of tenofovir treatment, for both
hip and lumbar spine””. Thus, we may conclude that
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BMD reduction is not a progressive event and is detected
in the first years of treatment”®. These are important
findings due to CHB infection requiring lifelong treatment
in the majority of patients because the discontinuation
of NAs after sustained viral response have a high risk of
relapse. Tenofovir can be preferred and used safely in
CHB patients in the long-term. Nevertheless, BMD should
be periodically performed in patients with CHB infection
treated with tenofovir”, Osteoporotic patients, especially
with advanced age and smoking history, should be
monitored more closely and, if required, consulted with a
physical rehabilitation specialist.

RENAL SAFETY OF NAs

The adverse effect of NAs on renal function is an
important issue that should be carefully evaluated, since
HBV infection alone carries an increased risk of renal
impairment®™. All NAs are excreted through kidneys
in unchanged forms and some of them are associated
with dose-dependent nephrotoxicity™. Nephrotoxicity
results from proximal tubular damage and presents with
elevated serum creatinine, proteinuria, nephrogenic
diabetes insipidus, hypophosphatemia or the more
severe form, Fanconi syndrome!®. Mauss et a/'®"! re-
ported a milder decrease in renal function with CHB
therapy irrespective of medications. Comorbidities such
as diabetes, hypertension and underlying chronic renal
disease may also contribute to the nephrotoxic effect
of NAs and aggravate renal dysfunction. In a study
analyzing effects of NAs and comorbidities on renal
function in 4178 CHB patients, age, diabetes, chronic
renal disease, renal transplantation and simultaneous
administration of diuretics were found to be independent
risk factors for the rapid progression of renal disease!®!,
Renal toxicity is the most noticeable side effect of
adefovir. It is generally dose- and time-dependent, and
reversible with dose-adjustment or discontinuation of the
drug™**##1 n the majority of studies, nephrotoxicity
was defined as an increase = 0.5 mg/dL from baseline
in serum creatinine or a serum phosphorus value of <
1.5 mg/dL on two consecutive occasions™. In previous
studies, including randomized controlled ones, adefovir
at 30 mg/d was reported to be nephrotoxic, but adefovir
at 10 mg/d was well tolerated and did not lead to an
increase in renal dysfunction compared to placebo™®,
In a study including a total of 515 patients with CHB,
three groups who were treated placebo (n = 170),
adefovir dipivoxil at 10 mg (n = 172) or adefovir dipivoxil
at 30 mg (n = 173) were compared in terms of response
to the treatment and adverse events rates*”. The safety
profile was similar in two groups, the placebo group and
the adefovir dipivoxil at 10 mg per day group. There was
no significant change in median serum creatinine level
at wk 48 of the treatment in these groups. However,
8% of the 30-mg group experienced an increase from
baseline of 0.5 mg/dL (44 umol/L) or greater in the
serum creatinine level. The prolonged use of adefovir
carries an extra risk of renal dysfunction. The incidences
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of increased creatinine level and hypophosphatemia were
reported to be increased with longer usage of adefovir,
even in patients receiving standard low-dose drug.

In recent years, Fanconi syndrome cases due to long-
term use of adefovir have been increasingly reported,
especially in East Asian populations®®, Fanconi syndrome
is defined as hypophosphatemia and a slight increase
in serum creatinine, resulting in proximal renal tubular
dysfunction. Additionally, osteomalacia may develop
secondary to hypophosphatemia. The patient’s main
symptoms can be muscular weakness and bone pain
involving the knees, ankles and ribs. Clinicians should
be aware of this potential complication and monitor
periodically the renal function and serum phosphate
level in any patient receiving adefovir®®®. In a current
meta-analysis, including seven randomized controlled
trials, four cohort studies and six single-arm studies,
adefovir treatment was not found to be associated with
increased nephrotoxicity in the randomized controlled
trials. However, the cohort studies showed an increased
nephrotoxicity risk in patients given adefovir, and the
single-arm studies revealed an approximately 1.7-fold
increased risk of renal dysfunction in patients given
adefovir compared to those treated with all other NAs®,
The authors drew attention to the differences between
the risk of nephrotoxicity in randomized controlled
trials and cohort studies and emphasized that since the
randomized controlled trials were small-sized and short
observational studies, the safety data may be inadequate
and that these studies may have underestimated the
adverse events. Current evidence indicated an increased
risk of nephrotoxicity in CHB patients treated with
adefovir.

The mechanism of adefovir nephrotoxicity was
poorly understood. Nephrotoxicity may result from the
apoptotic or mitochondrial toxic effect of adefovir in
the renal tubular epithelium. The deterioration of the
balance between the active adefovir uptake from blood
into proximal tubular cells, the secretion into urine, and
accumulation in proximal tubular cells represent the
primary mechanism of tubular toxicity.

Fanconi syndrome is a rare but serious adverse
effect of adefovir treatment. Fanconi syndrome is chara-
cterized by proximal renal tubular toxicity and leads to
increased urinary excretion of amino acids, uric acid,
bicarbonate, glucose and phosphate, and impaired re-
absorption of these solutes. Clinical manifestations in
adults include polyuria, polydipsia, dehydration and
osteomalacia®”. There are a significant number of
cases of adefovir-associated Fanconi syndrome in the
literature. Most cases occurred after prolonged use of
the drug and resolved after cessation of adefovir or
switching to another NA. The lowest dose of adefovir
(10 mg) can also lead to Fanconi syndrome'®®. Norma-
lization of creatinine level may require more than 1
year. In a retrospective case series study including 35
patients with Fanconi syndrome, hypophosphatemia,
increased urinary phosphate excretion and elevated
alkaline phosphatase were detected in all patients.
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Although serum phosphate levels rapidly increased,
especially within the 4 wk after adefovir discontinuation,
serum creatinine levels did not decrease to normal
range even 1 year after discontinuation of therapy™®.
Fanconi syndrome was rare in CHB patients treated with
tenofovir; it has been reported especially in cases of
HIV-HBV coinfection!®”°!,

Despite tenofovir being a higher dose prepara-
tion (300 mg/d) that has similar molecular structure
with adefovir, renal toxicity has been less commonly
detected™. In animal studies, tenofovir was reported
to be associated with renal dysfunction®®*, The mecha-
nism of nephrotoxicity is poorly understood, but it may
involve proximal tubular damage, mitochondrial toxicity
and apoptosis®®?,

Tenofovir has been shown to have a potential ne-
phrotoxic effect in patients with HIV infection who were
treated for an especially extended period. However, in
clinical trials, nephrotoxicity does not seem to be a major
problem in HBV monoinfection®®****), Increases in serum
creatinine of > 0.5 mg/dL were reported to be detected
in 1% of patients and remained stable over 4 years in
less than 1% of patients, with increased serum creatinine
levels of 0.5 mg/dL"*. Nevertheless, renal functions
and serum phosphate should be monitored regularly in
patients treated with tenofovir™.

In a study conducted by the Vireal group, a slight
decrease of mean glomerular filtration rate (GFR) was
reported during tenofovir therapy. Median change
in creatinine clearance and serum creatinine level
remained stable over time. Of the patients, 15% (n =
65) had a decline in GFR of = 20% and 6% (n = 26)
had a decline in GFR of = 30% compared to baseline.
Tenofovir treatment was discontinued in 23 patients
due to adverse events. Seven of them were associated
with renal disorders (n = 3, renal failures; n = 2, renal
impairments; n = 2, renal tubular disorders)""). Patients
who have an underlying renal impairment or HIV coin-
fection and those who receive a nephrotoxic drug are at
increased risk of nephrotoxicity. In a study comparing
tenofovir and entecavir in the same number of patients,
diabetes and transplantation but not tenofovir treatment
were found to be associated with increased risk of renal
impairment®*. A significant number of studies reported
that tenofovir did not lead to clinically relevant changes in
renal function”®®?,

In a prospective open-label study, conducted by
Heathcote et al’®, creatinine and creatinine clearance
were reported to remain stable during a 3-year period,
with a change in creatinine of 0.02 mg/dL at week
144. Two patients experienced a 0.5 mg/dL increase
in creatinine and 4 patients a reduction in serum
phosphorus < 2 mg/dL. All patients remained in the
study and continued the tenofovir therapy. The long-term
follow-up results of tenofovir therapy support the previous
data. At year 6, less than 1.5% experienced impairment
in renal function (= 0.5 mg/dL increase in serum
creatinine from baseline, phosphorus < 2 mg/dL, or CrCL
< 50 mL/min) with tenofovir treatment™®>!, Recently, Buti
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et al”” reported 7" year results of tenofovir treatment
for CHB. Of 585 patients, 21 (3.6%) experienced renal
function impairment. A serum creatinine increase > 0.5
mg/dL above baseline were confirmed in only 10 patients
(1.7%). The patients who did and did not develop renal
insufficiency were statistically different in terms of mean
age (47 years vs 40 years; P = 0.003), baseline mean
creatinine clearance (98.5 mL/min vs 117.4 mL/min; P
= 0.003) and main serum phosphate (2.8 mg/dL vs 3.3
mg/dL; P = 0.002). Despite the absence of significant
evidence that tenofovir is a nephrotoxic agent, possible
proximal tubular damage should still be kept in mind®..
The patients with normal renal function or mild renal
impairment who have no increased risk for renal toxicity
should be monitored every 6 mo for serum creatinine
and phosphorus. The patients with impaired renal
function or underlying comorbidities that show increased
renal failure may be monitored more frequently®®.
Dose-adjustment should be made according to the renal
impairment™.

Tenofovir safety was also similar in elderly and
younger patients™. There is little experience with
tenofovir treatment in renal transplantation. One study
reported 7 HBV-positive organ transplant recipients
(n = 3, kidney; n = 1, liver; n = 3, hearts) who were
safely and effectively treated with tenofovir. No adverse
events or kidney rejection were observed. There were
no statistically significant changes in renal functions®®”’.

In contrast to the nucleotide analogues, nucleoside
analogues are not generally associated with renal adverse
events. Increase in serum creatinine was reported in
less than 1% of patients treated with entecavirt®®. In
the study of Tsai et ai*®, entecavir and telbivudine were
found to be associated with GFR improvement. Despite
the absence of strong evidence, the current guidelines
recommend entecavir as the best option in renal trans-
plant recipients due to lack of data demonstrating a
major renal toxicity with entecavir®®%!,

Interestingly, telbivudine improves renal function
Several real-life studies have shown that treatment with
telbivudine increases GFR in CHB patients. The GLOBE
study and long-term extension studies had revealed that
long-term telbivudine treatment was associated with
a sustained improvement in renal function in patients
with compensated and decompensated cirrhosis who
had an increased risk of renal impairment®'®, Gane
et al'"® indicated an improvement in renal function
with telbivudine treatment by the calculation of GFR
using the Maodification of Diet in Renal Disease, Chronic
Kidney Disease Epidemiology Collaboration, and
Cockcroft-Gault methods. The increment of GFR was also
shown in patients at increased risk for renal impairment:
+17.2% in patients with baseline GFR of 60-89 mL/min
per 1.73 m?, +11.4% in patients older than 50 years
and +7.2% in cirrhotic patients. Additionally, improved
renal function has been reported to be maintained for
4-6 years. In a study investigating the renoprotective
effect of telbivudine on patients receiving adefovir-
based combination therapy, combination of adefovir
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and telbivudine was found to have a more protective
effect on renal functions than the combination of
adefovir and entecavir, combination of adefovir and
lamivudine, adefovir alone or entecavir alone!”.
Preemptive telbivudine use was reported to prevent renal
deterioration caused by cisplatin-based chemotherapy in
patients with advanced HCC!'®*, Additionally, telbivudine
is recommended in the prophylactic treatment of CHB in
patients with renal transplant due to its renoprotective
effect on transplanted patients™. Telbivudine is a good
option, especially in patients with renal impairment or in
those with risk factors for renal disease.

All NAs are cleared by kidneys and their dosage should
be adjusted in patients with creatinine clearance below
50 mL/min*®, To minimize the risk of nephrotoxicity,
simultaneous administration of the other nephrotoxic
drugs should be avoided. Secondly, all patients with
CHB infection who are treated with adefovir or tenofovir
should be regularly monitored for serum creatinine and
phosphate levels and drug dose should be modified if
creatinine increases by more than 0.5 mg/dL above
baseline or phosphate level decreases below 2.0 mg/dL,
to the needed dose'™.

SAFETY IN PREGNANCY

Mother-to-child-transmission remains the main route of
hepatitis B acquisition, especially in endemic countries!'®”.,
Despite postnatal use of immune globulin and vaccine,
mother-to-child transmission of HBV infection still occurs.
Intrauterine transmission is considered the main reason
underlying immunoprophlaxis failures'>'°, High HBV
DNA levels and HBeAg-positive status are the most
important risk factors for perinatal HBV transmission.
Thus, reducing maternal HBV DNA level has become the
main preventive measure of perinatal mother-to-child
transmission"'%). Current guidelines recommend initiating
NAs in pregnant females with high HBV DNA levels (above
> 10°7 IU/mL) at 28-32 wk of gestation and cessation
of NAs after delivery or 4-12 wk after delivery in females
who do not have a risk for ALT flares and pre-existing
advanced liver fibrosis/cirrhosis™%,

Two of five NAs approved for the treatment of CHB,
telbivudine and tenofovir, are classified as category B in
the United States FDA Pregnancy Categories (meaning
that no risk was observed in animal studies; however,
there are no adequate and well-controlled studies per-
formed in pregnant women). The other three NAs,
lamivudine, entecavir and adefovir, are classified as
category C (meaning that an adverse effect on the fetus
have been shown in animal studies, but there are no
adequate studies in humans)!'®” (Table 1). Prospective
studies have revealed that fetal abnormality rates in
mothers treated with NAs is low, and similar to those
in the general population®. Lamivudine is the most
experienced NA in pregnancy and it has been used
safely in preventing mother-to-child transmission of
HIV infection for 2 decades'®. In randomized controlled
studies, lamivudine has been shown to be effective in
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preventing mother-to-child-transmission when used
in the third trimester of pregnancy and early postnatal
period. There was no significant difference in the
incidence of fetal adverse effects between lamivudine
and placebo groups™®'®!, The Antiretroviral Pregnancy
Registry (APR) provides updated fetal safety data on
various drugs used in pregnancy, and includes data from
January 1989 to date. Up to 31 July 2015, APR reported
newborn defect rates as 3.1% during the first trimester
of 4566 pregnant women and 2.9% during the second/
third trimester of 7263 pregnant women who were
exposed to lamivudine. These rates were not different
from those reported in the general population!™,
However, lamivudine administration, even if for short-
term use such as during pregnancy, has a risk of select-
ing resistant strains due to poor antiviral activity™.
Current guidelines do not recommend lamivudine as
first-line therapy for the treatment of CHB infection in
pregnant women!"?,

Tenofovir is recommended in current guidelines for
preventing mother-to-child transmission in pregnant
women with high viremia based on its potent antiviral
activity, high barrier to resistance and being safet**.
Data on tenofovir safety has been usually obtained
from patients with HIV infection. It has been safely
used in pregnant women with HIV infection for a
relatively long time. APR reported newborn defect rates
as 2.3% during the first trimester of 2608 pregnant
women and 2.1% during the second/third trimester
of 1258 pregnant women, which is similar to the rates
in the general population. In a retrospective study,
conducted in 45 HBeAg-positive pregnant women
with high HBV DNA levels, tenofovir was found to be
effective in preventing vertical transmission and no
significant fetal adverse events were observed™". The
other multi-center prospective observational study
reported tenofovir to be more effective than lamivudine
in preventing vertical transmission'''!. These data are
supported by other studies!'?.

Telbivudine has greater potency than lamivudine in
decreasing HBV DNA level and it is recommended by
current guidelines in the prevention of mother-to-child
transmission of HBV infection. Use of telbivudine during
the second/third trimester of pregnancy was reported
to be effective and safe. Compared to placebo, no
serious adverse events were found in telbivudine-treated
mothers and their infants™'?. Despite the relatively low
resistance rate compared to lamivudine, telbivudine
resistance may occur during therapy!'®. There are no
adequate and well-controlled studies on the safety profile
of entecavir and adefovir in pregnant women infected
with CHB™,

Breast-feeding is discouraged during maternal NAs
treatment due to the uncertain safety on infants!.
Lamivudine is concentrated in breast milk. However, its
amount in infants exposed to lamivudine during breast-
feeding is accepted to be insignificant (approximately
2% of the recommended daily treatment dose)!™'*.
Similarly, tenofovir concentrations in breast milk have
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been reported, but infants are exposed to a small
amount because its oral bioavailability is limited™.
There is no adequate evidence to recommend the use
of entecavir and adefovir during the breast-feeding
period™'>"'!, Lamivudine or tenofovir is regarded as the
choice in breastfeeding mothers who needed to receive
treatment for HBV infection.

CONCLUSION

In light of the current data, the treatment of CHB seems
to be a life-long therapy. Thus, the long-term safety
of the drugs is one of the main factors that influence
treatment decision. To date, five oral NAs have been
approved for the treatment of CHB. All NAs are generally
safe and well-tolerated by CHB patients. All NAs carry a
“Black Box” warning about mitochondrial dysfunction.
The majority of mitochondrial toxicity cases are
associated with lamivudine and telbivudine and generally
present as myopathy, neuropathy or lactic acidosis. No
increased incidence of myopathy was reported with
adefovir, tenofovir and entecavir treatment, compared
to placebo. Adefovir is a well-known nephrotoxic agent
and may cause renal proximal tubular dysfunction.
Fanconi syndrome cases have been increasingly reported
in long-term adefovir therapy. Tenofovir has potential
nephrotoxic and bone density loss effects, especially in
patients with HIV coinfection. Entecavir and lamivudine
are not generally associated with renal adverse events.
Interestingly, telbivudine has the effect of improving
renal function. Serum creatinine, phosphorus and CK
levels should be monitored, especially in patients treated
with adefovir and tenofovir. Since BMD reduction may
occur during tenofovir treatment, BMD measurements
should be periodically performed. Although entecavir is
suggested to be associated with lactic acidosis in CHB
patients with high MELD scores, its use in compensated
and decompensated cirrhotic patients were reported
to be safe. Safety profile is a major issue that should
not be ignored in the treatment of CHB. Further studies
should be done to clarify the adverse effects of NAs and
determine follow-up timing and frequency, especially
in selected patient populations including those with
HIV-coinfection or renal impairment, and pregnant or
breastfeeding women.

Prolonged treatment experience can still reveal some
unknown adverse effects of drugs. Clinical trial data in
different patient populations continue to accumulate
in the literature. This review contains updated com-
prehensive data about the safety profile of NAs used in
CHB.
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Abstract

It is widely accepted that the indications for hepatec-
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tomy in colorectal cancer liver metastases and liver
metastases of neuro-endocrine tumors result in
relatively better prognoses, whereas, the indications
and prognoses of hepatectomy for non-colorectal non-
neuroendocrine liver metastases (NCNNLM) remain
controversial owing to the limited number of cases
and the heterogeneity of the primary diseases. There
have been many publications on NCNNLM; however, its
background heterogeneity makes it difficult to reach a
specific conclusion. This heterogeneous disease group
should be discussed in the order from its general to
specific aspect. The present review paper describes
the general prognosis and risk factors associated
with NCNNLM while specifically focusing on the liver
metastases of each primary disease. A multidisciplinary
approach that takes into consideration appropriate
timing for hepatectomy combined with chemotherapy
may prolong survival and/or contribute to the im-
provement of the quality of life while giving respite from
systemic chemotherapy.

Key words: Non-colorectal non-neuroendocrine liver
metastasis; Metastatic liver tumor; Hepatectomy;
Gastric cancer liver metastasis; Gastrointestinal stromal
tumor liver metastasis; Breast cancer liver metastasis;
Melanoma liver metastasis; Sarcoma liver metastasis;
Renal cell carcinoma liver metastasis; Ovarian cancer
liver metastasis
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Core tip: Previous studies reported that the results of
hepatectomy for non-colorectal, non-neuroendocrine
liver metastasis (NCNNLM) showed an acceptable
prognosis in the heterogeneous disease group. How-
ever, considering the indication of hepatectomy for
NCNNLM, it is important to define the features of each
primary disease. The present review paper describes
the general prognosis and risk factors associated
with NCNNLM, specifically focuses on liver metastasis
associated with each primary disease. A multidisciplinary
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approach that takes appropriate timing for hepatectomy
combined with chemotherapy into consideration may
prolong survival and/or contribute to the improvement
of the quality of life, while taking time off from systemic
chemotherapy.

Takemura N, Saiura A. Role of surgical resection for non-colorectal
non-neuroendocrine liver metastases. World J Hepatol 2017; 9(5):
242-251 Available from: URL: http:/www.wjgnet.com/1948-5182/
full/v9/i5/242.htm DOIL: http://dx.doi.org/10.4254/wjh.v9.i5.242

INTRODUCTION

Metastatic disease from solid organ tumors occurs fre-
quently in the liver. Presently, surgical resection has been
widely accepted as a treatment for colorectal cancer liver
metastases™” and liver metastases of neuro-endocrine
tumors®*, providing a relatively better prognosis,
whereas, the indications and prognosis of hepatectomy
for non-colorectal non-neuroendocrine liver metastases
(NCNNLM) remain controversial owing to the rarity of
the disease. The biological behavior of NCNNLM varies
depending on its primary origin. Discussion of this
heterogeneous disease group should be performed in
the order from its general to specific aspects. To date,
no prospective randomized study has been conducted
in this limited field; therefore, in this report we provide
a general review of large cohort retrospective studies on
hepatectomy for NCNNLM and a more specific review
on hepatectomy for liver metastases from different
primaries.

LITERATURE AND RESEARCH

In this report, we reviewed the literature reporting
NCNNLM in a large number of patients and their
specific primaries. More precisely, we reviewed articles
in the English literature that included = 100 cases with
NCNNLM and relatively large case series for the specific
primary (for liver metastases from gastric cancer, breast
cancer, and melanoma, reports that included = 40
cases were reviewed because of the limited availability
of cases in many studies). Using the results reported
in the selected literature, the survival outcomes and
statistically significant risk factors that impacted survival
by multivariate analysis (univariate analysis for some
report) were evaluated.

