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Abstract: Anti-tumor necrosis factor (TNF)-α agents represent an effective treatment for chronic
inflammatory diseases. However, some concerns about their potentially undesirable effects on liver
function have been reported. On the other hand, evidence of their therapeutic effects on certain
liver diseases is accumulating. Many data showed the safety of anti-TNF-α in patients with chronic
hepatitis B and C and in liver transplanted patients even if a strict follow-up and prophylaxis are
recommended in well-defined subgroups. On the other side, anti-TNF-α-induced liver injury is not
a rare event. However, it is often reversible after anti-TNF-α withdrawal. Anti-TNF-α agents have
been tested in advanced stages of severe alcoholic hepatitis and non-alcoholic fatty liver disease.
Limited data on the efficacy of anti-TNF-α in patients with autoimmune hepatitis and primary biliary
cholangitis are also available. In this review, we explored the hepatic safety concerns in patients
receiving anti-TNF-α agents with and without pre-existent hepatic diseases. In addition, the available
evidence on their potential benefits in the treatment of specific hepatic diseases is discussed.
Keywords: infliximab; adalimumab; etanercept; certolizumab pegol; golimumab; hepatitis B virus;
hepatitis C virus; drug-induced liver injury; non-alcoholic fatty liver disease; alcoholic hepatitis;
autoimmune hepatitis

1. Introduction
In the last 20 years, anti-tumor necrosis factor (TNF)-α agents have been increasingly used for
the treatment of patients affected by inflammatory bowel disease (IBD), such as Crohn’s disease
(CD) and ulcerative colitis (UC), as well as rheumatologic and dermatological disorders such as
rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA), ankylosing spondylitis (AS), psoriatic
arthritis (PsA) and psoriasis. Currently, five TNF-α antagonists have been licensed by international
regulatory authorities for clinical use: infliximab (IFX), adalimumab (ADA), certolizumab pegol
(CER), etanercept (ETA) and golimumab (GOL). IFX (Remicade™, Janssen Biotech, Inc.) is a chimeric
monoclonal immunoglobulin (Ig) G1 antibody composed of 75% human sequence and 25% mouse
sequence, given intravenously. It is approved for RA, CD, UC, AS, PsA and psoriasis. ADA (Humira™,
AbbVie Inc.) is a recombinant, fully human IgG1 monoclonal antibody licensed subcutaneously
for RA, CD, UC and psoriasis, whereas CER (Cimzia™, UCB, Inc), a pegylated, humanised Fab
fragment of an anti-TNF-α monoclonal antibody given subcutaneously, is licensed for RA, SA, and PsA
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and for CD only in the United States. Notably, all these drugs are able to neutralise both forms of
TNF-α, either by binding the trans-membrane form (m-TNF-α) and/or by blocking the soluble form
(s-TNF-α) [1], but only IFX and ADA induce apoptosis in T cells and monocytes [1,2]. The fourth
anti-TNF-α agent ETA is a recombinant, covalently bound dimer of soluble p75 TNF-receptor fused
to the Fc portion IgG1, which binds to soluble TNF-α, but not the membrane-bound TNF-α [3]. It is
approved for RA, JIA, AS, PsA, and psoriasis. Lastly, GOL (Simponi™, Janssen Biotech, Inc.) is a
human IgG1κ monoclonal antibody produced by a murine hybridoma cell line with recombinant DNA
technology. It is administered subcutaneously and is indicated for the treatment of AR, PsA, AS and
UC. With the widespread use of these anti-TNF-α agents, some concerns have been raised about
their potential consequences in important clinical settings, such as in patients with hepatitis B virus
(HBV) or hepatitis C virus (HCV) chronic infections [4]. In addition, hepatic toxicity of anti-TNF-α
agents has generated attention, and an increasing number of cases of liver injury, also life threatening,
have been reported [5,6]. On the other hand, anti-TNF-α agents have also been used for treating
the severe stages of hepatic diseases such as alcoholic hepatitis (AH) [7,8] and non-alcoholic fatty
liver disease (NAFLD) [9]. Recently, anecdotal evidences of efficacy of anti-TNF-α agents as rescue
therapy in difficult-to-treat autoimmune hepatitis (AIH) and primary biliary cholangitis (PBC) have
been reported [10–12] (Table 1).
Table 1. Anti-tumor necrosis factor (anti-TNF-α) and the liver.
Harmful Effects of Anti-TNF-α Agents

Potential Beneficial Effects of Anti TNF-α Agents

Reactivation of HBV infection
√
HBsAg carrier
√
Occult carrier (anti-HBc+)

•

Alcoholic hepatitis (AH)

Hepatotoxicity
√
Direct liver injury (idiosyncratic injury)
√
Immuno-mediated liver injury
(autoimmune hepatitis)

•

Non-alcoholic fatty liver disease (NAFLD)

•

Autoimmune hepatitis (AIH)

•

Primary biliary cholangitis (PBC)

Thus, in this clinical review we explore the potential risks of hepatic injury induced by TNF-α
antagonists, both in patients without pre-existent hepatic disorders and HBV or HCV chronic infection
carriers; and the available evidence on the beneficial use of anti-TNF-α agents for the treatment of
some liver diseases, such as AH or NAFLD.
2. Methods
A literature search was conducted using Pubmed, up until November 2017. Original articles
and reviews were identified using the key words: “anti-TNF-α”, “infliximab”, “adalimumab”,
“certolizumab pegol”, “etanercept” and “golimumab” matched with each of the following key words:
“viral chronic hepatitis”, “liver transplantation”, “drug-induced liver injury”, “autoimmune hepatitis”,
“non-alcoholic fatty liver disease”, “alcoholic hepatitis”, “primary biliary cholangitis”. Additional
articles were identified through a review of the reference lists of selected pertinent articles.
3. Chronic Viral Hepatitis
TNF-α is a major proinflammatory cytokine that plays an important role in the integrated host
defence system against infectious diseases. Given the role of TNF-α on both the innate and adaptive
immunity, it is not surprising that the major toxicity concern with the anti-TNF-α agents is the risk of
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serious infection. Indeed, in vivo animal studies and post-marketing analysis of anti-TNF-α agents
have shown that the blockage of TNF-α signalling pathway leads to an increased susceptibility to a
range of pathogens [13], in particular those able to survive intracellularly [14]. However, despite the
fact that experimental and clinical data have clearly demonstrated an augmented susceptibility to
bacterial, fungal and mycobacterial infections, the influence of anti-TNF-α agents on viral infections
has not been extensively investigated. In particular, relatively few data are available for long-term
safety of TNF-α antagonists in patients with chronic HBV or HCV infections. Furthermore, while the
exclusion of any bacterial infection and the screening for tuberculosis is mandatory before starting
biologic therapy [15], definite guidelines for the management of HBV or HCV infection in patients
that need TNF-α antagonists have been published only recently. In particular, the European Crohn’s
and Colitis Organization (ECCO) has promoted a consensus meeting for the prevention, detection and
management of opportunistic infections in patients with IBD, including HBV and HCV [16].
3.1. Hepatitis C
It is estimated that there are nearly 100 million people worldwide with serological evidence of
current or past HCV infection [17]. A growing body of evidence proves that in chronic HCV infection,
TNF-α plays a role in the inflammatory response to HCV, including the mediation of apoptosis, but it
does not play a part in the control of HCV replication [18,19]. In addition, it has been shown that
TNF-α polymorphisms might have no effect on susceptibility to HCV infection and virus clearance [20].
On the other hand, a direct correlation between TNF-α and serum alanine aminotransferase (ALT)
levels was found in patients with chronic HCV infection [21]. TNF-α is also implicated in refractoriness
to interferon (IFN) therapy in HCV patients [22,23]. However, considered the availability of new
extremely effective anti-HCV therapies, this study is of historical interest only. Currently, the issue
of major interest is the safety of anti-TNF-α treatments in patients with concomitant chronic HCV
infection. Limited and scattered data are available on this topic since most of them come from
case reports and case series. In 2011, Brunasso et al. published a systematic review that included
153 HCV patients treated with anti-TNF-α agents between 1999 and 2010, aiming to assess the safety
of this class of drugs [24]. Among these patients, 91 had RA, 7 had PsA, 8 had psoriasis, 8 had
both psoriasis and PsA, 6 had CD and 14 had other chronic inflammatory diseases [24]. The mean
duration of anti-TNF-α treatment was 11.9 months. 110 were treated with ETA, 34 with IFX and
only 9 with ADA [24]. Authors found only one confirmed case of worsening HCV liver disease
among 110 patients treated with ETA (with hepatic improvement after ETA withdrawal) and one
probable case in patients treated with IFX where hepatic injury was not confirmed by liver biopsy
or withdrawal of anti-TNF-α agent and subsequent improvement of ALT and HCV-RNA levels [24].
Lastly, in 5 patients an increase of transaminases did not correspond to increased viremia and liver
biopsy was not performed [24]. After this review, other studies including a small series of patients
were published, confirming the previous findings on the acceptable safety profile of this class of drugs
in case of concurrent HCV-infection [25–30].
However, a word of caution is required for a number of reasons. First, these studies did not
include pre- and post-treatment hepatic biopsies to exactly assess any worsening of liver damage
due to anti-TNF-α therapy. Second, a long-term follow-up is not yet available and controlled trials
are lacking. In addition, a small study including 6 cases with actively replicating chronic HCV
infection on anti-TNF-α treatment for an associated RA showed the appearance of cryoglobulinaemia
in 2/6 patients [31]. Thus, the authors concluded that anti-TNF-α agents may favour the emergence
of a mixed cryoglobulinemia. Nevertheless, since then there have been no similar reports to confirm
this argument. In conclusion, the available evidence shows that the use of anti-TNF-α agents is safe in
HCV patients although the long-term effects of these drugs on the natural history of HCV infection are
not completely elucidated.
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3.2. Hepatitis B
In contrast to HCV, experimental studies in vitro and in animal models have shown that TNF-α
plays a pivotal role in clearing HBV from infected hepatocytes by inhibiting the replication and
stimulation of the HBV-specific T cell response [32–36]. In addition, patients with IBD are historically
considered at increased risk of HBV infection due to the frequent need for surgical procedures and
blood transfusion. The first studies have reported a significantly higher prevalence of HBV infection
in IBD patients than in general population [37,38], with a prevalence of anti-HBc in 10.9% of IBD
patients, compared to 5.1% of controls (p = 0.02) [38]. In contrast, other more recent epidemiological
studies carried out in Western countries have reported HBV exposure rates in IBD patients comparable
to or even lower than control populations [39–41]. These changes in epidemiology probably reflect
the implementation of safety measures for blood transfusions and the global spread of vaccination
against HBV. Reactivation of HBV infection in patients receiving chemotherapy for lymphoma
or other malignancies, with viral antigens expression increase and a consequent development of
immune-mediated liver injury is a well-known and frequently reported complication when immune
reconstitution occurs [42–44]. In this scenario, the use of anti-TNF-α agents in patients with chronic
HBV infection may lead to enhanced viral replication, which is followed by the development of
immune-mediated injury when the inhibitory effects of therapy disappears. Available literature data
in this field are for the most part case-report or retrospective studies and only a limited number of
prospective cohort studies. In detail, in 2011 a revision including overall 257 cases was published.
Among these, 89 patients were HBsAg+ carriers and 168 anti-HBc+ subjects (resolved HBV infection,
also defined as “occult carriers”) [45]. As expected, the majority of the reported cases of viral
reactivation during anti-TNF-α therapy occurred in carriers of HBsAg (35/89, 39%), with the exception
of few cases observed in patients with HBV occult infection (9/168, 5%) [45]. Acute liver failure
was reported in 5 patients (4 died) in the group of HBsAg positive and in 1 patient among anti-HBc
positive who died [45]. IFX was associated with a higher rate of induced liver disease compared
with ETA, while no comparisons were possible with the other anti-TNF-α agents for the paucity of
cases. Interestingly, despite the fact that HBV reactivation during therapeutic immunosuppression
can be effectively prevented with the use of antivirals [46–49], among HBsAg positive patients the
antiviral prophylaxis was administered in less than half of the cases (lamivudine in 35, entecavir
in 3, and telbivudine in 1 case) [45]. In recent years, other studies were carried out for assessing
the effect of anti-TNF-α therapy in patients with both HbsAg and anti-HBc positivity confirming
the aforementioned findings [26,28,50,51]. Therefore, in the next paragraph we provide practical
recommendations for the proper management of patients with positive markers of hepatitis B or C
receiving anti-TNF-α agents as a treatment.
3.3. Recommendations for the Management of Patients with Hepatitis B Virus (HBV) or Hepatitis C Virus
(HCV) Infection in Therapy with Anti-Tumor Necrosis Factor (Anti-TNF-α) Agents
Currently, the presence of HBV or HCV infection should not preclude the therapy with an
anti-TNF-α agent [16]. For HCV infection, there is no evidence that TNF-α blockers exacerbate the
course of infection, even if the long-term effects are unknown. For this reason, in HCV-positive
patients receiving long-term therapy with anti-TNF-α, periodic monitoring of ALT and HCV-RNA,
and eventually follow-up liver biopsies are recommended, even if at present there is not a consensus for
HCV screening before starting this treatment [16,52]. For HBV infection, because of the potential risk
of reactivation related to steroids or immunosuppressant therapy, the ECCO guidelines recommend
the assessment of HBV serological markers at IBD diagnosis and vaccination in all seronegative IBD
patients [16]. In detail, the ECCO guidelines and the American Association for the Study of Liver
Disease (AASLD) recommendations advise HBsAg, anti-HBsAg and anti-HBc testing for all patients
before starting anti-TNF-α therapy [16,53]. Then, in HBsAg positive patients, HBV-DNA should
be assessed to differentiate active carriers (HBV-DNA > 20,000 IU/mL in HBeAg positive patients,
or >2000 IU/mL in anti-HBe negative patients) from inactive carriers [16,53]. Active carriers should
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be treated firstly for their active hepatitis with nucleos(t)ide analogues (NAs), such as lamivudine,
entecavir or adefovir-pipivoxil, and then with anti-TNF-α for their underlining disease [54]. In HBV
inactive carriers, it is recommended to begin the prophylaxis of viral reactivation with NAs prior to
start the TNF-α antagonist (at least one week before) and to continue it for at least six to 12 months
after the treatment is ended [53–55]. In the past, lamivudine was the most widely used NA for the
prophylaxis of hepatitis B reactivation. However, its potent antiviral action is balanced by the concern
of
resistant mutants selection (50–60% at 4 years). For this reason, currently the use of NAs with5 low
Int. J. Mol. Sci. 2017, 18, x FOR PEER REVIEW
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Figure 1. Recommendations for the management of patients according to the presence of different
Figure 1. Recommendations for the management of patients according to the presence of different
HBV and HCV markers. NAs, nucleoside analogues; ALT, alanine aminotransferase; TNF-α, tumor
HBV and HCV markers. NAs, nucleoside analogues; ALT, alanine aminotransferase; TNF-α, tumor
necrosis factor-α.
necrosis factor-α.

