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Medical and surgical treatments aimed at curing severe liver diseases and prolonging
the survival of patients have improved dramatically in recent years. These advances have
mainly been achieved by obtaining a better understanding of the pathophysiology of
liver diseases [1]. New and old pharmacological therapies have been applied in a better
way based on the new insights obtained in the pathophysiological studies. Moreover, the
increased application of technology innovations, both in diagnostic imaging [2] and in
surgery [3], enable the cure rate to be increased in patients with advanced liver diseases.

A Special Issue in the Journal of Clinical Medicine (JCM) has been dedicated to collecting
high-quality scientific contributions from leading experts by focusing on updating the
horizon of new pharmacological therapies and new surgical approaches that can be applied
to cure several types of liver diseases as a method to address this challenging topic in
greater detail.

Two studies investigated the current and future management of cholestatic liver dis-
eases [4,5]. The first study retrospectively evaluated the real-world clinical management of
patients with primary biliary cholangitis (PBC), according to the indications of the recent
updated clinical guidelines. A study conducted in a large cohort of European patients
revealed that biochemical response rates adopting the standard first-line treatment with
ursodeoxycholic acid (UDCA) were achieved in a large proportion of patients, depending
on the response criteria adopted. In UDCA nonresponders, second-line treatment regimens
in which obeticholic acid or bezafibrate were added were promptly applied, leading to sig-
nificantly increased response rates. These results confirm in real clinical practice that UDCA
first-line standard treatment is largely effective in patients with PBC, but highlight the need
to detect high-risk patients with an insufficient response to UDCA early in life, since early
treatment modification significantly increases subsequent response rates. In addition to
obeticholic acid and fibrates, several other molecules are currently under evaluation as
potential new therapies both for patients with PBC and with primary sclerosing cholangitis
(PSC). This issue has been extensively discussed in a subsequent study [5]. Given the com-
plex nature of PBC and PSC, future treatments for these diseases will probably be based on
a combination of drugs, aimed at influencing specific pathophysiological mechanisms in
different stages of disease severity.

The current therapeutic strategies for the management of patients with cirrhosis are
focused on the prevention or treatment of specific clinical complications such as ascites,
gastrointestinal bleeding and hepatic encephalopathy [6]. “Etiologic therapy”, which is
designed to remove the causative agents of the disease (i.e., viruses or alcohol), prevents
clinical decompensation in most patients with cirrhosis. In contrast, a significant proportion
of patients with decompensated cirrhosis remain at risk of further disease progression
despite the application of etiologic treatments. Thus, the identification of new therapies
targeting specific key points in the complex pathophysiological cascade of decompensated
cirrhosis is urgently needed. These therapies are presented in updated detail in this
Special Issue of JCM [7]. Poorly absorbable oral antibiotics, statins, and albumin have been
proposed as potential disease-modifying agents for cirrhosis (DMAC), since clinical studies
have shown their capacity to prolong survival. The ideal DMACs candidate should be
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directed to modify the key mechanisms in the pathogenetic network of the gut-liver axis,
such systemic inflammation, and immune dysfunction.

The development of ascites is one of the typical complications of advanced cirrhosis.
Treatment of non-tense ascites comprises the assumption of a combination of furosemide
and anti-aldosterone diuretics, accompanied by a restrictive sodium and water diet [6].
Tolvaptan, a selective vasopressin type 2 receptor antagonist, was approved in some
countries for treating ascites in patients who responded insufficiently to conventional
diuretics. Several still unresolved questions persist regarding both the long-term efficacy of
tolvaptan and its effect on the survival of patients with cirrhotic ascites. A recent Japanese
retrospective study presented in this issue of JCM seems to show that the addition of
tolvaptan prolongs the survival of patients with cirrhotic ascites compared to standard
diuretic drug combination alone, especially when tolvaptan is started before high-dose
furosemide administration [8]. Although these results are encouraging, further prospective
studies in different countries must be performed to standardize the use of aquaretic drugs
in treating cirrhotic ascites.

More challenging is the treatment of ascites when it reaches the stage of refractoriness.
An updated and exhaustive analysis of this topic has been reported in this issue of JCM,
including the more recent data regarding the placement of a transjugular intrahepatic
portosystemic shunt (TIPS) and chronic albumin administration [9]. TIPS reduces portal
hypertension, allows greater control of ascites, and in some cases improves the clinical
course of the disease. Some concerns persist regarding both the correct selection of patients
with ascites who may truly benefit from TIPS and the prevention of cardiac and neurologic
complications after TIPS placement in the long term. The effect of long-term human
albumin administration in treating grade 2–3 ascites has been studied in the ANSWER [10]
and MATCH [11] randomized clinical trials, producing contradictory results. The different
results might be at least partially explained by differences in disease severity of the patients
enrolled (slightly less severe in the ANSWER trial) and dosage and duration of albumin
treatment (higher and longer, respectively, in the ANSWER trial). Regardless, the long-
term albumin administration in patients with persistent ascites remains not systematically
used in various parts of the world, despite proved effectiveness both in ascites control
and long-term survival. The placement of implantable ascites drainage devices has been
experimented with contradictory results. To date, there is no clear indication to use these
devices except as part of controlled clinical trials.

In addition to ascites, gastrointestinal bleeding and the development of hepatic en-
cephalopathy (HE) represent the other key determinants of the transition from clinically
compensated to decompensated liver cirrhosis. Two contributions to the present issue of
JCM are devoted to exploring these clinical complications of cirrhosis. The most recent
advances in the management of esophageal variceal hemorrhage in cirrhotic patients have
been updated [12]. These guidelines were derived from the applications of specific treat-
ment algorithms involving the use of indirect measurement of portal pressure (HVPG) and
the rescue placement of TIPS, in addition to vasoconstrictors, endoscopic band ligation
of esophageal varices and antibiotic prophylaxis. Patients who may benefit more from
early rescue TIPS placement are active bleeders with poor predictors of the response to
standard medical treatment (Child C class, portal vein thrombosis, HVPG > 20 mmHg,
and systolic blood pressure < 100 mmHg at admission). Although the use of preemptive
TIPS in these patients has been recommended since the Baveno V consensus [13], only a
minority of potential candidates finally undergo a preemptive TIPS. This finding indicates
that preemptive TIPS is largely underutilized in real-life practice. This is a topic where it is
probably necessary to implement scientific information in the community of hepatologists,
in order not to lose the clinical and survival advantages that the correct indication of the
positioning of the preemptive TIPS can bring to patients.

HE in cirrhosis has profound implications in terms of the patients’ ability to fulfil
their family and social roles, to drive and to provide for themselves. The past few years
have been characterized by significantly more attention to HE and its implications. Its
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definition has been refined, and a small number of new drugs or alternative management
strategies have become available, while others are underway [14]. Currently, overt HE is
generally managed by the correction of any identified precipitating factors and institution
of ammonia-lowering treatment with nonabsorbable disaccharides and nonabsorbable
antibiotics [15]. Many therapies other than nonabsorbable disaccharides and nonabsorbable
antibiotics have been studied. Among them, L-Ornithine L-Aspartate (LOLA), which is a
substrate for the urea cycle and increases urea production in peri-portal hepatocytes, has
been extensively studied. Despite promising results, a recent review and meta-analysis
suggests that the effect of LOLA is comparable to other ammonia-lowering agents in
treating HE regardless of clinical severity. The use of nonurea nitrogen scavengers (sodium
benzoate, sodium, glycerol phenylbutyrate, and ornithine phenylacetate) has not been
shown to be superior to placebo or to standard treatment in clinically improving HE.
Muscle loss impacts nitrogen and ammonia metabolism and is associated with an increased
risk of HE. Thus, the maintenance of adequate daily energy (35–40 kcal/kg ideal body
weight) and protein intake (1.2–1.5 g/kg ideal body weight) has been associated with the
improvement of psychometric performance and quality of life and with the reduction in the
risk of overt HE development. In addition to small meals consumed throughout the day, a
late evening snack comprising complex carbohydrates should be strongly recommended,
as they reduce protein catabolism and interrupt the long fast between dinner and breakfast.
The postulated efficacy of branched chain amino acids (BCAAs) administration in treating
HE is probably a surrogate for an increase in the intake of proteins containing BCAAs,
particularly in patients consuming vegetable diets.

If the development of ascites, gastrointestinal bleeding, HE or any combination of
these conditions are the distinct features of acute decompensation of liver cirrhosis, acute-
on-chronic liver failure (ACLF) is a distinct syndrome that develops in patients with acutely
decompensated chronic liver disease and is characterized by a high 28-day mortality rate.
Thus, a special article dedicated to ACLF has been presented in this issue of JCM [16].
The key elements identifying the appearance of ACLF are the strong association with
precipitating factor(s), the development of single- or multiple organ failures (OFs) and an
intense systemic inflammation. Excessive inflammation is responsible for tissue damage
and for necrotic cell death, leading to the release of damage-associated molecular patterns
(DAMPs) that maintain inflammation by binding to pattern-recognition receptors (PRRs).
Although many of the pathophysiological mechanisms responsible for the development
of ACLF have been elucidated, additional knowledge is needed to develop treatments
besides supportive measures for OFs. To date, early liver transplantation (LT) produces
good outcomes in a subset of patients presenting grade 3 ACLF, thus these patients must
be early referred to a liver transplant center to verify the feasibility of liver transplant.

Due to the availability of direct antiviral agents (DAAs) for curing hepatitis C virus
infection [17], the only two major hepatitis viruses are still awaiting a definitive cure are
hepatitis B (HBV) and hepatitis D (HDV). More recent advances in treating these viruses
have been highlighted in another article presented in this issue of JCM [18]. The main
endpoint of all current treatment strategies for these chronic infections is the suppression
of HBV DNA and HDV RNA for those patients coinfected with HDV. Unfortunately, the
profound suppression of viral replication does not translate to an effective and complete
cure of HBV or HBV/HDV coinfection. Among the known barriers to achieve a “functional
cure”, the most worrisome is HBV covalently closed circular DNA (cccDNA), which
allows the virus to permanently persist in hepatocytes and against which nucleot(s)ide
analogs have little effect. Regarding HDV infection, the ideal goal of treatment is to obtain
simultaneously the clearance of HBsAg and a sustained HDV virological suppression, at
least 6 months after stopping the treatment. Unfortunately, both aims are still not reachable.
Improving knowledge of the structure and replication cycle of both HBV and HDV has
facilitated the development of novel antivirals directly targeting multiple steps in virus
replication and preventing the synthesis of new cccDNA. Furthermore, immunomodulators
may also be needed to reverse the state of tolerance typical of the chronic phase of viral
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infection and subsequently promote the immune-induced death of infected hepatocytes,
which is crucial for the neutralization of circulating virions. New nucleotide analogs in
advanced phase of development are besifovir, metacavir and two prodrugs of tenofovir
(tenofovir exalidex and tenofovir disoproxil orotate). Other drugs in development are the
attachment/entry inhibitors, such as bulevirtide, which acts upon the sodium taurocholate
co-transporting polypeptide (NTCP), a receptor of both HBV and HDV. Therefore, this new
drug blocks both HBV and HDV entry in the hepatocytes. Bulevirtide was approved in the
European Union in July 2020 as the first effective drug for the treatment of chronic HDV in
patients with compensated liver disease. In addition to bulevirtide, a further new drug is
lonafarnib (LNF), a farnesyl transferase inhibitor that blocks the assembly and secretion
of virions in the cell through HDV antigen prenylation. Preliminary data seem to support
the combined use of LNF with ritonavir (RTV). Nucleic acid polymers (NAPs), such REP
2139, are under clinical evaluation and produced promising results, as among 12 enrolled
patients 7 have become HDV RNA- and 5 hepatitis B surface antigen (HBsAg)-negative,
respectively, after a follow-up of 1 year.

Three contributions presented in this issue of JCM have been devoted to providing
the main updated knowledge regarding the approach to treat patients with hepatocellular
carcinoma (HCC) and cholangiocarcinoma (CCA). One article focused on CCA [19], and two
focused on HCC [20,21]. CCA is anatomically classified in intrahepatic (iCCA), perihilar
(pCCA) and distal (dCCA) CCA. Surgical resection, obtaining negative margins, represents
the best curative therapy for CCA. Systemic treatment with cisplatin plus gemcitabine
(GEMCIS) is the first-line approach for patients with advanced-stage CCA, but the results
are unsatisfactory, with a 5-year survival rate of approximately 5–15%. Targeted therapies,
specific molecular profiling and biomarkers are needed to select new effective therapies for
each patient with CCA. For example, approximately 15–20% of iCCAs have been observed
to contain FGRF2 translocations, which are implicated in promoting cell proliferation
and angiogenesis. Thus, several FGFR 1–3 inhibitors (i.e., pemigatinib and infigratinib)
are being evaluated in phase III trials involving patients with advanced CCA, and the
preliminary results seem to be encouraging. Mutations in epidermal growth factor receptor
(EGFR) have a great importance in guiding treatments in different cancers, nevertheless,
no evidence of their efficacy against CCA has been demonstrated. Immune checkpoint
inhibitors (ICIs), peptide- and dendritic cell-based vaccines, and adoptive cell therapy,
are under investigation to treat patients with CCA. Although the use of immunotherapy
in patients with CCA is still limited, several clinical trials are currently evaluating the
therapeutic properties of anti-CTLA-4 monoclonal antibodies, the targeting of PD-L1 or
its receptor, PD-1, as well as chimeric antigen receptor T (CAR-T) cell immunotherapy.
Unfortunately, ICI monotherapy has shown insufficient efficacy in patients with CCA.
However, a better understanding of immunologically based therapeutic strategies should
be reached, before to design a real precision medicine strategy allowing to reduce clinical
aggressiveness of the tumor and to improve the prognosis of patients with CCA.

Compared to patients with CCA, very different treatment scenarios are on the horizon
for patients with HCC. In addition to the well-known therapeutic options referring to
surgical resection or to locoregional treatments of the tumor, a very large quantity of data is
expected from new systemic treatments based on the use of ICIs in combination with other
agents, among which vascular endothelial growth factor (VEGFR)-targeted therapies gen-
erated very encouraging results. Therefore, atezolizumab (a monoclonal antibody against
PD-L1) plus bevacizumab (a monoclonal antibody against VEGF) has been approved as the
first-line treatment option for advanced HCC, becoming the standard of care for these pa-
tients. Immunotherapy-based treatments will increase the landscape of HCC therapy soon.
A very attractive first-line treatment modality in patients with intermediate-stage HCC is
to combine locoregional treatments with ICIs, since ablative and intraarterial techniques
indirectly induce a peripheral immune response that may enhance the effect of ICIs. Both
radiofrequency ablation and transarterial chemoembolization induce necrosis of tumor
cells, promoting the release of tumor antigens and the activation of immune-mediated
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death of tumor cells, which in turn stimulates a peripheral systemic immune response
that is potentially amplified by the administration of ICIs. In contrast, the survival benefit
for patients’ candidates for second-line treatment options (regorafenib/cabozantinib or
ramucirumab), although significant, is still modest. Thus, nivolumab with or without
ipilimumab and pembrolizumab received FDA approval as second-line treatments.

In addition to locoregional and systemic treatments, liver transplantation (LT) remains
the better treatment option for a subset of patients with HCC, since the surgical procedure
removes both the tumor and the liver at the same time, which remains the potential source
of new neoplastic clones. The Milan criteria (MC) were developed more than 25 years
ago and are still considered the benchmark for LT in patients with HCC. However, the
strict application of MC might exclude some patients who may receive a clinical benefit
from LT. Several expanded criteria have been proposed. Some consider pretransplant
morphological and biological variables of the tumor, others consider post-LT variables
such as the histology of the tumor, and others combine pre- and post-LT variables. More
recently, the HCC response to locoregional treatments before transplantation emerged as
a surrogate marker of the biological aggressiveness of the tumor to be used as a better
selection criterion for LT in patients beyond the MC at presentation. These issues have been
comprehensively updated in this JCM Special Issue [21] to present new policies that may be
applied to better select patients with HCC for LT. The main innovative approach to select
patients for LT presenting at baseline beyond the MC is to evaluate the characteristics and
the duration of tumor response after locoregional (or systemic) therapies (downstaging
treatment) and consider it a surrogate marker of biological HCC aggressiveness and of
the risk of recurrence. It is mandatory to assess the success of downstaging treatments, to
confirm the absence of tumor progression during an observation period of at least 3 months
after treatment. Patients experiencing a successful downstaging are those eligible for LT
as they present a less aggressive tumor biology and a better post-LT survival. Thus, the
American and European associations for the study of the liver guidelines are concordant in
recommending the adoption of locoregional (systemic) treatment procedures in patients
with HCC beyond MC at baseline and the consideration of those who achieved successful
downstaging for at least 3–6 months as suitable candidates for LT [22,23].

HCC represents approximately 50% of the indications for LT in Europe and the US.
Constant indications for LT are decompensated liver cirrhosis due to cholestatic and au-
toimmune liver diseases, as well as chronic HBV infection. Decompensated cirrhosis due to
chronic HCV infection is declining as an indication for LT, while alcohol- and non-alcoholic
steato-hepatitis (NASH)-related liver diseases have increased progressively as indications
for LT in recent years. In addition to the established indications for LT, clinical conditions
historically considered exclusion criteria for LT, such as severe alcoholic hepatitis (AH),
acute-on-chronic liver failure (ACLF), colorectal cancer metastases and cholangiocarcinoma,
have been considered new indications for LT in recent years, producing promising survival
advantages for patients. This topic has been highlighted in a very updated review [24]
presented in this issue of JCM, where pros and cons for every new potential indication for
LT have been critically discussed. Importantly, all newer indications for LT increase the
pressure in an already difficult context of organ shortage. Strategies are therefore needed to
increase the pool of transplantable organs, aiming to ensure a better balance between new
candidate patients and available resources (organs). Moreover, a very challenging issue
will be to optimize the patient selection criteria to ensure a clear gain in life expectancy for
those who undergo LT, avoiding the increase in waiting list mortality for those patients
who continue to await LT. A multidisciplinary transplant team is needed soon to face and
solve this very delicate problem. Furthermore, the new scenario of transplants makes it
essential to review and standardize ethical considerations across countries to ensure the
same treatment options for all patients.

The COVID-19 pandemic has completely disrupted the global landscape of health
systems. The repercussions have been highlighted in all sectors and in that of liver dis-
eases. Data regarding the effect of COVID-19 on LT recipients are still scarce and often
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contradictory. A recent systematic review [25] presented in this issue of JCM showed that
the COVID-19 clinical outcome of the LT population was not per se worse than that of the
general population, although careful management of immunosuppressive therapy may be
needed. In this regard, complete therapy discontinuation is not encouraged, but caution
is needed in the use of mycophenolate mofetil (MMF), favoring tacrolimus (TAC) use.
Anti-SARS-CoV-2 mRNA vaccine immunogenicity appeared to be low in LT patients, despite
a booster dose being strongly recommended by the main scientific societies. The newest
SARS-CoV-2 variants, such as Omicron, may further reduce vaccine-induced immunogenicity,
suggesting that the level of surveillance should remain very high in this population.

A large body of new insights are derived from the collective work presented in this
Special Issue of JCM entitled “New therapies for liver diseases”. All of them should be
considered the beginning of a new era in exploring the pathophysiology of liver diseases
and the mechanisms inducing cancer transformation of the liver with the help of tech-
nology, artificial intelligence and human perspectives. These new insights will promote
the development of new and more effective treatments for several liver diseases that will
improve quality of life and patient survival. As the Guest Editor of this Special Issue of JCM,
I would like to express special thanks to the authors for their remarkable contributions and
the reviewers for their professional comments. Furthermore, I would like to thank the JCM
team for their professional and exceptional support that enabled the project to be achieved.
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Abstract: Primary biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) are two chronic
cholestatic liver diseases affecting bile ducts that may progress to biliary cirrhosis. In the past few
years, the increasing knowledge in the pathogenesis of both diseases led to a growing number of
clinical trials and possible new targets for therapy. In this review, we provide an update on the
treatments in clinical use and summarize the new drugs in trials for PBC and PSC patients. Farnesoid
X Receptor (FXR) agonists and Pan-Peroxisome Proliferator-Activated Receptor (PPAR) agonists
are the most promising agents and have shown promising results in both PBC and PSC. Fibroblast
Growth Factor 19 (FGF19) analogues also showed good results, especially in PBC, while, although
PBC and PSC are autoimmune diseases, immunosuppressive drugs had disappointing effects. Since
the gut microbiome could have a potential role in the pathogenesis of PSC, recent research focused
on molecules that could change the microbiome, with good results. The near future of the medical
management of these diseases may include new treatments or a combination of multiple drugs
targeting different signaling pathways at different stages of the diseases.

Keywords: primary biliary cholangitis (PBC); primary sclerosing cholangitis (PSC); clinical trials;
ursodeoxycholic acid (UDCA); Farnesoid X Receptor (FXR) agonist; Pan-Peroxisome Proliferator-
Activated Receptor (PPAR) agonists

1. Introduction

Primary biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) are two
chronic inflammatory autoimmune diseases of the bile ducts, which could culminate in
biliary cirrhosis. Very few treatment options were available for decades, but in the past
years many new targets and therapies were investigated, and clinical trials were performed.

The aim of this review is to provide an update on new targets and novel therapies that
may change the management of these diseases in the near future.

2. Primary Biliary Cholangitis

PBC is a chronic autoimmune cholestatic liver disease that predominantly affects
women. It is characterized by cholestasis, serologic reactivity to antimitochondrial anti-
bodies (AMA) or to specific antinuclear antibodies (ANA) such as Sp100 and Gp210, and
histologic evidence of chronic non-suppurative, granulomatous, lymphocytic small bile
duct cholangitis. Many aspects of the aetiology and the pathogenesis of the disease are still
uncertain, and the disease is often progressive, resulting in chronic cholestasis and possibly
cirrhosis [1,2]. The main treatment goals include the prevention of the progression of the
disease and the management of the symptoms, which may have a strong negative impact
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on the quality of life of patients. The only two medications approved by the Food and
Drug Administration (FDA) are ursodeoxycholic acid (UDCA) and obeticholic acid (OCA).
However, over the past years, given the strong support of randomized clinical studies,
new therapies entered into the clinical practice of many experts in the field. Moreover,
others molecules are actively being investigated in different clinical trials with promising
results [3]. In this section, we are going to review the principal drugs in clinical use, in
clinical trial, an in a preclinical phase for PBC.

2.1. Therapies in Clinical Use
2.1.1. UDCA

UDCA, at a dosage of 13–15 mg/kg/day, is the first-line treatment for PBC [1]. It
is the 7-β epimer of the chenodeoxycholic acid, a human bile acid. The complex mecha-
nisms of action of UDCA and the evidence for its clinical use are extensively reviewed
elsewhere [2,4]. Several molecular mechanisms contribute to the beneficial effect of UDCA
in PBC patients. Indeed, many studies have shown that UDCA has anti-cholestatic effects
due to complex post-transcriptional molecular mechanisms, a cytoprotective property,
thanks to its action on endoplasmic reticulum stress, and an anti-inflammatory activity,
inhibiting prostaglandin E2 [5]. UDCA administration also makes the endogenous bile
acid pool more hydrophilic, and it improves therefore the biliary bicarbonate (HCO3−) um-
brella, which is thought to create a protective layer on the apical surface of cholangiocytes
against the permeation of protonated bile acids [6]. Moreover, UDCA interferes with the
pathogenesis of autoimmune diseases by decreasing the expression of Major Histocompati-
bility Complex (MHC) class I and class II, the eosinophil levels in blood, and the immune
reaction against PAMPs [7]. The administration of UDCA in PBC patients induces a reduc-
tion in markers of cholestasis, IgM, and AMA level [8]; improves liver histology [9]; and
decreases mortality, especially when started at early stage [10]. Unfortunately, one-third of
the patients have an inadequate response to UDCA treatment, defined according to several
scoring systems, including the Barcelona, Paris I, Paris II, Rotterdam, Toronto, Ehime,
GLOBE, and UK-PBC scoring systems [1]. Recently, the UDCA Response Score (URS),
calculated with pre-treatment parameters, was used to predict the UDCA response [11].
A lower probability of UDCA response was significantly associated with a higher level
of ALP (p < 0.0001), higher levels of total bilirubin (p = 0.0003), lower aminotransferase
concentration (p = 0.0012), younger age (p < 0.0001), longer gap from diagnosis to UDCA
treatment (p < 0.0001), and worsening of ALP from diagnosis (p < 0.0001). Based on these
variables, the score reached an area under the receiver operating characteristic curve of 0.83
in predicting UDCA response. Other factors that contribute to the response to treatment
are male sex [12], PBC-specific ANA positivity [1], and histology [11].

2.1.2. Steroidal FXR Agonist: Obethicolic Acid (OCA)

OCA is an analogue of chenodeoxycholic acid (CDCA), with the addition of an ethyl
group which gives a strong affinity for the nuclear farnesoid X receptor (FXR). FXR is the
primary regulator of bile acid homeostasis, thanks to its effect on reducing production
and reabsorption and increasing excretion [13]. After the good results of two phase
II studies and one phase III clinical trial (POISE), in October 2016, OCA reached the
EMA authorization for PBC treatment. The POISE study was a 12-month, double-blind,
randomized, placebo-controlled phase III trial, evaluating 216 patients. The study included
three treatment arms: OCA 10 mg ± UDCA, titration arm (OCA 5 mg ± UDCA for six
months and then OCA 10 mg for the following six months), and placebo ± UDCA. The
primary endpoint (i.e., ALP < 1.67 together with ALP reduction of at least 15% from
baseline and normalization in total bilirubin) was reached by 46% and 47% of patients
in the 5–10 mg and 10 mg OCA arms, respectively, and by 10% in the placebo group.
Treatment arms also had a reduction in ALP, AST, and GGT that reached their lowest levels
after three months of treatment and were maintained up to 48 months. The main adverse
event was pruritus, which caused the study interruption for 7 out of 73 patients in the
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OCA 10 mg group, and in 1 out of 70 in the titration arm. Concerning the lipid profile, a
transient increase in LDL and a decrease in HDL, VLDL, total cholesterol, and triglycerides
were detected [14,15]. The long-term efficacy and safety of OCA for PBC patients who
are intolerant to UDCA or have an inadequate response to UDCA were confirmed in the
three-year interim analysis of the five-year open-label extension of the pivotal phase 3
POISE trial [16]. Moreover, a sub-analysis of data from the POISE study showed that
OCA treatment was associated with improvement or stabilization of histological features
of the disease (ductular injury, fibrosis, and collagen deposition), but final analyses of
fibrosis-related endpoints are ongoing [17]. OCA monotherapy (10 mg and 50 mg) was also
studied in a double-blind, placebo-controlled phase 2 study in patients with PBC. After
three months, a significant decrease in ALP was observed in both of the groups, and a
similar effect was detected through six years of open-label extension treatment [18]. Thus,
OCA is recommended by international guidelines as a first-line therapy in patients who
are intolerant to UDCA, and as a second-line therapy in addition to UDCA in patients with
an incomplete response to UDCA. Of note, special attention should be paid in cirrhotic
patients. In fact, severe liver injury or death was reported in patients treated with incorrectly
high doses, and the FDA has issued a Black Box Warning for OCA. Guidelines recommend
starting OCA at a dose of 5 mg weekly (with a maximum dose of 10 mg twice weekly) in
Child Pugh B or C cirrhotic patients, and to use caution in Child Pugh A patients [1,19,20].

2.1.3. PPARs Agonist: Bezafibrate

Bezafibrate is a pan-peroxisome proliferator-activated receptor (PPAR) agonist and, in
combination with UDCA, was demonstrated to have a potent activity in PBC due to its
specific anticholestatic properties. PPARs are nuclear receptors regulating the transcription
of genes involved in metabolic pathways and inflammation. They exist in three isotypes
(PPAR-α, PPAR-γ, and PPAR-β/δ), with different tissue distributions and actions. PPARα
are mainly expressed in hepatocytes, where they stimulate multidrug resistance protein
3 (MDR3) expression, which protects cholangiocytes against bile salt due to its effect on
phosphatidylcholine secretion [21]. Moreover, PPARα has an anti-inflammatory action that
is based on trans-repression of AP1 and NF-kB signaling, transcription factors responsible
for the expression of many genes involved in inflammation, oncogenesis, and apoptosis [2].
PPARβ/δ, specifically expressed in hepatocytes, cholangiocytes, Kupffer cells, and hepatic
stellate cells, plays a role in the progression of PBC due to its anti-inflammatory effects.
PPARδ is also involved in the transport and the absorption of bile components [22]. PPAR-
γ, expressed in Kupffer cells, has anti-inflammatory activity, and its agonist is proved to
reduce portal inflammation in murine models of PBC [23]. Bezafibrate was evaluated in the
BEZURSO trial, a two-month, double-blind, randomized, placebo-controlled phase 3 trial,
in which the combination of UDCA and bezafibrate 400 mg was compared with UDCA and
placebo in 100 patients who had an inadequate response to UDCA according to the Paris
2 criteria. The primary endpoint of the study was a complete biochemical normalization
at 24 months. Interesting, the primary endpoint was achieved by 37% of patients treated
with bezafibrate and 0% of patients in the control group. Moreover, 67% of the patients
treated with bezafibrate reported a normalization of ALP, compared to 2% in the placebo
group. Itch improved in almost one-third of patients. Histologic data were too limited
to determine whether bezafibrate had a role in the reduction of liver fibrosis and hepatic
inflammation; however, a significant decrease in liver stiffness and Enhanced Liver Fibrosis
score was observed. With the exception of the well-known side effects of fibrates (myalgias
and increases in creatinine and transaminases), no statistical differences regarding adverse
events between the two groups were observed. As a precaution, bezafibrate should be
administered with caution in patients at risk for chronic kidney disease (e.g., diabetes,
hypertension, or established renal disease) [24]. Moreover, another study on PBC patients
with a suboptimal response to UDCA proved that a long-term treatment with UDCA
and bezafibrate has an excellent effect on pruritus. As a matter of fact, after a median of
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38 months, all but one patient reported a partial or complete itching relief, and a recurrence
or worsening of pruritus was observed after bezafibrate discontinuation [25].

Fenofibrate is another PPARα-agonist, and it was also studied in PBC patients. A
retrospective study on patients treated with UDCA and fenofibrate, compared with patients
treated only with UDCA, proved that the fenofibrate-treated group had a significant
improvement in the biochemical parameters, in particular ALP and ALT [26]. The same
effect on ALP was demonstrated in another retrospective study on PBC patients with a
suboptimal response to UDCA treated with fenofibrate and UDCA [27], but more studies
and randomized controlled trials are needed to understand its role in PBC.

2.1.4. Corticosteroid: Budesonide

Budesonide is a potent synthetic corticosteroid with a high first-pass metabolism
within the liver, resulting in few systemic side effects compared to other systemic steroids.
It is an agonist of the nuclear glucocorticoid receptor (GR) and pregnane X receptor (PXR).
Budesonide and UDCA have a synergic activity in increasing the expression of the biliary
chloride/bicarbonate anion exchanger 2 (AE2) with the result of an increase in biliary
secretion of bicarbonate and stabilization of the biliary bicarbonate umbrella [3]. Previous
studies showed that budesonide improves liver histology and biochemistry in PBC patients
with interface hepatitis on biopsy [28,29]. In contrast, in a recent three-year phase-III,
double-blind, randomized trial comparing budesonide vs. placebo, patients treated with
UDCA showed that budesonide combined with UDCA was not associated with an im-
provement in liver histology in patients with PBC and an inadequate response to UDCA. It
is important to mention that the study was underpowered for the evaluation of the liver
histology due to challenges in patient recruitment. Improvements in biochemical markers
of disease activity were demonstrated in secondary analyses [30]. Budesonide should be
avoided in cirrhotic patients because of the increased risk of portal vein thrombosis and
uncontrolled systemic shunting of the drug [31].

2.2. Therapies Evaluated in Clinical Trials

The main aspects of the clinical trials are described in Table 1.

Table 1. Principal characteristics of the study of the drugs in clinical trials.

Study Phase Pt Number Dose
Study

Duration
Primary

Endpoint

Primary
Endpoint

Met
Note

Non-Bile Acids FXR agonists (drugs)

Cilofexor [32] 2 71 30 mg,
100 mg 12 weeks

Safety and
tolerability
of Cilofexor

yes

Tropifexor [33] 2 61 30 μg, 60 μg,
90 μg 12 weeks

Change in
GGT in
4 weeks

yes at interim
analysis

EDP-305 NCT03394924 2 68 Dose 1 dose
2 12 weeks

20%
reduction in
ALP or nor-

malization of
ALP in

12 weeks

n/a ongoing
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Table 1. Cont.

Study Phase Pt Number Dose
Study

Duration
Primary

Endpoint

Primary
Endpoint

Met
Note

PPAR agonists (drugs)

Seladelpar

[34] 2 70 50 mg,
200 mg 12 weeks Change in

ALP

Early
stopped
(grade 3

increases in
ALT)

[35] 2 5 mg, 10 mg 12 weeks Change in
ALP yes

NCT02955602 2 119 2 mg, 5 mg,
10 mg

8 weeks with
44 weeks
extension

Change in
ALP n/a ongoing

NCT03602560
(EN-

HANCE)
3 240 * 5–10 mg,

10 mg 52 weeks
Change in
ALP and
bilirubin

suspended
(interface
hepatits)

Elafibranor [36] 2 45 80 mg,
120 mg 12 weeks Change in

ALP yes

Fibroblast growth factor 19 (FGF19) analogues (drugs)

NGM282 [37] 2 45 0.3 mg, 3 mg 28 days Change in
ALP yes

Antifibrotic agent (drugs)

Setanaxib [38] 2 111 400 mg
od/bd 24 weeks Change in

GGT yes at interim
analysis

Immunomodulatory Strategies (drugs)

Rituximab

[39] Open label 6 1 g
(2 doses) 52 weeks Reduction in ALP, IgM and

AMA after 36 week

[40] Open label 14 1 g
(2 doses) 6 months

Normalization
or ALP <
25% from
baseline

no

[41] 2 57 1 g
(2 doses) 12 months Fatigue (PBC

40) no

Ustekimumab [42] Open label 20 90 mg 28 weeks
ALP < 40%

from
baseline

no

Abataceb [43] Open label 16 125 mg 24 weeks

ALP normal-
ization or

<40% from
baseline

no

Baricitinib NCT03742973 2 2 2 mg, 4 mg 12 weeks Change in
ALP no Enrollment

futility

FFP104 NCT02193360 1/2 24
(estimated)

1 mg/kg,
2.5 mg/kg,
2 mg/kg ev

12 weeks Safety and
tolerability n/a

Recruitment
status

unknown

E6011 NCT03092765 2 29 High or low
dose 64 weeks ALP change

at week 12 n/a Terminated

Etrasimod NCT03155932 Open label 2 24 weeks ALP change n/a ongoing

Other treatment

S-adenosyl-
L-

methionine
[44] Open label 24 1.2 g 6 months PBC 40 im-

provement yes

significant
decrease of

ALP in
non-cirrhotic

patients

* estimated.
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2.2.1. Non-Bile Acids FXR Agonists

Many FXR non-steroid agonists were investigated in PBC.
Cilofexor, a synthetic nonsteroidal FXR ligand, is involved in the transcriptional

regulation of genes that play a role in bile acid metabolism. Cilofexor was tested in a phase
2 placebo-controlled, 12-week study on PBC patients. Cilofexor 100 led to a decrease in
ALP (median reduction −13.8%; p = 0.005 vs. placebo), in GGT (−47.7%; p < 0.001), in ALT
(−17.8%, p = 0.08), and in C-reactive protein (CRP; −33.6%, p = 0.03). Unfortunately, grade
2–3 pruritus occurred in 39% of the patients treated with Cilofexor 100 mg, compared with
10% in Cilofexor 30 mg and in 8% of patients treated with placebo. Pruritus led also to
treatment discontinuation in 7% of patients on Cilofexor 100 mg [32].

