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REVIEW

Vertical hepatitis C virus transmission: Main questions and
answers
Grazia Tosone, Alberto Enrico Maraolo, Silvia Mascolo, Giulia Palmiero, Orsola Tambaro, Raffaele Orlando
branes, fetal exposure to maternal infected blood consequent to vaginal or perineal lacerations and invasive
monitoring of fetus increase the risk of viral transmission. Cesarean delivery and breastfeeding increases the
transmission risk in HCV/human immunodeficiency virus
coinfected women. The consensus is not to offer antiviral therapy to HCV-infected pregnant women because it
is based on ribavirin (pregnancy category X) because of
its embryocidal and teratogenic effects in animal species. In vertically infected children, chronic C hepatitis is
often associated with minimal or mild liver disease and
progression to liver cirrhosis and hepatocarcinoma is
lower than in adults. Infected children may be treated
after the second year of life, given the adverse effects
of current antiviral agents.

Grazia Tosone, Alberto Enrico Maraolo, Silvia Mascolo, Giulia Palmiero, Orsola Tambaro, Raffaele Orlando, Department
of Clinical Medicine and Surgery, Section of Infectious Diseases,
University of Naples Federico Ⅱ, 80131 Napoli, Italy
Author contributions: Tosone G and Orlando R designed the
review and made the overview of the manuscript; Maraolo AE
and Palmiero G collected and analyzed the data on hepatitis C
virus infection in pregnancy and vertical transmission; Mascolo
S and Tambaro O collected and analyzed the data on antiviral
drugs, including animal model data.
Correspondence to: Grazia Tosone, MD, Department of Clinical Medicine and Surgery, Section of Infectious Diseases, University of Naples Federico II, Via Sergio Pansini 5, 80131 Napoli,
Italy. grazia.tosone@unina.it
Telephone: +39-08-17463082 Fax: +39-08-17493094
Received: February 14, 2014 Revised: May 7, 2014
Accepted: June 10, 2014
Published online: August 27, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract

Core tip: Hepatitis C virus (HCV) infection during pregnancy is an emerging problem. While not negatively
affecting acute hepatitis, it may exacerbate chronic
hepatitis and worsen liver function in woman with liver
cirrhosis. HCV does not affect delivery outcome apart
from an increased risk of premature membrane rupture and cesarean delivery. The mother-to-child HCV
transmission rate is low (3%-5%) and is related to high
maternal viremia, human immunodeficiency virus (HIV)
coinfection, prolonged rupture of membranes, vaginal
lacerations and invasive fetal monitoring. Cesarean delivery and no breastfeeding are indicated for HIV/HCV
coinfected women. Antiviral therapy is not routinely
offered to pregnant women and infants because of its
side effects.

Hepatitis C virus (HCV) affects about 3% of the world’s
population and peaks in subjects aged over 40 years.
Its prevalence in pregnant women is low (1%-2%)
in most western countries but drastically increases in
women in developing countries or with high risk behaviors for blood-transmitted infections. Here we review
clinical, prognostic and therapeutic aspects of HCV infection in pregnant women and their offspring infected
through vertical transmission. Pregnancy-related immune weakness does not seem to affect the course
of acute hepatitis C but can affect the progression of
chronic hepatitis C. In fact, postpartum immune restoration can exacerbate hepatic inflammation, thereby
worsening the liver disease, particularly in patients
with liver cirrhosis. HCV infection increases the risk of
gestational diabetes in patients with excessive weight
gain, premature rupture of membrane and caesarean
delivery. Only 3%-5% of infants born to HCV-positive
mothers have been infected by intrauterine or perinatal
transmission. Maternal viral load, human immunodeficiency virus coinfection, prolonged rupture of mem-
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HCV infection in pregnant women are largely discordant.
Between 1% to 2% of pregnant women in the United
States and Europe have been estimated to be anti-HCV
positive[11-17] and more than 70% of them have HCV viremia[12,13]. The prevalence is reported to be higher in pregnant women with high risk behaviors for blood-transmitted infections (i.e., intravenous drug use, multiple sexual
partners, co-infection with human immunodeficiency
virus (HIV), or who live in developing countries)[16-20].
Because HCV screening is recommended only for high
risk subjects, a large number of infected women in the
general population without classical risk behaviors or
history of blood exposure eludes the screening strategy.
Unfortunately, even in Italy, where a free-of-charge test
for HCV, hepatitis B virus (HBV) and HIV is offered to
all women from the 33th to the 37th week of pregnancy[21],
many women remain untested until delivery.
Here we review the clinical, prognostic and therapeutic aspects of HCV infection in pregnant women, as
well as aspects of HCV vertical infection. Specifically, we
address the following topics: (1) Can pregnancy worsen
HCV-related disease? (2) Can HCV increase obstetrical
complications? (3) What is the risk of transmitting HCV
infection to the newborn and how is it prevented? (4)
What is the course of HCV infection in the newborn?
and (5) What are the benefits and risks of antiviral therapy for the mother and her child?

htm DOI: http://dx.doi.org/10.4254/wjh.v6.i8.538

INTRODUCTION
Since its discovery in 1989, hepatitis C virus (HCV) has
been recognized as a global public health problem that
affects about 3% of the world’s population (150-200
million people)[1,2]. In the United States, almost 4 million
people have been infected by the virus and more than
half of these are estimated to have chronic hepatitis C[3,4].
In most European countries, the prevalence of HCV in
the general population ranges between 0.5% and 2% (i.e.,
5 to 10 million people)[5]; the prevalence rate peaks in
subjects between 40 and 59 years old[1,3].
HCV infection can cause chronic hepatitis, liver cirrhosis and hepatocellular carcinoma (HCC). Acute HCV
infection, which is asymptomatic in 50% to 90% of
cases, can progress to chronic hepatitis in more than half
of patients and can be associated with variable rates of
fibrosis progression[1,3]. About 10% to 20% of patients
with chronic C hepatitis develop cirrhosis 20-30 years after contracting the infection. Patients with liver cirrhosis
have a risk of about 1% to 5% of developing HCC[1,3]. In
addition, HCV can be associated with extra-hepatic complications such as lymphoma[4,6]. Notably, HCV-related
liver cirrhosis is the major cause of liver transplantation
in developed countries[1,3]. Unfortunately, the burden
of liver cirrhosis, HCC and death related to HCV is expected to increase in the next few years[6], although the
incidence of acute infection is declining[1,5].
HCV infection occurs after exposure to infected
blood, through the parenteral and inapparent parenteral
route[7]. Injection drug use, unsafe medical practices, highrisk sexual practices and birth to an infected mother are
the most frequent routes of infection[3]. In most countries, only people with high risk behaviors are currently
tested for HCV infection. However, the United States
Center for Disease Control recommends HCV screening
for all individuals born between 1945 and 1965 (irrespective of risk factors) because of the high prevalence of
HCV infection in that birth cohort[8].
Despite research conducted in the last 20 years, an effective vaccine against HCV has not yet been developed.
On the contrary, antiviral therapies are now available that
guarantee viral clearance (also called “sustained virological response”) in a remarkable percentage of patients affected by chronic hepatitis C.
An emerging problem is HCV infection during pregnancy. In fact, the incidence of pregnancies and deliveries has increased (four-fold and between 5% and 10%,
respectively) in women over the age of 40 years in most
western countries, including the United States[9,10]. Since
these women are at a higher risk of HCV infection than
younger women, physicians might have to treat an increasing number of HCV-infected pregnant women in
the near future. The true size of the problem has not yet
been defined; in fact, data related to the prevalence of
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HCV INFECTION AND PREGNANCY:
RECIPROCAL EFFECTS
During pregnancy, the maternal immune system undergoes various modifications that enable tolerance of
the paternal alloantigens, therefore preventing anti-fetal
immune aggression[17,22,23]. In fact, consequent to these
modifications, pregnant women experience a condition
of immunological weakness that results in increased immunoglobulin production, a decreased T-cell mediated
response (due to a shift in the Th1/Th2 balance toward
the Th2 response) and expansion of regulatory T-cells[22].
Also, sex hormones and immunosuppressive cytokines
produced by pregnant women may concur to modulate
the immune response to HCV[22,23]. Pregnancy-associated
immune modulation can also influence the immune response to HCV, thereby affecting both the maternal viral
disease and mother-to-child transmission of the virus.
The innate immune system, through natural killer
(NK) cells, also plays a role in modulating immune response to the virus. This process involves the interaction between the inhibitory NK cell receptor KIR2DL3,
which belongs to the family of cell immunoglobulinlike receptors (KIR), and its human leukocyte antigen
C group 1 (HLA-C1), which is an inhibitory receptor
for self-MHC class I ligand. The effector functions of
NK cells occur only when activating signals overcome
inhibitory signals. Therefore, individuals with two copies
of HLA-C1 alleles (HLA-C1C1) and homozygous for
KIR2DL3 (which binds HLA-C1 with less affinity than
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other inhibitory receptors) tend to resolve HCV infection. In these subjects, the weaker inhibitory receptorligand interaction is easily overridden by activating signals
and results in a stronger activity of NK cells. This effect
was demonstrated in Caucasians and African Americans
with expected low infectious doses of HCV but not in
those with high-dose exposure, in whom the innate immune response is likely to be overwhelmed[24].

to altered transport of sulfated hormones in the liver, a
failure in the transport of toxic substances, and a defect
of the bile salt export pump[16,23,37-41], but its pathogenesis
is still being debated.
Lastly, HCV-infected women with advanced liver
disease seem to be at a high risk of developing liver decompensation, which results in worsening of the portal
hypertension and coagulopathy[42-44]. Hence, pregnancy
should be strongly discouraged in these women.

Question 1: Impact of pregnancy on maternal
HCV-related disease
Acute hepatitis C has been rarely reported during pregnancy[17,23,25]. Consequently, the data available are not
sufficient to draw any conclusion about its course. The
few reports available indicate that pregnant women with
acute hepatitis C may have the same course and outcome
as non-pregnant women, except for an increased risk of
developing jaundice[17,23,25].
Various studies have been carried out on women affected by chronic hepatitis C who become pregnant. The
results showed that serum aminotransferase levels (ALT)
decrease and reach normal range during the second and
third trimester of pregnancy[17,22,26,27]. The HCV viral load
increases concomitant with the decrease in serum ALT
and reaches a peak during the third trimester. These fluctuations, which are similar to those described in HBVinfected women during pregnancy[28], were not found
in another study[23]. Only one study reported sustained
clearance of HCV RNA during the second trimester of
pregnancy[29]. After delivery, restoration of the maternal immune system results in a better control of HCV
replication. In fact, exacerbation of chronic hepatitis C,
including rebound of ALT levels and worsening liver histopathology (Knodell score, portal necrosis, lobular degeneration and inflammation) were reported in the postpartum period, together with a reduction in the plasma
HCV load. It is feasible that the decrease in ALT levels
and the increased HCV viral load observed in the third
trimester of pregnancy in women chronically infected
with HCV could be due to a pregnancy-associated decline
in immune-mediated hepatocellular destruction. Indeed,
expansion of CD4+ CD25+ Treg cells begins early in gestation and reaches a peak in the second trimester. CD4+
CD25+ T regulatory cells may affect the clinical presentations of chronic HCV infection by suppressing CD4+ T
cell responses. Le Campion et al[22] and Bolacchi et al[30]
reported that the HCV-specific TGF-β response induced
by CD4+ CD25+ (high) T cells was significantly greater
in patients with a normal ALT level than in patients with
abnormal ALT levels. This phenomenon is the hallmark
of exacerbation of hepatic inflammation[17,22] which, in
some patients, can worsen the course of chronic hepatitis C[31-35] but in a few cases it can be associated with
viral clearance[36], suggesting that postpartum may be an
optimal time to start antiviral therapy in the attempt to
achieve a sustained response.
HCV-infected pregnant women seem to develop
cholestasis earlier and more frequently than anti-HCVnegative women. This phenomenon has been attributed
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Question 2: Effect of HCV infection on pregnancy and
delivery
Very few studies have investigated the impact of maternal
hepatitis C infection on pregnancy outcome. Although it
can be difficult to separate the role of HCV from other
risk factors (i.e., alcohol intake, tobacco smoking and
drug abuse), the data available indicate an increased risk
of gestational diabetes (reported in patients with excessive weight gain), premature membrane rupture and an
increased rate of caesarean delivery in HCV-infected
pregnant women than in anti-HCV-negative pregnant
women[16,17,22,45-47]. In addition, various obstetrical complications have been reported in HCV-infected women,
namely, higher rates of preterm delivery, placental abruption, low birth weight, prematurity, low Apgar scores at 1
min, increased neonatal jaundice, congenital malformations and newborn perinatal mortality[22,45,48]. However,
these findings were not confirmed in other studies[23, 49,50].
Question 3: Risk of mother-to-child HCV transmission
and preventive measures
Numerous studies have evaluated the risk of mother-tochild HCV transmission (vertical transmission) with conflicting results. In fact, the rates of transmission varied
from 0% to 30%[11-20,22]. These large fluctuations are probably due to differences in study size (e.g., the number of
HCV-infected mothers enrolled), the study methodology
(prospective or retrospective study; detection of maternal
infection based on anti-HCV antibody positivity or on
HCV RNA positivity) and the diagnostic criteria of neonatal HCV infection (e.g., number of polymerase chain
reactions performed and duration and timing of followup in the neonates)[14,15]. The rate of HCV transmission
is estimated to be lower[14,15,17,23,51-57] than the rate of HBV
and HIV transmission. However, unlike HIV-infected or
HBV-infected pregnant women, no drugs or vaccines are
available for HCV-infected pregnant women to reduce
and/or prevent vertical transmission, which is the main
cause of HCV infection in the pediatric setting[15,22,51].
Thus, when a HCV-infected pregnant woman asks “How
can I avoid infecting my child?”, the answer is unfortunately, “we do not know”.
The pathogenesis of vertical transmission, specifically
the timing and route of transmission of the virus, and
the host’s defense mechanisms are unknown. The timing
of vertical transmission is based on the appearance of
HCV RNA positivity in the newborn: if a neonate tests
HCV-RNA-positive at delivery or within the first 3 d of
life, he/she was probably infected in utero (intrauterine
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The first factor is the mother’s viral load, especially at
the time of delivery. In fact, there is evidence that HCVRNA-negative mothers have a low risk of infecting their
infant, whereas this risk increases in HCV-RNA-positive
mothers parallel to increases in levels of viral load above
105 IU/mL[60,67] and reaches a maximum in women who
have viremia levels above 107 IU/mL[68]. Moreover, a high
maternal serum ALT level in the 12 mo before conception and/or at the time of delivery has recently been
associated with a higher rate of vertical transmission. In
fact, a high ALT level is a hallmark of high viral replication in both the maternal bloodstream and in mononucleated blood cells[22,54,55]. However, the effects of maternal
HCV disease activity on vertical transmission are not
completely understood. Lastly, HCV genotype is not considered a significant risk factor in terms of vertical HCV
transmission[22].
The second factor is HIV co-infection, which can
cause a three-four fold increase of the risk of mother-tochild-transmission[16,22,69]. How HIV-1 infection enhances
the rate of HCV transmission is unclear. It is conceivable
that HIV-1 infection facilitates HCV entry and replication
in peripheral mononucleated blood cells[16,22,69].
Moreover, HIV induces immune suppression, which
can result in a less effective HCV-specific innate or cellmediated maternal immune response at the maternal/
fetal interface[16,22]. On the other hand, HIV can infect
trophoblasts, thereby compromising the integrity of the
placenta and enhancing the passage of HCV through
this barrier. HIV-associated chorioamnionitis could also
induce placental microtransfusions through which HCV
infection can be transmitted to the fetus[22,69]. Lastly, antiretroviral treatment of HIV/HCV co-infected pregnant
women can dramatically lower the risk of HCV transmission from 19% to 8%[16]. Additional risk factors, namely,
intravenous drug abuse by the mother and concomitant
HCV infection of the father, have been proposed but
have yet to be confirmed[16].
The main obstetrical factors associated with the risk
of vertical transmission are prolonged rupture of membranes (more than 6 h before delivery), exposure of the
fetus to maternal infected blood during vaginal delivery
(consequent to vaginal and/or perineal lacerations) and
invasive monitoring of the fetus with scalp electrodes
or intrauterine pressure catheter placement [11,16,22,60].
Amniocentesis may contribute to the risk of maternalto-fetus transmission[17,22], although its impact is still
being debated[17]. On the contrary, neither the delivery
mode nor breastfeeding (two main concerns for the
pregnant woman) appear to influence the risk of transmission[11,16,17,22,66,70,71] in HCV-infected women. In fact, a
cohort study of 1787 mother-child pairs showed that the
rate of vertical HCV transmission was 6.2% and was not
influenced by caesarean section[66]. The failed protective
effects of cesarean delivery was confirmed in a metaanalysis study[72]. The issue of breastfeeding is more complex and needs to be discussed with the mother. In fact,
although the amount of HCV in maternal milk and colostrum is very low and probably inactivated in the infant’

Table 1 Clinical factors and risk of vertical transmission
Associated with vertical transmission
Pregnant woman:
High HCV viral load
Elevated ALT levels before pregnancy
HIV-HCV co-infection iv drug abuse1
Obstetric procedures:
Prolonged rupture of membranes vaginal and/or perineal lacerations
invasive monitoring of fetus intrauterine pressure catheter
amniocentesis (debated)
Father HCV infection1
Fetus gender1
Not associated with vertical transmission
Maternal HCV genotype
Mode of delivery2
Breastfeeding2
1

To be confirmed; 2Except in the presence of HIV-HCV coinfection. HCV:
Hepatitis C virus; HIV: Human immunodeficiency virus.

transmission); if a neonate who tests HCV-RNA-negative
in the first 3 d of life becomes positive, he/she was probably infected in the peripartum or postpartum period (perinatal transmission)[22,23]. The data available support both
intrauterine[23,58,59] and perinatal transmission[22,23,53,60,61], the
former accounting for 30% of cases and the latter for
40-50% of cases. Many sites of human placenta could act
as HCV-receptors and/or entry cofactors (e.g., claudin-1,
occludin, SR-B1, LDLr or DC-SIGN)[22,23]. Consequently,
they could be directly implicated in HCV infection of
placental cells. However, the rate of vertical transmission
(3%-5%) seems to be lower than the potential biological
exposure of fetus/neonate to maternal HCV. In fact, in
the case of intrauterine transmission, although maternal
HCV RNA has not been detected in amniotic fluid[11], a
very large amount of virus (1 × 1013 to 1 × 1014 virions)
has been estimated to reach the placental bed during
gestation[11]. Therefore, the fetus could be exposed to
free virions or to the cell-associated virus that crosses
the placenta[22] in a percentage higher than the reported
transmission rate (30%)[22,62]. Also, in the case of perinatal
transmission, leakage of maternal HCV-infected blood
into the fetal bloodstream and/or labor trauma (which
exposes the offspring to maternal HCV-infected blood)[15]
occurs more frequently than vertical transmission of the
virus (40%-50%)[15,22].
The reason for the low rate of vertical transmission
is not known. Various biological and immunological factors could protect the fetus against HCV infection, i.e.,
placental immune cells, fetal cellular adaptive immunity,
fetal plasma inflammatory markers, maternal HLA class
[22,60,63-65]
, but their role is
Ⅱ alleles and IL-28B genotype
poorly understood. Also, the suggested association with
gender (girls seem to be infected twice as often as boys)
could reflect biological differences in susceptibility or in
the response to infection[66], although this has yet to be
confirmed.
Many factors related to the status of pregnant women
and delivery/obstetrical practices have been associated
with an increased risk of transmission (Table 1)[11,16,17,22,23].
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nosuppression and concomitant HIV or HBV infection)
and genetic factors such as the IL-28B genotype[90].
Differently from adults, data about the rate of progression from cirrhosis to HCC in childhood and early
adolescence are scarce but it seems that HCC is rare in
children with HCV infection[91] and the number of HCVinfected children requiring liver transplantation is low in
developed countries[91]. Long-term studies are required to
quantify the incidence of cirrhosis and HCC in adults who
acquired hepatitis C infection by vertical transmission.
In childhood, membranoproliferative glomerulonephritis is one of the most frequent extra-hepatic manifestations of chronic HCV infection but, unlike adults, neither cryoglobulinemia nor lymphoma have been reported
in children[91]. The involvement of the central nervous
system in HCV-infected children could explain the developmental delay, learning disorders and cognitive deficits
that have been reported in some cases[92,93].

s digestive tract, the presence of cracked or bleeding nipples can be a contraindication to breastfeeding because it
can expose the infant to contaminated milk. On the other
hand, cesarean delivery must be recommended for HIV/
HCV co-infected patients, associated with antiretroviral
therapy to prevent or to reduce the risk of transmission
of both viral agents[54]. Vaginal delivery and breastfeeding are contraindicated in HIV/HCV co-infected mothers[16,54,71,73].
Question 4: Outcome of HCV infection in the newborn
HCV infection is the most common cause of chronic
hepatitis in childhood. The prevalence of pediatric infection seems to be very low in the United States and
Europe (0.05%-0.36%), while it increases (1.8%-5.8%)
in some developing countries and reaches its highest
prevalence in Egypt, Sub-Saharan Africa, the Amazon
Basin and Mongolia; the highest prevalence worldwide
has been reported in Egypt (9% and up to 50% in certain
rural areas)[22,74]. Vertical or perinatal transmission is the
most common route of pediatric HCV infection[11] and
can lead to an estimated 10000-60000 cases per year[11].
At the time of delivery and during the first year of
life, the anti-HCV positivity detected in the newborn
can be due to the passive transfer of maternal antibodies. Therefore, the diagnosis of HCV infection based on
antibody assays in children of HCV-infected mothers
before the age of 12 mo is not reliable[75]. The diagnosis
can be made by testing neonates for HCV RNA, preferably 1 or 2 mo after birth[76]. Indeed, the sensitivity of
PCR for HCV RNA is about 22% at birth and increases
to 70%-85% 1 mo after birth. Similarly, the predictive
positive value of PCR testing is 33% at birth and reaches
78% when the child is 9 mo old[77] . These findings could
reflect the very low viral loads in the first month of age
and/or the incubation period of HCV that ranges from 2
wk to 6 mo[11]. Notably, a negative PCR test at birth/first
month of age cannot exclude HCV infection and must
be confirmed by further testing.
Spontaneous clearance of HCV has been reported in
up to 25%-30% of HCV-infected children[78,79] irrespective of the route of infection (vertical or parenteral transmission). However, the rate of chronicity seems to be
higher in infants with perinatally acquired HCV infection
than in infants infected by parenteral transmission[80-83].
Various factors are associated with HCV clearance, namely, a younger age of the child, normal ALT levels[84], the
IL-28B genotype[74] and IFN-γ responses against structural and non-structural recombinant HCV antigens[85]. The
clinical course of chronic HCV infection in childhood
seems to differ from that in adulthood. Pediatric HCV infection is associated with minimal or mild liver disease. In
fact, advanced liver damage is uncommon[86-88], although
another study suggested that fibrosis can be severe in
children despite the relatively short duration of infection[89]. Progression of liver damage in children depends
on viral load, serum ALT levels, gender, ethnicity, obesity,
toxins, environmental factors and co-morbid risk factors
(hemolytic anemias, chemotherapy for malignancy, immu-
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Question 5: Antiviral therapy of hepatitis C in pregnant
women and infants
The last, but not least, question regards the treatment
of HCV infection in both the pregnant woman and the
newborn. While some anti-HBV and anti-HIV drugs
can be safely used to prevent or reduce the risk of vertical transmission, the two cornerstones of the standardof-care treatment for HCV infection, namely, pegylated
interferon (PEG IFN) and ribavirin (RBV), have several
side effects or contraindications that limit their use during pregnancy and childhood[11,16].
The problem of therapy in HCV-infected pregnant
women is not negligible. In fact, in a United States study
of 45690 HCV-infected patients, pregnancy was the
third most common contraindication (1.9%) to treatment, after bipolar disorders (6.5%) and anemia (5.9%).
In addition, about 1.3% of women became pregnant
during a median follow up of 33 mo[94]. Consequently,
the concern is not only about the indication of antiviral
therapy for pregnant women but also how to manage a
woman who becomes pregnant during antiviral therapy.
The answers to these issues are mainly based on limited
clinical data. Recombinant interferon alpha is classified
by the United States Food and Drug Administration
in pregnancy category C. In fact, given its abortifacient
effect in animals[1], it could have the same effect in humans[95,96] as PEG INF[97,98]. In fact, abortifacient effects
have been observed in Macaca mulatta (rhesus monkeys)
treated with interferon alpha-2b or alpha 2a during the
early to middle fetal period of organogenesis (gestation
day 22 to 70). Abortifacient activity was also observed in
pregnant rhesus monkeys treated (500 times the human
dosage) during late fetal development (days 79 to 100 of
gestation). These drugs may impair fertility. In fact, in
nonhuman primates, menstrual cycle irregularities, i.e.,
prolonged or shortened menstrual periods and erratic
bleeding (anovulatory cycle) have been observed and the
females returned to a normal menstrual rhythm after
discontinuation of therapy. Decreased serum estradiol
and progesterone concentrations have been reported in
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line levels only four and eight months, respectively, after
treatment withdrawal[104]. All these data indicate the need
to avoid pregnancy for longer than the recommended 6
mo after discontinuing RBV treatment in men[102].
Only a few cases of direct or indirect exposure to
RBV have been reported in pregnant women and these
resulted in healthy infants and no miscarriages or elective
terminations[102,105-110]. However, it is difficult to quantify
the true risk of direct or indirect exposure to RBV. Consequently, a Ribavirin Pregnancy Registry was established
in 2003 to monitor pregnancy exposure to RBV. Between
2003 and 2009, 118 live births from mothers exposed to
RBV (49 direct and 69 indirect exposures) were recorded.
Birth defects were reported only in 6 cases (3 direct
and 3 indirect exposures): torticollis (2 cases), hypospadias (1 case), polydactyly and a neonatal tooth (1 case),
glucose-6-phosphate dehydrogenase deficiency (1 case),
ventricular septal defect, and cyst of the 4th ventricle of
the brain (1 case). Although these preliminary results did
not indicate that RBV exerts a teratogenic effect, it is not
possible to draw conclusions about the risk of direct or
indirect prenatal exposure to the drug in humans[102].
More recently, new therapeutic approaches targeting
essential components of the HCV life cycle have been
developed, including the protease inhibitors (boceprevir,
telaprevir) and polymerase inhibitor (sofosbuvir), indicated mainly for the treatment of chronic hepatitis C
patients infected by genotype 1 virus.
Boceprevir and telaprevir are classified by the United
States Food and Drug Administration in the Pregnancy
Category B[111,112]. In fact, although no adequate and wellcontrolled studies are available in humans, the absence of
negative effects on fetal development in animals (mice,
rats and rabbits) seems to indicate “no evidence of risk in
humans”[2], although the chance of fetal harm still remains
possible. Boceprevir did not cause genotoxicity in in vitro
or in vivo assays, including bacterial mutagenicity, chromosomal aberration in human peripheral blood lymphocytes
and mouse micronucleus assays[111]. Nevertheless, reversible effects on fertility and early embryonic development
in female rats have been reported, as well as decreased
fertility in male rats, most likely due to testicular degeneration. No effects on fetal development have been observed in rats or rabbits exposed to boceprevir at doses
higher than the recommended dosage in humans[111]. A
clinical study showed the absence of testicular toxicity
in humans[107] at the recommended clinical dose, while a
decrease in percent motile sperm and an increase in nonmotile sperm count occurred in rats at exposures 0.3-fold
the human recommended clinical dose[111]. Telaprevir did
not result in fetal harm in mice or rats. The effects on
fertility parameters in rats (e.g., decreased percent motile
sperm and increased non-motile sperm count) may be
associated with testicular toxicity in male animals. Telaprevir did not affect the birth body weight of rat offspring[112].
Since these drugs cannot be used as monotherapy but
have to be associated with PEG-IFN and RBV (triple
therapy), their use is contraindicated during pregnancy

women treated with human leukocyte interferon. No mutagenic effects or toxicity has been reported. However,
due to the species specificity of interferon, the effects
in animals are unlikely to be predictive of those in man.
Lastly, the injectable solution contains benzyl alcohol that
can be transmitted via the placenta and could be toxic in
premature infants. No effect on male fertility has been reported[95,96]. No studies on the teratogenic effect of PEGIFN are available. Since non-pegylated interferon alpha
resulted in a statistically significant increase in abortions
of Macaca, PEG-IFN should also be assumed to have
abortifacient potential. There are no well-controlled studies in pregnant women[97,98].
Nevertheless, in clinical practice, IFN-alpha is used
to treat essential thrombocythemia in pregnant women
to prevent or lower the risk of thrombocythemia-related
fetal loss[99]. A systematic review of data about pregnancies exposed to IFN-alpha (60% of women had received
IFN throughout pregnancy) showed that IFN did not
significantly increase the risk of major malformation,
miscarriage, stillbirth or preterm delivery above the rates
observed in the general population[99]. Therefore, the
treatment of HCV-infected pregnant women with IFN
does not seem to entail a risk for the offspring. Data on
PEG-IFN treatment during pregnancy are lacking. It
is not known whether IFN is excreted in human milk.
Given the potential for serious adverse reactions in nursing infants, a decision should be made whether to discontinue nursing or to discontinue the drug based on the
importance of the drug for the mother. The main concern of IFN therapy is not only the risk for the fetus, but
also the risk of serious psychiatric side effects, namely
exacerbation of postpartum depression[11]. Therefore, all
pregnant women who are candidates for PEG-IFN must
be carefully selected, also considering their psychological
and psychiatric conditions.
The other drug available for HCV infection is RBV,
which is classified by the USA Food and Drug Administration in pregnancy category X[100,101]. Ribavirin is absolutely contraindicated, not only for HCV-infected pregnant and childbearing women, but also for HCV-infected
men whose partners may become pregnant. These subjects are recommended to take contraceptive measures
during RBV therapy because of its significant embryocidal and teratogenic effects[1] in animals[100-102]. Malformations of the skull, palate, eye, jaw, limbs, skeleton and
gastrointestinal tract have been described in the offspring
of female animals that have been directly exposed to the
drug[102]. In addition, RBV caused cell toxicity, mutagenicity and a decrease in the epididymal sperm count in all
the animal species studied; these sperm cell mutations are
believed to cause cell death or to be associated with infertility[102].
In HCV-infected treated men, the RBV concentration
was two-fold higher in seminal fluid than in serum[103].
In addition, the round cell/spermatozoa ratio (suggestive of spermatogenic abnormality) and the sperm DNA
fragmentation index were significantly higher in a HCVinfected man during RBV therapy and returned to base-
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2 years of age because of the risk of PEG-IFN-related
neurotoxicity[115] and growth suppression described in
older children[11,116]. In fact, PEG IFN-a-2a has an inhibitory effect[1] on children’s growth. A study of 31 Japanese
children showed that the Z-scores of height and body
weight decreased during treatment and, although they
improved after withdrawal, they were significantly lower
than pre-treatment scores. This growth inhibitory effect
was smaller in children aged 10 years and older[116] .
Antiviral therapy for hepatitis C can be routinely
offered to all HCV-infected newborns only when new
drugs with a well demonstrated long-term safety profile
become available[11], but at the moment both the safety
and effectiveness of protease or polymerase inhibitors in
pediatric patients have not been established.

and childbearing females have to take adequate contraceptive measures. Similarly, the excretion of protease
inhibitors into human breast milk is not known yet; in
lactating rats, the levels of both boceprevir (or its metabolites) and telaprevir in the milk were slightly higher
than levels observed in maternal blood[111,112]. Because of
the potential adverse reactions in infants, nursing must be
discontinued prior to starting the treatment[111,112].
The last licensed polymerase inhibitor (sofosbuvir[1])
is classified by the United States Food and Drug Administration in the pregnancy category B. In this case
also, adequate and well-controlled studies with the drug
in pregnant women are missing but no effects on fetal
development have been observed in rats and rabbits at
the highest doses tested[113]. Similarly, no data are available
on the excretion of sofosbuvir and/or its metabolites in
human breast milk; no data are available for the pediatric
setting[113]. When used in triple therapy (associated with
PEG IFN and RBV), sofosbuvir is contraindicated as
well as the protease inhibitors; when used in regimen
IFN and RBV-free, it could be a promising option in the
treatment for the pregnant women.
The therapy of HCV-infected infants is still being debated in the absence of a consensus on when or how to
optimally treat. Because of the low rates of vertical transmission (overall between 3% and 5%) and the favorable
course of hepatitis C (relatively high rate of spontaneous
resolution of HCV infection, the lack of symptoms, etc.)
in the first class of age, the rationale is to only treat the
child with chronic hepatitis C at high risk of progression[11]. A previous meta-analysis showed that children
had a higher SVR and tolerated IFN alpha monotherapy
better than adults[114]. In contrast, there are few pediatric
trials on the standard of care therapy; a systematic review
of 4 randomized controlled trials and 31 non-randomized studies showed that children had an SVR similar to
adults[115]. The standard of care therapy seemed to be
well tolerated in the large majority of children; the main
adverse effects (i.e., flu-like symptoms and neutropenia)
were mild or moderate. The rate of treatment discontinuation was low but half of the children required a reduction of PEG-IFN dosage[115].
The decision of when to start antiviral therapy in
the early ages must be based on several factors: the estimated/known duration of infection, HCV genotype,
presence/degree of fibrosis, co-morbidities, predicted
parents’ compliance with the therapy, expected adverse
events and possible interference with home life or school
activities and the IL-28 genotype[111]. Injectable solutions
of IFN contain benzyl alcohol and are not indicated for
use in neonates or infants because of reports of death in
neonates and infants exposed to excessive doses of benzyl alcohol[91-94].
It has been suggested that treatment with weight-adjusted doses of PEG-IFN and RBV should be offered to
HCV-infected children over 2 years old and with significant hepatic fibrosis (detected by liver biopsy or transient
elastography), irrespective of HCV genotype[116]. Moreover, such treatment should be avoided in children under
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CONCLUSION
The problem of HCV infection in pregnancy is still a
matter of concern. The first concern is the possible
impact of HCV infection on the mother’s health during pregnancy and in the postpartum period due to the
intense physiological changes and the virus/host interaction that characterize this period. Pregnancy-associated
immune modulation affects the immune response against
HCV because it leads to immune tolerance during pregnancy and immune restoration immediately after delivery.
This phenomenon does not seem to impact negatively
on liver disease in most pregnant women but may worsen
liver function in some cases. Differently, childbearing
women with HCV-related liver cirrhosis are at high risk
of liver decompensation during pregnancy.
The second concern is the impact of HCV on delivery outcome. HCV-infected women may have an
increased risk for premature membrane rupture and for
cesarean delivery but there is no evident risk for complications for offspring.
The main concern is that HCV-infected women may
transmit the infection to their offspring during pregnancy,
upon delivery or during breastfeeding. The overall rate of
vertical transmission is low (3%-5%) but the risk is higher
for women with high viremia or HIV co-infection and
in the case of exposure of the neonate to infected blood
(i.e., during prolonged rupture of membranes or vaginal
lacerations and consequent to invasive monitoring of the
fetus during pregnancy). Cesarean delivery, which limits
the exposure to vaginal/perineal lacerations, was formerly
suggested to avoid this risk of transmission.
However, it is currently recommended only for HIV/
HCV coinfected women. The problem of breastfeeding
is complex and must be discussed with the woman. In
fact, the risk is not due to milk or colostrum (which contain a very low amount of virus and can be inactivated
in the infant’s digestive tract) but to contamination by infected blood through damaged or cracked nipples. HIV/
HCV co-infected pregnant women are recommended to
avoid vaginal delivery and breastfeeding because of the
high risk of infecting their offspring.
The last concern is antiviral therapy. Currently, the
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consensus is not to routinely offer antiviral therapy to
all HCV-infected pregnant women and HCV-infected
offspring. Given the side effects of the drugs available in
these settings, candidates for therapy must be carefully
selected based on the benefits of therapy and the severity
of the disease. The ideal solution would be to encourage
young women infected with HCV to start and complete
therapy before pregnancy in order to lower or clear the
virus and so reduce the risk of vertical transmission.
Another strategy would be to start treatment postpartum
and to avoid breastfeeding.
In the childhood setting, the standard of care therapy
should be started only after the second year of life, except in cases that require immediate treatment to avoid
rapid progression of liver disease.
The recently approved new generation drugs (protease
and polymerase inhibitors) for the treatment of HCV
infection have opened a new perspective in HCV therapy
for pregnant women and infected infants since one of
these agents, i.e., sofosbuvir, has been reported to also be
effective in IFN-free and RBV-free regimens.
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Core tip: The present study aims to review the evolution of surgical management of portal and splanchnic
venous thrombosis in the context of liver transplantation.
Lai Q, Spoletini G, Pinheiro RS, Melandro F, Guglielmo N, Lerut
J. From portal to splanchnic venous thrombosis: What surgeons
should bear in mind. World J Hepatol 2014; 6(8): 549-558 Available from: URL: http://www.wjgnet.com/1948-5182/full/v6/
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Abstract
The present study aims to review the evolution of
surgical management of portal (PVT) and splanchnic venous thrombosis (SVT) in the context of liver
transplantation over the last 5 decades. PVT is more
commonly managed by endovenous thrombectomy,
while SVT requires more complex technical expedients.
Several surgical techniques have been proposed, such
as extensive eversion thrombectomy, anastomosis to
collateral veins, reno-portal anastomosis, cavo-portal
hemi-transposition, portal arterialization and combined
liver-intestinal transplantation. In order to achieve
satisfactory outcomes, careful planning of the surgical
strategy is mandatory. The excellent results that are obtained nowadays confirm that, even extended, splanchnic thrombosis is no longer an absolute contraindication
for liver transplantation. Patients with advanced portal
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INTRODUCTION
Portal vein thrombosis (PVT) has been described as a
multi-factorial condition resulting from the combination of both inherited and acquired factors[1]. Cirrhosis
represents the most common etiologic factor, accounting
for up to 24%-32% of cases[2]. Other common causes include cancer, infection, inflammation and thrombophilic
disorders.
The incidence of PVT also correlates with the severity of cirrhosis[3], thus being a common problem during
liver transplantation (LT). PVT usually arises within the
liver and extends downwards into the extra-hepatic portion of the portal vein (PV). In some cases the thrombosis further extends to the mesenteric branches resulting in
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Figure 1 Portal vein thrombosis classification according to Yerdel et al[3]. PV: Portal vein; SMV: Superior mesenteric vein.

a splanchnic venous thrombosis (SVT).
Until the late 1980’s, PVT and SVT were considered
contra-indications for LT due to concerns about compromised portal allograft inflow.
The first successful LT in a patient with PVT was reported by the Pittsburgh group in 1985 using a free iliac
vein allograft[4]. Two years later, the same group presented
the first large series of LT in patients with PVT (n = 22),
representing a landmark paper in this field[5]. Since that
seminal experience, several new techniques have been
proposed to overcome this problem. The present study
reviews the surgical evolution in this field of LT over the
last five decades.

enhanced ultrasound may help differentiate between
malignant and benign thromboses[9].
The sensitivity in detecting complete venous thrombosis ranges from 92% to 100%, decreasing to 14%-50%
in partial thrombosis[10]. The preoperative identification
of PVT enables surgical planning and the exclusion of
patients with malignant thrombosis from listing for LT.
Several classifications have been proposed so far; the
Yerdel classification gained the greatest acceptance and
widespread clinical application[3] (Figure 1). Grade Ⅰ and
Ⅱ PVT can almost always be managed by portal vein resection with or without thrombectomy; grade Ⅲ and Ⅳ
PVT require a more complex technique (Figure 2).

