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EDITORIAL

Three decades of hepatitis B control with vaccination
Liliane C Meireles, Rui Tato Marinho, Pierre Van Damme
Liliane C Meireles, Rui Tato Marinho, Department of Gastroen
terology and Hepatology, Centro Hospitalar Lisboa Norte,
1649-035 Lisbon, Portugal

Published online: August 28, 2015

Pierre Van Damme, Centre for the Evaluation of Vaccination,
Vaccine and Infectious Disease Institute, University of Antwerp,
2610 Antwerp, Belgium

Abstract
Hepatitis B virus (HBV) continues to represent a major
health problem and can lead to acute liver failure, acute
hepatitis, chronic carriership, chronic hepatitis of HBV,
liver cirrhosis, liver cancer, liver transplantation and
death. There is a marked difference in the geographic
distribution of carriers. More than 240 million people
worldwide are chronic HBV carriers. Mother-to-child
transmission remains the most important mechanism
of infection in countries with a high prevalence of HBV.
Percutaneous/parenteral transmission and unsafe sexual
practices are important mode of spread transmission
of HBV in other countries. Vaccination against HBV is
the gold measure for primary prevention and control of
the disease. Currently, 179 countries have added HBV
vaccination to their routine vaccination programs with
great results. Neonatal immunization with HBV vaccine
has been one of the most highly effective measures in
public health and the first anti-cancer program to be
launched. In this paper we review the achievements for
the last three decades.

Author contributions: Meireles LC contributed to preparation
and critical review of the manuscript; Marinho RT and Van
Damme P contributed to critical review of the manuscript.
Conflict-of-interest statement: Liliane C Meireles and Rui Tato
Marinho declare to no conflict-of-interest. Pierre Van Damme acts
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on behalf of the University of Antwerp, for which the University
obtains research grants from vaccine manufacturers; speakers
fees for presentations on vaccines and other research grants are
paid directly to an educational fund held by the University of
Antwerp. Van Damme P receives no personal remuneration for
this work.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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Core tip: It is now 50 years since the discovery of the
hepatitis B virus (HBV). Effective vaccines have been
available since the 80s and vaccination has proved
to confer lifelong protection against hepatitis B and
was highly successful in reducing the disease burden.
However, the occurrence of breakthrough infections,
the immunological effect of natural boosting and
the effectiveness of universal hepatitis B vaccination
remains a challenge. The fight against HBV is not over
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yet, but the broad use of vaccination is the cornerstone
and the most important measure to control HBV and all
its consequences.

VACCINATION-GLOBAL PERSPECTIVEHISTORY OF SUCCESS
It has been 50 years since the discovery of the HBV,
and, despite the availability of a prophylactic vaccine
for about 30 years, HBV remains a disease of signifi
[15]
cant worldwide and global health burden . For the
occurrence of infection with HBV, we need: an infectious
source, a susceptible host, and an established route
of transmission. HBV is not entirely cytopathic; both
liver damage and viral control depend on the complex
interplay between virus replication and host immune
response.
Humans are the only significant reservoir of HBV,
so a comprehensive control strategy could eventually
[3]
lead to the eradication of the virus . A major obstacle
to the introduction of HBV vaccination has been the
high cost of HBV vaccines-but this cost has decreased
due to economies of scale, local production of vaccines,
competition among vaccine manufacturers, involvement
of donors and bulk discounts obtained by the WHO
permitting many developing countries to initiate HBV
vaccine programs. The price of monovalent vaccine for
developing countries has decreased from United States
$3.00 per dose in 1990 to United States $0.30 per dose
[16]
in 2001 .
In the eighties, the vaccine was considered for use
only in high risk individuals for acquiring HBV infection.
The recognition of HBV as a serious disease burden and
the availability of safe and effective HBV vaccines led
WHO in 1991 to set 1997 as the target for integrating
the HBV vaccine into national immunization programs
[17]
worldwide . WHO added a disease reduction target
for HBV in 1994, calling for an 80% decrease in new
[1]
HBV carrier children by 2001 . Progressively, it has
become more widely used and recommendations for
HBV vaccination have been extended to all infants in
an attempt to achieve protection against HBV infection.
[18]
It is the so called universal vaccination . In spite
of these recommendations, 6 countries in Northern
Europe (Denmark, Finland, Iceland, Norway, Sweden,
and the United Kingdom) have yet to implement such a
[4,19]
policy
.
Currently available HBV vaccines are extremely safe
and have an efficacy of > 90% and are effective against
all HBV serotypes and genotypes. The vaccination
coverage is measured only after the completion of the
third dose of vaccine.
In Asia, for example, HBV vaccination has been
recommended for all neonates in China since 1992
and the Hepatitis B Immunization Project was initiated
in 2002. The immunization coverage with three doses
of vaccine increased from 71% in 2002 to 93% in
[20]
2009 among infants . The surface antigen (HBsAg)
prevalence in the general population decreased to 7.2%
in 2006. This impact was more significant in children.
In addition, the administration of the HBV vaccine have
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INTRODUCTION
Hepatitis B is a major global health problem, that can
cause chronic liver disease and it is associated to a high
risk of death from cirrhosis and hepatocellular carcinoma
[1,2]
(HCC) . Hepatitis B virus (HBV) is an oncogenic virus
according World Health Organization (WHO). Roughly
30% of the world’s population (more than 2 billion
people) show serological evidence of current or past
infection and among them 240 million are chronic
HBV carriers with an incidence of 500000-700000 per
[3-8]
year . Adults who have had a chronic HBV infection
since childhood develop HCC at a rate of 5% per decade,
which is 100-300 times the rate among uninfected
[3]
people . HBV is a worldwide infection but there is a
marked difference in the geographic distribution of
carriers. Southeast Asia and Sub-Saharan Africa has one
of the world’s highest rates of HBV carriership ranging
from 10% to 20%, while it is less than 1% in Northern
[1,3,9]
Europe and America
.
In areas of high endemicity, the infection is often
acquired during the preschool years. HBV is found not
only in blood but also in saliva, semen and vaginal
secretions, all of which are capable of transmitting
the virus. The most common route of transmission
is perinatal in Asiatic countries and horizontal during
[3]
childhood in African countries . Other routes of trans
mission are transfusions of infected blood products,
contaminated injections, sharing of needles among
injecting drug users, unsafe sexual practices and intra
familial transmission involving non-sexual interpersonal
[10,11]
contact over a long period of time
. It is estimated
that 33% of the 16 billion annual injections administered
worldwide, are unsafe, leading to approximately 20
[12,13]
million new HBV infections each year
.
Despite advances in antiviral therapy, the primary
prevention by vaccination is the gold measure of public
health and the most cost-effective. Over the past 30
years, there were investments in primary prevention
to increase coverage of the universal vaccination pro
[1,12]
grams and consequently the herd immunity
. Due to
successful vaccination programs, the epidemiology of
[14]
HBV disease have been changing . Thus, the burden
of HBV infection for health systems can potentially be
controlled through global vaccination.
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reduced the risk of HCC among adults, nevertheless up
to 10% of the adult population remain chronic carriers
of HBV and prevention of HCC and cirrhosis remains a
[3,20-23]
challenge for China
.
Another history of success: prior to universal
vaccination, Taiwan used to be a high endemic area
for HBV, around 90% of the population aged 40 years
were estimated to have been infected with HBV. At
that time, about 15%-20% of the adult population was
estimated to be HBV carriers. Chronic HBV is responsible
for about 80% of liver cirrhosis and HCC, which are
[18,24]
among the leading causes of mortality in Taiwan
.
The vaccination of newborns of carrier mothers was
implemented in 1984 and extended to all neonates
in 1986. At the start of the program, the HBV carrier
rate among children younger than 15 years of age
[25]
was 9.8% . Almost 30 years after the introduction
of universal vaccination, the prevalence of HBsAg has
decreased to 0.9%.
Before 1984, Alaska was an area with high HBV
endemicity. However, as a consequence of the intro
duction of universal newborn HBV vaccination in 1984,
the region was re-classified after 2000 as intermediate
[18,26]
endemic
. Alaska is a world and happy case study for
HBV vaccination and a real life history of success: all the
consequences of HBV has been reduced: acute hepatitis
B, chronic carriers, and HCC in children under 20 years
of age.
In Africa, in the 1980s, HBsAg carriage in Gambia
was 10% in children and 15% in adults. The annual
incidence of HCC was 23/100000 population. The HBV
vaccination was introduced gradually between 1986
and 1990. Studies conducted in 2008 have shown a
vaccination coverage rate of 92%. The prevalence of
[18]
HBsAg has been reduced to 1% .
In Europe, in 1980, in Catalonia, it is estimated
that 1% of the population was chronic HBsAg carriers.
Vaccination of newborns of HBsAg positive mothers and
other risk populations was started in 1984. In 2002,
universal HBV vaccination of children was included
in the program. Between 1992 and 2010, vaccine
coverage has been around 80%-90%. The reported
incidence of acute HBV has fallen by 61% between
[18]
1991 and 2001 .
The success of HBV vaccination has been clearly
demonstrated. The Global Alliance for Vaccines and
Immunisation recognizes that the effect of HBV vacci
nation in reducing the incidence of liver cancer result
[18]
in an impact on public health worldwide . Countries
that have adopted the recommendation had a marked
reduction in carrier rates as well as complications from
[27,28]
HBV including HCC
. This has been most evident in
regions with a high prevalence of chronic HBV infection.
At present, global HBV vaccine coverage is estimated at
75% and has reached 91% in the Western Pacific and
89% in the American, the largest decline in incidence
[14]
was seen in children .
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TYPES OF VACCINES
The first vaccines were plasma-derived, which contained
purified HBsAg obtained from the plasma of people with
[4]
chronic HBV infection . Derivation from plasma has
left some worries regarding the potential to transmit
[29]
blood infections . In the following years, yeast-derived
recombinant HepB vaccines have been developed by
[4,30]
cloning the HBV S gene in yeast cells
.
Currently, a mammalian cell-derived recombinant
vaccine was developed. We can distinguish three
vaccines of this class. One of these contain, in addition
to the S antigen, antigen from the pre-S2 region while
the other two contain antigens from the pre-S1 and
pre-S2 regions. A controlled trial shown that this class
of vaccine was associated with a better immunologic
[4]
response . Although this advantage, vaccines with
pre-S antigens are not widely available.
Currently recombinant DNA HBV vaccines are being
used for universal HBV immunization programs. Bearing
in mind that more than 1 billion doses of vaccine have
[12]
been used since 1982, the safety record is noteworthy .
HBV vaccines are not only available in monovalent
formulations that protect only against hepatitis B, but
also in combination formulations that protect against
HBV and several other disease: diphtheria, polio,
tetanus, pertussis, and Haemophilus influenzae type
B. The immunogenicity of these multivalent vaccines is
similar to that of the univalent vaccines. The multivalent
vaccines are commonly used in childhood immunization
programs and have greatly facilitated compliance and
[12]
reduced the cost . But ideally, the first dose of vaccine
should be given as soon as possible after birth (< 24 h)
in order to avoid early intrafamilial transmission which
is around 95%. When immunizing against HBV at birth,
only monovalent vaccine should be used.
Currently, WHO is evaluating the possibility to use
HBV vaccines “out of the cold chain” to minimize the
risk of freezing in order to improve vaccination efficacy
[12]
and reduce the costs .

EFFICACY
Impact in complications

Hepatitis B is self-limited in most adult patients with
acute infection. Meanwhile 1%-2% of patients progress
to fulminant hepatic failure, and < 10% progresses to
chronic infection. Chronic HBV infection can lead to liver
cirrhosis, hepatic decompensation (ascites, variceal
bleeding, hepatic encephalopathy, and spontaneous
bacterial peritonitis), HCC, and premature death. The
rate of progression from acute to chronic HBV infection
is reported to be 90% in newborns and 5%-10% in
adults. The progression of acute hepatitis B to chronic
hepatitis is greater in Western countries. The different
rates of chronicity are supposed to be attributable to the
[31]
different distribution of HBV genotypes .
As many as 25% of HBV-infected patients will
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and not recommended by WHO, center for disease
control or prevention or viral hepatitis prevention board.
When estimating how long protection is needed, it is
important to consider the periods with a high risk of
exposure to HBV and increased chances for chronic
evolution of an acute infection. The neonatal period
and childhood constitute the high risk period, because
it more likely evolves towards chronicity than infections
later in life. The next high risk periods of exposure are
adolescence, in which the onset of sexual activity is
rising the risk of transmission.
Based on the current scientific evidence, there is
consensus that there is no need to administer booster
doses of vaccine to ensure long-term protection in
immunocompetent subjects. A booster dose can be
provided to non-responders and exceptionally to
some high-risk individuals (e.g., healthcare workers,
couples of chronic carriers). However, more longterm
data regarding the actual risk of acquiring HBV
infection among individuals who completed a course
of vaccination are needed before recommendations on
booster dose administration can be formulated.
While most recipients of three doses of currently
available HBV vaccines produce a strong, protective and
long-lasting anti-HBs response, 5%-10% of healthy
adults do not produce protective levels of anti-HBs, and
can be considered non-responders. Several factors,
such as inappropriate vaccine storage conditions,
administration not following the recommendations, age,
body mass index, chronic alcoholism, cirrhosis or chronic
renal failure, immune-suppression, organ transplant
recipients, chronic hemodialysis, typeⅠ diabetes, celiac
disease and smoking, drug abuse or infections at the
time of vaccination, have been found to be associated
with a lower rate of response. Genome-wide association
study (GWAS) has been developed to systematically
investigate the associations between polymorphisms
and polygenic inheritance disorders. It has been
demonstrated a possible genetic predisposition to
vaccine non-responsiveness likely due to the presence
of specific human leukocyte antigen (HLA) haplotypes
and specific single nucleotide polymorphism (rs497916,
rs3922, rs676925 and rs355687) in genes of cytokine/
cytokine receptors and toll like receptors. GWAS reported
that genetic variants in HLA-DP, HLA-DQ, HLA-DR in
[40,41]
fluence response to vaccination
.
The problem of unresponsiveness could represent depending on the size of the problem - a global health
issue, because the group of non-responders could
[42]
be considered as a reservoir of HBV-susceptibility .
Luckily, with universal programs starting at birth or
infancy, the rate of non-response very low.
Persons unresponsive to a first series of three doses of
vaccine are recommended to complete a second course of
vaccine. Non-responders to the second course should be
evaluated for underlying chronic HBV infection. Another
approach, to improve the effectiveness of vaccination, it is
[41]
to administer the vaccine intradermally .
Vaccine escape mutants are another problem that

Table 1 The proved benefits of hepatitis B vaccination
Reduction of incidence/prevalence
Acute hepatitis B
Fulminant hepatic failure
Chronic carrier
Chronic hepatitis B
Liver cirrhosis
Hepatocellular carcinoma
Comorbidities (vasculitis, neuropathy, cutaneous, personal stigma,
social discrimination)

develop HCC, which is the fourth most common solid
tumor worldwide. Between 500000 and 700000 people
die each year from chronic infection related cirrhosis,
[12]
HCC or from acute hepatitis B . Reduction in the
morbidity and mortality of HBV related HCC can been
achieved as a result of HBV vaccination, intensive
[32-34]
screening programs, and antiviral treatment
. The
benefits of vaccination are summarized in Table 1. HBV
vaccination has proven to be a safe and effective way of
protecting populations from developing clinical acute or
chronic HBV. The universal immunization led to a huge
reduction of the prevalence of HBV and the HBV-related
[6,35]
morbidity and mortality
. In fact HBV vaccine has
been the first vaccine with a triple target: to double viral
and one cancer prevention, i.e., HBV, hepatitis delta
and hepatocellular carcinoma. HBV is an oncogenic one,
according WHO.

Response to the vaccine

A positive immune response to the vaccine is defined
as the development of HBV anti-HBs at a titer of > 10
mIU/mL, after a complete and adequate immunization
schedule measured preferably 1 to 3 mo after the last
[18,36]
vaccine administration
.
Long-term follow-up studies of newborn vaccination
showed that antibodies become negative in 15%-50%
[4]
among the vaccine responders within 5 to 10 years .
The decline of HBV antibody titer seemed mainly to be
[4]
proportional to the antibody titer initially acquired . A
natural booster effect with activation of memory B cells,
due to environmental exposure to HBV, can contribute
to persistence of anti-HBs antibodies, particularly in
areas of high endemicity. The clinical significance of
the disappearance of specific antibodies in immuno
competent responders to previous vaccination remains
[4,18]
controversial
. Long-term protection is present
despite a decrease in anti-HBs antibodies over time.
The exact mechanism of long-term protection, however,
is not yet fully understood but it is probably due to the
priming of memory cells, which are capable of producing
anamnestic response when challenged. This means
that the immunological memory for HBsAg can outlast
[4,36]
antibody detection
.
Protection has been estimated to persist at least for
[24,36-39]
25 years after the primary vaccination schedule
.
Currently, decisions to offer a booster dose, based on
anti-HBs antibody titre < 10 mIU/mL, is controversial
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affects the response to the vaccine. Several mutations
in the S protein have been identified, and these mu
tations may evade neutralizing anti-HBs and infect
vaccinated people. The most widely reported escape
mutants was associated with a point substitution of
glycine by arginine residue at position 145 (G145R). The
vaccine-escape mutants are more common in countries
with high rates of endemic infection. Third generation
of vaccines may also be effective in preventing infection
with HBV containing a S-mutation. Nonetheless, the
prevalence of these mutants appears to be low and
reductions in the efficacy of HBV vaccine have not been
[41,43]
yet observed
.

achieve the goal of global eradication of HBV infection.
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EDITORIAL

Optimal surveillance program for hepatocellular carcinoma
- getting ready, but not yet
Grace Lai-Hung Wong

Abstract

Grace Lai-Hung Wong, Department of Medicine and Thera
peutics, 9/F Prince of Wales Hospital, the Chinese University of
Hong Kong, Hong Kong, China

Hepatocellular carcinoma (HCC) secondary to chronic
viral hepatitis is a major health problem in AsianPacific regions due to the endemics of chronic hepatitis
B and C virus infection. HCC surveillance has been
recommended to patients who are at risk to develop
HCC. Unfortunately, a significant proportion of patients
still died in long run due to tumor recurrence. The key
components of an optimal surveillance program include
an accurate tumor biomarker and optimal surveillance
interval. Serum alpha-fetoprotein (AFP), despite of
being the most widely used biomarker for HCC surve
illance, it was criticized as neither sensitive nor specific.
Other HCC biomarkers, including lectin-reactive AFP
(AFP-L3), des-gamma carboxyprothrombin, are still
under investigations. Recent study showed cancerassociated genome-wide hypomethylation and copy
number aberrations by plasma DNA bisulfite sequencing
to be accurate with both sensitivity and specificity
close to 90% in detecting HCC in a case-control study.
Concerning the optimal surveillance interval, we believe
one size does not fit all patients. Accurate risk prediction
to assist prognostication with well-validated HCC risk
scores would be useful to decide the need for HCC
surveillance. These key components of an optimal HCC
surveillance program should be further validated at a
surveillance setting.
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Core tip: The key components of an optimal surveillance
program include an accurate tumor biomarker
and optimal surveillance interval for hepatocellular
carcinoma (HCC). Cancer-associated genome-wide
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similar results . Hence the latest European guidelines
still commented that accurate tumor biomarkers for
early detection of HCC needed to be developed. Such
biomarkers (i.e., AFP, AFP-L3 and DCP) are indeed
[3]
suboptimal for routine clinical practice .
The dysregulated signaling pathways in HCC have
been under intensive study for both diagnostic and
[10]
therapeutic targets . Nonetheless, HCC often involves
heterogeneous pathogenesis such that multiple genes
are involved (Table 1). This made using a single or a few
genomic markers as HCC biomarker infeasible. Recently,
cancer-associated genome-wide hypomethylation and
copy number aberrations by plasma DNA bisulfite
sequencing has been found to be accurate with both
sensitivity and specificity close to 90% in detecting
[11]
HCC in a case-control study . The remaining issue
of such genomic sequencing is that it is rather costly
(approximately United States $10000 per assay).
Apart from further validation of these novel genomic
biomarkers in a surveillance setting, further optimization
of the assay to reduce the cost yet maintaining the
accuracy would be essential to make it applicable and
accessible to more patients.

hypomethylation and copy number aberrations by
plasma DNA bisulfite sequencing are two promising
genomic markers of HCC. Risk prediction by HCC risk
scores may assist prognostication and to decide the
optimal surveillance interval.
Wong GLH. Optimal surveillance program for hepatocellular
carcinoma - getting ready, but not yet. World J Hepatol 2015;
7(18): 2133-2135 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i18/2133.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i18.2133

INTRODUCTION
Hepatocellular carcinoma (HCC) secondary to chronic
viral hepatitis is a major health problem in Asian-Pacific
regions due to the endemics of chronic hepatitis B and
[1]
C virus infection . Antiviral therapy reduces the risk but
[2]
does not eliminate HCC . Therefore cancer surveillance
remains indispensable to patients who remain at
high risk despite antiviral therapy, namely those with
[3]
cirrhosis .