Tropifexor (LJN452) is a non-bile acid FXR agonist investigated in a double-blind, ran-
domized, placebo-controlled, phase 2 study (“A Multi-part, Double Blind Study to Assess
Safety, Tolerability and Efficacy of Tropifexor (LJN452) in PBC Patients”, NCT02516605)
that evaluated the safety and the efficacy of different doses of Tropifexor (30 μg, 60 μg,
and 90 μg) in patients with an inadequate response to UDCA [33]. As opposed to OCA,
Tropifexor should not have major effects on the lipid profile, being a non-steroidal molecule.
To elude the confounding effect of ALP gene induction mediated by FXR, the endpoint of
this trial was set on the reduction in GGT levels. After four weeks, interim analysis showed
a dose-dependent reduction in GGT, ALP, and hepatocellular damage (ALT). Therefore,
this study indicates the potential benefit of Tropifexor in PBC, and further studies are
warranted [45].

EDP-305 is another FXR agonist that was evaluated in PBC because of its antifibrotic
effect in animal models [46]. A phase 2 double-blind, placebo-controlled trial assessing
the safety, pharmacokinetics, and efficacy in patients with PBC and inadequate response
or intolerance to UDCA was just completed (“A Study to Assess the Safety, Tolerability,
Pharmacokinetics and Efficacy of EDP-305 in Subjects With Primary Biliary Cholangitis”,
NCT03394924). In the intent-to-treat analysis recently announced, EDP-305 did not meet
the primary endpoint as defined by at least a 20% reduction in ALP, but key secondary
endpoints (changes in ALT, AST, and GGT compared with placebo) at week 12 were reached
in both the EDP-305 1 mg arm and the 2.5 mg arm.

2.2.2. PPAR Agonists

Seladelpar is a new selective agonist of the PPARδ receptor, which has an anti-
inflammatory and choleretic activity. The first phase 2 clinical trial that investigated
the effect in PBC patients nonresponsive to UDCA was prematurely terminated because of
the occurrence of a reversible grade 3 increase in transaminase levels in three patients [34].
A new phase 2 study evaluating a lower dose of Seladelpar (5 mg and 10 mg) was recently
performed. The 12-week interim results, first published at the AASLD Liver Meeting in
2017, showed a drop in ALP in 45% and 82% of patients in the 5 mg group and 10 mg
group, respectively, and a normalization of ALP in 12% of the 5 mg group and 45% of the
10 mg group, respectively [35]. Given the promising results of the interim analysis, another
clinical trial evaluating the efficacy and the safety of Seladelpar 2 mg, 5 mg, and 10 mg is
ongoing (NCT02955602). Finally, at the end of 2018, the ENHANCE trial started. It was a
52-week, double-blind, placebo-controlled, randomized phase 3 study that included sub-
jects with PBC and an inadequate response to UDCA or intolerance to UDCA (“ENHANCE:
Seladelpar in Subjects With Primary Biliary Cholangitis (PBC) and an Inadequate Response
to or an Intolerance to Ursodeoxycholic Acid (UDCA)”, NCT03602560) [45]. Unfortunately,
the open-label extension phase of this study was suspended after the onset of a similar trial
evaluating the role of Seladelpar in NASH that found the occurrence of interface hepatitis
in histological specimens. However, an independent panel of expert hepatologists and
pathologists deemed that study-stopping was not warranted, since liver injury was within
the expected changes seen in NASH patients and could not be attributed to Seladelpar.
Recruitment has therefore restarted for Seadelpar in PBC patients after being put on hold.
The phase 3 RESPONSE trial (NCT04620733) is currently recruiting patients.
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Elafibranor, a dual PPAR-α/δ agonist, also studied in non-alcoholic steatohepatitis
(NASH) [47], was recently tested in a multicenter, randomized, double-blind, placebo-
controlled phase 2 study clinical trial recruiting patients with PBC non-responders to UDCA.
Data were discussed at the International Liver Congress in Vienna in April 2019 [36]. Forty-
five patients were randomized into three arms: Elafibranor 80 mg, Elafibranor 120 mg, and
placebo. After 12 weeks of treatment, a reduction in ALP from baseline was observed in
48% patients in the 80 mg group and in 41% in the 120 mg arm; an increase of 3% was
detected with placebo. Moreover, 67% patients in the 80 mg group (p = 0.001) and 79% of
patients in the 120 mg group (p < 0.001) reached the secondary endpoint (serum ALP < 1.67
ULN, ALP decrease > 15%, total bilirubin < ULN) (NCT03124108). Thus, in July 2019, the
USA FDA and the European Medicines Agency approved Orphan Drug Designation to
Elafibranor for the treatment of PBC [48].

2.2.3. Fibroblast Growth Factor 19 (FGF19) Analogues

FGF19 acts as a hormone on a cell surface receptor complex in hepatocytes, decreas-
ing bile acid synthesis, gluconeogenesis, and lipogenesis. FGF19 expression is induced
by bile-acid-mediated activation of FXR in the gut [49], and it reaches the liver through
portal circulation. In the liver, FGF19 suppresses bile acid synthesis due to the inhibition
of cholesterol 7-α-hydroxylase (CYP7A1) and sterol 12-α-hydroxylase (CYP8B1). More-
over, FXR decreases hepatic fibrogenesis by reducing collagen and by increasing matrix
metalloprotease activity in hepatic stellate cells [50].

NGM282 (Aldafermin), an engineered analogue of FGF19, was tested in a 28-day,
double-blind, placebo-controlled phase 2 trial. Forty-five PBC patients with an inadequate
response to UDCA were treated with subcutaneous daily doses of NGM282 at 0.3 mg
(n = 14), 3 mg (n = 16), or placebo (n = 15). ALP level had a significant drop in the treatment
group, as well as transaminase levels and markers of cholestasis, hepatocellular injury, and
inflammation (IgM levels). The reduction in complement component 4 (C4) levels suggests
that NGM282 acts with a direct inhibition in the de-novo bile acid synthesis through the
classical pathway. The main adverse effect was diarrhea. No effect on itch was detected [37].
In contrast to FGF19, no increase in liver cancer risk was observed in animal models treated
with NGM282 [51]. Longer studies are needed to evaluate the long-term efficacy and safety
of this molecule.

2.2.4. Antifibrotic Agent

Setanaxib (GKT137831) is an inhibitor of Nicotinamide Adenine Dinucleotide Phos-
phate (NADPH) oxidases isoforms 1 and 4. NADPH oxidase enzymes, generating reactive
species of oxygen, play a central role in inflammation and stellate cell-mediated fibrogene-
sis [52]. It was demonstrated in animal models of acute biliary injury and steatohepatitis
that GKT137831 reduces hepatocyte apoptosis and liver fibrosis [53]. Thus, a multicenter,
randomized, double-blind, placebo-controlled phase 2 study evaluating the safety and
the efficacy of GKT137831 OD or BID in 111 patients with PBC and incomplete response
to UDCA was performed (NCT03226067). Interim analysis showed a reduction in GGT
and ALP level in six weeks, without a significant concomitant adverse event. A decrease
in GGT of 7%, 12%, and 23% were observed in the placebo, 400 mg OD, and 400 mg BID
groups, respectively (p < 0.01 for 400 mg BID vs. placebo). A greater GGT reduction was
reached in patients with more advanced disease (GGT ≥ 2.5 X ULN at baseline). Changes
in ALP were statistically significant in the 400 mg BID versus placebo [38].

2.2.5. Immunomodulatory Strategies

Since PBC is an autoimmune condition characterized by anti-mitochondrial autoan-
tibodies (AMA) and high levels of immunoglobulin M (IgM), many immunosuppres-
sive drugs were studied in PBC, including corticosteroid [54], azathioprine [55], cy-
closporine [56], methotrexate [57], and mycophenolate mofetil [58]. However, results
were consistently unsatisfactory. Recently, other molecules were studied in PBC.
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Rituximab, an anti-CD20 antibody currently used in lymphomas and autoimmune
syndromes, was evaluated in PBC due to its promising results in murine models of autoim-
mune cholangitis [58]. Three clinical trials in PBC patients with an incomplete response to
UDCA were reported. In an open label study, Rituximab (two doses of 1000 mg) induced a
decrease in AMA and IgM levels, with only a marginal reduction of ALP after 36 weeks [39].
Unfortunately, a similar study including 14 PBC patients showed a significant but only
transitory reduction in ALP [40]. Finally, Rituximab was demonstrated not to have an
impact on fatigue, assessed by PBC-40 [41].

Ustekinumab is an anti-interleukin (IL)-12/23 monoclonal antibody commonly used
in several autoimmune syndromes and inflammatory bowel diseases (IBD). IL-12 and IL-
23-mediated Th1/Th17 signaling pathways play a role in the etiopathogenesis of PBC [59].
Unfortunately, a multicenter open label trial did not reach the primary endpoint of re-
duction in ALP of 40% from the baseline. However, at week 24, a statistically significant
decrease of 12.1% in ALP from baseline was observed [42].

Abatacept is a Cytotoxic T-Lymphocyte Antigen 4 IgG antibody used in rheumatoid
and psoriatic arthritis. An open-label, 24-week trial was performed in PBC patients, but no
significant changes in biochemical enzymes were observed [43].

The efficacy of Baricitinib (LY3009104), a reversible inhibitor of Janus kinase 1 (JAK1)
and JAK2 currently used in rheumatoid arthritis, is currently being evaluated in an ongoing,
placebo controlled phase 2 trial (NCT03742973) [45].

Other types of molecules are undergoing clinical evaluation in phase 1 and phase 2
trials: FFP104 blocks the CD40/CD40L interaction between CD4+ T helper lymphocytes
and B cells that are involved in the pathogenesis of PBC (NCT02193360) [60]; E6011 is
an anti-chemokine-adhesion molecule CX3CL1 (fractalkine) antibody, which is elevated
in the serum of PBC patients (NCT03092765); Etrasimod is a selective sphingosine-1-
phosphate (S1P) receptor (S1PR) modulator targeting S1P receptor subtypes 1, 4, and 5,
leading to an inhibition of activated lymphocytes from migrating to sites of inflammation
(NCT03155932) [3].

2.2.6. Other Treatment

S-adenosyl-L-methionine, added to UDCA in non-cirrhotic PBC patients, was demon-
strated to have a positive effect on markers of cholestasis and quality of life, probably
due to its hepatoprotective effects [44]. In this open label on 24 PBC patients, there was
a significant decrease of ALP, GGT, and total cholesterol over a period of six months. A
significant improvement of fatigue and pruritus on the PBC-40 questionnaire was also
observed.

2.3. Therapies Evaluated in Pre-Clinical Studies

24-norursodeoxycholic acid (norUDCA) differs from UDCA due to the resistance
in conjugation with taurine or glycine. NorUDCA increases the cholehepatic shunt of
bile salts, leading to a supra-physiological secretion of bicarbonate. NorUDCA showed
promising results in the treatment of PSC [61], but its efficacy in PBC has yet to be clarified.
Up to now, improvements in fibrosis and inflammation were demonstrated in preclinical
studies on animal model with cholestatic liver diseases [2].

Na+ -Taurocholate Cotransporting Polypeptide (NTCP) is a hepatocellular uptake
transporter of bile salts, and its inhibition by myrcludex B results in hepatoprotective
effects, increasing the biliary phospholipid/bile salt ratio. In 3.5-diethoxycarbonyl-1.4-
dihydrocollidine-fed mice, a murine model of cholestasis, and in Atp8b1-G308V mice,
used for chronic cholestasis, bile salt levels increased in treated animals from 604 ± 277
to 1746 ± 719 μm and from 432 ± 280 to 762 ± 288 μm, respectively, while phospholipid
output was maintained, resulting in a higher phospholipid/bile salt ratio. Thus, it may be
beneficial in some forms of cholestasis, but further studies need to be performed [62].
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3. Primary Sclerosing Cholangitis

Primary sclerosing cholangitis (PSC) is a chronic bile duct disease with a prevalence
of 1–16 per 100,000. PSC is more common in men (comprising 60–70% of patients) and is
reported more frequently in Northern European countries and in North America. Moreover,
70% of the patients have ulcerative colitis [63]. The diagnosis is based on a combination
of clinical, laboratory, imaging, and histological factors. Endoscopic retrograde cholan-
giopancreatography (ERCP) plays a very limited role in the diagnosis of PSC, while it
may be used for the treatment of dominant stenosis [64]. It is well-known that patients
affected by PSC have a higher risk of cholangiocarcinoma and gallbladder cancer. Up to
now, no pharmacological treatment is universally approved for PSC. The lack of a clear
pathogenesis and the absence of consistent endpoints have contributed to the difficulties
in unravelling novel molecular targets and in designing effective clinical trials for PSC
treatment [45]. The principal promising treatments and ongoing trials will be summarized
in this section.

3.1. Therapies in Clinical Use
UDCA

The use of UDCA in PSC patients remains controversial to date. Previous small
and uncontrolled studies of short duration consistently reported an improvement in liver
tests in PSC treated with UDCA [65,66]. The first randomized controlled trial of UDCA
(13 to 15 mg/kg) in PSC patients appeared in 1992. Beuers et al. showed a significant
improvement of biochemical parameters, such as bilirubin, ALP, GGT, and transaminases,
in six PSC patients treated for one year as compared to placebo [67]. A number of sub-
sequent studies evaluated the effect of UDCA at different dosages in PSC. Despite the
amelioration of biochemical parameters that appears to be relatively constant in all studies,
definite proof for an improvement in “hard endpoints” such as survival, liver transplanta-
tion, or progression to CCA is still lacking. In a small cohort of 26 PSC patients, Mitchell
et al. reported beneficial effects of UDCA (20 mg/kg) not only on liver tests but also
on the cholagiographic appearance of the biliary tree evaluated by ERCP and liver fibro-
sis [68]. A subsequent randomized controlled trial in 219 PSC patients treated with UDCA
(17 to 23 mg/kg) or placebo failed to show a significant improvement in the combined
endpoint “death or liver transplantation”, despite a trend to a reduction in both (31%
and 34% reduction, respectively) [69]. Moreover, high doses of UDCA in the range of
28–30 mg/kg were shown to be associated with an increased risk of disease progression to
cirrhosis, development of varices, CCA, liver transplantation, or death [70]. Unfortunately,
three meta-analyses also failed to show an effect of UDCA on mortality or liver transplanta-
tion [71–73]. To date, the most recent guidelines by the British Society of Gastroenterology
recommend not to treat newly diagnosed PSC patients with UDCA routinely [74].

3.2. Therapies Evaluated in Clinical Trials

The principal characteristics of the clinical trials are described in Table 2.

Table 2. Principal characteristics of the study of the drugs in clinical trials.

Study Phase Pt Number Dose
Study

Duration
Primary

Endpoint

Primary
Endpoint

Met
Note

24-
norursodeoxycholic

acid (norUDCA)

[61] 2 161 500 mg, 1 g,
1.5 gr 16 weeks Change in

ALP yes

NCT03872921 3 300 * 250 mg 6
cps/d 2 years

Change in
ALP and
histology

n/a ongoing

FXR agonist (drugs)

OCA [75] 2 77 1.5–3 mg
5–10 mg 24 weeks Change in

ALP yes 5–10 mg
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Table 2. Cont.

Study Phase Pt Number Dose
Study

Duration
Primary

Endpoint

Primary
Endpoint

Met
Note

Cilofexor [76] 2 52 100 mg
30 mg 12 weeks

Safety and
liver enzyme

improve-
ment

yes

NGM282 [77] 2 62 1 mg
3 mg 12 weeks Change in

ALP no

ATRA [78] Pilot
study 15 45 mg/m/d 12 weeks

ALP < 30%
from

baseline
no

Decrease
in ALT
and C4

NCT03359174 2 2 10 mg bd 24 weeks Change in
ALP n/a ongoing

PPAR agonists

Bezafibrates [79] 2 11 200 mg BID 12 weeks
improvements

in liver
function test

yes

Bezafibrates [79] 2 11 200 mg BID 12 weeks
improvements

in liver
function test

yes

Antifibrotic therapy (drugs)

Simtuzumab [80] 2 234 75 mg,
125 mg 96 weeks Hepaticcollagencontentno

Immunomodulator (drugs)

Timolumab NCT02239211 2 23 8 mg/kg 11 weeks
ALP < 25%

from
baseline

n/a Awaiting
results

Cenicriviroc NCT02653625 Open
label 24 150 mg 24 weeks Change in

ALP yes

Vedolizumab [81] Retrospective 102 412 days
(median) no

ALP <
20%
from

baseline

Vidofludimus NCT03722576 2 14 30 mg 6 months Change in
ALP n/a Awaiting

results

Modulation of gut microbioma (drugs)

Vancomycin NCT03710122 2/3 102 * 24 months Change in
ALP n/a ongoing

Rifaximin [82] Open
label 16 550 mg bd 12 weeks Change in

ALP no

Minocycline [83] Pilot
study 16 100 mg bd 1 year Change in

biochemistry yes

FMT [84] Open
label 10 24 weeks safety yes

Other treatments (drugs)

Sulfasalazine NCT03561584 2 42 500 mg bd 14 weeks Change in
ALP n/a ongoing

Curcumin [85] Open
label 258 750 mg bd 12 weeks

ALP < 1.5
ULN or

<40% from
baseline

no

HTD1801 NCT03333928 2 59 500 mg
1 gr 18 weeks Change in

ALP n/a Awaiting
results
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Table 2. Cont.

Study Phase Pt Number Dose
Study

Duration
Primary

Endpoint

Primary
Endpoint

Met
Note

DUR-928 NCT03394781 2 5 10 mg
50 mg 28 days Change in

ALP n/a ongoing

Docosahexaenoic
acid [86] Open

label 23 800 mg bd 12 months
Change in
ALP and

safety
yes

Hymecromone NCT02780752 1 18 *
1.2 gr
2.4 gr
3.6 gr

4 days Change in
spu n/a ongoing

Orbcel-C NCT02997878 2 56 *
0.5, 1.0, 2.5

million
cells/kg

56 days
Safety,

change in
ALP e ALT

n/a ongoing

* estimated.

3.2.1. 24-Norursodeoxycholic Acid (norUDCA)

24-norursodeoxycholic acid (norUDCA) has a molecular structure similar to UDCA,
except for the lack of a methylene group, resulting in a resistance to conjugation. NorUDCA
is therefore passively absorbed from cholangiocytes and goes through cholehepatic shunt,
which leads to the stimulation of a bicarbonate-rich choleresis. Moreover, norUDCA has
anti-lipotoxic, anti-proliferative, anti-fibrotic, and anti-inflammatory effects, and, in vitro,
it is less toxic than UDCA for hepatocytes and cholangiocytes due to its hydrophilicity [2].
A phase 2 clinical trial on 161 PSC patients without concomitant UDCA therapy, evaluating
the efficacy of three doses of oral norUDCA, showed a significant dose-dependent reduction
in ALP values after 12 weeks, without significant adverse events. The authors showed
a significant reduction in ALP levels of 12.3%, 17.3%, and 26.0% in patients treated with
500 mg, 1000 mg, and 1500 mg per day of norUDCA, respectively; placebo-treated patients
had a minor increase in ALP levels (1.2%) [61]. Despite some concerns of possible worsening
of the disease due to the choleretic effects of norUDCA (especially in PSC patients with
dominant strictures), these effects need to be clarified in longer studies; the association
of UDCA and norUDCA has the potential to offer additive beneficial effects for PSC
patients [87]. A phase 3 double-blind, randomized clinical trial is actively recruiting
patients across several worldwide centers (NCT03872921).

3.2.2. FXR Agonists

FXR agonists are evaluated in PSC because of their inhibition in bile acid synthesis in
the liver, as previous explained [45].

OCA was tested in PSC patients in the AESOP trial (a randomized, double-blind,
placebo-controlled phase II study). Seventy-seven PSC patients were recruited, and they
were treated for 24 weeks with titrating doses of 1.5–3 mg/day and 5–10 mg/day OCA, or
placebo, after 12 weeks. At the end of the study, serum ALP was significantly reduced with
OCA 5–10 mg compared with the placebo arm (least-square mean difference of −83.4 U/L;
p = 0.043). Interestingly, the effective dose of OCA is already in use for PBC therapy. The
effect of OCA 5–10 mg was independent of administration of UDCA, despite a greater
reduction in ALP that was registered in patients without UDCA at baseline (25–30% ALP
reduction in patients without UDCA at baseline vs. 14–16% ALP reduction in patients with
UDCA at baseline). The main side effect was dose-dependent pruritus, which occurred
in 67% of patients in the OCA 5–10 mg group, in 60% of patients in the OCA 1.5–3 mg
group, and in 45% of patients in the placebo arm. Discontinuation due to pruritus occurred
only in one patient in the OCA 1.5–3.0 mg group and in three patients in the OCA 5–10 mg
group [75]. A phase 3 trial is actively recruiting patients (NCT02177136).

Cilofexor (GS-9674), a non-steroidal FXR agonist, was tested in a phase 2, randomized,
double-blind, placebo-controlled trial of 52 non-cirrhotic PSC patients with ALP levels
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greater than 1.67 ULN. Patients treated with Cilofexor 100 mg had a significant drop in
ALP, gamma-GT, ALT, and primary bile acids (ALP mean reduction of −13.8%, p = 0.005;
gamma-GT mean reduction of 47.7%, p < 0.001; ALT mean reduction of −17.8%, p = 0.08;
primary bile acids reduction of −30.5%, p = 0.0008). The main limitations of this trial were
the inclusion of only large-duct PSC cases without cirrhosis and the low prevalence of
IBD [76].

NGM282, a FGF19 analogue, was recently studied in a phase 2, randomized, double-
blind, placebo-controlled trial in PSC patients with ALP levels greater than 1.5 × ULN.
Despite that no significant changes in ALP from baseline were observed, fibrosis biomark-
ers (Enhanced Liver Fibrosis test score and Pro-C3) were significantly improved in the
treatment group [77]. This trial has stimulated discussion about the most appropriated
target in PSC [88]. There are no established endpoints in PSC. A recent consensus of
the International Primary Sclerosing Cholangitis Study Group, reviewing available litera-
ture, concluded that the only few candidates as surrogate endpoints in PSC may be ALP,
transient elastography, histology, or the combination of ALP and histology and bilirubin;
however, no one exceeds level 3 validation [89].

All-trans retinoic acid (ATRA), currently used in acne and in acute promyelocytic
leukemia, represses bile acid synthesis through the FXR/RXR nuclear receptor complex
pathway [90]. The efficacy of the combination of UDCA (15–23 mg/kg/day) and ATRA
(45 mg/m2/day) was tested in 15 PSC patients. Despite ATRA, admiration did not reach
the primary endpoint of the study (30% reduction in serum ALP), and a decrease in ALT
and C4 levels were observed [78]. An open-label phase 2 trial evaluating efficacy and the
safety of a lower dose of ATRA is currently ongoing (NCT03359174).

3.2.3. PPAR Agonists

There is a rising number of studies on the efficacy of fibrates in PSC. However, the
majority of available data comes from observational or retrospective analyses [3]. A recent
retrospective French-Spanish study reported a 40% reduction in ALP levels, together with
amelioration of pruritus, after fenofibrate 200 mg/day or bezafibrate 400 mg/day treatment
(median duration of therapy of about 1.5 years) in 20 PSC patients [91]. Interestingly,
the authors reported a rebound in ALP levels after discontinuation of the PPAR agonist
based on occurrence of biliary stones, tolerability, or worsening of liver tests. It has
to be mentioned, however, that the liver stiffness evaluated by transient elastography
significantly increased during the study. A small prospective study evaluated the efficacy
of bezafibrate (200 mg bid) in 11 PSC patients. After 12 weeks of treatment, ALP and ALT
levels significantly improved in 7 out of 11 (64%) patients and subsequently increased after
treatment discontinuation [79]. Further studies on fibrates for PSC are warranted.

3.2.4. Antifibrotic Therapy

Despite fibrosis being central in the pathogenesis of the disease, very few antifibrotic
drugs have been studied. Lysyl oxidase like-2 (LOXL2) is an enzyme that catalyzes the
crosslinking of collagen and elastin fibers, thereby strengthening the extracellular matrix
structure. Previous studies showed that LOXL2 levels in the serum and liver of PSC patients
are correlated with disease severity [92]. Moreover, the administration of a LOXL2 inhibitor
in rodents was shown to reduce the accumulation of hepatic and biliary fibrosis and also
accelerate its reversal [93,94]. Unfortunately, no improvement in liver fibrosis was observed
in a placebo-controlled, phase 2b trial testing Simtuzumab, a LOXL2 inhibitor. In the trial,
a total of 234 patients with compensated PSC were randomized on a 1:1:1 basis to receive
placebo, weekly subcutaneous injections of Simtuzumab 75 mg, or weekly subcutaneous
injections of Simtuzumab 125 mg for 96 weeks. The study failed to demonstrate any effect
of Simtuzumab on hepatic collagen content (measured by morphometry on liver biopsy)
and fibrosis stage (measured by the Ishak fibrosis stage) [80].
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3.2.5. Immunomodulators

Although PSC is an immune-mediated disease, traditional immunosuppressive ap-
proaches so far failed to demonstrate a clinical benefit in PSC [95]. Timolumab (BTT1023), a
human monoclonal anti-VAP-1 antibody, was shown to prevent fibrosis in murine models
of liver injury [96]. A phase 2 clinical trial (BUTEO trial) evaluating the effect of Timolumab
in PSC over a 78-day treatment (primary endpoint: reduction of ALP levels by >25% from
baseline) is still ongoing (NCT02239211) [97]. Cenicriviroc, a CCR2/CCR5 antagonist, was
tested in a phase 2 trial (PERSEUS trial), and it was proven to cause a modest reduction
in ALP (median 18%) after 24 weeks among 24 patients [98]. Moreover, it was shown to
have anti-inflammatory and antifibrotic effects in NASH animal models and in Abcb4
(Mdr2−/−) mice [99].

Vedolizumab is a monoclonal antibody directed against the α4β7 integrin, which
is used in the treatment of inflammatory bowel disease. MADCAM-1 is the ligand for
α4β7 integrin and is normally expressed in the gut. Since MADCAM-1 is also found
in the liver, administration of vedolizumab is thought to reduce MADCAM-1-induced
leucocyte migration between the gut and the liver [100]. Despite these promising premises,
in a retrospective analysis, Vedolizumab treatment did not show any improvement in
liver biochemistry in patients affected by IBD and PSC who received at least three doses
of vedolizumab. About 20% of patients experienced a reduction of at least 20% in ALP
levels; however, this outcome was independently associated only with the presence of
cirrhosis [81]. Similar results were reported in a previous retrospective study in 34 patients
with PSC and IBD (16 patients affected by Crohn’s disease and 18 patients by ulcerative
colitis) treated with vedolizumab [101].

Vidofludimus is an inhibitor of the dihydroorotate dehydrogenase that blocks the
replication of activated T- and B-cells and interferes with the JAK/signal transducer [45].
A phase 2, open-label clinical trial evaluating the safety and the efficacy of vidofludimus in
patients with PSC will start in 2020 (NCT03722576).

3.2.6. Modulation of the Gut Microbiome

Recent research focused on the gut microbiome as a potential element in the pathogen-
esis of PSC. One of the hypothesis is that gut microbiome activates innate immunity within
the liver, resulting in inflammation and fibrosis in the bile duct [102]. Moreover, studies on
the microbiome and PSC demonstrated that the microbiome of PSC patients is different
from healthy controls and IBD-patients [103]. Thus, changing the composition of the gut
microbiome might reduce inflammation and fibrosis in the bile ducts.

Vancomycin is a glycopeptide antibiotic that also has an immunomodulatory effect
due to the decrease in T cell cytokine production [104]. Vancomycin was compared to
metronidazole [105] and to placebo [106] in two randomized trials in PSC patients with or
without IBD, and a significant reduction in ALP levels and the Mayo score was reported.
A phase 2, multicenter clinical trial aiming to recruit 102 adult participants with PSC and
evaluating ALP levels at 6, 12, and 18 months is still ongoing (NCT03710122).

Other interesting antibiotics are rifaximin and minocycline. Rifaximin had no effect
in decreasing cholestatic markers and the Mayo score in 16 PSC patients [82]. In contrast,
minocycline was shown to cause an improvement in ALP levels and the Mayo score in 16
patients [83].

Fecal Microbiome Transplantation (FMT) is a promising treatment for PSC patients.
In one small pilot study, patients with PSC underwent FMT, and three of them experienced
a ≥50% decrease in ALP levels. Its effect may be correlated with the bacterial diversity and
donor engraftment [84].

3.2.7. Other Treatments

Anti-inflammatory drugs such as sulfasalazine and curcumin were tested in PSC
patients. A multicenter, randomized, double-blinded, placebo-controlled trial to assess the
benefit and the safety of sulfasalazine in the treatment of PSC just ended, and results are
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not available (NCT03561584). No significant improvements in cholestasis or symptoms
were seen in patients treated with Curcumin [85].

Various minor drugs with different mechanisms of action could have a role in the
treatment of PSC, and they were evaluated in different clinical trials. HTD1801 was
studied in two phase 2 ongoing trials due to its action on lipid metabolism (NCT03333928,
NCT03678480). DUR-928 is an endogenous epigenetic regulator that was studied in a
phase 2 study on PSC patients due to its anti-inflammatory properties and its role in lipid
metabolism and cell survival (NCT03394781) [3]. Docosahexaenoicacid supplementation,
increasing PPAR signaling, was associated with a drop in ALP levels in patients with PSC,
in a 12-month, open-label, pilot study on 23 PSC patients [86]. Another ongoing phase
1/2 trial is evaluating the potential effect of Hymecromone, a hyaluronic acid synthesis
inhibitor (NCT02780752). Additionally, selected mesenchymal stromal cells (Orbcel-C) are
in an ongoing phase 2 trial on PSC patients (NCT02997878) [3].

4. Current Therapeutic Management with Patients Newly Diagnosed with PBC
and PSC

Overall, the current codified treatment for patients with PBC consists of UDCA, OCA,
and bezafibrate. We provide a flowchart for the standard management of patients with
a new diagnosis of PBC (Figure 1). Unfortunately, an analogue algorithm could not be
performed for the management of PSC. As a matter of fact, as previously explained, there
is not a codified treatment of PSC.

Figure 1. Current algorithm of the treatment in PBC.

5. Conclusions

In this review, we provided an update on the drugs in clinical use and an overview of
the new molecules in evaluation for the treatment of PBC and PSC patients. Recently, a
deeper understanding of the pathophysiology of these diseases unveiled new molecular
targets and, consequently, offered new chances for treatment. Given the complex nature
of PBC and PSC, it appears unlikely that a single drug will be able to address all patients
for each disease correctly. Instead, the near future of the medical management of chronic
cholestatic liver diseases will most probably rely on a combination of multiple drugs
targeting different signaling pathways at different stages of the disease. It will be essential
to design clinical trials to address these issues specifically and to guide clinical management.
A better knowledge of the molecular basis of the diseases and a more detailed disease
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stratification based on patient characteristics and disease behavior remain therefore the
cornerstones to devise new effective treatments for PBC and PSC patients.
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Abstract: Background: Clinical practice guidelines for patients with primary biliary cholangitis (PBC)
have been recently revised and implemented for well-established response criteria to standard
first-line ursodeoxycholic acid (UDCA) therapy at 12 months after treatment initiation for the
early identification of high-risk patients with inadequate treatment responses who may require
treatment modification. However, there are only very limited data concerning the real-world clinical
management of patients with PBC in Germany. Objective: The aim of this retrospective multicenter
study was to evaluate response rates to standard first-line UDCA therapy and subsequent Second-line
treatment regimens in a large cohort of well-characterized patients with PBC from 10 independent
hepatological referral centers in Germany prior to the introduction of obeticholic acid as a licensed
second-line treatment option. Methods: Diagnostic confirmation of PBC, standard first-line UDCA
treatment regimens and response rates at 12 months according to Paris-I, Paris-II, and Barcelona
criteria, the follow-up cut-off alkaline phosphatase (ALP) ≤ 1.67 × upper limit of normal (ULN)
and the normalization of bilirubin (bilirubin ≤ 1 × ULN) were retrospectively examined between
June 1986 and March 2017. The management and hitherto applied second-line treatment regimens
in patients with an inadequate response to UDCA and subsequent response rates at 12 months
were also evaluated. Results: Overall, 480 PBC patients were included in this study. The median
UDCA dosage was 13.2 mg UDCA/kg bodyweight (BW)/d. Adequate UDCA treatment response
rates according to Paris-I, Paris-II, and Barcelona criteria were observed in 91, 71.3, and 61.3%
of patients, respectively. In 83.8% of patients, ALP ≤ 1.67 × ULN were achieved. A total of
116 patients (24.2%) showed an inadequate response to UDCA according to at least one criterion. The
diverse second-line treatment regimens applied led to significantly higher response rates according
to Paris-II (35 vs. 60%, p = 0.005), Barcelona (13 vs. 34%, p = 0.0005), ALP ≤ 1.67 × ULN and
bilirubin ≤ 1 × ULN (52.1 vs. 75%, p = 0.002). The addition of bezafibrates appeared to induce the
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strongest beneficial effect in this cohort (Paris II: 24 vs. 74%, p = 0.004; Barcelona: 50 vs. 84%,
p = 0.046; ALP < 1.67 × ULN and bilirubin ≤ 1 × ULN: 33 vs. 86%, p = 0.001). Conclusion: Our large
retrospective multicenter study confirms high response rates following UDCA first-line standard
treatment in patients with PBC and highlights the need for close monitoring and early treatment
modification in high-risk patients with an insufficient response to UDCA since early treatment
modification significantly increases subsequent response rates of these patients.

Keywords: primary biliary cholangitis; autoantibodies; ursodeoxycholic acid; treatment response;
second line therapy

1. Introduction

Primary biliary cholangitis (PBC) is a rare chronic inflammatory biliary disease charac-
terized by the progressive destruction of intrahepatic bile ducts, leading to cholestasis and
subsequent liver damage. Although immune-mediated processes are widely considered
as a major underlying cause, the exact etiology of biliary inflammation still remains to be
fully elucidated but likely comprises additional factors such as environmental stimuli and
epigenetic factors [1]. If untreated, PBC may lead to end-stage liver cirrhosis and eventually
liver failure. Orthotopic liver transplantation is the only definitive therapy for PBC patients
with end-stage liver disease. Early treatment with weight-based ursodeoxycholic acid
(UDCA) has been proven to extend transplant-free survival and is therefore recommended
at a dosage of 13 to 15 mg UDCA/kg bodyweight (BW)/d as a standard first-line therapy
by national and international PBC clinical practice guidelines [2–4]. These guidelines also
implemented the evaluation of specific response criteria at 12 months after the initiation of
UDCA treatment for the early detection of high-risk patients with inadequate treatment
responses who need treatment modification. The most commonly applied Paris-I, Paris-II,
and Barcelona criteria have been widely accepted for treatment monitoring including
laboratory parameters such as bilirubin and alkaline phosphatase (ALP). Recently, ALP
levels ≤ 1.67 × upper limit of normal (ULN)or ALP normalization and the normalization of
bilirubin values (bilirubin ≤ 1 × ULN) have been proven to yield prognostic relevance [5,6].
The risk of PBC disease progression to severe liver disease in patients with PBC may also
be estimated using the UK-PBC risk score, which is based on continuous variables that
have been specifically developed to identify patients at an increased risk for progression to
death or liver transplantation after 5, 10, and 15 years [7,8].