Prognosis and risk factors after hepatectomy for
NCNNLM

Along with increased evidence of prolonged survival
by hepatectomy in patients with colorectal and neuro-
endocrine liver metastases, Schwartz et a/® initially
categorized NCNNLM and reviewed the literatures in
1995, followed by the analysis of prognosis in a large
cohort study by Harrison et af® in 1997. Many validation
studies were performed in other patient cohorts that are
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summarized in Table 17, In the present report, we
reviewed the 10 largest studies, each with = 100 patients
who underwent hepatectomy for NCNNLM. In this cohort,
the 3- and 5-year overall survival rates were reported
as 34%-57% and 19%-42%, respectively, with median
survival times of 23-49 mo. The 3- and 5-year disease-
free survival rates were 21%-37% and 18%-29%,
respectively, with median disease-free survival times of
10-21 mo. The postoperative mortality and morbidity
rates were reported 0%-5% and 18%-33%, respectively.
In these cohort studies, the reported negative risk factors
for survival were the margin status in six studies®***>*¢
primary tumor type in four®***l: shorter disease-
free interval between primary tumor resection and
hepatectomy™®****! and extrahepatic disease!'****® in
three; postoperative complications!**'®!, larger hepatic
metastasis in diameter!®®*!, and squamous cell
histology™'®**! in two; and age!'”, major hepatectomy!'?,
minor hepatectomy™, synchronous metastasis!*",
lymphovascular invasion™®, stromal tumor histology™
and > 3 liver metastases™ in one (Table 1). Negative
risk factors for recurrence were extrahepatic disease**®!
in two studies; and primary tumor®, disease-free
interval®, larger hepatic metastasis in diameter'?, blood
transfusion™, preoperative chemotherapy™, > 3 liver
metastases™, and residual tumor''® in one. Patients with
liver metastases from breast cancer showed significantly
better survival in three studies!®'***, whereas those
with liver metastases from genitourinary tumor liver
showed better survival in one™, and patients with liver
metastases from melanoma showed poorer survival
compared to other primaries in two studies!*®** (Table 2).

As previously mentioned, the type of primary origin
was one of the greatest predictors of survival in patients
with this heterogeneous disease. Among the 10 largest
studies, the most dominant primary origin was the
breast”*3** and genitourinary®***2**! in four studies
and gastrointestinal tract in two**, Elias et al'”’ and
Yedibela et al® commented that the resection of liver
metastases from gastrointestinal adenocarcinoma cor-
related with a poor prognosis; however, a more recent
report by Takemura et ai**! showed acceptable prognosis
after resection of liver metastases from gastrointestinal
carcinoma in their largest cohort with a median survival
time of 33.5 mo after hepatectomy. As Yedibela et ai
and Groeschl et a*® reported that in the more recent
years, patients undergoing hepatectomy for NCNNLM
appeared to have longer survival compared to previous
years, advances in chemotherapy regimens might con-
tribute to prolong survival after the resection of NCNNLM.
Adam et al™ developed a risk model based on their
results of multivariate prognostic factor analysis, which
was validated by Lendoire et al*!. Their risk model can
efficiently stratify the patients into groups; however,
the prognosis of each group differed between the two
studies depending on the heterogeneous backgrounds
of the patient. To facilitate discussion, the prognosis of
each primary disease after hepatectomy for NCNNLM has
been discussed separately in following section.

[10]

February 18,2017 | Volume 9 | Issue 5 |



Takemura N et a/. Hepatectomy for NCNNLM

Table 1 Summary of studies each of which included = 100 patients who underwent hepatectomy for non-colorectal non-

neuroendocrine liver metastases (overall survival)

Ref. Year  Period No. of Primary tumor (Gl/breast/GU/ MST (mo) 3-ysr (%) 5-ysr (%) Factors associated with worse overall
patients melanoma/sarcoma/others) survival
Elias et al”’ 1998 1984-1996 120" (22/35/31/10/13/9) NR NR 36 NR
Yedibela et al” 2005 1978-2001 150 (50/24/11/5/15/45) 23 NR 26 Margin status (R1,2)
Weitz et al'® 2005 1981-2002 141 (12/29/50/17/0/33) 42 57 NR Primary tumor type, disease-free
interval < 24 mo, margin status (R1,2)
Adam et al™ 2006 1983-2004 1452 (314/460,/332/148,/0/198) 35 49 36 Age, primary tumor (ocular
melanoma, non-breast), squamous
tumor, disease-free interval,
extrahepatic disease, major
hepatectomy, margin status (R1,2)
Lendoire ef al™ 2007 1989-2006 106 (7/19/40/6/23/11) 27 34 19 Primary tumor (non-breast, non-
GU), synchronous metastasis, margin
status (R1,2)
O'Rourke et al™ 2008 1986-2006 102 (27/11/31/20/3/10) 42 56 39 Diameter of liver metastasis > 5 cm,
extrahepatic nodal disease
Groeschl et al™ 2012 1990-2009 420 (13/15/92/31/98/71) 49 50 31 Diameter of liver metastasis = 5 cm,
lymphovascular invasion
Takemura et al™ 2013 1993-2009 145 (91/30/12/1/8/3) 42 55 41 Postoperative complication
Hoffmann et al™ 2015 20012012 150 (30/42/33/15/9/21) 46 NR 42 Primary tumor (melanoma, non-
breast), interval < 24 mo, squamous
tumor, non-stromal tumor, minor
hepatectomy, margin (R2)
Schiergens et al 2016 20032013 167 (43/16/61/8/25/14) 35 49 NR > 3 liver metastases, extrahepatic

disease, residual tumor (R1,2), major
complications

'Patients with neuroendocrine tumors were excluded; “Results including neuroendocrine tumors. GI: Gastrointesti; GU: Genitourinary; MST: Median

survival time; ysr: Year survival rate; NR: Not reported.

Table 2 Summary of studies each of which included = 100 patients who underwent hepatectomy for non-colorectal non-

neuroendocrine liver metastases (disease-free survival)

Ref. Year No. of patients MDFST (mo) 3-ydfsr (%) 5-ydfsr (%) Factors associated with worse disease-free survival

Elias ef al” 1998 120" NR NR 28 NR

Yedibela et al'”! 2005 150" NR NR NR NR

Weitz et al'” 2005 141 17 30 NR Primary tumor, diseas-free interval < 24 mo

Adam et al™ 2006 1452 13 27 21 NR

Lendoire et al™ 2007 106 NR NR NR NR

O'Rourke et al™ 2008 102 18 37 27 Diameter of liver metastasis > 5 cm, extrahepatic nodal disease
Groeschl et al™ 2012 420 NR NR NR NR

Takemura et al™" 2013 145 10 21 18 Blood transfusuion, preoperative chemotherapy
Hoffmann et al™ 2015 150 21 36 29 NR

Schiergens et al™ 2016 167 15 NR NR > 3 liver metastases, extrahepatic disease, residual tumor (R1,2)

'Patients with neuroendocrine tumors were excluded; “Results including neuroendocrine tumors. MDFST: Median disease-free survival time; ydfsr: Year

disease-free survival ratio; NR: Not reported.

LIVER METASTASES FROM
GASTROINTESTINAL PRIMARY TUMORS

Gastric cancer liver metastases

In the present report, we reviewed the largest 8 studies,
each with = 40 patients who underwent hepatectomy
for liver metastases from gastric cancer. In this series,
the 3- and 5-year overall survival rates were reported
as 14%-51% and 9%-42%, respectively, with median
survival times of 12-41 mo (Table 3)"%*"23) Among
these studies, the negative risk factors for survival were
multiple liver metastases in three studies™®****'; larger
hepatic metastasis in diameter'***! and serosal invasion
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of primary gastric cancer’™®*!! in two; and synchronous
hepatic metastases™”!, > 3 liver metastases®! and >
2 positive regional lymph node metastases of primary
gastric cancer® in one (Table 3). The results of hepa-
tectomy for liver metastasis from gastric cancer are
influenced by the statuses of both the primary cancer
and liver metastasis. The recent meta-analysis of gastric
cancer liver metastases revealed that the surgical
resection of liver metastases from gastric cancer was
associated with a significantly improved survival and
among the patients who underwent surgical resection,
patients with solitary hepatic metastasis demonstrated a
significantly prolonged survival compared to patients with
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Table 3 Summary of studies each of which included = 40 patients who underwent hepatectomy for liver metastasis from gastric

cancer

Ref. Year Period No. of patients MST (mo) 3-ysr (%) 5-ysr (%) Factors associated with worse overall survival

Ambiru et ™ 2001 1975-1999 40 12 NR 18 Synchronous metastasis

Adam et al""' 2006 1983-2004 64 15 NR 27 NR

Cheon et al™ 2008 1995-2005 41 18 32 21 Multiple liver metastases

Takemura et al™ 2012 1993-2011 64 34 50 37 Serosal invasion of primary gastric cancer, maximum hepatic

metastasis diameter > 5 cm

Aizawa et al™ 2014  1997-2010 53 27 NR 18 Multiple liver metastases

Kinoshita et al®™ 2014 1990-2010 256 31 42 31 Serosal invasion of primary gastric cancer, > 3 liver metastases,
maximum hepatic metastasis diameter > 5 cm

Tiberio et al™ 2015 1997-2011 53 13 14 9 NR®

Oki et al™ 2015 2000-2010 69 41 51 42 Multiple liver metastases, > 2 positive regional lymph node

metastases of primary gastric cancer

'As a part of the report of on-colorectal non-neuroendocrine liver metastases; “Only risk factors including palliative patients were reported. MST: Median
survival time; ysr: Year survival rate; NR: Not reported.

Table 4 Summary of studies with relatively large cohort of patients who underwent hepatectomy for liver metastasis from

gastrointestinal stromal tumors

Ref. Year Period  No. of patients ~ MST (mo) 3-ysr 5-ysr  3-yPFS No. of  Factors associated with worse overall
underwent (%) (%) (%) patients survival
hepatectomy with TKI
DeMatteo et al® 2001 1982-2000 34! 39 50" 30 45' NR Interval from primary tumor diagnosis
< 24 mo’
Nunobe et al® 2005 1984-2003 18 36 64 34 NR 3 (17%) NR
Xia et al™ 2010 2005 19 33 (mean) 90 NR NR 19 (100%) Non-surgical therapy”
Turley et al® 2012 1995-2010 39 Notreached 68  NR NR 27 (73%)°  Non-TKI therapy, extrahepatic disease
at5yr
Bauer et al™ 2014 Until 2011 104 9% NR NR NR >84% Male', R2 resection’, progression

disease to TKI at the time of surgery*,
extrahepatic disease’
Du et al®™ 2014  NR 19 Notreached NR NR 88 (2-yr) 19 (100%) Non-surgical therapy”
Seesing et al®™ 2016 1999-2014 48 90 80 76 67 42 (88%) Margin status (R1,2)

'Including gastrointestinal sarcoma; *Copmarison to the non-operation group; *Excluding two patients lost to follow-up; ‘Results including resections of
extrahepatic metastasis. GIST: Gastrointestinal stromal tumor; MST: Median survival time; ysr: Year survival rate; PFS: Progression-free survival; TKI:
Tyrosine kinase inhibitor; NR: Not reported.

multiple hepatic metastases'®”!. Compared to colorectal ~ TKI therapy at the time of surgery™ were the factors

liver metastasis, reports on aggressive repeat hepatectomy associated with worse survival (Table 4). Different from
have been highly limited™!, which might be owing to ~ other NCNNLMs, the emergence of TKI dramatically
the frequent occurrence of extrahepatic recurrence changed the treatment and prognoses of patients with

such as peritoneal seeding and lymph node recurrence. advanced GIST. The role of surgical resection in the
However, advancements in effective chemotherapy treatment of metastatic GIST had remained unclear
regimens can expand not only the prognosis but also in the initial era of treatment with TKI®*¥; however,

the surgical indications for hepatectomy in patients with recent reports showed evidence that surgical resection
liver metastasis from gastric cancer and colorectal live combined with TKI offered better prognosis than

metastases alike. TKI monotherapy!®?*2, As Bauer et al*” reported

progression disease to TKI therapy at the time of surgery,
Gastrointestinal stromal tumors liver metastases an urgent issue to debate is the appropriate duration of
The 7 largest studies on the hepatectomy for liver meta- preoperative therapy to minimize the risk of acquiring

stases from gastrointestinal stromal tumors (GIST)  secondary mutations responsible for TKI resistance**%”..

reported 50%-90% and 30%-76% overall 3- and 5-year

survival rates, respectively, with median survival times Other gastro-intestinal primary tumor liver metastases
of 33-96 mo (Table 4)**34, Non-surgical therapy®?", Pertaining to reports of liver resection for other gastro-
positive resection margin®®*?, and extrahepatic dis- intestinal primary liver metastases that rarely indicated
ease” in two studies each and a disease free interval hepatectomy, esophagus and pancreas cancer liver
< 24 mo™®, absence of tyrosine kinase inhibitor (TKI) metastasis showed dismal prognosis with a median
therapy*®®, male patients™™ and progression disease to  overall survival time of 7-20 mo"******], In the mean-
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Table 5 Summary of studies with relatively large cohort of patients who underwent hepatectomy for liver metastases from

gastrointestinal primaries other than gastric cancer and gastrointestinal stromal tumors

Disease Ref. Year Period No. of MST (mo) 3-ysr (%) 5-ysr (%) Factors associated with worse
patients overall survival
Peri-ampullary De Jong et al™ 2010  1993-2009 40 17 [23 (intestinal), 13 18 NR Intestinal type (ampullary or
(pancreaticobiliary)] duodenal) tumors

Ampullary Adam et al™" 2006  1983-2004 15 38 NR 46 NR
Small bowel Adam et al™" 2006  1983-2004 28 58 NR 49 NR
Pancreas Adam et al™" 2006  1983-2004 40 20 NR 25 NR
Schiergens et al™" 2016  2003-2013 19 7 17 NR NR
Esophagous Adam et al™" 2006  1983-2004 20 16 32 NR NR
Ichida et al® 2013 2003-2005 5 13 NR NR NR

'As a part of the report of on-colorectal non-neuroendocrine liver metastases. MST: Median survival time; ysr: Year survival rate; NR: Not reported.

Table 6 Summary of studies with = 40 patients who underwent hepatectomy for liver metastasis from breast cancer

Ref. Year Period No. of patients MST (mo) 3-ysr (%) 5-ysr (%) MDFS (mo) Factors associated with worse overall survival
Pocard et al™ 2000  1988-1997 52 42 49 NR NR Disesase free interval < 48 mo (univariate)
Elias et al"™” 2003 1986-2000 54 34 50 34 NR Hormone receptor-negative
Adam et al®™ 2006  1984-2004 85 32 NR 37 20 Poor response to preoperative chemotherapy, R2,
no repeat hepatectomy
Adam et al""' 2006  1983-2004 454 45 NR 41 NR NR
Hoffman et al®™ 2010  1999-2008 41 58 68 48 34 Positive resection margin, disease-free interval <
24 mo
Abbott et al” 2012 1997-2010 86 57 NR 44 14 ER-negative, disease progression before
hepatectomy
Groeschlet al™ 2012 1990-2009 115 52 52 27 22 NR
Mariani et al! 2013  1988-2007 51 91 NR NR NR Non-hepatectomy”, bone metastasis*
Hoffmann et al™ 2015  2001-2012 42 63 NR 53 NR NR
Sadot et al*? 2016  1991-2014 69 507 NR 38 29 Lymph node metastasis in the primary tumor,

absence of trastuzumab therapy, multiple liver
metastases

'As a part of the report of on-colorectal non-neuroendocrine liver metastases; “Including 18 patients who underwent percutaneous ablation therapy;
*Comparison to the non-operation group; ‘Comparison including patients without hepatectomy. MST: Median survival time; ysr: Year survival rate; NR:

Not reported.

while, intestinal type primary tumors such as duodenal,
ampullary and small intestinal cancer showed relatively
better prognosis with median survival times of 23-58
mo"®** (Table 5).

LIVER METASTASES FROM BREAST
CANCER

The largest 10 studies, each with = 40 patients who
underwent hepatectomy for liver metastases from breast
cancer were reviewed. In this series, the 3- and 5-year
overall survivals rates were 49%-68% and 27%-53%,
respectively, with median survival times of 41-115 mo
(Table 6)[*%*3133%421 The negative prognostic predictive
factors were short disease-free interval®®**, negative
expression of hormone receptors™”*®, poor response to
systemic chemotherapy before surgery®®**”, and positive
hepatic resection margin®**? in two studies; and the
absence of repeat hepatectomy™, non-hepatectomy™",
bone metastasis*!, lymph node metastasis in the
primary tumor*?, absence of trastuzumab therapy™*?,
and multiple liver metastases'™” in one (Table 6). Some

prognostic factors of liver metastases from breast
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cancer are unique and different from other NCNNLMs,
which could indicate that the presence of hormone
receptors and HER2 overexpression requires the use of
chemotherapy and/or hormone therapy and influences
patient survival. Neuman et al**! suggested that the
impact of local control for liver metastases from breast
cancer was greatest in the presence of effective targeted
therapy. Similar to other NCNNLMs, surgical resection
before progression of disease even with chemotherapy
might result in better outcomes of selected patients
with liver metastases from breast cancer®”. As Sadot
et al*? advocated in their study, hepatic resection for
liver metastases from breast cancer might not confer a
survival advantages; however, might allow time off from
systemic chemotherapy.

LIVER METASTASES FROM MELANOMA

The largest four studies, each with = 40 patients who
underwent liver resection for liver metastases from
melanoma, reported an overall 5-year survival rate of
approximately 7%-20% with a median survival time of
14-28 mo (Table 7)"***, Short disease-free interval
from the diagnosis of primary tumort*®, positive resection
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Table 7 Summary of studies with = 40 patients who underwent hepatectomy for liver metastasis from melanoma

Ref. Year Period No. of patients Ocular/ MST (mo) (ocular/ 3-ysr (%) 5-ysr (%) Factors associated with worse
cutaneous cutaneous) overall survival
Adam et al™ 2006 1983-2004 148 104/44 19/27 NR 21 (ocular)/22 NR
(cutaneous)
Pawlik et al*! 2006 1988-2004 40 16/24 28 [29 (ocular)/24 62 (ocular)/48 11 (21 Cutaneous melanoma, no
(cutaneous)] (cutaneous) (ocular)/0 preoperative chemotherapy
(2-yr) (cutaneous)) (in cutaneous melanomay)
(univariable)
Mariani et al®™ 2009 1991-2007 255 (R2 = 157) 255/0 14 (27 mo after RO NR 7 Interval from primary tumor
resection) diagnosis < 24 mo, R1 and R2,
number of the metastases > 4,
miliary disease
Mariani et al 2016 2000-2013 70 (inclding 13 70/0 27 (hepatectomy), 28 NR NR NR
concomitant (+RFA)
with RFA)

'As a part of the report of on-colorectal non-neuroendocrine liver metastases. MST: Median survival time; ysr: Year survival rate; NR: Not reported.

Table 8 Summary of studies with relatively large cohort of patients who underwent hepatectomy for liver metastasis from sarcoma

Ref. Year  Period No. of patients MST (mo) 3-ysr (%) 5-ysr (%)  Factors associated with worse
overall survival
Lang et al™” 2000 1982-1996 26 (including 9 second, 2 32 (RO first resection), ~ NR 13 NR
third resection) 21 (R1,2 resection)
DeMatteo et al”™" 2001 1982-2000 56' 39" 50" 30" Time to liver metastasis from the
primary tumor diagnosis < 24 mo
Pawlik et al'*” 2006 1996-2005 53 (35Hx, 18RF + Hx, and 47 65 27 Non-GIST
13RF), (including 36 GISTs)
Marudanayagam et al® 2011 1997-2009  36' (including 5 GISTs) 24 48 32 Primaly leiomyosarcoma
Groeschl et al™™" 2012 1990-2009 98 72 60 32 NR
Zhang et al®™ 2015 2000-2009 27 NR NR 46 Interval from primary tumor

diagnosis < 24 mo, extrahepatic
disease, positive margins

'Including some patients with GIST before 1993, GISTs were considered as leiomyosarcomas; Including results of RF and patients with GIST; *As a part of
the report of on-colorectal non-neuroendocrine liver metastases. GIST: Gastrointestinal stromal tumor; MST: Median survival time; ysr: Year survival rate;

NR: Not reported; Hx: Hepatectomy; RF: Radiofrequency ablation.

[45] [45]

margin“~, > 4 liver metastases, miliary disease of
the primary melanoma™!, cutaneous melanoma™®, and
no preoperative chemotherapy were the risk factors
predicting poor patients survival (Table 7). The metastatic
pathway of ocular and cutaneous melanomas is different.
Ocular melanoma often spreads hematogenously to the
liver because there are no lymphatics in the uveal tract.
In contrast, cutaneous melanomas potentially spread to
the lung, lymph node and soft tissue, and infrequently
to the liver'””). Liver metastases from ocular melanoma
often recur within the liver, whereas cutaneous melanoma
is more likely to develop extrahepatic recurrence®.
Surgical resection should be performed concomitantly with
system in chemotherapy as part of a multidisciplinary
approach because recurrent disease frequently develops
after hepatectomy.