OPTIMAL SURVEILLANCE INTERVAL DOES ONE SIZE FITS ALL?

BENEFITS OF HCC SURVEILLANCE
It has been recommended to offer HCC surveillance to
patients who are at risk to develop HCC for almost a
[4]
decade . The surveillance program recommended at
that time was composed of the 6-mo trans-abdominal
ultrasonography and serum alpha-fetoprotein (AFP)
testing. HCC surveillance improves prognosis of patients
by identifying tumors of smaller sizes, fewer numbers
[5]
of tumors, and longer overall survival . Unfortunately,
nearly 40% of patients still died in 5 years even they
[5]
had received regular HCC surveillance . This implies
the current HCC surveillance is still far from perfect.

There would be much economic implication in many
low-to-middle economic countries if all patients at risk
of HCC received antiviral therapy together with HCC
surveillance. Therefore an accurate risk prediction would
be able to help prognostication, deciding on the need
for antiviral therapy as well as HCC surveillance. Several
well-established risk factors for HBV-related HCC include
advanced age, male gender, high viral load, cirrhosis.
These factors are the core components of three well[12]
[13]
validated HCC risk scores: CU-HCC , GAG-HCC and
[14]
REACH-B scores . These risk scores were confirmed
to be accurate in forecasting HCC up to 10 years in
patients with chronic hepatitis B (CHB) who were mostly
treatment-naïve.
Their validity and applicability have been recently
illustrated in a large cohort of patients receiving antiviral
[15]
treatment entecavir . A reducion in risk scores after
[15]
antiviral therapy renders to a lower risk of HCC . CUHCC score was further optimized with liver stiffness
[16]
measure (LSM) by transient elastography . This new
LSM-HCC score excludes future HCC with high negative
[16]
predictive value (99.4%-100%) at 5 years . All these
observations support to apply these HCC risk scores
in CHB patients. Levels of care and intensities of HCC
surveillance accordingly to the risk profile of patients
should be offered accordingly. Patients at intermediate
or high risk of HCC should receive regular HCC
[5,17]
surveillance, despite the use of antiviral treatment
.

THE PERFECT HCC BIOMARKER - DOES
IT EXIST?
The key components of the perfect surveillance program
include an accurate tumor biomarker and optimal
surveillance interval. Serum AFP is the most extensively
[3]
applied biomarker for HCC surveillance . However,
its low sensitivity (20% to 65%) and specificity (50%
to 94%) in discovering early HCC has resulted in
the latest American guidelines abandoning AFP but
using ultrasonography alone as the single surveillance
[6]
tool . Despite it has been recently demonstrated the
high specificity of AFP in patients receiving antiviral
[7]
therapy , it is well known that this commonly adopted
tumor marker remains suboptimal.
There have been a handful of HCC biomarkers,
e.g., lectin-reactive AFP (AFP-L3), des-gamma carbo
[8]
xyprothrombin (DCP), under investigations . Despite
some of the biomarkers appeared promising initially,
subsequent studies could not always reproduce the
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Table 1 Major cancer genes involved in the pathogenesis of
hepatocellular carcinoma
Gene

Type

Pathways

MYC
EGF

Oncogene
Oncogene

TGFA

Oncogene

Proliferation control
EGFR signaling
(mitogenic signaling)
EGFR signaling
(mitogenic signaling)
Wnt-signaling
PI3K/Akt/mTOR signaling
PI3K/Akt/mTOR signaling
Growth factor
Growth factor receptor
Growth factor receptor
Ras/MAPK signaling
Stress response,
cell cycle inhibition
Cell cycle
Cell cycle
Cell senescence

APC
PTEN
AKT
HGF
MET
PDGFR
RAS
P53
E2F1
CCND1
Telomerase

Tumor suppressor gene
Tumor suppressor gene
Oncogene
Oncogene
Oncogene
Oncogene
Oncogene
Tumor suppressor gene
Oncogene
Oncogene
Oncogene

6

7

8

9

10

Modified from Zender et al[10]. EGFR: Epidermal growth factor receptor;
MAPK: Mitogen-activated protein kinases; PI3K/AKT/mTOR: Phosphati
dylinositol 3-kinase/protein kinase-B/mammalian target of rapamycin.

11

program are getting ready. They should be further
validated at a surveillance setting in order to understand
how exactly they can benefit our patients. Data on the
cost-effectiveness of such a perfect HCC surveillance
program would be useful to our policy maker. The days
of HCC becoming a mostly curable disease are getting
closer and closer.
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13
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REVIEW

From the stomach to other organs: Helicobacter pylori and
the liver
Marek Waluga, Michał Kukla, Michał Żorniak, Agata Bacik, Rafał Kotulski
pathogenesis of the diseases outside the stomach
and explored the significance of this bacterium in the
pathogenesis of some metabolic and cardiovascular
diseases. Recent studies have provided evidence that
H. pylori is also involved in the pathogenesis of some
liver diseases. Many observations have proved that H.
pylori infection is important in the development of insulin
resistance, non-alcoholic fatty liver disease, non-alcoholic
steatohepatitis, liver fibrosis and cirrhosis. The worsening
of liver inflammation of different origins also occurs
during H. pylori infection. Some studies have indicated
that H. pylori infection induces autoimmunological
diseases in the liver and biliary tract. The potential
significance of this bacterium in carcinogenesis is
unclear, but it is within the scope of interest of many
studies. The proposed mechanisms through which H.
pylori impacts the development of hepatobiliary diseases
are complex and ambiguous. The importance of other
Helicobacter species in the development of hepatobiliary
diseases is also considered because they could lead to
the development of inflammatory, fibrotic and necrotic
injuries of the liver and, consequently, to hepatocellular
carcinoma. However, many contrary viewpoints indicate
that some evidence is not convincing, and further
studies of the subject are needed. This review presents
the current knowledge about the importance of H. pylori
in the pathogenesis of liver and in biliary diseases.
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Core tip: Helicobacter pylori (H. pylori ) is generally
regarded as the risk factor of the development of
gastric diseases, including cancer. However, some
authors suggest that H. pylori infection can cause other
disorders, including liver diseases such as non-alcoholic
fatty liver diseases, non-alcoholic steatohepatitis, liver

Abstract
Many recent studies have examined the importance
of Helicobacter pylori (H. pylori ) infection in the
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This review searches for a connection between H. pylori
infection and certain liver diseases.

fibrosis, cirrhosis and hepatic carcinoma. The importance
of other Helicobacter species in the development of
hepatobiliary diseases is also considered. This review
examines the current knowledge on the impact of H.
pylori infection on the pathogenesis of liver and biliary
diseases and considers various points of view.

H. PYLORI AND NON-ALCOHOLIC FATTY
LIVER DISEASE - DOES A LINK EXIST?
Many studies indicate that H. pylori, the risk factor for the
development of gastric diseases such as cancer, is the
cause of other disorders. Some authors suggest that H.
[9-11]
pylori infection and chronic liver diseases are linked
.
Moreover, H. pylori-like DNA is more commonly found
in liver samples from chronic liver disease patients than
[4-12]
from controls
.
Non-alcoholic fatty liver disease (NAFLD) is a very
common disease that affects 25%-30% of the population
[13,14]
in western countries
. Non-alcoholic steatohepatitis
(NASH), liver fibrosis and cirrhosis are the consequences
of NAFLD and influence the prevalence of morbidity
and mortality. Fatty liver is significantly more often
[9]
diagnosed in H. pylori-positive patients . According to
another investigation, H. pylori infection may be one of
the hits that contributes to the pathogenesis of NAFLD,
and the eradication of H. pylori may be significant in the
[11]
treatment of this disease . The pathogenic mechanism
of this phenomenon is unclear.
The effect of the gut microbiota, including H. pylori,
on liver damage has not been explored sufficiently.
Helicobacter species may cause liver injury via specific
[15]
toxins . Moreover, invasion of Helicobacter in the small
bowel mucosa might increase gut permeability and
facilitate the passage of bacterial endotoxins via the
[16]
portal vein to the liver .
H. pylori infection is positively correlated with
developing metabolic syndrome and inversely correlated
[2,17]
with morbid obesity
. The rate of seropositivity
is higher in patients with metabolic syndrome than
[17]
in healthy subjects . However, other authors have
claimed that the risk of obesity is increased after
eradication of H. pylori. The source of this phenomenon
is unclear. H. pylori eradication could cause an increased
ghrelin concentration. Thereafter, improved appetite
[2,18]
would lead to an increase in body mass
. Jamali et
[19]
al did not find evidence that both the reduced amount
of fat in the liver and the modified lipid profile are
caused by eradication therapy. There are some doubtful
approaches in the methodology of this study: NAFLD
was diagnosed based on ultrasound methodology.
Furthermore, dyspeptic patients were included, and
[19]
the control group consisted of H. pylori (+) patients .
Despite some important differences in methodology,
including biopsy-proven diagnosis of NASH, selection of
asymptomatic patients and H. pylori (-) patients in the
[20]
control group, Polyzos’s study obtained similar results .
H. pylori infection may be the contributing factor for
NAFLD to progress to NASH. Thus, H. pylori eradication
[21]
may be important in NASH treatment .
Other studies have shown that H. pylori infection
co-exists with the development of NAFLD. The gut

Waluga M, Kukla M, Żorniak M, Bacik A, Kotulski R. From the
stomach to other organs: Helicobacter pylori and the liver. World
J Hepatol 2015; 7(18): 2136-2146 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i18/2136.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i18.2136

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative
bacterium that was discovered in 1983 and was reported
[1]
in 1984 in the Lancet by Warren and Marshall ,
who were awarded the Noble prize in 2005. H. pylori
infection is very common throughout the world but is
[2]
particularly common in developing countries . This
infection is also more common among elderly persons
[3]
than adolescents . As indicated by the second part
of its name (pylori), H. pylori colonizes the distal part
of the stomach. In most cases, the infection occurs
during childhood and persists throughout life. H.
pylori infection is the cause of many diseases, such as
chronic gastritis, peptic ulcer disease, gastric mucosaassociated lymphoid tissue (MALT) lymphoma, and
gastric cancer. According to the Correa theory, H.
pylori infection causes sequential phenomena, leading
from chronic gastritis through jejunal metaplasia and
[4]
dysplasia to gastric cancer . Many pathophysiological
mechanisms are involved in the phenomena leading to
inflammation and carcinogenesis. The overexpression
of cyclooxygenase-2 and inducible nitric oxide synthase
results in the excessive generation of prostaglandin E2
(PGE2) and nitric oxide (NO). Recent data indicate that
ERK activation induced by H. pylori infection plays very
important role in up-regulation of PGE2 (prostaglandin
E2) and NO generation in the gastric mucosa at the level
of inhibitory κB kinase-β and cytosolic phospholipase
A2 activation. A peptide hormone, ghrelin, counters the
proinflammatory consequence of the lipopolysaccharide
(LPS) of H. pylori through Src/Act-dependent S-nitro
[5]
sylation . Moreover, the ability of this hormone to
counter the responses of the gastric mucosa to H.
pylori LPS relies on phosphatidylinositol 3-kinase (PI3K)
activation, which depends on the phospholipase C/
protein kinase C signaling pathway. PI3K activity is
[6]
required for the induction of cSrc/Act activation . More
detailed data on these interesting phenomena have
[7]
recently been published .
These complicated pathophysiological mechanisms
occur within the gastric mucosa. However, the chronic
infection elicits not only chronic inflammatory but also
[8]
immune responses on the local and systemic level .
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microbiota may regulate insulin resistance (IR) ;
however, such an approach is controversial. IR could
be one of the important pathogenic factors. H. pylori
infection could be involved in the pathogenesis of IR.
The accumulation of free fatty acids (FFAs) in the liver is
caused by a decrease in their mitochondrial β-oxidation,
[23-25]
which is one of the feature of IR
. Whether H.
pylori is important in the development of IR is not only
unclear but also controversial. The homeostatic model
of assessment IR (HOMA-IR) score is the most common
method for assessing insulin sensitivity. A high HOMAIR score indicates low insulin sensitivity. One study has
shown that the HOMA-IR scores were higher in an H.
[26]
pylori-positive group than in the negative group ;
[27]
however, other authors have a contrary opinion . H.
[28]
pylori may be pathogenic and risk factors for obesity
[29]
and type 2 diabetes mellitus (DM) , which are
components of metabolic syndrome (MS). H. pylori
infection could explain why the pathogenesis of IR is
[21]
complex . The trend exists toward a positive association
[30]
between H. pylori infection and HOMA-IR . The
potential association between H. pylori infection and IR
may impact our understanding of the physiopathological
[21]
mechanisms of MS, type 2 DM and NAFLD .
However, the pathogenesis underlying the link
among H. pylori infection, IR and MS is unclear. Many
[31-33]
mechanisms must be considered
. These mechanisms
include the effect of fetuin-A, a glycoprotein produced
[34]
by the liver . Fetuin A can be an anti-inflammatory
[35]
factor . The level of fetuin-A is lower in H. pylori[36]
infected patients compared with non-infected subjects .
However, other findings have shown the opposite results,
indicating that H. pylori-infected individuals have higher
fetuin-A and insulin levels and HOMA-IR scores than non[37]
[38]
infected individuals . According to other studies ,
fetuin-A has proinflammatory properties, decreases
glucose tolerance and inhibits insulin receptor tyrosine
[33]
kinase in the liver .
H. pylori infection stimulates the release of pro
inflammatory cytokines such as tumor necrosis factor
[39]
(TNF)-α, interleukin (IL)-1β, IL-6 and IL-8 . TNF-α is
the important pathogenic factor in the pathogenesis
of IR, NAFLD and NASH. The mechanism of TNF-α
activity is complicated and includes up-regulated Ser
[40]
phosphorylation
or inhibition of the autophosphory
[41]
lation of the tyrosyl of IRS-1 . The downregulation of
[42]
GLUT4 and the acceleration of lipolysis, which increases
the concentration of FFAs, is also possible. Then, these
[43]
reactions evoke oxidative stress and lead to detrimental
[44]
effects in hepatic endoplasmic reticulum
and the
[45]
activation of nuclear factor κB (NF-κB) .
Adipokines are important factors that are involved in
the pathogenesis of NAFLD and NASH. They can have
pro- or anti-inflammatory properties. Adiponectin is one
of the first discovered adipokines. This important fatderived compound has anti-inflammatory properties
[46]
and many other ones , including the suppression of
[47]
macrophage function, antilipogenic effects
and the
[48]
inhibition of NF-κB activation . The adiponectin level is
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lower in H. pylori-positive patients with NAFLD than in
[11]
H. pylori negative patients . Thus, H. pylori infection
increases the risk of NAFLD development by reducing
the concentration of adiponectin.
Abnormal serum lipid compositions and lipid meta
bolism are very common in patients with MS and
NASH. However, the impact of H. pylori infection on
lipid metabolism is controversial. Some authors have
found that the serum triglyceride level is higher in
H. pylori-positive patients but that the high density
lipoprotein-cholesterol (HDL-C), low density lipoproteincholesterol (LDL-C) and total cholesterol levels do not
differ between H. pylori-positive and H. pylori-negative
[49]
patients . Others have found that H. pylori infection
is an important factor that negatively modifies serum
lipids such as increasing LDL-C and decreasing HDL-C
[36,50]
level
.
It is unclear whether the influence of H. pylori
infection on liver steatosis and NASH has a similar
pathogenesis as other species that colonizes the digestive
tract. Qualitative and quantitative changes in the
microbial system of the small bowel impair the intestinal
[51]
barrier and bacterial translocation . The increased level
of endotoxin-mediated cytokines observed in patients
with the portal hypertension underlies the enhanced
[52]
degree of inflammation and fibrosis of the liver . Small
intestinal bacterial overgrowth is correlated with the
[53]
severity of steatosis but not with NASH .
As stated above, many studies suggest that H. pylori
infection is correlated with the spectrum of fatty liver
diseases. This influence on the liver is at least partially
associated with metabolic disturbances. However, the
systemic recruitment of the inflammatory factors that
[54]
are present at the time of H. pylori infection
could
be responsible for a larger spectrum of extra-gastric
manifestations, including other forms of liver damage.

H. PYLORI INFECTION AND LIVER
FIBROSIS
[55]

Goo et al
showed a significant increase in the
fibrotic score and aminotransferase activity in a group
inoculated with H. pylori and CCl4 (carbon tetrachloride)
compared with a CCl4-treated group in an animal model
of fibrosis. Transforming growth factor-β1 (TGF-β1)
and smooth muscle actin (α-SMA) levels were also
[55]
enhanced in the co-treated group . TGF-β1 is a key
profibrogenic cytokine and is crucial in the production
of extracellular matrix by activated hepatic stellate cells
[56]
(HSCs) . TGF-β1 promotes HSC differentiation into
[56]
myofibroblasts and facilitates the formation of α-SMA
[57]
positive fibers in this cell type .
Carbohydrate metabolism within the liver is probably
disturbed in animals inoculated with H. pylori. The
decreased amount of hepatic glycogen is very likely
result of increased glucose utilization and increased
energy production from glycolysis because of mito
chondrial impairment and a depletion of the hepatic ATP
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stores. Endotoxins may cause hydropic degeneration
[55]
in hepatocytes . Hepatocellular injury increases the
serum aminotransferase activity, hydroxyproline content
[55]
and extent of fibrotic area .
The influence of H. pylori infection on hepatic
fibrogenesis in the absence or presence of TGF-β1 was
[58]
examined in an animal model . H. pylori strongly
promoted a HSC line only if TGF-β1 was added. HSCs
[59]
play pivotal roles in the progression of liver fibrosis .
However, TGF-β1 is essential as a fibrogenic growth
factor that activates HSCs through the SMAD2/3[60]
mediated pathway . Additionally, the activation of
TGF-β1 correlates with injuring factors such as oxidative
[61]
stress, aging and inflammation .

cipates in inducing autoimmunological diseases .
The mitochondrial autoepitopic region of pyruvate
dehydrogenase complex E2 (PDC-E2) is similar to
[70]
urease beta of H. pylori . This similarity suggests that
H. pylori infection is related to the risk of primary biliary
cirrhosis (PBC). H. pylori DNA was detected in the livers
[71]
of PBC patients . However, evidence of immunological
cross-activity at the CD4 T-cell and β-cell level was not
found, and the importance of cross-reactive antibodies
against H. pylori VacA antigen and human PDC-E2
[69]
was not established . Moreover, the prevalence of H.
pylori infection did not differ between PBC patients and
[69]
controls .
Both supportive and contradictory data exist con
cerning a possible link between H. pylori infection and
primary sclerosing cholangitis (PSC). Some studies
detected H. pylori DNA in the livers of patients with
[72,73]
[72]
PSC
. Nilsson et al
identified H. pylori and other
Helicobacter species from patients with PSC and PBC.
PSC is often accompanied by ulcerative colitis. The
hypothesis that inflammation-induced alterations in
the gut flora may promote Helicobacter translocation
from the gut to the liver in ulcerative colitis patients
is very interesting. This translocation of pathogens
[74,75]
can cause liver autoimmunity
. The prevalence of
antibodies against non-gastric H. pylori in patients with
[69]
autoimmune liver diseases is increased . However,
the prevalence of H. pylori in PSC patients did not differ
[69]
compared with the prevalence in controls .
Evidence in support of a relationship between the
prevalence of autoimmune hepatitis (AIH) and H.
[69]
pylori infection is also insufficient . A clear association
between H. pylori seroprevalence and AIH was not
[76]
confirmed in a previous study . Dzierzanowska-Fangrat
[77]
et al
evaluated pediatric patients and observed no
association between Helicobacter infection and AIH in
children. Thus, relationship between H. pylori colonization
of gastric tissue and liver disease is controversial.