In December 2016, obeticholic acid was licensed as a second-line treatment option in
combination with UDCA for patients with an inadequate UDCA response or monotherapy
for patients with an intolerance to UDCA and is therefore recommended by current PBC
clinical practice guidelines. Bezafibrates have also been shown to increase response rates in
patients with an inadequate response to first-line UDCA therapy [9] and have therefore
been depicted as a potential off-label second-line treatment option in combination with
UDCA in the current guidelines.

There are only very limited data concerning the real-world clinical management of
patients with PBC in Germany [10]. Moreover, a recent German population-based study
reported the rising prevalence of PBC and deficits in their subsequent clinical management [11].
We therefore aimed to evaluate real-world diagnostic approaches, standard first-line UDCA
treatment regimens and respective response rates at 12 months applying Paris-I, Paris-II, and
Barcelona criteria, ALP levels ≤ 1.67 × ULN, and bilirubin ≤ 1 × ULN in a large cohort of
well-characterized patients with PBC in a retrospective multicenter study from 10 independent
hepatological referral centers in Germany. The real-world management of patients with an
inadequate response to standard first-line UDCA treatment including the hitherto applied
individual second-line treatment regimens prior to the introduction of obeticholic acid and
the subsequent response rates at 12 months were also evaluated.
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2. Methods

2.1. Diagnostic Criteria

The records of patients suspected to have PBC between June 1986 and March 2017
were evaluated in a large retrospective multicenter study from 10 independent German
hepatological referral centers, comprising four tertiary-care university hospitals in Berlin,
Frankfurt am Main, Würzburg, and Leipzig and six hepatological centers in Berlin, Ham-
burg, and Kiel. The study was approved by the local Ethics Committees of the Universities
of Berlin, Frankfurt, Leipzig, and Würzburg and written informed consent was obtained
from all participants. The diagnosis of PBC was accepted if the patients fulfilled at least two
of the following criteria (1) chronic cholestasis for more than six months; (2) the presence of
anti-mitochondrial antibody (AMA) titer > 1:40 or other specific autoantibodies, including
sp100 or gp210, if AMA-negative (3) the histological conformation of lymphocytic de-
structive cholangitis and destruction of interlobular bile ducts. Patients with concomitant
features of autoimmune hepatitis (AIH) as defined by the current PBC treatment guidelines
(according to liver biopsy or high simplified score according to Hennes et al. or patients
who fulfilled the Paris criteria for AIH-PBC-Overlap) [3,4,12] showed lower response rates
to UDCA in a previous study [13]; therefore, these patients were excluded to eliminate this
bias. Furthermore, patients with concomitant features of primary sclerosing cholangitis,
biliary obstruction, drug-induced cholestatic liver disease, severe non-alcoholic fatty liver
disease, hemochromatosis, Wilson’s disease, alpha1-antitrypsin deficiency, alcohol abuse,
chronic hepatitis B, or hepatitis C were excluded from the study by extended laboratory
testing and imaging including abdominal ultrasound and magnetic resonance cholan-
giopancreatography. All patients underwent thorough clinical exams supplemented by
laboratory tests at baseline and follow-up visits every three to four months in an outpa-
tient setting. The clinical course of disease including the development of liver cirrhosis
was evaluated.

2.2. Baseline Characteristics

Baseline characteristics comprised sex, age at onset of therapy, weight, serum levels
of alaninaminotransferase (ALT), aspartataminotransferase (AST), alkaline phosphatase
(ALP), γ-glutamyltransferase (γGT), bilirubin, albumin, prothrombin time, platelet count,
immunoglobulin A (IgA), G (IgG), M (IgM), anti-mitochondrial antibodies (AMA), anti-
smooth muscle antibodies (SMA), anti-nuclear antibodies (ANA), anti-sp100, anti-gp210,
and, if available, a histological evaluation of PBC.

2.3. Evaluation of Standard First-Line UDCA Treatment Regimens and Response Rates at 12 Months

Standard first-line UDCA treatment regimens in mg UDCA/kg bodyweight per day
(mg UDCA/kg BW/d) were evaluated. At 12 months, the ALP, AST, and bilirubin levels
were assessed to evaluate Paris-I, Paris-II, and Barcelona criteria, ALP levels ≤ 1.67 × ULN,
and bilirubin ≤ 1 × ULN to define an adequate respectively inadequate UDCA response.

2.4. Management of Patients with an Inadequate Response to First-Line UDCA Treatment

The management of patients with an inadequate response to first-line UDCA treatment
including the evaluation of hitherto applied second-line treatment regimens was evaluated.
Subsequent response rates at 12 months after treatment modification were assessed by
applying Paris-I, Paris-II, and Barcelona criteria, ALP cut-off levels ≤ 1.67 × ULN, and
bilirubin ≤ 1 × ULN.

2.5. Statistical Analysis

Analyses were performed by IBM SPSS Statistic Version 24 for Windows (IBM, Ar-
monk, NY, USA) and Prism 6.0 (GraphPad Software, La Jolla, CA, USA). Comparison
between groups were made by using the Kruskal–Wallis test, Mann–Whitney test, and
Fischer’s exact test. Data are presented as the median and interquartile range (IQR). The
Kaplan–Meier survival curve with the Mantel–Cox test was examined to assess the rela-
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tionship between the response to therapy according to Paris-II and the development of
liver cirrhosis and the log-rank test for statistical assessment. This study was performed
in accordance with the ethical guidelines of the 1975 Declaration of Helsinki and was
approved by the local Ethics Committee (EA2/035/07; 03-2015).

3. Results

3.1. Study Population

As depicted in Figure 1, a total of 763 records from patients suspected with PBC was
identified through an extended database search. Among them, 283 patients were excluded
from this study, mainly due to subsequent incomplete data sets (150 patients), liver trans-
plantation (124 patients) or lack of subsequent UDCA treatment (nine patients). Patients
with apparent autoimmune hepatitis overlap were also excluded. Therefore, 480 patients
with PBC were enrolled for first-line therapy analysis. A total of 116 patients showed
an inadequate response to UDCA according to at least one criterion and were therefore
included for second-line therapy analysis.

Figure 1. Study flow diagram. In total, 763 patients with confirmed PBC from 10 independent hepatological referral centers
were screened for study eligibility and real-world first-line UDCA treatment regimens and subsequent response rates at
12 months after the initiation of treatment were evaluated in 480 patients. Patients with an inadequate response to at least
one of the response criteria (n = 116) were evaluated for hitherto available second-line treatment regimens and subsequent
response rates at 12 months after treatment modification.

3.2. Baseline Characteristics

The overall study population of 480 patients with PBC comprised 431 females (89.8%) and
49 (10.2%) males (Table S1). The median age at UDCA treatment initiation was 57 years (Q1–
Q3: 48 to 64 years). In 83.5% (401/480) of the patients, the diagnosis of PBC was established
based on cholestatic biochemical patterns and PBC-specific autoantibodies. In total, 399 (86.9%)
patients out of 459 were AMA-positive. Autoantibodies against sp100 were determined in
112 patients, of which 28 (25%) had a positive result. A liver biopsy was carried out in 26.5%
(127/480) and varied largely between the different centers (17.1 to 50%).
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3.3. Standard First-Line UDCA Treatment Regimens and Response Rates at 12 Months

In the overall cohort, the median UDCA dosage was 13.2 mg UDCA/kg BW/d
and ranged between a minimum of 5 mg UDCA/kg BW/d and a maximum of 28.3 mg
UDCA/kg BW/d (IQR: 3.9 (Q1–Q3: 11.1 to 15 mg UDCA/kg BW/d)).

As depicted in Table 1, at 12 months after the initiation of UDCA treatment, Paris-I
criteria for adequate treatment response were met in 91% (253/278) of patients. Applying
Paris-II, and Barcelona criteria, an adequate UDCA treatment response was achieved in
71.3% (201/282) and 61.3% (273/439) of patients, respectively. In total, 83% (365/440)
of the patients showed ALP levels ≤ 1.67 × ULN, 95.5% (383/401) and achieved the
normalization of bilirubin, and 81% (325/402) showed ALP ≤ 1.67 × ULN and bilirubin
normalization. In 64 patients, full clinical follow-up data were available, allowing for
the assessment of the UK-PBC risk score. In these patients, an inadequate response to
UDCA at 12 months after treatment initiation according to Paris-I and Paris-II criteria was
associated with a significantly higher UK-PBC risk score compared to patients with an
adequate UDCA response (p < 0.001; Table S2). The risk of experiencing an event (increase
in bilirubin value above 100 μmol/L, liver transplantation, or death) within 15 years varied
from 9.80 (±8.17; Paris-II) and 18.28% (±10.98; Paris-I) among non-responders. However,
when using the Barcelona criteria, patients who did not adequately respond to UDCA were
not at a significantly higher risk after 15 years as compared to patients with an adequate
response (8.06 vs. 7.06%; p = 0.423). Moreover, we evaluated the proportion of patients who
developed liver cirrhosis in relation to the one-year response rate under UDCA. Overall,
significantly more patients with an inadequate one-year response to UDCA according to
Paris-I and Paris-II developed liver cirrhosis (Figure S1).

Table 1. First line UDCA treatment response at 12 months.

Response Criteria
at 12 Months of Standard UDCA Therapy

Total

Paris-I
ALP < 3 × ULN + AST < 2 × ULN + bilirubin normalization 91.0% (253/278)

Paris-II
ALP < 1.5 × ULN + AST < 1.5 × ULN + bilirubin normalization 71.3% (201/282)

Barcelona
ALP ≤ 1 × ULN or reduction of ALP > 40% 61.3% (273/439)

ALP ≤ 1.67 × ULN 83.0% (365/440)
Bilirubin ≤ 1 × ULN 95.5% (383/401)

AP ≤ 1.67 × ULN + bilirubin normalization 80.8% (325/402)
UDCA: ursodeoxycholic acid; ALP: alkaline phosphatase; ULN: upper limit of normal; AST: aspartataminotrans-
ferase.

3.4. Management of Patients with Inadequate UDCA Treatment Response

As depicted in Figure 1, a total of 116 patients showed an inadequate response to
the standard first-line UDCA treatment at 12 months after treatment initiation according
to at least one criterion. Within this group of patients, 34% (39/116) of patients did not
undergo any change of treatment and 66% (77/116) underwent treatment modification:
30% (35/116) obtained an increased UDCA dosage, 24% (28/116) obtained fibrates as an
add-on therapy to UDCA, 5% (6/116) obtained glucocorticoids as an add-on therapy to
UDCA and 7% (4/63) obtained obeticholic acid as an add-on therapy to UDCA.

At 12 months after the initiation of second-line therapy, Paris-I and Paris-II criteria
were available in 58 patients, Barcelona criteria in 90 patients and ALP levels ≤ 1.67 × ULN
and bilirubin normalization in 83 patients (Table 2). Overall, the diverse second-line
treatment regimens applied led to significantly higher response rates according to Paris-II
(35% vs. 60%, p = 0.005), Barcelona (13% vs. 34%, p = 0.0005), ALP ≤ 1.67× ULN and
bilirubin normalization (52.1 vs. 75%, p = 0.002).
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Table 2. Second line treatment response in patients with inadequate UDCA response.

Response Criteria at 12 Months of UDCA
Therapy

Before Initiation of 2nd Line
Therapy and After at Least 12 of

Therapy with UDCA

12 Months After Initiation of
2nd Line Therapy

p

Paris-I
ALP < 3 × ULN + AST < 2 × ULN +

Bilirubin ≤ 1mg/dL
76.8% (53/69) 84.5% (49/58) 0.371

Paris-II
ALP < 1.5 × ULN + AST < 1.5 × ULN +

Bilirubin ≤ 1mg/dL
34.9% (24/69) 60.3% (35/58) 0.005

Barcelona
ALP ≤ 1 × ULN or reduction of ALP > 40% 12.9% (13/101) 34.4% (31/90) 0.0005

ALP ≤ 1.67 × ULN + Bilirubin ≤ 1 × ULN 52.1% (50/96) 74.7% (62/83) 0.002

Bold values indicates a statistical significance (p < 0.05).

As depicted in Figure 2 (Table S3), the UDCA dosage intensification and the addition
of glucocorticoids did not increase response rates in patients with an inadequate UDCA
response, whereas the addition of fibrates significantly enhanced response rates according
to Paris-II (p = 0.004) and Barcelona criteria (p = 0.046) and ALP levels ≤ 1.67 × ULN
and bilirubin normalization (p = 0.001) at 12 months after the initiation of treatment
modification. In the small group of patients obtaining additional obeticholic acid since
approval in December 2016, there was a trend towards higher response rates with respect
to ALP levels ≤ 1.67 × ULN and bilirubin normalization.

Figure 2. Management of patients with inadequate response to standard UDCA first-line treatment. The real-world
management of 116 patients with inadequate response to standard first-line UDCA treatment according to at least one
criterion is depicted, including patients without treatment modification (n = 39), increase of UDCA dosage (n = 35), addition of
glucocorticoids (n = 6), bezafibrates (n = 28) or obeticholic acid (n = 4). Treatment response rates according to Paris-I, Paris-II,
and Barcelona criteria and ALP levels ≤ 1.67 × ULN and bilirubin ≤ 1 × ULN at 12 months after treatment modification,
respectively; continuation of UDCA-monotherapy was analyzed. * p < 0.05, ** p < 0.01, not significant (ns) = p ≥ 0.05.

3.5. Evaluation of Liver Biochemistry

As depicted in Figure 3, intensified UDCA treatment and/or the addition of glucocor-
ticoids did not improve liver biochemistry, whereas the addition of fibrates significantly
reduced ALP (p < 0.001) and gamma-glutamyl transferase (gGT) levels (p = 0.023). Addi-
tional treatment with obeticholic acid also showed a reduction of gGT levels (p = 0.043).
Bilirubin levels, which normalized in the vast majority of patients during first-line therapy,
showed no further decrease irrespective of the second-line therapy applied.
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4. Discussion

Primary biliary cholangitis may be associated with considerable morbidity despite
recent advances in the management of this disease [2]. Thus, there is an unmet clinical need
to improve the management of PBC, in particular in patients with an inadequate response
to standard first-line treatment with weight-based UDCA. In this retrospective multicenter
study, so-far the largest, we provide insight into the real-world clinical management of
patients with PBC with respect to the recently revised national and international clinical
practice guidelines. In this study from 10 independent hepatological centers in Germany,
the diagnosis of PBC was established by serological parameters in 83.5% of all patients,
i.e., chronic cholestasis and specific autoantibodies, whereas in 26.5% of all patients, an
additional histological examination were carried out. Detailed analysis of the treatment
regimens applied by the different centers revealed a median UDCA dosage of 13.2 mg/kg
BW/d as the standard first-line therapy in the study cohort, achieving adequate treatment
response rates in 60 to 90% of patients at 12 months after the initiation of therapy depending
on the response criteria applied. Therefore, up to 40% of patients showed an inadequate
UDCA response at 12 months after the standard UDCA first-line therapy. Of note, in almost
one third of these patients in this high-risk group, there was no obvious treatment modifi-
cation, whereas in the majority of cases the UDCA dosage was increased. Other treatment
modifications included the off-label addition of fibrates or, less frequently, the addition of
budesonide. Since 2017, the patients were also treated with obeticholic acid as the only
licensed second-line therapy. Therefore, the number of patients receiving obeticholic acid
was very limited. Taken together, the diverse second-line treatment regimens applied led
to significantly higher response rates according to Paris-II and Barcelona criteria, and ALP
≤ 1.67 × ULN and bilirubin normalization. The addition of fibrates appeared to induce
the strongest beneficial effect in this cohort.

Several limitations of the present study need to be acknowledged. Due to the ret-
rospective character of this study, a systematic evaluation of all biochemical parameters
in every study participant was not available, leading to inconsistent patient numbers de-
pending on the different response criteria in the overall cohort. Additionally, patients who
underwent liver transplantation were excluded due to incomplete data. Another limitation
of the study is that the data available on further follow-up in patients without treatment
modification are limited and therefore do not allow to draw a solid conclusion. Moreover,
a certain selection bias cannot be excluded since all study participants were recruited
from four tertiary care centers and six hepatological referral centers, leading to a potential
selection of difficult-to-diagnose cases, which likely explains the rather low proportion
of patients with PBC-specific autoantibodies in the present cohort. However, a recent
population-based study with non-selected PBC patients revealed no obvious difference to
earlier hospital-based studies [14].

However, we would like to strengthen the fact that this is, so far, the largest retro-
spective multicenter study addressing the real-world management of patients with PBC
in Germany, comprising patients from 10 different hepatological referral centers. The
baseline characteristics of the present PBC cohort were consistent with previous PBC study
populations, showing a clear predominance of female patients with a female-to-male ratio
of 9:1. An increasing proportion of male patients, as postulated in a recent epidemio-
logical study [15] and a recent German retrospective study [11], was not observed in the
present cohort. The median age at treatment initiation was 57 years, which was in line
with the age peak described in the literature between the fifth and seventh decade of
life. Of note, depending on the individual participating center, between 5 and 16% of
all PBC patients were AMA-negative, whereas previous studies described only 5 to 10%
AMA-negative patients [16–18]. However, in a recent Polish study [19], the proportion
of AMA-negative patients was 18.9%, suggesting that the proportion of AMA-negative
patients in special populations might be higher than previously reported. In our first-line
study, 399 of 459 patients were AMA-positive whereas only 112 cases were tested for the
presence of specific autoantibodies against protein sp100 with a positive result in 25% of
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patients, which might be due to the fact that these antibodies are not readily available
in daily routine use. However, our observation was in line with the very heterogeneous
results of previous meta-analyses from 2014, describing antibodies against sp100 in 7 to
60% of all patients [20].

With respect to the applied first-line UDCA therapy, the median dosage of 13.2 mg
UDCA/kg BW/d was close to the lower limit of the recommended dosage of 13 to 15 mg
UDCA/kg BW/d. Adequate UDCA response rates in 91% of patients at 12 months after
treatment initiation according to Paris-I criteria was higher compared to previous studies
of other countries. In a Dutch study from 2009, the overall response rate according to
Paris-I criteria was 66% [21]; in a French study from 2011, it was 76% [22]; and in a large
multicenter British study from 2013, it was 79% [23]. This discrepancy might be explained
by the large proportion of patients with early PBC stages in the present cohort defined by
normal bilirubin levels prior to the start of UDCA treatment. Interestingly, a recent German
prospective study from 2019 showed a similarly high response rate according to Paris-I
criteria [10]. This study also described a high number of patients in an early stage of PBC.
Therefore, Paris-II criteria might be more adequate to examine the response rate in the
present cohort. In a recently published study, Murillo-Perez et al. highlighted that not only
a reduction of ALP level, but both bilirubin normalization and an ALP level below 1 × ULN
significantly contributes to a more accurate risk stratification and improved survival [6].
Therefore, not only one criterion but several criteria (the Barcelona criterion together with
Paris-II criterion and ALP level ≤ 1.67 × ULN with bilirubin normalization) should be used
for each patient; furthermore, a complete normalization of ALP and bilirubin level should
possibly be targeted in the future to determine the lowest risk for a disease progression
and, if needed, to intensify the therapy.

In line with this hypothesis, applying Paris-II and Barcelona criteria, adequate re-
sponse rates of 71 (Paris-II) and 61% (Barcelona) at 12 months after treatment initiation
were consistent with previous observations [22,24].

Our findings demonstrate higher treatment response rates at 12 months after treatment
modification under real-world conditions. Of note, comparison of different treatment
regimens in patients with an inadequate therapy response showed particularly higher
response rates among patients receiving additional fibrates. These results are in line
with previous studies showing higher response rates for fibrates as an add-on therapy to
UDCA [9,25,26]. In the other large cohort of the study—patients without any change of
treatment regime—there was no significant improvement in treatment response according
to Paris-I, Paris-II, and Barcelona criteria. However, there was a significant increase in
patients achieving ALP levels ≤ 1.67 × ULN and bilirubin normalization. These results
are in line with a recent study from Germany by Sebode et al., who also showed that the
guideline recommended treatment regime of patients with PBC was partly not applied [11].
Follow-up data for treatment modification with obeticholic acid were missing due to the
short period of this recently licensed therapy. However, we already observed a clear trend
towards a better therapy response rate regarding the ALP-level ≤ 1.67 × ULN and bilirubin
normalization and a significant reduction of gGT after the addition of obeticholic acid to
UDCA. However, our data are in line with the findings by Nevens et al. who showed
an improved response rate according to ALP levels below 1.67 × ULN and bilirubin
normalization under obeticholic acid [27].

In conclusion, this large real-world multicenter study confirms high response rates
following UDCA first-line standard treatment in patients with PBC and highlights the
need for close monitoring and early treatment modification in high-risk patients with an
insufficient response to UDCA since early treatment modification significantly increases
the subsequent response rates of these patients. A large prospective observation study has
already been initiated and will provide further long-term outcomes.
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Abstract: The current therapeutic strategies for the management of patients with cirrhosis rely on the
prevention or treatment of specific complications. The removal of the causative agents (i.e., viruses
or alcohol) prevents decompensation in the vast majority of patients with compensated cirrhosis. In
contrast, even when etiological treatment has been effective, a significant proportion of patients with
decompensated cirrhosis remains at risk of further disease progression. Therefore, therapies targeting
specific key points in the complex pathophysiological cascade of decompensated cirrhosis could
represent a new approach for the management of these severely ill patients. Some of the interventions
currently employed for treating or preventing specific complications of cirrhosis or used in other
diseases (i.e., poorly absorbable oral antibiotics, statins, albumin) have been proposed as potential
disease-modifying agents in cirrhosis (DMAC) since clinical studies have shown their capacity of
improving survival. Additional multicenter, large randomized clinical trials are awaited to confirm
these promising results. Finally, new drugs able to antagonize key pathophysiological mechanisms
are under pre-clinical development or at the initial stages of clinical assessment.

Keywords: decompensated cirrhosis; portal hypertension; ascites; non-selective beta-blockers; TIPS;
rifaximin; human albumin; statins

1. Introduction

In the natural history of liver cirrhosis, the onset of a major complication of the disease
represents a crucial clinical event. Indeed, the occurrence of ascites, portal hypertensive gas-
trointestinal bleeding, hepatic encephalopathy, and deep jaundice, alone or in combination,
hallmarks the transition from the compensated to the decompensated phase of cirrhosis.
About 5–7% of patients with compensated cirrhosis cross this border every year, thus
entering a clinical history punctuated by further complications, frequent hospitalizations,
worsening of quality of life and shortening of life expectancy [1].

In this context, the current therapeutic strategies aim to treat or control each complica-
tion individually [2]. However, even though their efficacy has been proven in randomized
clinical trials (RCTs), such approaches do not significantly affect the course of the disease,
thus making it difficult to bring out a clear survival benefit for patients [3,4]. Treatments
proven to prevent the progression of the disease are not currently available. However,
some potential candidates are under investigation and subject to debate in the scientific
community [5,6].

The only interventions showing a clear influence on the natural history of cirrhosis
so far are etiological treatments targeted to the elimination of the cause of the disease (i.e.,
antivirals for hepatitis B and C or prolonged abstinence for alcohol use disorders). In
the decompensated stage, even though a slowdown of the disease progression or even a
reversion to the compensated state can occur, progression can be seen in up to one-third of
cases [4,7,8]. Thus, alternative approaches are warranted.
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Recent investigations contributed to uncover hitherto unknown pathophysiological
mechanisms of decompensated cirrhosis [9]. It is now clear that the systemic spread of
bacterial products from the gut due to abnormal translocation and substances from the liver
where inflammation and cell death occur activates immune cells. The consequent release of
pro-inflammatory cytokines and chemokines gives rise to sustained systemic inflammation
and oxidative stress. These events lead to cardiocirculatory dysfunction responsible for
reducing effective volemia and diffuse microvascular damage. These mechanisms provide
the pathophysiological substrate for multi-organ dysfunction and, ultimately failure [10].

From this knowledge, novel therapeutic perspectives emerged relying on mechanistic
approaches. Their goal is to counteract key pathophysiological events: portal hypertension,
bacterial translocation, circulatory dysfunction, systemic inflammation, oxidative stress,
and immunological dysfunction. This kind of mechanism is exploited by disease-modifying
agents (DMA) who have proven to exert beneficial effects on the course of a disease. These
interventions are well established in several fields of medicine, especially in rheumatologic
and neurologic disorders. Whether this approach is transferable to cirrhosis (DMAC)
has recently emerged as the subject of debate [6]. In any case, some basic principles are
unavoidable. Indeed, once a strong rationale for the use of a potential DMAC is established
and its efficacy at the pre-clinical level achieved, solid evidence of clinical benefit has to be
pursued, preferably through multicenter phase III randomized clinical trials (RCTs) having
patient survival as the primary endpoint [11,12]. Given the high clinical heterogeneity
of decompensated cirrhosis and its rapidly evolving clinical course [1,13,14], two other
characteristics should be clearly identified: the target population receiving the highest
benefit from the treatment, and temporary or permanent “stopping rules” in case of loss of
efficacy or potential harm.

This review will critically analyze the available evidence supporting that interven-
tions able to counteract key pathophysiological mechanisms can play a role as DMAC in
decompensated cirrhosis.

2. Etiological Treatments

Whenever possible, removing or neutralizing the cause of the persisting liver insult is
the ideal goal to be attempted in all patients with chronic liver disease. Indeed, successful
etiological treatments can halt or at least slow down the progression of cirrhosis [5,15].

This is particularly true in the compensated stage of the disease, when the removal of
the causative agent generally prevents decompensation, reduces the risk of hepatocellular
carcinoma (HCC) and prolongs survival. Thus, etiological treatments undoubtedly repre-
sent the first choice in this setting [15]. Etiological treatments remain of primary importance
in decompensated cirrhosis, but the extent of their effects is variable. Indeed, the successful
elimination of the causative agent can temper the turbulent course of decompensated
cirrhosis, or even induce the regression of the disease to a significant extent. However,
a portion of patients do not obtain a relevant clinical improvement, remaining at risk of
further decompensation, poor quality of life, and reduced life expectancy [5,7,16].

Patients with HBV-related cirrhosis should be treated with specific anti-viral drugs
as evidence shows that clinical improvement occurs in most cases [16–18]. Once the
decompensated stage has been reached, improvement in the severity of cirrhosis and
survival rate occurs in about half to two-thirds of cases [19]. There is solid evidence that
clinical improvement generally occurs once viral clearance is obtained in patients with HCV-
related cirrhosis [20,21]. However, long-term effects on the occurrence of complications
and survival remain less defined. First, not all patients benefit to the same extent. Patients
with severe portal hypertension and advanced disease, as defined by a model for end-stage
liver disease (MELD) score exceeding a certain threshold (between 15 and 20), seem to be
less susceptible to sustained clinical improvement [7,21,22]. Second, most patients with
decompensated cirrhosis followed for a median period of 4 years after viral clearance did
not significantly improve their liver function and MELD score remaining at risk for severe
complications, death and need of liver transplantation [8]. Another important issue is
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related to patients waitlisted for liver transplantation that achieve a modest reduction in
the MELD score after HCV viral clearance without improving their clinical conditions to a
substantial extent. As a result, they remain at risk of complications and death, yet their
priority on the waiting list is negatively affected. Thus, an appropriate evaluation of the
timing of antiviral therapy is needed [23,24].

Alcohol withdrawal and abstinence from alcohol are crucial to improving the clinical
course and outcomes in patients with chronic alcoholic liver disease, regardless of their
disease state [2]. In patients with compensated cirrhosis, such an approach can prevent
disease progression and decompensation [15], while in decompensated patients it can at
least prevent further deterioration and stabilize the clinical course in most cases [25,26].

No clearly effective and approved drugs are available for patients with non-alcoholic
fatty liver disease (NAFLD), so the treatment cornerstone relies on correcting or attenuating
the cofactors of the metabolic syndrome, such as optimizing glycemic control in diabetic
patients and or lowering body weight in case of obesity. However, great caution is needed
in recommending unsupervised weight loss in patients with cirrhosis, since sarcopenia is a
highly prevalent and impactful comorbidity [27,28] that can be worsened by incautious
weight loss. However, a monitored weight loss associated with lifestyle interventions
(like tailored dietary counseling and adapted physical activity) can obtain improvement in
portal hypertension and general conditions [29], thus rendering patients more suitable for
liver transplantation.

Finally, sporadic data are only available on the effects of etiological treatments in
patients with cirrhosis of less frequent etiologies. Indeed, the beneficial effects of removing
causative factors in these settings have yet to be demonstrated. The sole exception is
autoimmune cirrhosis, whose response to immunosuppressive therapy is followed by an
improvement in long-term outcomes [30]. However, an appropriate balance between effec-
tive immune suppression and risk for infection can be difficult to achieve in this context.

Summarizing the available evidence, etiological treatments are often effective in
slowing down the course of cirrhosis and are of primary importance in the management of
patients. However, they present limitations in the decompensated stage of the disease [2,5].
Indeed, once cirrhosis has reached a self-perpetuating “point of no return”, even the
removal of the causative agent cannot arrest the disease progression so that the patient
long-term prognosis is not influenced. Therefore, the effective management of patients
with advanced cirrhosis also requires the adoption of strategies able to counteract the key
pathophysiological mechanisms.

3. Pathophysiological Treatments

Besides new approaches still under development, interventions directed at counteract-
ing pathophysiological mechanisms include treatments currently used to manage specific
complications of cirrhosis. However, to employ them as DMAC, they should be handled
in the context of novel strategies. This section will review the available treatments, both
already tested and under investigation, able to antagonize one or more key events in the
complex pathophysiological network of decompensated cirrhosis (Figure 1).
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Figure 1. Targets of action of available treatments antagonizing key pathophysiological events in
decompensated cirrhosis. See text for details. TIPS: trans-jugular intra-hepatic porto-systemic shunt;
STAT: statins; NSBB: non-selective beta-blockers; G-CSF: granulocyte colony stimulating factors;
PAA: poorly absorbable antibiotics.

3.1. Non-Selective β-Blockers

Non-selective β-blockers (NSBBs) were introduced in the management of patients
with cirrhosis about 40 years ago when their lowering effect on portal pressure was demon-
strated. At present, NSBBs still are the only drugs recommended for long-term treatment
of portal hypertension [2,31,32].

Propranolol was the first NSBB employed. Its effect on portal pressure is mainly related
to the reduction in cardiac output and the unopposed α-adrenergic tone in the splanchnic
arterial bed. As a result, portal pressure declines because of a reduced splanchnic blood
inflow [33]. About 20 years ago, carvedilol was also introduced in the management of
portal hypertension [34]. This NSBB is provided with intrinsic anti-α1-adrenergic activity,
contributing to lower portal pressure by decreasing intrahepatic vascular resistance. This
characteristic, however, may induce a greater reduction in systemic blood pressure [35].
NSBBs also exert non-hemodynamic effects, as they decrease intestinal permeability, bacte-
rial translocation, and systemic inflammation [36]. Whether these effects are relevant in
mediating their effect in humans is still unclear.

The RCTs that evaluated the effect of NSBBs in cirrhosis had the prevention of the
first or recurrent variceal bleeding as primary endpoints. Even though most of these trials
excluded patients in the advanced stages of cirrhosis, several also included patients with
decompensated disease. Interestingly, metanalyses showed that bleeding prevention was
more pronounced in decompensated than in compensated patients [37,38].

Unfortunately, data to ascertain if NSBBs administration to patients with decompen-
sated cirrhosis prevents other complications beyond variceal bleeding are insufficient. A
first systematic search did not find sufficient evidence supporting a NSBBs effect on other
complications of cirrhosis. This negative result was possibly due to the underreporting of
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non-bleeding complications [39]. Indeed, a more recent meta-analysis pooling data from
15 studies showed that patients lowering portal pressure gradient below 12 mmHg or more
than 20% from baseline exhibited lower bleeding rates, lower incidence of complications,
and a greater improvement in survival than non-responders [40]. This suggests that NSBBs
may substantially modify the course of the disease.

Two recent clinical trials reinforced this concept. The PREDESCI trial showed that NS-
BBs administration to patients with compensated cirrhosis delays decompensation, mainly
preventing ascites formation [41]. Another study [42] assessed the effects of carvedilol,
carefully titrated based on blood pressure and heart rate, in patients with acute-on-chronic
liver failure diagnosed according to the definition of the Asian-Pacific Association for the
Study of the Liver [43]. In this placebo-controlled trial, carvedilol reduced the incidence of
bacterial infections and acute kidney injury and lowered mortality.

Soon after the first reports on the use of propranolol in patients with cirrhosis, a
word of caution rose on its use in patients with ascites as they may risk for developing
hepatorenal syndrome (HRS) [44]. Safety signals on either survival or kidney function
did not emerge from the numerous RCTs comparing NSBBs with placebo in patients with
cirrhosis. However, most studies did not enroll patients with refractory ascites. Further
emphasis on this matter derived from observational studies reporting worse outcomes in
patients with refractory ascites [45] or spontaneous bacterial peritonitis (SBP) [46]. The
concept of a “therapeutic window” beyond which NSBBs may become detrimental was
proposed [47], and several subsequent studies were dedicated to this matter. Unfortunately,
conflicting results were provided [48].

Different effects of NSBBs on intrarenal hemodynamics of patients with responsive
or refractory ascites may explain their potential adverse effects in the latter. Indeed, as
opposed to patients with diuretic responsive ascites, NSBBs lower renal perfusion pressure
below the critical threshold for autoregulation (65 mmHg) in 55% of the patients with
refractory ascites. This phenomenon is likely due to an excessive reduction of cardiac output
due to systolic dysfunction [49]. Thus, the question arises as to how identifying patients
who may receive harm from NSBBs treatment. Possibly, arterial pressure is the simplest
biomarker to establish when the therapeutic window for NSBBs closes. A prospective
observational study reported that mean arterial pressure levels <65 mmHg defines the
threshold below which NSBBs do not improve transplant-free survival of patients with
ascites, particularly in those with SBP and ACLF [50]. Similar results were observed using
the threshold of 90 mmHg of systolic blood pressure, which is recommended in current
guidelines as a threshold for dose reduction or discontinuation of NSBBs [2,31,32].

In summary, the current indication for NSBBs administration to patients with cirrhosis
remains the prevention of variceal bleeding or rebleeding. Nonetheless, when an effective
lowering in portal pressure is achieved, more general effects can be observed on the
incidence of complications and patients’ survival, suggesting the potential role of NSBBs
as DMAC. However, besides the prophylactic action on portal hypertensive bleeding or re-
bleeding, NSBBs effects vary in different stages of the disease. On the one hand, prevention
of decompensation (mainly ascites) can be seen in compensated cirrhosis; on the other,
renal dysfunction and HRS can occur in patients with very advanced cirrhosis. Therefore,
further studies are eagerly needed to identify target subgroups of patients who may benefit
most from long-term NSBBs administration.