4. Liver-Transplanted Patients
4. Liver-Transplanted Patients
Few data are available on the ideal management of IBD when combining anti-TNF-α therapies
Few data are available on the ideal management of IBD when combining anti-TNF-α therapies
with immunosuppression after liver transplantation (LT). After LT, about 30% of patients report an
with immunosuppression after liver transplantation (LT). After LT, about 30% of patients report an
improvement of IBD, while almost the same percentage of patients get worse. In addition,
improvement of IBD, while almost the same percentage of patients get worse. In addition, occurrence
occurrence of de novo IBD can develop in approximately 14–30% of patients with primary sclerosing
cholangitis (PSC) [61]. In this scenario, UC and CD may be refractory to standard treatment despite
the use of post-LT immunosuppressive drugs and thus need the use of anti-TNF-α drugs.
A case series evaluated six patients with IBD who required LT for PSC (4/6), AIH (1/6) or biliary
atresia (1/6) [62]. All of them were treated with IFX 5 mg/kg every 8 weeks with a standard induction
regimen, with the exception of one patient. The duration of this therapy ranged from 8 weeks to 4
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of de novo IBD can develop in approximately 14–30% of patients with primary sclerosing cholangitis
(PSC) [61]. In this scenario, UC and CD may be refractory to standard treatment despite the use of
post-LT immunosuppressive drugs and thus need the use of anti-TNF-α drugs.
A case series evaluated six patients with IBD who required LT for PSC (4/6), AIH (1/6) or
biliary atresia (1/6) [62]. All of them were treated with IFX 5 mg/kg every 8 weeks with a standard
induction regimen, with the exception of one patient. The duration of this therapy ranged from
8 weeks to 4 years with response rates similar to those of patients who had not previously been
transplanted. In addition, post-transplant immunosuppressants, such as tacrolimus, mycophenolate
mofetil (MMF), prednisone and cyclosporine, were safely administered to all subjects. In the follow-up
period, one patient reported a systemic lupus erythematosus and another colorectal adenocarcinoma.
Overall, in this study the combination of anti-TNF-α with standard immunosuppressants was
thought to be safe and effective [62]. A retrospective study evaluated the efficacy and safety of
anti-TNF-α therapy in 8 IBD patients who underwent to LT because of PSC (5/8) and concomitant
cholangiocarcinoma (3/8). Clinical response was assessed in the 87.5% and mucosal healing in
the 42.9%. 4 cases of infections were described in 3 patients (oral candidiasis, Clostridium difficile
colitis, bacterial pneumonia and cryptosporidiosis). One patient had an Epstein–Barr virus positive
lympho-proliferative disorder, while one death was observed because of complications from recurrent
PSC [63]. Recently, a meta-analysis investigated the infection risk in 53 post-LT patients on anti-TNF-α
medications compared with 23 post-LT subjects and 41 PSC-IBD not treated with anti-TNF-α.
No significant difference for serious infections was assessed among groups [64]. Indeed, in the
anti-TNF-α group the infection rate was 01.68 serious infections per patient year vs. 0.149 in the control
patients (p = 0.886). After correction for time since transplant, in the anti-TNF-α group it resulted
0.194 vs. 0.115 in the non-exposed (p = 0.219) [64]. However, the small number of patients and the
lack of randomized controlled trials included represent a limit and definitely require further larger
well-designed studies.
Overall, anti-TNF-α therapy in post-LT IBD patients seems to be equally effective and safe despite
the concomitant consumption of immunosuppressive medications. Nevertheless, caution should
be used because of the risk of adverse effects, including cytopenia, opportunistic infections, and
cancers [65].
5. Anti-TNF-α Liver Toxicity
Abnormalities in liver functions tests, including transient and self-limiting hypertransaminasemia,
cholestatic disease and hepatitis can develop during treatment with anti-TNF-α and, in some
cases, they could be severe and life threatening [6,7]. Indeed, for the first time in December 2004,
a drug warning for IFX was issued by the Food and Drug Administration (FDA) following 35
voluntary post marketing reported events of severe hepatic reactions (plus 3 patients from controlled
clinical trials) [66]. Since then, the FDA has reported more than 130 cases of liver injury resulting
from either IFX or ETA treatment in post-marketing surveillance programs. Currently, all of the
anti-TNF-α agents used in clinical practice have been associated with drug-induced liver injury
(DILI). Mancini et al. analysed the main characteristics of IFX-related liver injury [67]. IFX can
provoke both immuno-mediated and direct liver injury after a range of 1–12 infusions [67]. Although,
either a hepatocellular or an autoimmune pattern can be present, several reported cases described
a predominantly hepatocellular pattern [6,67–71]. On the other side, an autoimmune damage with
autoantibodies (i.e., ANA, ASMA, and anti-LKM antibody), along with classic histologic characteristics
of autoimmune hepatitis (i.e., interface hepatitis, lymphoplasmacytic infiltrate, and bridging fibrosis)
has also been reported [72–79]. In particular, IFX immuno-mediated hepatotoxicity can resemble
that of an AIH type I, with elevation of anti-nuclear (ANA), anti-smooth muscle (ASMA) and
anti-double-strand DNA antibodies (anti-ds-DNA) [67]. Adar et al. in 2010 described the first case
of ADA-induced AIH in a 36-year-old woman treated with ADA and leflunomide for PsA [76].
After discontinuation of both drugs, liver enzymes returned to normal values and, interestingly,
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hepatitis did not recur after ADA rechallenge [76]. More recently, 34 cases of DILI associated to
TNF-α antagonists included in the United States DILI Network database (between 2003 and 2011)
have been analysed [7]. The anti-TNF-α agent was the definite cause for only 1 case of DILI, whereas
it was a probable cause and a very likely cause in 12 and 21 cases, respectively [7]. Again, 22 of
33 patients who underwent serologic analysis were positive for ANA and/or ASMA, of these 15
had histological features of AIH at liver biopsy [7]. The most common presentation of liver injury
with an “autoimmune” phenotype was a higher peak level of alanine aminotransferase (ALT) [7].
The prognosis was usually favourable after drug suspension, even if in 12 cases corticosteroids were
used [7]. Borman et al. described other two cases of severe AIH associated with anti-TNF-α therapy
in RA patients. In both cases, the patients responded to the withdrawal of anti-TNF-α therapy and
immunosuppressive treatment [80]. 11 cases of liver injury were described also in Iceland. In 8/11
of the cases, the causality between liver damage and anti-TNF-α was highly probable [81]. In the
same country, a prospective study in the general population identified 96 patients with DILI from 2010
through 2011. Of note, the highest risk of liver injury was due to azathioprine and IFX, even if the
percentage of cases due to these drugs among patients with DILI was small (4%) [82,83].
Despite the pathogenesis of AIH induced by IFX still being unclear, it has been suggested
that TNF-α blockade could impair the normal suppression of auto-reactive B cell production and
apoptosis of CD8 T cells leading to an increased lymphocyte presence. This could trigger the
development of autoantibodies (i.e., ANA and anti-ds-DNA) [73,84]. Other studies hypothesized an
immune dysfunction and liver repair process alteration caused by the immunoregulatory properties of
TNF-α [68,85]. Indeed, TNF-α can mediate a dual and opposing effect by acting on two TNF receptors
(TNFR1 and TNFR2) expressed on T cells, and promoting both hepatocyte necrosis in response to
toxins and conversely increasing liver cell proliferation in appropriate conditions [86]. Specifically,
TNF-α is able to stimulate effector T cells, mainly through TNFR1, which drives inflammatory
response. On the other side, the activation of TNFR2 expressed on regulatory T cells leads to their
expansion and consequently to the prevention of autoimmunity and attenuation of inflammation [87].
Thus, the blockade of TNF-α may either be able to determine further liver injury or regeneration by
modulating the balance between effector and regulatory T cells. The direction of this response could
also be influenced by the genetics and the immunological status of the host (e.g., cytokines, TNFR
expression profile, cellular source of TNF) (Figure 2).
Cholestatic hepatitis induced by anti-TNF-α agents has also been described [6,69,88]. In one
report, hepatic necrosis led to fulminant liver failure and urgent liver transplantation was needed [89].
Moreover, a case of hepatocellular carcinoma in a patient treated with anti-TNF-α in combination
with azathioprine was reported [90]. Notably, some authors have observed the absence of hepatic
cross-toxicity between IFX and the other anti-TNF-α agents [78,79]. This is likely due to the difference
in their molecular structure. In particular, patients after an acute toxic hepatitis on IFX treatment and its
discontinuation were treated with ETA or ADA for more than 2 years with no relapse of hepatitis [91,92].
Therefore, hepatotoxicity may not be a class effect of anti-TNF-α treatment but probably could be
related to the development of antibodies against IFX. In the IBD setting, only few cases of liver toxicity
related to IFX were published [74]. Menghini et al. described a case of a 44-year-old woman with CD
who developed jaundice with a cholestatic liver disease after a single infusion of IFX [88], whereas more
recently Ierardi et al. reported the case of a steroid-refractory UC patient who developed cholestatic
acute liver damage (also in this case after a single infusion of IFX) resolved spontaneously within six
weeks [69]. In both patients, antinuclear antibodies, alcohol intake, concomitant use of hepatotoxic
drugs and all known viral and metabolic causes of hepatic injury were negative, likewise no serological
and morphological findings of primary sclerosing cholangitis were observed. In a retrospective case
series study, two patients were treated with IFX, whereas another patient was treated with ADA for
IBD. All three patients had negative viral markers, normal autoimmune serologies, and normal biliary
imaging studies. All patients showed a hepatocellular injury both biochemically and histologically,
with negative autoantibodies. At liver biopsies, microscopic characteristics of hepatitis, without
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interface hepatitis or lymphoplasmacytic infiltration were observed. Liver inflammation normalized
after IFX discontinuation and no serious injuries were reported. Notably, a successful transition
from IFX to ADA was performed in one patient without relapse of either IBD or liver injury [93].
A retrospective cohort of 102 cases of elevated serum ALT in patients with IBD on anti-TNF-α therapy
was also reported; 34 continued the anti-TNF-α medication, 14 stopped therapy and 4 started steroids.
The 85% normalized their ALT after a median of 17 weeks including 28 (82%) of those who did
not stop anti-TNF-α therapy. 10 patients were shifted to a second anti-TNF-α without recurrence.
Overall, 48 cases were considered due to anti-TNF-α medications. The majority displayed autoimmune
characteristics
with
markers [94].
Int. J. Mol. Sci. 2017,
18, xpositive
FOR PEERserological
REVIEW
8 of 21