H. PYLORI, OXIDATIVE STRESS AND
LIVER CELL DAMAGE
An immunohistochemical study showed the presence
of H. pylori antigen fragments in the liver of infected
animals. A histological analysis showed that the hepatic
cell architecture was disrupted, which was accompanied
by slight necrosis, inflammation and ballooning of
liver cells. These alterations could explain the higher
vulnerability of mildly degenerated, infected liver
tissue to injuring factors such as toxins, alcohol or the
[54-62]
accumulation of fat
.
The increased number of binucleated hepatocytes
[63]
described by Jeong et al
indicates that H. pylori
infection has additional pathological effects. The authors
suggested that this phenomenon could be caused by the
fusion of two hepatocytes with injured cell membranes
or by regenerative processes against damage of the
[63]
liver .
Senescence marker protein-30 (SMP30) is a multi
functional protein that prevents oxidative stress and
[64,65]
cellular apoptosis
. Lipopolysaccharide (LPS) origi
nating from H. pylori cells may underlie the oxidative
[55]
stress . The reduction in SMP30 in CCl4-treated livers
was enhanced by H. pylori infection in experimental
[55]
study and H. pylori LPS is probably its cause . One of
the virulence factors, vacuolating cytotoxin A (Vicar),
was detected in the hepatocytes of patients with mild
hypertransaminasemia and H. pylori infection. This
finding supports the hypothesis that aminotransferase
activity may be slightly elevated by cytotoxic strains of
[66]
H. pylori . According to another study, H. pylori is an
[67]
independent factor that causes liver damage . Its
effective eradication leads to a decrease in aminotrans
ferase activity in dyspeptic patients with unexplained
mild hypertransaminasemia and concomitant H. pylori
infection. This finding suggests that H. pylori infection
is important in increasing the activity of aminotrans
[68]
ferases .

H. PYLORI INFECTION AS THE CAUSE
OF LIVER CIRRHOSIS?
The prevalence of ulcers of the stomach and/or duo
denum caused by H. pylori is higher in patients suffering
[78,79]
from hepatic cirrhosis
. A recent meta-analysis
suggests that there is also a significantly high prevalence
[80]
of H. pylori infection among patients with cirrhosis .
Eradication therapy may be beneficial for cirrhotic
patients because it diminishes the risk of recurrent
[81,82]
peptic ulcers and bleeding
. However, Stalke et
[83]
al
demonstrated a positive correlation between the
degree of gastric colonization by this bacterium and
parenchymatous liver damage in a group of hospitalized
patients without liver cirrhosis.
H. pylori infection contributes to the development of
[84]
hepatic encephalopathy and hyperammonemia . In
a meta-analysis of six cohort studies that involved 632
H. pylori-positive and 396 negative cirrhotic patients,
infection was associated with elevated blood ammonia

H. PYLORI AND AUTOIMMUNOLOGIC
LIVER DISEASES
One study has indicated that H. pylori infection parti
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[85]

levels . Whether the H. pylori eradication is effective in
the treatment of hepatic encephalopathy has not been
fully examined.
Most data suggesting a relationship between H.
pylori and liver complications comes from studies on
viral hepatitis patients. Indeed, there have been some
attempts to estimate the influence of H. pylori infection
on the progression of fibrosis in patients with HCV[86]
related chronic hepatitis. Esmat et al
revealed that
H. pylori polymerase chain reaction (PCR) [cytotoxicassociated gene A (CagA)] was positive in a significantly
higher percentage of patients with late fibrosis (F3 + F4
based on METAVIR staging) than with early fibrosis. In
another study concerning HCV(+) patients, Queiroz et
[87]
al
noted that cirrhosis in this group was associated
with both age and H. pylori-positive status, which was
confirmed by ELISA and PCR tests.
HCV patients who are coinfected with H. pylori have
more advanced fibrosis than HCV patients without
[88]
infection . Decreased glycogen and total proteins
in hepatocytes and cirrhotic nodules are frequently
observed in HCV patients who are coinfected with H.
[88]
pylori . Additionally, H. pylori infection facilitates the
[9]
progression to cirrhosis in patients with HCV infection .
[89]
In contrast, Castéra et al did not confirm that the
presence of Helicobacter species DNA is associated with
advanced liver diseases. The lack of correlation between
the presence of H. pylori-like DNA in the liver and
[89]
positive H. pylori serology was also proved .

development of HCC .
[99]
Zhang et al
indicated that H. pylori exerts a
pathological effect on HepG2 cells by up-regulating
the expression of integrin β-1, protein kinase Cα, LIM/
homeobox protein Lhx1, eIF-2-beta, MAP kinase kinase
3, PINCH protein and Ras-related protein Rab-37, which
are involved in transcription, signal transduction and
metabolism. This study provides indirect evidence that H.
[99]
pylori is important for carcinogenesis in hepatic cells .
[100]
Xuan et al
performed a systematic review of
relevant studies. Only 10 of 103 clinical trials fulfilled
the very strict selection criteria and were involved in the
[100]
analysis . Based on this meta-analysis, the authors
determined that the association of H. pylori infection
and HCC is described by an OR of 13.63. However,
these results should be interpreted with caution.
Helicobacter DNA was detected and identified in some
of the included studies as H. pylori-like organisms.
Persistent infection with H. pylori can modulate
hepatocyte replication and may be important for the
pathogenesis of liver diseases. Increased apoptosis
could result from the release of virulent factors, which
[97]
are inside the hepatocytes . The virulent strain can
likely arrest cell proliferation. H. pylori might increase the
risk of TGF-β1-dependent tumorigenesis by disturbing
the balance between hepatocyte apoptosis and pro
[58]
liferation . This result is probably strain- and species[97]
dependent . Infection by H. pylori leads to the induction
of TNF-α which also can be involved in carcinogenic
[101]
processes in the liver .
An analysis of HCC patients indicates that 60.7% of
cases are infected by Helicobacter species (based on
PCR), and this rate is much higher (P < 0.01) than in
control group. This finding suggests that colonization of
the liver tissues by Helicobacter spp. could be significant
[100]
for the carcinogenesis that occurs in HCC patients .
However, a hypothesis that explains the importance of
H. pylori in the pathogenesis of HCC is currently lacking
and requires further exploration.
The importance of H. pylori in the development
[102]
of CCA is unclear. However, Boonyanugomol et al
found that the prevalence of H. pylori infection is
significantly higher in patients with CCA than in patients
with cholelithiasis and the control group. The authors
concluded that the CagA-positive strains in particular
[102]
could be involved in CCA carcinogenesis . The inflam
matory grade at the portal zone around the bile ducts
was significantly higher in patients with CCA and H.
pylori PCR-positive liver tissue specimens than in noninfected liver samples. Moreover, the mononuclear cell
infiltration in H. pylori PCR-positive samples was signi
[102]
ficantly higher . Inflammation leads to the production
of several cytokines that can induce cell proliferation and
[103]
oxidative DNA damage and decrease cell survival .
These phenomena could underlie the development of
[102]
bile duct cancer . The authors concluded that H. pylori,
especially CagA-positive H. pylori, can be involved in
the development of CCA. Furthermore, its importance is
[102]
probably greater than that of other bacteria . Fukuda

H. PYLORI AS AN ONCOGENIC FACTOR
FOR THE LIVER?
Over-expression of hepatitis B virus (HBV) antigen
(HBsAg and HBcAg) is present in the gastric mucosa
of patients infected with H. pylori who are also
[90]
suffering from hepatitis B . Because both pathogens
confer oncologic risk [gastric MALT-lymphoma and
hepatocellular carcinoma (HCC), respectively], the
authors suggest that early treatment of H. pylori infection
[90,91]
could be beneficial in this group of patients
.
H. pylori may be important in the development of
[92]
HCC. Nilsson et al
identified H. pylori and similar
species in liver samples from patients with HCC and
cholangiocarcinoma (CCA). The presence of H. pylori
[93]
in the bile was associated with a higher risk of CCA .
Additionally, H. pylori was detected in hepatic tissue of
patients who underwent resection because of primary
[94,95]
HCC
. Some in vitro studies may support the hypo
thesis that this bacterium may promote liver cancero
genesis. CagA H. pylori has an in vitro cytotoxic effect
[96]
on HepG2 hepatocarcinoma cells . Moreover, Ito et
[97]
al observed a disturbed balance between hepatic cell
proliferation and apoptosis and disrupted hepatocyte
replication related with persistence of intracellular H.
pylori. However, a recent study using an animal model
of hepatitis C virus-induced hepatocellular cancer
showed that H. pylori infection does not promote the
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et al
obtained the opposite results and stated that
H. pylori was detected in a small number of hepato
biliary cancer patients in Japan. These contradictory
results suggest that H. pylori prevalence varies across
[105]
regions .
The possible importance of H. pylori in the patho
genesis of bile duct cancer is unclear. Boonyanugomol
[106]
et al
showed that the factors that were involved in
H. pylori internalization in CCA cells were encoded by
cagPAI. The polymerization of actin and α5β1-integrin
is also probably important. H. pylori attaches to β-1
integrin receptors and can promote phosphotyrosine
signaling, which activates the tyrosine phosphorylation
cascade and leads to internalization of the bacterium into
[97]
the hepatocytes . H. pylori infection is also associated
[97,100-107]
with proliferation, apoptosis
and inflammation
[106]
with a concomitant increase in IL-8 in the bile ducts . H.
pylori up-regulates NOD1 gene expression in biliary cell
lines in a cagPAI-dependent manner, which is similar to
[106]
the mechanism in gastric cells . Moreover, increased
expression levels of tall like receptor 4 (TLR4) and TLR5
genes were observed in biliary cells after stimulation
with H. pylori.

various diseases of the liver and biliary tract. However, H.
pylori can also be considered as one of the precipitating
[112,113]
factors in the formation of the gallstones
. 16S
rRNA amplification and DNA sequencing have been
used to prove the presence of bacteria in gallstones. In
another study, though, Helicobacter species were not
found in bile juice. Consequently, the authors suggest
that racial and demographic differences could explain
[114]
these opposing results .
H. hepaticus infection leads to oxidative stress in the
liver by increasing the level of nitrogen and oxygen active
substances. This phenomenon causes carcinogenesis in
[115]
the liver . Particularly in patients with chronic hepatitis
C virus infection, an additional infection by H. hepaticus
may be a risk factor for the progression to liver cirrhosis
[94]
[116]
or HCC . Krüttgen et al
did not identify H. hepaticus
in HCC patients with concomitant chronic hepatitis B
or hepatitis C. Moreover, they also did not disprove the
importance of H. hepaticus in HCC cases caused by other
[116]
carcinogens .
Some experimental evidence indicates that H.
hepaticus causes chronic liver diseases and HCC in mice.
The long-term population of the liver by H. hepaticus
leads to the development of inflammatory, fibrotic
and necrotic injuries of the liver and, consequently, to
[117]
HCC . Proliferation and apoptosis are increased in the
[118]
hepatocytes of infected mice .
H. hepaticus and other Helicobacter species, such
as H. pullorum, H. bilis, may induce hepatocyte and
biliary epithelia cell autoimmunity. These species
[119]
can survive in low concentrations of human bile
.
Cytolethal-distending toxin (CDT) of H. hepaticus plays
an important role in promoting the progression of
hepatitis to premalignant or dysplastic lesions in the
liver and biliary tract. CDT is a multimeric cytotoxin with
nuclease activity. It exposes the immune system to
endogenous antigens. The activation of proinflammatory
NF-kB and the increased proliferation of hepatocytes are
[120,121]
crucial in promoting carcinogenesis
. Patients with
liver diseases had increased concentrations of anti-H.
hepaticus antibodies compared with HBV- and/or HCV[122]
infected patients
. Based on a meta-analysis of 10
case-control studies in which 56% of subjects were
positive for Helicobacter spp. infection compared with
20% in the control group, sufficient evidence supports
the importance of Helicobacter spp. in hepatobiliary tract
[123,124]
cancer development
. The variability of the regional
prevalence of the hepatobiliary tumors indicates that
the prevalence of the risk factors for this disease (e.g.,
geographical, environmental, and genetic factors and
[125]
endemic infections) is meaningful for its pathogenesis .
The infection rate of Helicobacter spp. (predominantly
H. pylori and H. bilis) was significantly higher in the
group with cancer of the biliary tract and in the benign
biliary disease group than in the group without these
[125]
diseases . The risk of carcinoma development is more
probable in patients with hepatitis and steatosis who are
[126]
also infected with H. hepaticus .

OTHER HELICOBACTER SPECIES AS
RISK FACTORS FOR LIVER DISEASES
Based on the above observations, exploring the
association between H. pylori infection and the course
of chronic liver diseases and carcinogenesis is of
interest, especially in patients with a risk of severe liver
disease. Nevertheless, some evidence suggests that
other Helicobacter species are important in certain liver
pathologies. Helicobacter hepaticus (H. hepaticus) is
associated with the induction of hepatic inflammation
and the pathogenesis of cholestatic diseases such as
[108,109]
PBC and PSC
.
H. hepaticus was discovered in 1992. This bacterium
could be crucial in the development of cholelithiasis,
[110]
cholecystitis, and liver and gallbladder cancer
. H.
hepaticus is similar to H. pylori, but it lacks virulence
factors VacA and CagA. The adhesion proteins SabA,
AlpA, and Bab A are also absent. However, many genes
are related to H. pylori, including urease structural
[110]
subunits, 16S rRNA, and 18 kDa immunogenic protein .
[111]
Kawaguchi et al
detected a microorganism that
was similar to H. pylori in the resected gallbladder
mucosa of a patient with gallstones in 1996. The
possible routes of bile infection are ascending through
the papillary sphincter and descending through the
portal system. Thus, other bile-resistant Helicobacter
species are found in bile juice and the gallbladder
mucosa of patients with chronic cholecystitis. This
phenomenon suggests that these bacterial agents could
be important elements in some diseases of the biliary
[111]
tract, including gallbladder cancer . Currently, several
dozen Helicobacter species have been identified, and
many of them are considered as the causative agents of
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CONCLUSION
In conclusion, H. pylori, which is a very important
pathogenic factor in the stomach, is probably involved
in the development of many other diseases. Recent
studies describing its significance in cardiovascular,
endocrine and metabolic diseases are complemented
by investigations on its potential importance in benign
or malignant diseases of other organs. Many studies
indicate that H. pylori infection contributes to the
pathogenesis of fatty liver, NAFLD and NASH. The
importance of H. pylori in the exacerbation of inflam
matory processes of different origins should also be
considered. Finally, the potential importance of H.
pylori in carcinogenic processes of the liver and biliary
ducts was considered in this review. Furthermore, the
significance of other Helicobacter species in hepatobiliary
diseases was discussed. However, many opposing
results indicate that some data are not convincing, and
further studies are needed.
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REVIEW

Strategies to increase the resectability of hepatocellular
carcinoma
Wong Hoi She, Kenneth SH Chok
too small to be sufficient for the patient. To allow more
HCC patients to undergo curative hepatectomy, a
variety of ways have been developed to increase the
resectability of HCC, mainly ways to increase the future
liver remnants in patients through hypertrophy. They
include portal vein embolization, sequential transarterial
chemoembolization and portal vein embolization, staged
hepatectomy, two-staged hepatectomy with portal vein
ligation, and Associating Liver Partition and Portal Vein
Ligation in Staged Hepatectomy. Herein we review,
describe and evaluate these different ways, ways that
can be life-saving.
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Core tip: There are different ways to increase the
resectability of hepatocellular carcinoma by increasing
the volume of the future liver remnant (FLR) through
hypertrophy. Portal vein embolization features the the
embolization of the ipsilateral side of the portal vein
which supplies the liver lobe harboring the tumor,
either in an open or percutaneous manner. Sequential
transarterial chemoembolization and portal vein embo
lization is a way to augment the effect of portal vein
embolization and prevent tumor progression. Staged
hepatectomy is mainly for liver tumors with bilobar
involvement and colorectal liver metastasis and is often
aided by effective adjuvant chemotherapy. Its aim is to
strike a balance between complete tumor removal and
preservation of the FLR. Two-staged hepatectomy with
portal vein ligation is also mainly for liver tumors with
bilobar involvement and colorectal liver metastasis. In
the first-stage operation, tumor in the liver portion which
is designated as the FLR is cleared, and portal vein
ligation is performed. The liver parenchyma is transected
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Abstract
Hepatocellular carcinoma (HCC) is best treated by liver
transplantation, but the applicability of transplantation is
greatly limited. Tumor resection in partial hepatectomy is
hence resorted to. However, in most parts of the world,
only 20%-30% of HCCs are resectable. The main reason
for such a low resectability is a future liver remnant
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only in the second-stage operation. Associating Liver
Partition and Portal Vein Ligation in Staged Hepatectomy
is used to speed up hypertrophy in the hope that the FLR
will grow large enough for a safe hepatectomy before
tumor progression occurs. It features right portal vein
ligation and in-situ splitting of the intended transection
surface down to the inferior vena cava. In the first-stage
operation, the anterior approach is encouraged and the
Pringle maneuver is discouraged, and the hilar plate is
left untouched.

SURGICAL RESECTION
In the management of HCC, liver resection for tumor
clearance is the first-line curative treatment for
[11,14,16]
patients with preserved liver function
. Major
hepatectomy can be performed safely nowadays with
[12,14]
careful patient selection
, better understanding of
[17]
the liver anatomy , improvement of surgical techni
ques, and advances of surgical instruments. Widely
[18]
adopted techniques include the hanging maneuver ,
the anterior approach for avoidance of mobilization and
[19,20]
[21]
rupture of large tumors
, the Pringle maneuver ,
and meticulous control of central venous pressure for
[22]
reduction of reduce blood loss . Widely employed
instruments include Cavitron Ultrasound Surgical Aspirator,
[23,24]
hydrojet
, the Harmonic scalpel, LigaSure, Harmonic
[25]
Ace, and Thunderbeat . Although complications
and perioperative mortalities still occur, the rates are
[13,14,26,27]
acceptable
. However, major hepatectomy may
not be suitable for patients with marginal liver function
or a relatively small FLR. The University of Hong Kong
uses indocynaine green clearance test as an important
[28]
tool to assess their patients’ preoperative liver function .
Unfortunately, there is no perfect test for the prediction
[29,30]
of postoperative mortality
. For risk stratification for
major hepatectomy, usually a combination of assess
ment modalities is adopted, which usually includes
measurement of the disease’s Child-Pugh grading,
indocynaine green clearance test, renal function test by
creatinine level check, and platelet count.
Location of tumors is a decisive factor in surgical
planning. The amount of liver removed in hepatectomy
decides the volume of the liver remnant. Major hepa
tectomy can only be offered to patients with an adequate
FLR and adequate post-resection liver function. To
avoid massive bleeding and vascular insult to the liver,
preservation or reconstruction of major hepatic veins
[29]
in addition to meticulous surgical skills is needed . A
patient’s liver volume can be measured by tracing the
liver contour in the cross-sectional image on computed
[31]
tomography volumetry , and a patient’s standard liver
volume can be derived from his weight and height with
[32,33]
different formulae
. The volume of his FLR can then
be calculated. Patients with cirrhosis have relatively
[34-37]
poor liver function, and thus need a larger FLR
to
lower the risk of liver failure. At The University of Hong
Kong, for patients who have Child-Pugh A cirrhosis and
an indocynaine green retention rate ≤ 20% at 15 min,
an FLR > 30% of the estimated standard liver volume
is preferred for right hepatectomy, and an FLR > 35%
of the estimated standard liver volume is preferred for
extended right hepatectomy or right trisectionectomy.
Patients who have cirrhosis and an inadequate FLR have
[37,38]
a high risk of post-hepatectomy liver failure
.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the most common primary liver
[1,2]
malignancy . Most cases of HCC in Asia are related to
[3]
hepatitis B, which is prevalent in the region . The best
treatment for HCC is liver transplant because it removes
both the tumor and the diseased liver, and a 5-year
[4-7]
post-transplant survival rate of > 70% is expected .
Unfortunately, its applicability is limited by the shortage
[8]
of liver grafts . Moreover, only patients who have HCC
[9]
within selection criteria (e.g., the Milan criteria , the
[10]
University of California, San Francisco criteria
are
eligible for liver transplant. A study reported that for
patients with HCC within the Milan criteria, the 5-year
survival rate was 81% with living donor liver transplant
[11]
and 72.8% with partial hepatectomy . In the face of
perpetual liver graft shortage, hepatectomy remains
an important curative measure as it can achieve a
satisfactory survival outcome.
Hepatectomy has been evolving and is getting
more technically challenging as surgeons are pushing
limits. They are trying to operate on HCCs larger and
larger and with more and more nodules, but a R0
resection is always the ultimate goal. The applicability
of hepatectomy is often limited by an inadequate future
liver remnant (FLR) or a marginal liver, especially in
patients with underlying hepatitis or cirrhosis. The
success of hepatectomy depends on many factors,
which include status of the tumor, the patient’s clinical
status and underlying liver function, and the size of the
[12-14]
FLR of the patient
. Aggressive hepatectomy may
still be beneficial for patients who have advanced HCC
with large or multiple tumors or intrahepatic venous
[15]
invasion if they are properly selected . Curative
hepatectomy is the first-line treatment for HCC at many
centers. The resectability of HCC often rises with the
volume of the FLR, and therefore different measures
are employed for increasing such volume. Moreover,
a larger FLR would probably mean better overall and
disease-free survival.
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the atrophy-hypertrophy complex in a liver remnant.
Hypertrophy is simultaneously caused by increased
endothelial shear stress, hepatocellular swelling, and
activated growth factors/cytokines due to increased
[39]
portal flow . The idea of portal vein embolization (PVE)
is to occlude a liver segment or lobule so as to bring
[40,41]
about its ischemia
and consequent atrophy, thereby
inducing hypertrophy of the part of liver not atrophied.

anticoagulation is needed if the embolic agent crosses
the contralateral side of the portal vein, which would
cause liver failure in the case of bilateral PVE, resulting
[67]
in death . Hemorrhage or catastrophic bleeding at
the puncture site may also occur, which also requires
prompt surgical intervention. In addition, PVE induces
inflammatory response near the hilar structure, which
may increase the difficulty in dissection in the subse
quent hepatectomy and raise the surgical risk.