3.2. Transjugular Intrahepatic Porto-Systemic Shunt

As already reported, portal hypertension plays a crucial causative role in most compli-
cations of cirrhosis. Therefore, interventions targeted to decrease portal pressure, such as
transjugular intrahepatic porto-systemic shunt (TIPS), can potentially modify the long-term
clinical course of patients with cirrhosis [51]. To date, the main clinical settings for the
use of TIPS are the management of variceal bleeding and the control of refractory ascites.
However, the main contentious points remain the identification of target patients and
appropriate timing for TIPS placement.
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The role of “pre-emptive” TIPS as a potential DMAC emerged from 3 RCTs in patients
with cirrhosis and variceal hemorrhage [52–54] (Table 1). They showed that TIPS placement
within 24 or 72 h is effective in controlling bleeding, preventing rebleeding, and improving
survival in patients at high risk of uncontrolled bleeding and bleeding-related mortality
(HVPG > 20 mmHg, Child C [10–13 points] or B with active bleeding). Moreover, 2 recent
large multicenter observational studies highlighted that “pre-emptive” TIPS also improves
survival in patients with acute variceal bleeding and ACLF [55,56]. In patients with
persistent bleeding or severe rebleeding within five days, “rescue/salvage” TIPS is used
when other therapeutic alternatives are not available, but, despite a high rate of bleeding
control, a clear benefit on survival has not been established [31,32]. Similarly, although
there is consensus for TIPS insertion as secondary prophylaxis of bleeding in patients who
failed to respond to endoscopic banding plus non-selective beta-blockers (NSBBs), a benefit
on survival has not been consistently observed likely because of the high heterogeneity of
the patients included in the studies [31,32].

Table 1. RCTs assessing pre-emptive TIPS vs. endoscopic treatment in acute variceal bleeding.

Reference
Study Population

(Randomized Patients)
Exclusion
Criteria

Survival-Related Endpoints
of the Study

Effect on
Survival

Monescillo A., et al.
(Hepatology, 2004)

52 patients with cirrhosis
admitted for AVB and

HVPG ≥20 mmHg

Age <18/>75 years
HCC
PVT

Previous TIPS
HIV infection

Chronic heart or renal failure

Primary endpoint:
Prospective assessment of
treatment failure as well as

short- and long-term survival

Mortality reduced by TIPS:
In hospital: 11% vs. 31%, p = 0.02;

ARR 20%
1-year: 38% vs. 65%, p = 0.01;

ARR 27%
Bleeding-related: 19% vs. 38%,

p < 0.05

Garcia-Pagan JC, et al.
(N. Engl. J. Med., 2010)

63 patients with cirrhosis
admitted for AVB

(CTP B with active bleeding
at endoscopyor CTP C ≤13

points)

Age <18/>75 years
HCC outside Milan criteria

Occlusive PVT
Previous TIPS

Failure of NSBB plus EVL,
Bleeding from GV/ectopic

varices
Creatinine >3 mg/dL
Chronic heart failure

Secondary endpoint:
6-weeks and 1-year mortality

Mortality reduced by TIPS:
6-week: 3% vs. 33%; ARR 30%
1-year: 14% vs. 39%, ARR 25%

(p = 0.001)

Lv Y., et al.
(Lancet Gastroenterol.

Hepatol., 2019)

132 patients with cirrhosis
admitted for AVB

(CTP B patients with and
without active bleeding at

endoscopy
or CTP C ≤13 points)

As above
+

Recurrent HE (without
precipitating factors)

Primary endpoint:
Transplant-free survival

Survival improved by TIPS:
6-weeks: 99 vs. 84%; p = 0.02

1-year: 86% vs. 73%; p = 0.046
2-years: 79% vs. 64%; p = 0.04

ARR: absolute risk reduction; AVB: acute variceal bleeding; CTP: Child–Turcotte–Pugh; EVL: endoscopic variceal ligation; HCC: hepatocel-
lular carcinoma; HE: hepatic encephalopathy; HVPG: hepatic vein pressure gradient; IGV: isolated gastric varices; NSBB: non-selective
beta-blockers; PVT: portal vein thrombosis; RCT: randomized clinical trial.

When TIPS insertion is related to the treatment of ascites, the available evidence for its
capacity of modifying the course of the disease is less clearly defined. So far, seven RCTs
compared the effect of TIPS versus large-volume paracentesis plus albumin, the standard
of care for patients with refractory ascites [57–63] (Table 2). TIPS showed a superior efficacy
in controlling ascites in all trials, although only shunts performed with covered stents
positively affected survival [63]. A similar effect on survival occurred in patients with less
advanced disease [62] or “recurrent/recidivant” ascites not fulfilling criteria for refractory
ascites [58,61,63]. Furthermore, the high incidence of adverse events, such as hepatic
encephalopathy, liver failure, and cardiac dysfunction, requires great caution in TIPS use in
these patients [51], thus strengthening the need for a thoughtful selection of target patients.
Promising results for expanding the application of TIPS could come from the use of smaller
diameter stents (6–8 mm instead of 10 mm), which showed similar efficacy, but a lower
incidence of adverse events, likely by preventing excessive shunting [64,65].
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Table 2. RCTs assessing TIPS vs. LVP + Albumin in recurrent/refractory ascites.

Reference
Study Population

(Randomized Patients)
Exclusion
Criteria

Survival Related Endpoints
of the Study

Effects on
Survival

Lebrec D., et al.
(J. Hepatol., 1996)

25 patients with cirrhosis and
refractory ascites

(no response after 5 days of
in-hospital maximal diuretic

therapy or ≥2 episodes of tense
ascites

in the previous 4 months)

Age >70 years,
HE ≥grade 2

PVT
Biliary obstruction Creatinine

>1.7 mg/dL HCC
Active bacterial infection

Severe extra-hepatic disease
Pulmonary hypertension

Not specified

LVP + Albumin vs. TIPS:
2-year overall survival: 60%

vs. 29%
(p = 0.03)

Rossle M., et al.
(N. Engl. J. Med., 2000)

60 patients with cirrhosis and
refractory ascites or recurrent

ascites
(ICA criteria)

HE ≥grade 2
PVT

Bilirubin >5 mg/dL,
Creatinine >3mg/dL

Advanced HCC
Hepatic hydrothorax Failure

of paracentesis(defined as
persistence of ascites after

paracentesis
or need for large-volume
paracentesis more than

once per week)

Primary endpoint:
Transplant-free survival

LVP + Albumin vs. TIPS:
1-year: 69% vs. 58%
2-year: 58% vs. 32%

(p = 0.11)

Ginès P., et al.
(Gastroenterology, 2002)

70 patients with cirrhosis and
refractory ascites

(ICA criteria)

Age <18/>75 years
PVT

HE ≥grade 2
Bilirubin >10 mg/dL,
Creatinine >3 mg/dL

INR >2.5
Platelet <40.000/mm3

Chronic Heart Failure
HCC

Organic renal failure

Primary endpoint:
Transplant-free survival

LVP + Albumin vs. TIPS:
1-year: 41% vs. 35%
2-year: 26% vs. 30%

(p = 0.51)

Sanyal A.J., et al.
(Gastroenterology, 2003)

109 patients with cirrhosis and
refractory ascites

(ICA criteria) plus creatinine <1.5
mg/dL

HE ≥grade 2
PVT

Bilirubin >5 mg/dL
INR >2
HCC

Bacterial infection Alcoholic
hepatitis

Chronic heart failure
Pulmonary hypertension
Organic kidney disease
Recent gastrointestinal

bleeding
Severe extra-hepatic disease

Primary endpoint:
Overall and transplant-free

survival

LVP + Albumin vs. TIPS:
Overall:

41.3 vs. 38.2 months; p = 0.84
Transplant-free:

19.6 vs. 12.4 months; p = 0.77

Salerno F., et al.
(Hepatology, 2004)

66 patients with cirrhosis and
refractory ascites

(ICA criteria)
or

“recidivant” ascites (recurrence of
at least 3 episodes of tense ascites
within a 12-month period despite
prescription of low sodium diet

and adequate diuretic doses)

Age >72 years
HE ≥grade 2

PVT
CTP score >11

Bilirubin >6 mg/dL
Creatinine >3 mg/dL

Advanced HCC
Bacterial infection

Chronic heart failure
Recent gastrointestinal

bleeding

Primary endpoint:
Transplant-free survival

LVP + Albumin vs. TIPS:
1-year: 52% vs. 77%
2-year: 29% vs. 59%

(p = 0.021)

Narahara Y., et al.
(J. Gastroenterol., 2011)

60 patients with cirrhosis and
refractory ascites

(ICA criteria) plus:
CTP score <11

Bilirubin <3 mg/dL
Creatinine <1.9 mg/dL

Age >70 years
Episodes of HE
PV cavernoma

HCC
Other malignancy
Active infection

Active severe cardiac or
pulmonary disease

Organic kidney disease

Primary endpoint:
Overall survival

LVP + Albumin vs. TIPS:
1-year: 49% vs. 80%
2-year: 35% vs. 64%

(p < 0.005)

Bureau C., et al.
(Gastroenterology, 2017)

62 patients (>18/<70 year) with
cirrhosis and recurrent tense

ascites (requiring ≥2 LVP in the
previous 3 weeks)

PFTE-covered stents

>6 LVPs in the previous 3
months

Waitlisted for LT or expected
to receive LT within the next 6

months Recurrent overt HE
PVT

CTP score >12
Bilirubin >5.8 mg/dL

Creatinine >2.8 mg/dL
HCC

Chronic heart failure
Pulmonary hypertension

Primary endpoint:
Transplant-free survival

LVP + Albumin vs. TIPS:
1-year: 93% vs. 52%; p = 0.003

CTP: Child–Turcotte–Pugh; HCC: hepatocellular carcinoma; ICA: International Club of Ascites; INR: international normalized ratio; HE:
hepatic encephalopathy; HRS: hepatorenal syndrome; LT: liver transplantation; PFTE: polytetrafluoroethylene; PHT: portal hypertension;
PVT: portal vein thrombosis.
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The reduction in portal pressure induced by TIPS insertion is associated with beneficial
effects on renal function in patients with cirrhosis and ascites, including an increase in
sodium and water excretion and reduced activity of vasoconstrictor and antinatriuretic
systems [2,51]. This could represent a valid rationale for the use of TIPS also in patients
with HRS. The results of the available trials [66–68], although limited by a non-controlled
design and small sample sizes, support this therapeutical approach, especially for non-
transplantable patients. Furthermore, the practical applicability is usually limited by the
concomitant severe degree of liver failure [2].

In summary, by acting against a key pathophysiological mechanism as portal hy-
pertension, TIPS has a great potential to serve as DMAC. However, two factors limit its
widespread use to this end. On the one hand, available studies evaluated the effects of TIPS
in patients who develop either portal hypertensive bleeding or difficult-to-treat ascites.
Its impact in patients with clinically significant portal hypertension but without these
complications has never been assessed. On the other, the occurrence of severe TIPS-related
complications often prevents its insertion in patients with refractory ascites. The use of a
small-diameter covered stent may help in overcoming these limitations.

3.3. Poorly Absorbable Antibiotics

Acting on the intestinal microbiota to limit the abnormal translocation of bacteria and
bacterial products is another treatment strategy of relevant importance in patients with
cirrhosis. The use of antibiotics would appear an obvious choice, whose main limitation de-
rives from the induction of bacterial resistance. Most available studies assessed the effects of
non- or poorly-adsorbable antibiotics to limit their activities in the intestinal environment.

3.3.1. Quinolones

The enhanced susceptibility to bacterial infections by patients with cirrhosis has long
been known. The high prevalence of episodes sustained by Gram-negative microorganisms
of intestinal origin led to recognize the relevance of the abnormal bacterial translocation
from the gut [69–71].

The proof-of-concept of the efficacy of antibiotic prophylaxis derives from an RCT
comparing 12 months of treatment with norfloxacin versus placebo for 12 months to
prevent SBP recurrence [72]. Norfloxacin remarkably reduced the recurrences due to Gram-
negative bacteria, without side effects. Subsequent studies showed that either norfloxacin
or ciprofloxacin significantly prevented SBP occurrence in high-risk patients with low
protein concentration in ascites, liver failure, and/or gastrointestinal bleeding. The benefit
deriving from either norfloxacin or ciprofloxacin in either primary or secondary prophylaxis
of SBP was confirmed by most meta-analyses [73,74]. Interestingly, norfloxacin reduced
circulating bacterial products associated with improved systemic inflammatory markers
and circulatory dysfunction [75].

These results potentially demonstrate a pathophysiological effect beyond SBP preven-
tion. However, a benefit on survival and the occurrence of complications of cirrhosis still
needs to be convincingly established. A pivotal study in decompensated patients with a
low protein content in ascitic fluid (<1.5 g/dL) and severe cirrhosis (Child–Pugh ≥9 with
serum bilirubin ≥3 mg/dL) or impaired renal function (serum creatinine ≥1.2 mg/dL,
blood urea nitrogen ≥25 mg/dL or serum sodium ≤130 mEq/L), showed that norfloxacin
prophylaxis not only reduced the incidence of SBP but also lessened one-year risk for HRS
and improved one-year survival compared with placebo [76]. However, both survival and
incidence of HRS were secondary endpoints, and the study sample size was inadequate.
More recently, a large multicenter RCT did not demonstrate a survival advantage in Child
C patients receiving norfloxacin prophylaxis, although a post-hoc analysis unveiled a
reduction in six-month mortality confined to the subgroup with low ascites protein con-
centration [77]. Finally, concerns about the safety of quinolones being a risk factor for
the development of infections due to drug-resistant bacteria have been raised over the
years [71], although more recent reports did not confirm these findings [77,78].
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In conclusion, several important questions regarding the use of quinolones in decom-
pensated cirrhosis remain unanswered, so that their administration as a DMAC cannot be
currently proposed.

3.3.2. Rifaximin

There has been growing interest in the possible efficacy of rifaximin in preventing
infections and other complications of portal hypertension in cirrhosis. Rifaximin is a
minimally absorbed antibiotic with activity against Gram-negative and Gram-positive
bacteria [79]. Moreover, it can improve the gut epithelial layer homeostasis, decrease
inflammatory pathways, impair bacterial adhesion to enterocytes, and modulate the gut
microbiome, thus positively affecting the entire gut liver-axis [80–82].

Currently, the only recognized indication for rifaximin use in patients with cirrhosis is
the prevention of recurrent hepatic encephalopathy (secondary prophylaxis) [2], mainly
based on the pivotal RCT by Bass et al. in 2010 [83]. However, both observational studies
and a few small-scale RCTs showed an association between rifaximin treatment and im-
portant clinical outcomes, including better control of ascites [84,85], a reduced incidence
of decompensation, hospitalizations, variceal bleeding, SBP, and HRS with a decreased
risk of renal replacement therapy [86–93]. Some studies even suggested an improvement
in mortality [85,87,89]. However, several metanalyses [94–96] highlighted the overall low
quality of these studies precluding any generalization on the beneficial impact of rifaximin
on the clinical course of decompensated cirrhosis. Therefore, before using rifaximin as a
DMAC can be advocated in clinical practice, well-designed RCTs with hard endpoints and
adequate sample size are needed.

3.4. Statins

The first proposal of statins for treating portal hypertension in cirrhosis dates back
to the early 2000s [97] since they reduce intrahepatic vascular resistance by enhancing
nitric oxide (NO) production in liver sinusoids. Subsequent investigations in experimental
cirrhosis also unveiled anti-inflammatory and hepatoprotective properties [98–102]. Statins
exert their effects on liver inflammation and fibrogenesis by upregulating the endothelial
Kruppel-like factor 2 (KLF2) [101]. This transcription factor regulates the expression of sev-
eral vasoprotective genes controlling apoptosis, inflammation, oxidative stress, thrombosis,
and vasodilation. Furthermore, it inhibits RhoA/Rho-kinase signaling, which is partly
responsible for the contractility of hepatic stellate cells [102].

Several observational studies reported the beneficial effects of statins on various
clinical aspects of advanced liver disease. They include lower rates of decompensation,
liver cancer, and bacterial infections along with increased survival [103,104]. However,
these results require caution due to potential flaws in observational studies [105]. Different
RCTs convincingly showed that simvastatin decreases portal pressure [106,107]. Further
studies compared the lowering effect on portal pressure induced by combining statins with
beta-blockers vs. beta-blockers alone, providing discordant results [108,109].

Only one randomized trial evaluated the effects of statins on the complications of
cirrhosis [110]. This trial included patients with recent variceal bleeding and assessed the
effects of adding simvastatin 40 mg daily or placebo to the standard therapy to prevent
rebleeding (NSBBs and endoscopic variceal ligation). Simvastatin did not significantly
influence the primary endpoint, which was a composite of rebleeding and death. Never-
theless, it was associated with a significant survival benefit, mainly related to decreased
mortality from bleeding and bacterial infections. Patient subgroup analysis showed that
this result was limited to patients belonging to Child-Pugh classes A and B. This ap-
parent contradiction (no prevention of complications but improved survival) suggests
that the effect on portal pressure might be less relevant than the non-hemodynamic ef-
fects of statins, attenuating the intense inflammatory response triggered by infections or
bleeding events [99,100,111,112] that plays a major role in the development of ACLF and
mortality [6,113].
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In conclusion, although there is a robust rationale suggesting that statins might be
beneficial for patients with cirrhosis, the evidence from randomized trials is scarce, limited
to a single study with a positive result on a secondary endpoint. Non-hemodynamic effects
of statins might be more important than the effects of portal pressure.

The currently ongoing LiverHope Efficacy study, a multicenter double-blind trial com-
paring the effects of simvastatin plus rifaximin vs. placebo in the prevention of ACLF and
mortality (www.liverhope-h2020.eu, accessed on 4 October 2021), should clarify whether
statins are effective and safe in advanced cirrhosis. Growing evidence support the role
of bacterial translocation and systemic inflammation as key drivers of cirrhosis progres-
sion and ACLF development. On this pathophysiological background, the association
of an agent effective in preventing bacterial translocation (rifaximin) and a drug with
anti-inflammatory properties (simvastatin) could provide a dual effect able to counteract
disease progression. It is important to emphasize that although there have been no safety
issues in patients with compensated cirrhosis, statin pharmacokinetic is markedly altered
in patients with decompensated liver disease [110], with a very high risk of muscle toxicity
compared to the general population [110]. Very recent data from the LiverHope double-
blind dose-finding safety trial showed that a dose of 20 mg/day was associated with no
muscle toxicity [114].

3.5. Human Albumin

The well-established recommendations for human albumin (HA) use in patients
with decompensated cirrhosis pertain to conditions characterized by an acute worsening
of effective volemia. Indeed, one-shot or short-term HA administration is employed to
prevent paracentesis-induced circulatory dysfunction (PICD), prevent renal dysfunction
induced by SBP, and diagnose and treat HRS in association with vasoconstrictors [2,115].

The oncotic properties of HA make it an optimal candidate to correct or attenuate
effective hypovolemia. However, HA exerts several functions not related to its oncotic
properties. These pleiotropic functions include binding of damaging molecules, modulating
inflammation and immune responses, exerting antioxidant activity, improving cardiac
function, and restoring endothelial integrity [116]. Therefore, from a pathophysiological
perspective, HA could act as a multitarget agent, potentially modifying the clinical course
of decompensated cirrhosis. Such an approach would imply long-term HA administration.

In 2018, two RCTs and one prospective observational study evaluated the efficacy
of long-term HA in patients with ascites, opening new perspectives for the treatment of
decompensated cirrhosis [117–119]. The ANSWER study [117], a multicenter open-label
RCT, enrolled patients with uncomplicated grade 2 or 3 ascites. Those patients included in
the active arm of the study received 40 g of HA per week for the initial two weeks, then
40 g weekly for a maximal duration of 18 months. The primary endpoint of the study was
reached, as patients receiving HA had a significantly better 18-month overall survival, with
a 38% reduction in mortality hazard ratio. Moreover, the management of ascites became
easier, as the need for paracentesis and the incidence of refractory ascites were reduced by
about 50%. HA administration also lowered the incidence rate of the major complications
of cirrhosis. As a result, patients receiving albumin needed fewer and shorter liver-related
hospitalizations and preserved their quality of life. Similar results were also reported by a
single-center, prospective, non-randomized study in patients with refractory ascites [118].
In contrast, the MACHT study [119], a multicenter placebo-controlled RCT performed in
patients with ascites waitlisted for liver transplantation, showed no differences in either the
probability of developing complications or death between patients treated or not with HA.

These divergent results should not advise against long-term HA use in decompensated
patients. Contrariwise, their comparison provides essential information about patients to
be treated and, mainly, the dose and schedule of HA administration. The ANSWER and
the MACHT studies differed in terms of design, baseline patient characteristics, length of
follow-up, and dosage and timing of albumin administration. A consequence of the lower
amount of HA given to patients enrolled in the MACHT trial was that serum albumin
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concentration remained steady throughout the follow-up [119]. In contrast, serum albumin
concentration rose by 0.7–0.8 g/L to almost 4 g/dL in the ANSWER study [117]. A post-hoc
analysis of the latter trial showed that on-treatment serum albumin concentration at one
month predicts the probability of 18-month overall survival, which was greater than 90%
in patients whose serum albumin concentration reached levels 4 g/dL [120]. Baseline
serum albumin and MELD score value independently predicted the achievement of this
threshold. This would imply that patients with severe hypoalbuminema and very high
MELD score should receive greater amounts of HA to achieve the best results [120]. Two
other pieces of evidence support the importance of steadily increasing serum albumin
concentration beyond a certain level. First, in the pilot-PRECIOSA study, only a “high
dose” of HA (1.5 g/kg b.w. every week) made serum albumin rise to a concentration
close to 4 g/dl, while a lower dose (1 g/kg b.w. every 10 days) failed to normalize serum
albumin in most cases. Notably, only patients who received the high HA dose improved
their cardiocirculatory function [121]. Second, a serum albumin concentration greater than
4 g/dL is physiologically present in more than 90% of healthy adult individuals [122].

The recently published ATTIRE Trial [123], an open-label, multicenter RCT which
included hospitalized patients with acute decompensation of cirrhosis (with or without
ACLF) deserves some comments. In this study, albumin was administered for up to 14 days
with the goal to maintain a serum albumin level >3.0 g/dL. No differences were observed
in the incidence of infections, renal dysfunction, and death between the two study arms.
Moreover, some safety concerns have been raised, mainly due to a higher incidence of fluid
overload and pulmonary edema in treated patients. Therefore, albumin administration
does not appear to modify the short-term course of cirrhosis in severely ill patients admitted
to hospital for an acute complication, at least with the dose and schedule of administration
chosen in the ATTIRE study. So far, indeed, the efficacy of short-term albumin use has been
demonstrated only in patients with SBP or HRS. Acutely ill hospitalized patients, however,
represent a completely different clinical setting compared to chronic administration to
stable decompensated patients.

In conclusion, there is growing evidence that long-term HA administration can modify
the natural history of decompensated cirrhosis, thus acting as a DMAC rather than a specific
treatment for ascites and their acute complications. Future studies are warranted to better
characterize patient subgroups who could benefit the most from this novel approach.
There is also a need to go beyond a fixed dosage and schedule of HA administration,
ideally tending to an individualized and patient-tailored approach. Future investigations
should prove or challenge this hypothesis and other open issues, including the definition of
stopping rules and the cost-effectiveness (in settings other than Italy [117]) of this relatively
demanding treatment in terms of logistics and patient adherence.

3.6. Granulocyte Colony-Stimulating Factor

Several RCTs assessed the effects of granulocyte colony-stimulating factor (G-CSF),
either alone or in combination with bone marrow stem cell transplantation, in patients with
acute alcoholic hepatitis (AH) and/or ACLF and in patients with more stable decompen-
sated cirrhosis. Among the pleiotropic effects of GCS-F, the stimulation of liver regeneration
and the improvement in immune dysfunction have been proposed as the mechanisms
of action [124]. A recent meta-analysis including 7 RCTs [125–131] in patients with AH
and/or ACLF showed a significant benefit of 90-day survival in favor of G-CSF [132].
However, these results were not confirmed by another analysis [133]. Conclusions are also
challenging due to the high heterogeneity of the studies and by the different outcomes
found in Europe and Asia [132].

Similar results have been reported in RCTs assessing G-CSF in patients with more sta-
ble decompensated cirrhosis. Studies from India provided positive results [134–137]. In con-
trast, a trial performed in the United Kingdom showed no improvement in MELD score at
three months with G-CSF, with or without hematopoietic stem-cell infusion (CD133+) [138].
Moreover, there was an increase in adverse events and sepsis.
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RCTs demonstrating the efficacy of G-CSF in European and US cohorts are needed
if G-CSF is to be considered a therapeutic option in the future. Aspects to be evaluated
include the ideal dose and schedule of administration, the duration of therapy, the use
of combinatorial therapies, the identification of the most appropriate target population,
a better understanding of the mechanisms of action, including those potentially adverse,
and, finally, understanding whether geographical differences affect the response.

4. Controversial Areas and Future Perspectives

Based on the data reported above, no treatments are so far available to effectively
manage patients with cirrhosis, especially in the decompensated stage of the disease.
Besides various etiological treatments, that in patients with compensated cirrhosis can
often prevent decompensations and complications, no solid data support the efficacy as
a DMAC of any currently available treatment for decompensated patients. Indeed, some
interventions given to treat/prevent a specific complication or comorbidities appear to
act as a DMAC (i.e., albumin or TIPS) or have the potential to act (i.e., rifaximin, NSBBs,
statins, G-CSF) in certain subgroups of patients.

Since the goal of a DMAC is to halt or at least slow down the progression of the
disease, or even partially revert decompensation, its efficacy should be tested by RCTs with
patients’ survival as a primary endpoint. However, the very large sample size required to
reveal statistically significant differences forces researchers to use alternative “surrogate
primary endpoints”, such as the incidence of complications and/or ACLF. These latter
events, however, would work better as secondary endpoints, which should also include
hospitalizations, quality of life, and cost-effectiveness of treatment [11,12]. Unfortunately,
up to now, very few published RCTs have addressed the above endpoints. Examples of
such trials are the ANSWER and MACTH trials on albumin [117,119] or the NORFLOCIR
trial on norfloxacin [77]. In contrast, the low-quality data generated by a long series
of observational studies and small-scale RCTs, which even fairly consistently show an
improvement in survival and incidence of complications [84–93], have to date precluded the
use of rifaximin beyond the evidence-based indication of the prevention of HE recurrence.
As a result, in the future reliable and conclusive data on DMACs can only derive from
multicenter, possibly international, well-designed and adequately powered RCTs, thus
highlighting the importance of scientific consortia for promoting and coordinating these
research projects.

Moreover, due to the complexity and heterogeneity of patients included in the defi-
nition of decompensated cirrhosis, some interventions could act as DMAC only in well-
defined subgroups of patients. An example is given by albumin, which has been found
effective in the ANSWER trial, if administered long-term in patients with stable decom-
pensated cirrhosis and persistent grade 2 or 3 uncomplicated ascites [117], but not in the
ATTIRE study, which enrolled severe and acutely decompensated patients admitted to hos-
pital, with or without ACLF [123]. In addition to the target population, other open issues
for any intervention include transferability to daily clinical practice, the definition of dosage
and schedule of administration, factors guiding treatment, temporary or permanent stop-
ping rules, the use of combinatorial approaches, cost-effectiveness for healthcare systems,
and access to treatment worldwide. Hopefully, some ongoing RCTs will clarify whether
the course of decompensated cirrhosis could be positively impacted in well-defined groups
of patients by drugs or interventions that are currently used for more limited indications
(NCT04072601, NCT03780673, NCT02401490, NCT03451292).

The increasing understanding of the pathophysiological mechanisms underlying
decompensated cirrhosis and leading to hepatic and extra-hepatic organ failure could
potentially provide new interventions, drugs, and biological substances. Novel candi-
date DMACs should be able to target gut microbiota or key mechanisms in the patho-
genetic network of gut-liver axis, systemic inflammation, and immune dysfunction. One
such approach, which is already under development, aims to antagonize a crucial up-
stream step of the inflammatory cascade by TAK-242, an inhibitor of toll-like receptor 4
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(TLR4) [139], which binds the circulating pathogen-associated molecular patterns (PAMPs),
such as lipopolysaccharides (LPS) and gram-negative endotoxins [140], as well as damage-
associated molecular patterns (DAMPs), such as cleaved nucleosomes, histones, and
high-mobility group box 1 proteins (HMGB1) [141].

In the context of acutely decompensated disease with an abnormal burst of systemic
inflammation, interesting perspectives could derive from studies assessing albumin-based
extracorporeal liver assist devices. The molecular adsorbent recirculating system (MARS)
and Prometheus provided proof of concept that such a strategy could be successful but
did not show improvement in survival [142–144]. A novel device, DIALIVE, has been
developed to remove and replace the damaged albumin while also removing DAMPs
and PAMPs [145]. A multicenter RCT (NCT03065699) aiming to assess the safety and
performance of DIALIVE in patients with ACLF has been recently completed and positive
results have been publicly announced. Moreover, as an extension of this concept, another
phase III, multicenter, RCT on plasma exchange in patients with ACLF (NCT03702920) is
currently ongoing. Their results are eagerly needed to improve the management of these
severe acute patients.

The identification of new DMACs will be also aided by innovative research technolo-
gies and approaches, such as high throughput -omics techniques and systems medicine
analysis. When applied to large cohorts of patients with detailed clinical data, treatment
history and outcome as well as biological samples, these approaches will support the iden-
tification or development of new DMACs and biomarkers to predict patient prognosis and
response to therapies, such as the DECISION project (www.decision-for-liver.eu, accessed
on 4 October 2021) is currently pursuing in the perspective of personalized medicine.

The next decade will reveal whether patients with cirrhosis, especially in its decompen-
sated stage, could benefit from treatments that globally manage their disease by reducing
the occurrence of complications and ACLF, preventing hospitalization, and ultimately
improving survival and quality of life, as already occurs for other impactful diseases.
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Abstract: Ascites represents a critical event in the natural history of liver cirrhosis. From a prognostic
perspective, its occurrence marks the transition from the compensated to the decompensated stage of
the disease, leading to an abrupt worsening of patients’ life expectancy. Moreover, ascites heralds a
turbulent clinical course, characterized by acute events and further complications, frequent hospital-
izations, and eventually death. The pathophysiology of ascites classically relies on hemodynamic
mechanisms, with effective hypovolemia as the pivotal event. Recent discoveries, however, inte-
grated this hypothesis, proposing systemic inflammation and immune system dysregulation as key
mechanisms. The mainstays of ascites treatment are represented by anti-mineralocorticoids and loop
diuretics, and large volume paracentesis. When ascites reaches the stage of refractoriness, however,
diuretics administration should be cautious due to the high risk of adverse events, and patients
should be treated with periodic execution of paracentesis or with the placement of a trans-jugular
intra-hepatic portosystemic shunt (TIPS). TIPS reduces portal hypertension, eases ascites control, and
potentially modify the clinical course of the disease. Further studies are required to expand its indica-
tions and improve the management of complications. Long-term human albumin administration
has been studied in two RCTs, with contradictory results, and remains a debated issue worldwide,
despite a potential effectiveness both in ascites control and long-term survival. Other treatments
(vaptans, vasoconstrictors, or implantable drainage systems) present some promising aspects but
cannot be currently recommended outside clinical protocols or a case-by-case evaluation.

Keywords: decompensated cirrhosis; portal hypertension; effective hypovolemia; anti-mineralocorticoids;
loop diuretics; vaptans; TIPS; human albumin

1. Introduction

The development of ascites is the most frequent decompensation event in patients with
liver cirrhosis. Five to ten percent of patients with compensated cirrhosis per year develop
ascites, an event that represents a cornerstone in the natural history of the disease, so that
it has become accustomed considering it the hallmark of the transition to decompensated
cirrhosis [1]. Indeed, it often marks the border between a stable and a turbulent clinical
course, burdened with acute events of decompensation, including acute-on-chronic liver
failure (ACLF), bacterial infections, and frequent hospitalizations, thus determining a
dramatic worsening in quality of life and prognosis [2]. Consequently, 5-year survival
drops from ~80% in compensated patients to ~30% after ascites onset, and the overall
median survival is around two years [1].

Such unfavorable prognosis can be explained—at least partially—by considering that
ascites development results from the concurrence of multiple and interrelated pathogenetic
mechanisms, involving splanchnic and systemic hemodynamics, along with liver and
extrahepatic organs dysfunction (mainly kidney and heart) [3]. Therefore, the onset of
ascites presupposes that such abnormalities have reached a critical threshold.
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In this context, an appropriate treatment of ascites is a crucial goal in managing
patients with cirrhosis [4]. Preventing ascites onset and controlling its evolution means
offering the patients a better quality of life, reducing the incidence of acute decompensations
and emergency hospitalizations, and improving survival, thus also leading to a more
appropriate long-term allocation of healthcare resources [4].

The present review, after a brief recall of the main pathogenetic mechanisms un-
derlying decompensation and ascites formation in patients with cirrhosis, will discuss
the currently available approaches for ascites management, along with some emerging
perspectives and areas for future research.

2. Pathophysiology of Ascites and Decompensation

The classical pathophysiological paradigm of ascites formation in patients with liver
cirrhosis relies on the so-called peripheral arterial vasodilatation hypothesis [5]. The pri-
mary event is the progressive disruption of the normal structure of the liver that leads
to portal hypertension as a result of the increased intrahepatic vascular resistance and
sinusoidal pressure. In turn, portal hypertension favors the production of endogenous
vasodilating substances, such as nitric oxide (NO), endocannabinoids, and carbon monox-
ide (CO), that exert their action on systemic vascular resistances, mainly affecting the
splanchnic arteriolar bed which becomes abnormally dilated. Because of this dysregulated
splanchnic vasodilation, effective hypovolemia develops. Effective hypovolemia is the
crucial event in the pathogenetic cascade of decompensation in patients with liver cirrhosis,
as it causes the activation of neuro-humoral systems able to promote vasoconstriction and
renal retention of sodium and water, such as the renin–angiotensin–aldosterone (RAA) axis,
the sympathetic nervous system (SNS), arginine–vasopressin (ADH), thus producing a
compensatory increase in cardiac output. As the disease progresses and these mechanisms
are sustained over time, the exhaustion of left ventricular function and the development
of cirrhotic cardiomyopathy could lead to an impairment of cardiac output and a further
decrease of effective volemia, thus leading to peripheral hypoperfusion and contributing
to multi-organ failure [5].

This pathophysiological interpretation, however, does not fully explain all the clinical
manifestations of decompensated cirrhosis, with the subsequent need to integrate it with
new fundamental discoveries. In recent years, indeed, newly available evidence led to
consider systemic inflammation and immune system activation as major drivers of organ
impairment and failure in decompensated cirrhosis [3]. The key event is a dysregulated ac-
tivation of the immune system from two major drivers: first, portal hypertension increases
intestinal mucosal permeability and favors the translocation from gut lumen of pathogen-
associated molecular patterns (PAMPs), such as bacterial products, lipopolysaccharide
(LPS), and bacterial DNA [6], and, second, the chronic liver damage with hepatocyte
necrosis releases circulating damage-associated molecular patterns (DAMPs), intracellular
components released by dying or damaged host cells [7]. The resulting increased produc-
tion of cytokines and other proinflammatory molecules, reactive oxygen species (ROS)
and vasodilating substances can cause peripheral organ damage and failure via tissue
hypoperfusion, immune-mediated tissue damage, and mitochondrial dysfunction [3]. The
detailed discussion of these complex mechanisms, however, falls beyond the scope of this
review.

3. Diagnosis of Ascites

Cirrhosis and portal hypertension are the main causes of ascites, accounting for
about 80% of cases in Western countries, but many other etiologies, such as malignancies,
congestive heart failure, nephrotic syndrome, or tuberculosis, may be responsible of ascites
formation [8]. Previous patient’s history, physical examination, laboratory tests, abdominal
ultrasound and diagnostic paracentesis are therefore recommended in all patients with
new onset ascites [4].
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A serum–ascites albumin gradient (SAAG) of 1.1 mg/dL or above is suggestive of
the presence of portal hypertension and helps to discriminate the underlying condition
when the causative disease is unclear [9]. Therefore, in case of paracentesis, ascitic total
protein and albumin concentration should be measured. Moreover, neutrophil count
and ascitic fluid culture should be routinely performed to exclude spontaneous bacterial
peritonitis (SBP), a severe and potentially life-threatening complication in patients with
decompensated cirrhosis [4,10]. To notice, an ascitic total protein concentration below
1.5 mg/dL may identify patients at high risk for SBP development, so that a long-term
antibiotic prophylaxis could be considered [11,12]. Other ascitic fluid analysis (e.g., cytology
or culture for mycobacteria) could be performed, depending on clinical suspicion [4].