Figure 2.
2. Working
Working hypothesis
hypothesis for
for the
the anti-TNF-α-mediated
anti-TNF-α-mediated mechanisms
mechanisms of
of liver
liver damage.
damage. (A)
(A) TNF-α
TNF-α
Figure
blockade
could
impair
the
normal
suppression
of
auto-reactive
B
cell
production
and
apoptosis
of
blockade could impair the normal suppression of auto-reactive B cell production and apoptosis of
CD8
T
cells
leading
to
an
increased
lymphocyte
presence.
This
could
trigger
the
development
of
CD8 T cells leading to an increased lymphocyte presence. This could trigger the development of
autoantibodies;
(B)
TNF-α
can
mediate
a
dual
and
opposing
effect
by
acting
on
two
TNF
receptors
autoantibodies; (B) TNF-α can mediate a dual and opposing effect by acting on two TNF receptors
(TNFR1 and
and TNFR2)
TNFR2) expressed
expressed on
on T
T cells.
cells. TNF-α
TNF-α is
is able
able to
to stimulate
stimulate effector
effector T
T cell,
cell, mainly
mainly through
through
(TNFR1
TNFR1,
which
drives
inflammatory
response.
On
the
other
side,
the
activation
of
TNFR2
expressed
TNFR1, which drives inflammatory response. On the other side, the activation of TNFR2 expressed
on regulatory
regulatory T
T cells
cells leads
leads to
to the
the prevention
prevention of
of autoimmunity
autoimmunity and
on
and attenuation
attenuation of
of inflammation.
inflammation.
Thus,
the
blockade
of
TNF-α
may
either
be
able
to
determine
further
liver
injury
or
regeneration
by
Thus, the blockade of TNF-α may either be able to determine further liver injury or
regeneration
modulating
the the
balance
between
effector
and and
regulatory
T cells.
The direction
of thisofresponse
could
by
modulating
balance
between
effector
regulatory
T cells.
The direction
this response
also
be
influenced
by
the
genetics
and
the
immunological
status
of
the
host
(e.g.,
cytokines,
TNFR
could also be influenced by the genetics and the immunological status of the host (e.g., cytokines,
expression
profile,profile,
cellularcellular
source of
TNF).ofTNF-α,
Tumor necrosis
factor-α;factor-α;
TNFR1, Tumor
TNFR
expression
source
TNF). TNF-α,
Tumor necrosis
TNFR1,necrosis
Tumor
factor-α
receptor
1;
TNFR2,
Tumor
necrosis
factor-α
receptor
2;
ANA,
anti-nuclear
necrosis factor-α receptor 1; TNFR2, Tumor necrosis factor-α receptor 2; ANA, anti-nuclear antibodies;
antibodies;
ASMA, anti-smooth
anti-smooth muscle
muscle antibodies;
antibodies; Anti-LKM,
Anti-LKM, anti-liver
antibodies;
ASMA,
anti-liver kidney
kidney microsomal
microsomal type
type 11 antibodies;
Anti-ds-DNA, anti-double-strand
anti-double-strand DNA
DNA antibodies.
antibodies.
Anti-ds-DNA,