PVE

SEQUENTIAL TRANSARTERIAL
CHEMOEMBOLIZATION AND PVE

PVE is indicated for patients who are considered for right
or extended right hepatectomy but with a relatively
small FLR. By PVE, the size of an FLR can be increased.
PVE features the embolization of the ipsilateral side of
the portal vein which supplies the liver lobe harboring
the tumor, either in an open or percutaneous manner,
[42,43]
thereby inducing hypertrophy of the FLR
. To date,
there is still no straight value on the minimum volume of
an FLR which allows major hepatectomy to be performed
safely. An FLR > 35% of the estimated standard liver
volume has been recommended for patients with
[28,36,37,44-48]
cirrhosis, steatosis, or chronic hepatitis
. PVE is
rarely required before extended left hepatectomy or left
trisectionectomy, since the right posterior section usually
[49,50]
constitutes about 30% of the total liver volume
. The
technique for embolizing the segment-4 portal vein is
crucial; if the vein is not properly blocked, suboptimal
hypertrophy may results.

PVE can be given to HCC patients with underlying
cirrhosis, but hepatic regeneration and thus hypertrophy
of the FLR would be impaired in the presence of
[68-70]
cirrhosis
. On the other hand, it is likely that the
arterial flow increases compensatorily in segments with
PVE, thereby stimulating tumor progression as HCC is a
hypervascular tumor supplied by the hepatic artery
[71-73]
blood flow
. To augment the effect of PVE and
prevent tumor progression, the treatment sequential
[57]
transarterial chemoembolization and PVE is used .
Studies comparing patients who received this treatment
and patients who did not found that patients who did
showed a higer rate of hypertrophy of FLR and a bigger
[57,58]
increase in their FLR
, and the rate of tumor pro
[74]
gression was lower as tumor necrosis was evident .
This treatment is not without risk; it could cause ischemic
[75]
parenchymal damage , but overall, it is feasible and
safe, and it allows HCC patients who would otherwise be
denied hepatectomy to undergo curative resection with
reasonable postoperative 5-year overall and disease[57,58,76]
free survival
.

Liver volume assessment after PVE

The FLR volume will be reassessed 4-8 wk after
[51,52]
PVE
. Rapid growth of the FLR is anticipated in
the first 3-4 wk. Generally, an 8%-30% enlargement
[43,52-55]
over 2-6 wk is expected
. Hypertrophy is usually
[56]
slower in the presence of cirrhosis . Studies comparing
major hepatectomy with and without preceding PVE
reported that comparable and even superior long-term
[45,57-63]
outcomes were achieved with PVE
. With PVE,
patients who would have been considered inoperable
in the past because of their small FLR have the option
of hepatectomy with reasonable long-term surgical
outcomes.

STAGED HEPATECTOMY
Staged hepatectomy is mainly for HCC with bilobar
involvement and colorectal liver metastasis, and is often
[77-79]
aided by effective adjuvant chemotherapy
. In staged
hepatectomy, two or more planned hepatectomies are
performed at different time to achieve a R0 resection. It
is distinguished from unplanned repeat hepatectomies
[80]
for recurrent disease . Its aim is to strike a balance
between complete tumor removal and preservation of
the FLR. The chance of postoperative liver failure can
be reduced if bilobar tumors are removed in a staged
manner. The preserved portion of the liver should be
relatively spared by the disease with sufficient FLR and
[81]
adequate vascular inflow and outflow . However, there
is always the chance that the tumor tissue is cut across
during the first-stage procedure, resulting in tumor
spillage and peritoneal metastasis, and rendering the
planned second-stage procedure unfeasible. Besides,
tumors may grow despite temporary chemotherapy
during the hepatic regenerative period, which may
also preclude further operation. Repeat resection is
technically demanding, as not only all the dissection

Complications of PVE

PVE can be performed in an open or percutaneous
manner. Open right portal vein ligation often renders
the subsequent surgery difficult due to vascular or
fibrotic adhesions around the hilar structure. Open
transileocolic PVE is performed with cannulation of the
ileocolic vein in addition to embolization of the right
portal vein in an antegrade manner or percutaneous
portal vein cannulation and retrograde embolization.
Ipsilateral percutaneous PVE is generally preferred
because of the low invasiveness and an easier access
[64-66]
to segment-4 portal vein branches
. Different ways
of PVE all carry a risk of complication, such as main
portal vein thrombosis. Prompt surgical intervention or
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A

B

C

Figure 1 Associating Liver Partition and Portal Vein Ligation in Staged Hepatectomy. A: Tumor in the right liver lobe, the future liver remnant (the left liver lobe)
will be small; B: In stage-1 ALPPS, the right portal vein is ligated, liver transected, inferior vena cava exposed, and gallbladder resected; C: In stage-2 ALPPS, the left
liver lobe has hypertrophied, the right lobe with tumor is resected, right hepatic artery and right hepatic duct transected and ligated. Green: Bile duct; Red: Hepatic
artery; Blue: Posterior inferior vena cava and anterior portal vein. ALPPS: Associating Liver Partition and Portal Vein Ligation in Staged Hepatectomy.

planes have already been disturbed, adhesiolysis can
also be very difficult. Adhesiolysis near the liver hilum
and the inferior vena cava is particularly challenging, as
massive bleeding may occur. Staged hepatectomy for
[79]
HCC was not common ; it was mostly for colorectal
[78,82-85]
liver metastasis
.

Associating Liver Partition and Portal Vein Ligation in
Staged Hepatectomy (ALPPS) is one of the main surgical
innovations in recent years. The procedure, which was
invented by chance, was initially carried out by Dr.
Hans Schlitt from Germany in an intended extended
[88]
right hepatectomy for hilar cholangiocarcinoma . In
the surgery, palliative left hepaticojejunostomy was
performed because the FLR was small, with division
of the liver parenchyma along the falciform ligament
and ligation of the right portal vein. On day 8 after the
surgery, computed tomography was performed. To
Dr. Schlitt’s surprise, the left lateral section had grown
enormously in size. The diseased portion of the liver
was subsequently removed in another surgery. This
[89]
novel technique was later termed “ALPPS” . The idea
of ALPPS is to speed up hypertrophy of the FLR (the
left lobe or the left lateral section) by right portal vein
ligation and in-situ splitting of the intended transection
surface down to the inferior vena cava (Figure 1).
Generally, the FLR regenerates to a volume adequate for
a safe hepatectomy in days.
ALPPS was initially applied to relatively normal
livers, such as in the case of colorectal liver metastasis.
Later it was also applied to livers with steatosis or
[88,90-94]
cirrhosis
. A 70% increase in FLR volume has
[95]
been reported . ALPPS is better than conventional PVE
when the rate and the percentage of hypertrophy are
[96,97]
concerned
. The shorter the interval between the two
operations is, the less mature the adhesions would be,
and hence the second operation would also be easier.
Most of the reported cases of ALPPS are on noncirrhotic livers, and there has not been any report on
the rate of hypertrophy in cirrhotic livers. However, one
would anticipate that some patients would not have
adequate hypertrophy of the contralateral side and
hence the second stage operation is not possible. ALPPS
carries certain risks. The right hepatic artery could be
injured, and liver failure could occur after right portal
vein ligation. The Pringle maneuver would pose a further
risk of liver injury and is thus not recommended. In the
first-stage operation, adoption of the anterior approach
allows liver transection without mobilization of the right

TWO-STAGED HEPATECTOMY WITH
PORTAL VEIN LIGATION
This treatment requires two laparotomies and is also
mainly for HCC with bilobar involvement and colorectal
liver metastasis. In the first laparotomy, tumor in the
liver portion which is designated as the FLR is cleared,
and portal vein ligation is performed. Other required
resection such as that of colorectal primary tumor is also
done in the first laparotomy. The liver parenchyma is
transected only in the second laparotomy but not in the
first. The portal vein ligation is to induce hypertrophy
of the FLR, allowing hepatectomy in the second-stage
procedure and decreasing the risk of postoperative
liver failure. Portal vein ligation has been found to be as
[86]
effective as PVE . However, open portal vein ligation
poses the risk of adhesion formation over the hilum,
which may increase the difficulty of dissection in the
second-stage operation.

ASSOCIATING LIVER PARTITION AND
PORTAL VEIN LIGATION IN STAGED
HEPATECTOMY
For hepatectomy, one of the limiting factors is inadequate
volume of the FLR. Although the aforesaid methods are
effective in inducing hypertrophy of the FLR, it takes
[43]
several weeks for it to reach a satisfactory volume .
Tumor progression may occur before the FLR is large
enough for the planned hepatectomy to be conducted.
If a major vessel such as the ipsilateral portal vein is
invaded by tumor, the tumor will progress in terms of
days and contralateral deposition and metastasis of the
[72,73,87]
tumor will occur, rendering the tumor inoperable
.
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[98]

lobe, thereby minimizing adhesion formation , and
the hilar plate is left untouched so as to minimize the
chance of biliary complication. Bile leakage from the
transection surface can result in biloma and increases
the chance of infection and thus the risk of sepsis, which
may forbid the second-stage operation. ALPPS is very
technically challenging and demanding, and therefore
should not be carried out by inexperienced surgeons.

3

4

Indications for ALPPS

ALPPS should be carried out with a curative intent. It is
indicated for patients who have a large tumor load and
[96]
a marginal FLR , even with tumor invasion of major
[92]
vessels, such as the portal vein . ALPPS renders some
inoperable tumors potentially operable.

5

6

Morbidity and mortality after ALPPS

Complication and mortality are inevitable with any
surgery; ALPPS is no exception. Perioperative mortality
rates of 12%-28% have been reported, which are
overall higher than those of conventional major
[95,96,99,100]
hepatectomy
. A complication rate high at
[99,101]
50% has been recorded
. Complications include
ascites, bile leakage, persisting cholestasis and sepsis,
wound infection, and other inflammatory and infective
complications. ALPPS increases operability at the price
of a heightened morbidity and mortality. Keeping
morbidity and mortality at the minimum requires careful
patient selection, meticulous surgical technique, and
accurate decision as to proceeding to the second-stage
operation or not.
The long-term outcome of ALPPS is still unknown.
Long-term overall survival and disease-free survival
are still pending. Further studies as well as input from
different centers are required but not yet available.
However, ALPPS has improved the operative rate, and
it is hoped that it will improve the overall and diseasefree survival of patients. Nonetheless, larger trials are
needed to document its efficacy especially for those
patient with HCC and background cirrhosis.

7

8

9

10

11

12
13

CONCLUSION
There are revolutional changes of surgical methods to
increase the resectability of HCCs, and various ways to
increase the volume of the FLR of patients considered
for major hepatectomy have been developed. Improve
ment in surgical techniques also allows patients to
benefit from surgical resection with safety. Treatment
modalities are always evolving for the better. Hopefully,
ALPPS will continue to develop and long-term results
will be available in the near future.
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Abstract
An increase in the prevalence of obesity and diabetes
mellitus has been associated with the rise in non
alcoholic fatty liver disease (NAFLD). Two-thirds of the
obese and diabetic populations are estimated to develop
NAFLD. Currently, NAFLD is the most common etiology
for chronic liver disease globally. The clinical spectrum
of NAFLD ranges from simple steatosis, an accumulation
of fat greater than 5% of liver weight, to nonalcoholic
steatohepatitis (NASH), a more aggressive form with
necroinflammation and fibrosis. Among the patients who
develop NASH, up to 20% may advance to cirrhosis and
are at risk for complications of end-stage liver disease.
One of the major complications observed in patients
with NASH-related cirrhosis is hepatocellular carcinoma
(HCC), which has emerged as the sixth most common
cancer and second leading etiology of cancer-related
deaths worldwide. The incidence of HCC in the United
States alone has tripled over the last three decades.
In addition, emerging data are suggesting that a small
proportion of patients with NAFLD may be at higher risk
for HCC in the absence of cirrhosis - implicating obesity
and diabetes mellitus as potential risk factors for HCC.
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Core tip: The worldwide rise in overweight and
obesity has been associated with increasing rates of
nonalcoholic fatty liver disease (NAFLD), which is now
the most common etiology of chronic liver disease.
The more aggressive form of NAFLD, nonalcoholic
steatohepatitis (NASH), promotes the development
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cirrhosis - implicating obesity as an independent risk
[7-10]
factor for HCC
. Globally, HBV-related liver disease
is the leading etiology underlying HCC. In the United
States, the increase in the incidence of HCC is mainly
attributable to chronic HCV infection, particularly as the
baby boomer generation ages. However, the etiology
in a significant proportion of cases remains unclear,
indicating that other risk factors play an important
role as well. Nevertheless, as NAFLD has become the
leading cause of chronic liver disease in developing and
developed countries plagued by rising rates of obesity,
DM and the metabolic syndrome, the prevalence and
impact of NAFLD is expected to rise and drive the
epidemic of HCC in the United States Two-thirds of
those who suffer from obesity and DM are estimated to
[8,9]
suffer from NAFLD as well . NASH has a prevalence
of 2%-5% in the United States, with up to 20% of
[10]
patients exhibiting cirrhosis . Similar to HCV patients
with cirrhosis, patients with NASH-related cirrhosis are
also at an increased risk of developing HCC. In a single[11]
center study, Ascha et al
compared the incidence of
HCV and NASH-related cirrhosis. Among 510 patients
with cirrhosis, 195 had underlying NASH, while 315
had cirrhosis secondary to HCV. Median follow-up of 3.2
years revealed an annual cumulative HCC incidence of
2.6% for NASH-related cirrhosis as compared to 4% for
HCV-related cirrhosis cases. Additional large populationbased studies with longer durations of follow-up are
needed to re-confirm that patients with NASH-related
cirrhosis carry a significant risk of developing HCC and
should be closely monitored.
Despite the estimated low HCC incidence rate of
2.6% in patients with NASH-related cirrhosis, the
surge in the number of cases with NAFLD is projected
to lead to an increase in the number of patients
with NASH-related HCC. A recent study by Wong et
[12]
al
demonstrated a nearly fourfold increase in the
prevalence of NASH-related HCC cases among liver
transplant recipients since implementation of the model
[12]
for end-stage liver disease in 2002 . In a large United
States population-based study utilizing the United
Network for Organ Sharing database from 2002-2012,
[12]
Wong et al reported 10061 patients with HCC among
61868 liver transplant recipients. In order to achieve
a more accurate assessment of the true prevalence of
[12]
NASH, Wong et al created a modified NASH category,
which included patients with a formal diagnosis of NASH
as well as obese patients [body mass index (BMI) > 30
2
kg/m ] with cryptogenic cirrhosis and obese patients
with unknown etiology of HCC. The proportion of HCC
patients undergoing liver transplantation increased from
3.3% in the year 2000 to 23.3% in 2012 (Table 1).
Although HCV remained the leading etiology of HCC,
NASH was found to be the second leading cause of HCC
in patients undergoing liver transplantation and the
most rapidly growing indication for liver transplantation
among patients with HCC in the United States. Yet,
despite increased rates of liver transplantation among
patients with NASH, these patients have poorer liver

of hepatocellular carcinoma (HCC). As NASH-related
cirrhosis has emerged as the most rapidly increasing
indication for HCC-related liver transplantation in the
United States, new strategies for HCC surveillance
and targeted therapies in this patient population are
warranted.
Khan FZ, Perumpail RB, Wong RJ, Ahmed A. Advances in
hepatocellular carcinoma: Nonalcoholic steatohepatitis-related
hepatocellular carcinoma. World J Hepatol 2015; 7(18): 2155-2161
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i18/2155.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i18.2155

INTRODUCTION
Increases in the prevalence of obesity and diabetes
mellitus (DM) have been associated with the rise in
nonalcoholic fatty liver disease (NAFLD). Currently,
NAFLD is the most common cause of chronic liver disease
worldwide. The clinical spectrum of NAFLD ranges from
simple steatosis, an accumulation of fat greater than 5%
of liver weight, to nonalcoholic steatohepatitis (NASH), a
more aggressive form with inflammation and necrosis.
NAFLD afflicts an estimated 30%-40% of the adult
population in the United States. Even though the majority
of these patients remain stable, up to 25% of patients
with NAFLD can progress to NASH. Among the patients
who develop NASH, many advance to cirrhosis and are
[1-4]
at risk for complications of end-stage liver disease .
One of the major complications observed in patients with
NASH-related cirrhosis is hepatocellular carcinoma (HCC),
which has emerged as the sixth most common cancer
and second leading etiology of cancer-related deaths
[5]
worldwide .

NASH AND ITS ASSOCIATION WITH
HCC
The incidence of HCC in the United States alone has
tripled over the last three decades. A recent study
evaluated the trends in the age-adjusted incidence
rates of HCC utilizing the Surveillance, Epidemiology,
and End Result (SEER) database. It revealed a rise
in the incidence rate of HCC from 1.6 per 100000 in
[6]
1975 to 4.9 per 100000 in 2000 . A notable increase
was observed among Hispanic, Black and White males
(Figures 1 and 2). Historically, the leading etiologies
underlying HCC have included hepatitis B virus (HBV),
hepatitis C virus (HCV), alcoholic liver disease and other
[7]
chronic liver diseases . In the majority of cases, HCC
develops in the setting of cirrhosis with the exception
of HBV. A significant number of patients with HBV
can develop HCC in the absence of cirrhosis because
HBV itself is a known carcinogen. Emerging data are
suggesting that a small proportion of patients with
NAFLD may be at higher risk for HCC in the absence of
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Figure 1 Hepatocellular carcinoma incidence rates (per 100000) in males in the United States, age 50-59 years by race/ethnicity from 2000-2002 and
2003-2005[6]. The dark blue bars on the bottom of each panel indicate the overall incidence rates in men age 50-59 years during that time period.
White
American Indian/Alaska Native
2003-2005
Black
Hispanic
Asian/Pacific Islander
2000-2002

0

2

4

6

8

10

Figure 2 Hepatocellular carcinoma incidence rates (per 100000) in females in the United States, age 50-59 years by race/ethnicity from 2000-2002 and
2003-2005[6]. The dark blue bars on the bottom of each panel indicates the overall incidence rates in women age 50-59 years during that time period.

factors. Half of the new cases of HCC are attributable to
HCV, whereas the etiology of cirrhosis leading to HCC in
[1,6]
15%-50% of new cases remains unclear . With the
growing burden of obesity and DM in developed countries
leading to NAFLD and NASH, there is cumulative
evidence suggesting that NASH may account for a large
proportion of these cases of idiopathic or cryptogenic
[1,14]
cirrhosis
. NASH-related HCC patients undergoing liver
transplantation have significantly higher rates of DM and
[12]
higher BMI . Similar to the NASH population, patients
with cryptogenic cirrhosis have a high prevalence of
obesity and DM as well. Additionally, a significant number
of liver transplant recipients with cryptogenic cirrhosis
develop NAFLD (25.4%) or NASH (15.7%) within 2 years
[15]
following transplant surgery . This provides further
support that patients with end stage or burned out
NASH are potentially being misclassified with cryptogenic
cirrhosis. Typically, in patients with NASH-related cirrhosis
characteristic histologic features of NASH, including
steatosis, lobular inflammation, balloon degeneration,
necrosis and Mallory bodies in zone 3 are not evident,
and may lead to misdiagnosis.
Regardless of the underlying cause of liver disease,
cirrhosis is believed to be a major risk factor for the
[16]
development of HCC. Yasui et al
performed a multi

Table 1 The etiologies of liver disease among hepatocellular
carcinoma related liver transplant recipients following the
implementation of model for end-stage liver disease system in
[12]
2002 for prioritizing of patients for liver transplant
Etiologies of HCC

HCV
NASH
ALD + HCV
HBV
Modified NASH

HCC patients undergoing liver
transplantation in the MELD era
2002
43.4%
0%
4.9%
10.2%
8.3%

2007
46.3%
4.0%
6.5%
8.3%
10.3%

2012
49.9%
6.0%
6.4%
4.6%
13.5%

HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease;
HCV: Hepatitis C virus; NASH: Nonalcoholic steatohepatitis.

transplant waitlist survival and are less likely to undergo
liver transplantation than patients with HCV or alcoholic
[13]
liver disease .