LIVER METASTASES FROM SARCOMA

The six largest studies on the resection of liver meta-
stases from sarcoma reported 50%-65% and 13%-46%
overall 3- and 5-year survival rates, respectively, with
median survival times of 24-72 mo (Table 8)!*%%31],
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Negative risk factors for overall survival in this cohort
were a time of < 24 mo from the diagnosis of primary
tumor to the time of liver metastasis'®**", non-GIST™*?,
leiomyosarcomal®™, extrahepatic disease™, and positive
resection margins®™"! (Table 8). These studies included
some GIST patients particularly in the early study periods
because GIST had been considered as leiomyosarcoma
before around 1993. Repeat hepatic resection was
reported in four studies. Lang et a*® reported 9 second
and 2 third cases of hepatectomy for intrahepatic recurrent
sarcoma. Less sensitivity to chemotherapy might prompt
the surgeon to conduct a repeat hepatectomy with RO
resection, resulting in a favorable outcome!*®,

LIVER METASTASES FROM
GENITOURINARY TUMORS

Genitourinary tumors mainly comprise renal cell car-
cinoma, gynecological carcinoma most commonly with
ovarian cancer, and testicular cancer. In the present
report, we have reviewed 6 studies pertaining to liver
metastases from the renal cell carcinoma which reported
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Table 9 Summary of studies with relatively large
genitourinary primary tumor

cohort of the patients who underwent hepatectomy for liver metastasis from

Disease Ref. Year Period No. of MST (mo) 3-ysr  5-ysr Factors associated with worse overall survival
patients (%) (%)
Renal cell carcinoma ~ Adametal™™ 2006 1983-2004 85 36 NR 38 NR
Thelenetal®™ 2007 1988-2006 31 48 54 39 Resection margin (R1,2)
Staehler et al™ 2010 1995-2006 68 142 NR 62 High-grade primary renal cell carcinoma,
performance status = 1, lymph node status
Ruys et al™ 2011 1990-2008 29 33 47 43  Synchronous metastases, R1,2 resection margin
(univariate)
Hatzaras et al®™ 2012 19942011 43 Not reached 62 NR Disease-free interval < 12 mo, exrahepatic
disease (univariate)
Schiergens et al™" 2016 2003-2013 28 50 68 NR NR
Gyneclogic primary Kamel et al®™! 2011 1990-2010 52 53 57 41 NR
Ovarian cancer Merideth et al®™ 2003 1976-1999 26 26 NR NR Interval from the primary diagnosis <12 mo,
residual disease > 1 cm (univariate)
Adametal" 2006 1983-2004 65 98 NR 50 NR
Lim et al®™ 2009 2001-2008 14 Not reached NR 51 Hematogeneous liver metastasis < hepatic
parenchymal metastasis from peritoneal
seeding’
Neumann et al™ 2012 1991-2007 41 42(R0 resection) NR NR  RI,2 resection, pre-operative ascites, bilobular
liver metastasis
Niu et al'™ 2012 2000-2011 60 39 NR 30 R1,2 resection
Kolev et al®" 2014 19882012  27° 56 NR NR  Interval from the primary surgery < 24 mo,
residual disease = 1 cm
Bacalbasa et al' 2015 20022014 31** 16 (metastasis NR  NR No significant risk factor
from seeding), 13
(hematogeneous)
Schiergens et al™ 2016 20032013 24 33 43 NR NR
Testicular cancer Hahn et al'®” 1999 1974-1996 57 NR 97 (2-yr) NR NR
Adametal®™ 2006 1983-2004 78 82 NR 51 NR

!As a part of the report of on-colorectal non-neuroendocrine liver metastases; “As a part of debulking surgery; *Hepatectomy as secondary cytoreduction;
“Including 2™ (1 = 15), 3" (3) and 4" (2) cytoreduction operations; *Only risk factors that included patients undergoing palliative treatment were reported.

MST: Median survival time; ysr: Year survival rate; NR: Not reported.

overall 3- and 5-year survival rate of 54%-68% and
38%-62%, respectively, with median survival times of
33-142 mo (Table 9)!'%*****), The negative prognostic
risk factors were the resection margin®**, high-grade
tumor™®®, poor performance status®™”, lymph node meta-
stasis™®”, synchronous metastasis™", short disease-free
interval®, and extra hepatic disease”' (Table 9). Staehler
et a*¥ is the first to advocate a favorable prognosis for
hepatectomy in patients who underwent resection of liver
metastases from renal cell carcinoma over the prognosis
of patients who refused to undergo hepatectomy for
metastatic renal cell carcinoma, albeit the requirement
for further systemic treatment.

The nine largest studies pertaining to gynecological
primary cancers, particularly with ovarian cancer,
reported 5-year overall survival rates of 30%-51% with
median survival times of 26-98 mo (Table 9)!'%1%°¢%2],
Factors associated with worse survival were shorter
interval from the diagnosis of primary disease to meta-
stasis®*®!, residual tumor measuring > 1 cm®*%!,
hematogenous liver metastasis™”, positive resection
margins®®”, pre-operative ascites”™, and bi-lobular
hepatic metastasis™” (Table 9). Owing to the unique
features of ovarian cancer, hepatectomy was regarded
as a part of cytoreductive surgery and concomitant
chemotherapy, which has been accepted as the standard
treatment for advanced ovarian cancer. In contrast to
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other NCNNLMs, the resection of liver metastases from
the peritoneal seeding showed better prognosis than
resection of hematogenous liver metastases™”".

Chemotherapy is highly effective in the treatment
of testicular carcinoma; however, one-third of the
patients either did not achieve complete responces or
experienced relapses®?. The limited studies involving
treatment with sensitive chemotherapy and subsequent
hepatectomy for testicular carcinoma have sufficiently
demonstrated a favorable prognosis in patients who
underwent this treatment regimen’®?,

CONCLUSION

The clinical evidence accumulated with regards to
NCNNLM has indicated the possibility of a chemotherapy-
free period and a few studies have demonstrated a curing
potential; however, almost all studies reviewed in the
present report were conducted retrospectively in selected
patients who underwent hepatic resection, which makes
determining the absolute indications for hepatectomy
in patients with NCNNLM challenging. Indications of
hepatectomy for NCNNLM change according to the
development of chemotherapy regimens. Strong and
highly effective chemotherapy regimens might either
expand the indications for hepatectomy or replace
hepatectomy in this field. A multidisciplinary approach is
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required for the treatment of patients with diseases that
are otherwise difficult to treat.
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Abstract

AIM

To evaluate and compare the efficacy and safety of
telaprevir (TVR)-and simeprevir (SMV)-based triple
therapies in elderly patients, specifically patients aged
66 years or older.

METHODS

The present study enrolled 112 and 76 Japanese
patients with chronic hepatitis C virus genotype 1b
infection who were treated with a 12-wk TVR-based or
SMV-based triple therapy, respectively, followed by a
dual therapy that included pegylated interferon o and
ribavirin (RBV) for 12 wk. The patients were categorized
into two groups according to age as follows: A younger
group of patients aged < 65 years old and an older
group of patients aged > 65 years old. Among the
patients treated with TVR-based triple therapy, 34
patients were included in the older group. The median
ages were 56 years (range: 28-65 years) in the younger
group and 69 years (range: 66-81 years) in the older
group. Among the patients treated with SMV-based
triple therapy, 39 patients were included in the older
group. The median ages were 59 years (range: 36-65
years) in the younger group and 71 years (range: 66-86
years) in the older group. The clinical, biochemical
and virological data were analyzed before and during
treatment.

RESULTS

Among the patients treated with the TVR-based triple
therapy, no significant difference in the sustained virological
response (SVR) was found between the younger (80.8%)
and older (88.2%) groups. The SVR rates for patients
with the interleukin 28B (IL28B) (rs8099917) TG/GG-
genotypes (73.9% and 60.0% in the younger and older
groups, respectively) were significantly lower than for
patients with the IL28B TT-genotype (86.3% and 92.9%,
respectively). The cumulative exposure to RBV for the
entire 24-wk treatment period (as a percentage of the
target dose) was significantly higher in the younger group
than in the older group (91.7% vs 66.7%, respectively,
P < 0.01), but the cumulative exposure to TVR was not
significantly different between the younger and older
groups (91.6% vs 81.9%, respectively). A multivariate
analysis identified the TT-genotype of IL28B (OR = 8.160;
95%CI: 1.593-41.804, P = 0.012) and the adherence
of RBV (> 60%) (OR = 11.052; 95%CI: 1.160-105.273,
P = 0.037) as independent factors associated with the
SVR. Adverse events resulted in discontinuation of the
treatment in 11.3% and 14.7% of the younger and older
groups, respectively. Among the patients treated with the
SMV-based triple therapy, no significant difference in the
SVR rare was found between the younger (81.1%) and
older (82.1%) groups. The SVR rates for patients with
the IL28B TG/GG-genotypes (77.8% and 64.7% in the
younger and older groups, respectively) were significantly
lower than for patients with the IL28B TT-genotype
(88.2% and 100%, respectively). A multivariate analysis
identified the TT-genotype of IL28B as an independent
factor associated with the SVR (OR = 9.677; 95%CI:

Raishidenge ~ WJH | www.wjgnet.com

1.114-84.087, P = 0.040). Adverse events resulted in
discontinuation of the treatment in 7.0% and 14.3% of
patients in the younger and older groups, respectively.

CONCLUSION

Both TVR- and SMV-based triple therapies can be succe-
ssfully used to treat patients aged 66 years or older
with genotype 1b chronic hepatitis C. Genotyping of
the IL28B indicates a potential to achieve SVR in these
difficult-to-treat elderly patients.

Key words: Telaprevir; Aged patients; Hepatitis C virus
genotype 1b; Interleukin 28B; Simeprevir

© The Author(s) 2017. Published by Baishideng Publishing
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Core tip: We evaluated the efficacy and safety of
telaprevir (TVR)-and simeprevir (SMV)-based triple
therapies for elderly patients with chronic hepatitis C,
especially patients aged 66 years or older, in a real-
world clinical setting. In both the TVR and SMV groups,
no significant differences in the SVR and adverse events
resulting in treatment discontinuation were found between
the younger (aged < 65) and older (aged > 65) patients.
Both the TVR- and SMV-based triple therapies can be
successfully used to treat patients aged 66 years or older
with chronic hepatitis C virus genotype 1b infection. Ge-
notyping of the interleukin-28B indicates a potential to
achieve SVR in these difficult-to-treat elderly patients.

Yamagiwa S, Ishikawa T, Waguri N, Sugitani S, Wakabayashi
H, Ohkoshi S, Tsukishiro T, Takahashi T, Watanabe T, Terai S.
Efficacy and safety of telaprevir- and simeprevir-based triple
therapies for older patients with chronic hepatitis C. World J
Hepatol 2017; 9(5): 252-262 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v9/i5/252.htm DOI: http://dx.doi.
org/10.4254/wjh.v9.i5.252

INTRODUCTION

Chronic hepatitis C virus (HCV) infections affect app-
roximately 130-170 million people worldwide and are
associated with an increased risk of developing liver
cirrhosis and hepatocellular carcinoma (HCC)™?. In
Japan, an estimated 1.5-2 million people are infected
with HCVP!, Most of infected patients in Japan are in-
fected with genotype 1 HCV and are older than the
infected patients in Europe and the United States™.
Although older patients with chronic HCV infection have
a higher risk of developing HCC than younger patients
even at the same liver fibrosis stage™, older patients
have been reported to show poor virological responses to
antiviral treatments, especially postmenopausal women™?,
Because older patients often have reduced cardiovascular,
pulmonary, and renal function and a decreased blood
count, they are usually more susceptible to the toxic
effects of antiviral treatments, which may lead to a
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higher rate and severity of adverse events and a poor
adherence to the treatment®. Therefore, an evaluation of
the safety and efficacy of antiviral treatments, especially
in elderly patients with chronic HCV infections, is still
necessary.

Before the introduction of direct-acting antiviral
agents (DAA), pegylated interferon (PegIFN) o and
ribavirin (RBV) were the standard of care for HCV geno-
type 1 infections. However, with the approval of telaprevir
(TVR) that is an HCV non-structural (NS) 3/4A protease
inhibitor, the optimum treatment regimen for chronic
HCV genotype 1 infections was changed to a triple
therapy with a protease inhibitor plus PegIFN o and RBV
for 24 wk™®. The TVR-based triple therapy has achieved
an improved sustained virological response (SVR) rate
compared to PegIFN monotherapy or PegIFNa plus
RBV dual therapy™® . However, the TVR-based triple
therapy is associated with an increased rate and severity
of adverse events, including pruritus, skin rash, anemia,
and anorectal diseases, as well as increased rates of
treatment discontinuation compared to patients receiving
PegIFNo plus RBV dual therapy!®'". Because of the
increased risk and severity of adverse events associated
with the TVR-based triple therapy, it is difficult to use
this therapy in older patients, and, therefore, reports
describing the safety and efficacy of TVR-based triple
therapy in elderly patients are limited™.

Simeprevir (SMV) is a second-generation oral HCV
NS3/4A protease inhibitor with antiviral activity against
HCV genotype 1, 2, 4, 5 and 6 infections'*?. The QUEST
1 and QUEST 2 phase 3 dlinical trials demonstrated the
SVR rates of 80% and 81%, respectively, in patients
treated with SMV-based triple therapy combined with
PegIFNo. and RBV!™., In Japan, 4 phase 3 clinical trials
(CONCERTO) were conducted, and the SVR rates were
88.6% and 91.7% for treatment-naive patients; 35.8%,
50.9% and 38.5% for non-responders; and 89.8% and
96.6% for patients that relapsed™**®. Although the SMV-
based triple therapy shows a favorable efficacy without
inducing severe dermatologic and hematologic toxicities,
the safety and efficacy of the SMV-based triple therapy
for elderly patients has not yet been fully evaluated.
Therefore, in the present study, we aimed to assess
the efficacy and safety of TVR- and SMV-based triple
therapies in elderly patients, specifically patients aged 66
years or older, in a real-world clinical setting.

MATERIALS AND METHODS

Patients

This prospective and multicenter study enrolled 112 and
76 HCV genotype 1b Japanese patients who received
12 wk of TVR-based and SMV-based triple therapies,
respectively, followed by a dual therapy that included
PegIFNo and RBV for 12 wk. Nine hospitals in Niigata,
Japan, including Niigata University Hospital, participated
in this study. The patients were categorized into two
groups according to age as follows: A younger group

Raishidenge ~ WJH | www.wjgnet.com

254

of patients aged < 65 years old and an older group
of patients aged > 65 years old. Among the patients
treated with the TVR-based triple therapy, 34 patients
were included in the older group. The median ages were
56 years (range: 28-65 years) in the younger group
and 69 years (range: 66-81 years) in the older group.
Among the patients treated with the SMV-based triple
therapy, the older group consists of 39 patients. The
median ages were 59 years (range: 36-65 years) in the
younger group and 71 years (range: 66-86 years) in the
older group. Liver biopsy samples were obtained from
34 (30.6%) and 42 patients (55.2%) in the TVR and
SMV groups, respectively. For each sample, the fibrosis
stage (FO-4) and activity grade (AO-3) were evaluated
according to the Metavir score!'”.,

According to responses to prior treatments, relapse
was defied as undetectable HCV during and at the end of
treatment with positive HCV RNA detecting later on. Non-
responder was defined as detectable HCV RNA for more
than 24 wk. Patients with decompensated liver cirrhosis,
hepatocellular carcinoma, co-infection with hepatitis B
virus or human immunodeficiency virus, autoimmune
hepatitis, primary biliary cirrhosis, hemochromatosis, or
Wilson’s disease were excluded. Patients with uncontroll-
able diabetes mellitus, chronic renal failure, depression,
and those with a history of alcohol abuse, were also
excluded. Information regarding patient profiles was
shown in Tables 1 and 2.

Study design

All patients received a 12-wk triple therapy that included
either TVR [1500 or 2250 mg/d; the initial dose of TVR
was determined by each attending physician based
on each patient’s baseline characteristics such as
bodyweight (BW)] (the dose of TVR was also reduced by
each attending physician based on each patient’s adverse
events such as anemia, malaise, and anorexia) (Telavic;
Mitsubishi Tanabe Pharma, Osaka, Japan) or SMV (100
mg/d) (Sovriad; Janssen Pharmaceutical K.K., Tokyo,
Japan) combined with PegIFNa2a (180 ug/wk) (Pegasys;
Chugai Pharmaceutical Co., Ltd., Tokyo, Japan) or
PegIFNa2b (1.5 pg/BW kg per week) (Peg-Intron; MSD,
Tokyo, Japan) and RBV (600-1000 mg/d according to
BW as follows: < 60 kg: 600 mg/d; 60-80 kg: 800 mg/d;
> 80 kg: 1000 mg/d; if the patient’s hemoglobin was <
13 g/dL at the start of therapy, RBV was reduced by 200
mg) (Rebetol; MSD or Copegus; Chugai Pharmaceutical
Co., Ltd.), followed by dual therapy of PegIFNa2a or
PegIFNa2b with RBV for 12 wk.

This study was conducted in accordance with the
Declaration of Helsinki. The study was reviewed and
approved by the Niigata University Medical and Dental
Hospital Institutional Review Board. Written informed
consent was appropriately obtained from all of the in-
dividuals who enrolled in the study according to the
institutional review board’s approved protocols (approval
No. 1474) at the Niigata University Medical and Dental
Hospital.
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Table 1 Patient characteristics by age (telaprevir)

Factors (median, range) Patients aged < 66 Patients aged = 66 P value
n 78 34

Gender, n (male/female) 41/37 20/14 0.68
Age (yr) 56 (28-65) 69 (66-81) <0.001
Body weight (kg) 61.1 (35.0-97.4) 57.8 (41.0-74.8) 0.105
Body mass index (kg/m’) 22 7 (15.8-32.2) 22 9 (17.9-28.9) 0.892
Baseline HCV-RNA (log IU/mL) .7 (3.9-7.7) .7 (3.1-7.8) 0.766
White blood cell (/mm’) 5000 (1900-8720) 4500 (2700-7700) 0.245
Hemoglobin (g/dL) 14.0 (9.1-18.6) 13.5 (9.5-16.3) 0.121
Platelets (x 10*/mm’) 15. 8 (6.5-28.7) 13 4 (8.3-29.0) 0.068
Albumin (mg/dL) 1(2.7-5.9) 9 (24-44) 0.007
AST (IU/L) 40 (17-249) 45 (20-163) 0.909
ALT (IU/L) 48 (15-278) 38 (15-189) 0.486
y-GTP (IU/L) 39 (11-717) 25 (11-144) 0.034
Serum creatinine (mg/dL) 7 (0.4-1.2) 8 (0.4-1.0) 0.036
Estimated GFR (mL/min) 79.0 (44.0-134.0) 71.5 (39.0-101.9) 0.006
Prior treatment response, 1 (naive/relapse/non-responder) 45/26/7 15/15/4 0.403
Liver histology (F0-2/3-4/ND) 21/6/51 4/3/27 0.348
IL28B SNP (rs8099917), n (TT/non-TT/ND) 51/22/5 28/5/1 0.235
HCV ISDR, 1 (0/1-3 /4-/NT) 32/26/6/14 15/10/2/7 0.955
HCV Core 70, n (Wild/Mutant/ND) 46/18/14 18/10/6 0.751
HCV Core 91, n (Wild/Mutant/ND) 42/22/14 19/9/6 1
Serum CXCL10 (pg/mL) 510 (95-1794) 543 (118-1218) 0.445

GFR: Glomerular filtration rate; IL28B SNP: Interleukin-28B single nucleotide polymorphism; ND: Not determined; ISDR: Interferon sensitivity-determining
region; HCV Core 70 or 91: At position 70 or 91 of the HCV core protein; CXCL10: Chemokine (C-X-C motif) ligand 10; HCV: Hepatitis C virus; AST:
Aspartate transaminase; ALT: Alanine aminotransferase; y-GTP: y-glutamyl-transpeptidase.

Table 2 Patient characteristics by age (simeprevir)

Factors (median, range) Patients aged < 66 Patients aged = 66 P value
n 37 39 -

Gender, 1 (%) (male/female) 19/18 (48.6) 14/25 (64.1) 0.123
Age (yr) 59 (36-65) 71 (66-86) <0.001
Body weight (kg) 62.0 (39.8-94.0) 56.0 (37.5-76.6) 0.011
Body mass index (kg/m’) 22.8 (17.2-30.3) 22 7 (17.8-32.1) 0.287
Baseline HCV-RNA (log IU/mL) 6.7 (5.4-7.8) 6 (4.7-7.6) 0.631
White blood cells (/mm®) 4620 (2600-7800) 4300 (2400-8100) 0.010
Hemoglobin (g/dL) 13.8 (11.0-16.7) 13.1 (9.8-16.8) <0.001
Platelets (x 10'/mm?) 16.4 (8.7-28.8) 16.3 (7.3-31.7) 0.291
Albumin (mg/dL) 4.2 (2.8-4.8) 4.0 (3.1-4.6) 0.002
AST (IU/L) 45 (21-159) 34 (19-128) 0.056
ALT (IU/L) 42 (16-316) 29 (12-112) 0.006
y-GTP (IU/L) 29 (13-260) 27 (9-171) 0.388
Serum creatinine (mg/dL) 0.70 (0.44-1.01) 0.70 (0.42-1.36) 0.689
Estimated GFR (mL/min) 78.7 (50.0-112.6) 77.4 (41.3-109.0) 0.221
Prior treatment response, 1 (naive/relapse/non-responder) 20/10/7 13/16/10 0.197
Liver histology (F0-2/3-4/ND) 12/6/19 19/5/15 0.483
IL28B SNP (rs8099917), n (TT/non-TT/ND) 17/19/1 18/17/4 1

HCV ISDR, n (0/1-3/4-/ND) 9/13/5/10 11/12/2/14 0.044
HCV Core 70, n (Wild/Mutant/ND) 17/13/7 15/8/16 1

HCV Core 91, n (Wild/Mutant/ND) 18/12/7 18/5/16 0.385

GFR: Glomerular filtration rate; IL28B SNP: Interleukin-28B single nucleotide polymorphism; ND: Not determined; ISDR: Interferon sensitivity-
determining region; HCV core 70 or 91: At position 70 or 91 of the HCV core protein; HCV: Hepatitis C virus; AST: Aspartate transaminase; ALT: Alanine

aminotransferase; y-GTP: y-glutamyl-transpeptidase.

Laboratory and safety assessments

Laboratory and safety assessments were performed
at initiation of treatment; at treatment weeks 2, 4, 8,
12, 16, 20 and 24; at the end of treatment; and at 12
and 24 wk after the end of treatment. Data on adverse
events were collected, and physical examinations were
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performed at each visit, if clinically indicated.

Detection of HCV markers

The detection of HCV viremia was performed using a
real-time polymerase chain reaction assay (COBAS
TagMan HCV test, Roche Diagnostic, Tokyo, Japan) with
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Figure 1 Rates of virological responses to telaprevir and simeprevir by age. Percentages indicate the proportion of patients with undetectable serum hepatitis C
virus (HCV) RNA levels. Patient numbers are shown in parenthesis. TVR: Telaprevir, SMV: Simeprevir; RVR: Rapid virological response; cEVR: Complete early virological
response; EOT: End of treatment response; SVR24: Sustained virological response defined as undetectable serum HCV RNA at 24 wk after the end of treatment.

a lower limit of quantitation of 15 IU/mL and a linear
dynamic range of 1.2-7.8 log IU/mL. The number of
amino acid substitutions in the interferon sensitivity-
determining region (in the range of 2209-2248 in the
HCV NS5A) was determined using a direct sequencing
method as reported previously™®. The core amino acid
substitutions at positions 70 and 91 of the HCV genome
were determined by direct sequencing as reported pre-

viously™,

Treatment efficacy

SVR that is defined as undetectable serum HCV RNA at
24 wk after the end of treatment was successful treat-
ment. Early virological responses during the first 12 wk
of treatment were defined as rapid virological response
(RVR), which was undetectable HCV RNA at week 4, and
complete early virological response (cEVR), which was
undetectable at week 12. End of treatment response
(ETR) was defined as undetectable HCV RNA at the end
of treatment. Relapse was defined as an ETR response
but non-SVR.