Among all
allthese
thesereports,
reports,there
there
some
clear
differences,
including
the definition
of hepatic
Among
areare
some
clear
differences,
including
the definition
of hepatic
injury
injury
the patient
populations
Conversely,
are also
somesimilarities.
notable similarities.
and
theand
patient
populations
studied.studied.
Conversely,
there arethere
also some
notable
First, IFX
First, IFXthe
appears
the mostcause,
common
cause,
ETA and
ADAto
involved
to much
lesser
degrees
[95].
appears
most common
with
ETA with
and ADA
involved
much lesser
degrees
[95].
However,
However,
it
should
be
taken
into
account
that
these
three
medications
have
been
used
for
longer
it should be taken into account that these three medications have been used for longer periods when
periods when
with the
newer
in this
class
and, thus, longer
post-marketing
compared
with compared
the newer drugs
in this
class drugs
and, thus,
longer
post-marketing
surveillance
intervals
surveillance
intervals
are
available.
Second,
while
multiple
anti-TNF-α
drugs
have
been
associated
are available. Second, while multiple anti-TNF-α drugs have been associated with liver damage by
with liver damage by sharing similar adverse effect features, it is clear that there is more than only a
class effect involved. Indeed, some patients received anti-TNF-α without adverse events after
reporting a liver injury caused by a different agent in the class [95]. Of note, one report described the
case of a patient who developed an AIH from IFX and, after recovery, was treated again with IFX
without developing a recurrence of liver injury [96].
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sharing similar adverse effect features, it is clear that there is more than only a class effect involved.
Indeed, some patients received anti-TNF-α without adverse events after reporting a liver injury caused
by a different agent in the class [95]. Of note, one report described the case of a patient who developed
an AIH from IFX and, after recovery, was treated again with IFX without developing a recurrence of
liver injury [96].
In conclusion, these cases may alert physicians to the possibility of liver injury associated with the
use of TNF-α blockers in an autoimmune setting, especially in the presence of pre-existent serological
signs of autoimmunity such as ANA. While the incidence of liver injury due to anti-TNF-α therapy
seems to be relatively low, the hepatic damage is nonetheless significant. Thus, in patients with an
important elevation of transaminases or clinical signs consistent with acute hepatitis, anti-TNF-α
should be stopped before the development of severe irreversible injury. In addition, based on current
Int. J. Mol. Sci. 2017, 18, x FOR PEER REVIEW
9 of 21
data, the mechanisms of liver toxicity may be different between IFX and ETA, according to their
different structure. Moreover, ETA may be safe in patients who have presented liver toxicity while
ETA, according to their different structure. Moreover, ETA may be safe in patients who have
receiving IFX. In Figure 3 we suggest a clinical algorithm to follow for the cases of suspected anti-TNF-α
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6. Potential Beneficial Effects of Anti-TNF-α on Liver Diseases
6.1. Alcoholic Hepatitis (AH)
AH is a necro-inflammatory liver disease, observed in approximately 20% of heavy drinkers.
Severe AH is associated with high morbidity and mortality rates [97,98]. In the pathogenesis of AH,
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6. Potential Beneficial Effects of Anti-TNF-α on Liver Diseases
6.1. Alcoholic Hepatitis (AH)
AH is a necro-inflammatory liver disease, observed in approximately 20% of heavy drinkers.
Severe AH is associated with high morbidity and mortality rates [97,98]. In the pathogenesis of AH,
several proinflammatory cytokines have been involved [99–101]. Among these, TNF-α has emerged
as a key factor in the inflammatory process [101]. Data obtained from animal experiments have
demonstrated that TNF-α exerts vascular effects by increasing vascular permeability and causing
vasodilation [102]. Moreover, in animal models, antibodies to TNF-α attenuated liver injury and,
mice lacking TNF-α receptor 1 did not develop alcohol-induced liver injury [103,104]. Also human
data support a crucial role for TNF-α in the pathogenesis of AH. Indeed, circulating levels of TNF-α
have been reported to be elevated in AH [105,106]. Moreover, plasma TNF-α levels were significantly
higher in AH patients who subsequently died than those who survived [106]. The therapy for severe
AH has three objectives: the treatment of alcoholism, nutritional support, and specific pharmacological
treatment [97,107,108]. Actually, the most important endpoint is to reduce early mortality. Several
studies showed that corticosteroids are the standard treatment for severe AH, since they were able
to reduce the 1- and 2-month mortality [109,110]. Approximately 75% of patients with DF ≥ 32 were
responders to this therapy [110]. Prednisolone, 40 mg/day for 28 days (with or without a 2-week
taping), is the most widely recommended pharmacological regimen to treat AH [111]. Recently,
a meta-analysis including 418 patients with severe AH compared 28-day survival rate between
corticosteroid- and non-corticosteroid-treated patients. Authors, analysing the response to treatment
by the Lille model (a specific prognostic model that combines six reproducible variables: age, renal
insufficiency, albumin, prothrombin time, bilirubin, and evolution of bilirubin at day 7), showed that
corticosteroids had a significant effect on 28-day survival rate mainly in complete and partial subgroup
responders (Lille score ≤ 0.16 and 0.16–0.56, respectively), but not in null responders (Lille score ≥
0.56) [112]. Nevertheless, the decreasing effect of TNF-α and IL-8 due to glucocorticoids is delayed,
and this might contribute to the high short-term mortality in these patients (~25%) [113]. Moreover,
40% of these patients died in the 6 months following the AH onset [112,114]. Finally, it is widely
known that corticosteroids have several side-effects and should be used with caution especially in
immunocompromised patients with high risk of gastrointestinal bleeding. In this scenario, the use
of TNF-α blockers was considered an attractive approach for AH treatment. The efficacy of the
combination of steroids with IFX has been investigated in two pilot randomized trials [115,116]. In the
first study, Spahr et al. [115] enrolled 20 patients with biopsy-proven severe AH and treated them
with prednisone 40 mg/day for 28 days and either infliximab 5 mg/kg intravenously (IV) (n = 10) or
placebo (n = 10) at day 0. The authors excluded patients with DF > 55. At day 28, there was a significant
improvement in the IFX group for both Maddrey’s score and IL-6 and IL-8 levels. Conversely, in the
placebo group no significant difference was observed for these parameters compared with baseline.
IFX was well tolerated and there were no significant differences between the two groups in terms of
side effects [115]. In the second trial [116], 36 patients with severe AH were randomized to receive
prednisolone 40 mg/day in combination with IFX 10 mg/kg at weeks 0, 2, and 4 (group A), or placebo
(group B). The aim of this study was to evaluate the efficacy of the combination therapy in terms of
2-month mortality rate reduction. After randomization, there were seven deaths in the IFX group and
three in the placebo group. The mortality at two months was higher in group A than in group B (39%
vs. 18%). For this reason, the study was stopped, and authors concluded that three infusion of IFX 10
mg/kg in association with prednisolone may be harmful in these severe AH patients. Other studies
have tested the efficacy and safety of a single dose of IFX alone for the treatment of severe AH [117,118].
In the first trial by Tilg et al. [117], 12 patients with biopsy-confirmed AH and a Maddrey’s DF > 32 were
treated with a single infliximab infusion (5 mg/kg). Two patients died from infective complications
within the first 4 weeks while among the remaining patients the median survival resulted in being 15
months [117]. Serum bilirubin levels, Maddrey’s score, neutrophil count and C-reactive protein (CRP)
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decreased significantly within the first month [117]. Interestingly, authors observed the stability of
both bilirubin levels and DF during the 14 days after IFX infusion. These began to decrease only after
21 days, suggesting that anti-TNF-α biological effect is delayed compared to corticosteroids (observed
within 7 days). On the other hand, IL-6 and IL-8 levels decreased immediately after IFX administration.
Another study evaluated the effect of a single injection of IFX at a dosage of 5 mg/kg in 10 patients
with severe AH [118]. IFX reduced significantly serum bilirubin, CRP, white cells count, IL-6 and IL-8
plasma levels [118]. Moreover, 24 h after IFX injection the mean hepatic venous pressure gradient
(HVPG) decreased [118]. More recently, an open label trial has confirmed that a single dose of IFX may
be associated with a clinical and biochemical improvement in patients with severe AH [119]. In this
study 19 patients were treated with a single dose of IFX 5 mg/kg and then followed for two months.
By the end of one month two patients died from renal failure leading to a 1-month survival of 89%.
After 2 months, another four patients died (causes of death were: sepsis, disseminated tuberculosis,
disseminated intravascular coagulation, encephalopathy) with a 2-month survival of 68%. Absence
of hepatic encephalopathy at admission, Lille score and delta bilirubin at day 7 (DBD7) significantly
predicted survival [119]. Finally, also ETA has been used in a randomized, double-blinded, placebo
controlled trial [120]. The incidence of serious adverse events such as infections was significantly
higher in the group treated with the anti-TNF-α agent compared to placebo (34% versus 9%, p = 0.04)
as well as the 6-month mortality rate (58% versus 23%, respectively, p = 0.017) [120]. In conclusion,
at present IFX and, in general, anti-TNF-α agents are not recommended for AH treatment, except for
carefully designed clinical trials. However, some studies have demonstrated that a single IFX dose
is associated with an improvement in severity and survival, whereas the combination of IFX with
steroids is potentially more harmful. Anyway, safety (in particular infections) remains the first concern.
Certainly, large randomized controlled studies are needed to determine whether anti-TNF-α agents
may have a role in the treatment of AH.
6.2. Non-Alcoholic Fatty Liver Disease (NAFLD)
NAFLD includes a large spectrum of clinical and pathological liver conditions, including simple
steatosis, non-alcoholic steatohepatitis (NASH) and fibrosis [121,122]. NAFLD is a prevalent health
problem and has become the most common cause of abnormal liver function in several world
regions, frequently leading to severe hepatic insufficiency and hepatocellular carcinoma [123–125].
The exact prevalence of NAFLD and NASH are not well known, but roughly is 25–30% and 2–3%,
respectively [123,124]. In particular, NASH is characterized by diffused fatty infiltration, lobular
inflammation and ballooning degeneration in the liver. The pathogenesis of NASH is not completely
elucidated. It has been proposed that various cytokines play a crucial role in the process from steatosis
to NASH. In this scenario, TNF-α has emerged as a key inducer of nutrient- and obesity-associated
NASH [126,127]. Patients with NASH have generally significantly higher levels of serum TNF-α
and IL-6 than those observed in patients with simple steatosis [128]. Tomita et al. [129] showed that
TNF-α is able to induce the activation of stellate cells, the matrix gene expression, and the matrix
remodelling, which are important events during the onset of NASH. Moreover, this cytokine could
also promote insulin resistance by the activation of JNK and IκBK, two intracellular serine kinases that
inhibit important substrates of the insulin signalling pathway [130]. As such, the strategies aiming at
blocking the effect of TNF-α in the liver may be potentially useful for the treatment of NASH. In an
experimental rat model of NASH induced by methionine and choline deficient diet, the treated group
received a single intraperitoneal dose of infliximab (4 mg/kg per week) whereas the control group
received intraperitoneal injections of sterile saline solution [131]. Anti-TNF-α decreased AST, ALT and
TGF-β levels. Moreover, hepatic inflammation, necrosis and fibrosis decreased in IFX-treated animals
compared with placebo (p < 0.05) [131]. The effects of IFX on liver steatosis, fibrosis, and insulin signal
transduction were evaluated also in another group of rats fed with a high-fat diet [132]. Authors
demonstrated that 10 days of therapy with IFX significantly decreased liver levels of TNF-α, IL-6, IL-1β,
IL-10, and SOCS-3. Furthermore, a reduction of fat deposition and fibrosis, and an improvement of
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insulin signal transduction were observed [132]. There are currently no FDA-approved treatments for
NASH. Anti-TNF-α agents have not yet been evaluated for this indication. However, one interesting
case of rapid normalization of liver biochemical parameters in a patient with NASH during treatment
with ADA for concomitant rheumatoid arthritis was described [133].
In conclusion, although no data in patients with NASH are yet available, several experimental
data seem to confirm that the blockade of TNF-α might be an important target for the treatment of
NASH. Certainly, we are looking forward to new studies designed to evaluate the role of anti-TNF-α
agents for the treatment of NASH.
6.3. Autoimmune Hepatitis (AIH)
AIH is a relative rare chronic liver disease that affects mainly woman and is characterized by
elevated transaminases, hypergammaglobulinaemia, circulating autoantibodies, interface hepatitis
at liver histology. If untreated, it often leads to cirrhosis, liver failure and death [12]. In the
absence of cirrhosis, standard treatment comprises azathioprine and prednisolone, and leads to
complete biochemical response in up to 77% of patients after six months of treatment [134]. However,
5% of patients experience intolerance or toxicity and 10% do not sufficiently respond to standard
treatment options [135]. Alternative treatments can include budesonide [136], mycophenolate mofetil
(MMF) [137], 6-thioguanine [138], cyclophosphamide [139], cyclosporine A [140] or tacrolimus [141].
However, these treatments have mostly been described in small case series rather than controlled trials,
and have demonstrated only variable effectiveness. Therefore, the identification of efficient rescue
treatment options is urgently needed for these difficult-to-treat patients.
Infliximab (5 mg/kg at day 0, weeks 2 and 6 and, thereafter, every four to eight weeks depending
on laboratory and clinical course) may be considered as rescue treatment in patients (especially
pediatric) with difficult-to-treat AIH, even if therapy may be associated with infection complications [11,142].
In general, patients with autoimmune liver diseases display a different cytokine expression
pathway compared with healthy patients, with increased serum levels of proinflammatory cytokines,
such as IL-6, IL-8, and TNF-α [143]. Furthermore, a genetic polymorphism of TNF-α gene has
been evidenced in type I AIH [144]. This polymorphism is linked to high levels of TNF-α and
triggers a type 1 cytokine response. Interestingly, young patients with this polymorphism have been
shown to experience a reduced response to corticosteroids. Moreover, increased TNF-α levels could
be responsible for the necrotic process of hepatocytes. In this scenario, IFX is able to impair the
pro-necrotic activity of activated lymphocytes. This could explain the observation of a better response
to IFX in children with refractory AIH [65,144].
Weiler-Normann et al. [11] described the first series of 11 patients with difficult-to-treat AIH who
received rescue treatment with IFX. In these patients, IFX showed good remission rates (in more than
60% of patients), comparable to those of patients with AIH that can be managed with standard therapy
with a tolerable safety profile. Furthermore, Rajanayagam et al. reported the clinical case of a 10-year
old girl with type I AIH refractory to azathioprine, mycophenolate mofetil, and tacrolimus, requiring
a continuous corticosteroid therapy [142]. After 3 weeks from the beginning of IFX, a biochemical
and clinical amelioration with steroid-sparing therapy were observed [142]. Of note, some authors
underlined that strong immunosuppression is associated with severe infectious complications,
especially in cirrhotic patients [12]. Patients with difficult-to-treat autoimmune hepatitis are generally
at higher risk of infectious complications following intense immunosuppressive treatment, compared
with those responding promptly to standard treatment. Moreover, a condition of liver cirrhosis
increases the infection risk [145]. Interestingly, in the report of Weiler-Normann et al. [11], only 2/11
patients required hospitalization and complete recovery was achieved under standard treatment.
Anyway, no strong recommendation can be drawn from these small sample size studies. On the
other side, anti-TNF-α antibodies may also induce an immune-mediated liver disease resembling AIH,
as previously discussed.
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6.4. Primary Biliary Cholangitis (PBC)
PBC is a chronic progressive liver disease characterized by serological presence of the
antimitochondrial antibodies (AMA) with a title of 1/40 or greater, chronic non-suppurative destruction
with progressive loss of intrahepatic small bile ducts on liver histology, resulting in progressive fibrosis
and cirrhosis. PBC is considered an immunologically mediated disease where the TNF-α plays a
prominent pathogenic role [10]. The unique data published on the use of IFX in PBC are collected in
patients with RA and PBC. While TNF-α inhibitors are a well-established treatment option for RA,
the experience of using such regimens when inflammatory arthritis coexists with PBC is inconclusive.
Garyfallos et al. [10] reported a case of a female patient with RA and concomitant PBC with poor
clinical response to conventional treatment. IFX use led to a significant clinical improvement of RA and
to the stabilization of liver function. Spadaro et al. [146] reported a poor clinical response for arthritis
and persistence of liver function test abnormalities during IFX therapy, which returned to normality
after the switch to ETA. Similarly, ETA led to adequate control of RA and PBC in another published
case [147]. Del Ross et al. reported the case of an old female affected with PsA and an overlapping PBC
and PSC treated with ADA for 28 months. This treatment led to the clinical amelioration in arthritis
symptoms and in nail lesions as well as lowered cholestasis indices, overall improving the symptoms
of both cholangiopathies [148].
Furthermore, reversible cholestatic liver disease has been noticed in a few patients receiving IFX
for various autoimmune disorders [88].
These reports could suggest a common pathogenic pathway for these diseases. In this scenario,
the use of anti-TNF-α could be useful in some subsets of autoimmune colangiopathies. In particular,
among these groups, those with a concomitant inflammatory arthropathy could have a successful
response to anti-TNF-α drugs.
7. Conclusions
Anti TNF-α agents represents a paramount treatment for several chronic inflammatory diseases.
Although their clinical use and safety risk for hepatic diseases has not been completely explored,
they have undoubtedly a role on liver pathophysiology. Indeed, they possess a dichotomous impact
with both therapeutic and toxic effect depending on the immunological status and the concomitant
diseases of the host. It should be underlined that no randomized controlled trials or well-conducted
observational studies exist that assess, for example, the safety of TNF-α blockers in Hepatitis B or
Hepatitis C or their overall hepatotoxic potential (even large case series from established networks do
not provide enough information to quantify the risk of hepatotoxicity). Future studies should also
better define the mechanisms of liver injury linked to anti-TNF-α drugs. More importantly, reliable
factors are crucially needed to predict the risk of adverse hepatic effects. Conversely, the investigation
on specific host variables that are connected to TNF-α involvement in inflammatory liver diseases could
open new therapeutical horizon to the selection of patients who would benefit from anti-TNF-α use.
Acknowledgments: The authors acknowledge continued support from the Crohn’s and Colitis Foundation of
America Research Fellowship Award (to L.R.L.) and Società Italiana di Medicina Interna Premio di Ricerca
(to L.R.L.).
Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations
IBD
CD
UC
TNF-α
RA
JIA
AS

Inflammatory Bowel Diseases
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European Crohn’s and Colitis Organization
Alanine Aminotransferase
Interferon
Liver Transplantation
Food and Drug Administration
Mycophenolate Mofetil
Drug Induced Liver Injury
C-reactive protein
Non-Alcoholic Steatohepatitis
TNF Receptor

References
1.
2.