RISK FACTORS FOR NASH-RELATED
HCC
The remarkable increase in the number of HCC cases in
developed countries is linked to several important risk
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center retrospective study in Japan to understand the
pathological course of NASH progressing to HCC. These
investigators identified 19 patients with histologically
proven NASH who developed HCC during a median
follow-up period of 3.8 years. Patients were screened
and underwent surveillance using ultrasound, computed
tomography, des-gamma-carboxyprothrombin testing,
and AFP testing. The majority of the patients were elderly,
obese (84%), diabetic (58%), and hypertensive (63%).
When histopathology at the time of NASH diagnosis
was compared to histopathology at the time of HCC
diagnosis, the degree of steatosis remained unchanged in
the majority of patients (86%), but the stage of fibrosis
was significantly more advanced at the time of HCC
diagnosis (P = 0.02). These findings suggest that fibrosis
is a significant risk factor for the development of HCC
among patients with NASH. However, there were 3 male
patients (21%) of 19 who only had stage 2 fibrosis at the
time of HCC diagnosis. Interestingly, in an earlier cross[16]
sectional study performed by Yasui et al , 28% of NASH
patients, with an older male predominance, only had
stage 1 or stage 2 fibrosis at the time of HCC diagnosis.
These findings indicate that HCC can occur in NASH
patients regardless of the degree of fibrosis, particularly
in older men. Although the association between cirrhosis
secondary to NAFLD and HCC is well documented, few
recent studies have pointed toward a positive correlation
between non-cirrhotic fatty liver disease and HCC. The
prevalence of histologically confirmed steatosis and
steatohepatitis is about 54% and 15% in HCC cases
[17]
without any underlying cirrhosis, respectively . In
another retrospective study, cirrhosis was detected in
only 53% of NASH-related HCC patients, which was
significantly less than in the group with non-NASH HCC
(90%). Therefore, though cirrhosis is a crucial risk factor,
NASH is likely a significant independent risk factor for
[18]
HCC . Future prospective, large population-based
studies with longer durations of follow-up are needed
to determine the validity of this potentially important
observation.
NAFLD is considered the hepatic manifestation of
the metabolic syndrome, which includes a cluster of
interlinked metabolic risk factors, such as hypertension,
hyperglycemia, central obesity and dyslipidemia. The
majority of patients with HCC secondary to NAFLD
have two or more types of metabolic disease, the most
common being hyperglycemia due to insulin resistance.
Based on a large United States population-based study
using the SEER-Medicare database of patients over
65 years of age with histologically diagnosed HCC
[19]
between 1994 and 2005, Welzel et al concluded that
the metabolic syndrome is an important risk factor
for HCC development. Comparison with a randomly
selected control group revealed that each component
of the metabolic syndrome was individually associated
with a statistically significant increased risk of HCC
development (P < 0.0001).
Obesity is considered a significant risk factor for the
development of not only HCC but also for a number of
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other malignancies. Welzel et al reported a 1.93-fold
increased risk of HCC in the obese population. In a large
[20]
prospective study by Calle et al , out of 900000 United
States adults who were enrolled in the study in 1982,
57145 died from cancer during the 16 year follow-up
2
period. Morbidly obese (BMI > 40 kg/m ) males had
a 52% higher mortality, while morbidly obese women
had a 62% higher mortality compared to corresponding
mortality in their normal weight counterparts. There
is growing evidence supporting a positive correlation
between excess body weight and HCC risk. Results
from a meta-analysis of 11 cohort studies performed
in 2007 showed that the liver cancer risk was 17%
among the overweight and 89% among the obese as
compared to those with normal weight. Furthermore,
it was estimated that 28% of liver cancer cases in men
and 27% of liver cancer cases in women were linked to
2 [21]
overweight or obesity (BMI > 25 kg/m ) . Even among
those with normal weight, visceral fat accumulation is
considered pro-oncogenic and is a potential risk factor
[22]
for the recurrence of HCC. Ohki et al
investigated
whether visceral adiposity increased the risk of cancer
recurrence in patients with NASH-related HCC after
undergoing curative treatment with radiofrequency
2
ablation. Those with higher visceral fat area (> 130 cm
2
in males, > 90 cm in females) were at increased risk
of recurrent HCC (75%), compared to those with lower
visceral fat area (45%).
DM, another important risk factor for HCC, is
[19]
associated with 2.90 fold increased risk of HCC .
Insulin resistance in patients with DM leads to the
increased release of free fatty acids and pro-inflam
matory cytokines, including tumor necrosis factor
(TNF) alpha, leptin, and interleukin-6 (IL-6), as well as
reactive oxygen species, which favor fat deposition and
[1,20]
inflammation in the liver
. Statins have been reported
to have a cancer preventative effect if prescribed to
[23]
patients with DM . Among a large cohort of patients
diagnosed with DM, a matched, nested case control
study of 1303 diabetics with HCC and 5212 diabetics
without HCC demonstrated that increased duration
and frequency of statin prescriptions in diabetics was
associated with a decreased incidence of HCC (risk
reduction: 25%-40%). However, the study was limited
by its retrospective design and relatively short length of
follow-up (median 2.4 years). Further studies exploring
this anti-inflammatory role of statins and their potentially
beneficial role in preventing HCC development may have
significant clinical implications.
Hepatic iron overload is also being increasingly
recognized as a clinically important risk factor contri
buting to the development of NASH and its progression
[24]
to HCC . In patients with hereditary hemochromatosis,
excess iron deposits drive oxidative stress, leading to
the production of iron catalyzed oxyradicals. These
oxyradicals contribute to the progression of fibrosis
to cirrhosis and later to HCC. Lesser degrees of iron
accumulation are frequently observed in patients with
other forms of liver diseases, such as alcoholic liver
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mammalian target of rapamycin complex (mTOR)
.
Obesity is associated with increased IL-6 levels, while
weight loss reduces levels of TNF-α and IL-6, resulting in
a decreased inflammatory and potentially carcinogenic
[27]
response . Prolonged upregulation of the IL-6/STAT3
axis results in an increased probability that hepatocytes
that have already acquired oncogenic mutations from
exposure to carcinogens will continue malignant trans
[28]
formation . Insulin resistance upregulates the pro
duction of insulin-like growth factor-1 (IGF-1). IGF-1
promotes processes linked to HCC development, such
as expression of proto-oncogenes c-fos and c-jun in
vitro and activating mitogen activated protein kinases
[29]
(MAPK) . JNK, a MAPK, is activated by IR and down
[30]
regulated by weight loss . Histopathological analysis
reveals that 70% of HCC tissue specimens stain positive
for phosphorylated JNK, suggesting its role in the
[31]
development of HCC . Overall, several mechanisms
underlying NASH-related HCC have been elucidated and
pave the way for new therapeutic targets.

Metabolic risk factors associated with HCC
Visceral obesity

Inflammation

Insulin resistance

Free fatty acids

Stress mediators

Glucose intolerance

Lipid dysfunction

Hepatic steatosis

Steatohepatitis

Cirrhosis

HCC

Figure 3 Metabolic pathogenetic pathways to hepatocellular carcinoma.
HCC: Hepatocellular carcinoma.

SURVEILLANCE OF HCC

disease, HCV-related liver cirrhosis and NAFLD. A study
[24]
by Sorrentino et al
retrospectively assessed the
hepatic iron stores in 51 patients with HCC diagnosis and
NASH-related cirrhosis and 102 HCC-free controls with
NASH-related cirrhosis. Conditional regression analysis
revealed that histologic sinusoidal iron deposition was
larger in size and more frequent in HCC patients than in
controls.
[11]
In the aforementioned study by Ascha et al
that
evaluated the annual cumulative incidence of HCC in
patients with NASH-related cirrhosis, the investigators
also studied and identified additional risk factors
impacting HCC development in these patients. Old age
(P = 0.006) and any lifetime alcohol consumption (P
= 0.002) were statistically significant risk factors for
progression to NASH-related cirrhosis and development
of HCC. While heavy consumption of alcoholic beverages
is widely considered a major risk factor for development
of HCC, the study highlights that any lifetime alcohol
consumption among patients with NASH was associated
with a 3.6 times increased risk of HCC compared to
those without lifetime alcohol consumption (P = 0.003).
This suggests that alcohol consumption is a modifiable
risk factor; even in quantities generally considered safe
may increase the risk of HCC development in patients
with NASH-related cirrhosis.

The majority of cases of HCC occur in patients with
known cirrhosis. United States and European societies
recommend regular surveillance of HCC in cirrhotic
[32,33]
patients on a semiannual basis
. Ultrasound is regar
ded as the most effective tool for regular surveillance,
while the role of AFP as a reliable tool for surveillance is
still controversial due to high false positive and negative
[34]
rates . Despite evidence of improved survival among
[35]
patients who underwent regular surveillance for HCC ,
[36]
Davila et al
suggests that the actual implementation
of HCC surveillance in the cirrhotic patient population is
[36]
inadequate. Davila et al
utilized Medicare databases
to identify 1873 HCC patients with underlying cirrhosis
between 1994 and 2002 and noted that among these
patients only 17% received regular surveillance, while
38% received inconsistent surveillance prior to the
diagnosis of HCC. Moreover, among all patients who
received regular surveillance, 52% had ultrasound and
AFP levels, 2% received ultrasound only, and 46% were
monitored with AFP level only. Disparities were noted
in surveillance, with affluent patients and patients with
higher education at increased likelihood of receiving
regular surveillance. Future studies would be helpful
to explore whether on-time HCC surveillance in NASH
patients would be effective in decreasing morbidity and
mortality from the disease.

MECHANISMS UNDERLYING NASHRELATED HCC

CONCLUSION

Numerous unique mechanisms underlie the pathogen
esis of NASH-related HCC (Figure 3). Insulin resistance,
associated with NAFLD, predisposes to the production of
free fatty acids and several pro-inflammatory cytokines,
[1]
including TNF-α and IL-6 . TNF-α promotes prooncogenic pathways, which specifically involve nuclear
factor kB, c-Jun amino acid-terminal kinase (JNK), and

Despite several gaps in our current knowledge of NAFLD
and NASH, the increasing prevalence of NASH is partly
responsible for the current growth in HCC incidence.
[11]
Ascha et al
has reported HCC incidence of 2.6% per
year in patients with NASH-related cirrhosis. Currently,
NASH-related cirrhosis is the most rapidly increasing
indication for HCC-related liver transplantation in the
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United States . It is essential to control the growing
epidemic of obesity and DM. The role of statins in
reducing the risk of HCC in patients with DM is an
interesting finding which needs to be further evaluated.
Timely detection of HCC is difficult due to its indolent
clinical course in the initial stages and high index of
clinical suspicion is crucial to early diagnosis. Patients
with NASH often present at an increased age and after
having developed advanced complications of end-stage
liver disease, which include inoperable HCC. Efforts to
devise noninvasive methods of detecting NASH and
maximizing the management of common risk factors
shared by NASH and HCC can lead to a potential
reduction in liver disease and liver cancer burden.
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Biliary complications after pediatric liver transplantation:
Risk factors, diagnosis and management
Flavia H Feier, Eduardo A da Fonseca, Joao Seda-Neto, Paulo Chapchap
reconstruction, and the number of bile ducts in the liver
graft influences the occurrence of these complications.
Bile leaks and strictures comprise the majority of posttransplant BCs. Biliary strictures require a high grade
of suspicion, and because most children have a bileoenteric anastomosis, its diagnosis and management
rely on percutaneous hepatic cholangiography and
percutaneous biliary interventions (PBI). The success
rates with PBI range from 70% to 90%. Surgery is
reserved for patients who have failed PBI. BCs in children
after liver transplantation have a prolonged treatment
and are associated with a longer length of stay and
higher hospital costs. However, with early diagnosis and
aggressive treatment, patient and graft survival are not
significantly compromised.
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Core tip: Biliary complications in children after liver
transplantation cause significant morbidity, which affect
quality of life, increase hospital costs and jeopardize
the liver graft if they are not treated appropriately.
Diagnostic and treatment approaches to the different
types of complications are highlighted, as are the
technical nuances specific to pediatric recipients.
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Abstract
The expanded indications of partial grafts in pediatric
liver transplantation have reduced waiting list mortality.
However, a higher morbidity is observed, including an
increased rate of biliary complications (BCs). Factors
such as the type of graft, the preservation methods
applied, the donor characteristics, the type of biliary
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last several decades due to the utilization of partial
grafts, including split and reduced grafts from deceased
donors and live-donor grafts. Comparable patient
and graft survival to whole liver recipients has been
[1]
achieved in most centers ; however, the reduction in
the waiting-list mortality came at a price in regard to
post-transplant morbidity, which is mainly represented
by the higher incidence of biliary complications (BCs) in
[1]
recipients of these grafts .
BCs are classified into biliary strictures (BS), which
can be anastomotic or intrahepatic, bile leaks (BL),
bilomas, excluded ducts, stones and cast formation,
among others. The overall BC incidence in transplanted
[2,3]
children varies from 15% to 40% . The type of graft,
number of bile ducts and type of biliary reconstruction
performed influence the variability in the incidence of
BC. The diagnosis, especially in cases of BS, requires a
high index of suspicion, and only with early diagnosis
and prompt management can high success rates be
[4]
expected . In children, due to underlying liver disease,
the majority of the biliary reconstruction is a bilioenteric
(BE) anastomosis performed by a Roux-en-Y. The
preferred method to access the biliary anastomosis
in cases of BC is using a percutaneous transhepatic
cholangiography (PTC) to perform the percutaneous
biliary intervention (PBI). PTC and PBI have become
the mainstay of diagnosis and treatment in liver
transplanted children, with success rates between 70%
[4-6]
and 90% .

ducts was found to be an independent risk factor for the
development of BC after pediatric liver transplantation
and has a higher incidence of BL compared with a single
[9]
duct (21% vs 9%, respectively) .

BL
BL can occur at the anastomosis, T-tube insertion,
or cut surface of partial liver grafts. Their incidence
after pediatric liver transplantation ranges from 2%
[10,11]
to 15%
. They usually present early in the postoperative course and are diagnosed either by bilious
secretion in the abdominal drain or by routine cholan
giography in those cases where a t-tube or trans-AS
[7,12]
stent was used
. Bilomas result from small selflimited BL that form collections. They result from the
inadvertent division of bile radicals during hilar dissection
or parenchymal division in partial grafts. They are
diagnosed by ultrasound (US) or computed tomography
[2]
(CT) .

AS STRICTURES
An AS stricture is a segmental narrowing around the
anastomosis. The incidence of AS in children varies
[9,12]
between 2% and 35%
. The clinical presentation
can be poor, but jaundice, acholic stools, fever and
[4,12]
alteration of liver enzymes are common findings
.A
high gamma-glutamyl transferase (GGT) is present in
[4,13]
patients with BS
, and an increased GGT value can
[14]
be related to a greater stricture severity . Usually,
the diagnostic workup starts with non-invasive imaging
studies, including US, cholangio CT and cholangio
[7]
magnetic resonance (MR) . US sensitivity is highly
variable between studies and ranges from 23% to
[2,13,15]
92%
. In the pediatric population, US showed only
mild biliary dilation in 86.6% of the patients who were
[14]
diagnosed with severe strictures on PTC . Potthoff
[16]
et al
compared US with cholangiography in adults
who underwent liver transplantation and found that US
was able to detect a BC in 52.4% of the patients. The
sensitivity of US to detect AS was 24%, with a specificity
of 100%. The lack of US sensitivity may occur because
early strictures do not cause the bile ducts to dilate
immediately. Due to denervation of the implanted liver, it
takes up to three months for the dilation to be detected
[16]
by US .
Cholangio MR is routinely performed in adult reci
pients as part of the diagnostic work up of BS. It was
shown that cholangio MR sensitivity and specificity can
[17]
be as high as 90% for the diagnosis of BS . In cases
of BE anastomosis, however, the sensitivity of cholangio
[18]
MR drops to 50% . This is important for the pediatric
population because most pediatric patients have a BE
anastomosis. However, cholangio MR is helpful when
studying patients with two separate anastomoses,
without significant dilation on US, and with clinical
suspicion of BS. It can also serve as a guide to a PTC for
[4]
identifying the exact puncture location . Further studies

CLINICAL PRESENTATION AND
DIAGNOSIS
The presentation of BC is quite variable. BL usually have
a straightforward diagnosis and present early in the
post-transplant course. BS has a more indolent evolution
and presents later in the post-transplant follow-up.
BS demands a high index of suspicion because in the
initial phases the clinical picture can be confused with
rejection, infection and primary disease recurrence.
Early complications (< 30 d post-transplant) are a result
of technical issues such as handling and harvesting of
the graft, preservation injuries, surgical technique of
[7]
biliary reconstruction, or even vascular insufficiency .
Late complications (> 90 d post-transplant) can
appear from anastomotic (AS) and non-anastomotic
strictures (NAS). NAS can be related to the use of ABOincompatible grafts, preservation injury, opportunistic
infections, recurrent hepatitis, ductopenic rejection,
recurrent primary sclerosing cholangitis (PSC), stones
or casts, post-transplant lymphoproliferative disorder or
[7]
other tumors . Risk factors for AS complications (leaks
and strictures) are linked and include a prolonged cold
ischemia time, hepatic artery thrombosis (HAT), CMV
infection, and chronic rejection. Tissue hypoxia, as occurs
in patients with hepatopulmonary syndrome, at level of
the anastomosis can increase the rate of BCs following
[8]
liver transplantation . The presence of multiple bile

WJH|www.wjgnet.com

2163

August 28, 2015|Volume 7|Issue 18|

Feier FH et al . Biliary complications in children
Table 1 Liver biopsy findings suggestive of biliary strictures and differential diagnosis (BANFF
Histopathological features
Distribution, severity and
composition of portal
inflammation
Presence and type of interface
activity

Bile duct inflammation and
damage
Biliary epithelial senescence
changes and small bile duct
loss
Perivenular mononuclear
inflammation and/or
hepatocyte dropout
Lobular findings and
necroinflammatory activity

PSC/BS

[18]

Chronic rejection

Primary biliary cirrhosis

Usually patchy to diffuse; mild
Patchy; usually minimal or mild
neutrophilic, eosinophilic, or occasionally
lymphoplasmacytic
mononuclear predominant
Prominent and defining feature: ductular
Minimal to absent
type with portal and periportal edema

Periductal lamellar edema "fibrous
cholangitis"; acute cholangitis; multiple
intra-portal ductal profiles
Small bile duct loss associated with
ductular reaction
Absent

Focal ongoing lymphocytic bile
duct damage; inflammation
wanes with duct loss
Senescence/atrophy/atypia
involve a majority of remaining
ducts
Usually present but variable

Biliary pattern

Noticeably patchy and variable intensity;
predominantly mononuclear; nodular
aggregates and granulomas
Important feature later in disease
development: ductular and
necroinflammatory-type with copper
deposition
Granulomatous or focally severe
lymphocytic cholangitis is diagnostic in
proper setting
Small bile duct loss associated with
ductular reaction
Variable but generally mild; if present,
involves a minority of perivenular regions

Disarray unusual; neutrophil clusters; ± Variable; if present, concentrated
cholestasis
in perivenular regions

Pattern of fibrosis during
progression towards cirrhosis

)

Uncommon; if present usually a
venocentric pattern; may evolve
to biliary pattern

Mild disarray; parenchymal granulomas;
periportal copper deposition and
cholestasis are late features
Biliary pattern

PSC: Primary sclerosing cholangitis; BS: Biliary strictures.

most severe forms of NAS evolve in the case of early
HAT and result in partial or complete biliary necrosis. In
the case of late HAT or arterial stenosis, the forms are
attenuated due to collateral perfusion. Thus, the severity
of NAS correlates with the time of manifestation and is
most severe in the first year, whereas late HAT may be
[12]
even clinically unapparent . A patient with NAS has
a cholestatic picture with episodes of cholangitis. More
than 50% of the cases present in the first year.
NAS can also develop with an open artery, which
represents a distinct entity generally referred to as
[20]
ischemic-type biliary lesions (ITBL) . NAS can be
classified as extrahepatic (type Ⅰ), intrahepatic (type
Ⅱ), or a combination of both. NAS can also be sub
classified according to the etiology: NAS secondary
to HAT; ITBL secondary to microangiopathic injury
(donor factors-preservation injury, prolonged ischemia
times, donor after cardiac death); or ITBL secondary to
immunogenetic injury (ABO incompatibility, rejection,
autoimmune hepatic disease, CMV infection and
[20]
chemokine polymorphisms) .
The incidence of NAS varies between 5% and 25%.
Recently, many centers have had an increased incidence
due to the more liberal use of extended criteria donors
[12]
and donors after cardiac death . This is rarely the case
in pediatric liver transplantation, where donor selection
follows more strict criteria. The rate of NAS after living
donor liver transplantation (LDLT) is low, and the cases
are usually represented on PSC recurrence.
Risk factors for NAS include the use of UW-solution
(with a high-viscosity), Roux-en-Y reconstruction,
postoperative CMV infection and PSC as underlying
liver disease, cold ischemia time > 10 h, donor age
[12]
and organ quality (severe macrovascular steatosis) .