Interleukin 28B single-nucleotide polymorphism

Human genomic DNA was extracted from the peripheral
blood. Single-nucleotide polymorphism (SNP) genotyping
of the interleukin 28B (IL28B) (rs8099917) gene was
performed using the TagMan allelic discrimination demon-
stration kit (Applied Biosystems, Foster City, CA). The
rs8099917 genotype was classified into the following
2 categories: TT (major genotype) and non-TT (minor
genotype, TG or GG).

Statistical analysis

Continuous data from patients are expressed as the
median with the interquartile range. The significance
of the differences was analyzed statistically by the 47,
Fisher’s exact test, or Mann-Whitney U test, as appropriate,
using SPSS software (Ver.18, SPSS Inc., Chicago, IL).
To evaluate independent factors for predicting an SVR,
variables that reached the P < 0.1 level in the univariate
tests were used as candidate factors in a multivariate
logistic regression analysis. In all of the cases, the level of
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significance was set as P value < 0.05.

RESULTS

Patient characteristics

The patient characteristics in the TVR group (n = 112) and
SMV group (n = 76) are summarized by age in Tables 1
and 2. The analysis of the pretreatment factors revealed
that serum albumin, y-glutamyl-transpeptidase, and the
estimated glomerular filtration rate in the older patients
were significantly lower than those of the younger
patients in the TVR group (Table 1). Pretreatment serum
chemokine C-X-C motif ligand 10 (CXCL10) levels were
not significantly different between the younger (543
pg/mL, range: 118-1218 pg/mL) and older (510 pg/mL,
range: 95-1794 pg/mL) groups. In the SMV group, BW,
white blood cell count, hemoglobin, serum albumin, and
serum alanine aminotransferase (ALT) in the older patients
were significantly lower than those of the younger
patients (Table 2). No significant differences in the prior
treatment response, HCV core 70/91 mutations, or
IL28B SNPs were found between the younger and older
group in both TVR and SMV groups.

Virological response and outcome
Figure 1 shows the virological responses by age. RVR,
cEVR, ETR and SVR did not significantly differ between
the younger and older patients in the TVR group (60.2%
vs 58.8%, 92.3% vs 94.1%, 87.2% vs 88.2%, and 80.8%
vs 88.2%, respectively). Similar to the TVR group, RVR,
cEVR, ETR and SVR did not significantly differ between the
younger and older patients in the SMV group (81.1% vs
92.3%, 94.6% vs 94.9%, 94.6% vs 100% and 81.1%
vs 82.1%, respectively). In the older patients, SVR did
not significantly differ between the TVR and SMV groups,
although RVR was significantly higher in the SMV group
than in the TVR group (92.3% vs 58.5%, P < 0.01).
Figure 2 shows the virological responses according
to prior treatment responses. In both the TVR and SMV
groups, SVR did not significantly differ between the
younger and older patients with the same treatment
responses. In the older patients in the SMV group, SVR
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Figure 2 Rates of sustained virological response to telaprevir and simeprevir by prior treatment responses. Percentages indicate the proportion of patients
with undetectable serum hepatitis C virus (HCV) RNA levels at 24 wk after the end of treatment. Patient numbers are shown in parenthesis. °P = 0.033 (compared to
relapsers in the older patients). NR: Non-responders; TVR: Telaprevir; SMV: Simeprevir; SVR24: Sustained virological response defined as undetectable serum HCV

RNA at 24 wk after the end of treatment.
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Figure 3 Rates of sustained virological response to telaprevir and simeprevir by interleukin 28B single-nucleotide polymorphism. Percentages indicate
the proportion of patients with undetectable serum hepatitis C virus RNA levels at 24 wk after the end of treatment. Patient numbers are shown in parenthesis. TT,
interleukin 28B (IL28B) (rs8099917) TT-genotype; non-TT, IL28B TG/GG-genotypes °P = 0.038 (compared to older patients with the IL28B TT-genotype). °P = 0.005
(compared to older patients with the IL28B TT-genotype). TVR: Telaprevir; SMV: Simeprevir; SVR24: Sustained virological response defined as undetectable serum

HCV RNA at 24 wk after the end of treatment.

was significantly lower in the prior non-responders than
the prior relapsers (60% vs 93.8%, P = 0.033). Figure
3 shows the virological responses according to IL28B
(rs8099917) SNP status. In the TVR group, the SVR rate
for the older patients with the IL28B TT-genotype was
significantly higher than for the older patients with the
IL28B TG/GG-genotypes (92.9% and 60%, P = 0.038).
In the SMV group, the SVR rate for the older patients
with the IL28B TT-genotype was also significantly higher
than for the older patients with the IL28B TG/GG-
genotypes (100% and 64.7%, P < 0.01).

Safety and tolerability

Treatment tolerability was summarized in Tables 3 and
4. In the TVR group, adverse events resulted in treat-
ment discontinuation in 16.7% (13/78 cases) and 11.8%
(4/34 cases) of patients in the younger and older groups,
respectively. Although a greater number of older patients
in the TVR group was treated with the lower initial dose
of TVR (1500 mg/d) than the younger patients (P <
0.01)7 9 patients (26.4%) discontinued TVR because
of adverse events (four patients experienced skin rush,
four patients experienced anemia, and one patient ex-
perienced renal dysfunction). However, the rate of dis-
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continuation of TVR did not significantly differ between
the younger and older patients (Table 3). The cumulative
exposure to RBV for the whole 24-wk treatment period
(as a percentage of the target dose) was significantly
higher in the younger patients than in the older patients
(79.3% % 26.2% vs 62.7% % 25.3%, P < 0.01), but
the cumulative exposure to TVR was not significantly
different between the younger and older patients (88.8%
+ 22.8% vs 83.5% £ 25.5%, P = 0.103). Conversely,
SMV was not discontinued in either the younger or older
patients, although the rate of discontinuation of RBV
was significantly higher in the older patients than the
younger patients in the SMV group (58.9% vs 29.7%, P
= 0.012) because of anemia. Adverse events resulted in
treatment discontinuation in 8.1% (3/37 cases) and 7.6%
(3/39 cases) of patients in the younger and older groups,
respectively.

Predictive factors correlated with SVR24

To identify pretreatment and treatment factors that
contribute to SVR, univariate and multivariate analyses
were performed in the TVR and SMV groups including
the following variables: Gender, age, body mass index,
baseline HCV viral load, serum ALT, hemoglobin, platelet
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Table 3 Treatment tolerability (telaprevir)

Patients aged < 66 Patients aged = 66 P value

Initial doses (median, range)

PEG-IEN/BW (ug/kg per week) 1.48 (0.98-2.00) 1.49 (1.15-1.87) 0.859

TVR/BW (mg/kg per day) 33.0 (19.2-64.3) 29.2 (7.5-54.2) 0.044

TVR (2250 mg/1500 mg/ others), n 55/23/0 11/21/2 < 0.001

RBV/BW (mg/kg per day) 11.4 (6.8-20.0) 11.4 (5.7-28.0) 0.103
Dose reduction, 7 (%)

PEG-IEN 7(8.9) 6 (17.6) 0.209

TVR 19 (24.3) 12 (35.3) 0.256

RBV 40 (51.2) 27 (79.4) 0.006
Discontinuation, 1 (%)

PEG-IFN 13 (16.7) 4(11.8) 0.580

TVR 12 (15.4) 9 (26.5) 0.192

RBV 12 (15.4) 7 (20.6) 0.585
Adherence, mean + SD (%)

PEG-IFN 88.2+257 90.1+£19.8 0.606

TVR 88.8+£228 83.5+255 0.103

RBV 79.3+26.2 62.7+25.3 <0.001

PEG-IFN: Pegylated interferon; BW: Bodyweight; TVR: Telaprevir; RBV: Ribavirin.

Table 4 Treatment tolerability (simeprevir)

Patients aged < 66 Patients aged = 66 P value

Initial doses (median, range)

PEG-IFNa2a (180/90) (ug/wk) 19/0 10/1 0.366

PEG-IFNa2b (120/100/80/ others) (ug/wk) 2/16/5/1 0/25/5/1 0.422

SMV/BW (mg/kg per day) 1.6 (1.1-2.5) 1.8 (1.3-2.7) 0.011

RBV/BW (mg/kg per day) 11.6 (6.8-17.1) 12.3 (6.0-20.6) 0.166
Dose reduction, 1 (%)

PEG-IFN 5(13.5) 6 (15.3) 1

SMV 0 0 1

RBV 3(8.1) 6 (15.3) 0.481
Discontinuation, 1 (%)

PEG-IFN 5(13.5) 5(12.8) 1

SMV 2(54) 2(5.1) 1

RBV 11 (29.7) 23 (58.9) 0.012
Adherence, mean * SD (%)

PEG-IFN 93.6 +16.8 923+19.5 0.592

SMV 98172 93.9+18.1 0.079

RBV 91.0+16.1 86.8 £20.2 0.126

PEG-IFN: Pegylated interferon; SMV: Simeprevir; BW: Bodyweight; RBV: Ribavirin.

counts, IL28B SNP, initial dose of TVR, TVR/BW (mg/kg
per day), SMV/BW (mg/kg per day), dose reduction of
treatments, and RVR (Tables 5 and 6). In the TVR group,
the IL28B SNP significantly correlated with SVR according
to the univariate analysis. A multivariate logistic re-
gression analysis identified the IL28B TT-genotype (OR
= 8.160; 95%CI: 1.593-41.804, P = 0.012) and the
adherence of RBV (> 60%) (OR = 11.052; 95%CI:
1.160-105.273, P = 0.037) as independent factors
associated with the SVR (Table 5). In the SMV group,
the IL28B SNP and the absence of a dose reduction in
PegIFN significantly correlated with SVR according to the
univariate analysis. In the multivariate logistic regression
analysis, the independent factors associated with the
SVR were IL28B TT-genotype (OR = 9.677; 95%CI:
1.114-84.087, P = 0.040) and the absence of a dose
reduction in PegIFN (OR = 6.557; 95%CI: 1.328-32.377,
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P = 0.021) (Table 6).

DISCUSSION

In this study, we evaluated and compared the efficacy
and safety of TVR- and SMV-based triple therapies in
combination with PegIFN and RBV in elderly Japanese
patients with chronic hepatitis C (CHC), specifically pa-
tients aged 66 years or older. The rate of SVR did not
differ significantly between younger and older patients
in either the TVR or the SMV groups. Among the older
patients who were more difficult to treat, more patients
carrying the IL28B TG/GG genotypes and prior non-
responders were enrolled in the SMV group than the
TVR group. However, the rate of SVR did not differ
significantly between the TVR and SMV group, although
the rates of RVR and relapse were significantly higher in
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Table 5 Univariate and multivariate analysis of factors contributing to SVR24 (telaprevir)

Factors Univariate analysis Multivariate analysis
Odds ratio (95%Cl) P value Odds ratio (95%Cl) P value

Age 1.012 (0.955-1.072) 0.689

Gender (female) 0.784 (0.262-2.342) 0.663

Body mass index (kg/m’) 1.074 (0.875-1.318) 0.495

Prior treatment response (non-NR) 3.850 (0.830-17.861) 0.085

Baseline HCV-RNA (log IU/mL) 1.264 (0.457-3.495) 0.652

Baseline ALT (IU/mL) 1.008 (0.998-1.017) 0.105

Baseline platelets (x 10*/mm”) 1.017 (0.906-1.142) 0.775

Baseline hemoglobin (g/dL) 1.038 (0.736-1.464) 0.830

IL28B SNP (TT) 6.700 (1.826-24.584) 0.004 8.160 (1.593-41.804) 0.012
Initial dose of TVR (2250 mg/d) 2.069 (0.670-6.553) 0.204

TVR/BW (mg/kg per day) 0.938 (0.870-1.011) 0.093

RBV/BW (mg/kg per day) 0.811 (0.617-1.066) 0.133

PEG-IFN dose reduction (none) 2.134 (0.253-17.988) 0.486

TVR dose reduction (none) 1.020 (0.281-3.703) 0.976

RBV dose reduction (none) 1.548 (0.433-5.525) 0.501

Adherence of RBV (> 60%) 6.873 (1.784-26.474) 0.005 11.052 (1.160-105.273) 0.037
RVR (none) 0.88 (0.123-1.216) 0.104

HCV: Hepatitis C virus; ALT: Alanine aminotransferase; NR: Non-responder; IL28B SNP: Interleukin-28B single nucleotide polymorphism; TVR:
Telaprevir; RVR: Rapid virological response; PEG-IFN: Pegylated interferon; BW: Bodyweight; RBV: Ribavirin.

Table 6 Univariate and multivariate analysis of factors contributing to SVR24 (simeprevir)

Factors Univariate analysis Multivariate analysis
Odds ratio (95%Cl) P value Odds ratio (95%CI) P value

Age 0.998 (0.942-1.058) 0.953

Gender (female) 0.330 (0.083-1.314) 0.116

Body mass index (kg/m’) 1.164 (0.934-1.450) 0.175

Prior treatment response (non-NR) 2.955 (0.811-10.764) 0.101

Baseline HCV-RNA (log IU/mL) 0.767 (0.328-1.791) 0.540

Baseline ALT (IU/mL) 0.998 (0.985-1.012) 0.785

Baseline platelets (x 10*/mm®) 1.082 (0.953-1.228) 0.224

Baseline hemoglobin (g/dL) 1.257 (0.827-1.910) 0.285

IL28B SNP (TT) 12.593 (1.516-104.576) 0.019 9.677 (1.114-84.087) 0.040
SMV/BW (mg/kg per day) 0.306 (0.054-1.742) 0.182

RBV/BW (mg/kg per day) 1.085 (1.138-3.913) 0501

PEG-IFN dose reduction (none) 7.250 (1.712-30.700) 0.007 6.557 (1.328-32.377) 0.021
RBV dose reduction (none) 1.556 (0.470-5.160) 0.470

RVR (none) 0351 (0.075-1.637) 0.183

HCV: Hepatitis C virus; ALT: Alanine aminotransferase; NR: Non-responder; IL28B SNP: Interleukin-28B single nucleotide polymorphism; SMV:
Simeprevir; BW: Bodyweight; PEG-IFN: Pegylated interferon; RBV: Ribavirin; RVR: Rapid virological response.

the SMV group than the TVR group. When we performed
univariate analyses of factors associated with SVR in all
the enrolled patients, we did not find any significance
in the type of treatment (TVR vs SMV) (OR = 1.115,
95%CI: 0.415-3.192, P = 0.787). Ogawa et a/**"
reported that the rates of SVR were similar for patients
with HCV genotype 1b who were treated with TVR- and
SMV-based triple therapies, although patients treated
with TVR-based triple therapy had more frequent severe
adverse events than those treated with SMV-based
triple therapy. In this study, the rate of adverse events
that resulted in treatment discontinuation did not differ
between the younger and older patients in either the
TVR or the SMV group, although a higher frequency and
severity of adverse events have been reported in patients
treated with TVR-based triple therapy compared to
patients treated with PegIFN and RBV dual therapy™®*".
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We found that both TVR- and SMV-based triple therapy
were effective and tolerable among older patients aged
66 years or older.

In Japan, an estimated 1.5-2 million people are in-
fected with HCV, and these patients are older than those
infected in Europe and the United States™*?. However,
previous studies describing the safety and efficacy of
TVR- and SMV-based triple therapies, especially in elderly
patients with CHC, are limited. One of the reasons may
be that the inclusion criteria for clinical trials were usually
set to a maximum age of 65 years™ . Furusyo et af*
reported that there were no differences in the efficacy,
frequency and severity of adverse events between patients
aged > 60 years and those aged < 60 years who were
treated with TVR-based triple therapy. Consistent with our
study, they reported that a multivariate analysis revealed
that the IL28B TT-genotype and the achievement of
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RVR were independent factors associated with SVR.
Although the decrease in hemoglobin was significantly
higher in patients aged > 60 years compared to younger
patients aged < 60 years, the rate of adverse events
that resulted in treatment discontinuation was similar
between the two groups™. Abe et a/** also reported
that in patients treated with TVR-based triple therapy,
the SVR rate in patients aged > 65 years was similar to
that of patients aged << 65 years and that there was no
notable increase of the rate of treatment discontinuation.
In our study, the rate of adverse events that resulted
in treatment discontinuation in the older patients was
lower in the SMV group than in the TVR group, but the
difference was not statistically significant. However,
considering the risk of higher frequency and severity of
adverse events associated with TVR-based triple therapy,
we recommend the use of SMV rather than TVR.

The IL28B SNP genotype had a limited impact on the
SVR rate with triple therapy in treatment-experienced
patients™!, and the strength of the association between
the IL28B genotype and the treatment outcome was
attenuated in the triple therapy compared to the dual
therapy™?®. In the present study, the IL28B SNP geno-
type displayed a striking influence on the outcome of
both TVR- and SMV-based triple therapy, especially in
older patients. In the older patients carrying the IL28B
TT-genotype, the rates of SVR were 92.9% and 100% in
the TVR and SMV groups, respectively. In contrast, in the
older patients carrying the IL28B TG or GG-genotype,
the rates of SVR were significantly decreased to 60%
and 64.7% in the TVR and SMV groups (P = 0.038 and
P < 0.01), respectively. Although the substitutions in
the core aa70 of the HCV genotype 1b were reported to
be important predictors of the efficacy of dual therapy
and triple therapy®®®?, our study revealed that the
substitutions in the HCV core aa70 were not associated
with the achievement of SVR (data not shown). This
discrepancy may be explained by the differences in the
study population, as our study consisted of a relatively
higher number of aged patients. We also measured serum
CXCL10 in patients treated with TVR-based triple therapy
because previous studies have reported that pretreatment
serum CXCL10 concentrations were associated with early
virological response and treatment efficacy in patients
treated with this therapy™??, However, we did not con-
firm the utility of pretreatment CXCL10 concentrations as
a predictor of virological response in patients treated with
TVR-based triple therapy.

The present study has a number of limitations. First,
the sample size might have provided inadequate stati-
stical power to detect definitive differences between the
SVR and no-SVR data in both the older and younger
patients. However, the best of our knowledge, this is
the first study to compare the efficacy and safety of
TVR- and SMV-based triple therapies for elderly patients
aged 66 years or older. Second, we only investigated
Japanese patients with the HCV genotype 1b. Among
the Japanese population, the favorable IL28B SNP is
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found in the majority of the population (approximately
75%)™. Therefore, our results may not be generalizable
to other racial cohorts. Third, the older patients who
enrolled in the study did not have any severe baseline
complications, such as renal and hematological diseases.
Therefore, the conclusions drawn regarding the safety
of triple therapies may be limited. However, we believe
that our selection of older patients for the triple therapies
was appropriate and acceptable. Therefore, our findings
regarding the absence of severe adverse events, even in
the older patients, are important.

Treatment for CHC has been changing worldwide®**",
and IFN-free DAA combination therapies are now avail-
able in Japan. Although the majority of CHC patients are
usually treated with IFN-free DAA combination therapies,
PegIFN and RBV-based therapy may still have utility in
a small number of patients who do not show a favorable
effect after the treatment with IFN-free DAA therapies.
Moreover, considering the effect of preventing HCC by
an eradication of HCV, long-term prevention of HCC has
been shown only through the use of IFN-based therapies
thus far®>**, Therefore, we believe that the present
study will provide useful information regarding antiviral
treatment for older patients with CHC.

In conclusion, we found that both TVR- and SMV-
based triple therapies can be successfully used to treat
patients aged 66 years or older with genotype 1b CHC.
The IL28B genotype indicates a potential to achieve

SVR in these difficult-to-treat older patients.

COMMENTS

Background

In Japan, an estimated 1.5-2 million people are infected with hepatitis C virus
(HCV), and these patients are older than those infected in Europe and the United
States. However, previous studies describing the safety and efficacy of telaprevir
(TVR)- and simeprevir (SMV)-based triple therapies, especially in elderly patients
with chronic HCV infections, are limited.

Research frontiers

The patients were categorized into two groups according to age as follows: a
younger group of patients aged < 65 years old and an older group of patients
aged > 65 years old. The rate of sustained virological response (SVR) did not
significantly differ between the younger and older patients in both the TVR and
SMV groups. The rate of SVR did not significantly differ between the TVR and
SMV group, although the rate of rapid virological response was significantly
higher in the SMV group than the TVR group. The rate of adverse events resulted
in treatment discontinuation did not differ between the younger and older patients
in both TVR and SMV group, although a higher frequency and severity of adverse
events has been reported in patients treated with TVR-based triple therapy
compared to patients treated with pegylated interferon (PeglFN) and ribavirin
(RBV) dual therapy.

Innovations and breakthroughs

In this study, the authors found that both TVR- and SMV-based triple therapies
can be successfully used to treat patients aged 66 years or older with genotype
1b chronic hepatitis C (CHC). The interleukin 28B genotype indicates a potential
to achieve SVR in these difficult-to-treat elderly patients.

Applications
Treatment for CHC has been changing worldwide, and interferon (IFN)-free
direct-acting antiviral agents (DAA) combination therapies are now available
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in. Although the majority of CHC patients are usually treated with IFN-free
DAA combination therapies, PeglFNo and RBV-based therapy may still have
utility in a small number of patients who do not show a favorable effect after
the treatment with IFN-free DAA therapies. Importantly, HCV mutants that are
resistant to multiple IFN-free DAA therapies have been shown to be sensitive to
IFN-based therapies. Moreover, considering the effect of preventing HCC by an
eradication of HCV, long-term prevention of HCC has been shown only through
the use of IFN-based therapies thus far. Therefore, they believe that the present
study will still provide useful information regarding antiviral treatment for older
patients with CHC.