DIAGNOSIS AND CLASSIFICATION

Management of grade Ⅰ-Ⅱ PVT
The initial strategy for grades Ⅰ-Ⅱ PVT is the removal
of the thrombus. This is best done by removing it together with the innermost layer of the vessel (thromboendovenectomy)[3]. If the thrombosis involves a short
segment of the PV, this can be resected; the residual part
of the thrombus can also be fixed to the vessel wall[3].
The thrombus is separated from the PV wall using an
endarterectomy spatula and the thrombus is freed under
direct vision whilst everting the vessel wall[11-13]. Thrombi
extending up to the mesenteric vein can be extracted
successfully with this technique. Blind extraction using

Despite progress in preoperative and cross-sectional imaging, a substantial number of cases of PVT or SVT are
still discovered at the time of LT[6,7]. Doppler-ultrasound
examination remains the most common initial diagnostic
tool. However, it has limitations in detecting thrombosis due to (spontaneous or medical) recanalization and
because of thrombus extension to the mesenteric veins,
which cannot always be visualised clearly. Therefore,
computed tomography and magnetic resonance angiography have an important role in diagnosing this condition[8]. The presence of arterial enhancement in contrast-
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Figure 2 Algorithm for the management of portal and splanchnic vein thrombosis during liver transplantation. CPHT: Cavo-portal hemitransposition; CPHT E-E:
End-to-end cavo-portal hemitransposition; CPHT S-E: Side-to-end cavo-portal hemitransposition; ETEV: Eversion thromboendovenectomy; IVC: Inferior vena cava;
MC: Mesocaval shunt (spontaneous or surgical); PV: Portal vein; PVT: Portal vein thrombosis; RPA: Reno-portal anastomosis; SMV: Superior mesenteric vein; SR:
Splenorenal shunt (spontaneous or surgical); ST: Splanchnic tributary (coronary, gastroepiploic vein). From Paskonis et al[43], with modifications.

vascular clamps should be avoided as it can rip the vessel,
which may result in uncontrollable bleeding, especially
at the level of the pancreatic head. The completeness of
the thrombectomy can be verified by restoration of an
adequate portal blood flow (Figure 3).
Eversion thromboendovenectomy (ETEV) is another
surgical technique applicable to type Ⅰ-Ⅲ thromboses.
Type Ⅳ thrombosis can only be occasionally treated
with this technique, but typically requires more complex
procedures. With ETEV, the clot is progressively and
circumferentially freed with the aid of a tonsil clamp by
everting the venous wall, and clamping the free edge of
the clot with a tonsil. Some authors consider ETEV a
risky technique, as a piece of diseased venous wall with
thrombogenic potential is left in place[14].
Pan et al[15] described a modification of ETEV, called
improved eversion thrombectomy, in which 1 cm of the
anterior wall of the PV is cut, with the final removal of
the smooth wall of PT after clot removal. This technique
was reported in 23 type Ⅰ-Ⅲ cases, with no PVT recurrences or post-operative deaths.
Several single-centre series have been reported in relation to the treatment of grade Ⅰ-Ⅱ PVT[14-19]. A large
review of 1957 LT recipients with PVT[10] showed that
thrombectomy and/or thromboendovenectomy with
end-to-end portal anastomosis was the most frequently
used technique (75% of cases) with a very low risk of
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PVT recurrence and complications.
Management of grade Ⅲ PVT
In the case of type Ⅲ PVT, ETEV alone can be insufficient, due to involvement of the distal portion of the
SMV[15]. If portal flow is insufficient, different options
can be considered in order to establish an adequate
portal flow (> 600 mL/min). Porto-systemic shunt collaterals can be suture-ligated; in the case of spontaneous
or surgical spleno-renal shunt, the left renal vein can be
divided[20]. Sometimes a reno-portal anastomosis using
a free iliac vein graft between the left renal vein and the
PV (end-to-side or end-to-end anastomosis) can provide
adequate portal inflow[21]. Another technique in grade
Ⅲ PVT may consist of anastomosing (eventually with a
venous graft) the PV to recipient collaterals (coronary or
choledochal veins). All these techniques can be considered when the PV is found to be a small fibrotic vessel.
A jump graft can be used in cases in which a low dissection of the retro-pancreatic PV or distal SMV part is
required. This method avoids hazardous dissection with
potential fatal bleeding and risk of pancreatitis[5,22].
Rodríguez-Castro et al[10], adopted venous interposition grafting between donor and recipient PV in 158 cases (8.4%), which represents the second most commonly
used surgical technique after thrombectomy/thromboendovenectomy.
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A

B

C

D

Figure 3 Eversion venous thrombectomy technique. A and B: Schematic representation of the manoeuvre; C: Intraoperative image of thrombectomy procedure; D:
The thrombus removed from the portal vein. Modified from Lerut et al[13]. Figures from the experience of Prof. Jan Lerut.

APST represents, when feasible, the preferred approach in the case of SVT as it is the “easiest” to perform.
This technique was initially described by Lerut et al[5] and
Hiatt et al[23]. In the review by Rodríguez-Castro et al[10],
49 (2.4%) cases of APST were described; the reported
series rarely contain more than 5 cases[3,24]. Virtually any
large collateral (2 cm of diameter or more) can suffice
to supply the graft; these are mostly a bile duct varix or
a middle colic or coronary (left gastric) veins (Figure 4).
The venous flow must be tested before implanting the
graft to ensure adequate inflow. An interposition graft
is sometimes necessary[25]. Particular care must be taken
when suturing these variceal structures to the donor portal vein.
PVA is a simple method to restore the portal blood
flow into the graft, anastomosing the PV of the graft to
the hepatic or gastro-duodenal artery or aorta using an
iliac interposition graft. This revascularisation procedure
is well documented in surgery for portal hypertension[26]
and post-LT arterial thrombosis[27] or, more commonly in
the setting of PVT during LT[28-35]. It is occasionally used
to deal with early PVT complicating LT. Here, PVA is
usually associated with PV thrombectomy. PVA has been
reported once in a case of auxiliary heterotopic LT[36].
The PV can be directly anastomosed to the recipient
hepatic artery[28,29,32,33], or anastomosed to the supra- or
infra-renal aorta with an interposition graft from a segment of donor iliac artery[28-31]. In one case, PV was anastomosed to the accessory right hepatic artery originating
from the superior mesenteric artery[34]. However, this is
associated with significant mortality due to haemorrhage,
right heart failure, acute[28,32] and secondary PVT[28,30-34].
Some patients developed graft fibrosis due to modified
hepatic microcirculation[28,32], right-sided heart decompensation[29] as well as persistent portal hypertension due
to ‘‘over-arterialization’’[28,32]. Experimental syngenic rat

Figure 4 Intraoperative image of a large coronary vein and a thrombosed
portal vein. Figure from the experience of Prof. Jan Lerut.

Kim reported 50 cases of living donor LT with PVT:
in one case (2.4%) of partial PVT, the PV was reconstructed using a cryopreserved interposition graft after
resection of a thrombosed segment; in 3/7 cases of total
PVT, the distal SMV or coronary vein were used for the
inﬂow using a jump graft; two patients with SVT, both
needed jump grafts[17].
Management of grade Ⅳ PVT
Up to 15 years ago, patients with diffuse SVT were not
considered for LT. More recently, 5 different surgical
techniques to restore portal inflow have been suggested:
(1) anastomosis to a patent splanchnic tributary (APST);
(2) PV arterialization (PVA); (3) reno-portal anastomosis
(RPA); (4) cavo-portal hemitransposition (CPHT); (5)
hepato-intestinal or (6) multi-visceral transplantation
(MVT).
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A

C

B

Figure 5 Examples of different techniques of portal flow reconstruction during cavo-portal hemitransposition. A: End-to-end cavoportal anastomosis; B:
Side-to-end cavoportal anastomosis with retro-hepatic caval vein constriction; C: End-to-side cavoportal anastomosis using vein interposition graft distal to the conventional portal vein anastomosis. Modified from Paskonis et al[43]. Figures from the experience of Prof. Jan Lerut.

models confirmed that PV ‘‘over-arterialization’’ during
LT can lead to liver fibrogenesis[37]. A possible solution
for this problem is the surgical modulation of the arterialized portal inflow. There is, however, no agreement
regarding the ‘‘ideal’’ flow to aim at in this setting; some
authors propose 0.6-0.8 L/min[33], others 1 L/min[30] or
even 1.5-1.8 L/min[32]. The calibration of arterio-portal
anastomosis can also be done either surgically or radiologically using coil embolization of the artery anastomosed to the PV[29,36]. In the 3 cases in which calibration
of PVA was performed either surgically or radiologically
favourable outcome were observed, with a follow-up up
to 36 mo[29,36]. However, the progressive aneurysmal dilatation of intrahepatic portal branches and the possible
risk of liver fibrosis suggest that PVA should be used
only exceptionally.
RPA was originally reported by Sheil et al[38], and
subsequently modified with a venous interposition graft
by Bhangui et al[39] and Kato et al[40]. This approach represents a good option in grade IV PVT when engorged
collateral vessels are unavailable or when their blood
flow is inadequate. However, the liver pathophysiological
consequences of this reconstruction are not yet clearly
elucidated[41,42]. This method, when possible to adopt, is
safe[43]. Until now, RPA has been reported in about 50
cases worldwide; however, only a handful of series contain more than five cases[39,40].
After identification and control of the renal vein, a
free iliac vein can be anastomosed either end-to-end or
side-to-end to the renal vein. Next, the renal vein itself or
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the interposition graft will be anastomosed to the donor
PV. Kocherisation of the duodenum can be useful when
the renal vein has a lower location.
This technique also has some complications such
as ascites, renal dysfunction, GI-bleeding, deep venous
thrombosis and oedema of lower limbs. These events are
all due to a persistent portal hypertension that is resolved
only partially by this technique[44].
CPHT represents an exceptional technique to overpass an extensive splanchnic venous thrombosis. The inflow from IVC is used to perfuse the PV of the allograft.
CPHT was developed in animal models for the treatment
of some metabolic diseases[45-47]. The first human series
were performed by Starzl et al[48] and Riddell et al[49] for
glycogen storage disease. In 1998, Tzakis et al[50] reported
a series of nine cases of CPHT performed during LT due
to diffuse PVT. To date, 107 cases have been reported
worldwide (Table 1) with the largest series described by
Tzakis (n = 23)[14,15,24,50-80].
CPHT can be performed either as an end-to-end or
an end-to-side anastomosis between IVC and PV; with
the latter carried out in the case of IVC sparing hepatectomy (Figure 5). Both connections may require the use of
an interposition graft. In the end-to-side anastomosis, the
IVC is best ligated in order to redirect the systemic venous blood flow to the allograft. This procedure carries a
high mortality [36 (33.6%) patients] mainly due to sepsis
and multiple organ failure. The longest reported survival
is 139 mo.
Postoperative complications are mainly related to
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Table 1 Cavoportal hemitransposition: Experiences worldwide
Ref.

Year

Weeks et al[52]
Varma et al[53]
Olausson et al[55]
Santaniello et al[56]
Bakthavatsalam et al[58]
Urbani et al[59]
Gerunda et al[60]
Azoulay et al[61]
Shrotri et al[62]
Kumar et al[63]
Verran et al[64]
Bertelli et al[66]
Wang et al[67]
Ozden et al[68]
Lipshutz et al[69]
Egawa et al[70]
Lladó et al[24]
Selvaggi et al[71]
Li et al[72]
Yan et al[73]
Pan et al[15]
Tao et al[16]
Gao et al[74]
Campsen et al[75]
Suarez et al[76]
Ravaioli et al[77]
Shi et al[78]
Lai et al[79]
Chmurowicz et al[80]
Total

2000
2000
2001
2001
2001
2002
2002
2002
2003
2003
2004
2005
2005
2006
2006
2006
2007
2007
2008
2008
2009
2009
2009
2010
2010
2011
2011
2012
2013

Country

United States
United States
Sweden
Italy
United States
Italy
Italy
France
United Kingdom
United Kingdom
Australia
Italy
China
Turkey
United States
Japan
Spain
United States
China
China
China
China
China
United States
Spain
Italy
China
Belgium
Poland

Pts

1
1
6 (12)
1
12
6 (22)
2
8
1
1
12
1
1
12
7 (12)
1
1
23
1
3
1
2
2
10
4
6
1
8
12
103 (72)

1

Post-LT

Mortality Survival (mo)

Variceal
bleeding

Cavo-portal
thrombosis

Severe renal
failure

0
0
1
1
0
1
2
2
0
0
0
1
0
0
0
0
0
7
0
1
0
0
1
0
0
0
3
0
20

1
0
2
0
0
1
0
0
1
0
0
0
0
0
0
0
0
6
1
0
0
1
0
0
0
0
4
0
17

0
0
2
1
0
1
2
1
0
0
0
0
0
0
0
1
0
3
0
0
0
0
0
0
0
0
2
0
13

0
0
1
0
0
1
1
3
0
0
0
0
0
0
2
1
1
13
0
1
1
0
2
0
2
1
0
5
0
35

20
12
13
9
12
23
12
37
12
24
6
84
6
13
96
0
1
112
18
48
6
139
-

1

Maximum survival in the series; 2Retransplantation. LT: Liver transplantation.

anastomotic thrombosis or stenosis, congestion of the
inferior vena cava (IVC) and incompletely resolved portal
hypertension. Complications related to IVC congestion
are mild to severe oedema of the lower torso and limbs
and renal dysfunction. Mild renal dysfunction, observed
in almost all patients, usually resolves spontaneously
without the need for haemodialysis; haemodialysis was
required in 13 (12.1%) patients. Within the second group
of complications, the most commonly observed were ascites and (early or delayed) variceal bleeding. In 21 (19.6%)
patients, bleeding occurred post-operatively due to persistent portal hypertension. Varma reported a case in which
a venous graft was interposed between a retroperitoneal
varix and the PV in order to improve the drainage of the
portal venous system[53]. The majority of variceal bleedings were controlled with sclerotherapy, splenic artery
embolization or splenectomy with or without gastric devascularization[79].
Thrombosis at the level of the anastomosis was seen
in 17 (15.9%) patients. Such complication can sometimes
be treated by endovascular stenting.
Hepato-intestinal or MVT represents the very last
surgical option in grade Ⅳ PVT, allowing replacement of
the entire splanchnic venous system of the recipient[81].
Such a radical expedient still represents a major technical
and immunological challenge, and carries a high risk of
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rejection, infection and surgical complications. In recent
years, surgical technique and peri-operative management
have evolved substantially, achieving one- and three-year
survival rates up to 80% and 70%[65,82,83]. Particular attention should be given to the graft procurement and to
ensure a low cold ischemia time (≤ 6 h) in order to avoid
irreversible intestinal mucosal injury[84,85]. The MVT surgical technique consists of complete replacement of the
abdominal viscera after exenteration[86]. Arterial inflow is
established with a unique anastomosis between the donor
aortic patch encompassing the coeliac trunk and superior
mesenteric artery and recipient aorta. Venous anastomosis is routinely performed with a piggy-back technique. A
terminal ileostomy is created in order to allow endoscopic
monitoring of the bowel graft. The decision to opt for
a MVT may be undertaken during the transplant procedure. If adequate portal flow can be restored, the Indiana
group led by Vianna proposed that only the liver should
be implanted and the multivisceral graft split on the back
table; the remaining organs are next directed towards a
backup recipient needing an isolated intestinal transplantation. If portal flow cannot be established, then a MVT
is required[87].
SVT used to represent a common indication for MVT
in adults. The Pittsburgh experience consisting of five
hundred transplants included MVT for SVT in 10% of
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cases[88]. The Indiana group obtained excellent one- and
three-year survival rates of 80% and 72%. However, the
procedure carried a complication rate of 56% with half
the patients requiring a surgical re-exploration[83]. Nowadays, MVT is less frequently offered in cases of SVT due
to the introduction of more sophisticated surgical techniques when dealing with extended SVT.

12

13

CONCLUSION
PVT and SVT are no longer a contraindication for LT.
However, in order to achieve satisfactory outcomes, the
surgical strategy needs to be carefully planned before the
transplant procedure. Patients with extended splanchnic
thrombosis may need complex vascular interventions;
others may even require a multivisceral transplantation.
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Palliation: Hilar cholangiocarcinoma
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segment Ⅲ bypass if, during a laparotomy for resection, the tumor is found to be unresectable. Photodynamic therapy and, more recently, radiofrequency ablation have been used as adjuvant therapies to improve
the results of biliary stenting. The exact technique to
be used for palliation is guided by the extent of the biliary involvement (Bismuth class) and the availability of
local expertise.
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Core tip: The majority of patients with hilar cholangiocarcinoma present in advanced stages and are candidates for palliation only. The techniques of palliation,
primarily at endoscopy or by percutaneous techniques,
are evolving as better stents become available. Alternate techniques, such as endosonography-guided
procedures, are also becoming popular. Photodynamic
therapy and radio-frequency ablation are also used to
improve the results of biliary stents. This review article
provides a consolidated picture of the present knowledge in this field based on recent data.

Abstract
Hilar cholangiocarcinomas are common tumors of the
bile duct that are often unresectable at presentation.
Palliation, therefore, remains the goal in the majority
of these patients. Palliative treatment is particularly
indicated in the presence of cholangitis and pruritus
but is often also offered for high-grade jaundice and
abdominal pain. Endoscopic drainage by placing stents
at endoscopic retrograde cholangio-pancreatography
(ERCP) is usually the preferred modality of palliation.
However, for advanced disease, percutaneous stenting
has been shown to be superior to endoscopic stenting.
Endosonography-guided biliary drainage is emerging as
an alternative technique, particularly when ERCP is not
possible or fails. Metal stents are usually preferred over
plastic stents, both for ERCP and for percutaneous biliary drainage. There is no consensus as to whether it is
necessary to place multiple stents within advanced hilar blocks or whether unilateral stenting would suffice.
However, recent data have suggested that, contrary to
previous belief, it is useful to drain more than 50% of
the liver volume for favorable long-term results. In the
presence of cholangitis, it is beneficial to drain all of
the obstructed biliary segments. Surgical bypass plays
a limited role in palliation and is offered primarily as a
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INTRODUCTION
Bile duct cancers at or around the confluence of the right
and left hepatic ducts are termed as hilar cholangiocarcinomas (HC) or Klatskin’s tumors. HC is the most common type of bile duct cancer throughout the world and
constitutes 46%-97% of all bile duct cancers[1,2]. It has
a particularly high prevalence in certain Asian countries,
such as Thailand and China[3]. This could be related to
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Figure 1 Hilar Cholangicarcinoma-Bismuth classification.
Type Ⅰ: Confluence of right and left hepatic duct is intact;
Type Ⅱ: Right and left hepatic ducts are separated; Type Ⅲ:
Tumor extends into second degree branches of right (ⅢA)
or left (ⅢB) hepatic duct; Type Ⅳ: Involvement of both side
secondary branches.
Type Ⅰ

Type ⅢA

Type Ⅱ

Type ⅢB

Type Ⅳ

85%-95% in both of these approaches[8,9]. Endoscopic
ultrasonography (EUS), positron emission tomography
(PET) and diagnostic laparoscopy are additional means
of evaluating the resectability of HC, but their role is not
yet fully established[10-12].
Not every patient with unresectable HC needs palliative intervention. Patients with complications of cholangitis and intractable pruritus are definite candidates for
palliation. Palliation is also often performed in patients
with abdominal pain and high bilirubin with the hope of
ameliorating their pain and sense of well-being, respectively. There are three established methods for the palliation of HC: endoscopic insertion of a stent, percutaneous placement of biliary drainage and surgical bypass.
Endosonography-guided procedures have been evolving
as alternatives to these standard techniques.

Table 1 Criteria for non-resectability of hilar cholangiocarcinoma
Bilateral hepatic duct involvement up to the secondary biliary radicles
(Bismuth type Ⅳ)
Encasement or occlusion of the main portal vein (relative)
Unilateral tumor extension to secondary biliary radicles (Bismuth
type Ⅲ) with contralateral portal vein or hepatic artery involvement or
encasement
Hepatic lobar atrophy with contralateral portal vein or hepatic artery
involvement or encasement
Hepatic lobar atrophy with contralateral tumor extension to the
secondary biliary radicles
Available from Aljiffry et al[6].

the liver fluke infestation in these areas. Due to the critical nature and site of the disease, patients with HC suffer greatly from progressive jaundice, anorexia, pruritus,
cholangitis and liver failure. Unfortunately, a majority of
HC cases manifest late and are diagnosed at a stage when
curative resection is not possible[4,5]. Palliation, therefore, is
the goal for this subset of patients. This review addresses
the indications, techniques and results of various palliative
methods. There are a number of “grey zones” in the palliative treatment of HC; these have also been addressed.

ENDOSCOPIC PALLIATION BY STENTING

INDICATIONS FOR PALLIATION

Before planning any palliative drainage, either by endoscopy or percutaneously, it is mandatory to obtain a cholangiogram to define the extent of biliary ductal involvement. Magnetic resonance cholangio-pancreatography
(MRCP) continues to be the most preferred investigation
for this purpose, and HC has been classified as Bismuth
type Ⅰ to type Ⅳ at cholangiogram (Figure 1).

Only approximately 20%-30% of patients with HC are
diagnosed at a stage when surgical resection is possible.
Table 1 gives the criteria for surgical non-resectability[6].
Moreover, the associated co-morbidity often precludes
any form of surgery. While the median survival for resected patients (R0) can be up to 4 years, for those without the feasible option of resection, survival is almost always less than 1 year[4,7]. Multi-detector CT scan (MDCT)
and magnetic resonance imaging (MRI) with MR Cholangiography continue to be the most two accurate modalities in the evaluation of the stages and resectability of
HC[8,9]. The accuracy of predicting hepatic artery invasion, portal vein involvement, lymph nodal metastasis
and the extent of biliary ductal spread is approximately

Metal vs plastic stents
Both plastic stents (PS) and self-expanding metal stents
(SEMS) have been used for biliary drainage (Figure 2).
PS have smaller diameters (10-12 Fr), resulting in faster
occlusions and a median patency time of only 1.4 to 3
mo[13]. SEMS have a wider diameter (8-10 mm), resulting
in longer patency of 6-10 mo[13]. SEMS, which are used
for HC, are uncovered with an open mesh, allowing the
drainage of side branches. Perdue et al[14], in a multicenter
study involving 62 patients, compared metal stents with
plastic stents in HC for 30 d outcomes. Adverse effects,
including cholangitis, stent occlusion, migration, perforation and the need for reinterventions, occurred in a
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A

B

C

D

Figure 2 Stenting for hilar cholangiocarcinoma. A: Unilateral plastic stent; B: Bilateral plastic stents; C: Unilateral metal stent; D: Bilateral metal stents (previously
placed percutaneous drains are still in place).

A

Figure 3 Hilar stricture: Unilateral metal stent
placed in dilated left lobe duct. A: Left duct selectively cannulated and showing dilated system;
B: Metal stent being deployed in the left ductal
system.

B

Volume of drainage and number of stents (unilateral vs
bilateral)
For Bismuth type Ⅰ HC, it is obvious that one stent is
sufficient to drain both lobes of the liver because the
confluence is patent. However, the placement of single
stent for Bismuth type Ⅱ to type Ⅳ HC would drain
only a proportion of liver; instead, multiple stents are
often placed in these advanced HC patients. However,
no consensus has been reached in terms of the need for
multiple stents.
De Palma et al[16] reported better results with unilateral stenting (vs bilateral stenting) in terms of successful
stent placement, effective drainage and complication
rates (Table 2). However, approximately one-third of the
patients in this series had Bismuth type Ⅰ HC, leading to
a bias in the study result. Contrary to this study, Naitoh
et al[17] demonstrated a trend towards longer survival and
lower cholangitis with bilateral, compared to unilateral,
drainage. An important conclusion was drawn in a study
by Chang et al[18], which showed that patients with HC
faired very poorly, with high cholangitis rates (32%), high
30 d mortality (30%) and poor survival (45 d) if only one
stent was placed after opacifying both sides of the liver.
This was in contrast to the other two groups, in which
the opacified lobes were drained by one or two stents
(Table 3). It therefore seems that any contrast placed in
an obstructed system must be drained. An experienced
endoscopist dealing with hilar blocks is always reluctant
to inject any contrast until a guide wire has been negotiat-

Table 2 Unilateral vs bilateral drainage for hilar cholangiocarcinoma
Unilateral
No. of pts
Stent insertion (%)
Successful drainage (%)
Early complication (%)
Survival (d)

79
88.6
81.0
18.9
140

Bilateral
78
76.9
73.0
26.9
142

P
0.041
0.049
0.026
0.482

Available from De Palma et al[16].

significantly higher proportion of patients in the plastic
stent group (39.3%), compared to metal stents (11.8%).
These results were revalidated in a recent study from
Thailand[15]. In this randomized study involving 108 patients, Sangchan et al[15] demonstrated that metal stents
were better in terms of success rate (70% vs 46%) and
patient survival (126 d vs 49 d). In spite of its high initial cost, SEMS are considered more cost-effective than
PS. This result could be due to the greater success rate,
shorter hospital stays, fewer blockages, fewer re-interventions and lower antibiotic needs associated with SEMS.
The superior cost-effectiveness of SEMS compared to
PS is particularly apparent if patient survival is expected
to be more than 4-6 mo. However, in situations where a
decision of palliation has not been made, plastic stents
may be preferred because uncovered SEMS used for hilar
blocks are not easily removable.
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Table 3 Malignant hilar obstruction-1 stent or 2

n
Early cholangitis
30-d mortality
Survival (d)

Table 4 Computed tomography/magnetic resonance cholangiopancreatography -Guided Selective Unilateral Stenting

Group A

Group B

Group C

32
6%
0%
145

29
0%
3%
225

37
32%
30%
45

Ref.
No. of pts
Stent
Tech. success (%)
Effective drain (%)
Early cholangitis (%)
Median patency (d)
Median survival (d)

Group A: One lobe opacified and the same lobe drained; Group B: Both
lobes opacified and both lobes drained; Group C: Both lobes opacified
with just one lobe drained. Available from Chang et al[18].

ed well beyond the site of the biliary obstruction. A study
in India[19] demonstrated the importance of contrast-free
unilateral endoscopic palliation in Bismuth type II HC.
In 18 patients submitting to this technique, successful
drainage was achieved in all, with no cholangitis or 30 d
mortality.
Conventional teaching suggests that, in the absence
of cholangitis, it is only necessary to drain 25% of the
liver volume for the adequate palliation of jaundice[20].
However, a recent study by Vienne et al[21] showed better
results with the drainage of more than half of the liver
volume. More than a 50% drainage of the liver volume
was associated with a greater decrease in bilirubin levels,
a lower incidence of early cholangitis and longer patient
survival compared to patients with less than a 50% drainage of the liver volume. It is known that the right lobe,
left lobe and caudate lobes of liver constitute 55%-60%,
30%-35% and approximately 10% of the liver volume,
respectively[22]. Incorporating this information in the results of the study by Vienne et al[21], a significant proportion of patients should undergo the draining of at least
two segments and the placement of more than one stent
to achieve good long-term palliation. However, more data
are needed in this respect. It is important to note that, in
the presence of cholangitis, all infected ductal systems
need to be drained.
It is important to select the appropriate segments of
the liver that need to be drained when unilateral or incomplete drainage is planned in patients with advanced
HC (Bismuth type Ⅱ to type Ⅳ). It is advisable to select
segments with dilated ductal systems and to avoid atrophic segments (Figure 3). MDCT or MRI can provide
this useful information prior to palliative stenting[23,24]. A
number of studies with both PS and SEMS have shown
the usefulness of CT/MRCP-guided, selective biliary
drainage (Table 4)[16,25,26]. This CT/MRCP approach can
reduce the need for further intervention and has been
found to be cost-effective compared to routine bilateral
stenting[27]. A recent study[28] with a small number of patients used air cholangiography rather than MRCP to act
as a lower cost road map and found air cholangiography
to be safe and effective with no cholangitis and no 30 d
mortality or morbidity.

35
Plastic
100
86
6
300

[25]

Freeman et al
35
Metal
100
77
0
165
150

[26]

De Palma et al

[16]

61
Metal
97
97
5
169
140

stenting a hilar block is considered one of the most difficult. In a recent consensus, the American Society of Gastrointestinal Endoscopy graded endoscopic hilar stenting
as a level 3 ERCP procedure in terms of complexity, with
level 1 being the simplest and level 4 being most complex[29]. In general, a higher level of complexity is associated with a lower success rate and a higher complication
rate[30]. Therefore, hilar stenting should be practiced only
be experienced therapeutic endoscopists.
A variety of plastic and SEMS are available and have
been used for the stenting in HC. In general, 10 Fr plastic stent and uncovered SEMS are preferred. The distal
end of stents may be left in the duodenum or in distal
bile duct, but the later situation may make reintervention more difficult. When more than one stent (plastic
or SEMS) is to be placed, the stents are usually placed
side by side (Figure 4). However, in the last few years,
a new dual stent design called “stent-in-stent” has been
developed for metal stenting[31,32] (Figure 5). In this device, the first stent has an open-cell design, allowing the
second stent to pass easily through the first stent. In a
recent study by Lee et al[33] from South Korea, stent-instent technology for bilateral stenting was evaluated in 84
patients with inoperable, high-grade HC. Technical and
clinical success was achieved in 95.2% and 92.9% of patients, respectively. The median survival and patency were
noted to be 256 d and 239 d, respectively. Still, this new
stent design can be problematic if the first stent becomes
occluded. In the study by Lee et al[33], 30.8% patients had
an obstruction of the primary biliary stents. For revision
stenting, bilateral metal stents could be placed in 55%,
while plastic stents were placed in the remaining patients[33].
It is important to institute antibiotic prophylaxis in
patients with anticipated incomplete biliary drainage by
any technique[34]. Antibiotics should be continued in cases
of incomplete biliary drainage. The choice of antibiotics
should be based on local hospital data.
The occlusion of metal stents, while more common
and earlier with plastic stents, can still occur[35]. Blocked
plastic stents should always be removed, and the bile
ducts should be cleaned of all sludge by a balloon. Then,
a new plastic stent can be positioned. Metal stents, however, may be the better choice, particularly in the presence of thick bile or purulent material. It may also be
a good idea to temporarily place a nasobiliary drain for
repeated flushing prior to restenting[35]. Uncovered SEMS

Endoscopic stenting technique
Stents in HC are mostly introduced at endoscopy[23].
In terms of the complexity of endoscopic procedures,
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A

B

C

Figure 4 Two metal stents placed side by side in a Type II Bismuth hilar cholangiocarcinoma. A: Magnetic resonance cholangiopancreaticography showing
the stricture; B: Endoscopic view showing two metal stents placed side by side; C: X-ray showing two parallel stents with proximal ends in the right or left ductal
systems.

A

B

and lower morbidity have been shown with metal stents
compared to plastic stents[36]. While using multiple SEMS
percutaneously, stents may be placed side by side. However, a T or Y configuration (Figure 7), in which one
stent crosses the block and the second stent only reaches
the first stent or crosses from the left to the right ducts,
have also been used successfully[37]. T or Y configuration
stents have been shown to have a median patency of 279
and 218 d and a median survival of 334 and 375 d, respectively[38,39].
Few studies have compared percutaneous procedures
with endoscopic techniques in HC, and no randomized
controlled trials are available addressing this issue. A
multicenter retrospective study[40] from South Korea has
compared the results of endoscopy vs percutaneous techniques for advanced HC (Bismuth type Ⅲ and Ⅳ). In
their 85 patients (endoscopy 44, percutaneous 41), they
noted better results for percutaneous procedure, (compared to endoscopy) with a significantly higher success
rate (93% vs 77%, P = 0.049) and a trend towards a lesser
cholangitis risk (22% vs 29.5%). Similar conclusions were
drawn from two other studies from Asia[41,42]. Non-infective complications, such as bleeding and pancreatitis, were
more frequent in the percutaneous group. This result
suggests that, if infective complication can be avoided by
performing contrast-free cannulation, ERCP may have an
advantage, even in advanced HC.
In contrast to these results, endoscopy in general is
the preferred approach for less advanced Bismuth type
(Type Ⅰ and Ⅱ) HCs, mainly because endoscopy is a less
invasive and faster procedure. However, no comparative data are available, and local expertise usually guides
the treatment approach in these patients. Occasionally,
palliation after endoscopic stenting may be suboptimal
due to the presence of pus flakes, mucus or blood clots
in the biliary ductal system. A temporary placement of
a percutaneous catheter can allow repeated saline irrigations and may enable effective biliary drainage. It must be
recognized that HC requires a multidisciplinary approach,
with close co-ordination between the endoscopist and radiologist. For example, a failed endoscopic drainage after
ductal opacification may result in suppurative cholangitis,

Figure 5 Y stent (stent-in-stent) from Tae Woong Medical (South Korea)
for Hilar Cholangiocarcinoma. A: Two stents one with open mesh in the middle (arrow) and other with normal mesh; B: Y stent system in which the normal
mesh stent passes through the open mesh of the second stent.

cannot be removed and therefore should be cleaned if
they become clogged. However, it is advisable to place
another stent through the blocked metal stent. The new
stent could be either plastic or SEMS, depending upon
the patient’s life expectancy.