As regards a quantitative classification, ascites could be graded as mild, moderate, or
severe (grade 1 to 3) according to the total amount of fluid in the abdomen [8].

4. Management of Uncomplicated Ascites

With the term “uncomplicated ascites” it is generally defined any ascites that is not
refractory, not infected nor associated with renal failure (i.e., hepatorenal syndrome) [8].
Grade 1 (or mild) ascites does not generally require a specific treatment since only few data
on its long-term evolution and prognosis are available, nor clear evidence on the effects of
therapies on its natural history [4,13]. In patients developing grade 2 (moderate) ascites, a
specific treatment should be initiated [4].

4.1. Dietary Salt Restriction

As a positive sodium balance is a major determinant of ascites accumulation, the
reduction of dietary salt intake and the increase of renal sodium excretion are the two
cornerstones of moderate ascites management. Dietary salt restriction should be suggested
with caution and carefully supervised: although low-sodium diets can induce or support
ascites resolution in a portion of patients [14], an extreme or exaggerated salt restriction
could even favor hyponatremia and renal failure [15], along with a worsening in nutritional
status, due to a reduced calories intake and impaired food palatability [16]. Therefore,
international guidelines currently recommend a moderate salt restriction (medium intake
of 80–120 mmol/day), mainly to avoid excessive intake [4].

4.2. Diuretic Therapy

The initiation of a diuretic therapy has the goal to induce natriuresis and consequently
a negative sodium balance. From a mechanistic point of view, diuretics can be considered
symptomatic treatments, not clearly affecting the general course of the disease, since they
act downstream in the pathophysiological cascade. As already reported, the main patho-
genetic mechanism of renal sodium retention in patients with decompensated cirrhosis and
preserved renal perfusion is secondary hyperaldosteronism [17]. Therefore, the mainstays
of ascites treatment so far are the anti-mineralocorticoid drugs, such as spironolactone,
canrenone or potassium-canrenoate, at the initial dose of 100 mg/day, up to a maximum of
400 mg/day [4]. These drugs block the aldosterone pathway in the distal convoluted tubule
through a slow action (involving cytosolic and nuclear receptors), so that the natriuretic
effect begins after 72 h from the first dose and dose changes should be managed accordingly.
If patients could not be treated with anti-mineralocorticoids due to intolerance or severe
adverse effects, amiloride could be used. Amiloride acts on aldosterone pathway in the
renal collecting duct, but it is less effective than spironolactone [18].

As a second step, in non-responder patients (defined as subjects presenting a weight
loss of less than 2 kg/week or side effects such as hyperkalemia) or in patients with
long lasting ascites, a combination therapy should be considered, adding loop diuret-
ics (furosemide at a starting dose of 25–40 mg, and up to 160 mg in 25–40 mg steps) to
anti-mineralocorticoids [4]. Indeed, as portal hypertension progresses, proximal tubule
sodium reabsorption becomes relatively prevalent due to the activation of RAAS and
SNS and reduced renal perfusion [19]. Therefore, combining loop diuretics to anti-
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mineralocorticoids has been demonstrated to be more effective in controlling ascites than
anti-mineralocorticoids alone, also preventing serum potassium alterations [20]. In patients
showing an inadequate response to furosemide, torasemide can be considered, as it showed
a more effective natriuresis in one randomized trial [21].

The target of therapy in patients with moderate to severe ascites is a weight loss of
maximum 0.5 kg/day in patients without peripheral edema, and of maximum 1 kg/day in
patient with peripheral edema, to avoid the development of renal impairment and adverse
effects, such as hyponatremia [22]. In parallel with the effective mobilization of ascites
(i.e., its consistent reduction until resolution), diuretic therapy dosage should be gradually
reduced to the minimal effective dose [4].

In case of high dose diuretic therapy, especially at the beginning, patients should be
frequently monitored to notice adverse effect (Table 1). The most common side effects of
furosemide are hyponatremia and hypokalemia, while anti-mineralocorticoids can lead
to hyperkalemia and painful gynecomastia. Moreover, diuretic-induced rapid reduction
of extracellular volume or electrolyte imbalance can favor the occurrence of other severe
complications such as overt HE, acute kidney injury (AKI) until renal failure, and muscle
cramps. According to the severity of side effects, dose reduction or even temporary
interruption of diuretic therapy could be necessary [4] (Table 1).

Table 1. Complications and adverse events related to diuretic therapy and recommendations on
diuretics management according to major international guidelines [4].

Adverse Event/Complication Recommendations

Renal failure or acute kidney injury
Discontinuation (or at least reduction)
of diuretic therapy

Overt hepatic encephalopathy
Severe hyponatremia (<125 mmol/L)
Incapacitating muscle cramps

Severe hyperkalemia (>6 mmol/L) Anti-mineralocorticoids withdrawal

Severe hypokalemia (<3 mmol/L) Loop diuretics withdrawal

4.3. Therapeutic Paracentesis

In patients developing grade 3 (severe/tense) ascites, large volume paracentesis (LVP)
represents the treatment of choice due to its efficacy and low rate of complications [4]. The
procedure is associated with a very low risk of bleeding, even in patients with altered
international normalized ratio (INR > 1.5) and platelet count < 50,000/microl [23]. LVP
should be avoided in patients with disseminated intravascular coagulation; moreover,
no evidence supports the routine use of fresh frozen plasma or pooled platelets before
LVP execution in case of mild or moderate coagulopathy [4]. Although not routinely
recommended by international guidelines, the use of bedside ultrasound guidance can
reduce the incidence of adverse events, particularly in settings where LVPs are performed
by non-physician healthcare providers [24].

After drainage of large volumes of ascitic fluid (especially > 5 L), plasma volume
expansion is recommended to avoid paracentesis-induced circulatory dysfunction (PICD),
a severe syndrome due to the acute worsening of effective hypovolemia and the consequent
increase in plasma renin activity, leading to renal failure, severe hyponatremia, hepatic
encephalopathy (HE), and eventually death [25]. Human albumin, at the recommended
dose of 8 g per liter of tapped ascites, has been demonstrated to be the plasma expander of
choice and should be administered to all patients undergoing LVP [4,25]. Other plasma
expanders (such as dextran-70, polygeline, or saline solution) show similar efficacy in pre-
venting PICD compared to albumin only in case of small volume paracentesis (<5 L) [26,27].
Drainage of less than 5 L could require human albumin administration in case of concomi-
tant of acute-on-chronic liver failure (ACLF) or in patients at high risk of renal failure
development [24,28].
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4.4. Referral for Liver Transplantation

All patients with cirrhosis and grade 2 or 3 ascites should be considered for liver trans-
plantation (LT) [4,24]. The presence of hyponatremia, a reduced renal sodium excretion
and glomerular filtration rate, and hypotension are all predictors of mortality in these
patients [29]. Therefore, a major issue in this setting is the appropriate prioritization for
organ allocation, since nor Child–Pugh score, nor MELD/MELD-Na score fully reflects the
potentially poor prognosis of patients with ascites [30,31]. Indeed, in case of an excessive
time on waitlist for LT, decompensated patients could develop further complications and
severe acute events (mainly infections) leading to a significant clinical deterioration. The
development of innovative and specific prognostic tools for patients with ascites is a major
objective for future research.

5. Management of Refractory Ascites

Refractory ascites (RA) is generally defined as “ascites that cannot be mobilized or
the early recurrence of which (i.e., after LVP) cannot be satisfactorily prevented by medical
treatment” [8], both for a progressive lack of response to diuretic therapy (diuretic-resistant
RA) and for the development of diuretics-related complications (diuretic-intractable RA).
To notice, the diagnostic criteria for RA should be evaluated in clinically stable patients,
without recent acute complications. Recurrent ascites, which is defined as ascites that
recurs at least three times within 1 year despite dietary sodium restriction and adequate
diuretic dosage, could be a forerunner of RA, although its natural history and prognostic
significance are only partially known [8,13].

Besides challenges in the therapeutic management of patients, RA also dramatically
worsen patients’ prognosis, reducing the median survival to about six months. Therefore,
a prompt evaluation for LT or the immediate referral to a transplant center are strongly
recommended for any patients with RA [4,32]. In this regard, as already reported, a major
problem is the appropriate patient prioritization on the waitlist. Indeed, the main liver
function parameters could often be only moderately altered, so that the main prognostic
scores (Child-Pugh and MELD/MELD-Na) do not fully reflect patient urgency. Some
proposals have been made to refine patients’ priority and improve organ allocation. This
is the case, for example, of the Italian Score for Organ allocation (ISO), that introduce
some “MELD exceptions” and provide additional points to patients, based on specific
complications that heavily affect prognosis and ease further complications [33].

Periodic execution of LVPs is generally agreed to be the treatment of choice—both
effective and safe—for patients with RA [4,32]. Plasma volume expansion with albumin
(8 g/L of tapped ascites) should always follow any LVP to prevent PICD [34]. A lower dose
of albumin (4 g/L of tapped ascites) has been proposed in patients undergoing paracentesis
of less than 5 L of ascites drained [35]. According to the major guidelines, in these cases the
use of albumin could be administered on a case-by-case basis (e.g., patients at risk of renal
impairment or failure) [4,32].

As regards diuretic therapy, it should be modulated or withdrawn due the high
risk of diuretic-related adverse effects, such as worsening in glomerular filtration rate
and electrolytes disturbances [8]. Instead, non-selective beta-blockers (NSBBs) could
be administered unless severe hypotension, hyponatremia or renal failure develop, as
clarified in the BAVENO VI consensus [36]; to note, carvedilol is not recommended at this
stage [4,37].

6. Trans-Jugular Intra-Hepatic Portosystemic Shunt

Currently recommended therapeutic strategies for patients with decompensated cir-
rhosis and ascites act downstream on the complex pathophysiological cascade leading
from portal hypertension to ascites development. Indeed, the mainstays of ascites treat-
ment, anti-mineralocorticoids, loop diuretics and LVPs, can be considered symptomatic
treatments from a mechanistic point of view. The trans-jugular intra-hepatic portosys-
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temic shunt (TIPS), conversely, addresses portal hypertension, a key upstream event in the
pathophysiology of decompensated cirrhosis.

TIPS consists of creating an artificial shunt between portal and hepatic vein, thus
decreasing portal hypertension. Currently, the main clinical settings for the use of TIPS
are the management of variceal bleeding and the control of refractory ascites [38]. TIPS
leads to an increase in cardiac output and a decrease in systemic vascular resistance.
Therefore, it causes an improvement in effective hypovolemia and renal perfusion, thus
inducing natriuresis [39]. In clinical practice, however, the main contentious points on TIPS
placement remain the identification of target patients and appropriate timing for its use.
The main side effect of TIPS is the occurrence or worsening of HE [40]; moreover, major
possible complications are related to dysfunction due to stent stenosis or thrombosis [41].
The introduction of polytetrafluoroethylene (PTFE)-covered stent, currently the standard of
care, instead of bare stent grafts has been shown to significantly reduce these risks [42,43].
Absolute and relative contraindications to TIPS placement are reported in Table 2.

Table 2. Contraindications to TIPS placement.

Absolute Contraindications Relative Contraindications

Very advanced disease (Child-Pugh > 13) Hepatic tumors
(especially if centrally located)

Overt or recurrent hepatic encephalopathy Obstruction of all hepatic veins

Congestive heart failure History of episodic hepatic encephalopathy

Severe tricuspid regurgitation Portal vein thrombosis

Severe pulmonary hypertension
(mean pulmonary pressure > 45 mmHg) Severe thrombocytopenia (<20,000/microL)

Polycystic liver disease Mild/moderate pulmonary hypertension

Active systemic infection or sepsis

Unrelieved biliary obstruction

In patients with decompensated cirrhosis and ascites, seven RCTs [44–50] compared
TIPS to LVPs plus albumin, the standard of care for patients with RA, showing a superior
efficacy in controlling ascites in all of them. However, beyond a beneficial effect on ascites,
the trials showed slightly different results. Indeed, TIPS positively affected survival when
performed using PTFE-covered stents [50] and in patients with a less advanced disease [49]
or recurrent’/recidivant’ ascites not fulfilling criteria for refractory ascites [45,48,50]. At the
same time, TIPS placement requires great caution and a careful selection of target patients,
because of the high risk of adverse events, such as hepatic encephalopathy, liver failure, and
cardiac dysfunction [38]. The use of smaller diameter stents (6–8 mm of diameter instead
of standard 10 mm) seems promising for the expansion of TIPS indications, since they
showed a similar efficacy with a lower incidence of adverse events, likely by preventing
excessive shunting [42,43].

In summary, addressing a key pathophysiological mechanism as portal hypertension,
TIPS eases ascites control and shows a great potential in increasing patients’ survival.
However, two factors currently limit its widespread use in clinical practice: First, available
studies evaluated TIPS efficacy in patients with portal hypertensive bleeding or difficult-to-
treat/refractory ascites; its impact in patients with clinically significant portal hypertension
but without these complications has never been assessed. Second, the occurrence of severe
TIPS-related complications often prevents its placement in patients with RA refractory
ascites. The use of small diameter covered stent may help in overcoming these limitations.

7. Long-Term Human Albumin Administration

Albumin use in patients with cirrhosis is currently recommended for the treatment or
prevention of conditions characterized by an acute worsening of effective volemia: its well-
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established indications are the prevention of paracentesis-induced circulatory dysfunction
(PICD), of renal dysfunction induced by SBP, and the diagnosis and treatments of HRS
in association with vasoconstrictors [4,32]. Indeed, with its oncotic properties, albumin
can counteract effective hypovolemia, a central event in cirrhosis pathophysiology. At
the same time, albumin molecule exerts several functions not related to its oncotic power
(the so called non-oncotic properties), including antioxidant activities, binding with many
endogenous and exogenous substances, modulation of immune response and inflammation,
restoration of endothelial integrity, and cardiac function [51]. These pleiotropic effects
make it a multitarget agent in a mechanistic perspective, thus supporting a potential role
in modifying the long-term clinical course of decompensated cirrhosis.

Recently, the ANSWER trial [52] showed for the first time that long-term albumin
administration, on top of a standard diuretic therapy, could be a novel therapeutic ap-
proach for patients with cirrhosis and grade 2–3 uncomplicated ascites. Indeed, albumin
administration obtained a 38% reduction in 18-month mortality hazard ratio, eased the
management of ascites (with a 50% reduction in the need for LVPs and RA diagnosis)
and reduced the incidence of major complications of cirrhosis [52]. Following the positive
results of the ANSWER trial, a single-center non-randomized trial showed that long-term
human albumin administration could improve 24-month survival in patients with RA [53].
The results of the ANSWER trial have been challenged by the MACHT trial, that did
not obtain differences between the two arms, both in survival and in the incidence of
complications of cirrhosis [54]. However, instead of simply advise against long-term al-
bumin use, the careful comparison of the two studies can provide essential information
for its appropriate use [55]. The different results could be at least partially explained by
differences in disease severity of patients enrolled (slightly less severe in the ANSWER
trial), and dosage and duration of albumin treatment (higher and longer, respectively, in
the ANSWER trial) (Table 3).

Table 3. Comparison of the two available RCTs on long-term albumin use for decompensated cirrhosis and ascites [52,54].

Feature of the Study Answer Trial [51] Macht Trial [53]

Study design Randomized
Open label

Randomized
Placebo-controlled

Number of patients 431 (218 HA/213 SMT) 173 (87 HA/86 SMT)

Baseline MELD score 12/13 17/18

Albumin dose 40 g weekly (with a loading dose of 40 g
twice a week for the first 2 weeks)

40 g every 2 weeks
(+midodrine)

Duration of treatment 17.6 (8.0–18.0) months § 63 days ‡

Effects on albumin concentration Increase in SA level (0.6–0.8 g/dL)
in about 4 weeks No changes in SA levels

Outcomes of the interventional arm Reduction of mortality
and complications of cirrhosis

No effect on mortality
or complications

§ duration of follow-up in the treated group according to reverse Kaplan–Meier method; ‡ median duration of follow up in the treated
group. HA, human albumin; SMT, standard medical treatment; MELD, model for end-stage liver disease; SA, serum albumin.

One of the most important findings of the ANSWER trial was the increase of serum
albumin concentration (by approximately 0.6–0.8 g/dL), leading to the normalization of
albuminemia (up to close 4 g/dL) in treated patients [52]. This result was further explored
in a post hoc analysis [56] that showed two interesting findings: first, the best 18-month
survival probability (greater than 90%) was obtained by patients reaching an on-treatment
serum albumin concentration of at least 4 g/dL (not only a normalization above 3.5 g/dL);
second, baseline MELD score and serum albumin value independently predicted the
achievement of this threshold. Consequently, it could be assumed that patients with severe
hypoalbuminemia and high MELD score could require greater amounts of albumin to
obtain long-term beneficial effects. Last, the serum albumin threshold of 4 g/dL was not
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arbitrarily assumed, as such a concentration represents the normal serum albumin level in
healthy individuals in their eighth or even ninth decade [57].

In summary, growing evidence support long-term albumin use in patients with decom-
pensated cirrhosis and ascites, showing a potential role in modifying the natural history
of the disease, beyond the treatment of ascites or other specific complications. Further
studies are needed to better characterize target subgroups, who could benefit the most
from this innovative approach, and to establish different dosages and schedules of albu-
min administration, ideally tending to an individualization of treatment. However, the
effectiveness of chronic albumin administration is still a debated issue worldwide, and the
major international guidelines do not recommend long-term albumin as an established
treatments [4,32]. The only exception, so far, is represented by the recently released Italian
clinical practice guidelines [58], that include albumin among the medical treatment options
for decompensated patients with ascites.

8. Other Proposed Treatments for Ascites

8.1. Vaptans

Vaptans antagonize vasopressin by blocking V2 receptors in the renal collecting
ducts, thus inducing diuresis without excretion of electrolytes [59]. Their use in managing
ascites with hyponatremia is controversial. Indeed, these drugs improved serum sodium
concentration in patients with hyponatremia and eased ascites control, according to two
metanalyses [60,61], although no benefits were demonstrated on cirrhosis complications or
mortality. However, a small single-center real-life study did not show the effectiveness of
vaptans in patients with severe hyponatremia [62], perhaps due to reduced response to the
treatment related to renal impairment, common in advanced cirrhosis. So far, the available
studies did not demonstrate a clear survival benefit of vaptans in patients with ascites.
Interestingly, a non-randomized single-center clinical trial showed an improvement in
survival in a subgroup of patients, treated with Tolvaptan and a low-dose of furosemide [63].
Although interesting, these results need further confirmations to be generalized.

The European Medicines Agency (EMA) approved the administration of vaptans only
for the syndrome of inappropriate antidiuretic hormone secretion (SIADH). On the other
hand, the Food and Drug Administration (FDA) also included heart failure and cirrhosis,
until 2013. In 2013, indeed, cases of severe hepatic damage occurred in patients with
autosomal dominant polycystic renal disease treated with vaptans in a trial [64], so that
FDA currently do not recommend the use of vaptans in patients with liver disease.

In conclusion, no evidence currently supports the routine use of vaptans in patients
with cirrhosis and ascites. Moreover, according to some clinical practice guidelines, vaptans
should only be administered for a short period of time in hospital setting with strict
electrolytes monitoring, due to the risks of a rapid sodium correction [4,65].

8.2. Midodrine and Clonidine

Splanchnic vasodilation plays a major role in the development and maintenance of
effective hypovolemia, a key step in the pathophysiology of ascites in cirrhosis. Therefore,
the use of vasopressor such as midodrine, an alfa-adrenergic agonist, could theoretically
help in the management of ascites. Indeed, in non-azotemic patients with ascites, mido-
drine showed an increase in mean arterial pressure and in renal sodium excretion, with a
decrease in plasma renin activity and aldosterone [66]. Two small RCTs showed benefits of
midodrine in the control of ascites [67,68], although larger studies are needed to confirm
these findings. A possible alternative is clonidine, an alfa-2-adrenergic agonist which
blocks RAA and SNS activity and, in association with diuretics, may enhance diuretic
response [69,70]. Based on the currently available evidence, however, the use of midodrine
or clonidine in patients with cirrhosis and ascites could not be recommended and should
be considered only on a case-by-case basis.
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8.3. Automated Low-Flow Ascites Pump (Alfapump)

The Alfapump is a subcutaneously implanted battery-powered programmable pump
connected to catheters that move ascites from the peritoneal cavity to the bladder, from
which it is eliminated with urine. It could be considered, in experienced centers, for
patients with RA and contraindications to TIPS placement. The available evidence shows
that Alfapump can reduce the need for LVPs and improve patients’ quality of life and
nutritional status [71,72]. However, important side effects have been reported and deserve
consideration. First, device-related infective complications are relatively frequent (mainly
SBPs and urinary tract infections) [73]; the routine use of antibiotic prophylaxis reduced
their occurrence, but long-term antibiotic administration remains a debated issue in patients
with decompensated cirrhosis. Second, renal impairment or failure develop in a proportion
of patients [73,74], probably as a form of PICD due to the continuous ascites tapping without
albumin use. Intermittent albumin administration has been proposed but its efficacy (as
well as its dose and timing) needs to be demonstrated in clinical trials. Moreover, no
survival benefit of Alfapump has been showed so far [73]. In conclusion the routine use of
Alfapump is currently not an established option in patients with cirrhosis and refractory
ascites.

9. Conclusions

Currently recommended treatments for ascites are based on symptomatic measures,
aiming to excrete the excess of water and sodium by the kidney (with diuretics) or directly
drain ascites from the abdomen (with LVPs). Alternative approaches, like vasoconstrictors
(i.e., midodrine) or automated drainage systems (i.e., alfapump) present some promising
aspects but did not show clear and undoubted beneficial effects, so far.

Future research should focus on pathophysiological treatments, able to treat or prevent
ascites in a wider context, ideally modifying the long-term clinical course of the disease,
thus improving survival and quality of life for patients [75]. Such measures could derive
from a better knowledge—and extended use—of currently available treatment (e.g., TIPS
and albumin administration), from the repurposing or repositioning of existing drugs [76],
or even from the development of innovative approaches or molecules.
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Abstract: (1) Backgrounds and aim: Tolvaptan, a selective vasopressin type 2 receptor antagonist,
was approved for ascites, and its short-term efficacy and safety have been confirmed. However, it is
still unclear whether this novel drug may improve long-term survival rates in cirrhotic patients with
ascites. (2) Patients and methods: A total of 206 patients who responded insufficiently to conventional
diuretics and were hospitalized for refractory ascites for the first time were retrospectively enrolled
in this study. Among them, the first 57 consecutive patients were treated with conventional diuretics
(the conventional therapy group); the latter 149 consecutive patients were treated with tolvaptan in
addition to the conventional therapy (the tolvaptan group). (3) Results: The exacerbation of renal
function was significantly milder in the tolvaptan group than in the conventional therapy group. The
prognostic factors for survival in the tolvaptan group were being male, having hyperbilirubinemia,
having a high blood urea nitrogen (BUN), and receiving high-dose furosemide at the start of tolvaptan
treatment. The one-year and three-year cumulative survival rates were 67.8 and 45.3%, respectively,
in patients with low-dose furosemide (<40 mg/day) at the start of tolvaptan treatment. The prognosis
was significantly better in the tolvaptan group with low-dose furosemide than in the conventional
therapy group (p < 0.001). (4) Conclusion: Tolvaptan can improve survival in patients with cirrhotic
ascites, especially when tolvaptan is started before high-dose furosemide administration.

Keywords: tolvaptan; cirrhotic ascites; survival rate; furosemide

1. Introduction

Progression of liver diseases is characterized by a large decrease in the excretion of uri-
nary sodium and accumulation of retained fluid within the abdominal cavity. For patients
with liver cirrhosis who have ascites, current guidelines recommend the administration of
a diuretic drug if the efficacy of sodium intake restriction is inadequate [1,2]. Conventional
diuretics are natriuretic drugs that block sodium reabsorption in the nephrons, increasing
renal sodium excretion to achieve a negative sodium balance [3,4]. Although ascites can
be controlled through the restriction of sodium intake and administration of a natriuretic
medication, some patients with ascites develop resistance to conventional therapy, which
is referred to as refractory ascites (RA). For the treatment of diuretic-intractable ascites,
an effective diuretic dosage has not yet been determined because of the development of
severe diuretic-related side effects [5]. The strategy for treating ascites refractory to diuretic
therapy has still not been established.

Recently, several studies have evaluated the effects of aquaretic drugs, such as tolvap-
tan, for treating ascites resistant to conventional diuretics [6,7]. Tolvaptan, which blocks
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arginine vasopressin (AVP) from binding to V2 receptors in the distal nephrons and thus
restricts water reabsorption, is an ideal aquaretic drug for the treatment of hyponatremia
in conditions associated with increased circulating levels of antidiuretic hormones, such as
decompensated liver cirrhosis [8,9]. Tolvaptan was approved on September 2013 in Japan,
and many investigators have reported that tolvaptan is effective against RA for a short
time and have shown many parameters predictive of its effectiveness [10–12]. However, it
remains unclear whether a combination therapy with natriuretic and aquaretic medications
is more effective than the conventional therapy with a natriuretic medication for patients
with liver cirrhosis who have ascites for an extended time. It is also unknown when
tolvaptan should be used in combination with conventional diuretics. Administration
of conventional diuretics for an extended time causes activation of the renin-aldosterone
system and, finally, worsens renal function. The one-year probability of survival after
developing RA was reported to be approximately 30%, and the mean survival was only
seven ± two days in patients developing hepatorenal syndrome [13]. It is important that
patients with RA do not develop renal dysfunction. To clarify these issues, we compared
the effects of combination diuretic therapy with conventional diuretic therapy in cirrhotic
ascites patients.

2. Materials and Methods

The primary outcome was the overall survival, and the secondary outcomes were the
prognostic factors for survival and contributing factors to a good response to tolvaptan.
A total of 206 patients who responded insufficiently to conventional diuretics and who were
hospitalized for RA for the first time were retrospectively enrolled in this study. The first
57 consecutive patients were treated with conventional diuretics and intravenous albumin
administration between January 2010 and November 2013 (for approximately four years)
in the conventional therapy group; a historical control was used for the group without
administration of tolvaptan, which we treated only with conventional diuretics. The
latter 149 consecutive patients were treated with tolvaptan in addition to the conventional
therapy between December 2013 and December 2018 (for five years) in the tolvaptan group.
In the conventional therapy group, the dose of furosemide or spironolactone was basically
increased; sometimes, ascitic fluid was removed and a human serum albumin preparation
was dripped intravenously. In the tolvaptan group, tolvaptan was administered without
increasing conventional diuretics, and all other treatments were identical to those in the
conventional therapy group. The initial administration dose of tolvaptan was 3.75 mg, and
the dose was increased to 7.5 mg if ascites was not improved. We usually continue to treat
tolvaptan, thus, the duration of treatment is the same as the observation period. The initial
therapeutic effect of tolvaptan is defined as the “body weight [decreasing] by 1.5 kg or
more within a week from the start of tolvaptan administration” [14]. The tolvaptan group
was next divided into two groups according to the administration dose of furosemide on
admission (<40 mg/day, low-dose furosemide group; ≥40 mg/day, high-dose furosemide
group) (Figure 1).

The study observation period was from 1 January 2010 to 31 December 2019. The
starting point was the hospitalization day. The conventional therapy group was treated
with increasing conventional diuretics and/or administration of intravenous albumin
and/or removing ascites (n = 57). The tolvaptan group was started on tolvaptan without
increasing conventional therapy (n = 149).

Liver function was examined at least every two months, and imaging (computed
tomography, ultrasound, or magnetic resonance imaging) results were evaluated every
three months. This study was approved by the ethics committee of Osaka-Rosai Hospital.

Data were analyzed using the statistical software JMP 11.0.1 (SAS Institute, Tokyo,
Japan), and the data are presented as means ± SEs. Data from the two groups were
compared using unpaired t-tests. Multiple comparisons were performed by the Cox
proportional hazards regression test; p < 0.05 was considered statistically significant. The
log-rank test was used to assess the cumulative incidence rates for survival.
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Figure 1. Scheme of this study.

3. Results

3.1. Changes in Renal Function after Hospitalization for the First Time in the Conventional
Therapy Group and the Tolvaptan Group

The characteristics of the 206 patients with ascites treated with diuretics are shown
in Table 1. A higher BUN value and lower sodium concentration were observed in the
tolvaptan group than in the conventional group, and no significant differences aside from
these factors were found in the clinical backgrounds of patients in the two groups. For
safety, adverse events (AEs) were found to be similar in approximately 20% of the patients
in each group, but different types of AEs were observed; the conventional group had renal
dysfunction (12.2%), hepatic encephalopathy (5.2%), and general fatigue (3.5%), while the
tolvaptan group had thirst (8.7%), general fatigue (5.3%), and appetite loss (4.0%). We next
evaluated changes in renal function after hospital admission due to RA, because patients
with ascites gradually become unresponsive to conventional diuretics, followed by renal
dysfunction after administration of furosemide and spironolactone. Both the BUN and
creatinine values gradually increased in the conventional therapy group over the course of
one year, but they remained at an almost normal range in the tolvaptan group (Figure 2).
The occurrence of hepatorenal syndrome was 58% and 11% during one year, in the control
group and the tolvaptan group, respectively (p < 0.001). Tolvaptan was reported to cause
hypernatremia after treatment, and thus, changes in sodium were examined, but sodium
levels did not change at all in these two groups.

Figure 2. Serial changes in the serum concentration of BUN, creatinine, and sodium in the conven-
tional therapy group and the tolvaptan group. Solid line: the conventional therapy group; dotted
line: the tolvaptan group. Asterisks indicate significant differences (* p < 0.01 compared with the
value recorded before treatment).
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Table 1. Clinical backgrounds in the conventional therapy group and the tolvaptan group enrolled in this study.

Conventional Group Tolvaptan Group p-Value

Cases 57 149

Mean Age 70.7 ± 11.3 72.6 ± 10.4 0.26

Gender (Male/Female) 33/24 94/55 0.47

AST (U/L) 67.1 ± 33.2 66.3 ± 20.0 0.97

ALT (U/L) 44.2 ± 30.3 44.5 ± 50.7 0.98

gGTP (U/L) 87.1 ± 104.5 61.9 ± 80.0 0.44

ALP (IU/mL) 418 ± 183 486 ± 280 0.43

Total Bilirubin (mg/dL) 1.92 ± 1.40 2.67 ± 4.51 0.23

Albumin (g/dL) 2.79 ± 0.42 2.69 ± 0.45 0.15

PT Activity (%) 57.8 ± 16.7 59.9 ± 17.4 0.45

Creatinine (mg/dL) 1.04 ± 0.91 1.08 ± 0.53 0.70

BUN (mg/dL) 20.1 ± 11.9 26.0 ± 18.9 0.028

Na (mEq/L) 137.1 ± 2.4 134.3 ± 3.9 0.021

K (mEq/L) 3.96 ± 0.72 4.09 ± 0.82 0.63

AFP (ng/mL) Median 232 159 0.78

PIVKA-2 (mAU/mL) Median 227 274 0.40

Child-Pugh Score 8.8 ± 1.3 8.7 ± 1.3 0.75

Child-Pugh Status (B/C) 31/26 83/66 0.75

Administration Dose of Furosemide (mg) 34.2 ± 35.6 (0–240) 29.3 ± 22.3 (0–120) 0.23

Administration Dose of Spironolactone (mg) 34.7 ± 25.8 (0–100) 28.8 ± 22.2 (0–100) 0.11

Administration Period of Conventional Diuretics (Months) 24.2 ± 21.3 22.8 ± 29.2 0.43

HCC (Past History) 19 41 0.13

HCC (First Six Months) 3 8 0.95

HCC (Presence/Absence) 33/24 89/60 0.06

Marked with bold the p-value of BUN and Na are significantly different among two groups. Abbreviations: AST, aspartate aminotransferase;
ALT, alanine amino transferase; gGTP, γ-glutamyl transpeptidase; ALP, alkaline phosphatase; PT, prothrombin; BUN, blood urea nitrogen;
AFP, α-fetoprotein; PIVKA-2, protein induced by vitamin K absence; HCC, hepatocellular carcinoma.

3.2. Overall Survival in the Conventional Therapy Group and the Tolvaptan Group

We investigated the overall survival (OS) regarding the admission day as the starting
point in the two groups and found that OS at one and two years in all patients were
43.6% and 30.6%, respectively. As shown in Figure 3, OS at one and two years in the
tolvaptan group and in the conventional therapy group were 46.2% and 35.4%, and 36.8%
and 19.9%, respectively. The prognosis was statistically insignificant between these two
groups (p = 0.38).
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Figure 3. Comparison of cumulative survival rates between the conventional therapy group and the
tolvaptan group.

3.3. A Critical Contributory Factor to the Good Response to Tolvaptan

Not all patients with ascites respond to tolvaptan, and many predictive factors have
been reported. A good response to tolvaptan is defined as a 1.5 kg decrease in body
weight after one week of treatment, as shown above. The good response rate based on this
definition was 65.8%. We investigated predictive factors and univariately analyzed age,
gender, and laboratory data (including AVP, aldosterone, renin, urine osmolality (U osm),
and plasma osmolality (P osm), and found that five factors (creatinine, BUN, potassium,
Child-Pugh score, and administration period of conventional diuretics) were positively
associated (Table 2). A multivariate analysis revealed that only low BUN (<20 mg/dL:
p = 0.005) was a critical contributory factor to the good response to tolvaptan, which was
consistent with the findings of the START study [11].

Table 2. Contributing factors to a good response to tolvaptan. A good response to tolvaptan is defined as a 1.5 kg decrease
in body weight after one week of treatment.

Univariate Analysis Multivariate Analysis

OR p-Value OR p-Value

Age (Older Than 70 Years) 2.02 0.07

Gender (Female) 1.16 0.675

Total Bilirubin (<2 mg/dL) 1.97 0.234

Albumin (>2.8 g/dL) 1.82 0.10

PT Activity (>70%) 1.23 0.56

Creatinine (<1.1 mg/dL) 3.12 0.0015 1.42 0.46

BUN (<25 mg/dL) 4.43 <0.0001 3.59 0.005

Na (>135 mEq/L) 2.10 0.1050

K (<4.0 mEq/L) 2.58 0.0416 1.12 0.65

U osm (≤400 mOSM/L) 1.71 0.3049

P osm (>280 mOSM/L) 1.04 0.9398

AVP (≤2.5 pg/mL) 1.83 0.3967

Aldosterone (≤200 pg/mL) 1.40 0.6128

Renin Activity (≤5.0 ng/mL/h) 1.08 0.9021

Child-Pugh Score (≤10) 2.34 0.0297 1.94 0.20

Administration Dose of Furosemide (≤40 mg) 1.48 0.267

Administration Dose of Spironolactone (≤50 mg) 1.02 0.967

Administration Period of Conventional Diuretics (<Two Years) 2.76 0.0462 1.72 0.24

HCC (Presence) 2.03 0.058

Abbreviations. PT, prothrombin; BUN, blood urea nitrogen; U osm, urine osmolality; P osm, plasma osmolality; AVP, arginine vasopressin;
HCC, hepatocellular carcinoma.
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3.4. The Prognostic Factors for Survival in the Tolvaptan Group

We next examined the prognostic factors among age, gender, renal and liver functions,
administration dose of furosemide or spironolactone, and the presence/absence of HCC
in the tolvaptan group. As shown in Table 3, a univariate analysis revealed that the prog-
nostic factors were being male, having hyperbilirubinemia, having a high BUN, receiving
high-dose furosemide at the start of tolvaptan treatment, and the presence of hepatocel-
lular carcinoma (HCC). Finally, a multivariate analysis of these five factors clarified that
the prognostic factors were being male (OR 1.59, p = 0.049), having hyperbilirubinemia
(>2 mg/dL, OR 1.89, p = 0.009), having a high BUN (>25 mg/dL, OR 1.67, p = 0.031), and
receiving high-dose furosemide (≥40 mg/day, OR 2.63, p < 0.001).