Terminology

TVR: An HCV non-structural 3/4A (NS3/4A) protease inhibitor; SMV: A second-
generation oral HCV NS3/4A protease inhibitor with antiviral activity against
HCV genotype 1, 2, 4, 5, and 6 infections.

Peer-review
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Abstract

AIM
To verify how malnutrition is related to health-related
quality of life (HRQL) impairment in patients with cirrhosis.

METHODS

Data was retrospectively abstracted from medical
records and obtained by direct interview. We included
patients with cirrhosis from any etiology, evaluated at
the Liver Clinic from Gastroenterology Department in
a tertiary healthcare center, from June 2014 to June
2016. Child-Pugh score, data about complications, and
demographic, clinical and anthropometric characteristics
of patients were obtained. Nutritional status was
evaluated by the Subjective Global Assessment (SGA).
HRQL was evaluated through the Chronic Liver Disease
Questionnaire. Patients were requested to assess their
global HRQL with the following code: 0 = impairment
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of HRQL, when it was compared with other healthy
subjects; 1 = good HRQL, if it was similar to the quality
of life of other healthy subjects. To compare the primary
outcome between malnourished and well-nourished
groups, the »” test, Fisher’s exact test or Student’s #-test
were used, based on the variable type. Associations
between predictor variables and deterioration of HRQL
were determined by calculating the hazard ratio and
95% confidence interval using Cox proportional hazards
regression.

RESULTS

A total of 127 patients with cirrhosis were included, and
the mean age was 54.1 £ 12.3 years-old. According
to Child-Pugh scoring, 25 (19.7%) were classified as
A (compensated), 76 (59.8%) as B, and 26 (20.5%)
as C (B/C = decompensated). According to SGA, 58
(45.7%) patients were classified as well-nourished.
Sixty-nine patients identified HRQL as good, and 76
patients (59.8%) perceived impairment of their HRQL.
Multivariate analysis to determine associations between
predictor variables and self-perception of an impairment
of HRQL found strong association with malnutrition (P
< 0.0001). The most important impaired characteristics
in malnourished patients were: Presence of body pain,
dyspnea on exertion with daily activities, decreased
appetite, generalized weakness, trouble lifting or
carrying heavy objects, and-decreased level of energy (P
< 0.0001).

CONCLUSION
Malnutrition is a key factor related to impairment of
HRQL in patients with cirrhosis.

Key words: Malnutrition; Subjective global assessment;
Health-related quality of life; Cirrhosis; Chronic liver
disease questionnaire

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

Core tip: Several factors, particularly the severity of
disease, development of ascites, need for paracentesis
and history of hospitalization for any cause, are factors
that worsen the health-related quality of life (HRQL)
of patients with cirrhosis. Noteworthy malnutrition is
a very important factor which impacts negatively on
HRQL of patients suffering cirrhosis; clinicians must
recognize it promptly and search for strategies to avoid
this preventable comorbidity.

Rojas-Loureiro G, Servin-Caamafio A, Pérez-Reyes E, Servin-
Abad L, Higuera-de la Tijera F. Malnutrition negatively impacts
the quality of life of patients with cirrhosis: An observational
study. World J Hepatol 2017; 9(5): 263-269 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v9/i5/263.htm
DOI: http://dx.doi.org/10.4254/wjh.v9.i5.263

Raishidenge ~ WJH | www.wjgnet.com

264

INTRODUCTION

Cirrhosis and its complications are important factors
which contribute to mortality worldwide™. Compared
with healthy people, the patients with compensated
cirrhosis have five times more risk of non-survival, and
those with decompensated cirrhosis have ten times more
risk of non-survival during follow-up™.

Malnutrition is highly prevalent in cirrhotic patients.
It is related to development of complications, or even
death®™,

Despite new treatment options for viral hepatitis,
the high frequency of undiagnosed patients with chronic
viral hepatitis and the increased incidence of metabolic
syndrome with non-alcoholic steatohepatitis had led to
the number of individuals progressing to cirrhosis being
expected to increase until about 2030%!. Moreover,
despite increased knowledge of the pathogenesis of
cirrhosis and major advances in the treatment, there
remains a paucity of information related to health-related
quality of life (HRQL) in these patients. Furthermore, the
emotional impact of cirrhosis on individual’s lives is rarely
considered in clinical practice'’.

HRQL is defined as the impact on three health domains
regarding the patient’s perception of their wellbeing:
Physical, psychological, and social health. Measurement
of HRQL requires administration of self-reported ques-
tionnaires™?.,

The Chronic Liver Disease Questionnaire (CLDQ)
assesses HRQL in patients with chronic liver disease
across diagnoses, at all stages of disease and treatment.
The CLDQ is a 29-item self-reported questionnaire, with
patient response options extending from 1 to 7 (all to
none of the time). The CLDQ addresses the following
domains that when combined give a composite score
that indicates overall HRQL: Fatigue, activity, emotional
function, abdominal pain, systemic symptoms, and
anxiety. Mean domain scores and an overall quality of life
score can be calculated, with higher scores representing
better outcome™®?!. Previous studies have confirmed how
HRQL deteriorates from compensated to decompensated
cirrhosis™.

Our aim in this study was to verify how malnutrition
is related to HRQL impairment in patients with cirrhosis.

MATERIALS AND METHODS

Study design

We designed an observational analytic study. Data
were retrospectively abstracted from medical records
and obtained by direct interview. All study participants
provided verbal informed consent prior to study enrollment.

Patients

We included patients with cirrhosis from any etiology,
who were evaluated at the Liver Clinic from Gastro-
enterology Department in a tertiary healthcare center,
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Figure 1 Kaplan- Meier curves showing the impairment of quality of life
through the course of chronic liver disease, in patients with cirrhosis and
malnutrition according to subjective global assessment. Malnourished
patients had a worse quality of life during the follow-up in each visit to the
physician, compared with those well-nourished patients. 2 < 0.0001. SGA:
Subjective global assessment.

from June 2014 to June 2016. The Child-Pugh score
was used to define compensated cirrhosis (Child-Pugh
A) and decompensated cirrhosis (Child-Pugh B/C). We
also collected data about complications of cirrhosis,
including: Ascites, need of paracentesis, variceal bleeding,
hepatic encephalopathy, and bacterial infection needing
hospitalization. Patients with other chronic comorbidities,
such as diabetes, chronic renal failure, heart or lung
disease, neoplasms and acquired immunodeficiency
syndrome, were excluded. We collected demographic,
clinical and anthropometric characteristics of patients.

Anthropometric parameters

Weight, height, mid-arm circumference and triceps
skinfold thickness were measured™?. Body mass index
(BMI) and ideal mid-arm muscle circumference were also
calculated™ ',

Nutritional status

Nutritional status was evaluated by the Subjective Global
Assessment (SGA)*>'), Patients were catalogued as
well nourished, or moderately or severely malnourished.
We chose the SGA for this study because of its being a
simple bedside method recommended by the experts
when other more accurate methods, such as phase angle
or body cell mass measured by bioelectric impedance
analysis, are not available to assess nutritional status.

HRQL

HRQL was evaluated through the CLDQ™. In addition,
patients were requested to assess their global HRQL with
the following coding system: 0 = impairment of HRQL,
when it was compared with other healthy subjects; 1 =
good HRQL, if it was similar to the quality of life of other
healthy subjects.

Statistical analysis
Numeric variables were stated as mean and standard
deviation (SD); categorical variables were stated as
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proportions and percentages. To compare the primary
outcome between malnourished and well-nourished
groups, the »° test, Fisher’s exact test or Student’s
t-test were used, as appropriate. Associations between
predictor variables and deterioration of quality of life
were determined by calculating the hazard ratio (HR)
and 95% confidence interval (CI) using Cox proportional
hazards regression. The significant variables (P < 0.05)
in the univariate model were included in the multivariate
model. Kaplan-Meier curves were constructed to compare
quality of life between well-nourished and malnourished
patients, and for this purpose, we identified the time
when patients were diagnosed with cirrhosis and the
estimated time when patients noticed impairment of
their quality of life. Statistical significance was considered
as a P-value < 0.05.

RESULTS

A total of 127 patients with cirrhosis were included, 70 of
which were female (55.1%) and 57 were male (44.9%);
the mean age was 54.1 + 12.3 years-old. Regarding
the etiology of the cirrhosis, 68 patients (53.3%) had
alcoholic cirrhosis, 23 (18.1%) had chronic hepatitis C,
21 (16.5%) had cryptogenic etiology, 11 (8.7%) had
autoimmune hepatitis, 3 (2.4%) had non-alcoholic steato-
hepatitis, and 1 (0.8%) had chronic hepatitis B. According
to Child-Pugh scoring, 25 patients (19.7%) were
classified as A (compensated), 76 (59.8%) as B, and 26
(20.5%) as C (B/C = decompensated). As determined by
the SGA, 58 patients (45.7%) were well-nourished and
69 (54.3%) had some degree of malnutrition, including
66 (52%) with mild to moderate malnutrition and 3
(2.3%) with severe malnutrition. A total of 51 patients
(40.2%) assessed their HRQL as good quality of life or
similar to other healthy subjects; on the other hand, 76
patients (59.8%) perceived impairment of their HRQL in
comparison with other healthy subjects. Characteristics
of patients according to their self-perception of HRQL
are shown and compared in Table 1. In the univariate
analysis, decompensated cirrhosis, presence of ascites,
need for paracentesis, hospitalization for any cause, and
malnutrition were factors significantly associated with
poor HRQL.

Multivariate analysis to determine associations between
predictor variables and self-perception of an impairment
of HRQL is shown in Table 2. The most important factor
related to poor HRQL was malnutrition (P < 0.0001).
Also, patients with malnutrition had poorer HRQL through
the time course of their chronic liver disease, when com-
pared with the well-nourished patients (P < 0.0001)
(Figure 1).

Finally, the comparison of characteristics evaluated
through CLDQ between malnourished and well-nourished
patients is shown in Table 3. The most important im-
paired characteristics in malnourished patients were:
Presence of body pain, dyspnea on exertion with daily
activities, decreased appetite, generalized weakness,
trouble lifting or carrying heavy objects, and decreased
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Table 1 Comparison between the patient characteristics according to the self-perception of quality of life

Characteristic Good quality of life (m = 51) Impairment of quality of life (n = 76) P
Male 24 (47.1) 33 (43.4) 0.69
Age (yr) 54.8+10.3 53.7+13.5 0.61
Decompensated or Child B/C 30 (58.8) 63 (82.9) 0.003
Etiology

Alcohol 28 (55.0) 40 (52.7) 0.83

Viral 9 (17.6) 15 (19.7)

NASH 2(3.9) 1(1.3)

Cryptogenic 8 (15.7) 13 (17.1)

Autoimmune 4(7.8) 7(9.2)
Weight in kg 65.2+149 63.7+13.4 0.55
Body mass index (kg/m®) 26.6+5.2 26.8+4.0 0.32
Triceps skinfold thickness (cm) 1407 1408 0.79
Mid-arm circumference (cm) 26.4+47 239+3.7 0.001
Ideal mid-arm muscle circumference (cm) 221+41 19.6+28 <0.0001
Malnourished according to SGA 14 (27.5) 55 (72.4) <0.0001
Presence of ascites 19 (37.3) 48 (63.2) 0.004
Need for paracentesis 7 (13.7) 25 (32.9) 0.02
Development of variceal bleeding 12 (23.5) 18 (23.7) 0.98
Development of hepatic encephalopathy 19 (37.3) 30 (39.5) 0.80
Bacterial infection requiring hospitalization 6 (11.8) 14 (18.4) 0.45
Any complication requiring hospitalization 32 (62.7) 62 (81.6) 0.02

Categorical variables are expressed as 1 (%), and compared by 4° or Fisher’s exact test. Numeric variables are expressed as median and SD, and compared
by Student’s t-test. Statistical significance was considered as a P-value of < 0.05. NASH: Non-alcoholic steatohepatitis; SGA: Subjective global assessment.

Table 2 Multivariate analysis to identify factors associated

with self-perception of impairment of quality of life

Characteristic HR (95%CI) P
Malnourished according to SGA 2.8 (1.6-5.0)  <0.0001
Need for paracentesis 1.8 (1.0-3.2) 0.05
Presence of ascites 1.4 (0.7-2.7) 0.38
Any complication requiring hospitalization 1.1 (0.5-2.6) 0.82
Decompensated or Child B/C 1.8 (0.0-4.0) 0.14

Cox regression, statistical significance was considered as a P-value of < 0.05.
HR: Hazard ratio; SGA: Subjective global assessment.

level of energy (P < 0.0001).

DISCUSSION

Cirrhosis represents the final stage of all chronic liver
diseases. In its decompensated form, cirrhosis can
result in portal hypertension and hepatic dysfunction.
Cirrhosis is a leading cause of morbidity and mortality
worldwide, and not only is related to decreased survival
but also to poor HRQL™.

Quality of life is a concept that reflects the positive
and negative aspects of an individual’s life. The term
“HRQL" specifically addresses the impact of health
on patients’ wellbeing®®’. There are many factors that
influence outcome and HRQL in patients with cirrhosis,
however liver function clearly plays a major role affecting
the HRQL of patients with cirrhosis. Patients with decom-
pensated cirrhosis have an important impairment on
HRQL"™. Also, many symptoms can negatively impact
HRQL in patients with cirrhosis; these symptoms can
include abdominal bloating, nausea, somnolence, weight
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loss, weakness, fatigue and itching. All of these may
interfere with patient’s work, schooling, social activities,
and sense of wellbeing™®.

In our study, we found that decompensated cirrhosis
(Child B/C) is a factor related to impairment of HRQL;
this finding is similar to other studies. Marchesini et a*”
also reported that the severity of liver disease or the
development of complications were conditions clearly
related to deterioration of perception of health. Similarly,
we found that the presence of ascites and need for
paracentesis were associated factors related to poor
quality of life. Furthermore, hospitalization for any cause
was a condition related to poor HRQL in patients with
cirrhosis.

In our study, interestingly we found that patients
with cirrhosis and malnutrition had a poorer HRQL when
compared with well-nourished patients with cirrhosis.
Furthermore, malnutrition was the main factor contributing
to impairment of HRQL in these patients. Cirrhosis is
also associated with malnutrition, which is a complication
that negatively affects cirrhotic patients, particularly
those decompensated®®”. In patients with cirrhosis, the
prevalence of malnutrition has been reported between
20% to 60%***". In a previous study conducted by Pérez-
Reyes et al! in a Hispanic population, the prevalence of
malnutrition was as high as 56.3%. In the present study,
we also found a high frequency of malnutrition in patients
with cirrhosis (54.3%). Malnutrition in cirrhosis is related
to development of ascites, encephalopathy, spontaneous
bacterial peritonitis, other bacterial infections and
hepatorenal syndrome!*?*34, But also, malnutrition
deteriorates the HRQL in patients with cirrhosis®***! and
several other gastrointestinal and non-gastrointestinal
diseases* ), Our study confirms that malnutrition is
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Table 3 Chronic Liver Diseases Questionnaire items comparison according to nutritional status

CLDQ item Well-nourished Malnourished P

(n = 58) (n = 69)
1 How much of the time during the last 2 wk have you been troubled by a feeling of abdominal bloating? 5.72 +1.531 4.67 +2.056 0.001
2 How much of the time have you been tired or fatigued during the last 2 wk? 3.69 +1.366 2.94 +1.259 0.002
3 How much of the time during the last 2 wk have you experienced body pain? 4.14 +0.868 3.57 +0.848 0.0001
4 How often during the last 2 wk have you felt sleepy during the day? 5.05 +£1.343 4.55+1.105 0.02
5 How much of the time during the last 2 wk have you experienced abdominal pain? 545 +1.273 4.96 +1.529 0.05
6 How much of the time during the last 2 wk have you experienced dyspnea on exertion, being a problem  6.16 + 0.951 533 +1.431 0.0001
for you in your daily activities?
7 How much of the time during the last 2 wk have you not been able to eat as much as you would like? 6.12+1.010 3.55+1.549 0.0001
8 How much of the time in the last 2 wk have you been bothered by having decreased strength? 491+1.218 2.90 +1.447 0.0001
9 How often during the last 2 wk have you had trouble lifting or carrying heavy objects? 5.62 +0.834 4.09+1.391 0.0001
10 How often during the last 2 wk have you felt anxious? 552+1.112 5.33 £1.379 0.41
11 How often during the last 2 wk have you felt a decreased level of energy? 5.19 +1.100 3.20 +1.491 0.0001
12 How much of the time during the last 2 wk have you felt unhappy? 512+1.077 4.41+1.527 0.003
13 How often during the last 2 wk have you felt drowsy? 497 £1.324 4.55+1.051 0.05
14 How much of the time during the last 2 wk have you been bothered by a limitation of your diet? 414 £1.206 3.91+£1.160 0.29
15 How often during the last 2 wk have you been irritable? 552+1.128 5.36+1.175 0.45
16 How much of the time during the last 2 wk have you had difficulty sleeping at night? 5.02 +1.493 4.87 +1.444 0.57
17 How much of the time during the last 2 wk have you been troubled by a feeling of abdominal  5.62 +1.437 4.77 £1.816 0.004
discomfort?
18 How much of the time during the last 2 wk have you been worried about the impact your liver disease  5.84 +1.056 594 +1.371 0.66
has on your family?
19 How much of the time during the last 2 wk have you had mood swings? 5.50 +1.417 5.83 +1.283 0.18
20 How much of the time during the last 2 wk have you been unable to fall asleep at night? 5.10 +1.360 4.67 +1.569 0.99
21 How often during the last 2 wk have you had muscle cramps? 5.52 +1.047 5.39 +1.074 0.51
22 How much of the time during the last 2 wk have you been worried that your symptoms will develop ~ 4.19 + 1.515 4.45 +1.586 0.35
into major problems?
23 How much of the time during the last 2 wk have you had a dry mouth? 540+1.184 530+1.192 0.66
24 How much of the time during the last 2 wk have you felt depressed? 5.33 £1.082 4.68 +1.745 0.01
25 How much of the time during the last 2 wk have you been worried about your condition getting worse? 4.05+1.191 4.28 +1.454 0.34
26 How much of the time during the last 2 wk have you had problems concentrating? 5.34 +£1.132 4.74 +1.569 0.01
27 How much of the time have you been troubled by itching during the last 2 wk? 5.71+1.451 6.20 +1.065 0.03
28 How much of the time during the last 2 wk have you been worried about never feeling any better? 4.07 £1.153 4.36+1.382 0.20
29 How much of the time during the last 2 wk have you been concerned about the availability of a liver if =~ 4.22 +1.312 4.23 +1.467 0.97

you need a liver transplant?

Data are expressed as median and SD, and compared with Student’s t-test. Statistical significance was considered as a P-value of < 0.05. CLDQ: Chronic

Liver Diseases Questionnaire.

a key factor related to impairment of HRQL in patients
with cirrhosis, even when we adjusted for advanced liver
disease or decompensation status, and for other major
complications such as ascites, need for paracentesis and
need for hospitalization for any cause.

In conclusion, cirrhosis is the end-stage of all chronic
liver diseases; it contributes importantly to morbidity and
mortality worldwide but also has a negative impact on
HRQL that must be considered. Several factors contribute
to a poor HRQL in patients with cirrhosis, however malnu-
trition, which is a highly prevalent comorbidity in patients
with cirrhosis, represents a key factor related to poor
HRQL in these patients. There is a need for developing
strategies to evaluate more accurately patients with
cirrhosis and to identify promptly those patients at risk of
malnutrition.

COMMENTS

Background

Cirrhosis is a significant contributor to global mortality. Prevalence of malnutrition
is high in patients with cirrhosis and is related to increased complications or
even death. Despite increased knowledge of the pathogenesis of cirrhosis, there
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remains a paucity of information related to health-related quality of life (HRQL) in
these patients.

Research frontiers

The emotional impact of cirrhosis on individual’s lives is rarely considered in
clinical practice. The Chronic Liver Disease Questionnaire assesses HRQL in
patients with chronic liver disease across diagnoses, at all stages of disease
and treatment.

Innovations and breakthroughs

Cirrhosis is a leading cause of morbidity and mortality worldwide, and not only
is related to decreased survival but also to poor quality of life. The term “HRQL”
addresses the impact of health on a patient's wellbeing. Many factors influence
HRQL in patients with cirrhosis, however the impact of comorbidities, such
as malnutrition, are not well understood. The authors found that patients with
cirrhosis and malnutrition had worse quality of life when compared with well-
nourished patients with cirrhosis. In this study, malnutrition was the main factor
contributing to impairment of quality of life in these patients.

Applications

In this study, the authors found that several factors contribute to a poor health-
related quality of life in patients with cirrhosis, however malnutrition, which is a
highly prevalent comorbidity in these patients, represents a key factor related to
poor quality of life in these patients. There is a need for developing strategies to
evaluate more accurately patients with cirrhosis and to identify promptly those
patients at risk of malnutrition.
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Terminology

Nutritional status was defined through the Subjective Global Assessment and
patients were divided as follows: Well-nourished, or moderately or severely
malnourished. The HRQL is defined as the impact on three health domains-
physical, psychological, and social health-on patient perception of their wellbeing.
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Very nice and well written paper.
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Abstract

AIM

To determine whether addition of simvastatin could
be an important pharmacological rescue therapy for
carvedilol non-responders.

METHODS

One hundred and two consecutive patients of cirrhosis
of liver with significant portal hypertension were in-
cluded. Hepatic venous pressure gradient (HVPG) was
measured at the base line and after proper optimization
of dose; chronic response was assessed at 3 mo. Car-
vedilol non-responders were given simvastatin 20
mg per day (increased to 40 mg per day at day 15).
Carvedilol plus simvastatin was continued for 1 mo and
hemodynamic response was again measured at 1 mo.
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RESULTS

A total of 102 patients with mean age of 58.3 + 6.6 years
were included. Mean baseline HVPG was 16.75 £ 2.12
mmHg and after optimization of dose and reassessment
of HVPG at 3 mo, mean reduction of HVPG from baseline
was 5.5 £ 1.7 mmHg and 2.8 £ 1.6 mmHg among
responders and non-responders respectively (P < 0.001).
Addition of simvastatin to carvedilol non-responders
resulted in significant response in 16 patients (42.1%)
and thus overall response with carvedilol and carvedilol
plus simvastatin was seen in 78 patients (80%). Two
patients were removed in chronic protocol study with
carvedilol and three patients were removed in carvedilol
plus simvastatin study due to side effects.