PERCUTANEOUS BILIARY DRAINAGE
With technical expertise, it is also possible to perform
palliative intervention in HC by percutaneous techniques
(Figure 6). Percutaneous procedures have the theoretical
advantage of precise lobar selection, which can result in
less cholangitis. Moreover, the percutaneous approach
can be performed with minimal sedation, which may be
beneficial in an unstable patient. Alternatively, the percutaneous approach may be a two-step procedure with external drainage (percutaneous transhepatic biliary drainage) during first session, followed by internalization and
subsequent stenting. Pain at the puncture site and the risk
of biliary peritonitis are additional concerns with the use
of percutaneous approach.
Just as with the endoscopic data, the advantages of
metal stents over plastic stents have been demonstrated
in percutaneous approaches as well. Prolonged survival
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Figure 6 Percutaneous stenting in Bismuth Type I hilar cholangiocarcinoma. A: Stent assembly; B: Cholangiogram showing the block; C: Guide wire being negotiated across the stricture; D: Balloon dilatation being performed; E: Stent (arrow) after deployment.

A

B

C

Figure 7 Percutaneous double stenting. A: X-ray showing the Y configuration of the stent (Boston Scientific MA, United States); B: Transverse limb of a T stent
(Taewoong Medial, South Korea) showing the open mesh in the center; C: Assembly of a T stent showing the vertical stent passing through the open mesh of the
transverse stent.

and an emergency percutaneous drainage may became
mandatory.

second preferred modality or if it should be performed
only when the percutaneous procedure fails or is contraindicated. Prospective randomized trials are needed to
solve this issue.
The EUS technique involves the puncture of the left
hepatic ducts, usually through the gastric wall, i.e., hepaticogastrostomy. A guide wire is then passed through this
tract. Stenting can then be achieved in one of the three
ways: (1) negotiating the wire across the hilar stricture and
then passing it through the ampulla into the duodenum;
the rendezvous procedure is then performed by catching
the wire at the papilla, positioning the stent as in the ERCP

ENDOSONOGRAPHY GUIDED BILIARY
DRAINAGE
Endosonography (EUS)-guided biliary drainage is emerging as an alternative to ERCP and percutaneous biliary
stenting[43-46]. In the present scenario, an EUS-guided procedure is performed only if the ERCP fails in the presence of a tight hilar block or distorted duodenal anatomy.
It remains unclear if EUS-guided drainage should be the
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Bismuth class

Year

Type Ⅲ/Ⅳ

Type Ⅰ/Ⅱ

Endoscopic biliary stents
(Single or multiple with an
aim to drain > 50% of liver)

Metal’ if expected
survival > 3 mo

Table 5 Photodynamic therapy as an adjunct to biliary
stenting: Improved survival

Ortner et al[56]
Cheon et al[57]
Zoepf et al[58]

Percutaneous drainage
+/- local ablative therapy
(PDT or RFA)

2003
2004
2005

39
47
32

Median survival (mo)
Stenting
alone

Stenting
with PDT

3
10
7

16
18
21

P value

< 0.0001
0.0143
0.0109

PDT: Photodynamic therapy.

LOCAL ABLATIVE THERAPY

Plastic, if expected
survival < 3 mo

A few exciting techniques have been used to improve the
results of biliary stenting with the aim of delaying stent
blockage and prolonging patient survival. These techniques include photodynamic therapy, radiofrequency
ablation and chemo/radiotherapy.

Figure 8 A simplified algorithm suggested for the palliation of Hilar Cholangiocarcinoma, based on Bismuth type. Additional percutaneous procedures may be required if the endoscopic stenting results are suboptimal. PDT:
Photodynamic therapy; RFA: Radiofrequency ablation.

Photodynamic therapy
Photodynamic therapy (PDT) is a relatively new technique that has evolved over the last 10 years[55]. PDT uses
a photosensitive agent that concentrates preferentially
in malignant tumors. Subsequent photoactivation with
red laser lights of a specific wavelength[56] creates reactive oxygen, leading to selective tumor cell death. Table
5 summarizes some of the studies[56-58] that have shown
improved patient survival by the addition of PDT to biliary stenting. Studies have also shown improved quality of
life after PDT[56,58]. In HC patients who have been treated
with plastic stents, the stents should be removed temporarily for light delivery during PDT. In cases of SEMS,
PDT can be performed through the stent by adjusted
the required light dose to compensate for the decreased
transmission of light[59]. A further moot point that should
be addressed is whether these results can be reproduced
in certain Asian countries, in which the sun does not affect skin photosensitivity to the same extent as in the
Western white population[57,60].
In general, PDT is preferred through the percutaneous route [compared to the endoscopic] because of the
lower chance of laser tip fracture, the easy repeatability
of the procedure and the feasibility of obtaining cholangiogram. Shim et al[61] showed that PDT using percutaneous cholangioscopy is safe and effective, improving quality of life with a good median survival time (i.e., 558 ±
178.8 d). Cholangitis, hemobilia and photosensitivity are
known complications of PDT.
A recent study by Wagner et al[62] used temoporfin
rather than conventional porfimer for PDT in 10 patients
with HC. Temoporfin PDT was highly tumoricidal and
had double the depth of local tumor ablative effect, compared to porfimer PDT. Infectious complications and
skin photosensitivity were similar with both agents[62].

procedure[43,44]; (2) negotiating the wire across the hilar
stricture and then placing the stent across the stricture[45];
or (3) placing the stent across the hepatico-jejunostomy
itself without negotiating the wire across the stricture[46].
In experienced hands, EUS-guided biliary drainage
has a technical success rate of 70%-98%. However, up to
20% of patients can have complications, such as bile leak,
biliary peritonitis, pneumoperitoneum, bleeding, pain or
stent migration[43-50]. This complication rate is higher than
that reported historically with ERCP. All types of stents,
including plastic, uncovered SEMS and covered (partial
or total) SEMS, have been used. However, covered SEMS
are usually preferred. Between the three techniques described above, the rendezvous technique is more natural
and is preferred; however, there are no comparative data
with other techniques, and the procedure is more demanding[43,44].
EUS-guided procedures are exciting but still evolving.
Because most of the data are in the form of a case series,
prospective randomized studies are required to position
the modality correctly in the management algorithm of
hilar blocks.

SURGICAL BYPASS
Due to its invasiveness, surgical bypass has a very limited
role to play in palliating hilar tumors. It is only accepted
when all of the other techniques described above have
failed or are not available, as well as occasionally when
laparotomy has been performed for curative intent but an
unresectable tumor is revealed[51,52]. The various surgical
drainage procedures that can be carried out include segment Ⅲ hepaticojejunostomy, stent placement across the
tumor and sectoral duct (i.e., right anterior, right posterior
or left hepatic duct) bypass. However, segment Ⅲ bypass
is the preferred choice because it resolves jaundice in approximately two-thirds of HC patients and has a median
survival of approximately 6.3 mo[53,54].
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Radiofrequency ablation (RFA) is an ablative procedure
that is well established for treating small liver cancers.
With the introduction of an endoscopic probe for RFA
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and the use of a lower power setting with the existing
generators, it is now possible to treat pancreatico-biliary
cancers with this modality[63]. Within the bile duct, it has the
potential of improving stent patency by decreasing tumor
ingrowth and benign epithelial hyperplasias. Steel et al[64]
were the first to demonstrate its safety and efficacy in
22 patients with biliary malignancy (pancreatic/cholangiocarcinoma). A recent study involving 20 patients with
pancreatico-biliary malignancy (11 with cholangiocarcinoma) showed a significant increase in bile duct diameter
after RFA[65]. Further studies are required to revalidate
these results, but the preliminary data are interesting.

duct and is highly prevalent in the Eastern Hemisphere.
Unfortunately, the majority of patients with HC manifest
too late for resection. Therefore, palliation is the goal in
the majority of patients. Palliation is usually performed
with ERCP or through a percutaneous route. Figure 8
shows our approach and suggested guidelines based on
Bismuth types. For advanced HC (Bismuth type Ⅲ and
Ⅳ), we prefer the percutaneous route because this has
been shown to be superior to the endoscopic approach.
For Bismuth type Ⅰ and Ⅱ, ERCP is usually preferred
in view of its being less invasive and faster. Generally,
we prefer metal stents over plastic stents because of the
former’s documented better median patency and patient
survival. Plastic stents are only offered when the expected survival is very short. Controversy continues as
to whether single or multiple stents should be preferred
for advanced HC. Recent data suggesting that better outcomes will be obtained if > 50% of the liver is drained
have made us change our policy such that we offer two
stents in the majority of patients. EUS-guided biliary
drainage is also gradually emerging as an alternative modality. Percutaneous or EUS-guided biliary drainage is
at present offered for all patients who fail ERCP or for
patients who cannot undergo ERCP due to their altered
anatomy or duodenal obstructions from tumors. A few
reports showed that photodynamic therapy and radiofrequency ablation could improve the patency of biliary
stenting and patient survival, suggesting that this procedure should be considered in advanced tumors (Bismuth
type III and Ⅳ). Local expertise is often the deciding factor for choosing one modality over the other.

Chemo/radiotherapy
Radiotherapy has a very limited role in HC. Intraluminal
brachytherapy has been delivered to cholangiocarcinoma using Ir-S192 seeds, with a total dose of 30-50 Gy
through the percutaneous route. Good short-term effects
were demonstrated, showing prolonged stent patency and
improved survival[66]. A number of studies from Japan
have shown better SEMS patency (10-18 mo vs 4-12 mo)
after external beam radiotherapy[67,68].
Chemotherapy has been used in HC as a palliative
therapy for both locally advanced cancers and metastatic
disease[69]. However, most of these studies involved case
series with a heterogeneous mixture of patients with
HC or distal bile duct cancers, as well as pancreatic or
gall bladder cancers. A retrospective study comparing a
gemcitabine-based regimen with a cisplatin-based therapy
and a fluoropyrimidine-based therapy clearly showed the
gemcitabine-based regimen to be superior in terms of the
lowest fatality[70]. Gemcitabine has been used in combination with cisplatin, oxaliplatin or capecitabine to improve
its efficacy[69]. Valle et al[71,72] compared gemcitabine with a
combination of gemcitabine with cisplatine in their two
ABC trials, which were published sequentially. ABC-02
trial by Valle et al[72], which involved 410 patients with advanced biliary cancers in a multicenter randomized phase
Ⅲ study, clearly showed the superiority of the combination over gemcitabine alone. The combination improved
progression-free survival and overall survival by 30%
over gemcitabine alone. Another multicenter trial from
Japan[73] also demonstrated the superiority of gemcitabine
combined with cisplatin over gemcitabine alone in terms
of one year survival, median survival time, median
progression-free survival time and overall response rate.
These data have resulted in this combination being used
as standard of care chemotherapy for advanced cholangiocarcinoma, including HC. Gemcitabine-free combinations, such as capecitabine with oxaliplatin, capecitabine
with cisplatin and 5 fluorouracil with cisplatin, have also
been used for bile duct cancers with modest results[69].
However, newer drugs are being investigated for bile duct
cancers; these include erlotinib, cetuximab and bevacizumab[69].
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Role of adipokines and peroxisome proliferator-activated
receptors in nonalcoholic fatty liver disease
Vettickattuparambil George Giby, Thekkuttuparambil Ananthanarayanan Ajith
tin and, to a lesser extent, resistin and retinol binding
protein-4 are also involved. Leptin and adiponectin can
augment the oxidation of fatty acid in liver by activating
the nuclear receptor super-family of transcription factors, namely peroxisome proliferator-activated receptor
(PPAR)-α. Recent studies have proposed downregulation of PPAR-α in cases of hepatic steatosis. This review discusses the role of adipokines and PPARs with
regard to hepatic energy metabolism and progression
of NAFLD.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is one
of the principal causes for chronic liver disease. Recent
reports suggested a positive association between cytokines secreted by the adipocytes, such as tumor necrosis factor-α, transforming growth factor-β, and interleukin (IL)-6 in NAFLD. Furthermore, hepatic natural killer
T-cells produce IL-13 and IL-4; IL-13 may then activate
hepatic stellate cells to produce pro-inflammatory cytokines and initiate oxidative stress, iron overload and
fibrosis. Downregulation of peroxisome proliferator-activated receptors (PPAR), particularly PPAR-α in cases of
hepatic steatosis, may facilitate the activity of hepatic
proinflammatory cytokines. Hence, PPAR-γ and PPAR-α
ligands have been considered for administration to prevent the initial inflammatory reactions and render protection to the liver cells.

Abstract
Intrahepatic fat deposition has been demonstrated in
patients with nonalcoholic fatty liver disease (NAFLD).
Genetic and environmental factors are important for
the development of NAFLD. Diseases such as obesity,
diabetes, and hypertension have been found to be
closely associated with the incidence of NAFLD. Evidence suggests that obesity and insulin resistance are
the major factors that contribute to the development
of NAFLD. In comparing the factors that contribute to
the buildup of excess calories in obesity, an imbalance
of energy homeostasis can be considered as the basis.
Among the peripheral signals that are generated to
regulate the uptake of food, signals from adipose tissue
are of major relevance and involve the maintenance of
energy homeostasis through processes such as lipogenesis, lipolysis, and oxidation of fatty acids. Advances
in research on adipose tissue suggest an integral role
played by adipokines in NAFLD. Cytokines secreted by
adipocytes, such as tumor necrosis factor-α, transforming growth factor-β, and interleukin-6, are implicated in
NAFLD. Other adipokines, such as leptin and adiponec-
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ADIPOSE TISSUE IN ENERGY
HOMEOSTASIS

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a disease
spectrum encompassing simple steatosis, steatohepatitis,
fibrosis and, ultimately, liver cirrhosis[1]. It is reported to
be one of the principal causes of chronic liver disease,
and is predominant in developed countries. Results of
several studies proposed NAFLD as the hepatic component of metabolic syndrome (MS), which is characterized
by hyperinsulinemia, insulin resistance (IR), obesity, type
Ⅱ diabetes mellitus (TDM), dyslipidemia, and hypertension[2]. NAFLD has a wide histological spectrum ranging from simple steatosis to nonalcoholic steatohepatitis
(NASH), which may progress to cirrhosis. In simple
NAFLD, the presence of macrovesicular fat droplets in
hepatocytes, foci of lobular inflammation, mild portal
inflammation, and lipogranulomas may be seen, while increased portal inflammation has been reported in untreated NAFLD patients[3]. In approximately 25% of cases,
histological signs of fibrosis and necroinflammatory injury that define NASH are present[4]. Patients with NASH
are at higher risk of developing fibrosis, cirrhosis and
hepatocellular carcinoma[4]. The exact cause of NAFLD
is still unknown. However, incidences of NAFLD have
been associated with cases of IR in both diabetes and
obesity, and with hypertension. It has been proposed that
an imbalance in energy homeostasis may be the basis for
obesity and thus NAFLD.
Complex physiologic processes, constant communication within and among tissues such as adipose tissue,
liver, skeletal muscle, pancreas, and the central nervous
system are required for energy homeostasis. The brain is
referred to as the central regulator of energy homeostasis
and thus the primary controller of body weight. Peripherally, the major organs participating in the regulation of
food intake are the stomach, intestines, pancreas, and adipose tissue[5]. The imbalance in energy homeostasis stems
etiologically from either excess food intake or insufficient
energy expenditure. This may also be secondarily related to
endocrinopathies such as hypothyroidism, Cushing’s syndrome, etc., that evolve into MS, which, in turn, is related
to NAFLD[6,7].
Among various peripheral organs, the role played by
adipose tissue in energy homeostasis remains central.
Adipose tissue, far from being an inert depot of storage
fat, is an active endocrine organ, as evidenced by the variety of hormones or adipokines it synthesizes, including
leptin and adiponectin, among others[8]. Signals controlling energy intake originate from adipose tissue, mediated
by leptin. The afferent and efferent signals fluctuate in a
coordinated manner to maintain energy homeostasis. It
is necessary to determine the role played by various adipokines and nuclear receptors such as peroxisome proliferators-activated receptors (PPARs), in the initiation and
progression of NAFLD. Research in this field is evolving
to explain the exact role of the adipokines in NAFLD.
This review discusses the role of adipokines and PPARs
in NAFLD.
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Energy homeostasis is maintained by the integration of
major metabolic functions such as lipogenesis, lipolysis,
and fatty acid oxidation, and is mediated through adipose
tissue[9]. Of the two types of adipose tissues, white (WAT)
and brown (BAT), WAT is concerned with energy balance in adults and has been found to be increased in obesity[10,11]. Cells constituting WAT include preadipocytes,
fibroblasts, endothelial cells, macrophages, and monocytes[12]. The functional adipocyte secretes several factors
known as adipokines to communicate actively with the
liver, muscle, and hypothalamus[13,14]. Such factors include pro-inflammatory cytokines produced by resident
macrophages such as tumor necrosis factor (TNF)-α,
interleukin (IL)-6, and monocyte chemoattractant protein
(MCP)-1. The majority of adipokines, however, maintain equilibrium in the utilization of energy substrates
between adipose and non adipose tissues in the intestine,
liver, brain, and skeletal muscle[14]. Among such adipokines, leptin and adiponectin and, to a lesser extent, resistin and retinol binding protein-4 have a role in energy
homeostasis.

ROLE OF LEPTIN, ADIPONECTIN,
RESISTIN, AND RETINOL BINDING
PROTEIN-4 IN LIPID METABOLISM
Leptin (16 kDa) is a peptide hormone synthesized by
adipocytes and in inconsequential amounts by the liver
and skeletal muscle[15]. Its gene expression (Lep/Ob gene)
is regulated by food intake, energy status, hormones,
and the overall inflammatory state[16]. Leptin signals are
mediated through a membrane receptor and signaling
pathways involve Janus activating kinase/signal transducer and activator of transcription, mitogen-activated
protein kinase, phosphatidyl-inositol 3’ kinase, and AMPdependent protein kinase (AMPK)[17,18]. Through such
pathways, leptin acts on the hypothalamus to reduce appetite and thus function as an adipostat[16]. The stimulating pathways, in general, favor fatty acid oxidation and
decrease lipogenesis. Leptin also tends to decrease the ectopic deposition of fat in liver and muscle. Furthermore,
leptin can also act on the pancreas, inhibiting both insulin
and glucagon secretion via short-term/non-genomic and
long-term/genomic mechanisms, thereby promoting
glucose homeostasis[19]. In excess calorie states, such as
obesity, hyperleptinemia associated with leptin receptor
inactivation/downregulation has been observed in the
hypothalamus and liver of obese rats[20].
Adiponectin (30 kDa) is a protein hormone, which
exists in several globular, trimeric, and high molecular
weight forms in circulation. Adiponectin stimulates insulin sensitivity, decreases hepatic glucose production,
increases glucose utilization in muscle and oxidation of
fatty acid in muscle, liver, and peripheral tissues, thus

571

August 27, 2014|Volume 6|Issue 8|

Giby VG et al . Adipokines and PPARs in NAFLD
Figure 1 Mechanism of action of adenosine monophosphate-dependent protein kinase. AMP: Adenosine monophosphate; AMPK: AMP-dependent protein kinase.
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down-regulating the secretion of pro-inflammatory cytokines IL-6, IL-8 and MCP-1[21,22]. Adiponectin receptors
activate AMPK, p38 mitogen-activated protein kinase,
and PPAR-α, which in turn regulate fatty acid metabolism[23]. Low levels of adiponectin are associated with
low-grade inflammation, oxidative stress, and endothelial
dysfunction[24]. Its receptors are largely decreased in obese
animals and humans.
Both leptin and adiponectin stimulate AMPK in skeletal muscle, liver, and adipose tissue[25]. In skeletal muscle,
AMPK activation promotes glucose transport, glycolysis,
and fatty acid oxidation, and inhibits fatty acid synthesis
(Figure 1). AMPK directly inhibits acetyl CoA carboxylase, preventing lipogenesis; consequentially, carnitine
palmitoyl transferase-1 is stimulated leading to fatty acid
oxidation[22]. AMPK is activated during exercise and is
involved in glucose transport and fatty acid oxidation in
skeletal muscle. Hepatic lipid turnover is regulated by
transcription factors carbohydrate-responsive elementbinding protein, sterol regulatory element binding protein
1c (SREBP-1c), CCAAT-enhancer-binding protein α, and
PPARs. In liver, AMPK is a cellular metabolic sensor,
inhibiting lipogenesis and cholesterol synthesis; its activation suppresses the SREBP1c[9]. Disequilibrium in lipid
homeostasis causes triglycerides to accumulate in the
liver.
Resistin (12.5 kDa) is a 108 amino acid protein; its
circulatory form consists of a dimer united by a single disulfide bridge. Although its function in humans is still unclear, in mice it has been shown to increase blood glucose
and insulin concentrations by means of promoting hepatic IR and gluconeogenesis[26]. Its exact role in IR and
obesity has not yet been determined; however, studies
have demonstrated that obese individuals display higher
serum resistin values than lean subjects and a positive
correlation may exist between BMI and resistin, although
the latter remains under debate[15].
Correspondingly, retinol binding protein-4 (RBP4)
(21 kDa), the transport protein for retinol in blood, has
also been linked to cases of IR[27]. Although primarily
hepatic in origin, high levels of RBP4 were detected in
the adipose tissue of glucose transport protein 4 knockout mice[28]. The blood concentration of RBP4 was also
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found to be increased in obese and diabetic human individuals. Alternatively, RBP4 knockout mice displayed increased insulin sensitivity[27]. A more positive association,
however, was distinguished between adipocyte inflammatory cytokine production in cases of IR and RBP4
levels[28].

ROLE OF LEPTIN, ADIPONECTIN,
RESISTIN, AND RETINOL BINDING
PROTEIN-4 IN NAFLD
NAFLD usually occurs concomitantly with obesity,
TDM, and/or hyperlipidemia. The current explanation
for the pathogenesis of NAFLD is two-fold; according
to the “two-hit” theory, IR develops first. Excess free
fatty acid flux occurs from adipose stores, and discrepancies in liver function lead to excessive fatty acid synthesis,
insufficient fatty acid oxidation, and/or inadequate incorporation of fatty acids into very low density lipoproteins,
eventually result in steatosis[12,26,29]. Secondly, oxidative
stress paves the way for portal inflammation, lipid peroxidation, and ultimately fibrosis[12]. Assuming defective lipid
metabolism as one of the underlying causes for intrahepatic fat deposition in NAFLD, serum adipokine levels
are of certain interest. As such, leptin and adiponectin are
of foremost importance in the formation of NAFLD.
Although the exact role of adipokines in the development and progression of NAFLD is unknown, Huang et
al[29] proposed a positive association between blood leptin
levels and incidences of NAFLD, while soluble leptin
receptors were found to be significantly reduced in such
cases. Other studies expounded on this claim and found
that the elevated leptin levels cannot be tied definitively
to IR in adults, but rather may be linked to the fibrogenesis noted in NAFLD[30]. It was found that hepatic stellate cells (HSCs) are responsible for the fibrotic changes
that characterize NAFLD; HSCs produce leptin, suggesting that they may be implicated in fibrogenesis. According to Canbakan et al[30], leptin may increase the level
of reactive oxygen species (ROS) in the liver, provoking
Kupffer cells to produce TNF-α and other cytokines,
thus enhancing collagen production and the progression
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Figure 2 Role of adipokines in inflammation and fibrosis.
NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic
steatohepatitis. TNF-α: Tumor necrosis factor alpha; HSCs:
Hepatic stellate cells.
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injury[33].
Adult NAFLD patients displayed increased serum
resistin values. Although there is debate surrounding the
exact relation between resistin and obesity and IR, recent
studies seem to support the notion that increased resistin
levels may be correlated with IR, BMI, and the severity of
NAFLD[33]. Women were found to display a higher level
of serum resistin than men, attributable to the disparity
in body fat content. Murad et al[34] discovered that patients
with moderate to severe steatosis displayed higher serum resistin values than those with mild steatosis. Such
a finding may be related to the link between resistin and
IR and later inflammation. Resistin may exacerbate the
inflammation brought on by TNF-α and IL-6 secreted
from HSCs[34]. Specifically, it is proposed that resistin can
induce the secretion of TNF-α and IL-12 from macrophages via a nuclear factor-kappa B-dependent cascade to
control the release of IL-6 and IL-1β[35-37]. There exists
the likelihood that HSCs themselves may produce resistin, as they do leptin, contributing to the hyper-resistin
state observed in NAFLD[34].
Serum RBP4 was found to be increased in cases with
IR, including obesity, TDM, and impaired glucose tolerance, suggesting that RBP4 may play a similar role in
NAFLD[38]. Earlier research indicated that RBP4 is raised
in non-diabetic NAFLD patients, and selected studies
claimed that there exists a positive association between
RBP4 and liver enzymes, specifically ALT and GGT[38].
However, Alkhouri et al[39] reported an inverse relationship between the degree of fibrosis and RBP4 levels,
such that patients with late fibrosis and cirrhosis displayed lower RBP4 values.
Additionally, there have been several studies investigating the association between polymorphisms in the
genes for adipokines and the susceptibility to NAFLD
within populations sharing common environmental and
metabolic predisposing factors[40]. Of the many leptin
polymorphisms reported, the LEPR G3057A variant was
shown to be expressed by many NAFLD patients, implying that this polymorphism may be an independent risk
factor for developing NAFLD in patients with TDM[41].

of fibrosis (Figure 2). In children, hyperleptinemia was
observed and was found to be correlated to the degree
of liver impairment[31]. However, such studies performed
in adults yielded inconclusive results, implying that hyperleptinemia may emerge in cases of early NAFLD, leading
ultimately to IR and obesity. It is thought that the hyperleptin state only aggravates the inflammatory changes and
fibrogenesis initiated by HCSs[31].
Adiponectin enhances glucose utilization and hepatic fatty acid oxidation via its receptors, AdipoR1 and
AdipoR2. NAFLD patients displayed low adiponectin
levels along with IR[12]. It was observed in mice that the
hyperinsulinemic state in most liver disorders led to the
downregulation of adiponectin receptors, leading to adiponectin resistance; studies have demonstrated, however,
that the characteristically low adiponectin level observed
in NAFLD is linked more to intrahepatic fat deposition rather than to the degree of liver damage[32]. High
adiponectin levels in mice have succeeded in preventing
intrahepatic fat deposition via inhibition of fatty acid synthesis. Bugianesi et al[32] identified increased serum activity
of alanine transaminase (ALT) and γ-glutamyl transpeptidase (GGT) associated with hypoadiponectinemia in
healthy individuals, highlighting the importance of adiponectin in preventing liver damage. Adiponectin plays
a role in the inflammation observed in NAFLD; unlike
leptin, however, high levels of adiponectin have been
shown to inhibit the secretion of TNF-α by HSCs. One
may surmise that there exists interplay between leptinadiponectin levels and the inflammatory and fibrotic
changes seen in NAFLD[12]. Adiponectin was reported to
have antifibrogenic and antisteatogenic effects in the liver
as opposed to leptin, which is involved in fibrogenesis.
A retrospective study of serum adipokine levels in patients with NAFLD, who underwent liver biopsy due to
elevated transaminase activities, found that a lower serum
adiponectin/leptin ratio was useful as a non-invasive approach to discriminate NASH from simple steatosis[33].
The hepatic expression of AdipoR2 was found to be
significantly higher in patients with NASH compared
with controls and was related with necroinflammatory
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Figure 3 Activation of peroxisome proliferator-activated receptors α and associated biological response in adipose tissue. TNF-α: Tumor necrosis factor
α; COX-2: Cyclooxygenase-2; IL-1: Interleukin-1; FFA: Free fatty acids; RXR: Retinoid receptor; SMRT: Silencing mediator of retinoid and thyroid hormone receptors;
NCoR1: Nuclear receptor co-repressor 1; PPAR: Peroxisome proliferator-activated receptors.

PPAR-γ is activated by fatty acids and their derivatives.
It plays a role in insulin sensitivity, adipogenesis, placental function, and transcription activation in concert with
coactivators like steroid receptor coactivator-1. Coordination is required between PPAR-α and PPAR-γ activity for
the maintenance of equilibrium between oxidation and
synthesis of fatty acids. PPAR-α regulates the expression of genes involved in peroxisomal and mitochondrial
beta-oxidation in liver and skeletal muscle; such genes
encode for proteins such as fatty acid transport protein,
fatty acid translocase, liver cytosolic fatty acid-binding
protein, and uncoupling proteins-2 and 3. PPAR-γ2, on
the other hand, is the central regulator of adipogenesis,
favoring the deposition of excess calories in adipocytes.
PPAR-γ2 is involved in growth arrest, clonal expansion,
early and terminal differentiation, and anti-inflammatory
effects in adipose tissue macrophages[48]. It modulates
differentiation and cytokine production. Endogenous ligands of PPARs include FFA and eicosanoids[49].
Activation of PPAR-γ can promote secretion of antihyperglycemic adipokines like adiponectin, and shift the
deposition of non-esterified fatty acids (NEFAs) to adipose tissue and away from liver and skeletal muscle, as it
serves as an activator of lipoprotein lipase[50]. Moreover,
adiponectin can increase PPAR-γ in adipose tissue. This
process enhances its anti-inflammatory effects and thus
insulin sensitivity in adipose tissue. The mechanism of
activation of PPAR-γ is shown in Figure 3. It functions as
a heterodimer with retinoic acid receptor (RXR), which
binds direct repeat sequences AGGTCA in the promoter

Adiponectin gene short nucleotide polymorphisms
(SNPs) 45TG and 276GT were demonstrated in nonobese and non-diabetic NAFLD patients. Furthermore,
these reported SNPs indicated the extent of liver injury
in NAFLD[42]. A recent finding showed that a SNP in
the Patatin-like phospholipase domain-containing 3
(PNPLA3), i.e., I148M PNPLA3 variant predicts the
extent of steatosis in NAFLD[43]. The I148M PNPLA3
genotype may represent a genetic determinant of serum
adiponectin levels. Therefore, in carriers of the 1148M
PNPLA3 variant, modulation of serum adiponectin
might be involved in mediating the susceptibility to steatosis[44].

FUNCTION OF PEROXISOME
PROLIFERATOR-ACTIVATED RECEPTORS
IN LIPID METABOLISM
The key element in the process of lipogenesis and lipolysis in adipose and non adipose tissues is mediated
by PPARs. They are members of the steroid/retinoid
nuclear receptor superfamily, and they act namely in
two ways: transactivation and transrepression[45]. Three
types of PPARs have been identified: alpha, gamma, and
delta (beta)[46]. PPAR-α is expressed in the liver, kidney,
heart, muscle, adipose tissue, and other organs. PPAR-β
is expressed in many tissues, but markedly in the brain,
adipose tissue, and skin[47]. Finally, PPAR-γ (γ2 and γ3) is
expressed namely in adipose tissue.
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region of its target genes, enhancing their expression[51].
Histone deacetylase and RNA pol Ⅱ activation are observed in response to PPAR-γ action in BAT and WAT[52].
Other ligands have been found to activate PPAR-γ and
may be suitable as insulin-sensitizing agents to treat DM2.

in particular by HSCs, Kupffer cells, and adipocytes. Selected studies have demonstrated a link between TNF-α
expression and IR in steatohepatitis associated with
NAFLD, indicating that adipocyte TNF-α has a key role
in inflammation and IR by binding to the tyrosine kinase
insulin receptor[57-59]. It has also been demonstrated that
TNF-α induces swelling of hepatic mitochondria, resulting in eventual rupture and disruption of respiratory
chain complexes, principally complexes Ⅰ and Ⅲ[60]. Reduced activity of mitochondrial complexes were reported
in experimental animals followed by hepatotoxicity[61,62].
Although the results from rodent studies supported an
association between enhanced TNF- α expression in
inflammatory diseases, such as NAFLD and NASH,
and IR, in human subjects, such an association is under
debate. In both species, however, TNF-α upregulation
was observed in obese subjects, and a positive association
was observed between the severity of hepatic fibrosis
and serum TNF-α levels. Additionally, in both mice and
humans, treatment with either anti-TNF-α antibodies or
a TNF-α inhibitor (pentoxifylline), respectively, served to
alleviate inflammatory and fibrotic changes. In humans,
the drug also succeeded in reducing serum aminotransferase activity. Excess TNF-α is also thought to enhance
the expression of SREBP-1c, and promote lipogenesis[58].
Of the many isoforms of TGF-β, TGF-β1 is most
predominant within the inflamed liver and has been
suggested to induce the transformation of HSCs to
myofibroblasts through the production of proteins like
collagen 1[57]. The production of TGF-β1 leads to a
cascade of irreversible events, including further synthesis of TGF-β1, connective tissue growth factors, and
type Ⅰ collagen; a reduction in cell turnover as a result of
impeded DNA synthesis; inhibition of metalloprotease
expression; and initiation of apoptosis via the phosphatidylinositol 3-kinase (PI3K)-AKT pathway and of fibrosis
via increased production of fibronectin[63]. It was also
suggested that elevated serum TGF-β1 may be considered an independent predictor of fibrosis[63].
IL-6 possesses a contradictory role; a study in a mouse
model claimed that in addition to activating hepatocytes,
stem cells, and osteoclasts, IL-6 acts as a protective shield
for the liver, hindering mitochondrial dysfunction in
cases of hepatic steatosis[57]. Recent reports suggested a
positive association between IL-6 and IR through its inhibition of hepatic cytokine signaling[59]. Administration
of anti-IL-6 antibodies in obese mice was observed to
enhance insulin sensitivity, and NAFLD mice and human
subjects have demonstrated elevated serum IL-6 and IL-6
receptor levels. Mahmoud et al[63] established IL-6 to be
the most important biomarker for NAFLD in their study.
In contrast, IL-10 has been suggested to inhibit inflammation, and prevent steatosis, while some research has
also shown IL-10 serum levels to be inversely related to
incidence of MS[57]. There is preliminary evidence that
hepatic natural killer T-cells accumulate in liver diseases
and produce IL-13 and IL-4; IL-13 may then activate
HSCs to produce further pro-inflammatory cytokines,
recruiting TGF-β and initiating fibrosis[58] .

ROLE OF PPARS IN NAFLD
Recent studies have proposed a downregulation of
PPAR-α in cases of hepatic steatosis and obesity-related
IR[53], thereby favoring lipogenesis over oxidation. This
effect may be further aggravated by PPAR-γ upregulation, promoting overall lipogenesis. Adiponectin is responsible for the expression of PPAR-α in liver cells[54].
It has also been suggested that PPAR-α downregulation
may facilitate the activity of hepatic pro-inflammatory cytokines, expediting the transition from steatosis to steatohepatitis; however, further research must be conducted
to confirm such proposals[55]. Accordingly, PPAR-γ has
been implicated in preventing pro-inflammatory cytokine
gene expression via transrepression. As such, PPAR-γ
ligands have been considered for administration in cases
of inflammation, including NAFLD. In mice, PPAR-γ
ligands successfully reversed the effects of cytokines produced by HSCs and managed to restore HSC quiescence.
The thiazolidinedione class of antidiabetic drugs, which
includes rosiglitazone and pioglitazone, acts as a PPAR-γ
agonist in adipose tissue, reducing the release of NEFAs
and enhancing hepatic insulin sensitivity. Although reversal of fibrosis was not observed in the 6-mo treatment
with pioglitazone, improvement was noted in the 12-mo
treatment of non-diabetic NASH subjects[45]. Treatment
of NAFLD patients with n-3 polyunsaturated fatty acid,
a known PPAR-α ligand, slightly alleviated steatosis and
decreased transaminase activity[45].
Of the PPAR polymorphisms reported, a Leu162Val
SNP for PPAR-α has been observed and severity of fibrosis in NAFLD[56]. Similarly, a Pro12Ala SNP has been
documented for PPAR-γ. Though earlier studies have
documented many NAFLD patients with the alanine
variant of PPAR-γ, recent meta-analyses have failed to
establish such an association between Pro12Ala SNP and
NAFLD risk[50]. Further investigations are required to
corroborate such findings.