3.
4.

5.

6.

7.
8.
9.
10.

11.

Papadakis, K.A.; Targan, S.R. Tumor necrosis factor: Biology and therapeutic inhibitors. Gastroenterology
2000, 119, 1148–1157. [CrossRef] [PubMed]
Nesbitt, A.; Fossati, G.; Bergin, M.; Stephens, P.; Stephens, S.; Foulkes, R.; Brown, D.; Robinson, M.; Bourne, T.
Mechanism of action of certolizumab pegol (CDP870): In vitro comparison with other anti-tumor necrosis
factor alpha agents. Inflamm. Bowel Dis. 2007, 13, 1323–1332. [CrossRef] [PubMed]
Weaver, A.L. Differentiating the new rheumatoid arthritis biologic therapies. J. Clin. Rheumatol. 2003,
9, 99–114. [CrossRef] [PubMed]
Papa, A.; Mocci, G.; Bonizzi, M.; Felice, C.; Andrisani, G.; De Vitis, I.; Guidi, L.; Gasbarrini, A. Use of
infliximab in particular clinical settings: Management based on current evidence. Am. J. Gastroenterol. 2009,
104, 1575–1586. [CrossRef] [PubMed]
Rossi, R.E.; Parisi, I.; Despott, E.J.; Burroughs, A.K.; O’Beirne, J.; Conte, D.; Hamilton, M.I.; Murray, C.D.
Anti-tumour necrosis factor agent and liver injury: Literature review, recommendations for management.
World J. Gastroenterol. 2014, 20, 17352–17359. [CrossRef] [PubMed]
Ghabril, M.; Bonkovsky, H.L.; Kum, C.; Davern, T.; Hayashi, P.H.; Kleiner, D.E.; Serrano, J.; Rochon, J.;
Fontana, R.J.; Bonacini, M.; et al. Liver injury from tumor necrosis factor-alpha antagonists: Analysis of
thirty-four cases. Clin. Gastroenterol. Hepatol. 2013, 11, 558–564. [CrossRef] [PubMed]
Cassano, N.; Vestita, M.; Apruzzi, D.; Vena, G.A. Alcohol, psoriasis, liver disease, and anti-psoriasis drugs.
Int. J. Dermatol. 2011, 50, 1323–1331. [CrossRef] [PubMed]
Levitsky, J.; Mailliard, M.E. Diagnosis and therapy of alcoholic liver disease. Semin. Liver Dis. 2004, 24,
233–247. [CrossRef] [PubMed]
Li, W.; Zheng, L.; Sheng, C.; Cheng, X.; Qing, L.; Qu, S. Systematic review on the treatment of pentoxifylline
in patients with non-alcoholic fatty liver disease. Lipids Health Dis. 2011, 10, 49. [CrossRef] [PubMed]
Dimopoulou, D.; Dimitroulas, T.; Akriviadis, E.; Garyfallos, A. Infliximab as a treatment option for patients
with rheumatoid arthritis and primary biliary cirrhosis. Rheumatol. Int. 2015, 35, 1913–1916. [CrossRef]
[PubMed]
Weiler-Normann, C.; Schramm, C.; Quaas, A.; Wiegard, C.; Glaubke, C.; Pannicke, N.; Moller, S.; Lohse, A.W.
Infliximab as a rescue treatment in difficult-to-treat autoimmune hepatitis. J. Hepatol. 2013, 58, 529–534.
[CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 2199

12.
13.
14.
15.
16.

17.
18.
19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

15 of 22

European Association for the Study of the Liver. Easl clinical practice guidelines: Autoimmune hepatitis.
J. Hepatol. 2015, 63, 971–1004.
Ellerin, T.; Rubin, R.H.; Weinblatt, M.E. Infections and anti-tumor necrosis factor alpha therapy.
Arthritis Rheum. 2003, 48, 3013–3022. [CrossRef] [PubMed]
Schluter, D.; Deckert, M. The divergent role of tumor necrosis factor receptors in infectious diseases.
Microbes Infect. 2000, 2, 1285–1292. [CrossRef]
Theis, V.S.; Rhodes, J.M. Review article: Minimizing tuberculosis during anti-tumour necrosis factor-alpha
treatment of inflammatory bowel disease. Aliment. Pharm. Ther. 2008, 27, 19–30. [CrossRef] [PubMed]
Rahier, J.F.; Magro, F.; Abreu, C.; Armuzzi, A.; Ben-Horin, S.; Chowers, Y.; Cottone, M.; de Ridder, L.;
Doherty, G.; Ehehalt, R.; et al. Second European evidence-based consensus on the prevention, diagnosis and
management of opportunistic infections in inflammatory bowel disease. J. Crohn’s Colitis 2014, 8, 443–468.
[CrossRef] [PubMed]
Lanini, S.; Easterbrook, P.J.; Zumla, A.; Ippolito, G. Hepatitis C: Global epidemiology and strategies for
control. Clin. Microbiol. Infect. 2016, 22, 833–838. [CrossRef] [PubMed]
Chuang, E.; Del Vecchio, A.; Smolinski, S.; Song, X.Y.; Sarisky, R.T. Biomedicines to reduce inflammation but
not viral load in chronic HCV—What’s the sense? Trends Biotechnol. 2004, 22, 517–523. [CrossRef] [PubMed]
Freeman, A.J.; Marinos, G.; Ffrench, R.A.; Lloyd, A.R. Immunopathogenesis of hepatitis C virus infection.
Immunol. Cell Biol. 2001, 79, 515–536. [CrossRef] [PubMed]
He, J.; Pei, X.; Xu, W.; Wang, C.; Zhang, X.; Wu, J.; Zhao, W. The relationship between tumor necrosis
factor-alpha polymorphisms and hepatitis C virus infection: A systematic review and meta-analysis. Ren. Fail.
2011, 33, 915–922. [CrossRef] [PubMed]
Nelson, D.R.; Lim, H.L.; Marousis, C.G.; Fang, J.W.; Davis, G.L.; Shen, L.; Urdea, M.S.; Kolberg, J.A.; Lau, J.Y.
Activation of tumor necrosis factor-alpha system in chronic hepatitis C virus infection. Digest. Dis. Sci. 1997,
42, 2487–2494. [CrossRef] [PubMed]
Fukuda, R.; Ishimura, N.; Ishihara, S.; Chowdhury, A.; Morlyama, N.; Nogami, C.; Miyake, T.; Niigaki, M.;
Tokuda, A.; Satoh, S.; et al. Intrahepatic expression of pro-inflammatory cytokine mRNAs and interferon
efficacy in chronic hepatitis C. Liver 1996, 16, 390–399. [CrossRef] [PubMed]
Zein, N.N.; Etanercept Study Group. Etanercept as an adjuvant to interferon and ribavirin in treatment-naive
patients with chronic hepatitis c virus infection: A phase 2 randomized, double-blind, placebo-controlled
study. J. Hepatol. 2005, 42, 315–322. [CrossRef] [PubMed]
Brunasso, A.M.; Puntoni, M.; Gulia, A.; Massone, C. Safety of anti-tumour necrosis factor agents in patients
with chronic hepatitis c infection: A systematic review. Rheumatology 2011, 50, 1700–1711. [CrossRef]
[PubMed]
Lin, M.V.; Blonski, W.; Buchner, A.M.; Reddy, K.R.; Lichtenstein, G.R. The influence of anti-TNF therapy on
the course of chronic hepatitis C virus infection in patients with inflammatory bowel disease. Digest. Dis. Sci.
2013, 58, 1149–1156. [CrossRef] [PubMed]
Loras, C.; Gisbert, J.P.; Saro, M.C.; Piqueras, M.; Sanchez-Montes, C.; Barrio, J.; Ordas, I.; Montserrat, A.;
Ferreiro, R.; Zabana, Y.; et al. Impact of surveillance of hepatitis B and hepatitis C in patients with
inflammatory bowel disease under anti-TNF therapies: Multicenter prospective observational study
(repentina 3). J. Crohn’s Colitis 2014, 8, 1529–1538. [CrossRef] [PubMed]
Costa, L.; Caso, F.; Atteno, M.; Giannitti, C.; Spadaro, A.; Ramonda, R.; Vezzu, M.; Del Puente, A.; Morisco, F.;
Fiocco, U.; et al. Long-term safety of anti-TNF-alpha in PSA patients with concomitant HCV infection: A
retrospective observational multicenter study on 15 patients. Clin. Rheumatol. 2014, 33, 273–276. [CrossRef]
[PubMed]
Ballanti, E.; Conigliaro, P.; Chimenti, M.S.; Kroegler, B.; Di Muzio, G.; Guarino, M.D.; Triggianese, P.;
Gigliucci, G.; Novelli, L.; Barbato, C.; et al. Use of anti-tumor necrosis factor alpha therapy in patients
with concurrent rheumatoid arthritis and hepatitis B or hepatitis C: A retrospective analysis of 32 patients.
Drug Dev. Res. 2014, 75, S42–S45. [CrossRef] [PubMed]
Salvi, M.; Macaluso, L.; Luci, C.; Mattozzi, C.; Paolino, G.; Aprea, Y.; Calvieri, S.; Richetta, A.G. Safety
and efficacy of anti-tumor necrosis factors alpha in patients with psoriasis and chronic hepatitis C. World J.
Clin. Cases 2016, 4, 49–55. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 2199

30.

31.

32.

33.
34.
35.

36.

37.

38.

39.

40.

41.

42.
43.
44.
45.

46.

47.