CONCLUSION

Addition of simvastatin to carvedilol non-responders
may prove to be an excellent rescue therapy in patients
with portal hypertension.

Key words: Simvastatin; Cirrhosis; Carvedilol; Liver
cirrhosis; Portal hypertension; Hepatocellular carcinoma

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

Core tip: There is no pharmacological option available
for treatment of carvedilol nonresponders in patients
with portal hypertension. Addition of simvastatin could
be an important pharmacological rescue therapy for
carvedilol nonresponders. This study showed that
addition of simvastatin to carvedilol non responders
can increase overall response to around 80%, which is
one of the best possible pharmacologically produced
chronic response and it opens a new strategy for portal
hypertension treatment.

Wani ZA, Mohapatra S, Khan AA, Mohapatra A, Yatoo GN.
Addition of simvastatin to carvedilol non responders: A new
pharmacological therapy for treatment of portal hypertension.
World J Hepatol 2017; 9(5): 270-277 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v9/i5/270.htm DOI:
http://dx.doi.org/10.4254/wjh.v9.i5.270

INTRODUCTION

The prevalence of esophageal varices in an asympto-
matic compensated patient is around 40%". While the
incidence of variceal development is roughly 6% per year,
it doubles if hepatic venous pressure gradient (HVPG)
rises above 10 mmHg. Thus, cirrhotics with HVPG of >
10 mmHg represent higher risk group. HVPG > 10 mmHg
also correlates with higher risk of decompensation and
hepatocellular carcinoma (HCC)™?!. The result of a
number of meta-analysis has shown that, prognosis of
cirrhotic patients improve with significant decrease in
portal pressure, i.e., when target decrease in HVPG (>
20% from baseline or to < 12 mmHg) is achieved™?.,
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In practice, cirrhotic patients complicated with varices
should be treated except for Child-Pugh (C-P) class A
patients with small varices without red color signs'®.

The role of non-selective beta blockers (NSBBs) and
endoscopic variceal ligation (EVL) in the prevention of
first variceal bleeding is conflicting. Analysis of a recent
meta-analysis did not show any differences on mortality
or bleeding rates between the two groups in trials with
adequate bias control”, In contrast, another meta-
analysis showed that compared with BBs, EVL reduced
the risk of a first variceal bleed, although, there was no
significant difference in survival®. Hence, the author
concluded that EVL should be offered to patients with
moderate to large oesphageal varices who are unlikely
to comply or intolerant or who bleed while taking BB.

Still, the mainstream in pharmacological treatment
of portal HTN (PHT) is NSBB like propranolol and nodolol
which help in preventing first and recurrent variceal bleed-
ing, gastropathy and spontaneous bacterial peritonitis
(SBP)¥!. Drugs like isosorbide-5 mononitrate, prazosin
or statins when added to NSBBs help in reducing the
hepatic vascular tone and thus may turn many non-re-
sponders to responderst®*l, Also, HVPG can be further
decreased with these drugs. Recently our group has pub-
lished a combined study on carvedilol in which 50% of
the patients showed acute response and more than 60%
of patients showed chronic response (please refer to
definitions for details)™. We also showed in a separate
study that, optimization of dose of carvedilol on chronic
basis is an excellent policy for portal hypertension across
different C-P class of liver disease!.

Simvastatin improves liver generation of nitric oxide
(NO) and hepatic endothelial dysfunction in patients
with cirrhosis. Hence, it could be an effective therapy
for portal hypertension. Recently, ideal drug for portal
hypertension was pictured as one that should reduce
portal pressure by decreasing intrahepatic vascular
resistance while maintaining or enhancing hepatic blood
flow**'), Other desirable action would be an antifibrotic
effect and a capacity to improve liver function. The drug
that would be able to increase NO bioavailability in liver
would fulfill many of the requirements>*®, However
in patients with advanced cirrhosis, non-selective NO
donors such as organic nitrates which enhance peripheral
vasodilatation further decrease arterial pressure and
activate endogenous vasoactive system. Thus, selectivity
for hepatic circulation is a further requirement for vaso-
dilators used to treat portal hypertension™.

Recent experimental and human data®>*! suggests
that statins (3-hydroxy-3-methyl-COA reductase inhibitor)
could decrease intra hepatic vascular resistance and
improve flow mediated vasodilatation of liver vasculature
in the cirrhotic liver. These effects are mediated by an
up regulation of NO at the liver vasculature through an
enhancement in endothelial NO synthetase activity'®..
Moreover, NO production in liver by statins is selective and
could behave as true liver selective vasodilator.

Thus, the concept of our study was to assess the
response of 3™ generation beta blocker carvedilol on
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Total number of patients
screened (200)

No. of patients excluded
No varices: 35 patients
Baseline HVPG < 12 mmHg: 25 patients

No. of patients studied
(140)

Other exclusion criteria
HCC: 10 patients
Portal vein thrombosis: 8 patients
Renal failure: 10 patients
Refused to participate: 10 patients
Side effects of HVPG: 2 patients

Patient included in the study

(100)
Addition of Carvedilol
(Chronic response evaluated by HVPG)

‘ Carvedilol nonresponders (38)

Carvedilol responders (62) ‘

Addition of 40 mg
Simvastatin (3 patients

excluded as they
developed side effects)

‘ Remaining 35 patients ‘
were followed

Figure 1 Study design. HVPG: Hepatic venous pressure gradient; HCC:
Hepatocellular carcinoma.

chronic basis (after proper optimization of dose) and then
to add simvastatin along with carvedilol, optimise dose in
carvedilol non responders to have a new pharmacological
approach and better rescue therapy.

MATERIALS AND METHODS

Patients and methods

We prospectively evaluated one hundred and two
cirrhotic patients who were referred to our institution
for hemodynamic evaluation from January, 2010 to
December, 2014. The study was approved by the institu-
tional review board (IRB) and all included patients gave
informed consent for participation.

Diagnostic criteria for cirrhosis was based on dlinical,
biochemical, radiological and if needed on liver biopsy.
The criteria for esophageal varices was based on
quantitative grading used by Bavino consensus, i.e.,
esophageal varices less than 5 mm are small varices and
esophageal varices equal to or greater than 5 mm are
considered large varices. Criteria used to diagnose ascites
was according to international ascites club 2003, i.e.,
grade I - mild (ultrasound based), Grade II - moderate,
i.e., (symmetrical abdominal distension) and Grade 1II -
gross with marked abdominal distension.

The inclusion criteria of the study include evidence
of esophageal varices on upper gastrointestinal (GI)
endoscopy, without a previous history of hemorrhage and
a baseline HVPG of greater than 12 mmHg. Exclusion
criteria were age < 18 years; severe liver failure INR >
2.5, or PT < 40% of control, bilirubin > 5 mg/dL; active
alcohol consumption; IV drug abuse; renal failure, i.e.,
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creatinine > 1.5 mg/dL; HCC; contraindication to NSBB;
pre or post hepatic cause of PHT; pregnancy; previous
surgical shunt or TIPPS; treatment with calcium channel
blockers; treatment with (3-hydroxy-3-methyl-COA
reductase inhibitor) in past three months; a known
hypersensitivity to simvastatin and refusal to participate
in study.

Dosing Of NSBB

Baseline HVPG was measured for all included patients
after 8 h of fasting. They were started on carvedilol 6.25
mg/d from the next day and dose was titrated by steps
of 6.25 mg/wk. Dose of carvedilol was increased weekly
until arterial systolic blood pressure (BP) was not less
than < 90 mmHg and heart rate (HR) not less than <
55 bpm. Compliance with therapy was monitored by
recording HR and BP during clinical visit.

Dosing of simvastatin

Carvedilol non-responders were added simvastatin 20
mg/d for 15 d (then increased to 40 mg). Complete
clinical examination and blood tests were performed at
day 15, patients were interrogated specifically for muscle
weakness, if no safe end point was met, dose was
increased to 40 mg/d and continuing with continuation of
carvedilol. Treatment was maintained for 1 mo and then
repeat hemodynamic response was measured.

Definitions
Acute response to carvedilol: Acute response to
carvedilol is defined as “a drop in HVPG greater than
20% and or less than 12 mmHg from baseline at 90
min after administration of a single dose (12.5 mg) of
carvedilol”.

Chronic response to carvedilol: Chronic response
to carvedilol is defined as “a drop in HVPG greater than
20% and or less than 12 mmHg from baseline at 3 mo
after proper optimization of dose of carvedilol”.

Response with addition of simvastatin

After 30 d of 40 mg simvastatin addition to carvedilol
in carvedilol non responders, HVPG drop of greater
than 20% from baseline and or less than 12 mmHg
HVPG. The study design is illustrated in Figure 1. Dose
optimization was done in all patients who were started
with carvedilol. Once doses were optimized, weekly
follow-up of each patient was done and HVPG was again
measured at 3 mo of treatment. Patients were assessed
for side effects; their BP and HR were measured on each
follow-up visit. Carvedilol non responders were added
with simvastatin 20 mg/d and after 15 d, all blood tests
were taken for side effects of simvastatin and clinical
history specifically muscle weakness was taken. With
no clinical and biochemical evidence of adverse effects,
patients were given 40 mg of simvastatin per day and
continuing carvedilol for 1 mo, repeat hemodynamic
assessment was done to see response in carvedilol non
responders and thus overall response in the study group
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Table 1 Baseline characteristics of 102 patients

Parameters Description
Age (mean + SD) 58.35 + 6.62
Gender (male:female) 63:39
Child-Pugh class (A:B:C) 43:32:27
Etiology (Alcohol:Viral:NASH or Cryptogenic:AIH) 31:37:29:5
Oesophagea | Varices (small:large) 34:68
Ascites (No:Grade [ :Grade II: Grade III) 63:6:25:8
Total bilirubin (mg/dL) 1.96 £ 0.81
Serum albumin (mg/dL) 3.20 £0.49
Prothrombin time 14.13 £1.91
International normalized ratio 1.29£0.16

NASH: Non-alcoholic steatohepatitis; ATH: Autoimmune hepatitis.

was seen.

Haemodynamic measurements

Under fluoroscopic guidance, hepatic vein catherization
was performed according to the standards described
by Bosch et al**®, A 7F balloon tipped catheter was
advanced to main right hepatic vein to measure wedged
hepatic venous pressure gradient (WHPG). HVPG was
measured as the difference between WHPG and free
hepatic pressure gradient (FHPG). Swangaz catheter was
advanced to pulmonary artery for measurement of cardio
pulmonary pressures like pulmonary artery pressure
(PAP), wedged pulmonary pressures (WPP), right arterial
pressure (RAP), etc. All measurements were repeated
three times and tracing were noted. Mean arterial pre-
ssure was measured non-invasively by automatic sphy-
gmomanometer. HR was derived by continuous ECG
monitoring and systemic vascular resistance (SVR) as
(MAP - RAP/CO x 80).

Statistical analysis

The statistical methods of this study were reviewed by
Dr. Khan from Noora Multispeciality Hospital, Srinagar,
India. Statistical analysis was performed by using stati-
stical package for social sciences (SPSS) version 22.0.
Descriptive statistics was presented as proportion,
Mean + standard deviation (SD) and median with inter-
quartile range. Comparative analysis was done by
utilizing student’s t-test and 4° test. The univariate and
multivariate logistic regression was used for finding the
predictors. A P-value less 0.05 was considered significant.

RESULTS

A total of 68 patients (66.7%) had large varices and
34 patients (33.3%) had small varices on upper GI
endoscopy and 63 (61.8%) patients had no ascites
while others had ascites. The baseline parameters are
shown in Table 1.

After optimization of dose and reassessment of HVPG
after 3 mo, total number of chronic responders was 62.
However two patients discontinued treatment because
of side effects. Mean duration of dose optimization was
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15 £ 3 d. Mean reduction of HVPG from baseline and
after 3 mo was 5.5 £ 1.7 mmHg and 2.8 £ 1.6 mmHg
among responders and non-responders on chronic
basis, respectively (P < 0.001). Mean dose of carvedilol
was higher among non-responders (19.2 + 5.7 mg) as
compared to responders (18.7 = 5.1 mg).

Effect of simvastatin addition to carvedilol non
responders with continuation of carvedilol on reduction
of portal hypertension and hemodynamic parameters
After assessing the chronic response at 3 mo with
carvedilol, there were 38 patients who did not respond
significantly to carvedilol and were thus called as car-
vedilol non-responder. In these 38 patients, simvastatin
20 mg/d was added initially for 15 d and at 15 d, side
effects like muscle weakness along with biochemical
parameters like CPK and ALT was seen. If CPK > 5
times and ALT > 3 times was found in any patient, they
were withdrawn from the study. One patient developed
CPK > 5 times with normal ALT was withdrawn from
study on 15™ day. Second patient developed hepatic
encephalopathy and 3™ patient developed severe
dizziness and both of these were withdrawn from study.
Four patients developed minor side effects with normal
CPK and ALT and were continued with treatment.

Among 38 carvedilol non responders, therefore, 35
patients continued carvedilol and simvastatin for 1 mo
and then a repeat hemodynamic assessment was done.
There were 16 responders and 19 non-responders at one
month after adding simvastatin. Thus, overall carvedilol
response in the study was 79.56% (78 patients). The
pre baseline mean HVPG of carvedilol non responders
was 16.429 mmHg which dropped to 13.029 mmHg,
i.e., 3.4 mmHg drop (> 20%) after adding simvastatin.
The post carvedilol HVPG (post chronic) in carvedilol non
responders was 14.457 mmHg which dropped to 13.029
mmHg, i.e., 1.428 mmHg drop (9.87%) by adding sim-
vastatin. It means that, simvastatin is responsible for
HVPG drop of 9.87% in isolation.

Baseline and hemodynamic parameters of patients
in whom simvastatin was added are shown in the Tables
2 and 3.

Gender, etiology, C-P class, ascites and variceal size
were not seen to be statistically significant between
responders and non-responders in simvastatin protocol.
Among baseline hemodynamic parameters, only pre
WHPG was significantly higher in responders as com-
pared to non-responders (P = 0.01). HVPG was higher,
though not statistically significant predictor of response.
All hemodynamic parameters significantly decreased
from baseline after treatment with simvastatin except
FHVP which was significantly raised. All hemodynamic
parameter were significantly decreased after treatment
with simvastatin except FHVP which was significantly
raised with respect to their values after chronic treatment
with carvedilol (chronic protocol). Pre (baseline), post
chronic (chronic carvedilol at 3 mo) and post simvastatin
haemodynamic parameters in carvedilol non responders
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Table 2 Baseline characteristics of 38 carvedilol non

responders patients in whom Simvastatin was added

Table 3 Hemodynamic parameters (mean) of studied popu-
lation

Parameters Description
Age (mean * SD) 58.45 + 5.95
Gender (male:female) 21:17
Child-Pugh class (A:B:C) 14:13:11
Etiology (Alcohol:Viral:NASH or Cryptogenic) 12:15:11
OesophagealVarices (small:large) 12:26
Ascites (No:Grade 1:Grade 2:Grade 3) 21:4:8:5
Total bilirubin (mg/dL) 2.042 £0.77
Serum albumin (mg/dL) 3.203 £ 0.54
Prothrombin time 14105+ 2.16
International normalized ratio 1.318 £0.15

NASH: Non-alcoholic steatohepatitis.

are shown as general linear model in Figure 2.

DISCUSSION

The mechanism of portal hypertension primarily involves
an increase in resistance to portal outflow circulation. It
leads to the formation of portosystemic collateral veins, of
which esophageal varices have the highest clinical impact
and the most severe complications. Other manifestations
of portal hypertension include portal hypertensive gas-
tropathy and large spontaneous shunts which refer
to presence of patent paraumbilical vein, spleno-renal
shunt, ano-rectosigmoid varices™®. Recently, it has been
showed that identifying cirrhotic patients with high blood
ammonia concentrations could be clinically useful, as
high levels would lead to suspicion of being in presence
of collaterals®", The first line pharmacological therapy in
portal hypertension is NSBB therapy. It decreases portal
pressure through a reduction in portal venous inflow as
a result of a decrease in cardiac output (B:-adrenergic
blockade) and splanchnic blood flow (Bz-adrenergic
blockade). However, a major drawback of NSBBs is that
not all patients respond to beta-blockers with a reduction
of the HVPG.

Clinicians and researchers have always been looking
for a more powerful portal hypotensive agent than
propranolol and nodolol either administered alone or com-
bination with nitrovasodilators. Advantages of medical
therapy include safety and correction of detrimental
systemic effects of portal hypertension. Our study tries
to use best portal hypotensive agent, i.e., 3 generation
beta blocker (non-selective) with mild vasodilating
properties, i.e., carvedilol which has been proven to show
excellent hemodynamic response on chronic basis to the
tune of 50%-72% of patients™.

There are six studies which investigated chronic
effects of carvedilol®®*® with longest period of follow-up of
11 wk in one study. In another study by Stanley et af*”,
seven of patients inclusively studied in acute protocol
were unable to complete chronic administration of car-
vedilol as a result of side effects. This study suggests
that, atleast for study group the administration of 25 mg
without attempts to titrate according to response may
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Hemodynamic Baseline Post chronic Post simvastatin
parameters carvedilol (3 mo)

CO (L/min) 7.525 £ 0.19 6.38 £0.13 6.195 +0.17
HR (beats/min) 79.45 £ 2.50 57.45+2.44 55.053 +1.67
MAP (mmHg) 89.53 +2.42 75.54 £1.97 74.500 + 1.48
FHVP (mmHg) 8.28 £1.85 9.45 +1.90 10.086 + 1.68
WHPG (mmHg) 25.08 +2.55 22.04 +2.56 23114 £2.32
HVPG (mmHg) 16.75+2.12 12.60 £2.24 13.029 £ 1.56

CO: Cardiac output; HR: Heart rate; MAP: Mean arterial pressure; FHVP:
Free hepatic venous pressure; WHPG: Wedged hepatic venous pressure
gradient; HVPG: Hepatic venous pressure gradient.

not be ideal. Keeping in view the results of the above
study, we used a titration or dose optimization based
strategy for assessing chronic carvedilol response. It also
studies difference of response between early liver disease
and advanced liver disease, i.e., between C-P class A
and B/C on chronic basis. Further this study looks into
maximum dose tolerated by different C-P class of liver
disease on chronic basis apart from looking into predictor
of chronic response. Idea of our study was to further
move to add an agent to carvedilol non responders which
has no effects on MAP or peripheral vascular resistance
and which behaves like a true liver selective vasodilator,
i.e., simvastatin. Thus, it is the first study which has used
a new pharmacological agent simvastatin in carvedilol
non responders. Additive effects of simvastatin may
markedly increase the number of patients who are
protected effectively from portal hypertensive related
complication. Such an effect is in agreement with liver
perfusion studies in experimental model of cirrhosis which
showed statins exert their hepatic vasodilating effect by
upregulating endothelial NO production®?, Our study
shows that, chronic carvedilol non-responders were 62
(60%) which increased to overall response of nearly 80%
once simvastatin was added to it. Thus around 42% of
carvedilol non responders became responders by adding
simvastatin.

In titration protocol on chronic basis, mean dose
of carvedilol was 18.7 £ 5.1 mg and 19.7 £ 5.4 mg in
responders and non-responders respectively. It was
difficult to further increase the carvedilol dose in non-
responders because of apprehension of hypotension
and bradycardia. On multivariate analysis, absence of
adverse events (OR = 11.3, 95%CI: 1.9-67.8) were
the only independent predictors of chronic response (P
< 0.05). Explanation for such results is that patients
with less adverse events tolerated good dose to get
good response. Major adverse events which resulted
in drug discontinuation were hypotension in 2 patients
and these patients could not be assessed further as
shown in study design. Minor adverse events like fatigue,
dyspnea, headache, temporary impotency, and dizziness
were resolved without drug discontinuation. In addition,
2 patients had increase in ascites which resolved with
escalation of diuretics. Further in our study, patients with
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Figure 2 General linear model comparing Pre (baseline), chronic (carvedilol at 3 mo) and post simvastatin haemodynamic parameters with respect to
time in carvedilol responders and non-responders. HR: Heart rate; MAP: Mean arterial pressure; FHVP: Free hepatic venous pressure; WHPG: Wedged hepatic

venous pressure gradient; HVPG: Hepatic venous pressure gradient.

C-P class A cirrhosis has shown better chronic response
as compared to C-P class B and C but it was not statically
significant.

Our studies showed that addition of simvastatin to
carvedilol non responders can increase overall response
to around 80%, which is one of the best possible phar-
macologically produced chronic response and it opens a
new strategy for portal hypertension treatment.

Etiology, C-P class, gender, ascites, adverse events,
variceal size was not seen statically significant predictors
of response for simvastatin protocol. Pre WHPG (baseline
WHPG) was seen significantly higher among responders
than non-responders and all hemodynamic parameters
significantly decreased from baseline after treatment
with simvastatin except FHVP which significantly raised.
Similar results were observed after chronic treatment
with carvedilol. In our study, HVPG after adding sim-
vastatin decreased mainly because of increase in FHVP.
Previous studies have shown that patients with cirrhosis
have blood pooling in splanchnic region that correlates
with degree of portal hypertension®”., This might suggest
that decreases in hepatic resistance by simvastatin
could reduce splanchnic congestion and improving central
blood volume™ and alternatively simvastatin may have
normalized venous compliance and by this mechanism
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can inverse venacaval and right arterial pressure and
thus increase FHVP.

It is well known that simvastatin improves hepatic
clearance, intrinsic clearance, and hepatic extraction of
indocyanine green, parameters that reflect effective liver
perfusion. Thus, an increase in intrahepatic bioavailability
of NO might result in improvement in amount of blood
that has functional contact with hepatocytes that explains
the improvement in quantitative tests of liver function
after simvastatin. We have not done these tests of liver
function in our study as it is already a proven fact™*?,

An important concern with the use of statins in pa-
tients with cirrhosis is potential for inducing liver toxicity.
A number of studies have shown the safety of statins in
patients with liver disease™ . Our study particularly
evaluated these issues in cirrhotic patients and our safety
evaluation included Bil, ALP, GGT, ALT, AST, CPK and
questionnaire for muscle weakness at 15" and 30" day of
treatment. There was no major safety concemn seen in our
study. Some minor adverse events which were observed
after addition of simvastatin are: (1) muscle weakness
with CPK > 5 times in one patient and was withdrawn;
(2) prurutis in one patient which settled and treatment
continued; (3) diarrhea in one patient, self-settled and
treatment continued; (4) severe dizziness and treatment
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withdrawn; and (5) hepatic encephalopathy in one patient
and withdrawn from the study, not related to simvastatin
likely part of disease.