ROLE OF PROINFLAMMATORY
CYTOKINES IN NAFLD
Cytokines are soluble chemical mediators credited with a
number of functions. They are renowned for their role in
inflammatory diseases, including NAFLD. They are not
normally secreted by the liver. Gradual hepatic lipid accumulation provokes HSCs and Kupffer cells to synthesize
various cytokines, leading to portal inflammation, slow
necrosis or apoptosis, and eventual fibrosis[57]. Of the cytokines implicated in NAFLD, TNF-α, TGF-β, and IL-6
will be discussed.
TNF-α is secreted by a number of body cells, but
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Figure 4 Cytotoxic effects of free fatty acids in nonalcoholic fatty liver disease. FFA: Free fatty acid; JNK: c-Jun
NH(2)-terminal kinase; ROS: Reactive oxygen species;
TRAIL-R2: Tumor necrosis factor-related apoptosis inducing
ligand; ATP: Adenosine triphosphate.
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Figure 5 Changes of adipokines and peroxisome proliferator-activated receptors in nonalcoholic fatty liver
disease. TGFβ1: Transforming growth factor beta 1; TNF-α:
Tumor necrosis factor alpha; RBP4: Retinol binding protein 4.
NAFLD: Nonalcoholic fatty liver disease; PPAR: Peroxisome
proliferator-activated receptors.
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Mild overload of iron is frequently observed in
NAFLD. Significantly increased local as well as systemic
TNF-α may favor the accumulation of iron in the liver.
The progressive retention of iron can be ascribed to the
impaired iron export from liver cells via cytokine-mediated downregulation of the iron exporter, ferroportin-1
(FP-1) in sinusoidal Kupffer cells. Iron accumulation may
also result from an ineffective sensing of hepatic iron
due to low hemojuvelin (HJV) expression. The increased
hepatic and serum concentrations of TNF-α in NAFLD
patients were inversely correlated with liver FP-1 and
HJV mRNA levels whereas, it was positively associated
with body mass index and hepatic hepcidin mRNA.
Hepatic iron accumulation as well as increased level of
TNF-α stimulates hepcidin formation, which decreases
the duodenal and hepatic FP-1 expression and results
in the blockage of duodenal iron uptake to compensate
for liver iron overload. Nevertheless, decreased intestinal
absorption of iron, and hepatic iron overload is found in
NAFLD patients. Iron reduction therapy was found to
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be beneficial with regard to NAFLD disease activity and
insulin sensitivity[64].
Mechanisms of NAFLD are closely linked to chronic
inflammatory and oxidative stress responses. Increased
intrahepatic levels of fatty acids as well as iron load provide a source of oxidative stress. Fatty liver is injured by
ROS generated from microsomal, mitochondrial, and/or
other hepatocellular pro-oxidant pathways when the antioxidant defenses are critically lowered. In the diminished
antioxidant response, cells are susceptible to mitochondrial damage and cellular apoptotic injury. Ajith et al[65-67]
reported reduced activity of antioxidant enzymes such as
superoxide dismutase, catalase, and glutathione peroxidase during acute and chronic liver injury in experimental
animals. In NASH, FFAs induce lipoapoptosis in hepatocytes[68]. Cytotoxic products of lipid peroxidation (e.g.,
malondialdehyde, and 4-hydroxynonenal) may impair cellular functions including nucleotide and protein synthesis
and may play a role in hepatic fibrogenesis. Increased
ROS can release more TNF-α from hepatocytes, Kupffer
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cells, and adipose tissue[69], and can further upregulate
pro-inflammatory pathways. Increased levels of nitric oxide and superoxide radical interact to form peroxynitrite,
which is an important mediator of free radical toxicity.
The role played by the toxic FFAs is depicted in Figure
4. TNF-α can induce mitochondrial ROS and thus exacerbate NAFLD by attenuating the anti-inflammatory
effects of adiponectin and PPAR- γ[70], and results in
secondary inflammation and fibrosis in NAFLD. Animal
models of NAFLD suggest that an increased translocation of bacterial endotoxins lead to an activation of tolllike receptor-dependent signaling cascades and increased
formation of ROS[71].

3
4

5
6
7
8

CONCLUSION
9

NAFLD is one of the principal causes of chronic liver
disease. Cytokines secreted by the adipocytes, such as
TNF-α, TGF-β, and IL-6, are implicated in NAFLD.
TNF-α, IL-6 and leptin have been shown to exert proinflammatory effects and adiponectin has been shown to
exert anti-inflammatory effects at the liver level. Furthermore, preliminary evidence suggests that hepatic natural
killer T-cells accumulate in liver diseases and produce
IL-13 and IL-4; IL-13 may then activate HSCs to produce
further pro-inflammatory cytokines, increase TGF-β and
initiate fibrosis. Downregulation of PPAR-α in cases of
hepatic steatosis favors lipogenesis over oxidation (Figure
5). PPAR-α downregulation may facilitate the activity of
hepatic proinflammatory cytokines, expediting the transition from steatosis to steatohepatitis; however, further
research must be conducted to confirm such proposals.
PPAR-γ ligands have been considered for administration
in cases of inflammation, including NAFLD; PPAR-γ
ligands successfully reversed the effects of cytokines produced by HSCs and managed to restore HSC quiescence.
Treatment of NAFLD patients with n-3 polyunsaturated
fatty acid, a known PPAR-α ligand, slightly alleviated
steatosis and decreased transaminase activity. Hence,
ligands that activate these receptors may prevent the initial inflammatory reactions and render protection to the
liver cells. Mechanisms of NAFLD are closely linked to
chronic inflammatory and the oxidative stress response.
However, there are insufficient data to support the use of
antioxidant supplements for patients with NAFLD. Iron
reduction therapy and lipid lowering drugs were found to
be beneficial in NAFLD. Future research in these fields
is required to design specific compounds to prevent fat
deposition in liver cells.

10
11
12

13
14

15

16
17
18
19

20

REFERENCES
1

2

Méndez-Sánchez N, Arrese M, Zamora-Valdés D, Uribe M.
Current concepts in the pathogenesis of nonalcoholic fatty
liver disease. Liver Int 2007; 27: 423-433 [PMID: 17403181
DOI: 10.1111/j.1478-3231.2007.01483.x]
Fabbrini E, Sullivan S, Klein S. Obesity and nonalcoholic
fatty liver disease: biochemical, metabolic, and clinical implications. Hepatology 2010; 51: 679-689 [PMID: 20041406 DOI:
10.1002/hep.23280]

WJH|www.wjgnet.com

21

577

Brunt EM, Tiniakos DG. Histopathology of nonalcoholic
fatty liver disease. World J Gastroenterol 2010; 16: 5286-5296
[PMID: 21072891 DOI: 10.3748/wjg.v16.i42.5286]
Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu
YC, McCullough AJ. Nonalcoholic fatty liver disease: a
spectrum of clinical and pathological severity. Gastroenterology 1999; 116: 1413-1419 [PMID: 10348825 DOI: 10.1016/
S0016-5085(99)70506-8]
Friedman JM. Obesity in the new millennium. Nature 2000;
404: 632-634 [PMID: 10766249 DOI: 10.1038/35007504]
Spiegelman BM, Flier JS. Obesity and the regulation of energy balance. Cell 2001; 104: 531-543 [PMID: 11239410 DOI:
10.1016/S0092-8674(01)00240-9]
Flier JS. Obesity wars: molecular progress confronts an expanding epidemic. Cell 2004; 116: 337-350 [PMID: 14744442
DOI: 10.1016/S0092-8674(03)01081-X]
Kershaw EE, Flier JS. Adipose tissue as an endocrine organ.
J Clin Endocrinol Metab 2004; 89: 2548-2556 [PMID: 15181022
DOI: 10.1210/jc.2004-0395]
Vázquez-Vela ME, Torres N, Tovar AR. White adipose
tissue as endocrine organ and its role in obesity. Arch
Med Res 2008; 39: 715-728 [PMID: 18996284 DOI: 10.1016/
j.arcmed.2008.09.005]
Gesta S, Tseng YH, Kahn CR. Developmental origin of fat:
tracking obesity to its source. Cell 2007; 131: 242-256 [PMID:
17956727 DOI: 10.1016/j.cell]
Cannon B, Nedergaard J. Developmental biology: Neither
fat nor flesh. Nature 2008; 454: 947-948 [PMID: 18719573 DOI:
10.1038/454947a]
Mirza MS. Obesity, Visceral Fat, and NAFLD: Querying the
Role of Adipokines in the Progression of Nonalcoholic Fatty
Liver Disease. ISRN Gastroenterol 2011; 2011: 592404 [PMID:
21991518 DOI: 10.5402/2011/592404]
Ahima RS, Qi Y, Singhal NS. Adipokines that link obesity and
diabetes to the hypothalamus. Prog Brain Res 2006; 153: 155-174
[PMID: 16876574 DOI: 10.1016/S0079-6123(06)53009-2]
Badman MK, Flier JS. The adipocyte as an active participant in energy balance and metabolism. Gastroenterology
2007; 132: 2103-2115 [PMID: 17498506 DOI: 10.1053/
j.gastro.2007.03.058]
Meier U, Gressner AM. Endocrine regulation of energy
metabolism: review of pathobiochemical and clinical chemical aspects of leptin, ghrelin, adiponectin, and resistin. Clin
Chem 2004; 50: 1511-1525 [PMID: 15265818 DOI: 10.1373/
clinchem.2004.032482]
Denver RJ, Bonett RM, Boorse GC. Evolution of leptin structure and function. Neuroendocrinology 2011; 94: 21-38 [PMID:
21677426 DOI: 10.1159/000328435]
Yang R, Barouch LA. Leptin signaling and obesity: cardiovascular consequences. Circ Res 2007; 101: 545-559 [PMID:
17872473]
Wauman J, Tavernier J. Leptin receptor signaling: pathways
to leptin resistance. Front Biosci (Landmark Ed) 2011; 16:
2771-2793 [PMID: 21622208 DOI: 10.2741/3885]
Marroquí L, Vieira E, Gonzalez A, Nadal A, Quesada I.
Leptin downregulates expression of the gene encoding
glucagon in alphaTC1-9 cells and mouse islets. Diabetologia 2011; 54: 843-851 [PMID: 21234744 DOI: 10.1007/
s00125-010-2024-1]
Fuentes T, Ara I, Guadalupe-Grau A, Larsen S, Stallknecht
B, Olmedillas H, Santana A, Helge JW, Calbet JA, Guerra
B. Leptin receptor 170 kDa (OB-R170) protein expression is
reduced in obese human skeletal muscle: a potential mechanism of leptin resistance. Exp Physiol 2010; 95: 160-171 [PMID:
19717488 DOI: 10.1113/expphysiol.2009.049270]
Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida
S, Yamashita S, Noda M, Kita S, Ueki K, Eto K, Akanuma Y,
Froguel P, Foufelle F, Ferre P, Carling D, Kimura S, Nagai R,
Kahn BB, Kadowaki T. Adiponectin stimulates glucose utilization and fatty-acid oxidation by activating AMP-activated

August 27, 2014|Volume 6|Issue 8|

Giby VG et al . Adipokines and PPARs in NAFLD

22

23
24

25
26

27

28

29

30

31

32

33

34
35

protein kinase. Nat Med 2002; 8: 1288-1295 [PMID: 12368907
DOI: 10.1038/nm788]
Yoon MJ, Lee GY, Chung JJ, Ahn YH, Hong SH, Kim JB.
Adiponectin increases fatty acid oxidation in skeletal muscle
cells by sequential activation of AMP-activated protein
kinase, p38 mitogen-activated protein kinase, and peroxisome proliferator-activated receptor alpha. Diabetes 2006; 55:
2562-2570 [PMID: 16936205 DOI: 10.2337/db05-1322]
Frqhbeck G, Salvador J. Role of adipocytokines in metabolism and disease. Nutrition Res 2004; 24: 803–826 [DOI:
10.1016/j.nutres.2004.07.002]
Balistreri CR, Caruso C, Candore G. The role of adipose tissue and adipokines in obesity-related inflammatory diseases.
Mediators Inflamm 2010; 2010: 802078 [PMID: 20671929 DOI:
10.1155/2010/802078]
Daval M, Foufelle F, Ferré P. Functions of AMP-activated
protein kinase in adipose tissue. J Physiol 2006; 574: 55-62
[PMID: 16709632 DOI: 10.1113/jphysiol.2006.111484]
Pagano C, Soardo G, Pilon C, Milocco C, Basan L, Milan G,
Donnini D, Faggian D, Mussap M, Plebani M, Avellini C,
Federspil G, Sechi LA, Vettor R. Increased serum resistin
in nonalcoholic fatty liver disease is related to liver disease severity and not to insulin resistance. J Clin Endocrinol
Metab 2006; 91: 1081-1086 [PMID: 16394091 DOI: 10.1210/
jc.2005-1056]
Klöting N, Graham TE, Berndt J, Kralisch S, Kovacs P, Wason CJ, Fasshauer M, Schön MR, Stumvoll M, Blüher M,
Kahn BB. Serum retinol-binding protein is more highly expressed in visceral than in subcutaneous adipose tissue and
is a marker of intra-abdominal fat mass. Cell Metab 2007; 6:
79-87 [PMID: 17618858 DOI: 10.1016/j.cmet.2007.06.002]
Yao-Borengasser A, Varma V, Bodles AM, Rasouli N, Phanavanh B, Lee MJ, Starks T, Kern LM, Spencer HJ, Rashidi AA,
McGehee RE, Fried SK, Kern PA. Retinol binding protein
4 expression in humans: relationship to insulin resistance,
inflammation, and response to pioglitazone. J Clin Endocrinol
Metab 2007; 92: 2590-2597 [PMID: 17595259 DOI: 10.1210/
jc.2006-0816]
Huang XD, Fan Y, Zhang H, Wang P, Yuan JP, Li MJ, Zhan
XY. Serum leptin and soluble leptin receptor in non-alcoholic
fatty liver disease. World J Gastroenterol 2008; 14: 2888-2893
[PMID: 18473416 DOI: 10.3748/wjg.14.2888]
Canbakan B, Tahan V, Balci H, Hatemi I, Erer B, Ozbay G,
Sut N, Hacibekiroglu M, Imeryuz N, Senturk H. Leptin in
nonalcoholic fatty liver disease. Ann Hepatol 2008; 7: 249-254
[PMID: 18753993]
Nobili V, Manco M, Ciampalini P, Diciommo V, Devito R,
Piemonte F, Comparcola D, Guidi R, Marcellini M. Leptin,
free leptin index, insulin resistance and liver fibrosis in children with non-alcoholic fatty liver disease. Eur J Endocrinol
2006; 155: 735-743 [PMID: 17062890 DOI: 10.1530/eje.1.02288]
Bugianesi E, Pagotto U, Manini R, Vanni E, Gastaldelli A,
de Iasio R, Gentilcore E, Natale S, Cassader M, Rizzetto
M, Pasquali R, Marchesini G. Plasma adiponectin in nonalcoholic fatty liver is related to hepatic insulin resistance
and hepatic fat content, not to liver disease severity. J Clin
Endocrinol Metab 2005; 90: 3498-3504 [PMID: 15797948 DOI:
10.1210/jc.2004-2240]
Lemoine M, Ratziu V, Kim M, Maachi M, Wendum D, Paye
F, Bastard JP, Poupon R, Housset C, Capeau J, Serfaty L.
Serum adipokine levels predictive of liver injury in non-alcoholic fatty liver disease. Liver Int 2009; 29: 1431-1438 [PMID:
19422483 DOI: 10.1111/j.1478-3231.2009.02022.x]
Murad A, Hassan H, Husein H, Ayad A. Serum resistin levels in nonalcoholic fatty liver disease and their relationship
to severity of liver disease. JEMDSA 2010; 15: 53-56
Bokarewa M, Nagaev I, Dahlberg L, Smith U, Tarkowski A.
Resistin, an adipokine with potent proinflammatory properties. J Immunol 2005; 174: 5789-5795 [PMID: 15843582 DOI:
10.4049/jimmunol.174.9.5789]

WJH|www.wjgnet.com

36

37

38

39

40

41

42

43

44

45

46
47

48

49

578

Silswal N, Singh AK, Aruna B, Mukhopadhyay S, Ghosh
S, Ehtesham NZ. Human resistin stimulates the pro-inflammatory cytokines TNF-alpha and IL-12 in macrophages by
NF-kappaB-dependent pathway. Biochem Biophys Res Commun 2005; 334: 1092-1101 [PMID: 16039994 DOI: 10.1016/
j.bbrc.2005.06.202]
Zhang LY, Jin YJ, Jin QS, Lin LY, Zhang DD, Kong LL. Association between resistin +299A/A genotype and nonalcoholic fatty liver disease in Chinese patients with type 2 diabetes mellitus. Gene 2013; 529: 340-344 [PMID: 23954219 DOI:
10.1016/j.gene.2013.08.001]
Seo JA, Kim NH, Park SY, Kim HY, Ryu OH, Lee KW, Lee
J, Kim DL, Choi KM, Baik SH, Choi DS, Kim SG. Serum
retinol-binding protein 4 levels are elevated in non-alcoholic
fatty liver disease. Clin Endocrinol (Oxf) 2008; 68: 555-560
[PMID: 17941908 DOI: 10.1111/j.1365-2265.2007.03072.x]
Alkhouri N, Lopez R, Berk M, Feldstein AE. Serum retinolbinding protein 4 levels in patients with nonalcoholic fatty
liver disease. J Clin Gastroenterol 2009; 43: 985-989 [PMID:
19525859 DOI: 10.1097/MCG.0b013e3181a0998d]
Duvnjak M, Barsić N, Tomasić V, Lerotić I. Genetic
polymorphisms in non-alcoholic fatty liver disease: clues
to pathogenesis and disease progression. World J Gastroenterol 2009; 15: 6023-6027 [PMID: 20027673 DOI: 10.3748/
wjg.15.6023]
Lu H, Sun J, Sun L, Shu X, Xu Y, Xie D. Polymorphism of human leptin receptor gene is associated with type 2 diabetic
patients complicated with non-alcoholic fatty liver disease
in China. J Gastroenterol Hepatol 2009; 24: 228-232 [PMID:
18713300 DOI: 10.1111/j.1440-1746.2008.05544.x]
Musso G, Gambino R, De Michieli F, Durazzo M, Pagano
G, Cassader M. Adiponectin gene polymorphisms modulate
acute adiponectin response to dietary fat: Possible pathogenetic role in NASH. Hepatology 2008; 47: 1167-1177 [PMID:
18311774 DOI: 10.1002/hep.22142]
Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D, Pennacchio LA, Boerwinkle E, Cohen JC, Hobbs HH. Genetic
variation in PNPLA3 confers susceptibility to nonalcoholic
fatty liver disease. Nat Genet 2008; 40: 1461-1465 [PMID:
18820647]
Valenti L, Rametta R, Ruscica M, Dongiovanni P, Steffani
L, Motta BM, Canavesi E, Fracanzani AL, Mozzi E, Roviaro
G, Magni P, Fargion S. The I148M PNPLA3 polymorphism
influences serum adiponectin in patients with fatty liver and
healthy controls. BMC Gastroenterol 2012; 12: 111 [PMID:
22898488 DOI: 10.1186/1471-230X-12-111]
Vanni E, Bugianesi E, Kotronen A, De Minicis S, Yki-Järvinen H, Svegliati-Baroni G. From the metabolic syndrome to
NAFLD or vice versa? Dig Liver Dis 2010; 42: 320-330 [PMID:
20207596 DOI: 10.1016/j.dld.2010.01.016]
Berger J, Moller DE. The mechanisms of action of PPARs.
Annu Rev Med 2002; 53: 409-435 [PMID: 11818483 DOI:
10.1146/annurev.med.53.082901.104018]
Schmidt A, Endo N, Rutledge SJ, Vogel R, Shinar D, Rodan
GA. Identification of a new member of the steroid hormone
receptor superfamily that is activated by a peroxisome proliferator and fatty acids. Mol Endocrinol 1992; 6: 1634-1641
[PMID: 1333051 DOI: 10.1210/mend.6.10.1333051]
Michalik L, Auwerx J, Berger JP, Chatterjee VK, Glass CK,
Gonzalez FJ, Grimaldi PA, Kadowaki T, Lazar MA, O’Rahilly
S, Palmer CN, Plutzky J, Reddy JK, Spiegelman BM, Staels B,
Wahli W. International Union of Pharmacology. LXI. Peroxisome proliferator-activated receptors. Pharmacol Rev 2006; 58:
726-741 [PMID: 17132851 DOI: 10.1124/pr.58.4.5]
Tan NS, Shaw NS, Vinckenbosch N, Liu P, Yasmin R, Desvergne B, Wahli W, Noy N. Selective cooperation between
fatty acid binding proteins and peroxisome proliferatoractivated receptors in regulating transcription. Mol Cell Biol
2002; 22: 5114-5127 [PMID: 12077340 DOI: 10.1128/MCB.22.1
4.5114-5127.2002]

August 27, 2014|Volume 6|Issue 8|

Giby VG et al . Adipokines and PPARs in NAFLD
50

51

52

53

54
55

56

57

58
59

60
61

Wang J, Guo X, Wu P, Song J, Ye C, Yu S, Zhang J, Dong W.
Association between the Pro12Ala polymorphism of PPAR-γ
gene and the non-alcoholic fatty liver disease: a meta-analysis. Gene 2013; 528: 328-334 [PMID: 23891820 DOI: 10.1016/
j.gene.2013.07.014]
Yu S, Reddy JK. Transcription coactivators for peroxisome proliferator-activated receptors. Biochim Biophys
Acta 2007; 1771: 936-951 [PMID: 17306620 DOI: 10.1016/
j.bbalip.2007.01.008]
Powell E, Kuhn P, Xu W. Nuclear Receptor Cofactors in
PPARgamma-Mediated Adipogenesis and Adipocyte Energy Metabolism. PPAR Res 2007; 2007: 53843 [PMID: 17389765
DOI: 10.1155/2007/53843]
Tyagi S, Gupta P, Saini AS, Kaushal C, Sharma S. The peroxisome proliferator-activated receptor: A family of nuclear receptors role in various diseases. J Adv Pharm Technol Res 2011;
2: 236-240 [PMID: 22247890 DOI: 10.4103/2231-4040.90879]
Kadowaki T, Yamauchi T. Adiponectin and adiponectin receptors. Endocr Rev 2005; 26: 439-451 [PMID: 15897298 DOI:
10.1210/er.2005-0005]
Videla LA, Pettinelli P. Misregulation of PPAR Functioning
and Its Pathogenic Consequences Associated with Nonalcoholic Fatty Liver Disease in Human Obesity. PPAR Res 2012;
2012: 107434 [PMID: 23304111 DOI: 10.1155/2012/107434]
Domenici FA, Brochado MJ, Martinelli Ade L, Zucoloto
S, da Cunha SF, Vannucchi H. Peroxisome proliferatoractivated receptors alpha and gamma2 polymorphisms in
nonalcoholic fatty liver disease: a study in Brazilian patients.
Gene 2013; 529: 326-331 [PMID: 23891824 DOI: 10.1016/
j.gene.2013.06.091]
Braunersreuther V, Viviani GL, Mach F, Montecucco F. Role
of cytokines and chemokines in non-alcoholic fatty liver disease. World J Gastroenterol 2012; 18: 727-735 [PMID: 22371632
DOI: 10.3748/wjg.v18.i8.727]
Syn WK, Choi SS, Diehl AM. Apoptosis and cytokines in
non-alcoholic steatohepatitis. Clin Liver Dis 2009; 13: 565-580
[PMID: 19818305 DOI: 10.1016/j.cld.2009.07.003]
Pearce SG, Thosani NC, Pan JJ. Noninvasive biomarkers
for the diagnosis of steatohepatitis and advanced fibrosis
in NAFLD. Biomark Res 2013; 1: 7 [PMID: 24252302 DOI:
10.1186/2050-7771-1-7]
Wei Y, Rector RS, Thyfault JP, Ibdah JA. Nonalcoholic fatty liver disease and mitochondrial dysfunction. World J Gastroenterol
2008; 14: 193-199 [PMID: 18186554 DOI: 10.3748/wjg.14.193]
Sudheesh NP, Ajith TA, Mathew J, Nima N, Janardhanan
KK. Ganoderma lucidum protects liver mitochondrial oxidative stress and improves the activity of electron transport
chain in carbon tetrachloride intoxicated rats. Hepatol Res

62

63

64

65

66

67

68

69

70
71

2012; 42: 181-191 [PMID: 22050471 DOI: 10.1111/j.1872034X.2011.00906.x]
Sudheesh NP, Ajith TA, Janardhanan KK. Hepatoprotective
effects of DL-α-lipoic acid and α-Tocopherol through amelioration of the mitochondrial oxidative stress in acetaminophen challenged rats. Toxicol Mech Methods 2013; 23: 368-376
[PMID: 23343353 DOI: 10.3109/15376516.2013.769289]
Mahmoud AA, Bakir AS, Shabana SS. Serum TGF-β, Serum
MMP-1, and HOMA-IR as non-invasive predictors of fibrosis
in Egyptian patients with NAFLD. Saudi J Gastroenterol 2012;
18: 327-333 [PMID: 23006461 DOI: 10.4103/1319-3767.101132]
Valenti L, Fracanzani AL, Dongiovanni P, Bugianesi E,
Marchesini G, Manzini P, Vanni E, Fargion S. Iron depletion by phlebotomy improves insulin resistance in patients
with nonalcoholic fatty liver disease and hyperferritinemia:
evidence from a case-control study. Am J Gastroenterol
2007; 102: 1251-1258 [PMID: 17391316 DOI: 10.1111/
j.1572-0241.2007.01192.x]
Ajith TA, Hema U, Aswathy MS. Zingiber officinale Roscoe prevents acetaminophen-induced acute hepatotoxicity by enhancing hepatic antioxidant status. Food Chem
Toxicol 2007; 45: 2267-2272 [PMID: 17637489 DOI: 10.1016/
j.fct.2007.06.001]
Ajith TA, Janardhanan KK. Chemopreventive activity of a
macrofungus Phellinus rimosus against N-nitrosodiethylamine induced hepatocellular carcinoma in rat. J Exp Ther
Oncol 2006; 5: 309-321 [PMID: 17024971]
Ajith TA, Sheena N, Janardhanan KK. Phellinus rimosus
protects carbon tetrachloride induced chronic hepatotoxicity
in rat: Antioxidant defense mechanism. Pharm Biol 2006; 44:
1-8 [DOI: 10.1080/13880200600798569]
Wree A, Kahraman A, Gerken G, Canbay A. Obesity affects the liver - the link between adipocytes and hepatocytes. Digestion 2011; 83: 124-133 [PMID: 21042023 DOI:
10.1159/000318741]
Kern PA, Saghizadeh M, Ong JM, Bosch RJ, Deem R, Simsolo RB. The expression of tumor necrosis factor in human
adipose tissue. Regulation by obesity, weight loss, and relationship to lipoprotein lipase. J Clin Invest 1995; 95: 2111-2119
[PMID: 7738178 DOI: 10.1172/JCI117899]
Moschen AR, Wieser V, Tilg H. Adiponectin: key player in
the adipose tissue-liver crosstalk. Curr Med Chem 2012; 19:
5467-5473 [PMID: 22876924 DOI: 10.2174/092986712803833254]
Kanuri G, Ladurner R, Skibovskaya J, Spruss A, Königsrainer A, Bischoff SC, Bergheim I. Expression of toll-like receptors 1-5 but not TLR 6-10 is elevated in livers of patients with
non-alcoholic fatty liver disease. Liver Int 2013 Dec 18; Epub
ahead of print [PMID: 24351080 DOI: 10.1111/liv.12442]

P- Reviewer: Mascitelli L, Milic S, Navarro-Jarabo JM, Yoshiji H
S- Editor: Wen LL L- Editor: Cant MR E- Editor: Wu HL

WJH|www.wjgnet.com

579

August 27, 2014|Volume 6|Issue 8|

World J Hepatol 2014 August 27; 6(8): 580-595
ISSN 1948-5182 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v6.i8.580

© 2014 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Pictures of focal nodular hyperplasia and hepatocellular
adenomas
Christine Sempoux, Charles Balabaud, Paulette Bioulac-Sage
adenoma; Inflammatory hepatocellular adenoma; Beta
catenin; Hepatocyte nuclear factor 1 alpha

Christine Sempoux, Service d’Anatomie Pathologique, Cliniques universitaires Saint Luc, Université catholique de Louvain, 1200 Brussels, Belgium
Charles Balabaud, Paulette Bioulac-Sage, Inserm U 1053,
Université Bordeaux Segalen, 33076 Bordeaux cedex, France
Author contributions: Sempoux C, Balabaud C,Bioulac-Sage P
selected the photographs and wrote the paper.
Supported by Association pour la Recherche sur le Cancer, No.
3194
Correspondence to: Dr. Paulette Bioulac-Sage, Inserm U1053,
Université Bordeaux Segalen, 146 Rue Léo Saignat, 33076 Bordeaux Cedex, France. paulette.bioulac-sage@chu-bordeaux.fr
Telephone: + 32-276-46764 Fax: + 32-276-46934
Received: February 12, 2013 Revised: June 10, 2013
Accepted: August 19, 2013
Published online: August 27, 2014

Core tip: In this paper are illustrated macroscopic and
microscopic aspects of focal nodular hyperplasia and
hepatocellular adenoma. These illustrations represent
typical as well as less usual aspects of these two benign hepatocellular tumors. Microscopic pictures are
performed using classical routine stains such as HE,
trichrome or cytokeratin 7 or less usual markers proven
of great interest to identify focal nodular hyperplasia
(FNH) such as glutamine synthase or liver fatty acid
briding protein, C reactive protein or b catenin to identify hepatocyte nuclear factor 1 alpha mutated hepatocellular adenoma (HCA), inflammatory HCA, β-catenin
mutated HCA respectively. These illustrations combined
with brief clinical information should be helpful for pathologists for their practice. Indeed if FNH are rather
frequent tumor easy to recognize, there are difficulties
when key features are lacking or when features such as
steatosis or sinusoidal dilatation, features of HCA, are
present. The great message of this paper is the possibility to identify HCA subtypes, a key feature for the
coming years to better manage patients.

Abstract
This practical atlas aims to help liver and non liver pathologists to recognize benign hepatocellular nodules on
resected specimen. Macroscopic and microscopic views
together with immunohistochemical stains illustrate
typical and atypical aspects of focal nodular hyperplasia
and of hepatocellular adenoma, including hepatocellular adenomas subtypes with references to clinical and
imaging data. Each step is important to make a correct
diagnosis. The specimen including the nodule and the
non-tumoral liver should be sliced, photographed and
all different looking areas adequately sampled for paraffin inclusion. Routine histology includes HE, trichrome
and cytokeratin 7. Immunohistochemistry includes glutamine synthase and according to the above results additional markers such as liver fatty acid binding protein,
C reactive protein and beta catenin may be realized to
differentiate focal nodular hyperplasia from hepatocellular adenoma subtypes. Clues for differential diagnosis
and pitfalls are explained and illustrated.

Sempoux C, Balabaud C, Bioulac-Sage P. Pictures of focal
nodular hyperplasia and hepatocellular adenomas. World J
Hepatol 2014; 6(8): 580-595 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v6/i8/580.htm DOI: http://dx.doi.
org/10.4254/wjh.v6.i8.580

INTRODUCTION
In the most recent liver pathology textbooks[1-4], the description of focal nodular hyperplasia (FNH) and hepatocellular adenoma (HCA) taking into account the new
classification of HCA allows to better differentiate FNH
from HCA and to identify HCA subtypes, but not surprisingly there are few pictures of these 2 entities by lack
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of space.
The aim of this atlas is to illustrate more extensively
than in textbooks[1-4] and journals[5-7] the most frequent
pathological aspects of FNH and HCA both macroscopically and microscopically, using traditional routine
stainings and more recently described immunohistochemical approach.
It is important to mention that if these new immunohistochemical techniques have allowed the classification
of HCA into subtypes by the pathologists, the definite
criteria to classify HCA relies on molecular analysis[8].
The strict correlation between the interpretation of the
HCA classification based on the phenotype (macroscopy, routine techniques and immunohistochemistry)
versus the genotype defined by the molecular analysis
has to be strictly performed. In addition, the molecular
classification is still in progress; therefore some data presented here should be interpreted cautiously in particular
regarding the subgroups of β-catenin mutated HCA
(β-HCA) and unclassified HCA (UHCA).

active protein (CRP), markers which are useful to identify
H-HCA (absence of LFABP) and IHCA (diffuse positivity of CRP). The absence of the above markers identifies
unclassified HCA (less than 10%). The differential diagnosis between FNH and HCA is important as well as the
identification of HCA subtypes thought to be of great
importance for the present and future management[19-22].
Indeed, in the past there has been a great confusion between FNH and HCA[23,24].
Below are figures of FNH and HCA. For each macroscopic or microscopic pictures, we have given in the
legend a minimum of clinical information. In this practical atlas we have not illustrated HCA with malignant
transformation.

DIAGNOSIS
To increase the chance to make a correct diagnosis, some
rules must be respected: the specimen must be carefully
sliced; photographs should be taken to illustrate necrosis,
hemorrhage and fibrotic bands; all areas of interest must
be sampled as well as the non tumoral liver and the junction between the nodule and the non tuomral-liver; routine histology includes HE, trichrome, and CK7; these
markers may be sufficient to make a diagnosis of FNH,
HCA and eventually HCA subtypes. When needed to
differentiate an FNH from an HCA or to identify HCA
subtypes, additional immunomarkers may be useful. In
some occasions all of them may be useful when there is
no indication for a specific diagnosis or HCA subtypes:
it includes LFABP, C reactive protein (CRP), GS and
β-catenin. Even when all the rules are followed, difficulties in interpretation may occur. First of all to have to
check the quality of the technique; it is not necessary to
overinterpret doubtful immunohistochemical data. When
there is no way to interpret satisfactorily the data, one
is forced to rely on the molecular data. This is why it is
highly recommended for referral center to freeze material
(tumor and non tumoral tissue) when their counterparts
are analysed by routine histology.

FOCAL NODULAR HYPERPLASIA
FNH are frequent hepatocellular nodules. Until recently
the diagnosis was not always easy[9]. If the diagnosis is
certain, resection is not recommended[10]; however, resection is occasionally performed upon pain, organ compression, doubt in differential diagnosis with HCA or with
hepatocellular carcinoma. Using routine histopathological
techniques [HE, trichrome, cytokeratin 7 (CK7)] the diagnosis is certain in more than 80% of cases. Glutamine
synthase (GS) staining has the great advantage to confirm
rapidly and with high confidence the diagnosis[11]. When
combining all the markers, the accuracy of the diagnosis
is close to 100%.