Table 3. The prognostic factors for survival in the tolvaptan group.

Univariate
Analysis

Multivariate
Analysis

OR p-Value OR p-Value

Age (Older Than 70 Years) 1.40 0.16

Gender (Male) 1.42 0.013 1.59 0.049

Total Bilirubin (>2 mg/dL) 1.73 0.0158 1.89 0.009

Albumin (<2.8 g/dL) 1.39 0.15

PT Activity (<70%) 1.56 0.076

Creatinine (>1.1 mg/dL) 1.43 0.12

BUN (>25 mg/dL) 1.67 0.024 1.67 0.031

Administration Dose of Furosemide (≥40 mg) 3.20 < 0.001 2.63 < 0.001

Administration Dose of Spironolactone (≥50 mg) 1.32 0.22

HCC (Presence) 1.73 0.0164 1.47 0.11

Abbreviations: PT, prothrombin; BUN, blood urea nitrogen; HCC, hepatocellular carcinoma.

3.5. The Prognosis in the Tolvaptan Group with Low- or High-Dose Furosemide and the
Conventional Therapy Group

The dose of furosemide administered was one of the most important prognostic
factors, thus, the tolvaptan group was divided into two groups according to the dose of
furosemide at the start of tolvaptan treatment (<40 mg/day, low-dose furosemide group;
≥40 mg/day, high-dose furosemide group). The clinical backgrounds of these two groups
and the conventional therapy group are shown in Table 4. Renal function had already
worsened in the high-dose furosemide group compared to that in the other groups, and
there were no differences except renal function between the low-dose furosemide group
and the conventional therapy group.

As shown in Figure 4, OS at one and two years in the tolvaptan group with low-dose
furosemide and in the conventional therapy group were 67.8% and 52.8% and 36.8% and
19.9%, respectively. The prognosis was significantly better in the low-dose furosemide
group than in the conventional therapy group (log-rank test p < 0.0001).

This result shows the possibility that tolvaptan can improve survival in patients with
cirrhotic ascites, especially in those whose tolvaptan treatment was started before high-dose
furosemide administration.

The overall survival rate was better in the tolvaptan group with low-dose furosemide
than in the conventional therapy group or in the tolvaptan group with high-dose furosemide
(log-rank test p < 0.001).
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Table 4. Clinical backgrounds in the two tolvaptan groups. The tolvaptan group was divided into
two groups according to the dose of furosemide administered on admission (<40 mg/day, low-dose
furosemide group; ≥40 mg/day, high-dose furosemide group).

Tolvaptan Group

p-ValueHigh-Dose
Furosemide

Low-Dose
Furosemide

Cases 72 77

Mean Age 72.8 ± 10.3 72.3 ± 10.5 ns

Gender (Male/Female) 44/28 50/27 ns

Total Bilirubin (mg/dL) 2.69 ± 3.43 2.66 ± 5.34 ns

Albumin (g/dL) 2.64 ± 0.49 2.73 ± 0.39 ns

PT Activity (%) 59.3 ± 17.1 60.4 ± 17.7 ns

Creatinine (mg/dL) 1.14 ± 0.54 1.02 ± 0.52 ns

BUN (mg/dL) 29.9 ± 21.1 22.4 ± 15.8 0.014

Administration Dose of Furosemide (mg) 45.8 ± 15.2 16.5 ± 7.4 <0.001

Administration Dose of Spironolactone (mg) 33.3 ± 26.2 24.5 ± 16.5 0.0015

HCC (Presence/Absence) 49/23 40/37 ns

Abbreviations: PT, prothrombin; BUN, blood urea nitrogen; HCC, hepatocellular carcinoma.

Figure 4. Comparison of cumulative survival rates among the conventional therapy group and the
tolvaptan groups with low- or high-dose furosemide.

4. Discussion

We have experienced difficulties with and inadequacies in conventional diuretic
treatments in patients with cirrhotic ascites. Although the deterioration of renal function is
frequently observed with conventional diuretic therapy, renal dysfunction has been shown
to be related to poor prognosis. The therapeutic strategy for cirrhotic ascites has changed
drastically since tolvaptan was approved in 2013 [15]. Tolvaptan, an oral AVP V2 receptor
antagonist, has been used as a new diuretic for ascites in combination with conventional
diuretics. It is unknown whether this novel drug may help with the maintenance of renal
function and improve long-term survival rates in cirrhotic patients with ascites. Tolvaptan
has been reported to be quite effective against RA for a short time [7,15]. Thus, it was
difficult to do a randomized controlled trial for a longer time.
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The prognosis was statistically insignificant between the conventional therapy group
and the tolvaptan group in this study. There were two reasons for the negative result. First,
the tolvaptan group had a higher BUN value and lower serum sodium than those in the
conventional therapy group. A higher BUN was associated with renal dysfunction. Low
serum sodium was also related to an increased risk of death in patients with cirrhosis [16].
These clinical backgrounds might adversely affect the result. Second, a higher BUN showed
not only renal dysfunction, but also unresponsiveness to tolvaptan. Tolvaptan is quite
effective, but not all patients with cirrhotic ascites respond to this new drug. As BUN
values worsened, patients were less likely to respond to tolvaptan [11]. The patients with
higher BUN levels are presumed not to have enough water in their blood vessels to be
excreted by tolvaptan, or to have worse renal perfusion, thus, tolvaptan is not effective in
patients with higher BUN levels [17].

OS among patients with HCC and without HCC in this cohort was investigated, and
we found that it is significantly better in the HCC (−) group than in the HCC (+) group
(Supplementary Figure S1). However, the prognostic factor among patients with refractory
ascites was gender (male), liver function (high value of total bilirubin), renal function (high
value of BUN), and administration dose of furosemide (high dose of furosemide), but not
the presence of HCC in the multivariate analysis. Patients with refractory ascites have
poor liver and renal function, and, in that case, the prognosis might not depend on the
presence/absence of HCC.

Tolvaptan can control RA, and, as a result, it leads to a good prognosis when it is
started before high-dose furosemide administration. There are some reasons why tolvaptan
improves OS in patients with ascites. First, it can decrease hepatic ascites and body fluid
retention without worsening renal function, as shown in this manuscript. Before tolvaptan
can be used, we had to increase the dose of conventional diuretics, which was finally
followed by renal dysfunction. Second, tolvaptan can control RA more quickly than
the conventional therapy, and, as a result, the nutritional status of patients may rapidly
improve. Skeletal muscle mass decreases with age, especially in patients with liver cirrhosis
(LC). Sarcopenia is characterized by the loss of muscle mass and is significantly associated
with mortality in patients with LC [18]. Improvement in nutritional status can suppress
the reduction of muscle mass, and it might be related to a good prognosis. On the other
hand, loop diuretics directly suppress the differentiation of myofibroblasts, and sarcopenia
in patients with LC may be attributable to treatment with loop diuretics [19]. Third, as
tolvaptan can control ascites, the number of complications of decompensated cirrhosis
(such as spontaneous bacterial peritonitis) decreases, and patients do not need to be in
the hospital.

Not all patients with ascites respond to tolvaptan. The effectiveness rate has been
reported to be approximately 50–60%, and non-responders have a poor prognosis, which
is similar to those who are treated with conventional diuretics [11]. The present study
showed that tolvaptan should be started before the BUN value becomes too high in order
to reduce the number of non-responders. This high BUN value implies not only renal
dysfunction, but also the deterioration of osmotic pressure in the renal interstitium, which
is mainly caused by the administration of high-dose loop diuretics. Thus, we should be
careful not to give high-dose loop diuretics in order to obtain a good response to tolvaptan.

Some investigators have already reported the efficacy and safety of tolvaptan. Uchida
has shown that the ascites-related events-free duration was prolonged following tolvaptan
treatment compared with that before treatment [20]. Kogiso also explained the impact
of continued administration of tolvaptan and proved that long-term tolvaptan treatment
increased serum levels of albumin, decreased ammonia levels, and preserved renal func-
tion [21]. We have never found a study in which the OS was compared between the
tolvaptan group and the conventional therapy group in more than 200 patients with
refractory ascites for more than four years.
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5. Conclusions

This is the first report to reveal that tolvaptan can improve survival, especially when
tolvaptan treatment is started before high-dose furosemide administration. Therapy for RA
has drastically changed, and clinicians give tolvaptan early for RA rather than increasing
the doses of conventional diuretics. The limitations of this study are the small number of
patients and the retrospective nature of this study. Prospective and double-blind studies
should be better, but tolvaptan has been reported to be quite effective in short-term and
long-term administration. It might be difficult to prove it by prospective study.

Supplementary Materials: The following are available online at https://www.mdpi.com/2077-038
3/10/2/294/s1, Figure S1: Comparison of cumulative survival rates between the tolvaptan group
with HCC and without HCC.

Author Contributions: A.H.: study concept and design, acquisition of data; T.T., T.O., M.A., K.O.,
Y.W., Y.K., T.Y. (Toshio Yamaguchi), Y.S., M.H., and T.Y. (Takuya Yamada), acquisition of data; N.H.,
analysis and interpretation of data, funding procurement. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the ethics committee of Osaka-Rosai Hospital (protocol
20150024, the date of approval; 5 September 2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is contained within the article or Supplementary Materials.

Acknowledgments: We are grateful to Shokura H, Izutani Y and Kuyama Y (our medical assistants)
for collecting the large amounts of data analyzed in this study. This study was supported by a
Grant-in-Aid for Research on Hepatitis from the Ministry of Health, Labor, and Welfare of Japan and
the Japan Agency for Medical Research and Development (17fk0210106h0901).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Runyon, B.A. Introduction to the revised American Association for the Study of Liver Diseases Practice Guideline management
of adult patients with ascites due to cirrhosis 2012. Hepatology 2013, 57, 1651–1653. [CrossRef]

2. Fukui, H. Gut-liver axis in liver cirrhosis: How to manage leaky gut and endotoxemia. World J. Hepatol. 2015, 7, 425–442.
[CrossRef]

3. Schuppan, D.; Afdhal, N.H. Liver cirrhosis. Lancet 2008, 371, 838–851. [CrossRef]
4. Gines, P.; Cardenas, A.; Arroyo, V.; Rodes, J. Management of cirrhosis and ascites. N. Engl. J. Med. 2004, 350, 1646–1654. [CrossRef]
5. Salerno, F.; Guevara, M.; Bernardi, M.; Moreau, R.; Wong, F.; Angeli, P.; Garcia-Tsao, G.; Lee, S.S. Refractory ascites: Pathogenesis,

definition and therapy of a severe complication in patients with cirrhosis. Liver Int. 2010, 30, 937–947. [CrossRef]
6. Okita, K.; Kawazoe, S.; Hasebe, C.; Kajimura, K.; Kaneko, A.; Okada, M.; Sakaida, I. Dose-finding trial of tolvaptan in liver

cirrhosis patients with hepatic edema: A randomized, double-blind, placebo-controlled trial. Hepatol. Res. 2014, 44, 83–91.
[CrossRef]

7. Sakaida, I.; Kawazoe, S.; Kajimura, K.; Saito, T.; Okuse, C.; Takaguchi, K.; Okada, M.; Okita, K. Tolvaptan for improvement
of hepatic edema: A phase 3, multicenter, randomized, double-blind, placebo-controlled trial. Hepatol. Res. 2014, 44, 73–82.
[CrossRef] [PubMed]

8. Jaber, B.L.; Almarzouqi, L.; Borgi, L.; Seabra, V.F.; Balk, E.M.; Madias, N.E. Short-term efficacy and safety of vasopressin receptor
antagonists for treatment of hyponatremia. Am. J. Med. 2011, 124, 977.e1–977.e9. [CrossRef]

9. Schrier, R.W.; Gross, P.; Gheorghiade, M.; Berl, T.; Verbalis, J.G.; Czerwiec, F.S.; Orlandi, C.; Investigators, S. Tolvaptan, a selective
oral vasopressin V2-receptor antagonist, for hyponatremia. N. Engl. J. Med. 2006, 355, 2099–2112. [CrossRef] [PubMed]

10. Kawaratani, H.; Fukui, H.; Moriya, K.; Noguchi, R.; Namisaki, T.; Uejima, M.; Kitade, M.; Takeda, K.; Okura, Y.; Kaji, K.; et al.
Predictive parameter of tolvaptan effectiveness in cirrhotic ascites. Hepatol. Res. 2017, 47, 854–861. [CrossRef] [PubMed]

11. Sakaida, I.; Terai, S.; Kurosaki, M.; Yasuda, M.; Okada, M.; Bando, K.; Fukuta, Y. Effectiveness and safety of tolvaptan in liver
cirrhosis patients with edema: Interim results of post-marketing surveillance of tolvaptan in liver cirrhosis (START study).
Hepatol. Res. 2017, 47, 1137–1146. [CrossRef] [PubMed]

83



J. Clin. Med. 2021, 10, 294

12. Atsukawa, M.; Tsubota, A.; Kato, K.; Abe, H.; Shimada, N.; Asano, T.; Ikegami, T.; Koeda, M.; Okubo, T.; Arai, T.; et al. Analysis
of factors predicting the response to tolvaptan in patients with liver cirrhosis and hepatic edema. J. Gastroenterol. Hepatol. 2018,
33, 1256–1263. [CrossRef] [PubMed]

13. Planas, R.; Montoliu, S.; Balleste, B.; Rivera, M.; Miquel, M.; Masnou, H.; Galeras, J.A.; Gimenez, M.D.; Santos, J.; Cirera, I.; et al.
Natural history of patients hospitalized for management of cirrhotic ascites. Clin. Gastroenterol. Hepatol. 2006, 4, 1385–1394.
[CrossRef] [PubMed]

14. Hiramine, Y.; Uojima, H.; Nakanishi, H.; Hiramatsu, A.; Iwamoto, T.; Kimura, M.; Kawaratani, H.; Terai, S.; Yoshiji, H.; Uto, H.;
et al. Response criteria of tolvaptan for the treatment of hepatic edema. J. Gastroenterol. 2018, 53, 258–268. [CrossRef]

15. Sakaida, I.; Yamashita, S.; Kobayashi, T.; Komatsu, M.; Sakai, T.; Komorizono, Y.; Okada, M.; Okita, K. Efficacy and safety of a
14-day administration of tolvaptan in the treatment of patients with ascites in hepatic oedema. J. Int. Med. Res. 2013, 41, 835–847.
[CrossRef]

16. Londono, M.C.; Cardenas, A.; Guevara, M.; Quinto, L.; de Las Heras, D.; Navasa, M.; Rimola, A.; Garcia-Valdecasas, J.C.;
Arroyo, V.; Gines, P. MELD score and serum sodium in the prediction of survival of patients with cirrhosis awaiting liver
transplantation. Gut 2007, 56, 1283–1290. [CrossRef]

17. Sakaida, I.; Terai, S.; Kurosaki, M.; Okada, M.; Hirano, T.; Fukuta, Y. Real-world effectiveness and safety of tolvaptan in
liver cirrhosis patients with hepatic edema: Results from a post-marketing surveillance study (START study). J. Gastroenterol.
2020, 55, 800–810. [CrossRef]

18. Hanai, T.; Shiraki, M.; Nishimura, K.; Ohnishi, S.; Imai, K.; Suetsugu, A.; Takai, K.; Shimizu, M.; Moriwaki, H. Sarcopenia impairs
prognosis of patients with liver cirrhosis. Nutrition 2015, 31, 193–199. [CrossRef]

19. Mandai, S.; Furukawa, S.; Kodaka, M.; Hata, Y.; Mori, T.; Nomura, N.; Ando, F.; Mori, Y.; Takahashi, D.; Yoshizaki, Y.; et al. Loop
diuretics affect skeletal myoblast differentiation and exercise-induced muscle hypertrophy. Sci. Rep. 2017, 7, 46369. [CrossRef]

20. Uchida, Y.; Tsuji, S.; Uemura, H.; Kouyama, J.; Naiki, K.; Sugawara, K.; Nakao, M.; Inao, M.; Nakayama, N.; Imai, Y.; et al.
Furosemide as a factor to deteriorate therapeutic efficacy of tolvaptan in patients with decompensated cirrhosis. Hepatol. Res
2020, 50, 1355–1364. [CrossRef]

21. Kogiso, T.; Sagawa, T.; Kodama, K.; Taniai, M.; Tokushige, K. Impact of continued administration of tolvaptan on cirrhotic
patients with ascites. BMC Pharmacol. Toxicol. 2018, 19, 87. [CrossRef] [PubMed]

84



Journal of

Clinical Medicine

Review

Recent Advances in the Management of Acute
Variceal Hemorrhage

Alberto Zanetto 1, Sarah Shalaby 1, Paolo Feltracco 2, Martina Gambato 1, Giacomo Germani 1,

Francesco Paolo Russo 1, Patrizia Burra 1 and Marco Senzolo 1,*

Citation: Zanetto, A.; Shalaby, S.;

Feltracco, P.; Gambato, M.; Germani,

G.; Russo, F.P.; Burra, P.; Senzolo, M.

Recent Advances in the Management

of Acute Variceal Hemorrhage. J. Clin.

Med. 2021, 10, 3818. https://doi.org/

10.3390/jcm10173818

Academic Editors: Pierluigi Toniutto

and Hidekazu Suzuki

Received: 30 July 2021

Accepted: 24 August 2021

Published: 25 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 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 (https://

creativecommons.org/licenses/by/

4.0/).

1 Gastroenterology and Multivisceral Transplant Unit, Department of Surgery, Oncology, and Gastroenterology,
Padova University Hospital, Via Giustiniani 2, 35128 Padova, Italy; alberto.zanetto@yahoo.it (A.Z.);
sarahshalaby18@gmail.com (S.S.); martina.gambato@gmail.com (M.G.); germani.giacomo@gmail.com (G.G.);
francescopaolo.russo@unipd.it (F.P.R.); burra@unipd.it (P.B.)

2 Anesthesiology and Intensive Care Unit, Department of Medicine, Padova University Hospital,
35128 Padova, Italy; paolo.feltracco@unipd.it

* Correspondence: marcosenzolo@hotmail.com

Abstract: Gastrointestinal bleeding is one of the most relevant causes of death in patients with
cirrhosis and clinically significant portal hypertension, with gastroesophageal varices being the most
frequent source of hemorrhage. Despite survival has improved thanks to the standardization on
medical treatment aiming to decrease portal hypertension and prevent infections, mortality remains
significant. In this review, our goal is to discuss the most recent advances in the management
of esophageal variceal hemorrhage in cirrhosis with specific attention to the treatment algorithms
involving the use of indirect measurement of portal pressure (HVPG) and transjugular intrahepatic
portosystemic shunt (TIPS), which aim to further reduce mortality in high-risk patients after acute
variceal hemorrhage and in the setting of secondary prophylaxis.

Keywords: cirrhosis; decompensation; bleeding; varices; survival; infection

1. Introduction

Gastrointestinal (GI) bleeding is the second most frequent decompensating event in
cirrhosis [1], with gastroesophageal varices representing the most frequent source of bleed-
ing. Despite significant advances in the management of this complication, development
of acute variceal hemorrhage (VH) is still associated with a six-week mortality risk of
~15–20% [2]. In patients who recover from VH, the risk of rebleeding is influenced by the
treatment of underlying portal hypertension, with ~60% of untreated patients that will
experience recurrent bleeding within on to two years, in contrast with only ~30% of those
receiving therapies that lower portal pressure [3].

In this review, we discuss the management of patients with cirrhosis presenting with
esophageal VH, including both treatment of the acute event (first section) and strategies
to prevent recurrent hemorrhage (second section). The management of gastric variceal
hemorrhage requires specific consideration and has been recently reviewed in depth
elsewhere [4], therefore, it will not be included in the present review.

2. Control of Hemorrhage

The main goals of therapy in hospitalized patients with cirrhosis presenting with acute
upper GI bleeding are (a) to control bleeding and (b) to prevent early rebleeding and death.
Management can be divided into general measures, before the source of bleeding has been
identified, and specific measures, once upper endoscopy has determined that hemorrhage
is from esophageal varices.

J. Clin. Med. 2021, 10, 3818. https://doi.org/10.3390/jcm10173818 https://www.mdpi.com/journal/jcm
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2.1. General Measures

In combination with initial systemic stabilization (i.e., protection of circulatory and
respiratory status) and start of intravenous proton pump inhibitors (PPIs), as in any
patient hospitalized with upper GI bleeding, specific nuances in the management of
patients with cirrhosis include a restrictive transfusion strategy and the use of prophylactic
antibiotic therapy [5–8]. Additional measures include management of both coagulopathy
and therapy with PPIs. For patients with alcohol-related liver disease, immediate and
sustained cessation of alcohol consumption is particularly important to improve liver
function and reduce risks of further bleeding, decompensation and mortality by reducing
liver damage and portal pressure [9].

2.1.1. Blood Transfusion Strategy

The main driver for development of esophageal VH is clinically significant portal
hypertension [10]. In a way, the acute loss of intravascular volume due to bleeding re-
duces splanchnic pressure and may lead to self-limitation or self-interruption of active
hemorrhage. By contrast, a sudden restitution of intravascular volume is associated with a
rebound increase in portal pressure, which in turn may lead to failure to control bleeding
and/or early rebleeding [11]. In a seminal randomized control trial (RCT), a “restrictive”
transfusion strategy (hemoglobin threshold for transfusion of 7 g/dL with target range
of 7–9 g/dL) was associated with a significantly higher probability of survival compared
with a “liberal” strategy (hemoglobin threshold for transfusion of 9 g/dL with target range
of 9–11 g/dL) [12]. Therefore, current guidelines recommend initiating transfusions in
cirrhosis when hemoglobin levels decrease to <7 g/dL, with a target level of 7–9 g/dL [5–8].

Restitution of intravascular volume should be managed with large peripheral lines
(16–18 gauges), and blood loss has to be replaced by red blood packed cells [8]. Replace-
ment of fluids and electrolytes is important to prevent pre-renal acute kidney injury, which
is common in cirrhosis with GI bleeding and is associated with increased mortality [13].
Nephrotoxic drugs such as nonsteroidal anti-inflammatory drugs, non-selective beta-
blockers (NSBBs), and other hypotensive drugs may be suspended during the acute course
of VH [6]. As occurrence of acute decompensation may be associated with instability in the
feeble hemostatic balance of decompensated cirrhosis, the need for invasive procedures
should be evaluated carefully on an individual basis. As discussed below, clotting factors
may be replaced only to correct an eventual dilutional coagulopathy, whereas there is
no indication to prophylactically correct a prolonged prothrombin time or a low platelet
count [5–8].

2.1.2. Antibiotic Prophylaxis

Bacterial infections are observed in up to 50% patients with cirrhosis hospitalized
for GI bleeding, and are associated with strong risks of failure to control bleeding, early
re-bleeding and mortality [14–16]. A recent meta-analysis including 12 studies compar-
ing antibiotic prophylaxis vs. either placebo or no intervention demonstrated that the
administration of prophylactic antibiotics was associated with reduced all-cause mortality
(relative risk (RR): 0.79, 95% CI: 0.63–0.98), infection-driven mortality (RR: 0.43, 95% CI:
0.19–0.97), risk of bacterial infection (RR: 0.35, 95% CI: 0.26–0.47), rebleeding (RR: 0.53,
95% CI: 0.38–0.74), and length of stay (mean difference −1.9 days, 95% CI: −3.8–0.02) [17].
Therefore, a timely, short-term course of prophylactic antibiotics is an important step in the
management of patients with cirrhosis and VH, and shall be instituted as early as possible
upon admission, before upper endoscopy [5–8].

Whether severity of cirrhosis affects the importance of prophylaxis is unclear. In
fact, while the role of prophylaxis is incontrovertible in patients with most advanced liver
dysfunction (Child B and C), in those with less advanced liver disease conflicting data
have been reported. In one retrospective analysis, Child A patients had lower risks of
infection in the absence of prophylaxis (2%), and no difference in mortality was observed
in treated vs. non treated patients [18]. The same study showed that the use of antibiotics
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was associated with a substantial reduction in mortality in Child C class [18]. However,
prospective data are required to evaluate whether antibiotic prophylaxis can be avoided
in Child A and current recommendation is to administer prophylaxis in all patients with
cirrhosis presenting with VH, independent of child [5–8].

Intravenous ceftriaxone (1 g/24 h) for 7 days is the first choice in patients belonging
to Child B and C classes, in those who were on quinolone prophylaxis, and in hospitals
in which there is a high frequency of quinolone-resistant bacteria. Norfloxacin 400 mg
twice daily may be used in the other patients. However, due to widespread quinolone
resistance, ceftriaxone (a third-generation cephalosporin) has become the antibiotic of
choice [5–7]. As approximately 30% of infection are from multidrug resistance antibiotics
bacteria [19], evaluation of local resistance, if doable, may further improve definition
of antibiotic regimen and should be considered [8]. Prophylactic antibiotics should be
administered for a maximum of seven days, and their use should not be extended after
discharge from the hospital [5–7]. In patients discharged before Day 7, transition to an oral
antibiotic with the goal of completing seven days of treatment may be considered [8].

In a recent, nationwide study from Spain including 1656 patients with cirrhosis hospi-
talized for VH between 2013 and 2015, Martinez et al. investigated current epidemiology
and trends of bacterial infections in these patients [20]. Interestingly, despite prophylaxis
as currently recommended by international guidelines [5–7], 20% of patients developed
bacterial infections, particularly respiratory tract infection. Development of infection was
observed early (median time from admission 3 days) and was independently associated
with Child C class (odds ratio (OR): 3.1; 95% CI: 1.4–6.7), Grade III–IV encephalopathy
at admission (OR: 2.8; 95% CI: 1.8–4.4), orotracheal intubation for endoscopy (OR: 2.6;
95% CI: 1.8–3.8), and placement of nasogastric tube/balloon tamponade (OR: 1.7; 95%
CI: 1.2–2.4 and 2.4; 95% CI: 1.2–4.9, respectively) [20]. Such procedures should, therefore,
be minimized whenever possible, particularly in patients with additional risk factors,
and active screening for respiratory infections shall be performed in case of early clinical
deterioration. Whether patients at risk for respiratory infection would benefit from tailored
regiments of antibiotic prophylaxis, particularly in settings with high risk of resistant
strains bacteria, it remains to be evaluated in further studies.

2.1.3. Additional Measures
No Need for Correction of Coagulopathy

Hospitalized patients with decompensated cirrhosis have severe coagulopathy [21–23].
However, a prolonged prothrombin time does not reflect an increased bleeding tendency
in these patients [21,23], and correction of INR by fresh frozen plasma should not be per-
formed [5–8]. Not surprisingly, administration of recombinant FVII, which can correct
prolongation of INR, was not associated with additional benefit compared with standard of
care in an individual patient data meta-analysis of two RCTs [24]. Administration of plasma
to correct coagulopathy in cirrhosis with bleeding is a very common practice [25]; however,
this practice not only is ineffective, but is also likely harmful [26]. In a recent, multicenter
cohort study administration of fresh frozen plasma in cirrhosis with VH was independently
associated with increased risks of 42-day mortality (primary outcome, OR: 9.41, 95% CI:
3.71–23.90), failure to control bleeding at five days (OR: 3.87, 95% CI: 1.28–11.70) and length
of stay (adjusted OR: 1.88, 95% CI: 1.03–3.42) (secondary outcomes) [27]. No specific data
exist regarding the management of severe thrombocytopenia in the setting of VH, and
therefore, no recommendation can be made. In patients without chronic liver disease,
desmopressin increases levels of plasmatic Von Willebrand factor/procoagulant Factor
VIII, and its use was associated with reduced bleeding time in an old study including com-
pensated patients [28]. However, in a subsequent RCT no difference in control of VH was
observed between patients randomized to terlipressin alone vs. patients treated with terli-
pressin plus desmopressin [29]. Therefore, desmopressin is not currently recommended.
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Limited Usefulness of PPIs

As peptic ulcers are the source of bleeding in ~30% of patients with cirrhosis pre-
senting with GI bleeding [30], intravenous PPIs should be initiated as soon as possible.
However, when portal hypertensive bleeding is confirmed at endoscopy, discontinuation
of PPIs may be considered as they have shown no efficacy in this clinical setting. Limited
evidence suggested that a short-term use (10 days) of PPIs might reduce banding ulcer
size [31], however, this was not associated with a significant reduction of bleeding risk.
PPIs in decompensated cirrhosis are associated with significantly increased risks of hepatic
encephalopathy, bacterial infection, and readmission at 30-days [32–34]. In a landmark
analysis including 1198 patients from three RCTs evaluating the use of satavaptan in
patients with cirrhosis and ascites, Dam et al. demonstrated that the use of PPIs was asso-
ciated with a significantly increased risk of encephalopathy (OR: 1.88, 95% CI: 1.21–1.91)
and spontaneous bacterial peritonitis (OR: 1.72, 95% CI: 1.10–2.69) during follow-up [33].
Recent data with extended period of follow-up confirmed that regular use of PPIs not
only is associated with increased risk of spontaneous bacterial peritonitis, but also predicts
liver-related mortality independent of MELD and stage of cirrhosis (OR: 2.01, 95% CI:
1.38–2.93) [34]. Therefore, their use should not be extended past discharge.

2.2. Specific Management of Acute Esophageal VH

Standard therapy for acute VH includes intravenous splanchnic vasoconstrictors and
placement of rubber bands around esophageal varices, especially the one that is expected to
be the source of bleeding [5–8]. Endotracheal intubation to protect the airway system may
be considered in patients with massive bleeding prior to endoscopy. However, whether
intubation is really protective or increases the risk of respiratory infections is unclear [20],
therefore, it cannot be recommended for every patient.

2.2.1. Intravenous Splanchnic Vasoconstrictors

Three intravenous splanchnic vasoconstrictors are available: terlipressin, somatostatin
or octreotide. These drugs exert their action by reducing splanchnic blood flow, therefore
lowering portal pressure [35]. They are very effective and a recent meta-analysis clearly
demonstrated that the use of vasoconstrictors is associated with a significantly higher
probability of bleeding control and a lower seven-day mortality [36]. As a proof of concept,
treatment with vasoconstrictors alone was previously found to control bleeding in >80%
of patients [37]. It is most likely the widespread adoption of these drugs, together with
the optimization of general medical care, that has significantly lowered the VH-related
short-term mortality in the recent years [38].

A vasoconstrictor shall be initiated as soon as possible and early administration is
associated with improved survival [5–8]. A placebo-controlled trial in which terlipressin
was administered during the ambulance transfer showed that such early timing of admin-
istration was associated with increased probability to control of bleeding and survival in
the treatment arm [39].

In clinical practice, the choice among these three intravenous vasoconstrictors is
dictated by local availability and cost [40]. Recommended dose for terlipressin of 2 mg/4 h
during the first 48 h, followed by 1 mg/4 h. If terlipressin is contraindicated, somatostatin
is an alternative and should be administered as a continuous infusion of 250 mg/h (that
can be increased up to 500 mg/h), with an initial bolus of 250 mg. The recommended dose
of octreotide is a continuous infusion of 50 mg/h with an initial bolus of 50 mg [5–8].

Vasoconstrictors should be continued up to five days after the confirmation of VH
because the risk of rebleeding during this time is particularly high [5–8]. However, as
vasoconstrictors may be associated with potentially serious adverse events, the feasibility
of a shorter administration (i.e., 24–48 h vs. 3–5 days) has been considered. In a recent
meta-analysis, although the risk of 42-day mortality was not significantly different between
one to three and five days, risk stratification was missing [41]. It may be that Child A
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patients could receive a shorter duration of therapy, whereas all others would require five
days, but further studies are required to answer this question.

In summary, guidelines recommend that an intravenous splanchnic vasoconstrictor
shall be initiated as soon as possible, prior to diagnostic endoscopy, and be administered
for three to five days [5–8].

2.2.2. Endoscopic Therapy

Once hemodynamic stability has been reached, an upper GI endoscopy shall be
performed to determine the cause of bleeding and to provide specific treatment [42]. Early
data and one relatively recent retrospective study suggested that endoscopy within 12 h
from the index event might be associated with reduced rates of recurrent bleeding and
mortality [43]. On the other hand, in a larger multicenter study including 1373 patients
with cirrhosis and VH, endoscopy within 24 h from admission was associated with lower
mortality in patients with Child A or B cirrhosis (OR: 0.38, 95% CI: 0.16–0.86; p = 0.020)
and in those with systolic blood pressure <90 mmHg (OR: 0.053, 95% CI: 0.006–0.51;
p = 0.011) [44]. In contrast, performance of endoscopy within either 6 or 12 h was not
associated with a further reduction in mortality compared with endoscopy within 24 h.
Interestingly, the association between endoscopy within 24 h and reduced mortality was
seen in Child A and B patients, but not in the overall group including also Child C [44].

This notwithstanding, current guidelines recommend that once hemodynamic stability
has been achieved, endoscopy should be performed as early as possible, and within 12 h
since presentation [5–8]. When VH is confirmed, either by the presence of a bleeding
varix, a clot, or a “white nipple” over the varix, or when varices are the only abnormality
observed that would explain the hemorrhage, all esophageal varices should be ligated,
particularly the one that is considered the source of hemorrhage. Endoscopic variceal
ligation (EVL) should be performed within the same endoscopy session. EVL is more
effective than sclerotherapy, is associated with fewer adverse effects, and does not lead to
further increase in portal hypertension [45]. Therefore, sclerotherapy should be restricted
to the rare cases in whom ligation is not technically feasible. Hemostatic powder applied
endoscopically may be considered as a rescue therapy, however, few data exist and its
applicability remains to be determined [46,47].

In patients with uncontrolled bleeding, guidelines recommend placement of balloon
tamponade (Sengastaken-Blackemore or Minnesota tubes) [5–8]. However, tamponade
carries a high risk of complications, particularly respiratory infection [20], and shall be
considered only as a temporary (maximum 24 h) bridge to TIPS [5]. Recent data suggest
that placement of a self-expandable esophageal metal stent (placed orally or endoscopically)
may be associated with greater bleeding control and lower adverse events compared to
balloon [48]. As these stents may remain in place for up to 7 days, this would allow
more time to plan for a definitive treatment. Per the last Baveno consensus, if available,
the application of stents may be considered as a preferred alternative compared with
balloons [5].

2.2.3. Transjugular Intrahepatic Portosystemic Shunt (TIPS)
Rescue TIPS (in Patients Who Fail Standard Therapy)

Despite combination therapy with prophylactic antibiotics, intravenous splanchnic
vasoconstrictors, and EVL, 10–15% of patients will have either persistent bleeding or early
rebleeding, which are associated with high risk of death [49]. Negative predictors for
failure to control bleeding or early rebleeding include Child C class, portal vein thrombosis,
severity of portal hypertension as defined by a hepatic venous pressure gradient (HVPG)
>20 mmHg, and systolic blood pressure < 100 mmHg at admission [50,51].