16 of 22

Lin, K.M.; Cheng, T.T.; Lin, J.C.; Chen, C.J. Tumor necrosis factor-alpha antagonist therapy for concomitant
rheumatoid arthritis and hepatitis C virus infection: A case series study. Clin. Rheumatol. 2015, 34, 1039–1046.
[CrossRef] [PubMed]
Vauloup, C.; Krzysiek, R.; Greangeot-Keros, L.; Wendling, D.; Goupille, P.; Brault, R.; Brousse, C.; Mariette, X.;
Emilie, D. Effects of tumor necrosis factor antagonist treatment on hepatitis C-related immunological
abnormalities. Eur. Cytokine Netw. 2006, 17, 290–293. [PubMed]
Schlaak, J.F.; Tully, G.; Lohr, H.F.; Gerken, G.; Meyer zum Buschenfelde, K.H. HBV-specific immune defect
in chronic hepatitis B (CHB) is correlated with a dysregulation of pro- and anti-inflammatory cytokines.
Clin. Exp. Immunol. 1999, 115, 508–514. [CrossRef] [PubMed]
Guidotti, L.G.; Chisari, F.V. Noncytolytic control of viral infections by the innate and adaptive immune
response. Annu. Rev. Immunol. 2001, 19, 65–91. [CrossRef] [PubMed]
Herbein, G.; O’Brien, W.A. Tumor necrosis factor (TNF)-α and TNF receptors in viral pathogenesis. Proc. Soc.
Exp. Biol. Med. 2000, 223, 241–257. [CrossRef] [PubMed]
Kasahara, S.; Ando, K.; Saito, K.; Sekikawa, K.; Ito, H.; Ishikawa, T.; Ohnishi, H.; Seishima, M.; Kakumu, S.;
Moriwaki, H. Lack of tumor necrosis factor alpha induces impaired proliferation of hepatitis B virus-specific
cytotoxic T lymphocytes. J. Virol. 2003, 77, 2469–2476. [CrossRef] [PubMed]
Tzeng, H.T.; Tsai, H.F.; Chyuan, I.T.; Liao, H.J.; Chen, C.J.; Chen, P.J.; Hsu, P.N. Tumor necrosis factor-alpha
induced by hepatitis B virus core mediating the immune response for hepatitis B viral clearance in mice
model. PLoS ONE 2014, 9, e103008. [CrossRef] [PubMed]
Longo, F.; Hebuterne, X.; Tran, A.; Staccini, P.; Hastier, P.; Schneider, S.; Benzaken, S.; Tirtaine, C.; Rampal, P.
prevalence of hepatitis C in patients with chronic inflammatory bowel disease in the region of nice and
evaluation of risk factors. Gastroenterol. Clin. Biol. 2000, 24, 77–81. [PubMed]
Biancone, L.; Pavia, M.; Del Vecchio Blanco, G.; D’Inca, R.; Castiglione, F.; De Nigris, F.; Doldo, P.; Cosco, F.;
Vavassori, P.; Bresci, G.P.; et al. Hepatitis B and C virus infection in crohn’s disease. Inflamm. Bowel Dis. 2001,
7, 287–294. [CrossRef] [PubMed]
Chevaux, J.B.; Nani, A.; Oussalah, A.; Venard, V.; Bensenane, M.; Belle, A.; Gueant, J.L.; Bigard, M.A.;
Bronowicki, J.P.; Peyrin-Biroulet, L. Prevalence of hepatitis B and C and risk factors for nonvaccination in
inflammatory bowel disease patients in northeast france. Inflamm. Bowel Dis. 2010, 16, 916–924. [CrossRef]
[PubMed]
Loras, C.; Saro, C.; Gonzalez-Huix, F.; Minguez, M.; Merino, O.; Gisbert, J.P.; Barrio, J.; Bernal, A.;
Gutierrez, A.; Piqueras, M.; et al. Prevalence and factors related to hepatitis B and C in inflammatory
bowel disease patients in Spain: A nationwide, multicenter study. Am. J. Gastroenterol. 2009, 104, 57–63.
[CrossRef] [PubMed]
Papa, A.; Felice, C.; Marzo, M.; Andrisani, G.; Armuzzi, A.; Covino, M.; Mocci, G.; Pugliese, D.; De Vitis, I.;
Gasbarrini, A.; et al. Prevalence and natural history of hepatitis B and C infections in a large population
of IBD patients treated with anti-tumor necrosis factor-alpha agents. J. Crohn’s Colitis 2013, 7, 113–119.
[CrossRef] [PubMed]
Lalazar, G.; Rund, D.; Shouval, D. Screening, prevention and treatment of viral hepatitis B reactivation in
patients with haematological malignancies. Br. J. Haematol. 2007, 136, 699–712. [CrossRef] [PubMed]
Yeo, W.; Johnson, P.J. Diagnosis, prevention and management of hepatitis B virus reactivation during
anticancer therapy. Hepatology 2006, 43, 209–220. [CrossRef] [PubMed]
Raimondo, G.; Pollicino, T.; Cacciola, I.; Squadrito, G. Occult hepatitis B virus infection. J. Hepatol. 2007,
46, 160–170. [CrossRef] [PubMed]
Perez-Alvarez, R.; Diaz-Lagares, C.; Garcia-Hernandez, F.; Lopez-Roses, L.; Brito-Zeron, P.; Perez-de-Lis, M.;
Retamozo, S.; Bove, A.; Bosch, X.; Sanchez-Tapias, J.M.; et al. Hepatitis B virus (HBV) reactivation in patients
receiving tumor necrosis factor (TNF)-targeted therapy: Analysis of 257 cases. Medicine 2011, 90, 359–371.
[CrossRef] [PubMed]
Rossi, G. Prophylaxis with lamivudine of hepatitis B virus reactivation in chronic HbsAg carriers with
hemato-oncological neoplasias treated with chemotherapy. Leuk. Lymphoma 2003, 44, 759–766. [CrossRef]
[PubMed]
Lee, W.C.; Wu, M.J.; Cheng, C.H.; Chen, C.H.; Shu, K.H.; Lian, J.D. Lamivudine is effective for the treatment
of reactivation of hepatitis B virus and fulminant hepatic failure in renal transplant recipients. Am. J.
Kidney Dis. 2001, 38, 1074–1081. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 2199

48.
49.

50.

51.

52.

53.
54.

55.

56.
57.

58.

59.

60.

61.
62.

63.

64.

65.
66.

17 of 22

Lu, Y.; Wang, B.; Yu, L.; Liu, C.; Wu, Z.; Pan, C.E. Lamivudine in prevention and treatment of recurrent HBV
after liver transplantation. Hepatobiliary Pancreat. Dis. Int. 2004, 3, 504–507. [PubMed]
Liu, C.J.; Lai, M.Y.; Lee, P.H.; Chou, N.K.; Chu, S.H.; Chen, P.J.; Kao, J.H.; Jen, Y.M.; Chen, D.S. Lamivudine
treatment for hepatitis B reactivation in HbsAg carriers after organ transplantation: A 4-year experience.
J. Gastroenterol. Hepatol. 2001, 16, 1001–1008. [CrossRef] [PubMed]
Navarro, R.; Concha-Garzon, M.J.; Castano, C.; Casal, C.; Guiu, A.; Dauden, E. Outcome of patients with
serology suggestive of past hepatitis B virus infection during antitumor necrosis factor therapy for psoriasis.
Int. J. Dermatol. 2014, 53, 909–911. [CrossRef] [PubMed]
Barone, M.; Notarnicola, A.; Lopalco, G.; Viggiani, M.T.; Sebastiani, F.; Covelli, M.; Iannone, F.; Avolio, A.W.;
Di Leo, A.; Cantarini, L.; et al. Safety of long-term biologic therapy in rheumatologic patients with a
previously resolved hepatitis B viral infection. Hepatology 2015, 62, 40–46. [CrossRef] [PubMed]
Vigano, M.; Degasperi, E.; Aghemo, A.; Lampertico, P.; Colombo, M. Anti-TNF drugs in patients with
hepatitis B or C virus infection: Safety and clinical management. Expert Opin. Biol. Ther. 2012, 12, 193–207.
[CrossRef] [PubMed]
Lok, A.S.; McMahon, B.J. Chronic hepatitis B: Update 2009. Hepatology 2009, 50, 661–662. [CrossRef]
[PubMed]
Marzano, A.; Angelucci, E.; Andreone, P.; Brunetto, M.; Bruno, R.; Burra, P.; Caraceni, P.; Daniele, B.;
Di Marco, V.; Fabrizi, F.; et al. Prophylaxis and treatment of hepatitis B in immunocompromised patients.
Digest. Liver Dis. 2007, 39, 397–408. [CrossRef] [PubMed]
Liang, R. How I treat and monitor viral hepatitis B infection in patients receiving intensive
immunosuppressive therapies or undergoing hematopoietic stem cell transplantation. Blood 2009,
113, 3147–3153. [CrossRef] [PubMed]
European Association for the Study of the Liver. EASL clinical practice guidelines on the management of
hepatitis B virus infection. J. Hepatol. 2017, 67, 370–398.
Sands, B.E.; Cuffari, C.; Katz, J.; Kugathasan, S.; Onken, J.; Vitek, C.; Orenstein, W. Guidelines for
immunizations in patients with inflammatory bowel disease. Inflamm. Bowel Dis. 2004, 10, 677–692.
[CrossRef] [PubMed]
Melmed, G.Y.; Ippoliti, A.F.; Papadakis, K.A.; Tran, T.T.; Birt, J.L.; Lee, S.K.; Frenck, R.W.; Targan, S.R.;
Vasiliauskas, E.A. Patients with inflammatory bowel disease are at risk for vaccine-preventable illnesses.
Am. J. Gastroenterol. 2006, 101, 1834–1840. [CrossRef] [PubMed]
Vida Perez, L.; Gomez Camacho, F.; Garcia Sanchez, V.; Iglesias Flores, E.M.; Castillo Molina, L.; Cerezo
Ruiz, A.; Casais Juanena, L.; De Dios Vega, J.F. Adequate rate of response to hepatitis B virus vaccination in
patients with inflammatory bowel disease. Med. Clin. 2009, 132, 331–335.
Gisbert, J.P.; Villagrasa, J.R.; Rodriguez-Nogueiras, A.; Chaparro, M. Efficacy of hepatitis B vaccination
and revaccination and factors impacting on response in patients with inflammatory bowel disease. Am. J.
Gastroenterol. 2012, 107, 1460–1466. [CrossRef] [PubMed]
Filipec Kanizaj, T.; Mijic, M. Inflammatory bowel disease in liver transplanted patients. World J. Gastroenterol.
2017, 23, 3214–3227. [CrossRef] [PubMed]
Sandhu, A.; Alameel, T.; Dale, C.H.; Levstik, M.; Chande, N. The safety and efficacy of antitumour necrosis
factor-alpha therapy for inflammatory bowel disease in patients post liver transplantation: A case series.
Aliment. Pharmacol. Ther. 2012, 36, 159–165. [CrossRef] [PubMed]
Mohabbat, A.B.; Sandborn, W.J.; Loftus, E.V., Jr.; Wiesner, R.H.; Bruining, D.H. Anti-tumour necrosis factor
treatment of inflammatory bowel disease in liver transplant recipients. Aliment. Pharmacol. Ther. 2012, 36,
569–574. [CrossRef] [PubMed]
Westerouen van Meeteren, M.J.; Hayee, B.; Inderson, A.; van der Meulen, A.E.; Altwegg, R.; van Hoek, B.;
Pageaux, G.P.; Stijnen, T.; Stein, D.; Maljaars, P.W.J. Safety of anti-TNF treatment in liver transplant recipients:
A systematic review and meta-analysis. J. Crohn’s Colitis 2017, 11, 1146–1151. [CrossRef] [PubMed]
DeFilippis, E.M.; Kumar, S. Clinical presentation and outcomes of autoimmune hepatitis in inflammatory
bowel disease. Digest. Dis. Sci. 2015, 60, 2873–2880. [CrossRef] [PubMed]
FDA. Briefing Document. Safety Alerts for Drugs, Biologics Medical Devices, and Dietary Supplements.
Remicade (Infliximab). 2004. Available online: https://www.accessdata.fda.gov/scripts/cder/daf/index.
cfm?event=overview.process&ApplNo=103772 (accessed on 3 June 2018).

Int. J. Mol. Sci. 2018, 19, 2199

67.
68.
69.

70.

71.

72.

73.
74.
75.

76.
77.

78.
79.

80.
81.

82.

83.
84.
85.

86.
87.