Figure 1 An 18-mo-old girl presented with a severe bilioenteric anastomotic
stricture five months after receiving a left lateral segment graft from a livedonor. After two percutaneous biliary interventions failed attempts to cross
the stricture the patient underwent surgical revision and a new bilioenteric
anastomosis was fashioned.

in children are necessary to define the diagnostic yield of
cholangio MR for BS.
Liver biopsy can help elucidate the investigation and
[19]
provide a differential diagnosis
(Table 1). Histology
consistent with cholestasis due to biliary obstruction has
[6,13]
been found in 69%-83% of the patients with BS
.
The gold standard for the diagnosis and treatment
is endoscopic retrograde cholangiography (ERC) in
patients with duct-to-duct (DD) anastomosis and PTC in
patients with BE anastomosis (Figure 1). The diagnostic
algorithm for BS is shown in Figure 2.

NAS
NAS concerns strictures located in both the extrahepatic
[20]
and intrahepatic biliary systems of the liver graft . The
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Jaundice and/or Fever and/or Acholic stools
and/or Altered liver function tests (elevated GGT)

US Doppler colangio MR

Clinical follow-up

Liver biopsy

Suggestive of biliary strictures

No

High index of suspicion

Yes
BE anastomosis

DD anastomosis

ERCP

PTC

Failure
Surgery re-anastomosis

Failure

PBI (ballon dilatation and
catheter placement)

Figure 2 Proposed diagnostic and treatment algorithm for biliary strictures. MR: Magnetic resonance; BE: Bilioenteric; PBI: Percutaneous biliary interventions;
PTC: Percutaneous transhepatic cholangiography; DD: Duct-to-duct; US: Ultrasonography; GGT: Gamma-glutamyl transferase; ERCP: Endoscopic retrograde
cholangio pancreatography.

MISSING DUCTS
A missing duct or excluded segmental bile duct is a
segmental bile duct that is discontinuous with the
primary biliary drainage tree of a partial allograft (Figure
[21]
3). Its incidence after LDLT can reach 40% . Signs
suggestive of a missing duct are persistent bile leak,
high direct hyperbilirubinemia and imaging evidence of
[22]
an isolated dilated bile duct system by US, CT or MR .
Additionally, a missing duct should always be suspected
when a patient presents signs of cholestasis but has
[4]
normal stool coloration .
Partial grafts always have a cut surface area and
occasionally present multiple bile ducts. During the
liver resection procedure in live-donor, split or reduced
grafts, these secondary bile ducts may be missed
and ligated unintentionally. Anatomical variations in
biliary drainage exist in which a biliary branch does not
communicate with its segmental bile duct and thus
[22]
[22]
drains into another segment . Conzen et al reported
four cases of excluded bile ducts after pediatric liver
transplantation. All of these patients had their diagnosis
confirmed by PTC and initially treated by PBI with
external catheter placement. Subsequently, a surgical
intervention was performed to include this excluded
duct in the BE anastomosis. The drainage catheter was
used for guidance and remained postoperatively. All
but one patient recovered well. The remaining patient
developed ductopenic rejection and underwent re[22]
transplantation .
Some important measures can help prevent this
complication, such as an adequate preoperative eva

Figure 3 A 3-year-old boy developed a biloma 12-mo after receiving
left lateral segment from a live-donor. He had a persistent bile leak and
segmental bile duct dilatation on abdominal computed tomography scan
imaging. A fistulography was performed by injecting contrast through the pigtail
catheter, and an excluded bile duct was evidenced.

HAT is a direct cause of NAS because the blood
supply to the biliary tree is almost solely arterial and
receives no significant contribution from the portal
vein in physiological conditions. However, some re
searchers support the hypothesis that the peribiliary
vascular plexus is sustained not only by blood from
the hepatic artery but also by blood from the portal
vein. Because ITBLs can occur in the absence of HAT,
it has been suggested that the portal blood impacts
the pathogenesis of ITBL. Patients with partial portal
vein thrombosis and intact arterial blood supply have
developed ITBL in the segments affected by portal vein
[20]
thrombosis .
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[26]

luation of the live donor’s biliary tree with a cholangio
MR or by means of an intraoperative cholangiography.
Additionally, for split and reduced grafts, backtable
cholangiography could help identify these secondary
[22]
ducts .

surgical intervention .
The gold-standard treatment for patients with BE
anastomosis is PTC with PBI. This is the mainstay of
treatment for liver-transplanted children because the
vast majority of these children have a BE anastomosis.
With an aggressive interventional radiology team, PTC
[2]
can be successful 76%-89% of the time . To achieve
good results, an early indication of the procedure, based
on a high index of clinical suspicion, is paramount.
PTC can be performed safely, even in the absence of
dilated bile ducts. Most of the procedures performed
in our institution are in children who are recipients
of partial grafts and lack bile duct dilatation. All such
procedures are performed under either US guidance or
[4]
fluoroscopic control . Percutaneous treatment of AS in
pediatric patients is considered safe and effective, and
in most cases, surgical revision of the anastomosis is
[6]
not needed . Contraindications to PTC are relative and
include uncorrectable coagulopathy, allergy to iodinated
contrast, and large volume ascites. To perform the
procedure safely, the patient should have an INR ≤
1.5, platelet count ≥ 50000/dL and a normal partial
[27]
[6]
thromboplastin time . Miraglia et al , studying
pediatric liver transplant recipients with BS, achieved a
trans-stricture biliary catheter placement success rate
of 92%. During follow-up, 11% of their patients needed
surgical revision of the anastomosis. In 75% of the
patients, only one course of treatment was required,
20% required two courses and 5% required three
courses of percutaneous stenting and bilioplasty. No life[6]
threatening complications were reported .
[13]
Moreira et al
studied pediatric liver transplant
recipients who underwent PTC due to clinical suspicion
of BS. They found that 29.7% had normal findings,
15.6% had simultaneous intrahepatic stenosis and
54.7% had isolated AS. One course of percutaneous
treatment section was needed in 65.7% of the patients,
two courses were required in 20%, three courses were
needed in 11.4% and more than three courses were
needed in 2.8%. Thirty-four precent had a recurrence
at a median 2.2 years of follow-up. At the end of followup, 82.6% were symptom-free. Only two patients
presented with hemobilia associated with hemodynamic
repercussions and were treated successfully by arterial
[13]
embolization . Some series reported complication
[28]
rates of approximately 40% . The most common
potential complications from PBI included bleeding,
fever, bacteremia and sepsis. Minor complications
occurred in approximately 11% of cases, and major
[27]
complications occurred in less than 2% .
For those patients who fail ERC and PTC, a novel
magnetic compression anastomosis can be created.
Transmural compression with two magnets causes
gradual ischemic necrosis, thus creating a new anasto
mosis between the dilated duct and small intestine
or bile duct. There are only few cases in which this
technique was performed, and further experience is
[29,30]
required before it has broader indications
.
There is still no randomized controlled trial for the

TREATMENT
Treatment strategies for BCs are based on the type and
severity of the complication and the biliary reconstru
ction technique applied (DD or BE anastomosis). Nonoperative management is the first-line approach,
and success can be achieved in 70%-90% of all BS
[2,4-6]
cases
.
BL can be treated conservatively by maintaining the
[4]
abdominal drain if the patient’s condition is stable .
Cut surface leaks or small caudate duct leaks usually
respond to the conservative approach and close in 5-8
[4,7]
wk . Anastomotic leaks, however, require additional
intervention. Patients with DD anastomosis are treated
[23]
with ERC, with reported success rates of 80%-90% .
Small leaks can be managed by sphincterotomy alone.
ERC management of significant anastomotic BLs is
successful approximately 50% of the time, but the
remainder of cases requires surgical revision. PTC is used
as a second-line therapy, i.e., as a rescue procedure, in
patients with DD anastomosis. Early leaks in a clinically
unstable patient demand urgent surgical revision.
They are usually due to a large defect or even biliary
[11]
[4]
necrosis . Ultimately, most BL will require surgery .
Bilomas are usually self-limiting and may be treated by
insertion of a percutaneous pigtail catheter. Using all the
available resources, the success rates of BL treatment
[12]
are approximately 85%-100% .
Overall 60%-90% of AS can be treated with inter
vention. In the long term, approximately 10%-20% of
such cases require surgical revision. In most centers,
surgical intervention is left as last resource for treating
AS. Patients with DD anastomosis are approached
with ERC with balloon dilatation with or without stent
[12]
placement . A successful endoscopic treatment can
be achieved in 58%-76% of LDLT cases and 80%-90%
[24]
of deceased donor cases . The complication rate is of
6.6% per procedure, with a cumulative complication
[15]
rate per patient of 21% . There is less cumulative
[25]
experience with ERC in children. Dechêne et al
reported on 17 children with BC submitted to ERC. All
but one patient completed the exam, and those patients
were treated with sphincterotomy, balloon dilatation
or stent placement. Although the most common
complication was bleeding (23.5%), only one required
surgical revision. In those patients with AS, the success
[25]
rate was 100% .
[26]
Unlike most centers, Darius et al indicated surgery
as the first treatment for AS. The primary patency
of surgically treated patients was 80%. The other
20% had recurrences and needed a second surgical
intervention. The 30-d mortality was 3.4%; 8.5%
had major complications, and most required another
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treatment of AS in pediatric liver transplant recipients.
PBI is less invasive and has a lower complication rate.
The treatment, however, is long, and the patient needs
multiple re-interventions for catheter exchange. A direct
surgical approach is obviously more invasive and has
higher complication rates, though it does have a shorter
[31]
treatment period . Quality of life cannot currently be
evaluated for each treatment approach based on the
personal impressions of the attendants. Most centers
are more likely to adopt a less invasive strategy than a
[32]
more invasive strategy .
Treatment of NAS is multidisciplinary, and the
success rates with interventional treatment are lower
than those observed for anastomotic complications. The
involvement of the biliary system is diffuse, and severe
forms with cast formation do not respond to endoscopic
treatment. Usually, ursodeoxycholic acid is used to
increase bile flow and lower lithogenicity. Antibiotic
therapy and prophylaxis are often necessary. The
difficulty in treating this condition is expressed by the
10-year graft failure rates that can occur in 20%-50%
[12]
of cases .

to lower complication rates in the recipients were taken
[35]
by groups with large experience in live donation . It
is not unusual to have more than one bile duct in the
liver graft from either right lobes or left lateral segment
grafts (LLS): 40% of LLS grafts require at least 2 biliary
[9]
anastomosis . It is a common practice to study the
donor’s biliary anatomy before electing for surgery and/
or during the hepatectomy by means of a transcystic
cholangiography. Intraoperative cholangiography can
help identify the exact point of bile duct transection.
Additionally, preoperative cholangio MR should be
performed in the donors, especially in the case of left
and right grafts. Cholangio MR accurately described the
[36]
anatomy in 88.3% of the donors . Another method,
by CT cholangiography could accurately define the
[37]
anatomy in 96% of the donors .
An aberrant biliary anatomy and the presence of
two or more ducts are significant risk factors for the
[24]
development of BCs . Generally, donation is precluded
if three or more small bile ducts are present. Care
should also be taken with the caudate lobe anatomy
because BL originating from the caudate lobe are not
infrequent and are difficult to manage. A maximum of
5 bile ducts are encountered in the caudate lobe and
careful attention should be paid to the performance of
[24]
continuous suturing and ligation of these radicles .
Because ischemia of the bile ducts plays an
important role in the development of BC, preserving
the blood supply to the bile duct is an important factor
to prevent these complications. In LDLT, interruption of
the blood supply is thought to be the most important
contributing factor for the higher incidence of BC in this
population. In a partial liver graft, the blood vessels to
the graft bile duct from the common bile duct side are
transected. The dissection of the right or left hepatic
artery in the donor operation should be restricted to
what is absolutely necessary to protect the branches,
and the dissection of the hilar duct should be minimal
or even avoided. Following the principle of preserving
[35]
the bile duct blood supply in the donor, Soin et al
applied a complete Glissonian approach in the donor’s
hepatectomy and reduced the incidence and severity of
BC in the recipients from 15.8% to 5.3%.

TECHNICAL VARIANT GRAFTS
Technical variant grafts are becoming the most used
types of liver grafts in pediatric recipients. However,
recipients of technical variant grafts are more likely to
develop any type of complication within 30 d than are
whole organ recipients. In the study by Diamond et
[1]
al , the incidence of BC within 30 d was 18.8% for split
livers, 17.5% for LDLT, 16% for reduced liver grafts and
7.5% for whole liver grafts, and the BC were mostly
represented by BL. As for the complications observed
at 2 years of follow-up, all of the variant grafts were
associated with an increased incidence of BC, and all
cases presented with an increased incidence of BL.
Recipients of reduced and live-donor grafts also had
an increased incidence of intrahepatic BS. Recipients
of live-donor grafts had a 2-fold increased incidence
[1]
of AS . However, no other groups have linked an
increased incidence of BC with technical variant grafts
and claim that the initial high rate of BC decreases after
[9]
the initial learning experience .

RECIPIENT OPERATION: UNSOLVED
TECHNICAL DILEMMAS AND FUTURE
TRENDS

LDLT
The incidence of BC after pediatric LDLT ranges from
[10,33]
4% to 45%
. BC occur more frequently after LDLT
than deceased donor transplantation and remain the
most common and prolonged treatment problem after
[24]
[34]
LDLT . Reding et al
reported an incidence of BC of
34% in LDLT vs 14% in deceased donors. The incidence
of strictures in LDLT is twice that of deceased donors
[34]
(24% vs 12%, respectively) .

In the beginning of the LDLT experience, the standard
biliary reconstruction procedure was the Roux-en-Y
hepaticojejunostomy. It is also the preferred method
for children because their bile ducts are too small or
the BE anastomosis is mandated because of underlying
liver disease. In adult LDLT, the routine use of a DD
reconstruction is now applied because of its theoretical
advantages: it preserves the sphincter mechanism,
decreases the operative time and allows access through
[24]
ERC . However, it cannot always be performed, as

Donor surgery

Some aspects of the donor surgery are particularly
important, and actions toward refining this technique
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Table 2 Different biliary reconstruction techniques in pediatric liver transplantation and biliary complications incidence
Ref.

N

Okajima et al[38]
Sakamoto et al[12]
Shirouzu et al[3]
Liu et al[10]
Anderson et al[5]

6
19
30
7
66

Tanaka et al[37]
Haberal et al[39]
Ando et al[9]
Chok et al[40]
Feier et al[4]
Darius et al[30]

60
31
49
78
489
429

Type of graft

BE/DD

Suture technique

Stent

BC

BS

BL

LDLT
LDLT
LDLT
LDLT
Whole, split and
reduced
LDLT
LDLT
LDLT
LDLT
LDLT
Whole, split,
reduced and LDLT

0/6
0/19
20/10
3/4
51/15

Interrupted
Continuous and interrupted
Interrupted
Interrupted
Continuous and interrupted

Yes
Yes, but not routine
Yes
No
No

16.6%
47.4%
6.6%
14.2%
26%

16.6%
36.8%
3.3%
0
23%

0
10.5%
3.3%
14.2%
3%

46/14
0/31
47/2
74/4
395/24

Continuous and interrupted/only interrupted
Interrupted, wide interval
Continuous posterior/interrupted anterior
Continuous and interrupted
Interrupted

Yes/No
No
Yes
No
No
No

20%
15.6%
4%

11.7%
9.3%
2%
16.7%
9.2%
13.2%

5%
6.2%
2%

14.5%
23%

6.7%
3.0%

BE: Bilioenteric anastomosis; DD: Duct-to-duct anastomosis; BC: Biliary complication; BS: Biliary stricture; BL: Bile leak; LDLT: Living donor liver
transplant.

in cases of PSC, biliary atresia, duct size mismatch,
tension and twisting of the bile duct as in partial liver
grafts.
In recent years, more pediatric groups are adopting
the DD reconstruction after pediatric liver transplantation
whenever it is technically possible, and some advo
cate that it provides better outcomes than the BE
[38]
anastomosis. Tanaka et al
compared the results
of the two techniques in 60 pediatric LDLT recipients.
The overall BC incidence was 20%. Patients in the BE
group had more BL (6.5% vs 0%), but patients in the
DD group had more strictures (21.4% vs 8.7%). The
researchers could not confirm the advantage of the DD
anastomosis and noted that when a stricture developed,
it was more difficult to treat if the patient had a DD
anastomosis; however, ERCP was not applied to treat
[38]
[11]
these patients . Liu et al
also recognized problems
when performing a DD anastomosis: three patients had
to be converted to a BE anastomosis because of kinking
[3]
and tension. In a smaller cohort, Shirouzu et al showed
no difference in the incidence of complications between
[33]
the techniques. Sakamoto et al
reported on 19
pediatric recipients with a DD anastomosis and observed
an incidence of BC of 47.4%. They argued that when
the biliary stent was routinely placed, the incidence of
complications dropped; thus, they recommended the
[33]
use of stents when performing a DD anastomosis .
To date, there is no high-impact study that has
proved the superiority of a DD anastomosis in children.
Because endoscopic biliary intervention is not widely
performed in younger children because of its technical
difficulty, the choice between a BE or DD anastomosis
should not be driven by the performance of ERC in
children. A common problem encountered with the DD
in partial liver grafts is the kinking of the anastomosis
due to tension during the liver transplant or during
follow-up because of the regeneration process. The BE
anastomosis may be less susceptible to kinking because
[38]
the intestinal loop has more mobility . Generally, in
patients with a preserved bile duct, such as those with
metabolic diseases, liver tumors, cryptogenic cirrhosis an
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attempt could be made to perform a DD anastomosis.
Bile duct size mismatch, tension and kinking of the
anastomosis may preclude the performance of a DD,
especially in partial liver grafts, because it increases the
risk of a bile duct stricture.
Another regularly raised issue is the use of
anastomotic stents. The rationale for a stent is the
maintenance of the biliary flow despite swelling of the
anastomosis as well as easy access for control cholan
giography in case of a suspected leak or stricture.
However, the stent itself is a foreign body and can induce
[24]
inflammation and subsequent stricture . Several
groups with experience in pediatric liver transplantation
have a great variety of techniques for reconstructing the
[3-5,10,11,26,38-41]
biliary duct
(Table 2). It would take a large
prospective controlled study to define the best technique
for biliary reconstruction.
Microsurgical techniques are emerging as an
alternative to lower the incidence of BC in LDLT. Lin
[42]
et al
started applying microsurgical techniques to
biliary reconstruction in LDLT. Their first report showed
comparable results between the conventional and
microsurgical groups, with overall complication rates
of 18.8% and 15.3%, respectively. However, after
stratifying the cases and excluding the learning curve,
the results with the microsurgical technique improved
[42]
with an overall incidence of BC of 5.4% . Their longterm results were published later, and the incidence
of BC was 9.6%. Their sample was constituted mainly
of adult patients, right lobe grafts and single duct
[43]
openings . Further experience with this type of
reconstruction in children with a BE anastomosis could
help define the role of microsurgery in this subgroup of
patients.