HEPATOCELLULAR ADENOMA
HCA are rare hepatocellular nodules frequently resected
when their size exceed 5 cm. HCA are divided into subtypes using molecular markers and immunohistochemistry[12]. The most common HCA: HNF1A mutated HCA
(H-HCA, 35%) and inflammatory HCA (IHCA, 50%)
can be recognized with some degree of confidence by
imaging techniques and by HE[13-15]. GS is a surrogate
marker to identify β-catenin mutated HCA (β-HCA, 10%
and β-catenin activated inflammatory HCA, β-IHCA,
10% of IHCA)[15,16]. Identification of β-catenin mutated
HCA is of major clinical relevance because of the highest
risk of malignant transformation[17,18]. The mutation can
be confirmed using β-catenin staining. The absence of
aberrant nuclear staining is not however an argument to
refute the diagnosis, because it is often focal[15,16]. When
GS is difficult to interpret, molecular biology is necessary
to demonstrate β-catenin mutation in order to confirm
the diagnosis[8]. When the diagnosis of H-HCA or IHCA
is not self-evident on routine stainings, immunostainings
included liver-fatty acid binding protein (L-FABP), C-re-
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RESULTS
FNH
The macroscopic aspects are presented in Figure 1. Microscopic typical features on Masson’s Trichrome, GS
and CK7 immunostainings are presented in Figure 2.
Microscopic atypical features on Masson’s trichrome and
GS immunostaining are presented in Figure 3. The other
microscopic aspects dealing with steatotic, pre-FNH and
regressing FNH are presented in Figure 4.
HCA
The macroscopic aspects of different subtypes are presented in Figure 5.
H-HCA
The microscopic typical and atypical features are present-
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Figure 1 Focal nodular hyperplasia the macroscopic aspects. A: Man born in 1988; 100 kg/1.95 m; abdominal pain; abnormal liver function tests; magnetic resonance imaging (MRI): liver mass 9.5 cm: Focal nodular hyperplasia (FNH)/hepatocellular adenoma (HCA) (bisegmentectomy in 2009). Fresh specimen: typical aspect
of FNH: Tan, vaguely plurinodular tumor, non encapsulated, with central stellate scar. This macroscopic aspect is typical and the diagnosis of FNH is evident. The
diagnosis was confirmed on HE and CK7. B: Woman born in 1951; acute abdominal pain followed by discomfort and pain on abdominal palpation; ultrasound (US): 2
nodules, largest one 3.5 cm. Magnetic resonance imaging (MRI): FNH (left hepatectomy in 2008). Fixed specimen: plurinodular tumor with thin fibrous bands, non encapsulated but well demarcated from surrounding liver parenchyma, with large portal tract at the interface (arrow). The diagnosis of FNH is evident. The diagnosis was
confirmed on HE and CK7. C: Woman born in 1986; abdominal pain; MRI 2007: FNH 6.4 cm close to the biliary convergence; US in 2000: hemangioma 15 mm; 2004:
4.5 cm (tumorectomy in 2007). Fresh specimen: pedunculated irregular nodule with eccentric fibrous scar, well demarcated from the surrounding liver. The diagnosis
of FNH is likely. D: Woman born in 1965; oral contraceptives for 18 years; abdominal pain; imaging (6 cm): FNH [surgery in 2005 (tumorectomy)]. Fresh specimen:
clear-tan, vaguely plurinodular tumor, without clear-cut fibrous scar. The diagnosis of FNH is not self-evident. The diagnosis was confirmed on HE, CK7 and glutamine
synthase (GS). E: Woman born in 1961; abnormal liver function tests; liver US: nodule 5.5 cm, MRI and US favors HCA over FNH (segmentectomy Ⅶ in 2009). Fresh
specimen: irregular cut surface with tan nodules separated by congestive/reddish, atrophic areas. The diagnosis of FNH is unlikely. F: Woman born in 1956; check-up
for arterial hypertension; liver imaging (2 cm nodule): probable HCA (tumorectomy in 2003) (other nodules were found). Fresh specimen: well-limited, non encapsulated, smooth nodule, with small reddish areas, without any fibrous bands or scar visible. The diagnosis of FNH is unlikely. The diagnosis was confirmed by HE, CK7
and GS.

Figure 12.

ed in Figures 6 and 7 respectively. The different aspects
of LFABP and GS stainings are presented in Figures 8
and 9 respectively.

β -IHCA

Microphotographs are presented in Figures 13-15.

Inflammatory HCA
The typical microscopic aspects are presented in Figures
10 and 11. The immunohistochemistry is presented in
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β -catenin

Micrographs are presented in Figures 16 and 17 showing
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Figure 2 Focal nodular hyperplasia microscopic typical features on Masson’s trichrome, glutamine synthase and CK7 immunostainings. A: Same patient as
Figure 1C. Glutamine synthase (GS) immunostaining: typical aspect of focal nodular hyperplasia (FNH) with large anastomosed positive areas in a “map-like” pattern[11]. B-D:
Woman born in 1969; abnormal liver function tests (GGT); ultrasound (US): nodule interpreted as a hemangioma, computed tomography scan and magnetic resonance imaging: FNH 8 cm, segment VIII with minor dilatation of the right biliary tree (compression by the tumor). Left lobectomy + segmentectomy Ⅷ in 2002 (other nodule segment
Ⅱ: 0.5 cm). B, C: GS immunostaining: typical aspect of FNH with anastomosed positive areas often centered by veins (arrowhead) and at distance of fibrous bands (arrows).
C and D are from 2 serial sections. D: CK7 immunostaining: ductular reaction at the periphery of fibrous bands. E, F: Same patient as Figure 1C. E: Masson’s trichrome fibrous bands surrounding benign hepatocytic nodules of different sizes. F: CK7 immunostaining - prominent ductular reaction at the junction between parenchymal nodules
and fibrous bands. Typical aspect of FNH.
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Figure 3 Focal nodular hyperplasia microscopic atypical features on Masson’s trichrome and glutamine synthase immunostaining. A, B: Same patient as
Figure 1E. A: Masson’s trichrome - large areas of sinusoidal dilatation (arrowhead), nearby solid hepatocytic areas (right) with thin, short fibrotic bands. B: Glutamine
synthase (GS) immunostaining - typical aspect of focal nodular hyperplasia (FNH) with anastomosed positive areas in a “map-like pattern” in the nodular area (right);
no staining in the sinusoidal dilation area (left). This aspect is very unusual. This nodule should not be interpreted as a mixed tumor (part FNH and part hepatocellular
adenoma) and should not be called “telangiectatic FNH”[23,24]. A better term could be FNH with major sinusoidal dilatation. C, D: Woman born in 1969, 2003; 2 FNH:
first hepatic resection (tumorectomy in 2003 for a 7-cm FNH). In 2004, persistence of abdominal discomfort (no change in size of the 7 cm FNH). Right hepatectomy.
C: Typical GS staining (left); no GS staining in the area of sinusoidal dilatation (right). D: Obvious ductular reaction on the CK7 immunostaining. Although the 2 above
cases are very rare, FNH with areas of sinusoidal dilatation are seen occasionally.
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Figure 4 Other aspects (steatotic, pre-focal nodular hyperplasia, regressing focal nodular hyperplasia). A, B: Woman born in 1959; heavy alcohol consumption, tobacco; hepatomegaly, no evidence for cirrhosis on liver function tests, virus negative. Computed tomography scan: nodule 3.5 cm and others (1.5, 0.3 and 0.8
cm). No firm radiological diagnosis: ?focal nodular hyperplasia (FNH)/hepatocellular adenoma (HCA)/HCC, left hepatectomy in 2001. A: Masson’s trichrome - the
nodule is composed of benign steatotic hepatocytes separated by fibrous bands. Steatosis is not a rare event in FNH. B: Glutamine synthase (GS) immunostaining anastomosed GS positive areas, favoring the diagnosis of steatotic FNH. The diagnosis of FNH remains doubtful, however. In this case, the diagnoses of HNF1A mutated HCA, inflammatory HCA, β-HCA and β-IHCA were ruled out (specific IHC markers were negative). The diagnosis of unclassified HCA cannot, however, be ruled
out. Molecular analysis is necessary to confirm the diagnosis. C, D: Woman born in 1950; abdominal pain: gallbladder lithiasis; Magnetic resonance imaging (MRI): 2.5
cm nodule, probably an HCA. Left hepatectomy plus cholecystectomy in 2000. C: Fixed specimen - subcapsular, not well defined nodule barely visible, clearer than
the surrounding liver. D: GS immunostaining - the positive perivenular areas are slightly but significantly larger than in the surrounding normal liver; this aspect is interpreted as a “pre-FNH” without fibrosis and nodulation. Pre FNH is probably not a rare entity but to-day there is no consensus concerning its denomination[9]. This type
of lesion has been named in congenital vascular abnormalities such as Rendu-Osler disease. E, F: Woman born in 1948; intrahepatic hemorrhagic rupture of a large
nodule of segment Ⅶ in 2009. MRI favors HCC, additional 4 nodules known since 2005 and interpreted as FNH. Size of the FNH nodule resected with the HCC has
decreased significantly. Right hepatectomy (HCC + 1 additional not identified nodule, previously known as FNH). E: Fresh specimen: close to the hemorrhagic HCC, a
4 cm hard white/brown nodule, under the capsule (arrow), with irregular surface. F: GS immunostaining: limited positive areas (map-like pattern) surrounded by large
areas of dense fibrous tissue (arrowhead). All these features are interpreted as a regressing FNH. This interpretation needs to be confirmed by additional cases.
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Figure 5 Hepatocellular adenoma macroscopic aspects of different subtypes: A-C: Examples of HNF1A mutated hepatocellular adenoma (H-HCA). A:
Woman born in 1972; oral contraceptives for 8 years. Discovery of a liver nodule (3.5 cm). No regression after stopping contraceptives. Fear of complications by
the patient. Left hepatectomy in 2008; fresh specimen: yellowish tumor, clearer than the surrounding liver. The diagnosis of H-HCA is likely but not self-evident.
The diagnosis was confirmed by immunohistochemistry. B: Woman born in 1974; oral contraceptives for 12 years. Liver nodules discovered by chance on imaging and diagnosis of adenomatosis. Largest nodule 5 cm. Segmentectomy IVb 2006. Other small nodules. One nodule was an focal nodular hyperplasia (FNH).
Fixed specimen of one nodule: yellowish, clear tumor, non encapsulated, contrasting with the surrounding liver. The diagnosis of H-HCA is likely. The diagnosis
was confirmed by immunohistochemistry. C: Woman born in 1978. Massive right hepatomegaly discovered in the obstetric department (miscarriage at 6 wk). No
oral contraception. Right hepatectomy in 2004. Fresh specimen: large irregular, mammillated tumor occupying the whole right liver. This is an exceptional case.
The diagnosis was confirmed by immunohistochemistry. D-F: Examples of IHCA (D, E) and β-IHCA (F). D: Woman born in 1968; overweight, BMI > 40 kg/m2. Oral
contraceptives for 18 years. Several nodules detected on imaging. Doubtful diagnosis. Surgical biopsies: HCA. Right hepatectomy in 2008 (largest nodule 10 cm).
In 2009, another known HCA removed in the left liver (11 cm). Fresh specimen: reddish tumor with congestive areas. The diagnosis of inflammatory HCA (IHCA)
is likely. The diagnosis was confirmed by immunohistochemistry. E: Woman born in 1956; oral contraceptives for 31 years. Biological abnormalities (inflammatory
syndrome). CT scan and MRI multiple liver nodules (largest nodule 7 cm) in favor of IHCA. Surgery in 2007: bisegmentectomy Ⅵ-Ⅶ plus 2 tumorectomies. Fresh
specimen: ill defined tumor with congestive strands. The diagnosis of IHCA is very likely. The diagnosis was confirmed by immunohistochemistry. F: Woman born
in 1971; liver hemorrhage. Imaging: 5 nodules, largest 8 cm. No oral contraceptives; BMI 20.4 kg/m2. Segmentectomy Ⅲ, Ⅵ, Ⅷ 2007. Fixed specimen: large hematoma and a narrow viable tissue at the periphery. No obvious diagnosis. The diagnosis of HCC cannot be ruled out. The diagnosis was confirmed by immunohistochemistry. G: Example of β-catenin HCA. Woman born in 1981; one nodule 8 cm discovered by chance. Imaging HCA. Oral contraceptives for 8 years; BMI
21.1 kg/m2. Right hepatectomy 2005. Fresh specimen: well limited clear nodule. The diagnosis of HCA is likely. H-HCA and IHCA are unlikely. H: Example of HCC
developed on β-IHCA. Woman born in 1934; intramuscular injection of hormones as contraceptive. Liver nodule interpreted as hemangioma, known for several
years. Growth of the nodule. Segmentectomy in 2000. Fresh specimen: irregular, multinodular tumor, with a large necrotic and hemorrhagic area ( arrowhead)
surrounded by a fibrous rim. The diagnosis of HCC is likely. I: Example of unclassified HCA. Woman born in 1983; abdominal pain. Imaging: one nodule 8 cm; no
final diagnosis. Oral contraceptives for 8 years. BMI 20.2 kg/m2. Right hepatectomy 2007. Fresh specimen: well limited clear nodule with a pale reddish area. The
diagnosis of HCA is likely. H-HCA and IHCA are unlikely.
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Figure 6 HNF1A mutated hepatocellular adenoma microscopic typical features. A: Woman born
in 1955; surgery in 2010 for an HCC (6 cm) developed on a non fibrotic liver. Discovery of another
small nodule on the surgical specimen. No oral contraceptives; BMI 24.1 kg/m2. HE: typical aspect of
HNF1A mutated hepatocellular adenoma (H-HCA): nodule with lobulated contours, made of benign
hepatocytes with diffuse steatosis; some congestive areas ( arrowhead); sharp contrast with non steatotic surrounding liver. The diagnosis was confirmed by immunohistochemistry. B, C: Woman born in
1952; abdominal pain; imaging: nodule 1.8 cm, no firm diagnosis by magnetic resonance imaging. Oral
contraceptives, 27 years; BMI 22.0 kg/m2. Tumorectomy in 2008. B: Nodule composed of benign, clear
hepatocytes, sometimes steatotic, separated by thin strands of atrophic hepatocytes (arrow). C: Same
nodule seen at higher magnification. Although clear hepatocytes are not the hallmark of H-HCA, the
lobular pattern is very characteristic. It consists of steatotic or clear hepatocytes arranged in a lobular
pattern separated by tumoral, atrophic, not steatotic hepatocytes. Commonly, arterioles/small arteries
are seen in this space (not shown on this micrograph). The diagnosis was confirmed by immunohistochemistry.
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Figure 7 HNF1a inactivated hepatocellular adenoma microscopic atypical feature. A, B: Woman born in 1952; abnormal liver function tests; oral contraceptives
13 years; BMI 25.4; magnetic resonance imaging (MRI): adenomatosis, largest nodule 6 cm. Segmentectomy Ⅳ/Ⅵ in 2001. A: ill defined nodule composed of clear
hepatocytes, with mild steatosis. B: Same nodule seen at a higher magnification. The normal portal tract from the periphery of non tumoral parenchyma is entrapped
in the nodule. The diagnosis of HNF1A mutated hepatocellular adenoma (H-HCA) is less evident than in Figure 6B, C. The diagnosis was confirmed by immunohistochemistry. C, D: Woman born in 1950; abnormal liver function tests; imaging: probable FNH 12 cm. Right hepatectomy 2002. HE: proliferation of benign hepatocytes,
no steatosis, mild sinusoidal dilatation. This is a rare case. The diagnosis of H-HCA cannot be suspected without performing immunohistochemistry. E, F: Woman born in
1965; past history of cancer. Abdominal pain. Oral contraceptives 10 years, BMI 21 kg/m2. MRI: Adenomatosis, largest nodule 3.9 cm. Segmentectomy and tumorectomy
in 2011. HE: Proliferation of benign hepatocytes, no steatosis, mild sinusoidal dilatation, numerous ectatic vessels. As above, in this rare case the diagnosis of H-HCA cannot be suspected without immunohistochemistry, and malignant transformation has to be ruled out.
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Figure 8 HNF1a inactivated hepatocellular adenoma different aspects of liver-fatty acid binding protein staining. A: Same patient as Figure 7C, D. Typical aspect: absence of liver-fatty acid binding protein (LFABP) staining in tumor contrasting with normal expression in non tumoral liver (NT). B: Same patient as Figure 7E, F.
Bands of non tumoral (NT) parenchyma normally expressing LFABP are penetrating within the unstained tumor. Indeed, the growth of HNF1A mutated hepatocellular
adenoma (H-HCA) is due to the coalescence of several adenomatous liver nodules and it is not rare to find non adenomatous liver lobules squeezed in between. C:
Woman born in 1962; abdominal pain. Oral contraceptives 25 years; BMI 25 kg/m2. Two liver nodules, largest 3.7 cm. Segmentectomy Ⅴ/Ⅵ (2005). Bands of hepatocytes expressing LFABP within the unstained typical H-HCA. Same comment as above. D: Same patient as Figure 7E, F. LFABP expression in a few perivenular
hepatocytes, particularly at the periphery of H-HCA, is a frequent observation, as well as a rim of positive hepatocytes at the border. E, F: Woman born in 1967; adenomatosis suspected during coelioscopy for extrauterine pregnancy. Segmentectomy for a 6 cm liver nodule. On HE (E), at distance from the main lesion, the presence of several steatotic small nodules well identified on LFABP staining (F). This is a very specific and characteristic aspect of H-HCA adenomatosis.
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Figure 9 HNF1a inactivated hepatocellular adenoma different aspects of glutamine synthase immunostaining. A: Same patient as Figure 7E, F. There is no
staining within the lesion, except around some veins, mainly at the borders where liver-fatty acid binding protein staining (not shown) demonstrates intermingled HNF1A mutated hepatocellular adenoma (H-HCA) and normal parenchyma areas. It was impossible on HE staining to clearly identify the border of the tumor. B: Woman
born in 1964; one nodule discovered by chance, 5.5 cm; oral contraceptives 21 years; BMI 18.4 kg/m2. Biopsy: β-HCA. Segmentectomy Ⅷ 2007. Diffuse, moderate
glutamine synthase (GS) staining, contrasting with normal staining in non tumoral liver in which the GS staining is limited to 1-3 rows of centrilobular hepatocytes.
Today, in the absence of β-catenin nuclear staining, the significance of this abnormal GS staining in HCA remains unknown and molecular analysis is mandatory to
search for β-catenin mutations. C, D: Same patient as Figure 7C, D. Heterogeneous, mild staining in tumoral hepatocytes, sometimes arranged in rosettes. The presence of rosettes is often considered as a criterion suggesting a possible malignant transformation; it may also reflect cholestatic features. Same comment as above: in
the absence of molecular analysis, it is not possible to conclude and a search for β-catenin mutations is mandatory.
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Figure 10 Inflammatory hepatocellular adenoma typical microscopic aspects. A: Woman born in 1959; adenomatosis discovered by chance. Size of the largest nodule: 11 cm. Oral contraceptives for 23 years; BMI 27.0 kg/m2. Left hepatectomy 2008. HE: typical aspect of an inflammatory hepatocellular adenoma (IHCA)
with many small inflammatory foci (arrows) dispersed within the tumor, associated with areas of moderate sinusoidal dilation ( arrowhead). In this area, sinusoids are
dilated, another hallmark of this subgroup. B: Woman born in 1969; abnormal liver function tests. One liver nodule, 12 cm. Oral contraceptives for 16 years; BMI 26.0
kg/m2. Right hepatectomy 2004. HE: areas of sinusoidal dilatation and pseudo portal tracts with thick walled arteries and inflammatory cells (arrows), hallmarks of
this subgroup. The diagnosis was confirmed by immunohistochemistry. C: Man born in 1968; abnormal liver function tests. One nodule 12 cm. BMI 30.0 kg/m2. Right
hepatectomy 2011. HE: prominent inflammatory foci dispersed in the tumor; thick vessels at the border of the HCA (arrow). The diagnosis was confirmed by immunohistochemistry. D: Woman born in 1966; liver nodule, 3.5 cm discovered by chance. No oral contraceptives, BMI 24.5 kg/m2. Right hepatectomy 2004. HE: inflammatory foci, areas of sinusoidal dilatation; in this area, tumoral hepatocytes are steatotic. E: Woman born in 1973; overweight. Adenomatosis discovered by chance.
Largest nodule 7 cm. Biopsy HCA. Tumorectomy Ⅳ, Ⅵ, Ⅶ 2003. HE: ill defined benign hepatocellular tumor (arrow); limited areas of sinusoidal dilatation (arrowhead)
predominating at the periphery of the tumor. The non tumoral liver is steatotic, a frequent finding in this group of patients. F: Woman born in 1966; abnormal liver
function tests. Several liver nodules. Biopsy HCA; oral contraceptives for 10 years, BMI 29.6 kg/m2. Left hepatectomy and tumorectomy Ⅳ and Ⅵ, 2007. Masson’s
trichrome: pseudo portal tracts (arrows) with arteries in fibrous tissue; large areas of steatosis, within the tumor. The tumor is limited by thick arteries and veins from
the non tumoral liver (NT).
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Figure 11 Inflammatory hepatocellular adenoma typical microscopic aspects. A: Same patient as Figure 10 D. B: Same patient as Figure 10F. HE: thick-walled
arteries surrounded by inflammatory cells. These pseudo portal tracts are very characteristic of inflammatory hepatocellular adenoma (IHCA). C, D: Woman born in
1972; oral contraceptives for 19 years. BMI 19.6 kg/m2. One nodule 10 cm discovered by chance. Magnetic resonance imaging: IHCA. Right hepatectomy 2009. HE:
prominent sinusoidal dilatation. E, F: Same patient as Figure 10F, different tumors. E: HE - tumor ill-defined from the surrounding liver without any inflammation or sinusoidal dilatation. F: HE - the histological aspect is different with a more typical aspect of IHCA. Here, thick arteries are surrounded by inflammatory cells and fibrous
tissue within the hepatocellular proliferation.
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Figure 12 Inflammatory hepatocellular adenoma immunohistochemistry. A, B: Same patient as Figure 10 F, different tumors. C-reactive protein (CRP): typical
aspect of inflammatory hepatocellular adenoma (IHCA) with strong and diffuse expression in tumoral hepatocytes, with sharp demarcation from the surrounding non
tumoral liver (A); more irregular CRP staining with limited areas remaining negative (B); C: Same patient as Figure 10D. CRP is expressed only in hepatocytes. D, E:
Same patient as Figure 10F. D: Glutamine synthase: no abnormal staining; positivity only in some perivenous hepatocytes at the periphery of the nodule. E: CK7: faint
staining around pseudo portal tracts, underlining ductular reaction, a common finding in IHCA. F: Same patient as Figure 10A. CK7 highlights the major ductular reaction at the periphery of pseudo portal tracts.
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Figure 13 β-catenin activated, inflammatory hepatocellular adenoma. A-F: Man born in 1971. BMI 21.6 kg/m2. By chance, discovery of one nodule 6 cm. Imaging:
focal nodular hyperplasia. Right hepatectomy 2006. A: Fresh specimen: pigmented, irregular tumor. Non tumoral liver is normal. B: HE: Hepatocellular adenoma with
sinusoidal dilatation and inflammatory infiltrate (on the left); large vessels at the junction with non tumoral liver. C: Diffuse expression of C-reactive protein by tumoral
hepatocytes, with sharp demarcation from the non tumoral liver. D: Strong and diffuse glutamine synthase (GS) expression contrasting with normal staining of GS in
adjacent non tumoral liver (in a few pericentrolobular hepatocytes). E: Large areas are positive for CD34, but not diffuse diffusely; F: Aberrant nuclear and cytoplasmic
expression of b-catenin in quite numerous hepatocytes.
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Figure 14 β-catenin activated, inflammatory hepatocellular adenoma. A, B: Woman born in 1967. Oral contraceptives 20 years, BMI 20.0 kg/m2. By chance, discovery of one nodule 18 cm. Imaging hepatocellular adenoma (HCA). Segmentectomy IV and V 2005. A: HE: features of inflammatory HCA (IHCA): sinusoidal dilatation, thick vessels, mild inflammation. B: Glutamine synthase immunostaining is abnormal, but faint and heterogeneous with reinforcement around veins. C, D: Woman
born in 1974; oral contraceptives 13 years. BMI 21.0 kg/m2. By chance, discovery of one nodule 6.5 cm. Imaging IHCA. Segmentectomy Ⅵ and Ⅶ 2009. C: Marked
but not diffuse CD34 immunostaining. D: Very few tumoral hepatocytes expressed aberrant nuclear β-catenin.
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Figure 15 b-catenin activated, inflammatory hepatocellular adenoma. A-C: Woman born in 1971; liver hemorrhage. No oral contraceptives. BMI 20.4 kg/m2. Imaging 5 nodules, largest 8 cm. Segmentectomy Ⅲ, Ⅵ, Ⅷ 2007. A: HE - large arteries at the periphery of the nodule. Mild sinusoidal dilatation in the non tumoral liver
(NT). B: Abnormal patchy GS staining in one nodule. C: Abnormal homogeneous glutamine synthase (GS) staining in another nodule. D-F: Woman born in 1959; oral
contraceptives for 21 years. BMI 21.8 kg/m2. Abnormal liver function tests. Imaging: 3 nodules, largest 10 cm. Right hepatectomy 2005. In the three nodules, GS staining is different but definitely abnormal. D: Homogeneous. E: Extremely faint. F: Patchy GS staining. The difficulty in interpreting GS often comes from the positivity that
can be found around veins. This perivenular staining is normal when it is strictly limited to 1 or 2 rows of perivenular hepatocytes; the interpretation of a GS staining
larger than 2 or 3 rows of hepatocytes, even if faint or patchy, remains poorly understood in the absence of molecular analysis.
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Figure 16 β-hepatocellular adenoma.. A, B: Man, 16
years old under androgen treatment for a hematological
disorder. Imaging: several nodules; tumorectomy of one
nodule 3 cm. HE: Hepatocellular adenoma (HCA) with
some glandular arrangements ( arrowhead) and a few
larger, irregular nuclei (arrow). According to the clinical
context, the diagnosis of β-catenin is very likely. C, D:
Woman born in 1953; oral contraceptives for 4 years.
Danazol one year (endometriosis). BMI 19.5 kg/m 2.
Asthenia. Imaging: one nodule 3 cm. Right hepatectomy
in 1989. C: HE: Well limited HCA with no features of
H-HCA, or of IHCA. By default, the diagnosis of β-catenin
is therefore a possibility. D: Aberrant cytoplasmic and
nuclear expression of β-catenin in numerous hepatocytes
confirms the diagnosis of β-HCA; E, F: Woman born in
1980; oral contraceptives for 12 years. BMI 20.4 kg/m2.
Abdominal pain. Imaging: one nodule 15 cm: HCA. Right
hepatectomy 2009. E: HE - numerous vessels within the
HCA. This aspect seems to be quite characteristic of
β-HCA and of some unclassified HCA; F: Aberrant expression of β-HCA in very few hepatocytes confirms the
diagnosis of β-HCA.

F

500 μm

WJH|www.wjgnet.com

591

August 27, 2014|Volume 6|Issue 8|

Sempoux C et al . Benign hepatocellular nodules

A

B

500 μm

C

1000 μm

D

500 μm

E

100 μm

F

100 μm

Figure 17 β-hepatocellular adenoma different types of glutamine synthase immunostaining. A: Same patient as Figure 16C, D. Strong and diffuse expression
of glutamine synthase (GS) in hepatocellular adenoma (HCA) (left), contrasting with non tumoral liver (positivity in only few pericentrolobular hepatocytes). B-D: Same
patient as Figure 16 E, F. Strong, heterogeneous (patchy) positivity of GS seen at different magnification, with a reinforcement rim at the periphery of the HCA (the rim
positivity has no pathological significance). E, F: Woman born in 1986; abnormal liver function tests. Imaging: one nodule 9 cm, HCA. Left hepatectomy 2007. E: HE no specific abnormalities. The presence of numerous vessels is, however, intriguing in this young patient. F: Patchy positivity of GS from mild to strong.
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Figure 18 β-catenin hepatocellular adenoma. A, F: Same patient as Figure 5G. A: HE: Numerous vessels dispersed within the hepatocellular proliferation. B: Quite
numerous CK7+ cells dispersed within the tumor; some are small, looking like progenitor cells; others are larger as intermediate cells. C, D: Diffuse positivity of CD 34
within the tumor. E, F: Patchy positivity of glutamine synthase.
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Figure 19 Unclassified hepatocellular adenoma. A, B: Woman born in 1988; oral contraceptives for 4 years. BMI 16.8. Abdominal pain. Imaging: one nodule 11
cm. No final diagnosis. Left hepatectomy 2009. A: Diffuse expression of CD34 in hepatocellular adenoma (HCA) (top) contrasting with adjacent non tumoral liver (below). B: No expression of glutamine synthase (GS) except at the periphery of the HCA. Here the nodule is divided in 2 parts at its periphery by a thin band of normal
tissue containing vessels. C, D: Woman born in 1975; oral contraceptives for 12 years. BMI 24.2 kg/m2. Hemorrhage. Imaging: one nodule 5 cm, HCA. Right hepatectomy 2003. C: Widespread but not diffuse expression of CD34 within the HCA. D: Numerous cells overexpressing CK7: small cells looking like progenitor cells and
intermediate cells. GS was normal. E, F: Same patient as Figure 5I. E: HE: thick fibrous rim around a necrotic area (arrowhead); peliotic areas within the viable HCA. F:
Some small CK7 positive cells dispersed within the HCA. GS (not shown) was normal. CD34 staining was more or less diffuse (not shown).
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Figure 20 Unclassified hepatocellular adenoma. Woman born in 1980; oral contraceptives for 6 years. BMI 22.2 kg/m2. Abdominal pain. Imaging: one nodule 3 cm,
hepatocellular adenoma (HCA). Segmentectomy VI 2004. A, B: On CD34, three zones (1-3) are seen in this nodule. Zone 1 is the external limit of the nodule; zone
2 is intermediate and zone 3 represents the quasi totality of the nodule. Only zone 3 is diffusely positive. In zone 2, CD34 positivity is seen along vascular axis. C, D:
Glutamine synthase (GS) staining: zone 3 is negative. Zone 1 is negative except around veins. In zone 2, GS staining is patchy. E, F: CK 7 - in zone 3, few cells, possibly progenitor cells are positive. In zone 2, positive cells are seen along vascular axis. This nodule has been classified as UHCA because all specific markers were
negative. It is not rare to observe a thin peripheral rim which is CD34 negative /GS positive in unclassified HCA or β-HCA. In this case, the presence of 2 zones different from the bulk of the tumor remains unexplained but should not change the diagnosis.

different types of GS staining and Figure 18.
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Abstract
Pancreatic neuroendocrine tumor (P-NET) is rare and
slow-growing. Current classifications predict its prognosis and postoperative recurrence. Curative resection is
ideal, although often difficult, because over 80% of patients have unresectable multiple liver metastases and
extrahepatic metastasis. Aggressive surgery for liver
metastases is important to improve survival. Aggressive
or cytoreductive surgery for liver metastases is indicated to reduce hormone levels and improve symptoms
and prognosis. Liver transplantation was originally conceived as an ideal therapy for unresectable liver metastases. Unfortunately, there is no clear consensus on the
role and timing of surgery for primary tumor and liver
metastases. Surgeons still face questions in deciding
the best surgical scenario in patients with P-NET with
unresectable liver metastases.

INTRODUCTION
Pancreatic neuroendocrine tumor (P-NET) is a rare and
slow-growing tumor[1]. The American Joint Committee on Cancer stated a new TNM classification in 2009,
based on tumor size, including direct invasion and lymphoid and distant metastases[2]. In 2010, the World Health
Organization categorized gastroenteropancreatic neuroendocrine tumor (GEP-NET) into three categories (G1,
G2 and G3) based on histopathological differentiation,
proliferation index (Ki-67), neuroendocrine biomarkers
(such as chromogranin A and synaptophysin), hormonal
behavior, tumor size, direct invasion, and distant metastasis[3]. These classifications are useful for predicting
the prognosis and postoperative recurrence[1]. Curative
resection is ideal for this slow-growing tumor[1,4-6], and
postoperative surveillance of at least 10 years is required,
because long-term recurrence can occur after surgery[1].
Curative surgery is often difficult, because over 80%
of P-NET patients already have unresectable multiple
liver metastases and extrahepatic metastasis[1]. Some cur-

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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rent opinions suggest an expanded surgical indication for
P-NET patients with liver metastases, because survival is
improved[1,6-9]. Aggressive surgery for liver metastases or
cytoreductive surgery for over 90% of the visible tumors
are important to improve survival[6,9]. Cytoreductive surgery for liver metastases is indicated to reduce hormone
levels and improve clinical symptoms and prognosis[1,6,9].
Liver transplantation (LT) was originally conceived as an
ideal therapy for unresectable liver metastases[1,10].
Unfortunately, there is no clear consensus on the
role and timing of surgery for primary tumor and liver
metastases, although current reports refer to liver surgery
including LT for unresectable liver metastases. Surgeons
still face questions in deciding the best surgical scenario
in patients with P-NET with unresectable liver metastases. Here, we reviewed previous studies about therapeutic
strategies for P-NET, with our regretful case.

> 90% of the visible tumors are important to improve
survival[6,9]. Cytoreductive surgery for liver metastases is
indicated to reduce hormone levels and improve clinical
symptoms and prognosis[1,6,9].

LT FOR UNRESECTABLE LIVER
METASTASES
LT was originally conceived as an ideal therapy for advanced hepatic malignancy, because it eliminates the liver
tumors and the potential for recurrence in the liver remnant[1,10]. LT for unresectable metastases has essentially
been abandoned[10]. Several attempts to implement this
strategy between 1960 and the 1980s showed poor results, although LT for early hepatocellular carcinoma has
been established[18]. It is well known that highly selected
P-NET patients with liver metastases may be candidates
for LT[10,19-21]. The only prospective study recommended
strict selection criteria for LT with curative intent (i.e.,
low grade, removal of primary tumor, liver involvement
< 50%, age < 55 years, and stable disease for ≥ 6 mo
before LT)[21], and a study reported 96% overall survival
and 80% disease-free survival[22]. However, it was also
reported that P-NET patients with liver metastases who
received LT had a follow-up term of no longer than 5.8
years, and the longest tumor-free survival was 5.1 years[23],
and a high rate of tumor recurrence was reported at almost 60%[20].
Use of LT for extended indications always presents
an ethical dilemma[10]. The United Network for Organ
Sharing has generally held that LT for malignancy should
be considered only when results are essentially equivalent
to results with standard indications, generally requiring a 5-year survival rate of 60%-70%[10]. LT in selected
GEP-NET patients has shown a 5-year recurrence-rate
as low as 30%[21]. Previous results that indicate LT for
P-NET[20-22] must be interpreted cautiously[10], especially
given the global scarcity of liver grafts available[10]. These
results should not justify LT at this time[10]. The Milan
Criteria is maybe a better definition of selection criteria
for LT[21]. In the last decade, selection criteria based on
clinical presentation have been integrated with a proper
histopathologic classification and diagnostic techniques[21].
In particular, Ki67 expression has been considered as a
prognostic factor of risk of recurrence[21,24-28]. A Ki67
proliferation index of < 10% is a characteristic of welldifferentiated tumor, which we have adopted as a cutoff value to consider GEP-NET patients for LT candidates[21,24]. Current studies suggest a growing consensus
concerning LT for liver metastases of P-NET as follows[20,24-28]: (1) liver metastases of symptomatic or asymptomatic P-NET are unresectable; (2) disease is confined
to the liver, and extrahepatic metastases are ruled out; (3)
LT is indicated for well-differentiated P-NET categorized
as GEP-NET G1/G2. Poorly differentiated P-NET
categorized as GEP-NET G3 is considered as a contraindication for LT. Ki67 index < 10% is recommended; and
(4) LT should not be associated with major extrahepatic

RESECTION OF PRIMARY TUMOR
Approximately half of P-NETs are nonfunctioning[11],
and tumors < 10-30 mm are not indications for surgery[1,6]. Functional P-NET should be removed even if
the tumor is < 10 mm[1,6], because functional P-NET has
malignant potential despite a small tumor size[1]. Some
factors, such as young age, hormonal function, and surgical resection, are important for overall survival[6,12].
Seventy to ninety percent of enlarging P-NETs have
malignant potential[1], and the aim of surgery for primary
nonfunctioning tumor is to avoid malignant change and
subsequent distant metastasis[6]. Although endoscopic ultrasonography with fine-needle aspiration biopsy is useful
for determining the malignant potential and predicting
prognosis[13-15], there are no definitive criteria regarding
whether P-NET should be removed or observed based
on tumor size[1,6]. Curative resection is considered as standard therapy in well-differentiated GEP-NET G1/G2
with a Ki-67 index of < 10%[1,4]. Cytoreductive surgery
for primary tumor is indicated to reduce hormone levels
and improve clinical symptoms[1,6,16], although the effects
on prognosis are still controversial[1,5]. Overall, surgery for
primary tumor should be curative resection[1,4-6], although
palliative therapy may be indicated if there is a possibility
of improvement of clinical symptoms, such as endocrine
symptoms, oppression on surrounding organs by primary
tumor, jaundice and oral passage disturbance[6,17].