18 of 22

Mancini, S.; Amorotti, E.; Vecchio, S.; Ponz de Leon, M.; Roncucci, L. Infliximab-related hepatitis: Discussion
of a case and review of the literature. Intern. Emerg. Med. 2010, 5, 193–200. [CrossRef] [PubMed]
Tobon, G.J.; Canas, C.; Jaller, J.J.; Restrepo, J.C.; Anaya, J.M. Serious liver disease induced by infliximab.
Clin. Rheumatol. 2007, 26, 578–581. [CrossRef] [PubMed]
Ierardi, E.; Valle, N.D.; Nacchiero, M.C.; De Francesco, V.; Stoppino, G.; Panella, C. Onset of liver damage
after a single administration of infliximab in a patient with refractory ulcerative colitis. Clin. Drug Investig.
2006, 26, 673–676. [CrossRef] [PubMed]
Carlsen, K.M.; Riis, L.; Madsen, O.R. Toxic hepatitis induced by infliximab in a patient with rheumatoid
arthritis with no relapse after switching to etanercept. Clin. Rheumatol. 2009, 28, 1001–1003. [CrossRef]
[PubMed]
Haennig, A.; Bonnet, D.; Thebault, S.; Alric, L. Infliximab-induced acute hepatitis during Crohn’s disease
therapy: Absence of cross-toxicity with adalimumab. Gastroenterol. Clin. Biol. 2010, 34, e7–e8. [CrossRef]
[PubMed]
Germano, V.; Picchianti Diamanti, A.; Baccano, G.; Natale, E.; Onetti Muda, A.; Priori, R.; Valesini, G.
Autoimmune hepatitis associated with infliximab in a patient with psoriatic arthritis. Ann. Rheum. Dis. 2005,
64, 1519–1520. [CrossRef] [PubMed]
Ozorio, G.; McGarity, B.; Bak, H.; Jordan, A.S.; Lau, H.; Marshall, C. Autoimmune hepatitis following
infliximab therapy for ankylosing spondylitis. Med. J. Aust. 2007, 187, 524–526. [PubMed]
Doyle, A.; Forbes, G.; Kontorinis, N. Autoimmune hepatitis during infliximab therapy for Crohn’s disease:
A case report. J. Crohn’s Colitis 2011, 5, 253–255. [CrossRef] [PubMed]
Subramaniam, K.; Chitturi, S.; Brown, M.; Pavli, P. Infliximab-induced autoimmune hepatitis in Crohn’s
disease treated with budesonide and mycophenolate. Inflamm. Bowel Dis. 2011, 17, E149–E150. [CrossRef]
[PubMed]
Adar, T.; Mizrahi, M.; Pappo, O.; Scheiman-Elazary, A.; Shibolet, O. Adalimumab-induced autoimmune
hepatitis. J. Clin. Gastroenterol. 2010, 44, e20–e22. [CrossRef] [PubMed]
Coffin, C.S.; Fraser, H.F.; Panaccione, R.; Ghosh, S. Liver diseases associated with anti-tumor necrosis
factor-alpha (TNF-α) use for inflammatory bowel disease. Inflamm. Bowel Dis. 2011, 17, 479–484. [CrossRef]
[PubMed]
Cravo, M.; Silva, R.; Serrano, M. Autoimmune hepatitis induced by infliximab in a patient with Crohn’s
disease with no relapse after switching to adalimumab. BioDrugs 2010, 24, 25–27. [CrossRef] [PubMed]
Goldfeld, D.A.; Verna, E.C.; Lefkowitch, J.; Swaminath, A. Infliximab-induced autoimmune hepatitis with
successful switch to adalimumab in a patient with Crohn’s disease: The index case. Digest. Dis. Sci. 2011,
56, 3386–3388. [CrossRef] [PubMed]
Borman, M.A.; Urbanski, S.; Swain, M.G. Anti-TNF-induced autoimmune hepatitis. J. Hepatol. 2014,
61, 169–170. [CrossRef] [PubMed]
Bjornsson, E.S.; Gunnarsson, B.I.; Grondal, G.; Jonasson, J.G.; Einarsdottir, R.; Ludviksson, B.R.;
Gudbjornsson, B.; Olafsson, S. Risk of drug-induced liver injury from tumor necrosis factor antagonists.
Clin. Gastroenterol. Hepatol. 2015, 13, 602–608. [CrossRef] [PubMed]
Bjornsson, E.S.; Bergmann, O.M.; Bjornsson, H.K.; Kvaran, R.B.; Olafsson, S. Incidence, presentation, and
outcomes in patients with drug-induced liver injury in the general population of Iceland. Gastroenterology
2013, 144, 1419–1425. [CrossRef] [PubMed]
Bjornsson, E.S. Hepatotoxicity by drugs: The most common implicated agents. Int. J. Mol. Sci. 2016, 17, 224.
[CrossRef] [PubMed]
Eriksson, C.; Engstrand, S.; Sundqvist, K.G.; Rantapaa-Dahlqvist, S. Autoantibody formation in patients with
rheumatoid arthritis treated with anti-TNF alpha. Ann. Rheum. Dis. 2005, 64, 403–407. [CrossRef] [PubMed]
Marques, M.; Magro, F.; Cardoso, H.; Carneiro, F.; Portugal, R.; Lopes, J.; Costa Santos, C. Infliximab-induced
lupus-like syndrome associated with autoimmune hepatitis. Inflamm. Bowel. Dis. 2008, 14, 723–725.
[CrossRef] [PubMed]
Diehl, A.M. Cytokine regulation of liver injury and repair. Immunol. Rev. 2000, 174, 160–171. [CrossRef]
[PubMed]
Chen, X.; Oppenheim, J.J. Contrasting effects of TNF and anti-TNF on the activation of effector t cells and
regulatory t cells in autoimmunity. FEBS Lett. 2011, 585, 3611–3618. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 2199

88.
89.

90.

91.

92.

93.
94.

95.
96.

97.
98.
99.
100.
101.

102.

103.

104.

105.
106.

107.

19 of 22

Menghini, V.V.; Arora, A.S. Infliximab-associated reversible cholestatic liver disease. Mayo Clin. Proc. 2001,
76, 84–86. [CrossRef] [PubMed]
Kinnunen, U.; Farkkila, M.; Makisalo, H. A case report: Ulcerative colitis, treatment with an antibody
against tumor necrosis factor (infliximab), and subsequent liver necrosis. J. Crohn’s Colitis 2012, 6, 724–727.
[CrossRef] [PubMed]
Chen, S.C.; Cummings, O.W.; Hartley, M.P.; Filomena, C.A.; Cho, W.K. Hepatocellular carcinoma occurring
in a patient with Crohn’s disease treated with both azathioprine and infliximab. Digest. Dis. Sci. 2006,
51, 952–955. [CrossRef] [PubMed]
Fathalla, B.M.; Goldsmith, D.P.; Pascasio, J.M.; Baldridge, A. Development of autoimmune hepatitis in a
child with systemic-onset juvenile idiopathic arthritis during therapy with etanercept. J. Clin. Rheumatol.
2008, 14, 297–298. [CrossRef] [PubMed]
Harada, K.; Akai, Y.; Koyama, S.; Ikenaka, Y.; Saito, Y. A case of autoimmune hepatitis exacerbated by the
administration of etanercept in the patient with rheumatoid arthritis. Clin. Rheumatol. 2008, 27, 1063–1066.
[CrossRef] [PubMed]
Parekh, R.; Kaur, N. Liver injury secondary to anti-TNF-α therapy in inflammatory bowel disease: A case
series and review of the literature. Case Rep. Gastrointest. Med. 2014, 2014, 956463. [CrossRef] [PubMed]
Shelton, E.; Chaudrey, K.; Sauk, J.; Khalili, H.; Masia, R.; Nguyen, D.D.; Yajnik, V.; Ananthakrishnan, A.N.
New onset idiosyncratic liver enzyme elevations with biological therapy in inflammatory bowel disease.
Aliment. Pharmacol. Ther. 2015, 41, 972–979. [CrossRef] [PubMed]
French, J.B.; Bonacini, M.; Ghabril, M.; Foureau, D.; Bonkovsky, H.L. Hepatotoxicity associated with the use
of anti-TNF-alpha agents. Drug Saf. 2016, 39, 199–208. [CrossRef] [PubMed]
Rodrigues, S.; Lopes, S.; Magro, F.; Cardoso, H.; Horta e Vale, A.M.; Marques, M.; Mariz, E.; Bernardes, M.;
Lopes, J.; Carneiro, F.; et al. Autoimmune hepatitis and anti-tumor necrosis factor alpha therapy: A single
center report of 8 cases. World J. Gastroenterol. 2015, 21, 7584–7588. [CrossRef] [PubMed]
Cohen, S.M.; Ahn, J. Review article: The diagnosis and management of alcoholic hepatitis. Aliment. Pharmacol.
Ther. 2009, 30, 3–13. [CrossRef] [PubMed]
Hardison, W.G.; Lee, F.I. Prognosis in acute liver disease of the alcoholic patient. N. Engl. J. Med. 1966,
275, 61–66. [CrossRef] [PubMed]
Tilg, H.; Diehl, A.M. Cytokines in alcoholic and nonalcoholic steatohepatitis. N. Engl. J. Med. 2000,
343, 1467–1476. [CrossRef] [PubMed]
McClain, C.J.; Barve, S.; Deaciuc, I.; Kugelmas, M.; Hill, D. Cytokines in alcoholic liver disease.
Semin. Liver Dis. 1999, 19, 205–219. [CrossRef] [PubMed]
McClain, C.J.; Song, Z.; Barve, S.S.; Hill, D.B.; Deaciuc, I. Recent advances in alcoholic liver disease.
Iv. Dysregulated cytokine metabolism in alcoholic liver disease. Am. J. Physiol. Gastrointest. Liver Physiol.
2004, 287, G497–G502. [CrossRef] [PubMed]
Lopez-Talavera, J.C.; Merrill, W.W.; Groszmann, R.J. Tumor necrosis factor alpha: A major contributor to
the hyperdynamic circulation in prehepatic portal-hypertensive rats. Gastroenterology 1995, 108, 761–767.
[CrossRef]
Yin, M.; Wheeler, M.D.; Kono, H.; Bradford, B.U.; Gallucci, R.M.; Luster, M.I.; Thurman, R.G. Essential role
of tumor necrosis factor alpha in alcohol-induced liver injury in mice. Gastroenterology 1999, 117, 942–952.
[CrossRef]
Iimuro, Y.; Gallucci, R.M.; Luster, M.I.; Kono, H.; Thurman, R.G. Antibodies to tumor necrosis factor alfa
attenuate hepatic necrosis and inflammation caused by chronic exposure to ethanol in the rat. Hepatology
1997, 26, 1530–1537. [CrossRef] [PubMed]
McClain, C.J.; Cohen, D.A. Increased tumor necrosis factor production by monocytes in alcoholic hepatitis.
Hepatology 1989, 9, 349–351. [CrossRef] [PubMed]
Khoruts, A.; Stahnke, L.; McClain, C.J.; Logan, G.; Allen, J.I. Circulating tumor necrosis factor, interleukin-1
and interleukin-6 concentrations in chronic alcoholic patients. Hepatology 1991, 13, 267–276. [CrossRef]
[PubMed]
Barve, A.; Khan, R.; Marsano, L.; Ravindra, K.V.; McClain, C. Treatment of alcoholic liver disease.
Ann. Hepatol. 2008, 7, 5–15. [PubMed]