In patients with mild-moderate rebleeding, a second session of endoscopy with liga-
tion may be attempted. In patients with persistent or severe rebleeding (i.e., those with
failure of endoscopic therapy), rescue TIPS is the therapy of choice [5–8]. In fact, by con-
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necting the hypertensive portal venous system to the normotensive system of inferior vena
cava, TIPS will quickly reduce portal pressure and resolve bleeding.

Given the lack of therapeutic alternatives, the only factor that would limit the use
of rescue TIPS is futility. One issue to consider is patient’s eligibility for transplantation.
Additional factors include number and severity of organ failures. However, development
of acute on-chronic liver failure (ACLF) per se is not an absolute contraindication for
placement of rescue TIPS. In fact, in a recent multicenter study including 174 patients with
either acute decompensation or ACLF and uncontrolled variceal bleeding, the insertion of
rescue TIPS was an independent predictor of survival at 42 days [52]. There are multiple
studies that looked for predictors of futility in patients undergoing rescue TIPS. In a recent,
large multicenter cohort including 164 patients who received rescue TIPS, those with
arterial lactate ≤ 2.5 mmol/L and MELD score ≤ 15 had 6-week survival > 85%, whereas
those with baseline lactate level ≥ 12 mmol/L and/or MELD score ≥ 30 had >90% risk of
death [53]. A recent, large observational study of rescue TIPS showed that stay in intensive
care unit prior to TIPS, MELD, and Child-Pugh score were independently associated with
mortality at six weeks, and the authors commented on the futility of rescue TIPS in patients
with Pugh score > 13 [54].

Preemptive TIPS (In Patients at High-Risk of Failing Standard Therapy)

Patients with acute VH who are more likely to fail, despite initial control of
hemorrhage by standard therapy, are those belonging to Child C class or those with
HVPG > 20 mmHg [50,55]. It was, therefore, postulated that the placement of a TIPS be-
fore failure of standard therapy (“pre-emptive TIPS”) could improve survival [56]. A first
RCT in which 52 patients with HVPG > 20 mmHg was randomized to standard treat-
ment vs. pre-emptive TIPS (uncovered) demonstrated significantly lower failure rates and
all cause short-term mortality in the TIPS arm (12% vs. 50% and 17% vs. 38%, respec-
tively) [57]. When covered TIPS became the standard-of-care, a second RCT confirmed
an improved survival in patients randomized to TIPS vs. standard of care [58]. Both the
one-year rate of failure to control bleeding/rebleeding and mortality were decreased by
TIPS, the absolute reduction being 47% and 25%, respectively [58]. In this RCT, high-risk
patients were defined as those with Child C cirrhosis and a Pugh score of 10–13, or those
belonging to a Child B class with active bleeding at time of endoscopy.

Later on, however, large international observational cohorts confirmed the beneficial
effect on survival of pre-emptive TIPS only in Child C patients (score 10–13), but not in
those with Child B and active bleeding [59,60]. Therefore, the inclusion of Child B with
active bleeding at endoscopy was questioned for potentially overrating the risk of mortality.

A recent RCT from China including 132 patients in Child B and C class and random-
ized 2:1 to pre-emptive TIPS vs. standard of care reported better transplant-free survival
at six weeks and one year (OR: 0.50, 95% CI: 0·25–0·98; p = 0.04) and improved control
of bleeding or rebleeding with early TIPS (OR: 0.26, 95% CI: 0.12–0.55; p < 0.0001) [61].
Importantly, the survival benefit was found in all subgroups, independent of either ac-
tive bleeding or stage of cirrhosis, and no difference was found in the rate of hepatic
encephalopathy. However, the reduction in mortality risk was relatively small (one-year
survival 86% vs. 73% in pre-emptive TIPS vs. standard of care, respectively), which likely
reflects the inclusion of patients at relatively lower risk of failure (57% of patients were
Child B with no active bleeding and proportion of Child C was only 22%) [61]. It is also
important to note that 75% of patients had HBV-related cirrhosis, which could have in-
fluenced the outcomes and may limit applicability of these results to Eastern countries.
Furthermore, sclerotherapy was used in more than 5% of patients in standard of care group,
which is not in line with current guidelines [5–7].

Another RCT from England in 58 patients with Child–Pugh score ≥ 8 showed no
difference in survival (OR: 1.154, 95% CI: 0.3289–3.422; p = 0.79) and risk of rebleeding
between pre-emptive TIPS and standard treatment, independent of severity of cirrhosis
or active bleeding. However, the study was underpowered and only 23/29 patients (79%)
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underwent preemptive TIPS, with only 13/23 within 72 h (therefore, not deemed early
by definition) [62]. Remarkably, the one-year transplant-free survival in the control arm
was higher than that in the 2010 RCT by Garcia-Pagan (76% vs. 61%) [58]. This may be
related to the significant improvements in overall management of VH in cirrhosis, which
would question the extrapolation of results from the 2010 study by Garcia-Pagan to present
times [58]. On the other hand, an alternative explanation could be that patients included
by Dunne et al. were not at high-risk of failure to control bleeding, which would not have
allowed to assess the true benefits of pre-emptive TIPS [62].

Opposite to Dunne’s findings, a large meta-analysis with individual data from 1327 pa-
tients included in seven studies, of whom 602 were Child B with active bleeding, found that
placement of pre-emptive TIPS was associated with improved survival not only in the over-
all group (OR = 0.443, CI 95%: 0.323–0.607, p < 0.001), but also when Child B (OR = 0.524,
CI 95%: 0.307–0.896, p = 0.018) and Child C (OR = 0.374, CI 95%: 0.253–0.553, p < 0.001)
patients were analyzed separately [63]. This would support the use of pre-emptive TIPS
in both Child C and Child B patients with active bleeding. However, results in Child
B are less convincing/consistent compared with those obtained in Child C. Additional
limitations are the inclusion or more observational studies than RCTs (four versus three),
definition of high risk patients by only one specific criterion (therefore, not being able to
assess if additional criteria might have better classified patients with VH at high risk), and
the heterogeneity in both TIPS expertise and treatments in standard of care arms across
different centers [63].

Therefore, a multicenter trial collecting large numbers of patients undergoing pre-
emptive TIPS remains a research priority in this field. Importantly, such trial should assess
not only which group(s) of patients are most likely to benefit from pre-emptive TIPS, but
also whether there is a maximum threshold of severity of liver disease above which there
is no improvement of survival.

While awaiting such trial, guidelines recommend to consider pre-emptive TIPS in
patients with Child C cirrhosis (score 10–13) [5–8]. Patients with Child A cirrhosis and
those with Child B cirrhosis without active bleeding should not be considered for pTIPS.
Further data are required before to make a strong recommendation in patients with Child
B and active bleeding at time of endoscopy.

As one major goal of pre-emptive TIPS is to prevent development of ACLF, one
would think that pre-emptive TIPS should not be considered in patients who have al-
ready developed ACLF at time of admission/decision making. However, a recent study
from a European collaborative group found that ACLF is an independent predictor of
bleeding-related mortality, and that pre-emptive TIPS may improve outcomes in selected
patients with ACLF [64]. Although prospective data are needed, these preliminary findings
indicate that ACLF per se is not an absolute contraindication for pre-emptive TIPS, and
instead eligibility should be a case-by-case decision according to number and severity of
organ failures.

Despite RCTs and observational cohorts have demonstrated that pre-emptive TIPS is
associated with a survival benefit, and the use of pre-emptive TIPS in these patients has
been recommended since the Baveno V consensus (published 11 years ago) [65], a recent
French survey revealed that only 7% of eligible patients finally received a pre-emptive
TIPS [60]. Similarly, in another large observational cohort, a pre-emptive TIPS was placed
in only 13% of high-risk patients [59]. This indicates a significant underutilization of pre-
emptive TIPS in real-life practice, which is somewhat concerning considering its substantial
effect on patient survival. Further efforts are required to lower the bar for a widespread
adoption of pre-emptive TIPS in daily practice. These efforts include creation of dedicated
networks through which selected patients may be referred early to tertiary care centers with
specific expertise in invasive management of portal hypertension and its complications.
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3. Prevention of Recurrent Hemorrhage

Per current guidelines, patients who had a TIPS placed after VH do not require further
medical or endoscopic therapy for secondary prophylaxis, and should instead be referred
for liver transplant evaluation in case they have additional complications of cirrhosis [5–8].
Patency of TIPS should be assessed at regular intervals by doppler ultrasound together
with screening for hepatocellular carcinoma.

3.1. First Line Therapy

Combined therapy with NSBBs (propranolol or nadolol) plus EVL is the first line
therapy in prevention of rebleeding [5–8]. This recommendation is based on multiple
meta-analyses of RCTs performed to prevent rebleeding. One of these meta-analyses
demonstrated that the added effect of NSBBs to EVL improved the efficacy of EVL alone
and reduced mortality, whereas the added effect of EVL to NSBB was only associated
with a non-significant decrease of rebleeding with no effect on survival [66]. A recent
individual patient data meta-analysis evaluated data from three trials comparing NSBBs
vs. combination therapy and from four trials analyzing EVL vs. combination therapy [67].
As these were individual data, the authors were able to perform risk stratification in Child
A vs. Child B/C patients. Interestingly, in Child A (mostly compensated), combination
therapy was associated with lower all-source rebleeding, without an effect on mortality. In
Child B/C patients (mostly decompensated), combination therapy was associated with
lower all-source rebleeding rates only in trials in which it was compared to EVL alone,
indicating that NSBBs alone could be enough to prevent all-source rebleeding in these
patients. Importantly, mortality was also lower in trials in which combination therapy
was compared to EVL alone, suggesting that NSBBs not only are essential in preventing
rebleeding, but also death [67].

These data, obtained from RCTs, are in contrast with a previous cohort study including
patients with refractory ascites in which mortality was significantly higher in those receiv-
ing NSBBs [68]. However, study groups were different at baseline and patients were sicker
in the NSBB group. Additionally, the determination of NSBBs was evaluated at diagnosis
of refractory ascites with no information on their use thorough follow-up. Multiple trials in
different groups of patients with decompensated cirrhosis have been conducted to confirm
or refute these findings, and two meta-analyses have summarized these data both showing
that the use of NSBBs is not associated with a higher mortality [69,70].

In studies that showed a detrimental effect of NSBBs [68,71], the arterial pressure in
NSBBs users was lower than that in non-users, and a higher dose of propranolol was used,
or a higher percentage of patients were treated with carvedilol. This indicates that patients
in whom a negative inotropic effect or a vasodilatory effect from NSBBs/carvedilol were
the ones that were negatively affected by beta-blockers [72]. In a way, this can be expected
as this clinically-evident, likely dose-related deleterious hemodynamic effect of NSBBs
would worsen the already vasodilated state of decompensated patients, leading to renal
hypoperfusion, renal failure and death [73]. Indeed, in a propensity-matched analysis
including only patients with refractory ascites, the use of propranolol was associated with
an increased survival, except for the subgroup on a high dose (160 mg/day or more) [74].

Propranolol and nadolol should be used cautiously in patients with ascites and should
be started at a lower dose than in patients without ascites, and the maximum dose should
be capped also at a lower dose: propranolol should be capped to 160 mg/day (320 mg/day
in patients without ascites) and nadolol to 80 mg/day (160 mg/day in patients without
ascites) [7]. Importantly, the dose of NSBB should be reduced or drug should be discon-
tinued in patients with refractory ascites who developed circulatory dysfunction defined
by systolic blood pressure < 90 mm Hg, serum sodium < 130 meq/L, or acute kidney
injury [7].

In summary, current guidelines recommend that first line therapy to prevent recurrent
VH is the combination of NSBBs (propranolol or nadolol) plus EVL, independent of the
presence or absence of ascites/refractory ascites or other complications of cirrhosis [5–8].
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However, it is possible that refinements in risk stratification could lead to identification
of “higher” risk patients in whom an aggressive approach, such as placement of TIPS,
may be beneficial as first line therapy (i.e., before development of recurrent VH). This was
recently evaluated by La Mura and Bosch in a retrospective study including 424 patients
with cirrhosis candidates to secondary prophylaxis [75]. Inclusion criteria were diagnosis
of cirrhosis, admission for VH within the previous seven days, baseline HVPG ≥ 12 mmHg,
subsequent long-term treatment with propranolol or nadolol plus EVL, and a second
HVPG assessment after one to three months of continued NSBBs. By combining clinical
data (i.e., presence of ascites or encephalopathy) plus severity of portal hypertension
(HVPG ≥ 16 mmHg), they identified two groups of patients at significantly different risks
of rebleeding and mortality during follow-up. “Low” risk group included patients without
ascites or encephalopathy and patients with VH plus ascites or encephalopathy but HVPG
< 16 mmHg. “High” risk group included patients with VH plus one among the follows:
ascites or HE, HVPG ≥ 16 mmHg, and lack of response to NSBBs as defined by an HVPG
decrease by at least 20% of <12 mmHg. If confirmed by prospective series, this algorithm
may improve risk stratification and lead to a more tailored management of patients with
cirrhosis and history of VH. In fact, as shown in previous studies for acute VH [58] and
“difficult ascites” [76], anticipating a decision for TIPS may be better compared with using
it as rescue therapy.

In patients receiving secondary prophylaxis for VH, assessment of baseline HVPG
and its response to NSBBs may provide useful information and guide therapy [77–79].
In this setting, the “goal-standard” is to measure HVPG at baseline and then re-assess
HVPG after chronic administration of NSBBs (i.e., after four to six weeks) [80]. However,
the measurement of “acute” HVPG response to intravenous propranolol may be a pre-
ferred alternative as it would be quicker and has an acceptable correlation with chronic
response [77]. In one seminal RCT by Villanueva et al., an HVPG-guided therapy based on
acute response to intravenous NSBBs significantly lowered the risk of portal hypertension
related complications and mortality compared with standard of care [78]. In another retro-
spective study including both candidates for primary and secondary prophylaxis, acute
response to intravenous propranolol was independently correlated with a 50% decrease
in the probability of re-bleeding (23% at 2 years vs. 46% in non-responders; p = 0.032)
and a better survival (95% vs. 65%; p = 0.003) [79]. Although further evidence is required
to evaluate benefits and cost of such approach, current data suggest that HVPG-guided
therapy in patients who are not deemed candidates for pre-emptive TIPS, could improve
the management of secondary prophylaxis by reducing costs and adverse events due to
ineffective therapy [77].

3.2. Second Line Therapy

Current guidelines recommend covered TIPS as second line therapy of choice in pa-
tients who experience rebleeding despite combination therapy with NSBB plus EVL [5–8].

Regarding prevention of recurrent VH by TIPS, RCTs comparing uncovered TIPS
vs. NSBBs plus EVL (standard of care) agreed that TIPS is very effective in preventing
rebleeding, but it is associated with higher risk of over encephalopathy and does not
improve survival [81]. Comparable findings were confirmed by two RCTs in which covered
TIPS was used [82,83]. Therefore, TIPS is considered the treatment of choice only in patients
who fail first-line therapy (NSBBs plus EVL), in whom the risk of bleeding-related mortality
is very high and exceeds those associated with TIPS [5–8].

Patients who experience the first episode of VH while on primary prophylaxis with
NSBBs have a higher risk of rebleeding and mortality compared to those who experience
VH not being on NSBBs, despite being treated with recommended combination therapy [84].
Although the best treatment strategy in these patients is unknown, they may benefit from
a more aggressive strategy, and TIPS may be considered earlier rather than later in these
patients. A second group of patients in whom to consider TIPS before failure of standard
therapy are those who are or who become intolerant to NSBBs. In fact, as mentioned before,
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NSBBs are the cornerstone of combined therapy, particularly in decompensated patients
(Child B and C) [67].

In patients with cirrhosis and portal vein thrombosis who have recently bled, variceal
obliteration with EVL takes longer and varices recur at a higher rate compared to patients
without thrombosis [85]. Additionally, a small RCT showed that TIPS is more effective than
EVL and NSBBs in preventing rebleeding in patients with cirrhosis and portal vein throm-
bosis, with a higher rate of thrombus resolution but without differences in mortality [61].
Patients with cirrhosis and portal vein thrombosis, which is the most common thrombotic
complications in cirrhosis [86–88], may be a third group in which to consider TIPS earlier
rather than later in the setting of secondary prophylaxis. This would be particularly impor-
tant if the patient is awaiting liver transplantation, as the presence of thrombosis at time of
transplantation is associated with a higher risk of post-transplant mortality [89].

A major clinical challenge in patients who receive TIPS for second-line prophylaxis of
VH remains prediction of survival and prognosis (i.e., identification of patients with poor
outcomes after TIPS in whom early evaluation for transplantation should be indicated).
Recently, Bettinger et al. proposed to combine four simple variables (age, bilirubin, albumin
and creatinine) in a new score named the “Freiburg index of post-TIPS survival” (FIPS
score) [90]. In a very large cohort of patients who received TIPS for various indication,
including second line prophylaxis of VH, the FIPS score was able to identify those at
higher-risk for progression and death, and its prognostic discrimination was superior to
other currently used score such as MELD, MELD-Na, and Child-Pugh [90].

4. Conclusions

Development of variceal hemorrhage in patients with cirrhosis poses a complex
challenge requiring a multidisciplinary approach that is important to prevent rebleeding
and improve survival. The management of variceal hemorrhage in these patients should
take into consideration the severity of underlying portal hypertension and the presence (or
absence) of other complications of cirrhosis, especially ascites. In patients presenting with
variceal hemorrhage, the advances in the therapy of portal hypertension have resulted in
lower rates of rebleeding and death, particularly for therapies associated with a decrease
of portal pressure. Further improvement in risk stratification and in therapies of patients
with cirrhosis and variceal hemorrhage are eagerly awaited.
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Abstract: Hepatic encephalopathy (HE) is a common complication of advanced liver disease which
has profound implications in terms of the patients’ ability to fulfil their family and social roles, to
drive and to provide for themselves. Recurrent and persistent HE is still a serious management
challenge, translating into a significant burden for patients and their families, health services and
society at large. The past few years have been characterized by significantly more attention towards
HE and its implications; its definition has been refined and a small number of new drugs/alternative
management strategies have become available, while others are underway. In this narrative review
we summarize them in a pragmatic and hopefully useful fashion.

Keywords: cirrhosis; portal-systemic shunt; ammonia; vigilance

1. Introduction

Hepatic encephalopathy (HE) is a brain dysfunction caused by liver failure and/or
portal-systemic shunt that results in a spectrum of neurological and psychiatric abnormali-
ties ranging from subclinical alterations to coma [1].

Classification is based on the underlying condition leading to HE: “Type A” HE
is due to acute liver failure, “Type B” HE is caused by portal-systemic shunt without
significant liver disease and “Type C” HE by cirrhosis with or without portal-systemic
shunt [1]. In terms of its severity, HE is qualified as covert (minor or no signs/symptoms
but abnormalities on neuropsychological and/or neurophysiological tests) or overt (Grades
II or over according to the West Haven criteria [1]). Finally, in terms of its time-course, overt
HE is classified as episodic, recurrent (more than one episode over a period of six months)
or persistent (no return to normal/baseline neuropsychiatric performance in between
episodes) [1].

This narrative review will deal with the management of Type C HE, i.e., the one associ-
ated with cirrhosis with or without portal-systemic shunt [1]. Standard information on HE
treatment (no formal literature search) plus 2018–2021 information on novel therapies is in-
cluded. The 2018–2021 literature search was conducted on Pubmed using the terms hepatic
encephalopathy plus: treatment, polyethylene glycol (PEG), branched-chain amino acids
(BCAAs), L-ornithine L-aspartate (LOLA), nitrogen scavengers, Acetyl L-carnitine, albu-
min, probiotics, fecal microbiota transplantation (FMT), flumazenil, minocycline, ibuprofen,
phosphodiesterase-5 inhibitors, indomethacin, benzodiazepine inverse agonists.

Prior to discussing available, recommended and more experimental (Table 1) treatment
options, it is important to highlight how:

- The HE phenotype is nonspecific and differential diagnosis extremely important;
- Response to treatment can be utilized to confirm a working diagnosis of HE, especially

in its mild forms;
- The lack thereof, should prompt fast differential diagnosis investigations, especially

in severe forms;
- With the exception of direct modulation of vigilance/inflammation (vide infra), HE

treatment is essentially synonymous of ammonia-lowering treatment. Hyperammon-
aemia is necessary but not sufficient for a working diagnosis of HE (i.e., there is no
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HE without hyperammonaemia but the presence of hyperammonaemia does not
necessarily translate into a HE phenotype, especially in young patients) [1].

2. General Management Principles

An episode of overt HE is generally managed by ensuring adequate airway protec-
tion for severe cases, correction of any identified precipitating factors and institution of
ammonia-lowering treatment [1,2]. The most commonly utilized drugs for the subsequent
commencement of secondary prophylaxis are non-absorbable disaccharides (i.e., lactulose
or lactitol, which aim at reducing gut nitrogen load via their laxative and prebiotic effects,
enhancing bacterial ammonia uptake and reducing ammonia production in the small intes-
tine) and non-absorbable antibiotics (also affecting production/absorption of gut-derived
neurotoxins, and reducing endotoxemia and inflammation), which are generally added
after a second overt HE episode or, as a stand-alone, when non-absorbable disaccharides
are not well tolerated [3,4]. Primary prophylaxis is not generally recommended, with
the exception of the rapid removal of blood from the gastrointestinal tract after an upper
gastrointestinal bleed, for example with lactulose [5] or mannitol [6]. By contrast, secondary
prophylaxis is important, as once a patient has experienced an episode of overt HE, the
likelihood of further episodes is high and a common cause of re-admission into hospital [7].
Secondary prophylaxis with a non-absorbable disaccharide (lactulose or lactitol) should be
instituted [8,9]. If this is adequately titrated and the patient/caregivers instructed carefully,
both constipation and diarrhoea/excessive flatulence and abdominal distension can be
avoided. If overt HE becomes recurrent (i.e., more than one episode within six months [1]),
rifaximin should be added to help maintain remission [1,10].

There are more uncertainties on the benefits of treatment of patients with mild forms
of HE, especially as not all centres have the experience to diagnose them. Thus, treatment
is not routinely recommended [1]. However, its initiation, especially if “ecological” (i.e.,
adding soluble fermentable fibre, probiotics such as yogurt, vegetables, cereal and milk-
derived proteins to the habitual diet, plus getting used to in-between-meals snacks and
a bedtime snack [11]), may both confirm the diagnosis and be beneficial. It is, therefore,
reasonable, especially if the patients or their caregivers report symptoms compatible with
mild HE, to institute it.

The management of patients with recurrent or persistent HE, which is more common
in patients with large, spontaneous or surgical shunts [12] can be very difficult. Shunt
closure/reduction can be considered in patients whose shunts are accessible. When related
to TIPS, it can be treated and even prevented by reducing or occluding the stent [13–15].
Recurrent or persistent overt HE, and those forms of HE which are dominated by motor
dysfunction (hepatic myelopathy) often require combination treatment, together with
changes in the sources of dietary protein. Branched-chain amino acids (BCAAs), probiotics,
L-ornithine L-aspartate (LOLA), non-ureic nitrogen scavengers and albumin have all been
tested and can be used within this context [16]. Liver transplantation is the ultimate
therapeutic option, and possibly the only real one for hepatic myelopathy [17]. It is crucial
that all significant shunts are closed during transplantation, to avoid post-transplant Type
B HE [1].

3. Therapies Other Than Non-Absorbable Disaccharides and Non-Absorbable Antibiotics

These are summarized in Table 1, at the end of this section.

3.1. Polyethylene Glycol (PEG)

The osmotic laxative PEG as a stand-alone [18] or in association with lactulose [19] has
been associated with faster resolution of an episode of overt HE requiring hospitalization.
Naso-gastric tubes have been used to administer PEG in patients with severe HE to avoid
aspiration and guarantee adequate doses. Therefore, PEG applicability may be limited to
patients in whom naso-gastric tube placement is safe and successful. A recent review and
meta-analysis of four studies [20] showed that a single dose of PEG significantly improved
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clinical features of HE after 24 h and reduced the number of days for HE resolution
compared to lactulose; however, no differences were observed in hospitalization length.

3.2. L-Ornithine L-Aspartate (LOLA)

LOLA is a substrate for the urea cycle and increases urea production in peri-portal
hepatocytes. In addition, it activates glutamine synthetase in peri-venous hepatocytes and
the skeletal muscle [21].

In a 2013 meta-analysis, LOLA was significantly more effective on HE than placebo/no-
intervention [22]. Two comparative studies of LOLA and lactulose showed similar effi-
cacy [23,24]. A double-blind randomised controlled trial (RCT) showed that LOLA was
superior to placebo in the secondary prophylaxis of overt HE in 150 patients with cirrho-
sis [25]; improvement in psychometric test scores, critical flicker frequency and quality of
life were documented, together with significant reductions in arterial ammonia levels. In
one study, LOLA was shown to shorten a bout of overt HE requiring hospitalization when
added to non-absorbable disaccharides and ceftriaxone [26]. The decrease in ammonia
associated with LOLA seems to be temporary, and rebound hyperammonaemia has been
observed on cessation [27]. Intravenous LOLA can be used to treat patients unresponsive to
conventional therapy but further research is required in determining treatment dosage and
duration. A Cochrane review [28] scored the available evidence in favour of LOLA as very
low and qualified its benefits as uncertain, while a recent review and meta-analysis [29]
suggests that LOLA is comparable to other ammonia-lowering agents in treating HE of
varying severity.

3.3. Non Ureic Nitrogen Scavengers

Sodium benzoate provides an alternative pathway for nitrogen disposal and has been
mostly used to treat patients with urea cycle defects. While the results of one, available
RCT in patients with HE were encouraging [30], sodium benzoate has also been associated
with increased ammonia levels in standard conditions and after a glutamine challenge [31].
A 2019 Cochrane systematic review did not find significant differences between sodium
benzoate and non-absorbable disaccharides in terms of mortality, grade of HE or blood
ammonia levels in patients with cirrhosis and an episode of overt HE [32]. Sodium benzoate
may be particularly appropriate when HE and hyponatremia coexist [33].

Sodium phenylbutyrate may also reduce ammonia levels and improve neurological
status/discharge survival in intensive care patients with overt HE [34]

Glycerol phenylbutyrate is mostly used in urea cycle disorders, as it favours nitrogen
elimination by combining phenylacetic acid (a metabolite of phenylbutyric acid) with
glutamine to form phenylacetyl-glutamine, which is then excreted in the urine. In a
randomized, double-blind Phase IIb study of patients with cirrhosis who had had an
episode of HE and were already on treatment with lactulose and rifaximin [35], glycerol
phenylbutyrate significantly reduced ammonia levels and the likelihood of overt HE
recurrence.

The rationale for treatment with ornithine phenylacetate relates to its capacity to
stimulate glutamine synthetase in peripheral organs, by incorporating ammonia into the
‘nontoxic’ molecule phenylacetylglutamine, which is then excreted in the urine [36]. A ran-
domized trial of 38 patients with cirrhosis enrolled within 24 h of an upper gastrointestinal
bleed [37] showed that ornithine phenylacetate was well tolerated but did not significantly
decrease ammonia. A subsequent RCT [38] of 231 patients did not document significant
differences in time to clinical improvement compared to placebo.

3.4. Nutrition

Malnutrition, and sarcopenia in particular, are common in patients with cirrhosis
and are associated with decreased survival [39]. Muscle loss impinges on nitrogen and
ammonia metabolism and is associated with an increased risk of HE [40]. Thus, a low
protein diet should be avoided in patients with HE [33,41,42], whose recommended daily
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energy and protein intake is not different from that of patients with cirrhosis and no HE
(i.e., 35–40 kcal/kg ideal body weight and 1.2–1.5 g/kg ideal body weight, respectively).
Nutritional therapy has been shown to improve psychometric performance and quality
of life and to reduce the risk of overt HE compared with no intervention in patients with
minimal HE in one RCT [43].

Small meals, evenly distributed throughout the day, and a late evening snack of
complex carbohydrate [44] should be encouraged, as they decrease protein catabolism,
and interrupt the long fast between dinner and breakfast. Personalized physical exercise
should also be encouraged [45]. Despite solid rationale, there is limited evidence for the
advantages of the replacing meat with vegetable/dairy protein. This is recommended
only in the minority of patients who are truly intolerant of meat protein, and should be
performed by experts and monitored closely to avoid reduction in caloric and protein
intake [41].

A meta-analysis of four RCTs [46] showed that zinc supplementation improved some
psychometric tests but did not reduce overt HE recurrence.

Diagnosed of suspected deficits in vitamins and micronutrients should be treated, as
they may worsen mental function and confound HE diagnosis [33,41].

3.5. Albumin

Albumin may be effective in preventing overt HE in patients with decompensated
cirrhosis, as demonstrated by a large retrospective study [47] and a recent meta-analysis [48].
In one RCT, high dose albumin was associated with decreased risk of high grade overt HE
compared to standard of care in patients with cirrhosis and ascites [49].

3.6. Branched-Chain Amino Acids (BCAAs)

BCAAs availability is decreased in patients with cirrhosis, impinging on ammonia to
glutamine conversion in the skeletal muscle. Thus, BCAA supplementation may enhance
ammonia detoxification and reduce its concentrations. A Cochrane review [50] of 16 RCTs
comparing BCAA (oral or intravenous) to placebo, no intervention, diet, neomycin or
lactulose documented no beneficial effects of BCAAs on HE when trials including lactulose
or neomycin were excluded, and no difference when BCAAs and lactulose or neomycin
were compared. No effects on mortality, quality of life, or nutritional parameters was
observed either. Recently, a multicenter prospective study evaluated long term oral BCAAs
supplementation in decompensated cirrhosis [51]. In this study, MELD and Child-Pugh
scores significantly improved in patients supplemented with BCAAs for more than six
months; moreover, episodes of overt HE occurred less in the BCAA group compared
to the control group. An increase in serum albumin in patients with a low albumin
levels during BCAA supplementation was also observed. Furthermore, isoleucine long-
term supplementation has been associated with increased brain perfusion and clinical
improvement of overt HE compared to leucine [52]. BCAAs can be considered as a
way to guarantee adequate protein intake in patients with recurrent/persistent HE on
vegetable/diary diets [16]. However, palatability represents a significant issue [53].

3.7. Acetyl L-carnitine (ALC)

ALC contributes to blood and brain ammonia reduction and facilitates cellular en-
ergy production trough the uptake of acetyl-coenzyme A into the mitochondria, thereby
preventing ammonia-induced neurotoxic damage in patients with HE [54].

A meta-analysis of seven RCTs (all single centre and of small to moderate size) [55]
including 660 patients with varying degree of HE concluded that ALC reduced ammonia
levels and improved one paper and pencil neuropsychological test. A 2019 Cochrane review
of five single-centre small RCTs for a total of 398 patients [56] assessed the benefits/harms
of ALC in patients with HE compared to intervention, placebo, or standard therapy. No
summary information could be obtained on mortality, serious adverse events, or days
of hospitalisation, nor were there any obvious differences in terms of fatigue, quality of
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life and minor adverse events. This may relate to limitations in the design and execution
of the trials included. Blood ammonia lowering was documented in patients receiving
acetyl-L-carnitine, although it was not associated with any obvious clinical benefit.

3.8. Probiotics

The rationale for the use of probiotics in treating HE relates to their capacity to modu-
late the gut microbiota composition and metabolic function, and to reduce inflammation.
A recent review [57] compared the effects of probiotics or symbiotics (a combination of pre-
and probiotics) with placebo/no intervention, or with any other treatment in patients with
an episode or with persistent HE. A variety of probiotics and symbiotics were used and
treatment duration ranged from three weeks to twelve months. Compared with placebo
or no intervention, probiotics and symbiotics prevented overt HE recurrence [57]. How-
ever, this was not confirmed when probiotics were compared with lactulose, rifaximin or
LOLA [57]. Based on a Cochrane review [58], the majority of trials were found to suffer
from a high risk of both systematic and random error. A more recent meta-analysis [59]
including 14 RCTs and 1132 patients found that probiotics decreased ammonia and en-
dotoxin levels, improved minimal HE, and prevented overt HE. Of interest, the effects of
fermentable fibre alone were comparable to those of a symbiotic on mental performance,
ammonia levels and the gut flora in patients with minimal HE in one study [60].

3.9. Fecal Microbiota Transplantation (FMT)

The rationale for FMT for the treatment of HE is to modulate the composition and
function of the gut microbiota. In one RCT, a small group of patients with recurrent HE
where either treated with antibiotics and FMT or with standard of care: an improvement
in short-term cognitive function and hospitalization was observed. Recently, this study
was extended to assess the long-term impact of FMT on cognition, hospitalizations, and
HE recurrence [61]: long-term safety and improvement in clinical and cognitive function
parameters were confirmed in patients who received FMT with pre-treatment antibiotics
compared with standard of care, especially regarding prevention of HE recurrence and
hospitalizations. However, larger trials are needed. In addition, despite the promise of this
initial experience, patients’ and donors’ selection, route and frequency of administration,
follow-up and tolerability all need better definition.

3.10. Direct Vigilance Modulation

Finally, direct modulation of vigilance, possibly in combination with ammonia-
lowering drugs, is worthy of study.

There is low quality evidence suggesting a short-term beneficial effect of flumaze-

nil on HE in patients with cirrhosis, with no influence on all-cause mortality [62]. It is
reasonable that this drug may produce a transient improvement in severe overt HE (allow-
ing the administration of additional treatment by mouth) and also revert any known or
unrecognized previous benzodiazepine intake.

Golexanolone is a novel GABA-A receptor-modulating steroid antagonist under
development for the treatment of cognitive and vigilance disorders caused by allosteric
over-activation of GABA-A receptors by neurosteroids. It has been shown to restore
spatial learning and motor coordination in animal models of HE [63] and to mitigate
the effects of intravenous allopregnanolone in healthy adults [64]. A multi-center pilot
RCT assessed safety, pharmacokinetics and efficacy of golexanolone in a small group of
patients with cirrhosis [65]. Treatment seemed to improve neuropsychiatric performance,
as demonstrated by a significant decrease in slow electroencephalographic frequencies.

The effects of caffeine on induced hyperammonaemia (amino acid challenge) was
investigated in a study involving both healthy volunteers and patients with cirrhosis [66].
In healthy volunteers, the increase in ammonia levels due to the amino acid challenge was
contained by both the administration of LOLA and that of caffeine. The administration of
caffeine also resulted in a reduction in subjective sleepiness and in the amplitude of the
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EEG. Changes in ammonia levels, subjective sleepiness and the EEG were less obvious in
patients. However, the timed administration of caffeine to top standard of care in patients
with cirrhosis who also complain of sleepiness [67] may be both pleasant and useful.

3.11. Education

The provision of basic information on HE pathophysiology and simple hygienic and
behavioural norms may have a significant impact on quality of life and HE recurrence in
patients with cirrhosis. A 15 min educational session was administered to a small group
of cirrhotic patients who had experienced at least one episode of overt HE [68]. This
intervention was highly effective in increasing patients’ understanding of treatment of the
condition and, ultimately, reduced the risk of HE recurrence over a period of one year.

3.12. Miscellanea

Finally, minocycline [69], ibuprofen [70], indomethacin [71], phosphodiesterase-5
inhibitors (i.e., sildenafil) [72], benzodiazepine inverse agonists [73], AST-120 [74], a micro-
spherical carbon with a selective adsorbent profile for small molecules such as ammonia,
and liposome-supported peritoneal dialysis [75] are all being tested in animal models
and/or early phase clinical studies. For some, anecdotal, direct clinical experience is also
available, especially where the tested drug has alternative indications.