RESECTION OF LIVER METASTASES
Curative surgery is often difficult, because over 80% of
P-NET patients already have unresectable multiple liver
metastases and extrahepatic metastasis[1]. Current opinions suggest extended surgical indications for P-NET patients with liver metastases, because survival is improved
and P-NET is a slow-growing tumor[1,6-9]. For liver metastasis without extrahepatic metastasis, standard/aggressive
surgery is the first choice for well-differentiated P-NET
categorized as GEP-NET G1/G2[1,7,8]. Aggressive surgery for liver metastases and cytoreductive surgery for
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resection. Primary tumor should be removed before LT.
As described above, primary tumor should be removed before LT. However, optimal timing for LT in
patients with stable versus progressive disease remains
unclear[20]. In previous report, 83% of patients had undergone surgical treatment for primary tumor, and a
5-year overall survival has increased to 59% in relation
with fewer patients presenting poor prognostic factors[20].
Favorable outcomes in cases of unknown primary tumor
might suggest that a failure to detect the primary tumor
before LT should not be considered as an absolute contraindication[20].

and that surgical indications for P-NET with liver metastases should be determined individually in each case[6].
Resection of the primary tumor in metastatic nonfunctioning P-NET patients with unresectable liver metastases does not significantly improve survival[4]. Presence of
liver metastases is a major prognostic factor for P-NET
patients[1,20], and surgical management of liver metastases
remains controversial[9]. In our case, we initially intended
to control the liver metastases before resection of the
primary tumor, because we considered liver metastases
as the most important prognostic factor. Our decision at
that time may have been consistent with previous opinions[1,4,6,9,20]. However, in our case, aggressive surgery for
liver metastases seemed to be difficult even during a period of stable liver metastases, and resection of primary
tumor is required before LT. We retrospectively regret
that aggressive surgery for primary tumor and subsequent
LT for unresectable liver metastases may have provided a
better course in our case.

MANAGEMENT OF UNRESECTABLE
LIVER METASTASES
For metastatic poorly-differentiated P-NET categorized
as GEP-NET G3, cisplatin-based combination therapy
is considered as the first-line therapy. Radiofrequency
ablation, transarterial chemoembolization (TACE), transcatheter arterial infusion (TAI) and selective inhibitor of
mammalian target of rapamycin are available as optional
treatments[1]. Systemic biotherapy, such as somatostatin analog and interferon-α, is indicated for functional
P-NET and postoperative recurrence[1].
Peptide receptor radionuclide therapy (PRRT) with
radiolabeled somatostatin analogs is a novel treatment
in patients with somatostatin receptor-expressing, welldifferentiated and metastatic neuroendocrine tumors[29-31],
and the PRRT with yttrium and/or lutetiumis a potent
therapeutic approach. On the other hand, transarterial
radioembolisation [i.e., selective internal radiotherapy
(SIRT)] is an innovative therapy in liver-limited unresectable, neuroendocrine liver metastases[32-34]. SIRT is an effective treatment option for patients with metastatic liver
disease in a salvage setting with acceptable toxicity.

DISCUSSION
Currently, classification of GEP-NET is useful for evaluating malignancy, predicting prognosis, and determining
therapeutic strategies[1,2]. Though this report focused
surgical options for P-NET with liver metastases, novel
managements (i.e., PRRT and SIRT) are currently available for unresectable liver metastases, with acceptable side
effects[29-34]. Effective and beneficial treatment options
for P-NET patients with liver metastases should be carefully considered. From the viewpoint of surgical option,
surgical indications for primary tumor[1,4-6,16] and hepatic
surgery, including LT for liver metastases[1,10,20,24-28] have
already been stated. However, it seems to be not easy
to decide optimal timing of surgery for primary tumor
and liver metastases. Currently, surgical procedures and
devices are well developed, and the question is whether
pancreatoduodenectomy or distal pancreatectomy is risky.
We believe that pancreatic surgery is safe and beneficial
for patients, if indicated.
In LT for P-NET patients, previous excellent reports
focused on a prognostic factors for overall survival, a
post-transplant risk of recurrence, a better selection criteria, a difference between P-NET and others, and an importance of the post-transplant surveillance[21,24,28]. There
is a difference in behaviors between P-NET and the
other tumors, the indication for LT for unresectable liver
metastases is unique for P-NET[21,24]. Also, an importance
of careful surveillance after LT due to the risk of recurrence was documented[21,24]. Tumor re-staging should
be scheduled at least 4 times per year for the first two
years and continued thereafter with progressively longer
follow-up intervals[21].
Though we understand that any decisions cannot be
made based on a single patient experience, we retrospectively speculate that a negative approach to aggressive
surgery for primary tumor may have resulted in poor
quality of life and deprived patient of the opportunity of
LT for unresectable liver metastases. P-NET patient with

OUR REGRETFUL CASE
A 39-year-old man was diagnosed with nonfunctioning
P-NET in the pancreatic head, with multiple liver metastases. The tumor was 2.5 cm in diameter, and was histopathologically well-differentiated with a Ki-67 expression
of < 10%. He was asymptomatic. Small but multiple
metastases were detected in the liver, and no extrahepatic
metastases were observed. We initially intended to control the liver metastases before resection of the primary
tumor. To begin with, TACE/TAI were repeated. Thereafter, TACE/TAI, systemic chemotherapies and biotherapies were repeated. Although liver metastases seemed
to be stable for a while, the primary tumor was enlarged
even after therapy. At 3.5 years after initial diagnosis, the
primary tumor became symptomatic. Liver metastases
enlarged and massive swelling of the para-aortic lymph
nodes was observed. Thereafter, palliative therapy was
the main course of action. He died at 4.3 years after initial diagnosis. We understand that P-NET patients often
have unresectable liver metastases at initial diagnosis[1],

WJH|www.wjgnet.com

598

August 27, 2014|Volume 6|Issue 8|

Hori T et al . Pancreatic NET with liver metastases

liver metastases could have been a candidate for initial
surgery for primary tumor and might have had a chance
of subsequent LT for unresectable metastases. Surgeons
still face questions in deciding the best surgical scenario
in patients with P-NET with liver metastases.
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Abstract

METHODS: The publicly available international FAERS
database (2004-2011) was used to extract DILI cases
(including acute liver failure events), where antimycotics with systemic use or potential systemic absorption
were reported as suspect or interacting agents. The reporting pattern was analyzed by calculating the reporting odds ratio and corresponding 95%CI, a measure of
disproportionality, with time-trend analysis where appropriate.

Core tip: The recent regulatory interventions (United
States restriction and Europe suspension) concerning
ketoconazole for drug-induced liver injury (DILI) poses
a prescribing challenge to clinicians, who should now
carefully consider safer therapeutic alternatives. Data
mining of FAERS database (2004-2011) highlighted
that: (1) antimycotics are involved in approximately 3%
of DILI cases (including acute liver failure events); (2)
virtually all systemic antimycotics (e.g. , azole derivatives), are associated with disproportionality signals;
careful monitoring is therefore recommended, especially in critical poly-treated patients with multiple comorbidities; and (3) topical antimycotics, as expected,
do not generate a post-marketing signal of DILI, thus
indicating the accuracy of our approach.

RESULTS: From 1687284 reports submitted over the
8-year period, 68115 regarded liver injury. Of these,
2.9% are related to antimycotics (1964 cases, of which

Raschi E, Poluzzi E, Koci A, Caraceni P, De Ponti F. Assessing
liver injury associated with antimycotics: Concise literature re-

AIM: To inform clinicians on the level of hepatotoxic
risk among antimycotics in the post-marketing setting,
following the marketing suspension of oral ketoconazole for drug-induced liver injury (DILI).
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strates of CYP enzymes would have the higher likelihood
of causing DILI (which is dose-independent); (2) drugs
which are cytochrome P450 (CYP) inhibitors would have
the higher likelihood of generating DILI only when they
are administered at a high daily dose; and (3) drugs which
are CYP inducers are not observed to be associated with
DILI[8].
From a clinical standpoint, DILI can be classified into
acute and chronic persistent (i.e., evidence of continue
liver injury after discontinuation of causative agent beyond 12 mo of follow-up). Paracetamol (acetaminophen
in the United States) represents the leading cause of
acute dose-dependent DILI. More precisely, an international DILI working group of clinicians and scientists
developed uniform consensus criteria to standardize the
phenotypes of DILI[9]. Although liver enzymes such as
transaminases lack specificity, liver injury in the context
of DILI has been defined decades ago as an elevation
in the serum concentration of alanine aminotransferase (ALT), conjugated bilirubin or alkaline phosphatase
exceeding 2 × the upper limit of normal (ULN)[10]. The
expert working group proposed a cut-off level of 5 ×
ULN for ALT as better threshold to exclude clinically unimportant and self-limited drug-related hepatic events as
well as nonalcoholic steatohepatitis not related to DILI.
The most common clinical presentations of DILI are
hepatocellular, cholestatic and mixed, which should be
defined on the basis of biochemical criteria. The R value
is use for this purpose [R = (ALT/ULN)/(ALP/ULN)];
when R ≥ 5 the pattern is considered hepatocellular,
whereas if R < 2 is cholestatic. Usually, the damage induced by amoxicillin-clavulanate is considered to be cholestatic, as compared to the hepatocellular pattern caused
by methotrexate.
Diagnosis is a major challenge for clinicians and is
based on a combination of factors, which are influenced
by the expertise: (1) exclusion of other causes that may
elevate hepatic biochemical tests (in primis hepatitis viruses); (2) causality assessment methods, which may be
based on expert opinion or on standardized liver-specific
scoring instruments such as the roussel uclaf causality
assessment method (RUCAM), endorsed by the Council
of International Organization of Medical Sciences[11];
and (3) the presence of a signature pattern indicative of
a specific causative agent (e.g., typical features of DILI by
telithromycin include short latency and abrupt onset of
fever, abdominal pain, and jaundice, sometimes with the
presence of ascites even in cases that resolved)[12]. In this
context, a clinical research workshop took place to review
and attempt to standardize the current nomenclature and
terminology used in DILI research. Because DILI is a
diagnosis of exclusion, selected elements of the medical history, laboratory tests, and previous reports were
proposed to improve causality assessment[13]. The role
of liver biopsy is still controversial, especially histological
features and their relationship with biochemical parameters, although a systematic approach has been recently
proposed as a foundation to correlate DILI pathology
with its causality and outcome[14]. Efforts have been also

view and clues from data mining of the FAERS database. World J
Hepatol 2014; 6(8): 601-612 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v6/i8/601.htm DOI: http://dx.doi.
org/10.4254/wjh.v6.i8.601

INTRODUCTION
Following the recent interest and regulatory measures on
ketoconazole-related liver injury, the present manuscript
provides: (1) a concise overview of the literature on
drug-induced liver injury (DILI), namely a practical guide
for clinicians to realize the need for active post-marketing
vigilance; and (2) a case study on antimycotics, based on
key results obtained from our original analysis of the
international publicly available Food and Drug Administration (FDA) database, to advance the reporting pattern
of DILI in the real-world practice. This approach can
provide physicians with practical clues to assign the level
of DILI risk among antimycotics.
Overview of DILI
Definition of DILI: Hepatotoxicity and DILI are interchangeable terms adopted by clinicians, researchers
as well as drug developers to describe a broad spectrum
of liver manifestations. Indeed, DILI can be defined
as a liver injury induced by a drug or herbal medicinal
products leading to liver test abnormalities or liver dysfunction with reasonable exclusion of other competing
etiologies. More than 1100 medicines, natural products,
vitamins, dietary supplements, recreational and illicit
compounds have been reported to cause DILI, and the
list is constantly growing. Antibiotics, anticonvulsants,
and antidepressant therapy remain the commonest causes
of DILI in the Western Hemisphere[1]. Among others, tumor necrosis factor-alpha antagonists, fluoroquinolones,
tyrosine kinase inhibitors, statins and food supplements
are gaining appreciation[2].
Issues in clinical practice: A number of classifications
have been proposed to facilitate diagnoses and research
in the field. From a pharmacological standpoint, DILI
can be divided into “intrinsic” (i.e., dose-related) and “idiosyncratic” (i.e., dose-independent)[3]; however, the validity of this classification remains controversial and debated[4]. The term idiosyncratic was first used to identify
a reaction occurring in susceptible individuals, usually associated with variable or prolonged latency (several weeks
to 1 year) and generally unexpected on the basis of the
pharmacological action of the drug. Idiosyncratic DILI
is linked to the vast majority of compounds, although a
common misconception of idiosyncratic DILI regards
its non relation with the dose. As a matter of fact, recent
data suggested that a daily dose > 50 mg (and especially
when the dose exceeds 100 mg daily) for drugs with high
lipophilicity undergoing extensive hepatic metabolism
is associated with a higher risk of idiosyncratic DILI[5-7].
The latest evidence revealed that (1) drugs which are sub-
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directed to identify a list of essential elements (minimum
requirements) when submitting case reports for publication[15]. Recently, a dedicated website was finally created
as an aid for clinicians and researchers to quickly extract
updated information on DILI (http://livertox.nih.gov/).

showing different pattern of hepatic response: tolerates
(the vast majority of patients without significant changes
in liver biochemical tests), susceptibles (showing progressive increase in ALT level that continues to increase and
evolves into clinically significant liver damage with signs
and symptoms) and adaptors (showing transient increase
in enzyme levels, which eventually return to baseline despite continuation of the drug)[19].
So far, regulatory authorities and drug developers
have mainly relied on the so-called Hy’s law or rule[22],
coined following Zimmerman’s observations, to predict
post-marketing risk of serious hepatic events and for
making recommendations on whether treatment should
be continued, stopped or its dose reduced, following biochemical abnormalities with the suspect drug. To define a
clinical trial subject as a Hy’s law case, the following components must be present: (1) ALT increase to a level ≥ 3
times ULN; (2) total bilirubin increase ≥ 2 times ULN;
(3) no significant increase in ALP (initial Alp values does
not reach 2 times ULN); and (4) no other cause is found
to explain liver injury.
When the above criteria are met, Hy’s rule predicts
a mortality rate that can exceed 10%. In the last decade,
two population-based studies further support the validity of this rule by demonstrating a mortality rate of
9%-12%[23,24]. Based on the 2009 FDA guidance, finding
two cases is considered highly predictive that the drug has
the potential to cause severe DILI when given to a larger
population[25]. Thus, Hy’s law calls for enhanced vigilance
on the patient so that the drug is discontinued before
the patient crosses the threshold of hepatotoxic irreversibility. The correct timing of discontinuation and the
exact level of ALT elevation is still a matter of debate; an
eight-fold increase from baseline is generally considered a
standard cut-off, although even levels greater that 3 time
the ULN may be sufficient if accompanied by additional
symptoms. Given the importance of monitoring thousands of laboratory parameters during clinical phases, the
eDISH method was developed to visualize, assess and
summarize hepatic safety data during clinical trials[26]. As
regards causality assessment, pharmaceutical companies
prefer to rely on a 3-category scale instead of using the
5-category scale adopted by the DILIN consortium or
the RUCAM score[19].

Issues in drug development: The regulatory impact of
DILI is appreciably expanding, as demonstrated by the
fact that specific Consortia have been established, especially in the United States, where the DILI Network was
created in 2003 to prospectively identify a large number
of patients with bona fide DILI that will allow for collection of epidemiological data and biological samples for
future mechanistic studies[16].
DILI has been a major cause of drug withdrawals,
non approval and variegate regulatory actions in the past
50 years. In one study of 38 drugs withdrawn from the
market between 1990 and 2006, 14 (37%) were related
to hepatotoxicity[17]. A more recent review highlighted
that of the 25 safety-based withdrawals in Europe and
United States, ten (40%) were for cardiovascular events
and seven (28%) for gastrointestinal, primarily hepatic,
adverse events. It is clear that the majority of these regulatory measures concerned rare events with delayed onset
and were not predicted based on known pharmacological
action[18]. It is also remarkable that spontaneous reporting systems have been a primary source of information
that mainly contributed to regulatory actions, especially
for newly marketed drugs and events that are likely to be
drug- induced.
From a historical perspective, in several circumstances, hepatotoxic agents were identified after being
approved by regulators and marketed for some time; this
was the case, for instance, of bromfenac (withdrawn 11
mo after its approval) and more recently troglitazone,
which was marketed in 1997 and withdrawn worldwide in
March 2000. In other cases, DILI led to non approval or
interruption of late phases of drug development (e.g., in
2006, the manufacturer of the oral anticoagulant ximelagatran withdrew a pending application to the FDA).
In this context, potential safety issues on DILI should
be recognized as early as possible during drug development in order to accurately predict the actual risk in the
post-marketing phase[19]. There are currently a number of
challenges and controversies in exploiting predictive preclinical studies, especially for animal models, where ethical issues pose important limitations[20].
In line with the clinical situation, there are no specific
biomarkers that may be used for optimal prediction of
the risk. In fact, the frequency of asymptomatic rise in
serum ALT in the pre-approval phase does not correlate
per se with the frequency of symptomatic liver injury in
the post-marketing period. The quest for highly predictive biomarkers has been underway for years and remains
an ongoing challenge[21]. Although some genetic associations (e.g., flucloxacillin and HLA-B15701) have been
identified, the clinical utility of genetic polymorphisms
associated with drug-specific DILI appears still limited[1].
In addition, there are at least 3 groups of individuals
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Antimycotics and DILI: clinical and regulatory aspects: The true incidence of DILI associated with antimycotics in the post-marketing phase challenges precise
estimation, especially as compared to other antimicrobials[27]. Previous studies, mostly based on data derived
from clinical trials, reported a 2%-23% range, depending
on the drug of interest and especially the severity of the
disease[28]. Clinical evidence on ketoconazole emerged
in early 80’, when 54 reports of alleged ketoconazoleinduced liver injury submitted to the FDA from the time
of initial marketing in 1980, of which 33 were labeled
as likely. The incidence of symptomatic, potentially serious hepatic injury appeared to be very low, perhaps
1 in 15000 exposed individuals, whereas the incidence
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of mild, asymptomatic, reversible elevations in serum
transaminases has been estimated to be 5%-10%[29]. Also
García Rodríguez et al[30] found that ketoconazole was
associated with significant risk. Very recently, a systematic review and meta-analysis documented an overall
incidence of 3.6%-4.2%, which may be considered as
common[31]. Data on other antifungals such as terbinafine
are more scant and mostly based on individual case reports[32-34]. The latest population-based study in Taiwanese
concluded that oral antifungal agents are associated with
a low incidence if DILI, which may be fatal (especially in
the elderly) and increased for longer treatment[35].
On July 26th, 2013, the European Medicines Agency
(EMA) and the FDA issued important safety announcements: the EMA’s Committee on Medicinal Products for
Human Use (CHMP) has recommended that the marketing authorisations of oral ketoconazole-containing
medicines should be suspended throughout the European
Union (the CHMP concluded that the risk of liver injury
is greater than the benefits in treating fungal infections)
(http://www.ema.europa.eu/ema/index.jsp?curl=pages/
news_and_events/news/2013/07/news_detail_001855.
jsp&mid=WC0b01ac058004d5c1), whereas the FDA
limits usage of Nizoral® (ketoconazole) oral tablets due to
potentially fatal liver injury and risk of drug interactions
and adrenal gland problems (http://www.fda.gov/drugs/
drugsafety/ucm362415.htm). The FDA has revised the
Boxed Warning, added a strong recommendation against
its use (contraindication) in patients with liver disease, and
included new recommendations for assessing and monitoring patients for liver toxicity. The FDA has also approved a
new patient Medication Guide containing information on
the potential risks associated with Nizoral® tablets, which
must be dispensed with every prescription for the drug. In
the revised US drug label, indications for dermatophyte
and Candida infections have been removed and the indications for treatment of blastomycosis, coccidioidomycosis,
histoplasmosis, chromomycosis, and paracoccidioidomycosis have been retained only for patients in whom other
antifungal treatments have failed or are not tolerated.
These regulatory measures were driven by the following
reasons: (1) suspension of the drug in France (June 2011),
which asked the EMA to carry out a full assessment of
the benefit-risk balance of oral ketoconazole-containing
medicines; (2) the incidence and severity of liver injury
with oral ketoconazole were higher than with other antifungals; (3) reports of liver injury occurred early after
starting treatment with recommended doses, and it was
not possible to identify measures to adequately reduce
this risk; and (4) the widespread off-label use of oral ketoconazole for treating patients with Cushing’s syndrome;
and (5) currently available alternative treatments are
deemed to be safer.

spontaneous reports and data mining of large spontaneous
reporting systems still represent the traditional source for
safety surveillance; on the other hand, exploiting electronic
healthcare records. Both approaches are important and
can be viewed to complement each other. However, it is a
common opinion (corroborated by original research) that
spontaneous reporting systems are more suited for newly
approved drugs (as they aim at early signal detection) and
rare events with suggestive drug-related component[18]. It is
noteworthy that the diagnostic potential of commonly applied signal-detection algorithms is reasonably efficient and
accurate to discriminate true drug-event associations from
those that are likely to be spurious[37].
In this context, the aim of this study is to show that
spontaneous reporting systems can contribute in characterizing the hepatotoxic potential of systemic antifungals.
As a matter of fact, a recent systematic review highlighted that regulatory measures on drug risk (e.g., dear doctor
letters, safety warnings) may differently but substantially
impact prescribers’ attitudes, thus causing a switch towards therapeutic alternatives, perceived as safe[38]. This
could be the case for some systemic antifungals, especially following marketing suspension of oral ketoconazole,
both in US and Europe, for risk of DILI.

MATERIALS AND METHODS
Data source
The publicly available international FDA Adverse
Event Reporting System, now termed FAERS database
(2004-2011), was used for data mining of DILI associated with antimycotics. FAERS serves as repository of
potential adverse events and medication errors associated
with chemical and biological agents spontaneously submitted by healthcare professionals, patients and manufacturers. Since 2003, more than 7 million reports have been
accumulated into FAERS, with more than 700000 records
entered in 2011. In the light of its large catchment area
(including also European reports potentially related to serious events) and public availability (since 2004), FAERS
plays a leading role in signal detection and characterization, especially for rare events with high drug-attributable
risk such as torsade de pointes (TdP)[39-41]. DILI shares
different clinical, pharmacological and regulatory issues
with TdP and, remarkably, the accuracy of FAERS to investigate DILI cases has been very recently demonstrated, especially as an important aid to systematically track
emerging signals of DILI for newly marketed drug[42].
Data selection and analysis
Data processing and management (e.g., duplicate detection and removal, handling of missing data) were performed according to previous methodology, extensively
described in a dedicated book chapter[43]. In this study,
main selection criteria regards the role code assigned to
the drug (i.e., only “Primary Suspect”, “Secondary Suspect” or “Interacting”, whereas cases where antimycotics
were reported as “Concomitant” were not included) and
information on age and gender (records with missing

Possible contribution of pharmacovigilance in DILI
research: Pharmacovigilance, namely post-marketing
phase of drug development, represents the mainstay
to evaluate the safety of recently marketed drugs or to
monitor high-priority adverse events[36]. On one hand,
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ferent MedDRA Preferred Terms (PTs) were identified to
define two patterns of liver event with different severity
and clinical implication: “liver injury” (LI, including both
chronic and acute liver events) and “acute liver failure”
(ALF, a severe liver injury potentially reversible in nature
and with onset of encephalopathy[45]) (Table 1). In order
to assign a certain report to a precise group, at least one
pre-specified PT should be present. A mutually exclusive
approach was performed; a single case report of interest
was classiﬁed only in one group based on the following
priority: ALF>LI. Therefore, LI does not include cases
with ALF; this allowed us the identification of a so-called
“overall liver injury” (OLI).

Table 1 MedDRA preferred terms used to retrieve liver
events in FAERS
PT

Liver injury

Acute hepatic failure
Alanine aminotransferase abnormal
Alanine aminotransferase increased
Ammonia increased
Aspartate aminotransferase abnormal
Aspartate aminotransferase increased
Bilirubin conjugated increased
Bilirubin urine
Blood bilirubin abnormal
Blood bilirubin increased
Blood bilirubin unconjugated increased
Cholestasis
Coma hepatic
Cytolytic hepatitis
Hepatic encephalopathy
Hepatic enzyme abnormal
Hepatic enzyme increased
Hepatic failure
Hepatic function abnormal
Hepatic necrosis
Hepatitis
Hepatitis acute
Hepatitis cholestatic
Hepatitis fulminant
Hepatitis toxic
Hepatocellular damage
Hepatotoxicity
Hyperammonaemia
Hyperbilirubinaemia
Jaundice
Jaundice cholestatic
Jaundice hepatocellular
Liver function test abnormal
Liver injury
Liver transplant
Mixed hepatocellular-cholestatic injury
Subacute hepatic failure
Transaminases abnormal
Transaminases increased
Urine bilirubin increased

Acute hepatic
failure
X

X
X
X
X
X
X
X
X
X
X
X

Statistical analysis
Description of the overall number of cases was first provided, both in terms of ALF, LI and OLI; demographic
information (age and gender) were also analysed. Then,
a case/non case disproportionality approach was carried
out by calculating the Reporting Odds Ratio (ROR) with
relevant Confidential Interval (CI). Statistically significant
disproportionality was formally deﬁned when the lower
limit of the 95%CI was > 1, with at least 3 cases[46]. Cases
were represented by reports of DILI according the aforementioned pre-specified MedDRA PTs, whereas non
cases were defined as all other reports (i.e., those without
such PTs). The ROR was first calculated by comparing a
given antimycotic against all remaining drugs recorded in
the entire FAERS database (i.e., comprising all spontaneous reports from all drugs), by considering ALF and LI
both separately and cumulatively (i.e., by providing the
ROR for OLI). Finally, where appropriate, the ROR was
calculated within antimycotics by using a subset of data
(i.e., reports associated only with antimycotics). Restricting the analysis among agents belonging to the same
pharmaco-therapeutic class may be useful as a sensitivity
approach to test whether any potential intraclass differences exist in terms of risk. Cumulative time-trend
disproportionality analysis was also performed, when appropriate[47].

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

PT: Preferred term of the MedDRA terminology. “X” indicates that the PT
was used to define the liver event; MedDRA: Medical Dictionary for Regulatory Activities.

RESULTS

data in these fields were not considered). Drugs of interest were represented by antimycotics with systemic use,
including those agents used for topical indications that
may have systemic absorption (e.g., terbinafine and griseofulvine). These compounds were mapped through an ad
hoc created archive of drug names and converted into relevant active substances. Events of interest were selected
according to a pre-specified search strategy (see below)
and based on the standard MedDRA (Medical Dictionary
for Regulatory Activities) terminology for codification.

Over the 8-year period, 2612807 reports with at least
one mapped active substance were processed; in 3.4% of
these, at least one pre-selected PT of interest was recorded. The precise allocation of reports is provided in Figure 1, according to case definition and drugs of interest.
Based on our selection criteria, 68,115 DILI cases (OLI)
were identified, corresponding to 4% of overall FAERS
reports; the majority (91.7%) regarded LI. Antimycotics
were reported in 3% of LI and 2% of ALF cases.
In the entire FAERS database, 52% of cases of DILI
occurred in females, whereas only in 44% of cases associated with antimycotics female gender was recorded.
The analysis on age distribution showed a peak occurring
in patients with 50-60 years of age (all FAERS database,
no matter the drug under scrutiny), both for ALF and LI;
only 26% and 27% of DILI cases occurred in patients

Search strategy
In line with a previous multidisciplinary collaborative
work[44], a two-fold approach was carried out to identify
any type of liver damage, namely acute and chronic injuries as well as acute liver failure events. To this aim, dif-
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2612807
Total FAERS reports with at
least 1 active substance

1687284
Total FAERS reports with
selection criteria

Age and gender not null and
drugs are not recorded as
“concomitant”

68115
Overall liver injury

88129
Overall liver injury

6909
Acute liver failure

5629
Acute liver failure

81220
Liver injury

Antimycotics

Antimycotics

Antimycotics

Antimycotics

112

4503

293

62486
Liver injury

1852

Figure 1 Flowchart describing data-mining approach to allocate cases of interest according to selection criteria and case definition.

Table 2 Top-10 drugs ranked in FAERS according to their reporting frequency for overall liver injury
ATC code

Active substance

N02BE01
C10AA05
C10AA01
N06AX21
L03AB07
J05AF05
L01BA01
J01CR02
C02KX01
L01XE05

Paracetamol
Atorvastatin
Simvastatin
Duloxetine
Interferon beta-1
Lamivudine
Methotrexate
Amoxicillin/clavulanic acid
Bosentan
Sorafenib

Cases LI Cases ALF Cases OLI
2780
1763
1516
1456
1377
1162
1200
1164
1177
920

645
131
80
59
46
130
86
94
49
271

3425
1894
1596
1515
1423
1292
1286
1258
1226
1191

ROR (95%CI) LI

ROR (95%CI) ALF

3.69 (3.54-3.84)1
3.46 (3.29-3.64)1
2.62 (2.49-2.77)1
3.34 (3.15-3.53)1
0.73 (0.70-0.78)
4.68 (4.40-4.98)1
2.89 (2.72-3.07)1
5.86 (5.49-11.36)1
9.53 (8.91-10.19)1
4.98 (4.64-5.35)1

9.58 (8.82-10.41)1
2.62 (2.20-3.12)1
1.44 (1.15-1.80)1
1.42 (1.10-1.83)1
0.27 (0.20-0.36)
5.22 (4.38-6.22)1
2.15 (1.74-2.66)1
4.50 (3.67-5.53)1
3.35 (3.53-4.45)1
15.39 (13.58-17.44)1

ROR (95%CI) OLI
4.31 (4.16-4.48)1
3.43 (3.27-3.60)1
2.54 (2.41-2.67)1
3.32 (3.14-3.50)1
0.69 (0.66-0.73)
4.86 (4.57-5.16)1
2.85 (2.69-3.02)1
5.89 (5.54-6.27)1
9.20 (8.61-9.83)1
6.22 (5.83-6.63)1

1

Statistically significant disproportionality (Lower limit 95%CI > 1). ATC: Anatomical therapeutic chemical classification; ALF: Acute liver failure; LI: Liver injury;
OLI: Overall liver injury; ROR: Reporting odds ratio.

aged > 65 years (ALF and LI, respectively). Concerning antimycotics, a peak was found for patients aged 60
(number of OLI cases = 48), with only 30% of OLI cases occurring in subjects aged > 65 years. The analysis on
the outcome of the events revealed that: (1) in the entire
FAERS database, death was recorded in 37% and 17% of
cases, whereas hospitalization or life-threatening conditions were reported in 52% and 49% of cases (ALF and
LI, respectively); and (2) as regards antimycotics, death
occurred in 51% and 24% of events, hospitalization or
life-threatening conditions in 39% and 47% of events
(ALF and LI, respectively).
As a first screening to test the sensitivity of the approach in detecting drug-event associations, we generated
a list of top-10 drugs based on their reporting frequency
for DILI (Table 2). Paracetamol ranked first both for
ALF and LI and also generated statistically significant
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disproportionality; it was followed by a number of drugs
with known hepatotoxic potential such as statins, duloxetine, amoxicillin clavulanate, bosentan. Except for
interferon, all these agents showed statistically significant
ROR. Sorafenib ranked second in terms of ALF.
The analysis on antimycotics revealed a total of 1964
DILI cases; 35% were submitted by European Countries,
21% by Japan and 18% by United States. Terbinafine
ranked first in terms of number of cases (422), followed
by fluconazole and voriconazole (Table 3). Except griseofulvin, and miconazole, all remaining compounds generated a significant disproportion for ALF or LI or OLI.
The intraclass analysis on OLI among azole-derivate
agents showed the following ranking: ketoconazole (ROR
= 1.70; 95%CI: 1.34-2.15) > voriconazole (1.47; 1.29-1.68)
> posaconazole (1.36; 1.04-1.77) > fluconazole> itraconazole> miconazole (no statistical significance obtained).
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Table 3 Key results of drug-induced liver injury associated with antimycotics: Number of cases with relevant disproportionality analyses
Pharmacological class

Active
substance

Cases LI

Cases
ALF

Cases
OLI

ROR (95%CI) LI

ROR (95%CI)
ALF

ROR (95%CI)
OLI

Antibiotics
Imidazole derivatives

Amphotericin B
Miconazole2
Ketoconazole2
Fluconazole
Itraconazole
Voriconazole
Posaconazole
Flucytosine
Caspofungin
Micafungin
Anidulafungin
Griseofulvin3
Terbinafine3

251
16
88
381
178
342
65
6
161
48
13
3
395

14
6
31
4
19
5
7
2
1
27

265
16
94
412
182
361
70
6
168
50
14
3
422

5.33 (4.65-6.10)1
0.33 (0.20-0.54)
6.68 (5.28-8.44)1
4.25 (3.81-4.74)1
3.73 (3.19-4.37)1
5.61 (4.99-6.31)1
5.39 (4.12-7.04)1
3.06 (1.31-7.13)1
7.03 (5.90-7.37)1
6.90 (5.02-9.49)1
4.97 (2.75-9.00)1
2.00 (0.62-6.47)
5.11 (4.58-5.69)1

2.86 (1.69-4.84)1
4.22 (1.88-9.45)1
3.46 (2.42-4.93)1
0.84 (0.32-2.25)
2.97 (1.89-4.67)1
4.00 (1.65-9.66)1
2.79 (1.32-5.87)1
3.39 (2.32-4.96)1

5.20 (4.55-5.94)1
0.30 (0.18-0.50)
6.64 (5.28-8.34)1
4.26 (3.83-4.73)1
3.50 (2.99-4.09)1
5.48 (4.89-6.14)1
5.39 (4.16-6.99)1
2.80 (1.20-6.52)1
6.78 (5.71-8.05)1
6.64 (4.86-9.09)1
4.97 (2.79-8.84)1
1.83 (0.57-5.92)
5.06 (4.55-5.62)1

Nystatin
Econazole
Ciclopirox

12
6
3

-

12
6
3

2.01 (1.12-3.62)1
3.25 (1.39-7.60)1
3.39 (1.02-11.30)1

-

1.84 (1.02-3.31)1
2.97 (1.27-6.94)1
3.10 (0.93-10.33)

Triazole derivatives

Other antimycotics for
systemic use

Antimycotics used
for topical indications
(dermatological use)
with systemic absorption
Antimycotics for
topical use with potential
systemic absorption (e.g.,
gynecological and
intestinal use)

Only agents with at least three cases for the event of interest are shown (i.e., those for which disproportionality can be calculated). 1Statistically significant
disproportionality (Lower limit 95%CI > 1); 2Frequent topical use; 3Also topical use. ALF: Acute liver failure; LI: Liver injury; OLI: Overall liver injury; ROR:
Reporting odds ratio.