Int. J. Mol. Sci. 2018, 19, 2199

20 of 22

108. Menachery, J.; Duseja, A. Treatment of decompensated alcoholic liver disease. Int. J. Hepatol. 2011,
2011, 219238. [CrossRef] [PubMed]
109. Alvarez, M.A.; Cabre, E.; Lorenzo-Zuniga, V.; Montoliu, S.; Planas, R.; Gassull, M.A. Combining steroids
with enteral nutrition: A better therapeutic strategy for severe alcoholic hepatitis? Results of a pilot study.
Eur. J. Gastroenterol. Hepatol. 2004, 16, 1375–1380. [CrossRef] [PubMed]
110. Mathurin, P.; Mendenhall, C.L.; Carithers, R.L., Jr.; Ramond, M.J.; Maddrey, W.C.; Garstide, P.; Rueff, B.;
Naveau, S.; Chaput, J.C.; Poynard, T. Corticosteroids improve short-term survival in patients with severe
alcoholic hepatitis (AH): Individual data analysis of the last three randomized placebo controlled double
blind trials of corticosteroids in severe ah. J. Hepatol. 2002, 36, 480–487. [CrossRef]
111. McCullough, A.J.; O’Connor, J.F. Alcoholic liver disease: Proposed recommendations for the American
college of gastroenterology. Am. J. Gastroenterol. 1998, 93, 2022–2036. [CrossRef] [PubMed]
112. Mathurin, P.; O’Grady, J.; Carithers, R.L.; Phillips, M.; Louvet, A.; Mendenhall, C.L.; Ramond, M.J.; Naveau, S.;
Maddrey, W.C.; Morgan, T.R. Corticosteroids improve short-term survival in patients with severe alcoholic
hepatitis: Meta-analysis of individual patient data. Gut 2011, 60, 255–260. [CrossRef] [PubMed]
113. Taieb, J.; Mathurin, P.; Elbim, C.; Cluzel, P.; Arce-Vicioso, M.; Bernard, B.; Opolon, P.;
Gougerot-Pocidalo, M.A.; Poynard, T.; Chollet-Martin, S. Blood neutrophil functions and cytokine release in
severe alcoholic hepatitis: Effect of corticosteroids. J. Hepatol. 2000, 32, 579–586. [CrossRef]
114. Mathurin, P.; Duchatelle, V.; Ramond, M.J.; Degott, C.; Bedossa, P.; Erlinger, S.; Benhamou, J.P.; Chaput, J.C.;
Rueff, B.; Poynard, T. Survival and prognostic factors in patients with severe alcoholic hepatitis treated with
prednisolone. Gastroenterology 1996, 110, 1847–1853. [CrossRef] [PubMed]
115. Spahr, L.; Rubbia-Brandt, L.; Frossard, J.L.; Giostra, E.; Rougemont, A.L.; Pugin, J.; Fischer, M.; Egger, H.;
Hadengue, A. Combination of steroids with infliximab or placebo in severe alcoholic hepatitis: A randomized
controlled pilot study. J. Hepatol. 2002, 37, 448–455. [CrossRef]
116. Naveau, S.; Chollet-Martin, S.; Dharancy, S.; Mathurin, P.; Jouet, P.; Piquet, M.A.; Davion, T.; Oberti, F.;
Broet, P.; Emilie, D.; et al. A double-blind randomized controlled trial of infliximab associated with
prednisolone in acute alcoholic hepatitis. Hepatology 2004, 39, 1390–1397. [CrossRef] [PubMed]
117. Tilg, H.; Jalan, R.; Kaser, A.; Davies, N.A.; Offner, F.A.; Hodges, S.J.; Ludwiczek, O.; Shawcross, D.; Zoller, H.;
Alisa, A.; et al. Anti-tumor necrosis factor-alpha monoclonal antibody therapy in severe alcoholic hepatitis.
J. Hepatol. 2003, 38, 419–425. [CrossRef]
118. Mookerjee, R.P.; Sen, S.; Davies, N.A.; Hodges, S.J.; Williams, R.; Jalan, R. Tumour necrosis factor alpha is an
important mediator of portal and systemic haemodynamic derangements in alcoholic hepatitis. Gut 2003,
52, 1182–1187. [CrossRef] [PubMed]
119. Sharma, P.; Kumar, A.; Sharma, B.C.; Sarin, S.K. Infliximab monotherapy for severe alcoholic hepatitis and
predictors of survival: An open label trial. J. Hepatol. 2009, 50, 584–591. [CrossRef] [PubMed]
120. Boetticher, N.C.; Peine, C.J.; Kwo, P.; Abrams, G.A.; Patel, T.; Aqel, B.; Boardman, L.; Gores, G.J.;
Harmsen, W.S.; McClain, C.J.; et al. A randomized, double-blinded, placebo-controlled multicenter trial of
etanercept in the treatment of alcoholic hepatitis. Gastroenterology 2008, 135, 1953–1960. [CrossRef] [PubMed]
121. Rafiq, N.; Younossi, Z.M. Nonalcoholic fatty liver disease: A practical approach to evaluation and
management. Clin. Liver Dis. 2009, 13, 249–266. [CrossRef] [PubMed]
122. Browning, J.D.; Horton, J.D. Molecular mediators of hepatic steatosis and liver injury. J. Clin. Investig. 2004,
114, 147–152. [CrossRef] [PubMed]
123. Browning, J.D.; Szczepaniak, L.S.; Dobbins, R.; Nuremberg, P.; Horton, J.D.; Cohen, J.C.; Grundy, S.M.;
Hobbs, H.H. Prevalence of hepatic steatosis in an urban population in the united states: Impact of ethnicity.
Hepatology 2004, 40, 1387–1395. [CrossRef] [PubMed]
124. Williams, R. Global challenges in liver disease. Hepatology 2006, 44, 521–526. [CrossRef] [PubMed]
125. Falck-Ytter, Y.; Younossi, Z.M.; Marchesini, G.; McCullough, A.J. Clinical features and natural history of
nonalcoholic steatosis syndromes. Semin. Liver Dis. 2001, 21, 17–26. [CrossRef] [PubMed]
126. Perseghin, G.; Petersen, K.; Shulman, G.I. Cellular mechanism of insulin resistance: Potential links with
inflammation. Int. J. Obes. Relat. Metab. Disord. 2003, 27, S6–S11. [CrossRef] [PubMed]
127. Shoelson, S.E.; Lee, J.; Goldfine, A.B. Inflammation and insulin resistance. J. Clin. Investig. 2006,
116, 1793–1801. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 2199

21 of 22

128. Diehl, A.M.; Li, Z.P.; Lin, H.Z.; Yang, S.Q. Cytokines and the pathogenesis of non-alcoholic steatohepatitis.
Gut 2005, 54, 303–306. [CrossRef] [PubMed]
129. Tomita, K.; Tamiya, G.; Ando, S.; Ohsumi, K.; Chiyo, T.; Mizutani, A.; Kitamura, N.; Toda, K.; Kaneko, T.;
Horie, Y.; et al. Tumour necrosis factor alpha signalling through activation of Kupffer cells plays an essential
role in liver fibrosis of non-alcoholic steatohepatitis in mice. Gut 2006, 55, 415–424. [CrossRef] [PubMed]
130. Cai, D.; Yuan, M.; Frantz, D.F.; Melendez, P.A.; Hansen, L.; Lee, J.; Shoelson, S.E. Local and systemic insulin
resistance resulting from hepatic activation of IKK-β and NF-κ. Nat. Med. 2005, 11, 183–190. [CrossRef]
[PubMed]
131. Koca, S.S.; Bahcecioglu, I.H.; Poyrazoglu, O.K.; Ozercan, I.H.; Sahin, K.; Ustundag, B. The treatment with
antibody of TNF-α reduces the inflammation, necrosis and fibrosis in the non-alcoholic steatohepatitis
induced by methionine- and choline-deficient diet. Inflammation 2008, 31, 91–98. [CrossRef] [PubMed]
132. Barbuio, R.; Milanski, M.; Bertolo, M.B.; Saad, M.J.; Velloso, L.A. Infliximab reverses steatosis and improves
insulin signal transduction in liver of rats fed a high-fat diet. J. Endocrinol. 2007, 194, 539–550. [CrossRef]
[PubMed]
133. Schramm, C.; Schneider, A.; Marx, A.; Lohse, A.W. Adalimumab could suppress the activity of non alcoholic
steatohepatitis (NASH). Z. Gastroenterol. 2008, 46, 1369–1371. [CrossRef] [PubMed]
134. Schramm, C.; Weiler-Normann, C.; Wiegard, C.; Hellweg, S.; Muller, S.; Lohse, A.W. Treatment response in
patients with autoimmune hepatitis. Hepatology 2010, 52, 2247–2248. [CrossRef] [PubMed]
135. Manns, M.P.; Czaja, A.J.; Gorham, J.D.; Krawitt, E.L.; Mieli-Vergani, G.; Vergani, D.; Vierling, J.M. Diagnosis
and management of autoimmune hepatitis. Hepatology 2010, 51, 2193–2213. [CrossRef] [PubMed]
136. Manns, M.P.; Woynarowski, M.; Kreisel, W.; Lurie, Y.; Rust, C.; Zuckerman, E.; Bahr, M.J.; Gunther, R.;
Hultcrantz, R.W.; Spengler, U.; et al. Budesonide induces remission more effectively than prednisone in a
controlled trial of patients with autoimmune hepatitis. Gastroenterology 2010, 139, 1198–1206. [CrossRef]
[PubMed]
137. Hennes, E.M.; Oo, Y.H.; Schramm, C.; Denzer, U.; Buggisch, P.; Wiegard, C.; Kanzler, S.; Schuchmann, M.;
Boecher, W.; Galle, P.R.; et al. Mycophenolate mofetil as second line therapy in autoimmune hepatitis? Am. J.
Gastroenterol. 2008, 103, 3063–3070. [CrossRef] [PubMed]
138. De Boer, N.K.; van Nieuwkerk, C.M.; Aparicio Pages, M.N.; de Boer, S.Y.; Derijks, L.J.; Mulder, C.J. Promising
treatment of autoimmune hepatitis with 6-thioguanine after adverse events on azathioprine. Eur. J.
Gastroenterol. Hepatol. 2005, 17, 457–461. [CrossRef] [PubMed]
139. Kanzler, S.; Gerken, G.; Dienes, H.P.; Meyer zum Buschenfelde, K.H.; Lohse, A.W. Cyclophosphamide as
alternative immunosuppressive therapy for autoimmune hepatitis—Report of three cases. Z. Gastroenterol.
1997, 35, 571–578. [PubMed]
140. Malekzadeh, R.; Nasseri-Moghaddam, S.; Kaviani, M.J.; Taheri, H.; Kamalian, N.; Sotoudeh, M. Cyclosporin
a is a promising alternative to corticosteroids in autoimmune hepatitis. Dig. Dis. Sci. 2001, 46, 1321–1327.
[CrossRef] [PubMed]
141. Larsen, F.S.; Vainer, B.; Eefsen, M.; Bjerring, P.N.; Adel Hansen, B. Low-dose tacrolimus ameliorates
liver inflammation and fibrosis in steroid refractory autoimmune hepatitis. World J. Gastroenterol. 2007,
13, 3232–3236. [CrossRef] [PubMed]
142. Rajanayagam, J.; Lewindon, P.J. Infliximab as rescue therapy in paediatric autoimmune hepatitis. J. Hepatol.
2013, 59, 908–909. [CrossRef] [PubMed]
143. Akberova, D.; Kiassov, A.P.; Abdulganieva, D. Serum cytokine levels and their relation to clinical features in
patients with autoimmune liver diseases. J. Immunol. Res. 2017, 2017, 9829436. [CrossRef] [PubMed]
144. Diamantis, I.; Boumpas, D.T. Autoimmune hepatitis: Evolving concepts. Autoimmun. Rev. 2004, 3, 207–214.
[CrossRef] [PubMed]
145. Jalan, R.; Fernandez, J.; Wiest, R.; Schnabl, B.; Moreau, R.; Angeli, P.; Stadlbauer, V.; Gustot, T.; Bernardi, M.;
Canton, R.; et al. Bacterial infections in cirrhosis: A position statement based on the EASL special conference
2013. J. Hepatol. 2014, 60, 1310–1324. [CrossRef] [PubMed]
146. Spadaro, A.; Scrivo, R.; Riccieri, V.; Valesini, G. Effect of tumor necrosis factor alpha antagonists in a
patient with rheumatoid arthritis and primary biliary cirrhosis. Joint Bone Spine 2008, 75, 87–89. [CrossRef]
[PubMed]

Int. J. Mol. Sci. 2018, 19, 2199

22 of 22

147. Ogata, A.; Terabe, F.; Nakanishi, K.; Kawai, M.; Kuwahara, Y.; Hirano, T.; Arimitsu, J.; Hagihara, K.; Shima, Y.;
Narazaki, M.; et al. Etanercept improved primary biliary cirrhosis associated with rheumatoid arthritis.
Joint Bone Spine 2009, 76, 105–107. [CrossRef] [PubMed]
148. Del Ross, T.; Ruffatti, A.; Floreani, A.; Hoxha, A.; Punzi, L. The efficacy of adalimumab in psoriatic arthritis
concomitant to overlapping primary biliary cholangitis and primary sclerosing cholangitis: A case report.
BMC Musculoskelet. Disord. 2016, 17, 485. [CrossRef] [PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