However, whether safety profile is maintained after
long term administration needs further long term studies
especially with larger doses in advanced liver disease.
Newer drugs like rovastatin have been shown to be safe
in chronic liver disease also.

Overall, 7 patients had adverse events, 4 (57.1%)
among responders, and 3 (42.9%) among non-re-
sponders with no statistical significance. Three patients
were withdrawn due to side effects, first one because of
increase in CPK > 5 times with muscle weakness, second
one developed dizziness and 3™ patients developed
hepatic encephalopathy not related to simvastatin. Liver
function test after 30 d and CPK did not change and
remained static and no further side effects were observed
after 30 d.

Thus in conclusion, our study is first study which
clearly shows that a sequential treatment strategy is an
excellent policy in the pharmacological management of
portal hypertension by which around 80% of response
can be achieved. Further long term safety profile of
statins with large doses particularly in advanced disease
needs further studies and safe drugs like provastatin
needs to be evaluated in future that can be used for
adjuvant treatment along with carvedilol.

COMMENTS

Background

Carvedilol, a potent 3“ generation non-selective beta blocker (NSBB) has shown
to be a promising therapy for reduction of portal hypertension. Although up to 60%
of patients respond to carvedilol, options for carvedilol non responders in patients
with portal hypertension is limited. Simvastatin improves liver generation of NO
and hepatic endothelial dysfunction in patients with cirrhosis without affecting the
hemodynamics such as heart rate and blood pressure. Hence, it could be used
as an effective adjuvant therapy with carvedilol without causing any major side
effects in patients with portal hypertension.

Research frontiers

Current guidelines recommend using NSBB, such as propranolol or nadolol, with
or without isosorbide-5-mononitrate to prevent variceal bleeding. Carvedilol, which
blocks both o and [ receptors, was shown to have better results than NSBBs by
further reducing intrahepatic resistance and thus, could be used for propranolol
non-responders. However, treatment option for carvedilol non-responders has not
been studied yet.

Innovations and breakthroughs

Addition of simvastatin could be an important pharmacological rescue therapy
for carvedilol nonresponders. This study showed that addition of simvastatin to
carvedilol non responders can increase overall response to around 80%, which
is one of the best possible pharmacologically produced chronic response and
may open a new strategy for the treatment of portal hypertension.

Applications
Addition of simvastatin to carvedilol non-responders may prove to be an excellent
therapy in patients with portal hypertension.

Terminology
NSBB are very useful drugs in preventing first variceal bleeding and re-bleeding
in patients with cirrhosis.

WJH | www.wjgnet.com

JRaishideng®

276

Peer-review

The observational study of Wani et al seems to be the first which demonstrate
that a sequential treatment (carvedilol + simvastatin) strategy is an excellent
policy in the pharmacological management of portal hypertension. The study is
well designed and well presented.
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CONCLUSION
Low vitamin D status is common in chronic Hepatitis C
patients and is associated with advanced liver fibrosis.
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Core tip: Vitamin D levels are associated with more
advanced fibrosis in chronic hepatitis C.
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INTRODUCTION

Hepatitis C virus (HCV) infection remains one of the
most common etiologies of liver disease worldwide. A
number of epidemiological papers have addressed the
global prevalence of Hepatitis C. Lanini et al'¥ reported
that 100 million people globally have serological evidence
of current or past HCV infection causing 700000 deaths
annually while others suggest that the actual occurrence
is double”’. HCV remains the most common indication
for liver transplantation in the United States™. Chronic
infection with HCV can lead to liver inflammation, liver
fibrosis, cirrhosis, and hepatocellular carcinoma. Liver
fibrosis is a result of excessive accumulation of extracellular
matrix proteins, as part of the wound healing response to
chronic injury and chronic inflammation™. Various factors
have been associated with progression of fibrosis including
duration of infection, age, male sex, diabetes, alcohol
consumption and human immunodeficiency virus (HIV)
co-infection™.

Vitamin D is a hormone that has numerous biological
properties that influence host physiology by regulat-
ing epigenetic regulation of more than 2000 genes
throughout the body. Vitamin D is best known for its
role in maintaining bone mineralization but has diverse
and profound influences which can determine disease
development and outcome. Although referred to as a
vitamin, this steroid hormone is synthesized in the body
by a series of hydroxylation reactions that occur in skin
(7-hydroxylation), the liver (25-hydroxylation) and the
kidney (1-hydroxylation)'® (Figure 1). Reduction of the
enzymatic conversion of 7-dehydrocholesterol to 1.25
hydroxy vitamin D at any of the three conversion steps
can result in suboptimal vitamin D status”’. Vitamin D has
a number of influences on innate and adaptive immunity
which are pertinent to study in conditions that are driven by
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Figure 1 Vitamin D metabolism. Vitamin D has diverse influences throughout
the body as vitamin D receptors present on virtually every cell. The actions
of vitamin D can be subdivided into two larger categories: Calcemic and non-

calcemic actions. The non-calcemic actions of vitamin D are legion and have
been reviewed elsewhere®**. Reproduced with permission®.

chronic inflammation and maladaptive tissue injury™°.

Given the ubiquitous distribution of vitamin D receptors
in virtually every cell in the body-suboptimal vitamin D
status has been studied for its relationship to numerous
diseases™”. For example, there is substantial evidence
that vitamin D benefits rheumatoid arthritis, due to its
immunomodulatory effect!’. The role of vitamin D in
various cancers has been established linked to its anti-
proliferative action mediated through vitamin D nuclear
receptor’'?. There have been numerous reports on lower
serum vitamin D levels in patients with chronic liver
disease from various etiologies™. In chronic HCV, Low
vitamin D levels have been reported in 46% to 92% of
patients™” raising suspicion of its potential contribution
to disease pathogenesis. There is growing evidence
from various groups, that vitamin D levels are inversely
correlated with liver inflammation and stage of liver
fibrosis in patients with HCV; however, the studies are
heterogeneous with occasionally the results are conflicting.
Additionally, the methods of reporting liver fibrosis were
variable.

The aim of this study was to evaluate the relationship
between vitamin D status and hepatic fibrosis based on
histopathological staging in patients with chronic HCV
mono-infection or co-infected HIV-HCV infection, by per-
forming a systematic review of the scientific literature
followed by a meta-analysis.

MATERIALS AND METHODS

Search method

Applicable studies were identified by a library literature
search in Pubmed/Embase/Cochrane/Scopus/LILACS
utilizing the PRISMA checklist™* “Present full electronic
search strategy for at least one database, including
any limits used, such that it could be repeated” and
the Cochrane review reporting guidelines (6.6.2.2)1"\.
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hydroxy D/25(0OH)D

PubMed (468)/EMBASE (1269)/Cochrane (23)/Scopus (42)/LILACS (10) - (n = 1812)
Mesh terms: Liver fibrosis/vitamin D/cirrhosis/Ergocalciferols/25 hydroxyvitamin/25

T ‘ Excluded based on title and abstract review (7 = 1727)

‘ Articles identified from database searches (7 = 85) ‘

Excluded based on number of patients, relevance
to topic, absence of fibrosis data (7 = 6)

/ ,

‘ Fibrosis scoring based on biopsy ‘ ‘Fibrosis scoring based on serology, Fibroscan, or other measures (7 = 20) ‘

—" Excluded based on insufficient data/abstract information (7 = 35) ‘

‘ Articles identified for review and data inclusion (7 = 24)

Excluded after reviewer’s evaluation of relevance to topic (7 = 12)

Studies included for results evaluation (7 = 12)

Figure 2 Flowchart of study selection process. Eighteen hundred and twelve articles were identified using PubMed (n = 468)/EMBASE (n = 1269)/Cochrane (n =
23)/Scopus (n = 42)/LILACS (n = 10) search engines. Detailed evaluation of the articles by at least two independent reviewers (total of three) narrowed the studies to

twelve (n = 2521) based upon inclusion and exclusion criteria as listed in Table 1.

The search terms were as follows: [“Liver cirrhosis” or
“liver” and (“cirrhosis” or “fibrosis”)] and [“vitamin D”
or “Ergocalciferols” or “25 hydroxyvitamin D” or “25
hydroxy vitamin D” or “25 hydroxy D" or “25(0OH)D"].
Also, the studies cited by the selected articles were
searched for further pertinent studies. The search was
performed before July 6, 2016.

Selection criteria
The title and abstract of the studies were carefully
reviewed by two individual reviewers, based on the in-
clusion and exclusion criteria. If there was an agreement
between two reviewers, then the study was selected for
further analysis. When there was a disagreement, a third
reviewer determined if the study qualified for inclusion.
Once the articles met the criteria, then the text was
reviewed, and data extraction was completed.

Inclusion criteria: (1) studies with patients with HCV
or co-infected HCV/HIV; (2) studies with patients = 18
years old; (3) studies that evaluated liver fibrosis stage,
only based on liver biopsy; and (4) studies that reported
serum or plasma 25(0OH)D levels. Exclusion criteria: (1)
liver diseases other than hepatitis C; (2) studies with
inadequate data; (3) studies that used non-invasive
methods in evaluating liver fibrosis; and (4) age < 18
years.

Data extraction
A total of 12 studies were included for extraction which
was performed by two independent reviewers based on
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data quality, sufficiency, and relevance. Disagreements
were resolved by a third reviewer to reach a consensus.
The following data were extracted: Last name of the first
author, demographic information of patients, publication
year, sample size, HCV genotype, presence or absence of
HIV co-infection, pathological fibrosis stage using Metavir
score, vitamin D levels, and association of serum vitamin
D level and fibrosis stage (Figure 2). The quality of
evidence was ascertained by two independent reviewers
using The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) analysis whereby
very low = 1, low = 2, moderate = 3, high = 4", The
strength of recommendations were 1 (strong) or 2
(weak)!"”). When there was a disagreement, a third re-
viewer determined GRADE assessment and strength of
recommendations.

Statistical analysis

All statistical computations were conducted in R (Version
3.3.1, R Foundation for Statistical Computing, Vienna,
Austria, 2016)™%. Estimated odds ratios (OR) reported
in the literature, as well as 95%CI, were inverted when
necessary and included in a meta-analysis. In several
studies, the odds ratio for severe fibrosis corresponding
to vitamin D deficiency was not reported, but the dis-
tribution (mean and standard deviation or inter-quartile
range) of vitamin D levels were reported for subjects with
and without severe fibrosis separately. To estimate the
odds ratio from these studies, a Monte Carlo simulation
approach was adopted: For each such study, 1000
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Petta 2010 - 1.06 [1.01, 1.12]
Terrier 2011 $_._¢ 1.96 [0.88, 3.61]
Lange 2012 }—-7\ 3.23[1.22, 8.33]
Weintraub - Whites 2012 ; 8.57 [1.19, Inf]

Weintraub - African Americans 2012 H—{ 1.21 [0.39, 2.60]
El-Maouche 2013 ;L.—1 1.37[0.77, 2.44]
Kitson 2013 }—-—{ 1.00 [0.18, 2.53]
Amanzada 2013 b 4.08 [1.73, 8.12]
Gerova 2014 }_.—1 2.21[1.11, 3.98]
Guzman-Fulgencio 2014 8.47 [1.88, 38.30]
Meta-Analysis - REML ’ 1.88 [1.27, 2.77]

; L
0 2.5 5 7.5 10
OR

Figure 3 Meta-analysis of the pooled data from the 12 included studies. The odds ratio for severe fibrosis comparing low vitamin D levels was estimated by
meta-analyzing studies including a total of 2521 patients. Details concerning the analytic strategy are provided in the Materials and Methods section.

simulated studies were created assuming that vitamin
D levels were normally distributed with the reported
parameters and the observed number of subjects in
each group. The odds ratio for severe fibrosis comparing
vitamin D levels with a cutoff of 15 ng/mL was estimated
for each simulated dataset. A sensitivity analysis was
also conducted by using thresholds of 20 ng/mL and
30 ng/mL. The average odds ratio across simulated
datasets were then estimated, and quantile-based
confidence intervals were also recorded and included into
the meta-analysis. A random-effects meta-analysis fit
using restricted maximum likelihood was then fit using
the Metafor package in R™., P < 0.05 was considered
statistically significant.

RESULTS

The initial protocol established a series of mesh terms
used to identify articles that would evaluate the severity
of liver fibrosis in chronic hepatitis C patients with vitamin
D levels. Eighteen hundred and twelve articles were
found using PubMed (n = 468)/EMBASE (n = 1269)/
Cochrane (n = 23)/Scopus (n = 42)/LILACS (n = 10)
search engines. Mesh terms used were liver fibrosis/
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vitamin d/cirrhosis/Ergocalciferols/25 hydroxyvitamin/25
hydroxy d/25(0OH) D. Detailed evaluation of the articles
by at least two independent reviewers (total of three)
assessed the sufficiency of data, method of fibrosis
qualification, relevance to the topic to narrow the studies
to twelve. The data extraction algorithm is summarized in
Figure 3. Table 1 reflects the characteristics of the studies
relating fibrosis to chronic hepatitis C and vitamin D
level. When patients were stratified according to vitamin
D status, we found substantial differences between the
levels of severity of liver fibrosis. The sensitivity analysis
with different cutoffs for the Monte Carlo simulations
showed robustness of the result to the choice of cutoff,
with significant effects for all thresholds employed.

Definition of vitamin D levels

Vitamin D insufficiency was defined in most studies as
below < 30 ng/mL, and deficiency ranged from < 20
ng/mL to 10 ng/mL. While there was some variability in
these definitions, there was consistency in the lower limit
of normal being < 30 ng/mL. Two of the studies used
nmol/L to express 25(0OH)D, but were consistent with
vitamin D insufficiency below the lower limit of normal <
80 nmol/L.
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Table 1 Pooled data of vitamin D levels and liver fibrosis from the 12 included studies

Year  Author Country Design n  HCV HIV Definition Outcome (serum P value/OR  GRADE quality of evidence
GT of vitamin D vitamin D and liver 95%CI very low = 1, low = 2,
insufficiency fibrosis) moderate = 3, high = 4 and
(I)/deficiency (D) strength of recommendation:
2 = strong 1 = weak
2010 Petta Italy Prospective 197 1 No <30ng/mL for Low 25(OH)D 0.942 [0.893, GRADE 3
low vitamin D associated with severe ~ 0.994] P =
level fibrosis (F3/F4) 0.009 Strong
2011  Terrier France Prospective 189 1,4 Yes <10ng/mLD, Low 25(OH)D correlate P =0.04 GRADE 3
other 10-30ng/mL (I)  with severe fibrosis
(F3/F4) Strong
2012 Lange Sweden  Retrospective 496 1,4 No <10ng/mLD,< Advanced fibrosis 0.31[0.12, GRADE 2
20 ng/mL (I) stage F2-F4 vs FO-F1  0.82] P = 0.018
associated with low Weak
25(OH)D
2012 Weintraub ~ United Cross- 1717 1 No <20ng/mLor< Higher 25(OH)D P =0.007 GRADE 2
States sectional 30 ng/mL (I) predictive of milder
fibrosis (FO-F2) in Weak

white patients but not
in African Americans

2012 Baur Switzerland Cohort 251 1,3 No <20ng/mL (I) (1) 25(OH)D lower P =10.005, GRADE 3
in more advanced P=0.013
fibrosis (F2 vs FO-1); (2) Strong

low 25-OH vitamin D
associated with rapid
fibrosis progression

rate.
2013 El- United Prospective 116 - Yes <15ng/mL (D) (1) The prevalence of P=043 GRADE 3
Maouche States significant fibrosis (F2

= 2) was similar among
those with and without
low
Vitamin D; (2) low 1.37[0.77,
25(0OH)D not associated 2.44]
with significant fibrosis
after adjusting for other

confounders
2013 Mandorfer  Austria  Prospective 65 1,4 Yes <10ng/mLD, Patients with P =0.009 Strong
10-30 ng/mL (I) D-DEF displayed a GRADE 3

higher prevalence of
advanced liver

2013  Kitson Australia  Prospective 274 1 No <50nmol/LD < Fibrosis than patients P=0.18 Strong
and New 75 nmol/L (1) with D-NORM GRADE 3
Zealand Baseline 25(OH)D
level did not vary with
fibrosis stage (F3/4 vs
F0-2)
2013 Amanzada Germany Prospective 191 1 Yes <30ng/mL (I) Low 25(OH)D P=0.02 Strong
associated with advance GRADE 3
fibrosis (FO-2 vs F3/4)
2014  Gerova Bulgaria Retrospective 296 1,4 No <25nmol/L (D), Lower 250HD levels P >0.05 Strong
25-50 nmol/L for were registered in cases GRADE 2

profound (I), 50  with advanced fibrosis
-80 nmol/L for compared to those with

mild (I) mild or absent fibrosis
2014 Guzman- Spain Retrospective 174 1,4 Yes <10ng/mL (D), Low 25(OH)D P =0.005 Weak
Fulgencio 10-30 ng/mL (I)  deficiency associated GRADE 2

with advanced fibrosis
(F3/4 vs F0-2)
2015  Esmat Egypt Prospective 101 4 No <20ng/mL (D), No correlation found P=0.26 Weak
20-30 () between vitamin D GRADE 3
levels and stage of liver
fibrosis

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; GRADE: Grading of Recommendations Assessment, Development and Evaluation.
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Table 2 Selection criteria for inclusion and exclusion

Inclusion criteria
Age =18 yr
Studies including mono-infected HCV or co-infected HCV/HIV
Studies that evaluated liver fibrosis stage, only based on liver histology
Studies that reported serum or plasma 25(OH)D levels

Exclusion criteria
Age <18 yr
Other etiologies of liver disease, other than hepatitis C
Studies that used non-invasive methods in evaluating liver fibrosis
Inadequate data

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

Association between vitamin D deficiency and severity
of liver disease

Among the articles used for data extraction, there
were seven prospective studies, three retrospective
studies, one cross-sectional analysis, and one cohort
study (Table 1). In a review of the results, nine studies
demonstrated a significant association between plasma
levels of vitamin D and degree of HCV-related hepatic
fibrosis. Three studies showed no correlation was found
between vitamin D levels and stage of liver fibrosis.
Patient characteristics between these studies were all
similar and could not account for the variability of the
findings between the three negative studies and the
nine positive studies. Only one of the three negative
studies was conducted in the northern hemisphere.
Overall, hepatitis C genotypes were not different among
the negative studies, although El-Maouche et a*” did
not identify which genotype(s) were included. The
forest plot of the data used in this systematic review
showed that advanced liver disease defined as a Metavir
value of F3/4 was associated with severe 25(0OH)D
insufficiency as follows; OR (95%CI): 1.88 (1.27, 2.77),
and I? (total heterogeneity/total variability): 66.94%
indicated substatial heterogeneity between studies.

Plasma vitamin D levels and seasonal variation

Notably there were several latitudes identified in the
studies which can affect Vitamin D levels, however, the
scope of this difference in this analysis’s outcome was
not assessed. In the article by Guzman-Fulgencio et a/*"
significant seasonal variation of plasma 25(0OH)D levels
was observed with the subjects in the first semester
(winter/spring) having lower plasma 25(OH)D levels
than patients evaluated in the second semester (summer/
autumn) (P < 0.001). A higher percentage of patients
with vitamin D deficiency (25(0OH)D < 25 nmol/L) was
found in the first semester (winter/spring) (P < 0.001).
Since not all the studies identified the time frame of
vitamin D levels and biopsy procurement, we were unable
to qualify the significance of this on the study results.

DISCUSSION

The results of our systematic analysis of the literature
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demonstrated an association between advanced liver fibrosis
(defined as Metavir F3/F4) in chronic hepatitis C (CHC)
with vitamin D status as reflected by 25-hydroxyvitamin
D [25(0H)D] serum levels. In nine® ! of twelve studies
(75%) that qualified for data extraction (Tables 1 and
2) the final analysis demonstrated an overall association
between low vitamin D status as defined as serum
25(0OH)D < 15 ng/mL with advanced liver fibrosis (F3/F4
stage disease) in CHC as proven by biopsy analysis for
fibrosis stage. These data are highly consistent with prior
reports, and the expected pathophysiological interference
of 25-hydroxylation of vitamin D as liver fibrosis in-
creases and functional hepatic capacity decreases over
the course of hepatitis C disease progression™®.

A recent systematic review of the literature by Abbasi
et al®” studied the relationship between low vitamin D
status [< 20 ng/mL 25 OH(D)] and the severity of the
CLD. A comparatively abridged search strategy yielded
641 articles for consideration and ultimately 19 articles
and 4895 study patients with CLD for data extraction
showing that almost 80% of patients with chronic liver
disease had severe vitamin D deficiency. Garcia-Alvarez
et al®" conducted a systematic review evaluating the
relationship of vitamin D status to advanced liver fibrosis
in CHC-naive patients and sustained virological response
(SVR) to therapy using pegylated interferon/ribavirin
(Peg-IFN/RBV). Seven of fourteen papers utilized for their
extraction evaluated advanced liver fibrosis (1083 patients)
and eleven for SVR (2672 patients). Approximately 70%
of CHC patients had low 25(0OH)D whereby the definition
of insufficiency varied (20 or 30 ng/mL), and 50% of
the HCV-infected patients had 25(OH)D levels < 10 or
20 ng/mL. Overall, low vitamin D status was related to
a diagnosis of advanced stage of liver disease. Luo et
al utilized a search methodology restricted to PubMed
and Embase databases before October 2013 included
studies that analyzed the association between serum
vitamin D status and the severity of liver fibrosis in
8231 CHC patients without other restrictions yielding six
global studies for data extraction!™®!. One study recruited
6567 participants as part of the Swiss Hepatitis C Cohort
Study™ raising concerns for skewing of the extracted
data. The mean data from extracted studies suggested
that lower serum vitamin D is a risk factor for progressive
liver fibrosis in CHC patients. However, there was a high
heterogeneity and inconsistencies depending upon data
set utilized (OR data studies vs mean data extracted).
Our search methodology instead included 2521 patients
which incorporated the 2012 study by Lange et a”* which
evaluated 468 HCV patients treated with alpha interferon-
based regimens for vitamin D status and advanced dis-
ease demonstrating that fibrosis stages F2-F4 vs FO-F1
associated with low 25(0OH)D.