CONCLUSION
Despite difficult diagnosis and prolonged treatment,
BS have a high rate of resolution with non-operative
management. BL will ultimately require surgical treat
ment unless it is caused by a cut surface leak. No
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significant difference was observed regarding patient
[2,4,26]
or graft survival in the different series
. However,
the presence of BC, particularly BL increases the length
[2,44]
of stay and hospital costs
. Technical refinement,
especially in technical variant grafts, might be the key to
lowering the incidence of BC in pediatric liver transplant
recipients.
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Abstract
Preoperative biliary drainage (PBD) was developed to
improve obstructive jaundice, which affects a number
of organs and physiological mechanisms in patients
waiting for surgery. However, its role in patients who will
undergo pancreaticoduodenectomy for biliary obstruction
remains controversial. This article aims to review the
current status of the use of preoperative drainage for
distal biliary obstruction. Relevant articles published
from 1980 to 2015 were identified by searching
MEDLINE and PubMed using the keywords “PBD”,
“pancreaticoduodenectomy”, and “obstructive jaundice”.
Additional papers were identified by a manual search
of the references from key articles. Current studies
have demonstrated that PBD should not be routinely
performed because of the postoperative complications.
PBD should only be considered in carefully selected
patients, particularly in cases where surgery had to be
delayed. PBD may be needed in patients with severe
jaundice, concomitant cholangitis, or severe malnu
trition. The optimal method of biliary drainage has
yet to be confirmed. PBD should be performed by
endoscopic routes rather than by percutaneous routes
to avoid metastatic tumor seeding. Endoscopic stenting
or nasobiliary drainage can be selected. Although more
expensive, the use of metallic stents remains a viable
option to achieve effective drainage without cholangitis
and reintervention.
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without PBD; for level I studies, the complication rates of
the two approaches were 57% and 42%, respectively,
indicating a relative reduction of 15% and an absolute
risk reduction of 27% in cases where surgery was
performed without PBD. Moreover, the overall hospital
stay was prolonged following PBD. That meta-analysis
concluded that the benefit of PBD did not outweigh
the disadvantages of the drainage procedure and
complication rates and that PBD should therefore not be
routinely performed. Particularly following the publication
of this meta-analysis, the routine performance of PBD
was apparently no longer recommended. A multicenter,
randomized trial was reported in 2010. van der Gaag
[3]
et al compared PBD prior to surgery with surgery
alone for patients with cancer of the pancreatic head.
They concluded that routine PBD in patients undergoing
surgery for cancer of the pancreatic head increased
the rate of complications. This report corroborated the
results of the previous meta-analysis.
However, the above-mentioned studies have some
limitations. The meta-analysis published in 2002 is
limited by the fact that not all randomized trials are
equal in terms of size or quality. The five randomized
trials reviewed were relatively poorly designed, with
broad eligibility criteria including both distal and proximal
cancers, small sample sizes, different interventions
(internal and external drainage) and a number of
differing surgical resection procedures. These trials
reflect the 1970s approach to obstructive jaundice and
surgery, as demonstrated by the higher rates of the
use of external percutaneous approaches (59%), lower
resection rates (16%), and significantly higher rates of
perioperative death (12%).
There are also apparent limitations to the report
[3]
by van der Gaag et al . In that study, the initial rates
of endoscopic retrograde cholangiopancreatography
(ERCP) failure were 25%, and there were also ERCPrelated complications, including pancreatitis, perforation,
cholangitis, and bleeding, in 46% of the patients
included in the study. Both results appear excessive
to us because the majority of studies report rates of
[4,5]
approximately 5%-10% . Moreover, these authors
only used plastic stents, which have been associated
with early stent occlusion following cholangitis in up to
26% of patients.
Three other meta-analyses have concluded that
PBD does not reduce post-operative mortality and com
plications in cases of malignant obstructive jaundice and
that PBD in patients undergoing surgery for obstructive
jaundice is associated with increased serious morbidity;
however, these studies included proximal obstruction in
[6-8]
addition to distal obstruction . Based on another metaanalysis of studies that evaluated the use of PBD in
patients who were waiting for pancreaticoduodenectomy,
the use of PBD increased postoperative wound infection
rates, with no overwhelming evidence that PBD either
promoted or protected against other complications.
However, a limitation of this report was the lack of
comparison between percutaneous transhepatic biliary

Core tip: Because of the postoperative complications,
studies have demonstrated that preoperative biliary
drainage (PBD) should not be routinely performed in
patients who will undergo pancreaticoduodenectomy.
PBD may be selectively applied in patients with severe
jaundice, cholangitis, or severe malnutrition and in
those patients with a relatively long wait before surgery.
PBD should be performed through endoscopic routes
rather than percutaneous routes to avoid metastatic
tumor seeding. Endoscopic stenting or nasobiliary
drainage can be selected. Although more expensive, the
use of metallic stents remains a viable option to avoid
reinterventions.
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INTRODUCTION
Surgical resection is generally considered to be the
only curative treatment for patients with periampullary
cancer or cancer of the pancreatic head. Obstructive
jaundice due to distal biliary obstruction is the most
common symptom in such patients. Preoperative biliary
drainage (PBD) was introduced in the 1970s to relieve
the obstruction and to reverse physiological dysfunction
resulting from obstructive jaundice. PBD was previously
considered to improve surgical outcomes in patients
with malignant distal biliary obstruction who were
undergoing curative resection, with many physicians
electing to perform PBD in patients who were waiting
[1]
for surgery . A number of PBD methods exist, including
endoscopic plastic stenting, nasobiliary drainage,
metallic stenting, and percutaneous drainage. However,
the overall benefit of PBD is currently controversial.

OVERVIEW
In 2002, a systematic review summarized all prospective
and retrospective studies published between 1966 and
2001 to evaluate the efficacy of drainage compared
with that of direct surgery in patients with malignant
[2]
obstructive jaundice . Five randomized controlled
studies and 18 cohort studies were analyzed. A metaanalysis of both level Ⅰ and level Ⅱ studies found no
difference in mortality between patients who underwent
PBD and those who underwent surgery without PBD.
However, the overall complication rates were significantly
and adversely affected by PBD compared with surgery
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[9]

[18]

drainage (PTBD) and endoscopic drainage . Although
no study has yet equally randomized comparable
patients according to the level of obstruction and PBD
method used, and the results of the previous studies
remain controversial, all reported meta-analyses have
concluded that PBD should not be performed routinely
where possible.

to postoperative ascending colonization . Although
some reports discourage the use of PBD in cases of
[19-24]
distal biliary obstruction
, a recent Cochrane Review
found that PBD in patients with resectable pancreatic
cancer and periampullary cancer undergoing surgery
was associated with a similar mortality rate, but an
increased incidence of serious morbidity, compared with
[25]
patients who did not undergo PBD . Recent studies
have reported the effect of selective biliary drainage
on perioperative morbidity and mortality in patients
[26,27]
undergoing pancreaticoduodenectomy
. Jagannath
[26]
et al
reported that a positive bile culture in patients
with drainage was associated with stent complications
and duration of stenting and that uncomplicated stenting
was not associated with increased rates of serious
[27]
morbidity or mortality. Coates et al
also concluded
that the morbidity and mortality associated with PBD
may not be as significant as previously reported due
to recent refinements in endoscopic techniques and
improvements in perioperative management.

PATIENTS FREQUENTLY UNDERGO PBD
BEFORE SURGICAL CONSULTATION
A significant issue with PBD has been the use of the
technique before surgical referral or consultation. The
first and largest population-based study of patients with
pancreatic cancer undergoing pancreaticoduodenectomy
at a single institution found that 77% of 2573 patients
who were referred to a surgeon already had a stent in
[10]
place . This result was consistent with previous studies
[11-14]
reporting prior stent placement rates of 42%-79%
.
The report concluded that the use of preoperative
biliary stenting doubled between 1992 and 2007 despite
evidence suggesting that stenting was associated with
increased perioperative infectious complications. The
performance of PBD prior to surgical consultation can
be associated with significant delays in the time to
operate in many cases. Therefore, patients waiting for
pancreaticoduodenectomy should ideally be carefully
treated following discussion between surgeons and
[10]
endoscopists regarding the necessity of PBD .
There are three remaining questions: (1) How do we
select patients who are suitable for PBD? (2) What is the
appropriate PBD method with minimum complications?
and (3) How do we reduce the complications associated
with PBD?

WHAT IS THE OPTIMAL PBD METHOD
WITH MINIMAL COMPLICATIONS?
One of the largest prospective randomized trials,
[28]
performed in the United States by Pitt et al , concluded
that PTBD does not reduce operative risk, increases
hospital cost and is therefore not recommended. In
contrast, a recent study reported that PTBD was superior
to endoscopic drainage from the perspective of costeffectiveness; however, the lower cost was related to
those patients who were initially subjected to endoscopic
[29]
drainage and later changed to PTBD . It is also
important to determine which method is safer in terms
of the long-term survival of patients with resectable
distal cancer. Two recent retrospective studies revealed
that patients with resectable pancreatic cancer who
underwent PTBD had significantly worse survival than
patients who underwent endoscopic biliary drainage
[30,31]
[30]
(EBD)
. Strom et al
reported that patients with
PTBD had an even worse 5-year survival of just 3%,
whereas patients who underwent EBD and patients
without PBD had 5-year survival rates of 24% and 32%,
respectively. The result was almost identical to the results
[31]
reported by Murakami et al . The major underlying
cause of this finding is thought to be metastatic tumor
seeding along the PTBD sinus tract.
The main advantage of endoscopic drainage over
percutaneous intervention is the avoidance of skin and
liver puncture in patients with underlying coagulopathy
and the avoidance of tumor seeding along the catheter
track. ERCP with biliary drainage has become the
first line technique for the treatment of distal biliary
obstruction. In addition, ERCP is considered a diagnostic
tool in many countries due to the clinical importance
of biopsy material or cytology. However, only a few
studies have evaluated the safety and efficacy of each
method of endoscopic drainage for malignant distal

HOW DO WE SELECT PATIENTS WITH
DISTAL BILIARY OBSTRUCTION WORLD
HEALTH ORGANIZATION ARE SUITABLE
FOR PBD?
Preoperative drainage should be performed after
[15,16]
consideration of the following factors
: (1) The period
of time from diagnosis to anticipated surgery; (2) The
presence of an urgent indication for biliary drainage;
that is, acute cholangitis, severe pruritus, or severe
obstruction with very high bilirubin levels; (3) The
functional status of the patient. Many patients are in poor
status in terms of nutrition due to obstructive jaundice,
which is expected to improve with PBD; and (4) The plan
for neoadjuvant chemotherapy or chemoradiation for
locally advanced or borderline resectable cancer, where
PBD may prevent hepatotoxicity from chemotherapeutic
agent.
[17]
In 1999, Povoski et al
reported that PBD was
the only factor associated with postoperative infection
and postoperative death. Bacterobilia was thought
to develop in some patients with biliary stents due
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biliary obstruction. To the best of our knowledge, our
study was the first to compare endoscopic biliary
stenting (EBS) with endoscopic nasobiliary drainage
(ENBD) for PBD in patients with malignant distal biliary
[32]
obstruction . No significant differences in the overall
rate of catheter-related complications, the rate of tube
dysfunction, or the median interval from PBD to the time
of tube dysfunction were observed between the two
groups. Adequate endoscopic PBD was achieved in all
patients on the first attempt, and all patients underwent
surgery following a successful PBD. Symptoms such as
cholangitis and obstructive jaundice resolved within 7 d
after the drainage was placed in all patients. Two major
complications occurred: one case of cholangitis and
another of perforation due to endoscopic sphincterotomy
were observed in patients in the EBS group, both of
whom recovered following conservative treatment.
Another retrospective study demonstrated that EBS
increased the rates of wound infection because of a high
incidence of cholangitis prior to operative intervention
[33]
and should, therefore, be avoided . In that study,
ENBD had no effect on complication rates. However,
this finding required further analysis due to the small
number of patients included in this study.
Several studies have reported the utility of self[15,34,35]
expanding metallic stents (SEMSs)
. Singal et
[34]
al
demonstrated that SEMSs provide excellent
patency, with cholangitis occurring in < 5% cases after
4 wk; does not affect surgical technique; and results in
minimal postoperative complications in patients waiting
to undergo pancreaticoduodenectomy. In a study of 29
[35]
patients with pancreatic cancer, Decker et al reported
no preoperative intervention in the group that received
SEMS placement, and up to 40% of the group that
underwent plastic stenting required reintervention. The
other two studies comparing plastic and metallic stents
for internal drainage found no significant difference in
either the overall or serious complication rates between
[36,37]
SEMSs and plastic stents
; however, Haapamäki
[37]
et al
concluded that the significantly higher price of
SEMSs restricts their use to selected cases. A number
of recent studies have recommended the use of
SEMSs in patients who are candidates for neoadjuvant
chemotherapy or chemoradiation with obstructive
jaundice and resectable or borderline resectable
[15,38,39]
pancreatic cancer
; however, the small number
of prospective studies available means this conclusion
remains unreliable.
Another type of stent is completely contained
within the bile duct without one end extending to the
duodenum. This stent is called an inside stent and is
expected to prevent the reflux of intestinal contents into
the bile tree. Inside stents have been mainly used for
proximal bile duct strictures. Fewer early complications,
such as ascending cholangitis, and ease of performing
[40,41]
reinterventions were reported
. Although few reports
have evaluated using inside stents for distal biliary
obstruction, the latest report demonstrated their efficacy
[42]
[42]
for PBD in biliary tract cancer . Kobayashi et al
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retrospectively compared the postoperative complications
in two groups and reported that morbidity rates were
34.3% (11/32) in the conventional stent group and
24.0% (6/25) in the inside stent group. The limitation
of the report was that they included not only patients
with distal obstruction but also those with proximal
obstruction; additionally, they did not include patients
[42]
with pancreatic cancer .
[43]
Rerknimitr et al observed that the different types
of drainage were used in previous analyses; therefore,
the patient groups who underwent internal or external
drainages were not homogeneous.
Further randomized studies are needed to determine
the optimal method of PBD for distal biliary obstruction.

HOW TO REDUCE POSTOPERATIVE
INFECTION?
Despite many recent studies that have concluded that
PBD is not associated with increased postoperative
[44-48]
infection
, the possibility of preoperative cholangitis
caused by tube dysfunction after preoperative drainage
[49]
remains. Sudo et al
revealed that the susceptibility
of biliary microorganisms to antibiotics was the only
independent risk factor for postoperative infections in the
largest detailed bacteriologic analysis of intraoperative
bile cultures corresponding to PBD procedures using
data collected from 254 patients who were undergoing
pancreaticoduodenectomy. That study found that
perioperative antibiotics covering bile contamination
may prevent infectious complications following pan
creaticoduodenectomy in patients with and without PBD.
In addition to preoperative cholangitis, drainage
duration may also impact patient outcomes through the
development of preoperative complications. In general,
a minimum of 4-6 wk of PBD is advised. An overly long
drainage duration may increase infectious morbidity.
[50]
Son et al
reported that a PBD duration of < 2 wk,
which was associated with lower rates of preoperative
drainage-related complications, was more appropriate in
severely jaundiced patients with periampullary cancer.
However, the optimal duration in that study may not be
appropriate because the study did not strictly distinguish
between the different PBD methods. The optimal
drainage time will continue to be a controversial issue
because neoadjuvant chemotherapy and chemoradiation
are currently considered for locally advanced or border
line resectable cancer.

CONCLUSION
The majority of authors believe that PBD should not be
routinely performed in patients with malignant distal
obstruction due to a possible effect on preoperative
complication rates. However, preoperative drainage may
be selectively applied in patients with severe jaundice,
concomitant cholangitis, or severe malnutrition and
in patients who must wait for a relatively long time
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before surgery. To avoid complications, PBD should
be completed with endoscopic stenting or nasobiliary
drainage. Although the cost is significantly higher,
metallic stenting can be utilized in patients waiting for
surgery for more than 4 wk. Further randomized studies
are required to determine the optimal PBD method for
distal biliary obstruction.
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Abstract
AIM: To evaluate virological response to telaprevir or
boceprevir in combination with pegylated interferon and
ribavirin and resistance mutations to NS3/4A inhibitors
in hepatitis C virus-human immunodeficiency virus
(HCV-HIV) coinfected patients in a real life setting.
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METHODS: Patients with HCV genotype 1-HIV
coinfection followed in Nice University Hospital internal
medicine and infectious diseases departments who
initiated treatment including pegylated interferon and
ribavirin (PegIFN/RBV) + telaprevir or boceprevir,
according to standard treatment protocols, between
August 2011 and October 2013 entered this obser
vational study. Patient data were extracted from an
electronic database (Nadis®). Liver fibrosis was measured
by elastometry (Fibroscan®) with the following cut-off
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values: F0-F1: < 7.1 kPa, F2: 7.1-9.5 kPa, F3: 9.5-14.5
kPa, F4: ≥ 14.5 kPa. The proportion of patients with
sustained virological response (SVR) twelve weeks after
completing treatment, frequency and type of adverse
events, and NS3/4A protease inhibitor mutations were
described.

htm DOI: http://dx.doi.org/10.4254/wjh.v7.i18.2177

INTRODUCTION
Therapeutic resources against hepatitis C infection are
currently expanding, with remarkable success rates
compared to previous results with dual pegylated
[1]
interferon + ribavirin (PegIFN/RBV) regimens . However
some of these new compounds can be associated with
considerable costs making them unaffordable in low
resource settings or among uninsured patients with
low incomes. The situation can be further complicated
by human immunodeficiency virus (HIV) co-infection,
requiring the adjunction of antiretroviral treatment. The
availability of multiple approaches for the management
of hepatitis C virus (HCV) in HIV-HCV co-infection thus
provides a choice of strategies covering a range of
costs while offering the patient reasonable chances of
therapeutic success.
Most data concerning treatment of HCV infection
among HIV-HCV co-infected patients have mainly been
[2-5]
based on clinical trials . Few have included cirrhotic
patients or non-responders to prior HCV therapy with
PegIFN/RBV combination, and none to our knowledge
have concerned patients who were both cirrhotic and
non-responders. We report the virological response
to triple combination therapy including IFN/RBV and
a protease inhibitor (telaprevir or boceprevir) among
a cohort of HIV-HCV genotype 1 co-infected patients
followed in a University Hospital.