The time-trend cumulative analysis of the ROR (performed on the two most recently marketed compounds
and ketoconazole, the only antimycotic receiving recent
regulatory intervention on DILI) showed that: (1) ketoconazole reached significant ROR in the first quarter
of 2005 (i.e., well before the recent safety measure); (2)
posaconazole (marketed in October 2005 by EMA and in
September 2006 by the FDA) showed significant disproportion in the second quarter of 2005 (i.e., before its actual marketing approval), which persisted throughout the
period of analysis, although fluctuations were recorded
during the first 2-year period; and (3) voriconazole (marketed in March 2002 by EMA and May 2002 by FDA)
showed significant disproportion in the second quarter
of 2002, a striking correspondence with its regulatory approval (Figure 2).

spontaneous reporting systems, the fact that antimycotics
are reported in approx 3% of the total cases in FAERS
suggests that the risk could be common. Our study also
confirmed that miconazole and griseofulvin are not associated with clinically significant risk of DILI, a finding
in line with recent data from EU-ADR and OMOP Consortia (Europe and United States projects, respectively),
which labeled these drugs as “negative controls” in drug
safety studies investigating DILI, based on the existing
scientific literature and expert opinion[48,49]. As a matter
of fact, miconazole is mainly used as topical preparation,
whereas griseofulvin has specific tropism for keratin tissues with only low plasma concentrations. This kinetic
features could explain the lack of a signal of liver injury.
On the other hand, one recent population-based study
in Taiwanese detected 8 cases of DILI associated with
griseofulvin, although the cumulative exposure dose and
the concomitant co-prescription of antibiotics and antinflammatory drugs (which have hepatotoxic potential)
may have contributed to the occurrence of liver events[35].
Clinicians should interpret our data in the light of
limitations affecting pharmacovigilance data. In particular, apart from well-described bias inherent to all spontaneous reporting systems (e.g., underreporting, causality
assessment, influence of media attention/safety alerts[50]),
it should be kept in mind that these analyses, although
formally quantitative, do not allow firm quantification of
risk, especially because the role of concomitant drugs as
culprit agents in the occurrence of the event cannot be
ruled out with certainty. However, they allow early identification of alert signals, which require further confirmation through pharmacoepidemiological approaches. In
our case, the evaluation of “old” drugs may be useful to

DISCUSSION
This study shows that virtually all antimycotics for systemic use are associated with clinically significant risk of
DILI in the post-marketing setting, where comorbidities
and poly-pharmacotherapy exist. Although the summary
of product characteristics of all highlighted compounds
and the livertox database already addressed this safety
issue (e.g., by mentioning liver monitoring in the warning section), clinicians should be aware of this aspect,
especially following the marketing suspension of oral
ketoconazole. This means that switching prescription towards therapeutic alternatives of ketoconazole does not
sufficiently protect patients from risk and active vigilance
is still needed.
Although actual incidence cannot be inferred from

WJH|www.wjgnet.com

607

August 27, 2014|Volume 6|Issue 8|

Raschi E et al . Antimycotics and liver injury
EU marketing approval of
posaconazole (Oct 2005)

US marketing approval of
posaconazole (Sept 2006)

EU marketing approval of
voriconazole (March 2002)

3.5

3.0
US marketing approval of
voriconazole (May 2002)

Lowe limit of the 95%CI

2.5

2.0

1.5

n =3
n =6

Ketoconazole
Voriconazole

1.0

Posaconazole
0.5

n =3
0.0
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
2002

2003

2004

2005

2007

2006

2008

2009

2010

2011

Yr

Figure 2 Cumulative time trend analysis of disproportionality (i.e., lower limit of 95%CI) on overall liver injury for ketoconazole (recently restricted/suspended), voriconazole and posaconazole (the most recent antimycotics receiving marketing authorization in United States and Europe). Relevant regulatory
milestones (i.e., marketing approvals) are indicated by arrows. The total number of cases is also indicated when disproportionality was calculated for the first time (the
first point of the lower limit of the 95%CI is provided when at least 3 cases of interest were recorded); EU: Europe; US: United states.

understand the reporting pattern over time and contribute to the general picture of perceived risk in a consolidated clinical setting. In any case, it should be recognized
that DILI cases cannot be fully validated and precisely
classified because laboratory values and liver biopsy are
not available.
Nonetheless, our analysis has some strengths which
can be summarized as follows. First, the validity of
FAERS in early detection of DILI risk has been recently
shown in a study allowing discrimination of a broad
range of hepatotoxic drugs with clinically significant
serious DILI, including those with only clinically apparent risk (e.g., amlodipine)[42]. In this context, our top-10
ranking drugs have already known hepatotoxic risk (e.g.,
paracetamol), a finding in line with similar pharmacovigilance study recently performed on Vigibase[44], and can
be considered our positive controls. Second, it should be
noticed that: (1) sorafenib (a novel tyrosine kinase inhibitor for which liver toxicity is under scrutiny and requires
diligent surveillance[51]) is ranked second in terms of ALF
(after paracetamol); and (2) in our analysis, voriconazole
and posaconazole are associated with significant disproportion already in their first year of marketing life (Figure
2). Although the indication for unresectable hepatocellular carcinoma complicates the causality assessment
for sorafenib, EMA and FDA amended the prescribing
information to add the hepatotoxic potential in the label
(2010 and 2012, respectively)[52,53].
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An incidental observation of this study is that female
gender does not seem to be associated with a reporting
pattern of DILI for antimycotics, which differs from
current data showing that females predominated in liver
cases associated with a number of drug class[54].
The large number of cases associated with triazole
antifungals and terbinafine can be partially explained
by the underlying clinical conditions of patients (critically ill patients, usually with systemic infections, cancer
and other diseases that may increase the likelihood of
adverse drug reactions). Moreover, when discussing and
interpreting pharmacovigilance results, drug consumption data should be also taken into account can provide
an additional perspective to regulators and clinicians in
assessing the possible consequences of side effects of
drugs (e.g., by mapping the level of risk in a population
standpoint)[55,56]. Notably, the first ESAC survey on 2007
consumption data found that terbinafine, ketoconazole,
itraconazole and fluconazole represented > 94% of the
total outpatient antimycotic and antifungal use in 20 European Countries. Terbinafine use represented > 50%
of the total systemic antimycotic and antifungal use in
16 out of 20 Countries[57]. The updated analysis on 2009
data showed an increased outpatient use and confirms
terbinafine and fluconazole as the most used compounds[58]. Two point-prevalence ESAC surveys in European hospitals revealed that the most used antifungal was
fluconazole (60.5%) followed by caspofungin (10.5%).
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Table 4 Clinical, pharmacological and regulatory aspects of antimycotics for systemic use currently on the market (ketoconazole not shown)
Drug

Approval (EMAFDA)

Amphotericin B

Miconazole

1995 (FDA)1

Fluconazole

No centralized
approval
1990 (FDA)

Itraconazole

1992 (FDA)

Voriconazole

2002 (EMA and
FDA)

Posaconazole

2006 (FDA)
2005 (EMA)

Caspofungin

2001(EMA and
FDA)

Micafungin

2005 (only FDA)

Anidulafungin

2006 (FDA)
2007 (EMA)

Terbinafine

19952

Griseofulvin

1975 (FDA)

Indication(s)

Main hepatic issues

Empirical therapy for presumed fungal
No detailed information
infection in febrile, neutropenic patients
provided (general statement in
Cryptococcal Meningitis in HIV infected
the section on side effects)
patients
Visceral leishmaniasis
Onychomycosis (topical)
Not reported
Local candida infections (topical and systemic)
Acute vaginal candidiasis when local therapy is Hepatic injury (warning FDA
not appropriate
and EMA)
Candidal balanitis when local therapy is not
appropriate
Mucosal and invasive candidiasis, genital
candidiasis (trush), cryptococcal meningitis,
dermatomycosis, coccidiodomycosis and
onychomycosis (EMA revision in 2011)
Onychomycosis of the toenail caused by
Hepatic injury (FDA)
Trichophyton rubrum or T. mentagrophytes (FDA)
Invasive aspergillosis
Hepatic toxicity and monitoring
Candidemia in non-neutropenic patients
of hepatic function (EMA and
Esophageal candidiasis (FDA)
FDA)
Fluconazole-resistant serious invasive Candida
infections (including C. krusei) (EMA)
Serious fungal infections caused by
Scedosporium spp. and Fusarium spp.
Refractory IFI/Patients with IFI intolerant to Hepatic toxicity and monitoring
first line therapy
of hepatic function (EMA and
Oropharyngeal candidiasis
FDA)
Prophylaxis of IFI
Empirical therapy for presumed fungal
Hepatic effects
infections in febrile, neutropenic patients
Invasive candidiasis
Invasive aspergillosis (patients refractory or
intolerant)
Treatment of invasive candidiasis
Hepatic effects
Treatment of esophageal candidiasis
Prophylaxis of Candida infection
Invasive candidiasis in adult non-neutropenic
Hepatic effects (warning FDA
patients (EMA)
and EMA)
Esophageal candidiasis (FDA)
Fingernail onychomycosis
Hepatotoxicity
Toenail onychomycosis
Various forms of tineas (corporis, pedis, cruris,
Hepatotoxicity
barbae, capitis, unguium)

Drug interactions
Unclear from the label (metabolic
pathway unknown)

CYP3A4 and CYP2C9 inhibitor
(when administered systemically)
Potent CYP2C9 inhibitor;
moderate CYP3A4 inhibitor;
CYP2C19 inhibitor

Potent CYP3A4 inhibitor
(drug interactions in warnings)
CYP2C9, 2C19 and 3A4 inhibitor
(several contraindicated drugs)

Potent CYP3A4 inhibitor
(drug interactions in
contraindications)
No CYP3A4 inhibition; No P-gp
induction and poor substrate

No P-gp induction or substrate

No CYP substrate, inhibitor or
inducer
CYP2D6 inhibitor
Unclear from the label

Information are derived from relevant summary of product characteristic (EMA) or product information (FDA), as of March 26th, 2013. When no information could be obtained from EMA and FDA documents, the Italian label was used. 1On 28 August 2006, orphan designation (EU/3/06/391) was granted
by the European Commission to Nektar Therapeutics United Kingdom Ltd, United Kingdom, for amphotericin B (for inhalation use) for the prevention of
pulmonary fungal infections in patients deemed at risk; 2Pediatric investigation plan agreed with EMA. EMA: European Medicines Agency; FDA: Food and
Drug Administration; IFI: Invasive fungal infections.

Notably, antifungal-antibacterial combinations were frequently used (77.5%)[59]. As clearly emerged from these
drug utilization studies, widely used antimycotics are also
frequently reported in DILI cases extracted from FAERS.
Therefore, not only active monitoring is warranted, but
also appropriateness of prescriptions should be carefully
considered by clinicians.
Another important aspect regards the issue of potential drug interactions. As a matter of fact, several antimycotics are metabolized or even inhibit crucial liver cytochromes for drug metabolism (e.g., CYP3A4) (Table 4).
Although the clinical relevance of drug interactions is still
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a matter of debate, concomitant administration of drugs
and/or herb (which are recognized to have hepatotoxic
potential) should be assessed for potential interactions or
interference with hepatic metabolism. Remarkably, the
clinical implications of our data are also influenced by the
different therapeutic indications of antimycotics (Table
4). In this context, griseofulvin, terbinafine, fluconazole
and itraconazole share onicomycosis as main indication,
whereas micafungin, voriconazole, posaconazole, caspofungin and amphotericin are used for systemic invasive
infections, implying different baseline patients’ conditions
that may contribute to increase their hepatotoxic poten-
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tial. In particular, voriconazole and posaconazole are the
most recently marketed compound and are indicated as
second-line treatment for invasive fungal infections (e.g.,
following treatment failure with fluconazole); therefore,
a potential channeling bias should be considered (i.e., the
possibility that drugs may be differently prescribed in relation to the severity of disease).
In a conclusion, we have used the recent regulatory
case of ketoconazole to provide clues to clinicians needing practical guidance to assign the level of DILI risk
among antimycotics.
From our analysis, it clearly emerges that it is not
possible to identify a safe systemic antimycotic because
all agents show a disproportionality signal for DILI. Although this safety issue was already formally mentioned
in the label, it is still possible that clinicians do not fully
appreciate this aspect.
The recent marketing restrictions of ketoconazole by
regulatory Agencies should not lead physicians to overlook hepatotoxicity due to other systemic antifungals.
Careful monitoring is therefore recommended, especially
in critical poly-treated patients, keeping in mind that
treatment usually requires drug exposure for a significant
period of time.
It is clear that drug developers and clinicians face a
challenging task in early recognition of DILI, a rare but
potentially serious event for which drug discontinuation
remains the key aspect of management, provided that diagnosis is correct. Therefore, the creation of novel multidisciplinary projects and the implementation of existing
consortia (e.g., the DILI network) is desirable to achieve
the best risk prediction in the preclinical phase and make
pharmacovigilance a reliable indicator of the post-marketing risk. This is also in line with new European pharmacovigilance legislation (in force since July 2012), which
advocates the need for global risk-benefit assessment.

2
3
4

5

6

7

8

9

10
11

12

COMMENTS
COMMENTS
13

Background

The recent regulatory interventions (United States restriction and Europe suspension) concerning ketoconazole for drug-induced liver injury (DILI) poses
a prescribing challenge to clinicians, who should now carefully consider safer
therapeutic alternatives.

14

Research frontiers

Eleven systemic antimycotics (including ketoconazole and the newer triazole
derivatives voriconazole and posaconazole) and terbinafine (used systemically
to treat onychomicosis) generated a significant disproportionality, indicating a
post-marketing signal of risk.

Innovations and breakthroughs

15

Peer review

16

REFERENCES

17

Authors have used the recent regulatory case of ketoconazole to provide clues
to clinicians needing practical guidance to assign the level of DILI risk among
antimycotics.
This is a well-written manuscript that provides valuable information about drug
hepatotoxicity, particularly those induced by antimycotics.

1

Hussaini SH, Farrington EA. Idiosyncratic drug-induced
liver injury: an update on the 2007 overview. Expert Opin

WJH|www.wjgnet.com

18

610

Drug Saf 2014; 13: 67-81 [PMID: 24073714 DOI: 10.1517/1474
0338.2013.828032]
Leise MD, Poterucha JJ, Talwalkar JA. Drug-induced liver
injury. Mayo Clin Proc 2014; 89: 95-106 [PMID: 24388027 DOI:
10.1016/j.mayocp.2013.09.016]
Kaplowitz N. Idiosyncratic drug hepatotoxicity. Nat Rev
Drug Discov 2005; 4: 489-499 [PMID: 15931258 DOI: 10.1038/
nrd1750]
Roth RA, Ganey PE. Intrinsic versus idiosyncratic druginduced hepatotoxicity--two villains or one? J Pharmacol
Exp Ther 2010; 332: 692-697 [PMID: 20019161 DOI: 10.1124/
jpet.109.162651]
Lammert C, Bjornsson E, Niklasson A, Chalasani N. Oral
medications with significant hepatic metabolism at higher
risk for hepatic adverse events. Hepatology 2010; 51: 615-620
[PMID: 19839004 DOI: 10.1002/hep.23317]
Lammert C, Einarsson S, Saha C, Niklasson A, Bjornsson E,
Chalasani N. Relationship between daily dose of oral medications and idiosyncratic drug-induced liver injury: search
for signals. Hepatology 2008; 47: 2003-2009 [PMID: 18454504
DOI: 10.1002/hep.22272]
Chen M, Borlak J, Tong W. High lipophilicity and high daily
dose of oral medications are associated with significant risk
for drug-induced liver injury. Hepatology 2013; 58: 388-396
[PMID: 23258593 DOI: 10.1002/hep.26208]
Yu K, Geng X, Chen M, Zhang J, Wang B, Ilic K, Tong W.
High daily dose and being a substrate of cytochrome P450
enzymes are two important predictors of drug-induced liver
injury. Drug Metab Dispos 2014; 42: 744-750 [PMID: 24464804
DOI: 10.1124/dmd.113.056267]
Aithal GP, Watkins PB, Andrade RJ, Larrey D, Molokhia M,
Takikawa H, Hunt CM, Wilke RA, Avigan M, Kaplowitz N,
Bjornsson E, Daly AK. Case definition and phenotype standardization in drug-induced liver injury. Clin Pharmacol Ther
2011; 89: 806-815 [PMID: 21544079 DOI: 10.1038/clpt.2011.58]
Bénichou C. Criteria of drug-induced liver disorders. Report
of an international consensus meeting. J Hepatol 1990; 11:
272-276 [PMID: 2254635 DOI: 10.1016/0168-8278(90)90124-A]
Teschke R, Wolff A, Frenzel C, Schwarzenboeck A, Schulze J,
Eickhoff A. Drug and herb induced liver injury: Council for International Organizations of Medical Sciences scale for causality
assessment. World J Hepatol 2014; 6: 17-32 [PMID: 24653791]
Brinker AD, Wassel RT, Lyndly J, Serrano J, Avigan M,
Lee WM, Seeff LB. Telithromycin-associated hepatotoxicity: Clinical spectrum and causality assessment of 42 cases.
Hepatology 2009; 49: 250-257 [PMID: 19085949 DOI: 10.1002/
hep.22620]
Fontana RJ, Seeff LB, Andrade RJ, Björnsson E, Day CP, Serrano J, Hoofnagle JH. Standardization of nomenclature and
causality assessment in drug-induced liver injury: summary
of a clinical research workshop. Hepatology 2010; 52: 730-742
[PMID: 20564754 DOI: 10.1002/hep.23696]
Kleiner DE, Chalasani NP, Lee WM, Fontana RJ, Bonkovsky
HL, Watkins PB, Hayashi PH, Davern TJ, Navarro V, Reddy
R, Talwalkar JA, Stolz A, Gu J, Barnhart H, Hoofnagle JH.
Hepatic histological findings in suspected drug-induced
liver injury: systematic evaluation and clinical associations.
Hepatology 2014; 59: 661-670 [PMID: 24037963]
Agarwal VK, McHutchison JG, Hoofnagle JH. Important
elements for the diagnosis of drug-induced liver injury. Clin
Gastroenterol Hepatol 2010; 8: 463-470 [PMID: 20170750 DOI:
10.1016/j.cgh.2010.02.008]
Fontana RJ, Watkins PB, Bonkovsky HL, Chalasani N,
Davern T, Serrano J, Rochon J. Drug-Induced Liver Injury
Network (DILIN) prospective study: rationale, design and
conduct. Drug Saf 2009; 32: 55-68 [PMID: 19132805 DOI:
10.2165/00002018-200932010-00005]
Shah RR. Can pharmacogenetics help rescue drugs withdrawn from the market? Pharmacogenomics 2006; 7: 889-908
[PMID: 16981848 DOI: 10.2217/14622416.7.6.889]
Coloma PM, Trifirò G, Patadia V, Sturkenboom M. Postmar-

August 27, 2014|Volume 6|Issue 8|

Raschi E et al . Antimycotics and liver injury

19

20

21

22
23

24
25

26

27
28
29
30

31
32

33
34

35

keting safety surveillance : where does signal detection using
electronic healthcare records fit into the big picture? Drug Saf
2013; 36: 183-197 [PMID: 23377696 DOI: 10.1007/s40264-0130018-x]
Regev A. How to avoid being surprised by hepatotoxicity
at the final stages of drug development and approval. Clin
Liver Dis 2013; 17: 749-67, xi [PMID: 24099029 DOI: 10.1016/
j.cld.2013.07.014]
Corsini A, Ganey P, Ju C, Kaplowitz N, Pessayre D, Roth R,
Watkins PB, Albassam M, Liu B, Stancic S, Suter L, Bortolini
M. Current challenges and controversies in drug-induced
liver injury. Drug Saf 2012; 35: 1099-1117 [PMID: 23137150]
Hawkins MT, Lewis JH. Latest advances in predicting DILI
in human subjects: focus on biomarkers. Expert Opin Drug
Metab Toxicol 2012; 8: 1521-1530 [PMID: 22998122 DOI: 10.15
17/17425255.2012.724060]
Temple R. Hy’s law: predicting serious hepatotoxicity. Pharmacoepidemiol Drug Saf 2006; 15: 241-243 [PMID: 16552790
DOI: 10.1002/pds.1211]
Andrade RJ, Lucena MI, Fernández MC, Pelaez G, Pachkoria K, García-Ruiz E, García-Muñoz B, González-Grande
R, Pizarro A, Durán JA, Jiménez M, Rodrigo L, RomeroGomez M, Navarro JM, Planas R, Costa J, Borras A, Soler A,
Salmerón J, Martin-Vivaldi R. Drug-induced liver injury: an
analysis of 461 incidences submitted to the Spanish registry
over a 10-year period. Gastroenterology 2005; 129: 512-521
[PMID: 16083708 DOI: 10.1016/j.gastro.2005.05.006]
Björnsson E, Olsson R. Outcome and prognostic markers
in severe drug-induced liver disease. Hepatology 2005; 42:
481-489 [PMID: 16025496 DOI: 10.1002/hep.20800]
FDA. Guidance for Industry. Drug-Induced Liver Injury:
Premarketing Clinical Evaluation (2009). Available from:
URL: http://www.fda.gov/downloads/Drugs/.../Guidances/UCM174090.pdf
Watkins PB, Desai M, Berkowitz SD, Peters G, Horsmans Y,
Larrey D, Maddrey W. Evaluation of drug-induced serious
hepatotoxicity (eDISH): application of this data organization
approach to phase III clinical trials of rivaroxaban after total
hip or knee replacement surgery. Drug Saf 2011; 34: 243-252
[PMID: 21332248 DOI: 10.2165/11586600-000000000-00000]
Andrade RJ, Tulkens PM. Hepatic safety of antibiotics used
in primary care. J Antimicrob Chemother 2011; 66: 1431-1446
[PMID: 21586591 DOI: 10.1093/jac/dkr159]
Cronin S, Chandrasekar PH. Safety of triazole antifungal
drugs in patients with cancer. J Antimicrob Chemother 2010;
65: 410-416 [PMID: 20035021 DOI: 10.1093/jac/dkp464]
Lewis JH, Zimmerman HJ, Benson GD, Ishak KG. Hepatic
injury associated with ketoconazole therapy. Analysis of 33
cases. Gastroenterology 1984; 86: 503-513 [PMID: 6319220]
García Rodríguez LA, Duque A, Castellsague J, Pérez-Gutthann S, Stricker BH. A cohort study on the risk of acute liver
injury among users of ketoconazole and other antifungal
drugs. Br J Clin Pharmacol 1999; 48: 847-852 [PMID: 10594489
DOI: 10.1046/j.1365-2125.1999.00095.x]
Yan JY, Nie XL, Tao QM, Zhan SY, Zhang YD. Ketoconazole
associated hepatotoxicity: a systematic review and meta- analysis. Biomed Environ Sci 2013; 26: 605-610 [PMID: 23895707]
Fernandes NF, Geller SA, Fong TL. Terbinafine hepatotoxicity: case report and review of the literature. Am J Gastroenterol 1998; 93: 459-460 [PMID: 9517658 DOI: 10.1111/
j.1572-0241.1998.00459.x]
Ajit C, Suvannasankha A, Zaeri N, Munoz SJ. Terbinafineassociated hepatotoxicity. Am J Med Sci 2003; 325: 292-295
[PMID: 12792250 DOI: 10.1097/00000441-200305000-00008]
Anania FA, Rabin L. Terbinafine hepatotoxicity resulting in chronic biliary ductopenia and portal fibrosis. Am
J Med 2002; 112: 741-742 [PMID: 12079721 DOI: 10.1016/
S0002-9343(02)01109-9]
Kao WY, Su CW, Huang YS, Chou YC, Chen YC, Chung WH,
Hou MC, Lin HC, Lee FY, Wu JC. Risk of oral antifungal agent-

WJH|www.wjgnet.com

36

37

38

39

40

41

42

43

44

45
46

47

48

49

611

induced liver injury in Taiwanese. Br J Clin Pharmacol 2014; 77:
180-189 [PMID: 23750489 DOI: 10.1111/bcp.12178]
Trifirò G, Pariente A, Coloma PM, Kors JA, Polimeni G,
Miremont-Salamé G, Catania MA, Salvo F, David A, Moore
N, Caputi AP, Sturkenboom M, Molokhia M, Hippisley-Cox
J, Acedo CD, van der Lei J, Fourrier-Reglat A. Data mining
on electronic health record databases for signal detection in
pharmacovigilance: which events to monitor? Pharmacoepidemiol Drug Saf 2009; 18: 1176-1184 [PMID: 19757412 DOI:
10.1002/pds.1836]
Harpaz R, DuMouchel W, LePendu P, Bauer-Mehren A,
Ryan P, Shah NH. Performance of pharmacovigilance signaldetection algorithms for the FDA adverse event reporting system. Clin Pharmacol Ther 2013; 93: 539-546 [PMID:
23571771 DOI: 10.1038/clpt.2013.24]
Dusetzina SB, Higashi AS, Dorsey ER, Conti R, Huskamp
HA, Zhu S, Garfield CF, Alexander GC. Impact of FDA drug
risk communications on health care utilization and health
behaviors: a systematic review. Med Care 2012; 50: 466-478
[PMID: 22266704 DOI: 10.1097/MLR.0b013e318245a160]
Poluzzi E, Raschi E, Moretti U, De Ponti F. Drug-induced
torsades de pointes: data mining of the public version of the
FDA Adverse Event Reporting System (AERS). Pharmacoepidemiol Drug Saf 2009; 18: 512-518 [PMID: 19358226 DOI:
10.1002/pds.1746]
Poluzzi E, Raschi E, Motola D, Moretti U, De Ponti F. Antimicrobials and the risk of torsades de pointes: the contribution from data mining of the US FDA Adverse Event Reporting System. Drug Saf 2010; 33: 303-314 [PMID: 20297862 DOI:
10.2165/11531850-000000000-00000]
Poluzzi E, Raschi E, Koci A, Moretti U, Spina E, Behr ER,
Sturkenboom M, De Ponti F. Antipsychotics and torsadogenic risk: signals emerging from the US FDA Adverse Event
Reporting System database. Drug Saf 2013; 36: 467-479 [PMID:
23553446 DOI: 10.1007/s40264-013-0032-z]
Brinker AD, Lyndly J, Tonning J, Moeny D, Levine JG, Avigan MI. Profiling cumulative proportional reporting ratios of
drug-induced liver injury in the FDA Adverse Event Reporting System (FAERS) database. Drug Saf 2013; 36: 1169-1178
[PMID: 24178291 DOI: 10.1007/s40264-013-0116-9]
Poluzzi E, Raschi E, Piccinni C, De Ponti F. Data Mining
Techniques in Pharmacovigilance: Analysis of the Publicly
Accessible FDA Adverse Event Reporting System (AERS).
In: Karahoca A. Data Mining Applications in Engineering
and Medicine. InTech: Rijeka, Croatia, 2012: 267-301
Suzuki A, Andrade RJ, Bjornsson E, Lucena MI, Lee WM,
Yuen NA, Hunt CM, Freston JW. Drugs associated with
hepatotoxicity and their reporting frequency of liver adverse
events in VigiBase: unified list based on international collaborative work. Drug Saf 2010; 33: 503-522 [PMID: 20486732
DOI: 10.2165/11535340-000000000-00000]
Bernal W, Wendon J. Acute liver failure. N Engl J Med
2013; 369: 2525-2534 [PMID: 24369077 DOI: 10.1056/NEJMra1208937]
van Puijenbroek EP, Bate A, Leufkens HG, Lindquist M,
Orre R, Egberts AC. A comparison of measures of disproportionality for signal detection in spontaneous reporting
systems for adverse drug reactions. Pharmacoepidemiol Drug
Saf 2002; 11: 3-10 [PMID: 11998548 DOI: 10.1002/pds.668]
Raschi E, Piccinni C, Poluzzi E, Marchesini G, De Ponti F.
The association of pancreatitis with antidiabetic drug use:
gaining insight through the FDA pharmacovigilance database. Acta Diabetol 2013; 50: 569-577 [PMID: 22008948 DOI:
10.1007/s00592-011-0340-7]
Ryan PB, Schuemie MJ, Welebob E, Duke J, Valentine S,
Hartzema AG. Defining a reference set to support methodological research in drug safety. Drug Saf 2013; 36 Suppl 1:
S33-S47 [PMID: 24166222 DOI: 10.1007/s40264-013-0097-8]
Coloma PM, Avillach P, Salvo F, Schuemie MJ, Ferrajolo C,
Pariente A, Fourrier-Réglat A, Molokhia M, Patadia V, van

August 27, 2014|Volume 6|Issue 8|

Raschi E et al . Antimycotics and liver injury

50
51

52

53
54

55

der Lei J, Sturkenboom M, Trifirò G. A reference standard
for evaluation of methods for drug safety signal detection
using electronic healthcare record databases. Drug Saf 2013;
36: 13-23 [PMID: 23315292 DOI: 10.1007/s40264-012-0002-x]
Bate A, Evans SJ. Quantitative signal detection using spontaneous ADR reporting. Pharmacoepidemiol Drug Saf 2009; 18:
427-436 [PMID: 19358225 DOI: 10.1002/pds.1742]
Shah RR, Morganroth J, Shah DR. Hepatotoxicity of tyrosine kinase inhibitors: clinical and regulatory perspectives.
Drug Saf 2013; 36: 491-503 [PMID: 23620168 DOI: 10.1007/
s40264-013-0048-4]
NEVAXAR. EMA: procedural steps taken and scientific information after the authorisation (2010). Available
from: URL: http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_Procedural_steps_taken_and_sc
ientific_information_after_authorisation/human/000690/
WC500027709.pdf
NEVAXAR. FDA: Labeling Revision (2010). Available from:
URL: http://www.accessdata.fda.gov/drugsatfda_docs/
appletter/2012/021923Origs013ltr.pdf
Petronijevic M, Ilic K. Associations of gender and age with
the reporting of drug-induced hepatic failure: data from
the VigiBase™. J Clin Pharmacol 2013; 53: 435-443 [PMID:
23440959 DOI: 10.1002/jcph.3]
Raschi E, Poluzzi E, Zuliani C, Muller A, Goossens H, De

56

57

58

59

Ponti F. Exposure to antibacterial agents with QT liability
in 14 European countries: trends over an 8-year period.
Br J Clin Pharmacol 2009; 67: 88-98 [PMID: 19076158 DOI:
10.1111/j.1365-2125.2008.03319.x]
Raschi E, Poluzzi E, Godman B, Koci A, Moretti U, Kalaba
M, Bennie M, Barbui C, Wettermark B, Sturkenboom M, De
Ponti F. Torsadogenic risk of antipsychotics: combining adverse event reports with drug utilization data across Europe.
PLoS One 2013; 8: e81208 [PMID: 24278396 DOI: 10.1371/
journal.pone.0081208]
Adriaenssens N, Coenen S, Muller A, Vankerckhoven V,
Goossens H. European Surveillance of Antimicrobial Consumption (ESAC): outpatient systemic antimycotic and
antifungal use in Europe. J Antimicrob Chemother 2010; 65:
769-774 [PMID: 20142264 DOI: 10.1093/jac/dkq023]
Adriaenssens N, Coenen S, Versporten A, Goossens H. Outpatient systemic antimycotic and antifungal use in Europe:
new outcome measure provides new insight. Int J Antimicrob
Agents 2013; 42: 466-470 [PMID: 23993932 DOI: 10.1016/j.ijantimicag.2013.07.004]
Zarb P, Amadeo B, Muller A, Drapier N, Vankerckhoven V,
Davey P, Goossens H. Antifungal therapy in European hospitals: data from the ESAC point-prevalence surveys 2008
and 2009. Clin Microbiol Infect 2012; 18: E389-E395 [PMID:
22827696 DOI: 10.1111/j.1469-0691.2012.03973.x]
P- Reviewer: Julie NL, Neil L S- Editor: Wen LL
L- Editor: A E- Editor: Wu HL

WJH|www.wjgnet.com

612

August 27, 2014|Volume 6|Issue 8|

World J Hepatol 2014 August 27; 6(8): 613-620
ISSN 1948-5182 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v6.i8.613

ORIGINAL ARTICLE

Circulating microRNAs in patients with non-alcoholic fatty
liver disease
Mehmet Celikbilek, Mevlut Baskol, Serpil Taheri, Kemal Deniz, Serkan Dogan, Gokmen Zararsız,
Sebnem Gursoy, Kadri Guven, Omer Ozbakır, Munis Dundar, Mehmet Yucesoy
181d, miR-34a, miR-122, miR-99a and miR-29a were
analyzed using real-time polymerase chain reaction.
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RESULTS: Serum levels of miR-181d, miR-99a, miR-197
and miR-146b were significantly lower in biopsy-proven
NAFLD patients than in the healthy controls. Serum levels of miR-197 and miR-10b were inversely correlated
with degree of inflammation and miR-181d and miR99a were inversely correlated with serum gamma glutamyl transferase levels in non-alcoholic steatohepatitis
patients.
CONCLUSION: NAFLD is associated with altered serum miRNA expression pattern. This study provides
clues for defining the non-invasive diagnosis of NAFLD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Nonalcoholic steatohepatitis; MicroRNA; Noninvasive; Serum
markers
Core tip: Due to the limitations of liver biopsy, the use
of non-invasive markers has emerged in recent years.
MicroRNAs (miRNAs) are a class of naturally occurring small noncoding RNAs that regulate gene expression. Altered miRNA expression has been reported in
animal and human liver samples in non-alcoholic fatty
liver disease (NAFLD). There is, however, only limited
information on their detection in blood and their correlation with histological disease severity in patients
with NAFLD. For this reason, we measured the serum
levels of some miRNAs in non-alcoholic steatohepatitis
(NASH) patients. Of these microRNAs, miR-181d, miR99a, miR-197 and miR-146b were expressed at lower
levels in NASH patients than in controls. Serum levels
of miR-197 and miR-10b were inversely correlated with
degree of inflammation and miR-181d and miR-99a
were inversely correlated with serum gamma glutamyl
transferase levels in NASH patients.

Abstract
AIM: To identify novel non-invasive biomarkers for
non-alcoholic fatty liver disease (NAFLD).
METHODS: Twenty patients with histologically proven
NAFLD and 20 controls were included. All NAFLD cases
were scored using the NAFLD activity score. The relative expressions of miR-197, miR-146b, miR-10b, miR-
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histologically proven NAFLD were included. The inclusion criteria were as follows: (1) 18 years or older; (2) persistently elevated (for at least 6 mo) aminotransferases; (3)
ultrasonographic presence of hyperechogenic liver and
(4) liver histology with a diagnosis of non-alcoholic steatohepatitis (NASH) without cirrhosis obtained no more
than 6 mo before the study. The exclusion criteria were
as follows: (1) a history of any level of alcohol consumption; (2) hypertension (≥ 135 systolic, ≥ 85 diastolic
or antihypertensive use); (3) any other form of chronic
liver disease; (4) use of any medications thought to cause
or affect NAFLD; (5) abnormal thyroid function tests;
(6) plasma fasting glucose ≥ 126 mg/dL or antidiabetic
drug use; (7) chronic obstructive pulmonary disease; (8)
peripheral and cerebral vascular disease; (9) hematologic
disorders; (10) acute or chronic infection; (11) history of
cancer; (12) chronic kidney diseases and (13) documented
coronary artery disease.
The control group consisted of 20 healthy agematched subjects from our institution staff with normal
liver enzymes and abdominal ultrasonography findings.
All subjects underwent a clinical examination and were
questioned regarding their medical history. BMI was calculated as body weight/height2.
The study was performed in accordance with the
principles of the Helsinki Declaration of 1975, as revised
in 2008. This study was approved by the ethics committee of the Medical School of Erciyes University and informed consent was obtained from all participants.
This work was supported by a grant, number
TSD-10-3368, from the Erciyes University as well as by a
grant from the Turkish Association for the Study of the
Liver. The funders had no role in the study design, data
collection and analysis, decision to publish, or preparation of the manuscript.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease in Western populations. It comprises a disease spectrum which includes
variable degrees of simple steatosis (fatty liver), nonalcoholic steatohepatitis (NASH) and cirrhosis which are
likely to be characterized by different pathogenesis and
clinical history[1]. Liver biopsy is used in daily practice for
the diagnosis of NASH and histologic severity. The identification of novel non-invasive biomarkers for NAFLD
is needed due to the invasive nature of liver biopsy.
MicroRNAs (miRNAs) are a class of naturally occurring small noncoding RNAs of approximately 22 nucleotides in length that regulate gene expression either by
promoting mRNA degradation or by attenuating protein
translation[2,3]. miRNAs can influence NAFLD through
pathways involving inflammation, fibrosis, insulin resistance, lipid metabolism and the metabolic syndrome.
Recently, altered miRNA expression has been reported
in animal and human liver samples in NAFLD[4-6]. Serum
levels of miR-29a were significantly down-regulated in fibrotic/cirrhotic livers compared with nonfibrotic livers[7].
miRNA-10b was proven to regulate the level of steatosis
in human hepatocyte cell culture[8]. miR-122 was significantly underexpressed in liver samples of NASH subjects
compared to controls and miR-34a was significantly
overexpressed[5]. miR-181d may play a role in regulating
the lipid content of hepatocytes[9]. miR-197 and miR-99,
in the visceral adipose tissue, were significantly associated
with pericellular fibrosis in NAFLD[10]. Serum free fatty
acid (FFA) levels negatively correlated with adipose tissue
level of miR-99a[11]. miR-146b was up-regulated in adipose tissue after long-term high-fat diet-induced obesity
in mice[12].
There is insufficient data in the literature regarding
serum miRNA expression patterns in NAFLD. In the
present study, we analyzed the serum expression profile
of these eight miRNAs (miR-29a, miR-10b, miR-122,
miR-34a, miR-181d, miR-197, miR-99a, miR-146b) which
are related to NAFLD progression and pathogenesis, and
are related to serum FFAs, insulin resistance, and adipose
tissue.