The nine studies showing a positive association bet-
ween low vitamin D with an advanced stage of fibrosis
had variations in their definition of vitamin D status
which challenged our ability to Meta-analyze the data.
Low vitamin D was stratified according to by either
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insufficient (I) or deficient (D) (Table 1) in eight'**?"*! of
the nine studies. Gerova et af*® used three categories;
mild insufficiency, profound insufficiency, and deficiency.
Overall, of the twelve papers in our final analysis, two'****
utilized nmol/L to measure serum 25(0OH) vitamin D
status. Insufficiency was defined as < 30 ng/mL in seven
with another two using equivalent levels in nmol/L?**",
< 20 ng/mL in two®*' while El-Maouche studied only
deficient patients (< 15 ng/mL)?". The definition of
“deficiency” was utilized by all but two™** of the studies
as < 10 ng/mL 25(0OH) vitamin D. The prevalence of
vitamin D deficiency in a population depends on upon
the definition used [< 20 or < 30 ng/mL (50 or 75
nmol/L)]. In the National Health and Nutrition Examination
Survey (NHANES), 41.6 percent of United States adults
had (25[OH]D) levels < 20 ng/mL (50 nmol/L)*. The
Institute of Medicine recommends the attainment of the
serum 25(0OH)D levels of > 20 < 40 ng/mL (50 to 100
nmol/L), however, many define sufficient vitamin D status
as 25(0H)D > 30 and < 50 ng/mL (75 to 125 nmol/L)™**"\,

Hepatitis C genotype (1-6) did not change the out-
come of analyses between advanced fibrosis in CHC
with vitamin D status®>**?%, The geographical latitudes
of study site and variable seasonal fluctuations have
provided challenges to vitamin D status, but did not
appear to influence the outcome of the negative outcome
studies™™**** Esmat et a/*" conducted a open-labelled
RCT of 101 HVC4 Egyptian patients undergoing standard
of care (SOC) Peg-IFN/RBV plus/minus 15000 IU vitamin
Ds (cholecalciferol). The fibrosis stage (F1-F3) at baseline
was not different according to 25(0OH) vitamin D levels.
El-Maouche et al*® evaluated HIV-HCV co-infected
patients for histological fibrosis using the Metavir system
[0 (no fibrosis) to 4 (cirrhosis)] and used banked serum
as a source for vitamin D determination. Similar to Esmat
et al*¥, the prevalence of significant fibrosis (F2 = 2) was
similar among those with and without low vitamin D while
low 25(0OH)D status was not associated with significant
fibrosis after adjusting for other confounders. Finally,
Kitson et al*® from Australia evaluated pre-treatment
25-hydroxyvitamin D [25(0OH)D] level in a cohort of 274
treatment-naive patients with HCV-1 to evaluate the
association between vitamin D status, virological response,
and liver histology after 48 wk of pegylated interferon alfa-
2a plus ribavirin therapy. Baseline 25(OH)D level did not
vary with fibrosis stage (F3/4 vs F0O-2).

The manner by which vitamin D may influence the
course of CHC may be due to effects on viral clearance,
immune modulation, cell differentiation and proliferation
and inflammation regulation. Vitamin D is not only involved
in calcium homeostasis but has also has been associated
with the mechanism of cellular proliferation, and immuno-
modulation®®. Several studies have shown that vitamin
D levels are inversely correlated with stage of liver
fibrosis in patients with CHC. Nine®®**! of the twelve
studies that we included for data extraction reported the
inverse correlation of vitamin D levels with the stage of
liver fibrosis in patients with CHC. Vitamin D has anti-
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inflammatory, anti-proliferative and anti-fibrotic effects
that dampen inflammatory cell recruitment to the liver
and mitigate hepatic fibrosis progression®!. HCV may
also have its own direct actions that impair vitamin D
activity and status. It has been hypothesized that HCV
affects 25-hydroxylation of vitamin D through cytokine
induction or oxidative stress or through disruption in lipid
metabolism where HCV suppress 25(0OH)D levels due
to a decrease in the production of vitamin D precursor,
7-dehydrocholesterol!'”.,

The profound relationship of vitamin D to immunity
and inflammation, and our findings raise questions about
how vitamin D status may impact the outcome of the
many non-HCV chronic liver diseases. Individuals with
chronic liver disease have significant global prevalence,
morbidity, poor quality of life and mortality. Prior works
have demonstrated adverse survival outcomes in patients
with lowered vitamin D status!****. In our analyses, we
excluded papers reporting the analysis of vitamin D in
chronic liver diseases other than HCV including chronic
hepatitis B (CHB) which has a higher global prevalence
of approximately 300 million infected individuals. Yu et af**
evaluated the potential association between serum vitamin
D level and liver histology or virological parameters in
treatment-naive patients with chronic hepatitis B infection
in Southern China. They reported that patients infected
with genotype B had a higher prevalence of vitamin D
insufficiency than individuals with CHC. Furthermore, in
chronic hepatitis B patients, serum 25(0OH) D was not
correlated with viral load or fibrosis. Mi et af*"! reported
that vitamin D status was not different among Asians
with non-cirrhotic CHB and CHC.

Low vitamin D status is associated with the risk of
progression and the severity of hepatic inflammation
in patients with non-alcoholic fatty liver disease!**!,
Primary biliary cirrhosis has been extensively analyzed for
correlations of vitamin D status predicting the outcome to
ursodeoxycholic acid (UCDA) therapy and the influence
of vitamin D supplementation to UCDA intervention*” .,
Autoimmune hepatitis (AIH) has also been studied for the
potential influence of vitamin D given the epidemiological
association of this hormone with a number of diseases
with autoimmunity™**"!, However, there are not sufficient
studies to draw meaningful conclusions of serum 25(0OH)D
and AIH at this time.

Altered vitamin D physiology via resistance from
genetic polymorphisms of the vitamin D receptor (VDR)
could also influence the outcome of CHC. Baur et af*
demonstrated that low 25(OH)D plasma levels and VDR
bAt[CCA]haplotype were associated with rapid fibrosis
progression in CHC, separately and synergistic when co-
present. Petta et al®* reported that low hepatic VDR
expression was inversely related to the severity of ad-
vanced liver fibrosis in patients with genotype 1 cCHC
patients. Grunhage reported that a single nucleotide
polymorphism (SNP) linked to the DHCR” gene coding
vitamin D precursor dehydrocholesterol was related to
altered serum 25(0OH)D in chronic liver disease patients
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with no or mild fibrosis*.

CHC with severely low vitamin D status is accom-
panied by advanced liver fibrosis. Interventional trials
aimed to normalize vitamin D status in early stages
of CHC may shed light on whether correction of vitamin
D status in this patient population should become the
standard of care.

COMMENTS

Background

Hepatitis C remains a global health burden affecting over 100 million people
worldwide. There is growing evidence that vitamin D is inversely associated
with liver inflammation and fibrosis in patients with chronic hepatitis C.

Research frontiers

Currently hepatitis C is being dramatically eradicated with DAA therapy. Possible
augmentation of DAA therapy by vitamin D in those patients who already have
fibrosis may decrease long term damage in the liver parenchyma.

Innovations and breakthroughs

The pooled data of this systematic review showed that 9 of the 12 studies
correlated advanced liver disease defined as a Metavir value of F3/4 with 25(0OH)
D level insufficiency. The meta-analysis indicated a significant association across
studies. Low vitamin D status is common in chronic Hepatitis C patients and is
associated with advanced liver fibrosis.

Applications
Augmentation of standard hepatitis C therapy of direct acting antiviral meds
with vitamin D may assist with long term decrease in liver fibrosis.

Peer-review
This is a very interesting and informative paper, and it deserves publication.
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Abstract

AIM
To reduce hepatic and extrahepatic complications of
chronic hepatitis C in kidney transplant recipients.

METHODS
We conducted a systematic review of kidney only trans-
plant in patients with hepatitis C and advanced fibrosis.

RESULTS

The 5 year patient survival of kidney transplant re-
cipients with and without hepatitis C cirrhosis ranged
from 31% to 90% and 85% to 92%, respectively.
Hepatitis C kidney transplant recipients had lower
10-year survival when compared to hepatitis B patients,
40% and 90% respectively. There were no studies that
included patients with virologic cure prior to kidney
transplant that reported post-kidney transplant outcomes.
There were no studies of direct acting antiviral therapy
and effect on patient or graft survival after kidney trans-
plantation.

CONCLUSION

Data on kidney transplant only in hepatitis C patients
that reported inferior outcomes were prior to the
development of potent direct acting antiviral. With the
development of potent directing acting antiviral therapy
for hepatitis C with high cure rates studies are needed
to determine if patients with hepatitis C, including those
with advanced fibrosis, can undergo kidney transplant
alone with acceptable long term outcomes.

Key words: Cirrhosis/cirrhotics; Renal transplantation;
Kidney transplantation; Mortality; Systematic review;
Graft outcomes; Meta-analysis

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

February 18,2017 | Volume 9 | Issue 5 |



Shah NJ et a/. Rethink liver-kidney transplant in HCV patients

Core tip: Individuals with chronic hepatitis C with ad-
vanced fibrosis and kidney failure who undergo kidney
transplant alone are believed to have lower long-
term survival. Surprisingly, we have only a few studies
with inconsistent results. The concern about isolated-
kidney-transplant alone is that the liver disease would
progress to decompensated cirrhosis and liver failure
in the setting of immunosuppression after kidney
transplant. Earlier, interferon was associated with
low virologic cure and high adverse events including
graft rejection. However, with development of newer
directly acting anti-virals we wish to invite our readers
to reconsider the need for a combined liver-kidney
transplant in hepatitis C patients with advanced fibrosis
or compensated cirrhosis.

Shah NJ, Russo MW. Is it time to rethink combined liver-kidney
transplant in hepatitis C patients with advanced fibrosis? World J
Hepatol 2017; 9(5): 288-292 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v9/i5/288.htm DOI: http://dx.doi.
org/10.4254/wjh.v9.i5.288

INTRODUCTION

Patients with hepatitis C virus (HCV) cirrhosis undergoing
kidney transplantation only have lower post-transplant
survival rates compared to recipients without hepatitis
C or cirrhosis'. After the implementation of the model
for end-stage liver disease (MELD) scoring system
for allocating liver transplants, the number of simu-
ltaneous liver-kidney transplantation has increased by
300%™, Some of these patients may have relatively
well compensated cirrhosis and patients with well
compensated cirrhosis but kidney failure may receive a
MELD score of 20 based upon a creatinine of 4 mg/dL.
These patients may have compensated cirrhosis without
complications of portal hypertension. Thus, kidney failure,
not liver failure may be the driving factor for priority
for liver transplant in this subgroup. This is particularly
relevant in areas of the country where patients may
receive liver transplants at relatively low MELD scores
compared to areas with higher demand.

The reason for dual listing patients with hepatitis C
cirrhosis and kidney failure who may be well compensated
is the concemn of decompensation after liver-kidney trans-
plant. Immunosuppressive therapy to prevent rejection
increases the titers of HCV RNA and immunosuppression
has been associated with accelerated hepatitis injury such
as fibrosing cholestatic hepatitis C**. However, the impact
on treating and curing candidates before or after kidney
transplant has not been well studied. The high virologic
cure rates may have important implications for patients
in kidney failure with hepatitis C and advanced liver
fibrosis.

The guidelines for liver kidney transplant are con-
flicting or without detailed recommendations. The AASLD
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and KDIGO guidelines do not directly address the issue
of isolated kidney transplant in the setting of cirrhosis or
advanced liver fibrosis. The EASL guidelines state that
patients with established cirrhosis and portal hypertension
who fail (or are unsuitable for) HCV antiviral treatment,
isolated renal transplantation may be contra-indicated
and consideration should be given to combined liver
and kidney transplantation. Patients with symptomatic
or presence of portal hypertension are considered
candidates for kidney-liver transplantation'”. There is
no consensus for patients with hepatitis C and periportal
fibrosis or bridging fibrosis who are kidney transplant
candidates.

The aim of this systematic review was to assess the
outcome of hepatitis C cirrhotics undergoing kidney
only transplant and suggest areas for further study in
patients with hepatitis C and advanced fibrosis who are
kidney transplant candidates.

MATERIALS AND METHODS

Literature search

We conducted online electronic searches (published
human clinic trials in English) of the National Library
of Medicine’s (Bethesda, MD, United States) MEDLINE
database, Cochrane Library and manual searches of
selected specialty journals to identify any pertinent
literature. Three MEDLINE database engines (Ovid,
PubMed and EMBASE) were searched using the key
words “cirrhosis”, “cirrhotics”, “chronic hepatitis C”, “renal
transplantation”, “kidney transplantation”, “mortality”,
“graft outcomes”. The references of articles were re-
viewed for additional articles.

Inclusion criteria

Clinical studies (prospective and retrospective) from the
last 20 years on kidney transplant recipients with HCV
cirrhosis (both compensated and decompensated) were
included. The studies required a minimum of a 1 year
post transplant follow-up with information regarding
graft and patient survival outcomes.

Exclusion criteria
Studies not published in English or published only in the
abstract form were excluded.

Primary end point

To compare post kidney transplant survival in hepatitis
C cirrhotics undergoing kidney transplant alone to re-
cipients without hepatitis C and without cirrhosis.

Source of support
This systematic review was not supported by any pharma-
ceutical company, governmental agency or other grants.

RESULTS

Figure 1 shows studies

[5-9]

in patients with hepatitis C

February 18,2017 | Volume 9 | Issue 5 |



Shah NJ et a/. Rethink liver-kidney transplant in HCV patients

Patient survival: In kidney only transplant patients with HCV cirrhosis vs
HCV non-cirrhotics

Paramesh 3 yr
Paramesh 1 yr
Campbel 5 yr
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Figure 1 Studies in patients with hepatitis C who underwent kidney transplant only. HCV: Hepatitis C virus.

Graft survival: In kidney only transplant patients with HCV cirrhosis vs

HCV non-cirrhotics
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Figure 2 Graft survival in kidney only transplant patients. HCV: Hepatitis C virus.

who underwent kidney transplant only. Five studies were
identified that included 2511 patients. Of these 2511
patients, 458 had hepatitis C while 69 were confirmed
to have cirrhosis based on a liver biopsy. The mean age
ranged from 35 to 57 years with a male to female ratio
of 1.73:1. The study by Mathurin et al*® consisted of 66%
Europeans and 31% Africans, while in most of the other
studies 66%-79% of the study population was African-
American. The most common etiology of kidney disease
was diabetes mellitus. Only one study provided the mean
MELD score (20.6)"". Data on hepatitis C genotyping was
not reported in any study. In all the studies the donors
were deceased donors. One patient in the Mouquet et
al” study was coinfected with hepatitis B. Two studies
reported the specific immunosuppressive regimen with
either cyclosporine or tacrolimus.

Outcomes of studies
The studies reported either 1, 3, 5 or 10 year survival
of HCV cirrhotics vs non-cirrhotics. One year and three
year survival were available for 3 studies. The 1-year and
3-year patient survival was 88.9% to 95% and 37% to
90% in cirrhotics vs 95% to 96.3% and 76% to 90% in
non-cirrhotics. The 5-year and 10-year graft survival was
31%-90% and 33% £ 11% in cirrhotics when compared
to 85%-92% and 69% % 7% in non-cirrhotics.

Mathurin et ai® reported that the presence of cirrhosis
(P = 0.02) and HbsAg positive status (P < 0.0001)
were associated with poor 5 and 10-year survival, 84%
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+ 7% and 33% £ 11%, respectively. Maluf et a/”!
demonstrated the Knodell histology score was associated
with mortality in hepatitis C kidney transplant patients (P
= 0.012).

The study by Campbell et a® reported that survival
after kidney transplant only in recipients with hepatitis C
was similar between patients with minimal liver fibrosis
compared to patients with advanced fibrosis. Paramesh
et al® reported kidney transplant alone to be safe in
compensated hepatitis C cirrhosis; HR = 1.4, P = 0.7817
compared to graft survival in non-cirrhotics: HR = 0.81,
P = 0.758) (Figure 2).

DISCUSSION

Individuals with chronic hepatitis C with advanced fib-
rosis and kidney failure who undergo kidney transplant
alone are believed to have lower long term survival
although there are surprisingly few studies on this patient
population. Furthermore, there has not been consistent
results among studies reporting outcomes of isolated
kidney transplant in hepatitis C infected recipients. The
concemn about isolated kidney transplant alone in a patients
with hepatitis C and advanced liver fibrosis is that the
liver disease will progress to decompensated cirrhosis
and liver failure in the setting of immunosuppression
after kidney transplant. The progression of liver disease
from hepatitis C after kidney transplant was of particular
concern during the interferon era because of limited

February 18,2017 | Volume 9 | Issue 5 |



Shah NJ et a/. Rethink liver-kidney transplant in HCV patients

therapy for hepatitis C. Interferon is associated with low
virologic cure and high adverse events including graft
rejection. However, with the development of interferon
free regimens and direct acting antiviral agents the
need of combined liver-kidney transplant in hepatitis C
patients who have hepatitis C and advanced fibrosis or
compensated cirrhosis needs to be readdressed.

Patients with cirrhosis after kidney transplant may be
at a greater risk of immune dysfunction and developing
lethal infections because patients with cirrhosis have
multiple immunological defects. Cirrhotic patients have
reduced cell-mediated immunity™®*"! reduced neutrophil
phagocytic ability™*! and impaired macrophage Fc
receptor function™. In the setting of immunosuppression
the risk of infection in patients with cirrhosis is likely
higher than without immunosuppression. However, if
liver fibrosis regresses then the risk of infection may be
reduced. In a 10-year study following 51 kidney transplant
recipients with hepatitis C who underwent serial liver
biopsies, Kamar et al'* showed that HCV infection was
not associated with worsening liver histology in 50% of
patients. Furthermore, there may be regression of liver
fibrosis in some patients after kidney transplantation™.
In fact, Paramesh et ai concluded that the presence
of cirrhosis in HCV-positive patients is not a significant
variable affecting either graft or patient survival.

One strategy is to of treat all chronic hepatitis C
patients with direct acting antiviral therapy while waiting
for kidney transplant. The regimens that are currently
available include sofosbuvir/ledipasvir, sofosbuvir/dacla-
tasvir, and paritaprevir/ritonavir/ombitasvir/dasabuvir.
Each of these regimens may require the addition of
ribavirin depending on patient characteristics such as
genotype or presence of cirrhosis. Sofosbuvir is renally
cleared and not indicated in patients with glomerular
filtration rates less than 30 mL/min. Ribavirin is renally
cleared and although there is renal dosing for ribavirin it
may be associated with a 2-4 g/dL drop in hemoglobin
which may not be tolerated in some patients with kidney
failure. Thus, given these limitations many patients with
kidney failure may not be candidates for therapy with
the currently available direct acting antiviral agents.
Paritaprevir/ritonavir/ombitasvir/dasabuvir has been
studied in patients with hepatitis C and kidney failure with
virologic cure rates exceeding 85%"®. There are other
direct acting antiviral agents in development for hepatitis
C patients with kidney failure that will provide additional
treatment options for this patient population.

During the era of interferon based regimens for
hepatitis C high rates of rejection in kidney transplant
recipients was reported. Rejection rates of 40%-60%
were reported with interferon based regimens with rare
cases of graft loss!”’??\. The mechanism of rejection is
believed to be the immune mediated injury from inter-
feron. The direct-acting antiviral agents regimens are
interferon free and due not stimulate the T cell response
and should not be associated with rejection. The direct
acting agents have been studied in liver transplant
recipients with virologic cure exceeding 90% and
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acceptable safety profile with little or no rejection'>?”,

Although there is no theoretical reason to believe the
direct acting antiviral agents would be associated with
increased risk of kidney rejection this would be studied
in clinical trials. Additional important findings from this
review include the lack of reporting of relevant data
related to hepatitis C including genotype, liver fibrosis,
viral load and prior treatment history. Studies of hepatitis
C in patients with kidney disease should systematically
report these data in a standardized fashion. Furthermore,
the number of subjects with hepatitis C and advanced
fibrosis was small and it is likely a multicenter study will
best demonstrate if there is any difference in outcomes
between kidney transplant recipients without hepatitis,
with hepatitis C and mild liver fibrosis, and hepatitis C
and advanced fibrosis.

We suggest we should treat all chronic hepatitis C
patients irrespective of the fibrotic staging; especially
those that we anticipate may be on the waiting list for a
longer time.

In conclusion, data are lacking or outdated on post
renal transplant outcomes in recipients with chronic
hepatitis C. There is no substantiated evidence on which
to base a decision to perform kidney transplant alone or
a kidney-liver transplantation in a patient with chronic
hepatitis C and advanced fibrosis or well compensated
cirrhosis. Given limited resources of organs data are
sorely needed so evidence based decisions can be made
on how best to allocate kidneys in patients with liver
disease. The time has come to conduct a large multi-
center trial in kidney transplant candidates and recipients
with hepatitis C to determine how organs should best be
allocated.

COMMENTS

Background

Individuals with chronic hepatitis C with advanced fibrosis and kidney failure
who undergo kidney transplant alone are believed to have lower long-term
survival. Surprisingly, the authors have only a few studies with inconsistent
results. The concern about isolated-kidney-transplant alone is that the liver
disease would progress to decompensated cirrhosis and liver failure in the
setting of immunosuppression after kidney transplant.

Research frontiers

With further research on the use of direct-acting antiviral agents’s (DAA's) in
this subgroup of patients with hepatitis C virus (HCV) listed for renal transplant;
the authors could come to a consensus to draft acceptable guidelines for better
management of this subgroup of patients.

Innovations and breakthroughs

Earlier, interferon was associated with low virologic cure and high adverse
events including graft rejection. This has been replaced by newer DAA's that
are safe and potent with fewer side events.

Applications
The main objective is to invite hepatologist, transplant hepatologist and transplant
nephrologist to consider DAA's in all HCV patients on the renal transplant list.

Terminology
DAAs: Directly acting anti-virals.
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