RESULTS: Forty-one patients were included: 13 (31.7%)
patients were HCV-treatment naïve, 22 (53.7%) had
advanced liver fibrosis or cirrhosis (Fibroscan stage
F3 and F4); none had decompensated cirrhosis or
hepatocellular carcinoma; all were receiving antiretroviral
treatment, consisting for most them (83%) in either
a nucleoside reverse-transcriptase inhibitor/protease
inhibitor or/integrase inhibitor combination; all patients
had undetectable HIV-RNA. One patient was lost to
follow-up. SVR was achieved by 52.5% of patients. Five
patients experienced virological failure during treatment
and four relapsed. Seven discontinued treatment due
to adverse events. Main adverse events included severe
anemia (88%) and rash (25%). NS3/4A protease
mutations were analyzed at baseline and at the time
of virological failure in the 9 patients experiencing
non-response, breakthrough or relapse. No baseline
resistance mutation could predict resistance to HCV
protease inhibitor-based treatment.
CONCLUSION: Telaprevir and boceprevir retain their
place among potential treatment strategies in HIVHCV coinfected patients including those with advanced
compensated liver disease and who failed previous
PegIFN/RBV therapy.
Key words: Telaprevir; Boceprevir; Hepatitis C virushuman immunodeficiency virus coinfection; Resistance
mutations

MATERIALS AND METHODS
This was an observational single-center study concerning
all genotype 1 HCV-HIV co-infected patients followed in
Nice University Hospital internal medicine and infectious
diseases departments who initiated treatment including
PegIFN/RBV + telaprevir or boceprevir between August
2011 and October 2013 and who were not participating
in a clinical trial.
Liver fibrosis was measured by elastometry (Fibro
scan®) with the following cut-off values: F0-F1: < 7.1
kPa, F2: 7.1-9.5 kPa, F3: 9.5-14.5 kPa, F4: ≥ 14.5
kPa. Cirrhosis was considered present for values above
14.5 kPa prior to HCV treatment initiation. Virological
response to treatment was assessed at 4, 12, 24 and
48 wk. Rapid virological response (RVR) was defined as
undetectable HCV-RNA 4 wk after treatment initiation,
and sustained virological response (SVR) as undetectable
HCV-RNA 12 wk following completion of HCV treatment.
Persistently detectable HCV-RNA during treatment
was considered as non-response to treatment, while
treatment breakthrough concerned patients in whom
an initially positive response was followed by renewed
detectable HCV-RNA during treatment. Relapse was
defined as recurrence of viraemia in patients whose viral
load had become undetectable at the end of treatment.
Eventual exposure and response to a previous dual

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

Core tip: Data regarding treatment of hepatitis C
virus (HCV) infection with triple combination regimen
including interferon/ribavirin and a protease inhibitor
(telaprevir or boceprevir) among difficult to treat human
immunodeficiency virus (HIV)-HCV co-infected patients
are lacking. Most of the patients included in this singlecenter observational study had already failed a previous
dual treatment course and had severe liver fibrosis, one
out of six being both cirrhotic and non-responder to
prior therapy. More than one of two patients displayed
sustained virological response, suggesting that in lowincome countries, telaprevir and boceprevir may retain
their place among potential treatment strategies in HIVHCV coinfected patients.
Naqvi A, Giordanengo V, Dunais B, de Salvador-Guillouet F,
Perbost I, Durant J, Pugliese P, Joulié A, Roger PM, Rosenthal
E. Virological response and resistance mutations to NS3/4A
inhibitors in hepatitis C virus-human immunodeficiency virus
coinfection. World J Hepatol 2015; 7(18): 2177-2183 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i18/2177.
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Table 1 Primers specific for the hepatitis C virus NS3/4A protease gene
sequence used for polymerase chain reaction
HCV genotype 1

Primers

Sequences 5'-3'

H77 location

G1F1
G1R1
MarsF3
MarsR2

CTB CTS GGR CCR GCC GAT
CCA CYT GGW AKS TCT GSG G
ACS GCR GCR TGY GGG GAC AT
GTG CTC TTR CCG CTR CCR GT

3372-3390
3998-4016
3309-3328
4035-4054

Genotyping: S = G or C; R = A or G; Y = C or T; W = A or T; K = G or T. HCV: Hepatitis C
virus.

PegIFN/RBV regimen was investigated. Patients
for whom no HCV viral load was available at 12 wk
following dual treatment initiation could not be assessed
for prior treatment response. Premature treatment
discontinuation of previous dual therapy that was
considered related to adverse events was differentiated
from virological failure.
Patient data were extracted from an electronic
[6]
database (Nadis®) and included date of initiation and
end of anti-HCV treatment, dose of RBV, peg-interferon,
boceprevir and telaprevir, response to previous antiHCV treatment, HIV-RNA, HCV genotype, HCV-RNA
at each stage of follow-up (week 4, 12, 24, 48, and at
least 12 wk after completing treatment), antiretroviral
treatment, and CD4 T-cell count. The following adverse
events were recorded: grade 2 to 4 anemia [hemoglobin
(Hb) < 9 g/dL], leucopenia, thrombocytopenia, severe
infection, decompensated cirrhosis, rashes, as well as
death and cause thereof. erythropoietin (EPO) use and
blood transfusions were also reported.

74 ℃.
PCR-amplified DNA was purified, genotype-specific
primers for the inner PCR were used for bidirectional
sequencing and automated dideoxynucleotide termi
nation sequencing was performed with BigDye Terminator
using a 3130XL Genetic Analyzer (Applied Biosystems)
then compared to the HCV-H77 reference strain using
Sequence Navigator software™ (Applied Biosystems) and
Geno2pheno.

Statistical analysis

Variables at treatment initiation were expressed as
frequencies (percentages) for categorical variables, or
median (interquartile range) for continuous variables.
The rate of treatment response was calculated as the
number of patients with undetectable HCV viral load
divided by the number of patients with available data on
HCV-RNA viral load at the considered visit.
In case of early treatment discontinuation with a
detectable HCV viral load, the patient was considered
as failing treatment at each subsequent visit up to week
48. In case of early treatment discontinuation with
undetectable HCV viral load, the subsequent HCV viral
load measurements were used to assess treatment
efficacy.
Data analysis was performed using Epi-Info™ version
7 software.

NS3/4A genotyping

In order to genotype HCV strains, total nucleic acids were
extracted from 500 µL of plasma with the NucliSENS®
easyMAG® automated platform (BioMerieux). The NS3/
4A protease sequence (745 nucleotides) was amplified
by reverse-transcriptase nested polymerase chain
[7]
reaction with protocol and primers described elsewhere
(Table 1) and evaluated in a multicenter quality control
[8]
study .
Briefly, 40 µL of reaction mixture contained 2X
Super Script Ⅲ One-Step reaction buffer with 0.4
mmol/L dNTP and 5 mmol/L MgSO4, 0.2 µmol/L of each
sense and anti-sense primers, 1 µL of Super Script
Ⅲ RT/Platinium Taq High Fidelity and 10 µL of RNA
extract. Amplification was performed using Biometra
thermocycler: 30 min at 55 ℃ followed by 2 min at
94 ℃, 40 cycles with 30 s at 94 ℃, 1 min at 59 ℃, 1
min at 68 ℃, and a final extension step at 68 ℃.
When needed, a nested polymerase chain reaction
(PCR) was performed involving the inner genotypespecific primers in 40 µL of reaction mixture contained
10X Invitrogen Thermal ace reaction buffer with 0.5
mmol/L dNTP, 0.2 µmol/L of each sense and anti-sense
primers and 10 µL of purified product of first step PCR
using: 2 min at 95 ℃, 35 cycles with 30 s at 95 ℃, 30
s at 59 ℃, 1 min at 74 ℃, and a final extension step at

WJH|www.wjgnet.com

RESULTS
Patient characteristics at treatment initiation are
described in Table 2.
Among 41 patients included in the study, 13/41
(31.7%) were HCV-treatment naïve. Twenty-two
patients (53.7%) had advanced liver fibrosis or cirrhosis
(Fibroscan stage F3 and F4). None had decompensated
cirrhosis or hepatocellular carcinoma. All were receiving
antiretroviral treatment, consisting for most patients
(83%) in either a nucleoside reverse-transcriptase
inhibitor/protease inhibitor or/integrase inhibitor
combination (Figure 1). All had undetectable HIVRNA. Thirty-seven patients received telaprevir and 4
were treated with boceprevir in addition to IFN/RBV
combination therapy. One patient was lost to follow-up.
The number of patients with undetectable HCV
viral load at different stages of the treatment course
is shown in Figure 2. Twenty-seven patients (67.5%)
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2 NRTIs + PI/r

19/41

2 NRTIs + INSTI

15/41
4/41

2 NRTIs + NNRTI
PI/r

1/41

NRTI + PI/r + NNRTI

1/41

NNRTI + PI/r + INSTI

1/41
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Figure 1 Antiretroviral treatment regimens at initiation of triple anti-hepatitis C virus therapy (n = 41). PI: Protease inhibitor (atazanavir, darunavir, lopinavir,
ritonavir boost); NRTI: Nucleoside analogue reverse transcriptase inhibitor (tenofovir, emtricitabine, abacavir, lamivudine); NNRTI: Non-nucleoside analogue reverse
transcriptase inhibitor (efavirenz, etravirine); INSTI: Integrase strand transfer inhibitor (raltegravir).
40

Age: median (IQR)
Male gender
Genotype
1a
1b
HCV treatment-naïve
Prior HCV-treatment response
Non-responders
Breakthrough
Relapse
Premature treatment discontinuation
Missing data
Log HCV-RNA
Fibrosis stage
F0-F1
F2
F3
F4
CD4 T-cells/mm3: median (IQR)
HIV-RNA < 40 copies/mL

Number of patients with
HCV-RNA < 12 IU/mL

Table 2 Patient characteristics at initiation of triple antihepatitis C virus therapy (n = 41)
51 (48-55)
35 (85.4%)
32 (78.0%)
9 (22.0%)
13 (31.7%)

n = 31
n = 24

25
20

n = 21

15
10
5
4

12

24

48

SVR

Figure 2 Number of patients with undetectable hepatitis C virus-RNA
between hepatitis C virus treatment initiation and sustained virological
response 12. HCV: Hepatitis C virus; SVR: Sustained virological response.

12 (29.3%)
7 (17.0%)
5 (12.2%)
17 (41.5%)
540 (441-782)
41 (100.0%)

(52.4%) exhibited SVR.
Fifteen patients did not complete the treatment
course: 5 due to virological failure (3 viral breakthroughs,
2 non- or partial responders), 3 on patient’s decision,
and 7 because of adverse events. Eight patients did so
within the first 12 wk, three between 12 and 24 wk, and
four between 24 and 48 wk. Two of these patients were
switched to a sofosbuvir/RBV regimen.
Four patients relapsed: 2 were HCV treatmentnaïve with liver fibrosis stages F2 and F3, while the
other 2 patients were treatment-experienced with
a fibrosis score of F4. Among the seven previously
non-responding cirrhotic patients, 2 achieved SVR, 1
relapsed, 1 experienced virological breakthrough, 1
did not respond and 2 discontinued treatment due to
adverse events (gingival haemorrhage and psychiatric
decompensation).

Table 3 Main adverse events in 40 patients with available
follow-up
10 (25%)
39 (98%)
35 (88%)
23 (58%)
23 (58%)
2 (5%)

Adverse events

EPO: Erythropoietin; Hb: Hemoglobin.

Among the 15 patients who discontinued treatment
prematurely, seven developed the following adverse
events: flare-up of porphyria cutanea tarda (1), gingival
haemorrhage (1), psychiatric disorder (1), throm
bocytopenia (1), fatigue (1), cirrhotic decompensation
(1) and acute pancreatitis (1) (Table 3).
Thirty five (85%) patients developed severe anemia
(Hb < 9 g/dL) requiring either administration of EPO,
blood transfusion or both (Table 3).

displayed RVR. Response to treatment according to HCV
treatment history, stage of fibrosis and HCV genotype
is described in Figure 3 among the 40 patients with
available follow-up. Twenty-one patients (52.5%)
displayed SVR: 6 were treatment-naïve, 5 were partial
or non-responders to prior dual agent HCV-treatment
regimens, 3 had relapsed, 3 had discontinued treatment
prematurely, and response to initial treatment was
unspecified for 4 patients. Therapeutic success was
observed among all categories except in the patient who
had previously experienced virological breakthrough.
Among patients with advanced fibrosis (F3-F4), 11/21
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n = 27

Weeks after treatment initiation

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; IQR:
Interquartile range.

Rash
Anemia Hb < 13 g/dL (men), < 12 g/dL (women)
Severe anemia (< 9 g/dL or decrease > 3 g/dL)
Ribavirin dose decreased
EPO administration
Blood transfusion

30

0

14 (34.1%)
1 (2.5%)
5 (12.2%)
3 (4.9%)
5 (14.6%)
5.8 (5.3-6.1)

n = 34

35

NS3/4A protease genotyping

Pre- and post treatment genotyping of the NS3 protease
was performed using standard Sanger sequencing for
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Figure 3 Sustained virological response at 12 wk following treatment discontinuation according to prior treatment history, fibrosis severity and genotype
in 40 patients with available follow-up. PTI: Premature treatment interruption; HCV: Hepatitis C virus.

Table 4 Baseline and post treatment NS3/4A-mutations among patients failing hepatitis C virus treatment
Genotype
1a
1a
1a
1a
1a
1b
1a
1b
1a

Previously
treated

HCV PI

Response to
treatment

HIV PI

Pre-treatment
HCV VL

Baseline NS3/
4A-mutations

Yes
Yes
Yes
Yes
No
Yes
No
No
NA

Tela
Tela
Tela
Tela
Tela
Tela
Tela
Tela
Boce

Non-responder
Non-responder
Breakthrough
Breakthrough
Breakthrough
Relapse
Relapse
Relapse
Relapse

Atazanavir
0
Atazanavir
Atazanavir
Atazanavir
Atazanavir
0
0
Darunavir

5.9
5.8
6.0
6.5
6.0
6.4
6.3
4.9
NA

0
0
0
0
0
I132V
I132V
I132V
NA

Baseline
Post-treatment
Post-treatment
1
fold-change NS3/4A-mutations fold change

1.8
1.8
1.8
NA

V36M, R155K
V36M, R155K
R155K
V36M
V36M, R155K
I132V, V36A
I132V, V36A
I132V, V36A
T54S, R155K

62
62
7.4
6.8-10.0
62
7.4-7.5
7.4-7.5
7.4-7.5
8.5

1

Fold-change in EC50 with regard to specific PI received. HCV: Hepatitis C virus; Tela: Telaprevir; Boce: Boceprevir; HIV PI: Human immunodeficiency
virus protease inhibitor; NA: Data unavailable; VL: Viral load.

the nine patients who experienced treatment failure (3
viral breakthroughs, 2 non- or partial responders, and
4 relapses). Their NS3/4A sequences were compared
to the HCV-H77 reference strain (reference sequence
AF009606) using Sequence Navigator software™
(Applied Biosystems) and were analysed with Geno2
pheno HCV. Both methods yielded the same resistance
mutations. Details of NS3/4A amino acid resistance
mutations are displayed in Table 4. Pre-treatment
plasma samples were available for 3 of the 4 relapsing
patients, showing an I132V mutation conveying possible
resistance to telaprevir. All three were treated with
telaprevir and displayed V36A mutations following
exposure, conferring 7.4-7.5 fold changes in EC50. The
fourth patient, who was the only one to have received
boceprevir among patients who failed treatment, had
T54S and R155K substitutions following exposure. The
non- and partial responders both had no initial mutations
but developed V36M and R155K conferring a 62-fold
change in antiviral activity.
No mutations were initially observed among patients
who developed virological breakthrough, who all displayed
R155K, V36M, or both substitutions after exposure, the
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latter combination associated with a 62-fold change in
EC50.

DISCUSSION
This observational study assessed the effectiveness of
a PegIFN/RBV + HCV-protease inhibitor combination in
difficult-to-treat HIV co-infected patients most of whom
had already failed a previous dual treatment course and
had severe liver fibrosis (54%), one out of six patients
being both cirrhotic and non-responder to prior therapy.
In spite of such adverse circumstances, among the 40
patients that could be assessed, 52.5% displayed SVR,
and one out of three among cirrhotic, non-responders
to previous therapy.
Two open-label, single-arm, phase 2 clinical trials
(ANRS HC26 TelapreVIH and HC27 BocepreVIH)
recently investigated the effectiveness of PegIFN +
RBV + protease inhibitor combination in pre-treated
[4,5]
patients . In the present study performed in a “reallife” setting, the SVR rate was similar to that obtained
in the BocepreVIH trial (53%) but lower than that in
the TelapreVIH trial (80%) while the proportion of
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immunodeficiency virus (HIV)-infected adults dramatically increased in
developed countries, ranking first as a cause of mortality in HIV-hepatitis C
virus (HCV)-infected individuals. This data makes treatment of chronic hepatitis
C a priority in this population, including very difficult to treat patients.

cirrhotic patients (41.5%) was higher (TelapreVIH 23%,
BocepreVIH 17%) and patients that were both cirrhotic
and non-responders were not included in those trials. A
comparison between these two agents was not possible
in the present study due to the small number of
[9]
patients receiving boceprevir. Lacombe et al reported
favorable results of triple therapy including telaprevir
in 20 HCV genotype 1 mostly cirrhotic HIV-coinfected
patients who had failed PegIFN/RBV treatment with
55% success rate at week 24. Overall treatment safety
in our patient cohort was comparable to that observed
[4,5]
in the above-mentioned clinical trials . One out of
four patients discontinued treatment due to adverse
events or by choice. Anemia was often severe and was
the most frequent adverse effect (88%), requiring EPO
administration in 60% of patients, without resulting in
treatment discontinuation.
In the present study, an analysis of viral populations
following treatment failure was performed by sequencing
method and sequences were aligned with the NS3/4A
sequence from the HCV genotype 1a H77 strain. All
nine patients with virological failure displayed a V36M/
R155K mutation. This was more frequent for subtype
1a. No amino-acid resistance mutation before treatment
was found in these patients using standard Sanger
sequencing, so that the emergence of telaprevir-resistant
variants could not be predicted from baseline findings.
On the other hand, non-response to treatment may
be explained by the subtype-specific resistant variants
generated by de novo reverse mutation after treatment
failure and the relatively higher fitness of these variants,
[10]
notably R155K , or by the presence of minority
resistant variants which should be detected by deep[11]
[12]
sequencing . In a recent paper, Aherfi et al describe
drug concentrations and NS3/4A protease genotyping
during therapy with these two agents and report
naturally occurring variants with decreased susceptibility
to HCV-protease inhibitors (PIs) at baseline in 20% of
their cohort of 30 genotype 1 HCV-infected patients; out
of 7 treatment failures, six patients displayed amino acid
substitutions associated with decreased susceptibility to
PIs.
Experience acquired through HIV antiretroviral
therapy shows that antiviral resistance, treatment com
pliance issues and the need for customized treatment
regimens require availability of a range of compounds
to meet the specific circumstances of each individual
patient. Our results suggest that these triple agent
regimens including telaprevir or boceprevir should remain
part of the HCV treatment arsenal for HIV co-infected
patients, even among those with advanced compensated
liver disease and who failed PegIFN/RBV therapy,
providing patients do not present with baseline predictors
of severe complications (platelet count > 100000/µL and
[13]
serum albumin concentrations > 35 g/L) .

Research frontiers

The addition of telaprevir and boceprevir to dual therapy with pegylated
interferon and ribavirin (PegIFN/RBV) strongly improves the odds of achieving
a sustained virological response in treatment-naïve HCV genotype 1 patients
as well as in prior non-responders and relapsers when compared with standard
therapy. Among HIV-HCV co-infected patients, data regarding treatment of
HCV infection with triple combination regimen including IFN/RBV and telaprevir
or boceprevir is scarce, more particularly in very difficult-to-treat patients with
cirrhosis and/or prior null response to PegIFN/RBV therapy.

Innovations and breakthroughs

This observational study showed the effectiveness of a PegIFN/RBV + HCVprotease inhibitor combination in difficult-to-treat HIV coinfected patients, most
of whom had already failed a previous dual treatment course and had severe
liver fibrosis, one out of six patients being both cirrhotic and non-responder to
prior therapy.

Applications

The cost of interferon-free regimens with very recent direct-acting antiviral
drugs is prohibitive, making them inaccessible in many developing countries.
This study suggests that in low-income countries, telaprevir and boceprevir may
retain their place among potential treatment strategies in HIV-HCV coinfected
patients including those with cirrhosis and/or prior null response to PegIFN/RBV
therapy.

Terminology

Telaprevir and boceprevir are two NS3/4A protease inhibitors. These drugs
were the first direct-acting antiviral agents approved by the United States Food
and Drug Administration and the European Medicines Agency for the treatment
of patients infected with HCV genotype 1.

Peer-review

This manuscript presented a clinical observation in evaluating the treatment
with telaprevir or boceprevir in combination with pegylated interferon and
ribavirin for HIV-HCV coinfected patients. This is a good topic.
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