Biochemical measurements
Blood samples were drawn after an overnight fast from
an antecubital vein; fasting plasma glucose, serum basal
insulin level, high density lipoprotein cholesterol, triglycerides, low density lipoprotein cholesterol, creatinine, alanine aminotransferase, aspartate aminotransferase, serum
total bilirubin, serum indirect bilirubin, alkaline phosphatase, and gamma glutamyl transferase (GGT) were determined by standard methods.
The estimate of IR by the homeostasis model assessment insulin resistance index (HOMA-IR) was calculated
using the formula: fasting serum insulin (mIU/L) × fasting plasma glucose (mmol/L)/22.5.
Histopathologic analysis
The liver tissue was stained with hematoxylin-eosin and
Masson’s trichrome stains. The review of the specimens
was carried out by a single experienced liver pathologist.
NASH was diagnosed according to the consensus arrived
at a meeting of the American Association for the Study
of Liver Diseases[13]. All cases were scored using NAS
to compare miRNA expression and laboratory parame-

MATERIALS AND METHODS
Study population
A total of 40 patients were enrolled in this study between
September 2010 and January 2012 at Erciyes University
Department of Gastroenterology. Twenty patients with
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ters[14]. A 4-point scale for steatosis [(0) < 5%, (1) 5%-33%,
(2) > 33%-66%, and (3) > 66%], lobular inflammation
[(0) no foci, (1) < 2 foci, (2) 2-4 foci, and (3) > 4 foci] and
a 3-point scale for ballooning [(0) none, (1) mild, and (2)
moderate-marked] resulted in a maximal sum score of 8.
A NAS score of 5 and over correlated with salient NASH,
patients with scores < 3 were diagnosed as not having
NASH, and patients with scores of 3 and 4 were diagnosed as having borderline NASH. Fibrosis was scored by
Masson’s trichrome stain using the NASH scoring system
[(0): none, (1) perisinusoidal or periportal fibrosis, (2) perisinusoidal and periportal fibrosis, (3) bridging fibrosis, and
(4) cirrhosis]. Steatosis was coded as 0 = mild (steatosis
grade 1) or 1 = moderate to severe (steatosis grade 2-3).
Ballooning was coded as 0 = mild (ballooning grade 1),
or 1 = moderate-severe (ballooning grade 2). Lobular inflammation was coded as 0 = absent-mild (lobular inflammation 0-1) or 1 = moderate-severe (lobular inflammation
2-3). Fibrosis was coded as 0 = no significant fibrosis
(F0-F1) or 1 = significant fibrosis (F2-F4).

method with average linkage and the Pearson correlation
distance metric were used for DE miRNAs and a cluster
heat-map was constructed to visualize the data values of
the samples and DE miRNAs simultaneously in a hierarchical cluster structure. Receiver operating characteristic
(ROC) curves were plotted for DE miRNAs, and the area
under the ROC curve values were calculated with 95%
intervals and compared with each other. A series of cutoff values were applied, sensitivity and specificity statistical measures were computed for each cut-off value. Next,
a ROC curve was generated and the area under this curve
was calculated for each miRNA using the trapezoidal rule.
Also, Pearson and point-biserial correlation coefficients
were calculated to identify the relationship between laboratory parameters, NAS-scale parameters and miRNAs.
All P values obtained from clinical data and miRNA
expression data were adjusted with the false discovery rate
to control the multiple testing problem. Analyses were
performed using several packages of R 2.14.0 software.

RESULTS

miRNA quantitation
miRNA was isolated from serum using a miRNeasy Mini
Kit (Qiagen, Cat; 217004) according to the manufacturer’
s protocol. The yield and purity of RNA were measured
using a NanoDrop ND-1000 spectrophotometer (Nanodrop Technologies). cDNA was isolated from obtained
miRNA samples using a miScript Reverse Transcription
Kit (Qiagen, Cat; 218060). We performed quantitative
Real-Time PCR (qPCR) according to the manufacturer’s
instructions (miScript SYBR Green PCR Kit Qiagen Cat.
No: 218073) to profile the distribution of eight miRNAs
in serum samples and RUN1A1 was used as an internal
control. The qPCR assays were performed in duplicate.
The relative expressions of miR-197, miR-146b, miR10b, miR-181d, miR-34a, miR-122, miR-99a and miR29a were analyzed using the standard 2-ΔΔCT method[15].
These miRNAs were selected due to their pathophysiological relation with NAFLD.

The clinical and laboratory data of age- and sex-matched
patients and controls are summarized in Table 1. To determine whether serum levels of miR-181d, miR-10b,
miR-122, miR-34a, miR-146b, miR-197, miR-99a and miR29a change in patients with NAFLD, we measured these
eight miRNAs in sera collected from 20 patients diagnosed
with definite steatohepatitis according to Sanyal et al[13] and
compared them with those of 20 controls.
miR-181d expression was significantly lower in the
serum of NASH patients compared to healthy controls (P
< 0.0001). miR-99a, miR-197 and miR-146b serum levels
were also lower in NASH patients (P < 0.05). Serum levels of miR-10b, miR-122, miR-34a and miR-29a did not
differ between the control and patient groups (Figure 1).
miR-181d levels were decreased by 2.49-fold in NASH
patients compared to healthy controls (q < 5%). miR99a levels were decreased by 1.92-fold, miR-197 levels
were decreased by 1.61-fold and miR-146b levels were
decreased by 1.52-fold in NASH patients compared to
healthy controls (q < 5%) (Table 2). A cluster heat-map
which displays the data values of samples and differentially expressed miRNAs simultaneously in a hierarchical
cluster structure was produced and is shown in Figure 2.
In our study, serum levels of miR-197 and miR-10b
were negatively correlated with degree of inflammation
(P < 0.05) (Table 3). Serum levels of these two miRNAs
were decreased, while the degree of inflammation increased from absent-mild to moderate-severe. miRNA
levels were similar in both groups according to NAS,
steatosis, ballooning and fibrosis. Because both miR-197
and miR-10b levels correlated with degree of inflammation, we investigated the relationship between their serum
levels and laboratory parameters in NASH patients (Table
4). Based on the correlation results between laboratory
parameters and miRNAs (Table 4), a negative moderate
and significant correlation was detected between GGT
and miR-181d (r = -0.464, P < 0.05), and between GGT

Statistical analysis
For statistical analysis of clinical data, the Shapiro-Wilk’s test
was used, and histograms and q-q plots were constructed
to check data normality. Either a two-sided independent
samples t- test or Mann-Whitney U test was used for the
comparison of continuous variables. χ 2 analysis was used
for the comparison of categorical variables. Values are
expressed as frequencies and percentages, mean ± SD
deviation or median and 25th-75th percentiles.
miRNA expression data analysis was performed according to the 2-ΔΔCT method. For additional pre-processing we applied a logarithmic transformation to the
data, then centered genes as follows: [(value)-mean(gene)/
standard deviation(gene)]. A t test was used to find the
differentially expressed (DE) miRNAs between the
NAFLD and control groups. Significant analysis of microarrays was also performed using 100 permutations to
assess if the significance of the differential expression
was by chance. The agglomerative hierarchical clustering
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Figure 1 Box plots showing the expression value of 8 genes between control and non-alcoholic fatty liver disease groups. The middle line indicates the median statistic, the bottom and top of the box show the 25th and 75th percentiles, the lower and upper whiskers show the minimum and maximum values of the data after
detecting outliers (circles). P values were obtained from a two-sided t test and adjusted with false discovery rate. NAFLD: Non-alcoholic fatty liver disease.
Color key

Figure 2 A cluster heatmap displaying the data values of
samples and differentially expressed miRNAs simultaneously in a hierarchical cluster structure. Bright red: Underexpression; black: No change; bright green: Over-expression.
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Table 1 Clinical and demographic characteristics of non-alcoholic fatty liver disease patients and controls
Variable
Age (yr)
Sex (male/female)
BMI (kg/m2)
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Fasting glucose (mg/dL)
Triglycerides (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
Insulin (mIU/mL)
HOMA-IR
Total biluribin (mg/dL)
Direct biluribin (mg/dL)
AST (IU/L)
ALT (IU/L)
AP (IU/L)
GGT (IU/L)
Creatinine (mg/dL)
WBC (μL)
Trombocyte (103/μL)
Hct

NAFLD (n = 20)

Control (n = 20)

P

42.75 ± 8.17
9 (45.0)/11(55.0)
31.86 ± 4.76
103.25 ± 13.65
120.25 ± 8.66
76.50 ± 6.09
97.85 ± 13.88
151.10 ± 65.06
43.00 (36.50-48.50)
125.50 (100.00-139.00)
14.81 (11.88-22.75)
4.05 (2.71-5.51)
0.65 (0.50-0.80)
0.20 (0.12-0.25)
45.00 (34.50-59.00)
68.50 (52.50-85.50)
76.00 (55.50-96.00)
48.00 (33.00-73.00)
0.87 ± 0.15
6709.50 ± 1709.47
252.10 ± 64.85
43.37 ± 3.53

44.50 ± 9.31
9 (45.0)/11 (55.0)
27.26 ± 3.07
90.75 ± 11.02
120.25 ± 7.69
77.50 ± 8.96
86.80 ± 11.92
167.70 ± 51.46
45.00 (38.45-49.95)
108.00 (89.25-121.25)
11.76 (8.61-15.70)
2.21 (1.77-3.12)
0.60 (0.55-0.80)
0.20 (0.10-0.20)
21.00 (18.00-27.00)
18.50 (14.00-29.00)
69.00 (57.00-78.50)
20.00 (14.50-33.00)
0.80 ± 0.18
6618.00 ± 1425.37
275.90 ± 69.82
44.25 ± 4.19

0.761
0.761
0.006
0.014
0.999
0.761
0.034
0.645
0.761
0.511
0.229
0.034
0.761
0.761
< 0.001
< 0.001
0.761
< 0.001
0.401
0.892
0.511
0.761

Values are expressed as n (%), mean ± SD or median (25th-75th percentiles). P values were adjusted with FDR to control multiple testing problem. NAFLD:
Non-alcoholic fatty liver disease; BMI: Body mass index; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol;
HOMA-IR: Homeostasis model assessment insulin resistance index; AST: Aspartate aminotransferase ; ALT: Alanine aminotransferase; AP: Alkaline phosphatase; GGT: Gamma glutamyl transferase; WBC: White blood cell.

have been demonstrated in animal and human studies[4,5].
There is, however, only limited information regarding
their detection in blood and their correlation with histological disease severity in patients with NAFLD. For this
reason, we measured the serum levels of miR-181d, miR10b, miR-122, miR-34a, miR-146b, miR-197, miR-99a
and miR-29a in NAFLD patients. Of these microRNAs,
miR-181d, miR-99a, miR-197 and miR-146b were expressed at lower levels in NASH patients than in controls.
miR-29a was significantly down-regulated in fibrotic/
cirrhotic livers compared with nonfibrotic livers[7]. Roderburg et al[7] also showed that significantly lower serum
levels of miR-29a were observed in fibrosis patients compared with healthy controls. In our study, miR-29a serum
levels were not different from controls. miRNA-10b significantly increased the triglyceride level and lipid content
in human hepatocyte cell line L02 cells. miRNA-10b was
proven to regulate the steatosis level in human hepatocyte cell culture via the peroxisome proliferator-activated
receptor-α pathway[8]. miR-122 was significantly underexpressed in liver samples of NASH subjects compared
to controls[5]. Overexpression of miR-122 in cell culture
resulted in a significant decrease in lipogenic genes[5].
Although miR-10b and miR-122 were found to regulate
lipid content in hepatocyte cell cultures, serum expression patterns did not differ in patients with NASH in our
study. The miR-34a expression pattern was not changed
in our study, which was significantly overexpressed in
NASH in human liver tissue[5].
There is insufficient data on miR-181d in NAFLD.
miR-181d may play a role in regulating the lipid content

Table 2 Log2 (Fold change) ratios of differentially expressed
miRNAs which were statistically significant by t test (P <
0.05) and further confirmed by SAM test (q < 5%)
miRNAs

q value (%)

log2 (Fold change)

Over-expressed
Under-expressed
miR-197
miR-146b
miR-181d
miR-99a

Mean

SEM

-

-

-

-1.61
-1.52
-2.49
-1.92

0.54
0.55
0.50
0.53

0
0
0
0

A q value less than 5% by SAM corresponds to a P value less than 0.05 by t
test. SEM: Standard error of mean.

and miR-99a (r = -0.479, P < 0.05). Other correlation
coefficients between laboratory parameters and miRNAs
were not statistically significant (P > 0.05).
To determine the presence of NASH, we performed
ROC curve analyses of miR-197, miR-146b, miR181d and miR-99a (Figure 3). AUROC values were 0.77
(0.60-0.88), 0.75 (0.59-0.87), 0.86 (0.72-0.95), and 0.76
(0.60-0.88), respectively. mir-181d seemed to be the best
marker for NASH, and there was no statistically significant difference between any two miRNA AUROC values
(P > 0.05). Using the Youden index, best cut-off values
and the related diagnostic measures are given in Table 5.

DISCUSSION
The microRNA expression pattern changes in NAFLD
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Table 3 Point-biserial correlation coefficients between NAS-scale parameters and miRNAs in non-alcoholic fatty liver disease patients

Steatosis
Inflammation
Ballooning
Fibrosis
NAS

miR-197

miR-146b

miR-10b

miR-181d

miR-34a

miR-122

miR-99a

miR-29a

0.229
-0.4571
0.154
-0.112
0.051

0.191
-0.396
0.114
-0.171
0.015

0.179
-0.4921
0.175
-0.213
0.035

0.179
-0.402
0.254
-0.098
0.069

0.245
-0.302
0.165
0.033
0.124

0.067
-0.23
-0.037
-0.137
-0.027

0.311
-0.431
-0.029
-0.197
0.074

0.256
-0.315
0.096
-0.103
0.041

1

Correlation is significant at the 0.05 level (2-tailed).

Table 4 Correlation analysis between laboratory parameters and miRNAs in non-alcoholic fatty liver disease patients

AST
ALT
GGT
Triglyceride
HDL-C
LDL-C
HOMA-IR

miR-197

miR-146b

miR-10b

miR-181d

-0.257
-0.131
-0.327
0.008
0.027
0.078
-0.055

-0.331
-0.147
-0.225
-0.039
0.051
0.042
0.117

-0.225
-0.080
-0.303
0.009
-0.031
0.067
0.011

-0.252
-0.215
-0.4641
-0.035
0.042
0.015
-0.015

miR-34a
-0.084
0.122
-0.29
-0.075
0.052
0.139
0.195

miR-122
-0.225
0.103
-0.231
0.087
0.111
0.102
0.205

miR-99a
-0.138
0.077
-0.4791
-0.239
0.16
0.213
0.221

miR-29a
-0.322
-0.143
-0.221
-0.058
0.034
0.155
0.177

1

Correlation is significant at the 0.05 level (2-tailed). ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HOMA-IR: Homeostasis model assessment insulin resistance index; GGT: Gamma glutamyl transferase; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol.

Table 5 Statistical diagnostic measures for miR-197, miR-146b, miR-181d and miR-99a in identifying non-alcoholic fatty liver disease
miRNA
miR-197
miR-146b
miR-181d
miR-99a

Cut-off value

SEN (95%CI)

SPE (95%CI)

PPV (95%CI)

NPV (95%CI)

≤ -1.0144

60.0 (36.1-80.9)
55.0 (31.6-76.9)
70.0 (45.7-88.0)
65.0 (40.8-84.5)

95.0 (75.1-99.9)
100.0 (83.0-100.0)
85.0 (62.1-96.6)
95.0 (75.1-99.2)

92.3 (64.0-99.8)
100.0 (71.3-100.0)
82.4 (56.6-96.0)
92.9 (66.1-98.8)

70.4 (49.8-86.2)
69.0 (49.2-84.7)
73.9 (51.6-89.7)
73.1 (52.2-88.4)

≤ -0.7689
≤ -0.2861
≤ -0.1562

SEN: Sensitivity; SPE: Specifity; PPV: Positive predictive value; NPV: Negative predictive value.

cholesterol ester in cell culture[9]. In our study, serum levels of miR-181d were decreased in NAFLD by 2.49-fold
compared to controls. Estep et al[10] studied miRNA expression in the visceral adipose tissue of patients with
NAFLD. They found that significant changes in miRNA
expression were characterized by overall down-regulation
in the visceral adipose tissue. They also found that downregulation of miR-197 and miR-99 in the visceral adipose tissue was significantly associated with pericellular
fibrosis in NAFLD patients. We also found that miR-99
and miR-197 were down-regulated in the serum of NASH
patients, but we did not find any relationship between fibrosis stages. A study conducted by Klöting et al[11] showed
that the human adipose tissue level of miR-99a negatively
correlated with FFA levels. NAFLD is significantly associated with obesity, type II diabetes mellitus, and the metabolic syndrome. Serum FFA levels are elevated in all of
these disorders[16]. It was reported that the main source
for TG in hepatocytes was derived from circulating FFAs
in NAFLD[17]. Although we did not analyze serum fatty
acid levels in our study, down-regulation of miR-99a in
NASH was concordant with this evidence. Chartoumpekis et al[12] examined miRNA profiling after long-term
high-fat diet-induced obesity in mice and found that miR146a and miR-146b were up-regulated in adipose tissue.

100
90

miRNA197
miRNA146b
miRNA181d
miRNA99a
Reference line

80

Sensitivity (%)

70
60
50
40
30
20
10
0

0

10 20 30 40 50 60 70 80 90 100
1-Specifity (%)

Figure 3 Comparison of area under receiver operating characteristic
curve values of miR-197, mir-146b, mir-181d and mir-99a miRNA’s in the
detection of non-alcoholic fatty liver disease. Area under receiver operating
characteristic values were 0.77 (0.60-0.88), 0.75 (0.59-0.87), 0.86 (0.72-0.95),
and 0.76 (0.60-0.88), respectively, and there was no statistically significant difference between any two miRNAs (P > 0.05).

of hepatocytes. miR-181d has been shown to decrease
lipid droplets, and to reduce cellular triglycerides and
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and miR-10b were inversely correlated with degree of inflammation; and (3) miR-181d and miR-99a were inversely correlated with serum GGT levels in NASH patients.
In conclusion, biopsy proven NAFLD is associated with
an altered serum miRNA expression pattern. This study
provides clues for defining the non-invasive diagnosis of
NAFLD.

In one study, the miR-146a expression levels were significantly decreased in peripheral blood mononuclear cells
from patients with Type 2 diabetes compared to control
subjects. They also reported that reduced miR-146a levels
are associated with insulin resistance and poor glycemic
control[18]. Although miR-146a and miR-146b are encoded on different chromosomes, their mRNA targets are
predicted to overlap significantly[19]. The data in this study
showed decreased miR-146b levels which seems reasonable in light of these findings.
During our research, the study by Cermelli et al[20]
showed that serum levels of miR-122, miR-34a and
miR-16 were significantly higher in NAFLD patients.
They also found that miR-122 and miR-34a levels were
correlated with liver enzyme levels, fibrosis stage and
inflammation activity in NAFLD. These findings regarding miR-122 and miR-34a were not confirmed by our
study results. This may be attributed to patient selection.
We did not include hypertensive patients due to their impaired miRNA profile[21,22].
The current study provides evidence that biopsy
proven NAFLD is associated with altered serum miRNA
expression. The potential targets of differentially expressed miRNAs are known to play a role in metabolism,
immune function, cell proliferation, apoptosis, tissue
development and differentiation; all these are key processes involved in the development and progression of
NASH[5]. While our findings do not provide direct proof
of the involvement of these differentially expressed miRNAs in the development, progression and systemic effect
of NASH, they serve as a resource for future studies on
the role of miRNAs in the non-invasive assessment of
NASH. This was a principal aim of this study.
The pattern of miRNA expression can be affected
by hypertension[21,22]. This possibility was minimized by
excluding patients with hypertension. The miRNA expression pattern is also possibly affected by the development of cirrhosis. We excluded patients with cirrhosis
from this study. We want to point out that the aim of this
study was to determine whether biopsy proven NAFLD
was associated with altered serum miRNA expression
without hypertension. Therefore, only subjects without
hypertension were studied. At the same time, this study
does not provide any information on the serum miRNA
expression pattern in those with isolated hepatic steatosis
due to insufficient funding. Differential expression of
microRNA with two distinct clinical entities, in simple
steatosis and NASH, may exist. It will be very interesting
to investigate the serum expression pattern of miRNA in
simple steatosis and NASH. In addition, this study had a
cross-sectional design. Due to the financial constraints we
selected these eight miRNAs from earlier studies which
were related to NAFLD progression and pathogenesis
and were also related to serum FFA, insulin resistance
and adipose tissue.
This study showed the following: (1) miR-181d, miR99a, miR-197 and miR-146b expression was significantly
lower in the serum of biopsy proven NAFLD patients
than in healthy controls; (2) The serum levels of miR-197
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Core tip: Immune tolerance phase usually prevails for
up to 20-25 years in subjects with chronic hepatitis
B virus (HBV) infection. However, the present study
showed that considerable numbers of chronic HBV-infected patients of Bangladesh lost hepatitis B e antigen
and developed anti-HBe. Early termination of immune
tolerance phase of these young patients was also associated with elevated alanine aminotransferase, hepatic
necroinflammation and considerable hepatic fibrosis
in some patients. Treatment guidelines are warranted
for these patients as there is a paucity of information
about their entity.

Abstract
AIM: To assess an early termination of immune tolerance state of chronic hepatitis B virus infection in Bangladesh and its clinical significance.
METHODS: From a series of 167 treatment-naive
chronic hepatitis B patients aged between 12 to 20
years (mean ± SD; 17.5 ± 2.8 years), percutaneous
liver biopsies of 89 patients who were all hepatitis B e
antigen negative at presentation were done. Of them,
81 were included in the study. They had persistently
normal or raised serum alanine aminotransferase (ALT)
values. A precore mutation (PCM) study was accomplished in 8 patients who were randomly selected.

Mahtab MA, Akbar SMF, Uddin H, Khan SI, Rahman S. Early
termination of immune tolerance state of hepatitis B virus infection explains liver damage. World J Hepatol 2014; 6(8): 621-625
Available from: URL: http://www.wjgnet.com/1948-5182/full/
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INTRODUCTION

RESULTS: Forty-four (53.7%) patients had significant
necroinflammation (HAI-NI > 7), while significant fibrosis (HAI-F ≥ 3) was seen in 15 (18.5%) patients.
Serum ALT (cut off 42 U/L) was raised in 29 (35.8%)
5
patients, while low HBV DNA load (< 10 copies/mL)
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Maybe nearly 2 billion people have been infected with
hepatitis B virus (HBV) worldwide. The clinical manifestations vary widely with asymptomatic acute viral B hepatitis at one end and hepatocellular carcinoma (HCC) at
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the other. There are about 400 million chronic HBV carriers worldwide. Of them, 75%-80% resides in Asia and
the Western Pacific region. HBV is responsible for over
one million deaths per year globally. It is a major cause of
cirrhosis of liver and HCC worldwide[1].
Although there is a paucity of information about a
nation-wide survey regarding HBV prevalence in Bangladesh, published data show that about 5%-6% of apparently healthy individuals are HBV carriers in Bangladesh[2-4]. There may be about 6-8 million chronic HBV
carriers in Bangladesh and most of them are unaware of
their disease. In intermediate prevalence countries like
Bangladesh, lifetime risk of acquiring HBV infection is
above 40%[1].
The precore/core region of the HBV genome encodes the nucleocapsid protein (HBcAg) and hepatitis
B e antigen (HBeAg)[5,6]. The biological role of HBeAg
in HBV replication cycle is uncertain. Expression of
HBeAg is nonessential for virus replication in animal
models[7] and in humans[8]. In utero exposure to HBeAg
can induce immune tolerance in newborn mice[9]. Mutations in the precore region of the HBV genome have
been described[10-12] resulting in HBeAg negative HBV
infection. The core promoter region (nucleotides 1742 to
1849) has an important role in HBV replication as well as
HBeAg production[13] and mutations in this region commonly lead to HBeAg negative HBV infection[14].
Chronic HBV infection can be divided into different phases, which may not be sequential. Patients may
present: (1) in a state of immune tolerance; (2) with
hepatitis B e antigen (HBeAg)-positive chronic HBV; (3)
with HBeAg-negative chronic HBV; or (4) as an inactive
hepatitis B surface antigen (HBsAg) carrier. A state of
immune tolerance with minimum liver damage is usually
seen in chronic HBV carriers until 25 years of age.
The present study was accomplished to evaluate the
biochemical, virological and immunological statuses of
young chronic HBV carriers in Bangladesh. It seems that
there may be an early termination of immune tolerance
state of HBV in Bangladesh. However, there is no therapeutic recommendation for these young HBV-infected
patients. Here, we provide evidence suggesting that considerable numbers of these patients should be treated as
otherwise they may develop complications of chronic
HBV infection.

for serological markers of hepatitis C virus, IgM antibodies to hepatitis A virus and hepatitis E viruses. Also, they
had no history of alcohol consumption and no evidence
of pregnancy. None of the patients had received an antiviral drug for treatment of HBV infection. The Ethical
Committee of Farabi General Hospital, Dhaka, Bangladesh gave ethical approval for the study. The nature and
purpose of the study were explained to all patients or
their guardians in the case of minors. Informed written
consent for undergoing percutaneous liver biopsy was
obtained. Patients were excluded from further analyses if
an adequate amount of liver tissue (i.e., 1.0 cm) was not
available at liver biopsy[15]. Eight patients were excluded
from final analyses as adequate amounts of liver tissue
were not available from them. Thus, a total of 81 HBeAg
negative chronic hepatitis B (CHB) patients were included for final analyses.
Biochemical and serological tests
The level of ALT in serum was measured by auto-analyzer (Microlab 300, Vitalab Micro Series, Vital Scientific
NV, The Netherlands). The cut off for the upper limit of
normal (ULN) was ALT 42 U/L. HBsAg was assessed
using an ELISA kit (Diasorin, Fallugia, Italy). HBeAg was
checked in the sera using an ELISA kit (Abbott Labs,
Chicago, IL, USA).
Quantification of serum HBV DNA level
First, HBV DNA was extracted from the patient’s serum.
It was then amplified by polymerase chain reaction (PCR)
and detected using fluorescent reporter dye probes specific for HBV (Amplicon HBV Monitor Assay, Roche
Molecular Systems, CA, United States). The lower limit
of detection was 250 copies of HBV DNA/mL.
Amplification of the pre-core region by the PCR
Oligonucleotide primers were synthesized in a 380B
DNA synthesizer (Applied Biosystems Japan, Tokyo,
Japan). PCR was performed by a modification of the
procedure originally described by Saiki et al[16]. Briefly, 10
uL of the DNA sample was heated at 95 ℃ for 7 min to
denature proteases, spun in a microcentrifuge for 5 seconds and allowed to cool at room temperature. Target sequences were amplified in a 100-pd reaction volume with
the use of the Gene Amp DNA amplification reagent kit
(Perkin-Elmer Cetus, Norwalk, Conn., United States), as
recommended by the manufacturer. The amplification
was carried on for 30 cycles in a programmable DNA
thermal cycler (Perkin-Elmer Cetus). The reaction was allowed to proceed at 94 ℃ for 1 min, at 55 ℃ for 1.5 min,
and at 72 ℃ for 3 min in each cycle. In the last cycle, the
reaction at 72 ℃ was continued for 10 min to ensure
complete DNA extension.

MATERIALS AND METHODS
Patients
One hundred and sixty-seven treatment naive young
chronic HBV-infected patients, aged between 12 and 20
years (17.5 ± 2.8 years, n = 167), were enrolled in this
study. At presentation they were asymptomatic with no
features of chronic liver disease. They were all HBsAg
positive either at vaccination, school health screening or
family screening. All of them had at least two HBsAg
positive results at a minimum of 6 mo apart.
Of these patients, 89 were HBeAg negative, while the
others tested positive for HBeAg. They were all negative

WJH|www.wjgnet.com

Liver biopsy
Percutaneous liver biopsy was performed under local
anesthesia using a 16G Tru-cut biopsy needle (Cardinal
Health, McGaw Park, IL, United States). A biopsy specimen of more than 1.0 cm in length with five to six portal
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of “high level” of HBV DNA, significantly higher levels
of patients had low levels of HBV DNA (HBV DNA <
100000 copies/mL) compared to patients with high levels
of HBV DNA (HBV DNA > 100000 copies/mL) (P <
0.05).
Significant levels of hepatic necroinflammation
(HAI-N1 > 7) were detected in 37 of 81 patients (46%)
(Table 1) and this was not statistically different with patients with low hepatic necroinflammation (44 patients, P
> 0.05). Significant levels of hepatic fibrosis (HAI-F ≥ 3)
were detected in the liver biopsy specimens of 15 patients
(19%). Among these, cirrhosis of liver was detected in
two patients (Table 1).

Table 1 Baseline characteristics of study population
Parameters
Total number of patients
Male
Female
Age (yr)
ALT ≤ 42 (U/L)
ALT > 42 (U/L)
DNA ≤ 100000 (copies/mL)
DNA > 100000 (copies/mL)
Non-significant hepatic necroinflammation
(HAI-NI ≤ 7)
Significant hepatic necroinflammation
(HAI-NI > 7)
Non-significant hepatic fibrosis (HAI-F < 3)
Significant hepatic fibrosis (HAI-F ≥ 3)
Cirrhosis

81
60a (74%)
21 (26%)
17.5 ± 2.8 (12-20)
52a (65.2%) (13-42)
29 (34.8%) (44-281)
57a (70.4%)
24 (29.6%)
44 (53.8%)
37 (45.7%)
66a (81%)
15 (18.5%)
2/15

DISCUSSION
Our study reveals that young HBeAg negative CHB
patients can have significant necroinflammation and/or
fibrosis in the liver. This is in contrast to our existing understanding of clinical course of chronic HBV infection
that patients in the immunotolerance age group tend to
have no significant hepatic pathology.
Although the study shows that a significant proportion of our patients were at risk of developing more
severe liver diseases, they were not aware of this scenario.
More importantly, no major guideline recommends treatment of this group of patients[18]. Similar studies have
been conducted in different parts of the world to assess
the extent of a similar scenario. Kumar et al[19] from India
showed that more than 50% of their 1387 incidentallydetected chronic HBV carriers had evidence of progressive liver diseases for which treatment was indicated. A
similar outcome has also been reported from Pakistan,
Egypt and other countries[20-25].
There are studies from Bangladesh, India, South Korea and Turkey suggesting that HBeAg negative CHB
patients as a whole tend to develop more significant liver
fibrosis than those who are HBeAg positive[26-30].
An exact explanation for such a high incidence of
HBeAg negative infection in our young chronic HBV
infected population of the immunotolerant age group is
difficult to reach. All 8 patients in our series, who were
randomly picked up, tested negative for precore mutation. However, in Bangladesh most HBV infections are
acquired early in life, either soon after birth or at a preschool age[1]. This possibly leads to early termination of
an immune tolerance state in our population.
Non-alcoholic fatty liver disease (NAFLD) is now
regarded as a leading cause of chronic liver disease in
Bangladesh, perhaps second only to HBV infection. The
incidence of non-alcoholic steatohepatitis (NASH) in
our NAFLD patients is 88.5%[31]. Co-existence of NASH
and CHB may also be responsible for significant hepatic
injury in many of the apparently healthy chronic HBV
infected population; however, this is an area that needs
much more exploration. Finally, viral genotype may also
be responsible[32].
Although many patients included in this present study
were suitable candidates for anti-viral treatment, they are

Figure in the round bracket indicates the percentage and the square bracket indicates range. aP < 0.05 vs same parameter. HAI-NI: Histologic activity
index-necroinflamation; ALT: Alaninaminotransferase; HAI-F: Histologic
activity index-fibrosis.

tracts was evaluated. Histology was graded according
to histological activity index (HAI) using the criteria of
Knodell et al[17]. The total HAI score comprises necroinflammation (HAI-NI) and fibrosis (HAI-F) scores. The
HAI-NI scale includes three components (0-10, piecemeal necrosis; 0-4, lobular necrosis and inflammation; 0-4,
portal inflammation). HAI-F was graded according to severity: 0, absence of fibrosis; 1, fibrous portal expansion;
3, bridging fibrosis; 4, cirrhosis.
Statistical analysis
Data are shown as mean ± SD. Means were compared
using the Student’s t test. For differences determined by
the F test, the t test was adjusted for unequal variances
(Mann-Whitney’s U test). P < 0.05 was considered statistically significant.

RESULTS
A total of 81 patients with HBeAg-negative chronic
HBV infection were enrolled in this study as a sufficient
amount of liver biopsy specimens could be collected
from these patients. The baseline data of these patients is
given in Table 1. Sixty of them (74%) were male and the
remaining 21 were female (26%). The numbers of male
patients were significantly higher than females (60 vs 21,
P < 0.05). The age of the patients was 17.5 ± 2.8 years
(n = 81). The levels of ALT were below ULN in 52 patients (65.2%) (28.7 ± 8.6 IU/L, range, 13-42 IU/L) and
ALT levels were above ULN in the remaining 29 patients
(34.8%) (79.7 ± 47.4 IU/L; range, 44-281 IU/L, P < 0.05).
The levels of HBV DNA varied considerably among
patients, ranging from 779 copies/mL to 1.4 × 1012 copies/mL. In 57 patients (70.4%), the levels of HBV DNA
were less than 100000 copies/mL whereas these were
more than 100000 copies/mL in 24 patients (29.6%).
Considering 100000 copies HBV DNA as a cut-off point
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usually not considered for treatment owing to complex
socio-economic problems, social taboos and lack of
scientific information. However, we recommend that all
HBV-infected patients, irrespective of their age, should
be properly evaluated for anti-HBV therapy.
Our study has a few limitations. One is that HBV
DNA, ALT and liver histology were assessed only once.
Serial assessment of virological, biochemical and histological parameters would provide more insight into the
natural disease course in these patients. Our main aim
was to gain an insight into the pathogenesis of these
patients to initiate a strategy for their management. We
found that a considerable number of young Bangladeshi
HBV infected individuals have significant liver damage.
This is important evidence to convince physicians and
policy makers in developing countries to develop a management strategy for such patients.
In conclusion, chronic HBV infection is a complex
disease entity and here we describe a group of such patients whose clinical course is not well studied and is difficult to explain. Although considered to be apparently
healthy, a proportion of them are eligible for treatment.
They not only pose a threat to themselves. In fact, in the
fragile health economics of the developing world, they
simply give rise to more questions than answers. As clinical hepatologists of the developing world, it remains our
responsibility to look into these issues in further detail
and develop a strategy for their appropriate management.
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