3.13. Local Experience

The authors of this review run a daily, dedicated HE clinic within a tertiary referral
hepatology centre [76]. While they adhere, as they have in this manuscript, to published
treatment guidelines, it is their impression that routine clinical HE reality is complex,
and its management more varied and in many ways more interesting and more satisfac-
tory than one would expect. We utilise treatment to facilitate differential diagnosis, as
patients with cirrhosis have multiple and often coexisting risk factors for neuropsychi-
atric impairment [77]: if HE is treated adequately one can rule out alternative diagnoses
and/or establish their relative contribution to overall neuropsychiatric status. We use
dietary changes, under strict and frequent monitoring, for highly recurrent and persistent
HE, sometimes very successfully. We often resolve iatrogenic HE by simply easing strict
dietary prescriptions (sometimes self-imposed) that have resulted in malnutrition and
sarcopenia. We do not miss an opportunity to test experimental HE treatment strategies
if co-morbidities allow us to do so safely. For example, we all recall a patient with shunt-
related, persistent HE whose neuropsychiatric status drastically improved when he was
started on a brief course of a non-steroidal anti-inflammatory drug because of backache.
We are fortunate enough to have the facilities [78] to test the effects of treatment over time
in a comprehensive fashion, and to tailor treatment accordingly. We regret that this clinical
experience, partly because of inherent difficulties in describing/summarising it and partly
because of publication policies in relation to case reports/case series, remains largely un-
published and transferred to colleagues by traditional and somewhat haphazard teaching
and collaboration strategies. Finally, we have sometimes been able to test treatment in
controlled conditions, i.e., by inducing hyperammonaemia and then attempting to lower
it in different ways [66]. We find this to be an under-utilised but potent tool to better
understand the pathophysiology of HE [79], and thus, improve its management.

104



J. Clin. Med. 2021, 10, 4050

Table 1. Available treatments (other than general principles, non-absorbable disaccharides/antibiotics) with some commen-
tary on the evidence for them and/or tips for use.

Treatment Category Treatment Evidence or Tips for Use

Laxative Polyethylene glycol In the acute setting, when administration is safe by
mouth or by naso-gastric tube

L-Ornithine L-Aspartate

Non ureic nitrogen scavengers Sodium benzoate Particularly useful when hyponatremia is
also present

Non ureic nitrogen scavengers Sodium phenylbutyrate

Non ureic nitrogen scavengers Glycerol phenylbutyrate

Non ureic nitrogen scavengers Ornithine phenylacetate

Nutritional measures Vegetarian/dairy diets

In patients with highly recurrent/persistent HE or
those who are truly intolerant to animal protein

Under tight monitoring to avoid lowering overall
calorie/protein intake

Nutritional measures Food intake distribution over the 24 h

3 snacks to top up the 3 main meals can be
suggested to malnourished/sarcopenic patients
If not tolerated, please insist on the late-evening

snack, which is the most important

Nutritional measures Branched-chain amino acids
Useful also as a late-evening snack and in

association with vegetarian/dairy diets, to ensure
adequate protein intake

Nutritional measures Prebiotics, probiotics and symbiotics
Ecological approaches, such as increased soluble
fibre intake (albeit not necessarily easy to obtain)

most likely useful and free of side effects

Albumin In patients with ascites
Possibly also acting as a nutritional measure

Acetyl L-carnitine

Fecal Microbiota
Transplantation

Direct vigilance modulation Golexanolone

Direct vigilance modulation Caffeine With attention to timing (max effect for 60–90 min
after intake)

Miscellanea

Minocycline, ibuprofen, indomethacin,
phosphodiesterase-5 inhibitors,

benzodiazepine inverse agonists,
AST-120, liposome-supported

peritoneal dialysis

Experimental

Education
Limited evidence but reasonable approach,

especially if slim and structured, for both patients
and caregivers

Tertiary referral centre
experience

Needs to be better and more formally described,
published where possible and disseminated in a

structured fashion
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Abstract: Acute-on-chronic liver failure (ACLF) is a syndrome that develops in patients with acutely
decompensated chronic liver disease. It is characterised by high 28-day mortality, the presence of one
or more organ failures (OFs) and a variable but severe grade of systemic inflammation. Despite the
peculiarity of each one, every definition proposed for ACLF recognizes it as a proper clinical entity.
In this paper, we provide an overview of the diagnostic criteria proposed by the different scientific
societies and the clinical characteristics of the syndrome. Established and experimental treatments
are also described. Among the former, the most relevant are directed to support organ failures, treat
precipitating factors and carry out early assessment for liver transplantation (LT). Further studies are
needed to better clarify pathophysiology of the syndrome and discover new therapies.

Keywords: acute-on-chronic liver failure (ACLF); cirrhosis; liver transplantation (LT)

1. Definition of Acute-on-Chronic Liver Failure

Acute decompensation (AD) of cirrhosis refers to the development of ascites, gastroin-
testinal haemorrhage, hepatic encephalopathy or any combination of these, which leads to
hospital admission [1]. Acute-on-chronic liver failure (ACLF) is a distinct syndrome that
develops in patients with acutely decompensated chronic liver disease and is characterised
by high 28-day mortality. Other major features of ACLF are the strong association with
one or more precipitating factor(s), the development of single- or multiple organ failures
(OFs) and a severe degree of systemic inflammation [2–4]. International scientific societies
have proposed different definitions of ACLF in recent years; they differ from each other
mainly in the type of precipitant (hepatic or extrahepatic), the stage of underlying liver
disease (chronic hepatitis or cirrhosis) and the inclusion or not of extra-hepatic OFs. In
spite of these differences, each of them recognizes ACLF as a definite clinical entity. Table 1
summarizes definitions, diagnostic criteria and stratification of ACLF used by the four
major international consortia [2,5–9].

The definition proposed by the European Association for the Study of the Liver—
Chronic Liver Failure (EASL-CLIF) Consortium is based on the results of the CANONIC
study, a multi-center prospective investigation in which 1343 patients non-electively hos-
pitalized for AD of cirrhosis were enrolled, irrespective of prior episode(s) of AD [2].
This definition considers both hepatic and extra-hepatic precipitants and both liver and
extra-hepatic OFs. The diagnosis of OFs is based on a modified Sequential Organ Failure
Assessment (SOFA) score, called CLIF-C organ failure (CLIF-C OF), which considers the
function of six organ systems (liver, kidney, brain, coagulation, circulation and respira-
tion) [2]. According to the number of OFs, patients with ACLF were stratified into three
groups: (I) patients with a single kidney failure or another single OF if associated with
brain or kidney disfunction (ACLF grade 1); (II) patients with two OFs (ACLF grade 2);
(III) patients with three or more OFs (ACLF grade 3) [2]. We contributed to the develop-
ment of this definition, which nowadays is the most studied. Thus, we currently use it in
our center.
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The definition proposed by the North American Consortium for the Study of End-
stage Liver Disease (NACSELD) is based on an investigation involving 507 patients with
AD of cirrhosis non electively hospitalised for infection [5]. Like the European one, the
North American definition considers extra-hepatic OFs as part of the syndrome but does
not include liver and coagulation. It defines ACLF by the presence of two or more OFs
among kidney, brain, circulation and respiration and stratifies patients according to the
number of organ failures [5]. The Chinese Group on the Study of Severe Hepatitis B
(COSSH) developed a definition for hepatitis B virus (HBV)-related ACLF by using data
from a large cohort of 1202 patients with HBV-related AD, with or without cirrhosis. The
CLIF-C OF scoring system was used to define OFs; so, this definition and the consequent
stratification of patients are quite similar to the European ones. The only difference is
that, in the Chinese classification, a patient with single liver failure with INR ≥ 1.5 is
considered as having ACLF grade 1 [6]. The Asian Pacific Association for the Study
of the Liver (APASL) proposed a definition of ACLF in 2009 which was based on an
expert opinion. This definition was updated by the APASL ACLF Research Consortium
(AARC) in 2014 and then in 2019, using the results of the AARC database (5228 patients
collected at that time) [7–9]. Unlike the above definitions, AARC investigators consider
extra-hepatic OFs as manifestations but not as components of the syndrome, and extra-
hepatic insults (for example, bacterial infections) as complications, but not triggers, of
ACLF. So, ACLF is considered as an acute hepatic insult (for example, HBV reactivation or
acute alcoholic hepatitis), manifested as jaundice (total bilirubin levels ≥ 5 mg/dL) and
coagulation failure (INR ≥ 1.5 or prothrombin activity < 40%) and complicated by clinical
ascites, encephalopathy or both within 4 weeks in patients with chronic liver disease or
compensated cirrhosis without prior decompensation and with no AD [9]. Thus, AARC
investigators consider ACLF to be totally distinct from acutely decompensated cirrhosis.
The severity of ACLF is assessed using a grading system based on the AARC score [9].

2. Clinical Features

ACLF has typical clinical features based on the definition used, on which its prevalence
also depends. In the European cohort, the prevalence of the syndrome was 23% among
patients with AD of cirrhosis at admission and 8.3% of patients developed it during
hospitalization within a period of days (maximum of two weeks). In outpatients with
cirrhosis, the incidence of the syndrome is about 40% at 10 years [11]. As confirmed by
the PREDICT (PREDICTing Acute-on-Chronic Liver Failure) study, another large-scale
European prospective investigation designed to identify predictors of this syndrome,
patients with ACLF were younger, showed higher levels of white blood cells and C-reactive
protein (CRP) and had a greater prevalence of bacterial infections, severe alcoholic hepatitis,
variceal bleeding, drug-induced encephalopathy as precipitants, with respect to patients
without ACLF [2,12,13]. Moreover, the PREDICT study demonstrated that the clinical
course of AD that leads to ACLF is distinct from the other forms of AD of cirrhosis [12].
The 28-day mortality significantly rises with the increase in the number of OFs, ranging
from 4.7% for patients without ACLF to 22%, 32% and 77% for patients with ACLF grade 1,
2 and 3, respectively [2].

In a validation study of NACSELD definition of ACLF, in which 2675 patients with
AD of cirrhosis related or not to infection were included, the prevalence of ACLF was 10%
and 30-day mortality rate was significantly different between patients with or without the
syndrome (41% vs. 7%, respectively) [14]. In a recent study, the NACSELD criteria were
demonstrated to be less sensitive compared to EASL-CLIF criteria in diagnosing ACLF [15].

When using NACSELD criteria, only about 40% of patients with a diagnosis of ACLF
based on EASL-CLIF criteria were classified as affected by the syndrome, probably because
the NACSELD definition considers only more severe patients and because it could be
influenced by the medical strategies available in the different centers (renal replacement
therapy (RRT), mechanical ventilation, use of vasopressors) [10,16].

113



J. Clin. Med. 2021, 10, 4406

In a cohort of patients with HBV-related AD of cirrhosis, the prevalence of ACLF was
30.2% according to the COSSH ACLF definition. As in the European cohort, patients with
ACLF were younger, had a more severe grade of systemic inflammation (as demonstrated
by higher levels of white blood cells and CRP) and more frequently had a bacterial infection
(associated or not with HBV reactivation) as precipitant compared to those without ACLF,
with a significantly higher short-term mortality (52.1% vs. 4.3%) [6]. Although EASL-CLIF
and COSSH definitions of ACLF are very similar, clinical characteristics of patients are
quite different, because of the higher prevalence of intra-hepatic precipitants in the Chinese
cohort (most often HBV reactivation) with respect to the European cohort [16], with liver
and coagulation failure being more frequent in the former and kidney and brain failure
more frequent in the latter [4]. As expected, a flare of HBV infection was the most frequent
trigger of ACLF in studies using AARC criteria [9,17]. In a study using AARC ACLF
criteria which enrolled patients with HBV-related ACLF, about 32% had a bacterial or
fungal infection as a complication. The 28-day mortality rate was 27.8% [18].

3. Pathophysiology

The pathophysiology of ACLF is yet to be fully understood. To date, ACLF is con-
sidered the extreme expression of systemic inflammation that drives AD of cirrhosis [19].
Systemic inflammation is characterised by activation of the immune system that leads
to increased circulating levels of inflammatory mediators and, if severe, proliferation of
neutrophils, monocytes and dendritic cells [20]. The mechanism of systemic inflammation
depends on the precipitant of ACLF [3]. The recognition of pathogen-associated molecular
patterns (PAMPs) activates the innate immune system by pattern-recognition receptors
(PRR) in case of bacterial infection or translocation of viable bacteria and bacterial products
through the intestinal wall [19,21]. Exceeding inflammation can cause direct tissue damage
and necrotic cell death, resulting in the release of damage-associated molecular patterns
(DAMPs) that perpetuate inflammation acting on PRR [21]. DAMPs are also released
when an injury acts directly on the liver, as in case of alcoholic hepatitis or ischemia due
to variceal haemorrhage [22,23]. This overactivation of the immune cells requires a large
amount of energy sustained by reallocation of nutrients. This causes a reduced availability
of substrates for other organ systems that leads to OFs by severe mitochondrial dysfunction
and impaired energy production [19]. Moreover, recent findings suggest that systemic in-
flammation can explain and act with the traditionally accepted organ-specific mechanisms
of AD (portal hypertension, hyperammonaemia, endogenous vasoconstrictors system and
arterial blood volume) in determining OFs [19]. Blood metabolomics offers a new insight
into the pathophysiology of systemic inflammation in patients with ACLF and could be
an intriguing starting point to uncover new potential therapeutic targets [24]. Figure 1
summarizes the pathophysiology of ACLF.
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Figure 1. Pathophysiology of ACLF. PAMPs, pathogen-associated molecular patterns; DAMPs, damage-associated molec-
ular patterns; PRR, pattern-recognition receptors; RAAS, renin-angiotensin-aldosterone system; SNS, sympathetic ner-
vous system.

4. Prognostic Stratification

ACLF is a dynamic syndrome that can resolve, improve or worsen in a few days [25].
Outcomes for ACLF patients are strictly related both to severity of liver disease and to
severity and number of OFs. Because ACLF patients may be considered for urgent Intensive
Care Unit (ICU) referral and/or liver transplantation (LT), different consortia developed
prognostic scores [16]. EASL-CLIF proposed the CLIF-C ACLF score, which demonstrated
more accuracy in predicting death than MELD (Model for end-stage Liver Disease), MELD-
Na (Model for end-stage Liver Disease-Sodium), Child-Pugh and CLIF-C OF scores [17].
CLIF-C ACLF score captures both intra- and extra-hepatic OFs but has a subjective element
in the scoring of hepatic encephalopathy and a “ceiling effect” with INR, serum creatinine
and bilirubin (for example, a patient with serum bilirubin 25 mg/dL has the same prognosis
of a patient with serum bilirubin 12 mg/dL) [16]. The NACSELD organ failure score is
simple to use but considers only the sickest patients. The AARC-ACLF score was found
to be superior to MELD and CLIF-SOFA in predicting short-term mortality [26] but, as
with CLIF-C ACLF score, has subjective elements and suffers from a “ceiling effect” for the
considered laboratory values [16]. The COSSH-ACLF score showed higher predictive value
for short-term mortality than other scores (MELD, MELD-Na, Child-Pugh, CLIF-C OF and
CLIF-C ACLF) in patients with HBV-ACLF [6]. Recently, a simplified version of this score
(COSSH-ACLF II) demonstrably improved prognostic accuracy and sensitivity for patients
with HBV-ACLF. The COSSH-ACLF II score also allows easy division of patients into three
different strata with significantly different 28-day mortality rates [27]. The COSSH-ACLF
scores also include a subjective element in hepatic encephalopathy evaluation.

Prognosis is more accurately estimated when the scores are applied at 3 to 7 days
than at time of diagnosis [25,28]. These findings are in keeping with the dynamic nature of
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ACLF. Prognostic scores have also been applied to determine futility of treatments in ACLF
patients [28,29]. Thus, it is necessary to overcome the above-mentioned limitations by
creating models based only on objective, verifiable and continuous variables [16]. Finally,
among OFs not actually included in the prognostic scores, relative adrenal insufficiency
(RAI) has been shown to have a similar prognostic value for non-kidney OFs. RAI could be
considered to better stratify patients with ACLF in clinical practice [30].

5. Management of ACLF

Principles of treatment of ACLF are summarized in Table 2.

5.1. Admission to Intensive Care Unit

The referral of patients with ACLF to ICU should be neither delayed nor denied
only because of the underlying chronic liver disease or the possibility of poor prognosis
in patients with OF(s) [31,32]. In fact, several findings suggest that acceptable survival
rates can be achieved in patients with cirrhosis admitted to ICU [33]. In such a setting,
CLIF-C OF and CLIF-C ACLF scores perform better than generally used and liver specific
scores [31,34].

Table 2. Principles of treatment of ACLF [3]. ICA, International Club of Ascites; AKI, acute kidney injury; HRS, hepatorenal
syndrome; RRT, renal replacement therapy; LT, liver transplantation; NSAID, non-steroidal anti-inflammatory drugs; MAP,
mean arterial pressure; SBP, spontaneous bacterial peritonitis; LVP, large volume paracentesis; DVT deep-vein thrombosis;
PaO2 FiO2 SpO2 ACLF, acute-on-chronic liver failure.

Kidney Circulation Coagulation Lung Brain Infections

Assess AKI severity
using ICA Criteria *

Taper/withdraw from
diuretics and
beta-blockers,

withdraw from
nephrotoxic drugs

Assess hemodynamic
state early; consider a
MAP ≥ 65 mmHg as

target

Assess complete
blood count and
coagulation tests

Assess respiratory
state by using also

imaging techniques
Calculate PaO2/FiO2

or SpO2/FiO2

Assess hepatic
encephalopathy

using West Haven
criteria. Identify and
treat the underlying

cause

Perform a complete
work up for infection

at ACLF diagnosis

Administer albumin
(1 g/kg for 48 h) if AKI
stage > 1a * to volume
expansion; if HRS-AKI,
administer terlipressin
by continuos infusion

(2 mg/24 h) and
albumin (20/40 g/day)

Administer
crystalloids and 5%

albumin as
resuscitation fluids;
norephinephrine as

first line vasopressor

Administer platelets
(if < 20.000 × 109/L)

and fibrinogen (if
<1 g/L) if invasive

procedures

Administer oxygen
and ventilation with

lung protective
strategy

Administer
lactulose and

enemas for hepatic
encephalopathy.

Administer broad
spectrum high-dose
antibiotics at ACLF

diagnosis and
frequently re-assess

therapy

Consider RRT as bridge
to LT

Consider 20%
albumin if AKI (see
Kidney), SBP, LVP;

consider terlipressin
if additional agent

needed

Consider
prophylaxis for DVT
in patients without

severe coagulopathy

Consider intubation
if risk of aspiration
(West Haven grade

III or IV hepatic
encephalopathy)

Consider
short-acting

sedative agents if
necessary

Consider antifungal
agents if risk factors
for fungal infections

Avoid NSAIDs Avoid starches
Avoid fresh frozen
plasma to correct

INR if no bleeding

Avoid delay in
intubation even if

normal blood oxygen
level

Avoid deep sedation
and

benzodiazepines

Avoid delay in
antibiotics

administration

* See ref. [34].

5.2. Treating Organ Failures

Acute kidney injury (AKI) should be treated with volume expansion with albumin and
withdraw from diuretics and beta-blockers [35]. If there is no response after two days of
volume expansion and hepatorenal syndrome (HRS)-AKI criteria are met [36], terlipressin
given by continuous infusion should be started [37]. Response to terlipressin is inversely
related to the number of OFs at baseline and to the creatinine value at the start of the
treatment [38,39]. There are scarce data about the role of RRT in patients with ACLF. In a
recent study in patients with type 1 HRS and no response to vasoconstrictors, RRT did not
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improve survival at 30 and 180 days [40]. To date, RRT should be considered as a bridge to LT
in selected patients. A target of mean arterial pressure ≥ 65 mmHg should be reached within
the first hours in patients with circulatory failure. Crystalloids and 5% albumin solution
should be preferred over saline solutions as resuscitation fluids. Starches formulations
should be avoided [4]. Norephinephrine is the first-line vasopressor agent [41]. Terlipressin
demonstrated a better alternative in one study in patients with cirrhosis and septic shock [42].
Infusion of blood products should be considered only if clinically significant bleeding or
invasive procedures in patients with coagulation failure. Respiratory failure should be
treated with oxygen supplementation and ventilation, if needed. Intubation should be
considered to prevent aspiration pneumonia in patients with severe hepatic encephalopathy
by using short-acting sedative agents. Other measures include lactulose and enemas to clear
the bowel and the treatment of the underlying cause [4,35].

6. Treating the Precipitating Event

6.1. Bacterial or Fungal Infection

The prevalence of infections in patients with ACLF, either as precipitants or complica-
tions of the syndrome, is about 50% and rises to 70% in patients with three or more OFs [43].
Bacterial infections are more frequent than fungal ones, being multidrug-resistant (MDR)
pathogens involved in one-third of cases with different prevalence related to geographical
region [43,44]. A complete work up for infection, including microbiological and imaging
examinations, should be performed in all patients at diagnosis of ACLF before starting
high-dose broad-spectrum antimicrobial therapy. The broad spectrum antibiotic treatment
should be started as soon as possible. An effective antibiotic treatment is strongly associ-
ated with an improvement in survival in patients with ACLF [45,46]. Antifungal agents
should be considered in patients with risk factors for fungal infections (e.g., nosocomial
infections, previous antibiotic treatment, diabetes, AKI, recent endoscopy) [47,48].

6.2. Alcoholic Hepatitis

Corticosteroids are the first-line treatment for severe alcoholic hepatitis. The Lille score
is used to identify response to treatment. The probability of response to corticosteroids is
lower in patients with ACLF respect to those without (38% and 77%, respectively) and is
negatively correlated with the number of OFs at diagnosis [49].

6.3. Acute Variceal Haemorrhage

Standard medical treatment for this life-threatening precipitant is made by a vasocon-
strictor (terlipressin, somatostatin or analogues such as octreotide) and endoscopic therapy
(preferably variceal ligation) plus a short-term antibiotic prophylaxis with ceftriaxone [50].
In a recent multicenter international study which enrolled patients with acute variceal
bleeding and ACLF, the syndrome was identified as an independent risk factor for rebleed-
ing and short-term mortality. Pre-emptive TIPS may improve survival in this cluster of
patients, but further studies are needed before recommending its routinary use [51].

6.4. Hepatitis B Virus Reactivation

All patients with hepatitis B virus infection at presentation should be treated with a
nucleoside or nucleotide analogue. Tenofovir, tenofovir alafenamide or entecavir should
be used [9].

6.5. Liver Transplantation

Several studies showed that LT improved survival in patients with ACLF [52,53]. In
a recent multi-center European investigation, one-year post-LT survival was >than 80%
independently from ACLF grade [54]. Despite these findings, prioritization for LT of
patients with ACLF remains complicated. Commonly used scores for listing patients with
cirrhosis were demonstrated not to be accurate enough to predict survival in patients with
OFs. Mortality of patients with ACLF of grade 3 and a MELD score < 25 was shown to
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be higher than in patients with a MELD score > 35 but without ACLF [52]. MELD-Na
score underestimates mortality at 90-days in patients with ACLF, especially in those with
MELD-Na < 30 [55]. Moreover, patients with ACLF grade 3 had a greater waitlist 14-day
mortality than patients listed as status 1a, independent of MELD-Na score [56]. These
findings emphasize the importance of early discussion for LT and consideration of priority
for patients with ACLF, irrespective of traditional listing scores. Recently, a novel score
which incorporates MELD score and ACLF grade demonstrably performs better than
traditional scores by giving a higher impact to ACLF grade at lower MELD listing [57].

The Spanish Society of Liver Transplantation (SETH) proposed a consensus statement
in which expedited organ allocation is recommended to allow ACLF patients to be trans-
planted [58]. SETH recommends the use of CLIF-C ACLF score instead of MELD to assess
prognosis and suggests prioritisation of these patients because of their poor short-term
prognosis [58]. NHS Blood and Transplant recently set the ACLF Liver Transplantation
Tier (ACLFLTT) which gives a priority below that of super-urgent listed patients to those
with cirrhosis and liver failure (as manifested by jaundice and coagulopathy) who stay on
ICU for organ support and have risk of 28-day mortality of >50%. These patients usually
fulfill EASL-CLIF criteria for ACLF of grade 2 or 3 [59].

An optimal selection of candidates for LT is equally important to avoid futile LT.
Factors independently associated with poor post-LT survival were found to be lactate
levels > 4 mmol/L, need for RRT at LT, older age of recipient, use of marginal organs and
infections with MDROs while on the waiting list [52,54,60].

6.6. Extracorporeal Liver Support

Two large randomized clinical trials demonstrated no improvement in short-term sur-
vival in ACLF patients treated with albumin dialysis versus standard medical therapy [61,62].
Other two randomized trials are currently assessing plasma exchange (APACHE trial; Clin-
icalTrials.gov number, NCT03702920) and albumin exchange with endotoxin removal
(DIALIVE trial, NCT03065699).

6.7. Granulocyte-Colony Stimulating Factor

Two small single-center studies reported improved survival and reduced rate of
bacterial infections in ACLF patients treated with Granulocyte-Colony Stimulating Factor
(G-CSF) [63,64]. This result was not confirmed by the recent large multicenter randomized
trial (GRAFT study), which failed to demonstrate the superiority of G-CSF over standard
medical treatment and reported serious drug-related adverse events [65].

6.8. Human Allogeneic Liver-Derived Progenitor Cells

Low doses of human allogeneic liver-derived progenitor cells (HALPC) appeared to
be safe in a clinical phase II study which involved 24 patients [66]. Further studies are
needed to confirm safety and assess efficacy of this medicinal product.

7. Conclusions

ACLF is a distinct syndrome without a universally accepted definition and is charac-
terized by high short-term mortality due to OFs. Patients with ACLF should access ICU
without delay if necessary. LT has good outcomes and should be considered irrespective of
traditionally used scores for waiting list allocation. Prioritization of ACLF for LT should be
improved using proper scores for ACLF patients. Further studies are needed in order to
better clarify the pathophysiology of the syndrome and to develop treatments other than
supportive measures for OFs.
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Abstract: Despite the accumulating knowledge, chronic hepatitis B (CHB) and HDV infection rep-
resent a global health problem, and there are still several critical issues, which frequently remain
uncovered. In this paper, we provided an overview of the current therapeutic options and summa-
rized the investigational therapies in the pipeline. Furthermore, we discussed some critical issues
such as a “functional cure” approach, the futility of long-term NA therapy and the relevance of
understanding drug actions and safety of antivirals, especially in special populations.

Keywords: HBV; HDV; antivirals; functional cure; pharmacology

1. Introduction

Viral hepatitis has been recognized as a health and development priority only re-
cently [1]. Most countries have implemented neonatal vaccination programs against hepati-
tis B virus (HBV) and reached a reduction in HBV prevalence among children; despite this,
the burden this infection places, especially on the adult population, is still huge. In 2015,
an estimated 257 million people were living with chronic HBV infection (CHB) worldwide,
and its complications (especially long-term consequences, i.e., cirrhosis and hepatocellular
carcinoma) were responsible for the 66% of the deaths caused by viral hepatitis; future
perspectives are worrying, with 17 million deaths attributable to CHB in 2030 [2,3]. It is
estimated that 5% of HBV-infected persons are also coinfected with hepatitis Delta virus
(HDV) and have a more severe liver disease; however, there is substantial uncertainty, as in
many countries, HDV infection is not tested [2].

Currently, the recommended treatment of choice for CHB regardless of the severity
of the liver disease is the long-term administration of a nucleos(t)ide analog (NA) with a
high barrier to resistance, such as entecavir, tenofovir disoproxil fumarate and telbivudine;
alternatively, for patients with mild to moderate CHB, a 48 week-therapy with peginterferon
alfa (PegIFNa) can be considered [4]. The main endpoint of all current treatment strategies
is suppression of HBV DNA levels, as it is strongly associated with disease progression;
however, this does not translate to an effective and complete cure of the HBV infection.
Among the several barriers to cure, the most worrying one is the covalently closed circular
DNA (cccDNA), which allows the virus to permanently persist in hepatocytes and against
which NAs have little effect [5]. Moreover, NAs rarely achieve the so-called “functional
cure”, which was defined by clinical guidelines as seroclearance of hepatitis B surface
antigen (HBsAg) with or without anti-HBs. Therefore, treatment is often lifelong and
often leading to the selection of resistant mutants or causing side effects [4,6]. As for HDV
infection, the ideal goal of treatment is the clearance of HBsAg plus a sustained HDV
virological response at least 6 months after stopping the treatment, and the attainment of
both the aforementioned aims is truly challenging. Pertaining to chronic HDV infection
(CHD), the treatment of choice is a one year-course of PegIFNa, usually leading to a
reduction of the HDV RNA viral load, but this may prove useless if not associated with
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a clearance of the HBsAg [7]. When compared to other viral chronic hepatitis, there are
certainly fewer data on the PegIFNa efficacy for chronic hepatitis D. To date, the largest
available trial includes a total of 38 participants. Treatment success was achieved in only
eight patients (21%) after 24 weeks of follow-up (all patients were maintained on PegINFa
for 48 weeks) [8]. A higher virological response rate (43%) after a 12-month-follow-up was
instead found in a subsequent trial. Nevertheless, it was carried out in a restricted group
of 14 patients [9]. The European Association for the Study of the Liver (EASL) guidelines
suggest tenofovir or entecavir treatment for those patients not eligible for interferon-based
therapy with detectable HBV DNA levels in order to block residual HBV replication, mainly
in patients with decompensated liver disease [4]. Unsurprisingly, rather than an ineffective
drug with a well-known toxicity, we support the search for new molecules.

Although there are multiple comprehensive literature reviews on chronic hepatitis B
and D treatments, there are still several critical issues, which frequently remain uncovered.

As CHB is associated with aging population, individuals often have co-morbid health
concerns. Although current and investigational therapies do not carry high risks of toxici-
ties, attention should be paid to subsets of the population called special populations, such
as HIV coinfected patients, children, pregnant women, immunosuppressed patients, and
patients undergoing chemotherapy and dialysis. Moreover, the futility of long-term NA
therapy has become a very interesting topic, and the approach of finite NA treatment is not
completely uniform.

The purpose of our study is not only to overview the different therapeutic options for
chronic hepatitis B and D but to focus on those critical issues especially.

2. Overview of the Drug Pipeline

To succeed in the cure of the chronic infection, the prevailing theory at the moment
is that the combination of two different strategies is required [3,10]. On the one hand,
the recent progress in understanding the structure and life cycle of the virus allowed the
development of novel antivirals directly targeting multiple steps in the virus replication,
preventing the synthesis of new cccDNA. On the other hand, immunomodulators are also
needed to subvert the state of tolerance found in the chronic phase of the disease and
consequently promote the death of infected hepatocytes and neutralization of circulating
virions [5]. According to the latest update, more than 50 compounds are currently being
tested for CHB, and the majority of the studies are in a preclinical phase [11].

Adding to an existing class of drugs, new nucleotides analogs in development include
besifovir, metacavir and two prodrugs of tenofovir (tenofovir exalidex, tenofovir disoproxil
orotate). However, it is now widely recognized that an efficacious therapy should target
more than one step of the virus replication cycle. For this reason, other drugs currently in
development include attachment/entry inhibitors, such as bulevirtide.

Myrcludex-B (Myr), also known as bulevirtide, acts upon the sodium taurocholate
cotransporting polypeptide (NTCP), a receptor of both HBV and HDV. Therefore, this
new drug might block HBV and HDV entry, and it was approved in the European Union
in July 2020 as the first effective drug for the treatment of chronic HDV in patients with
compensated liver disease [11,12]. In a phase 2a trial, patients were treated with Myr for
72 weeks, and a follow-up was planned 6 months after the end of treatment. The estimation
of efficacy parameters was planned to be performed after 24 and 48 weeks of therapy and
after the end of follow-up. The results, though, were published as interim findings at week
24 and showed that all patients with measurable HDV RNA experienced a decline of HDV
RNA under Myr monotherapy, while, remarkably, the combination of Myr with PegIFNα-
2a profoundly enhanced this antiviral effect, achieving a decline >1 log in HDV RNA in all
the subjects. Finally, ALT levels significantly declined in six of the eight patients of the Myr
cohort [13]. Regarding the reduction of >0.5 log HBsAg, which we already described as
an alternative therapeutic target, none of the patients achieved this endpoint. Similarly,
Wedemeyer et al. showed a HDV RNA declined by 2 log and a normalization of ALT levels
in patients treated with Myr and tenofovir, but regrettably, HDV RNA replication relapsed
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after the end of treatment in most of the patients and HBsAg remained unaffected [14].
Moreover, recent studies showed that the effect on HBsAg seemed to be more pronounced
in the HDV patients receiving lower doses of Myr in combination with IFNa, rather than
higher. The reason for this observation is not currently known.

Lonafarnib (LNF) is a farnesyl transferase inhibitor, which blocks assembly and
secretion of virions in the cell (IC50: 36 nM) through the hepatitis delta antigen prenylation.
LNF has been more extensively studied because of its potential activity in cancer patients
and its proven efficacy in Hutchinson–Gilford progeria syndrome. In a phase 2a study,
14 patients were randomly assigned to receive LNF 100 mg or 200 mg twice daily for
28 days with greater decline in HDV RNA [15]. In a subsequent study, Yurdaydin et al.
explored different potential LNF regimens: different doses of LNF, LNF plus ritonavir
(RTV), LNF plus PEG-INF. A better antiviral response was achieved with the addition
of RTV supporting the key role of the cytochrome P450 3A4 inhibitor and the need of
exploration of boosting combinations [7].

Recently, nucleic acid polymers (NAPs), such REP 2139, have also been widely studied,
showing promising results, as after a follow-up of 1 year, 7 and 5 of the 12 evaluated patients
were HDV RNA and HBsAg negative, respectively. Asymptomatic and transient elevation
of liver enzymes have been also reported [16]. Similarly, PEG-IFN-lambda was associated
with improved or similar rates of virologic response with fewer adverse events than IFNa.
The primary end point was once again a reduction of >2 log or negative HDV RNA at the
end of 48-week-treatment and following a 24-week observation period [17]. We underline
here that therapeutic targets remain generally similar in the older and newer studies
assessing the efficacy of HBV or HDV treatment. In any case, depending on the treatment
aim (HBV DNA or HBsAg decline, HDV-RNA long-term suppression, ALT normalization,
etc.) and the degree of hepatic impairment, these novel regimens might potentially be
successful, and with additional strategies, such as drug combinations, they might work
even better.

Other molecules working with different mechanisms include:

• siRNAs (small interfering RNA that interfere with viral mRNA to prevent synthesis of
viral antigens): GalNAc-siRNA, VIR-2218, DCR-HBVS, JNJ-3989, ARB-1467. Mostly
now in phase 1 or 2 studies.

• Antisense nucleotides: GSK3389404, RO7062931, GSK3228836. In phase 2 studies.
• RNase H targeting (prevents degradation of pre-genomic RNA and synthesis of DNA):

a-hydrocytropolones, N-hydroxyisoquinolinediones, N-hydroxylpyridinediones.
These are the chemical class of molecules now under investigation, no single molecule
has been developed yet.

• Capsid inhibitors (interfere with the formation of the HBC core protein): GLS4, JNJ
56136379, JNJ 56136379 (alone or in combination with JNJ 73763989), ABI-H0731,
ABI-H2158, QL-007, RO7049389, EDP-514, AB-423, and JNJ-6379. Mainly in phase II,
some in phase I or in vitro studies, alone or in combination with nucleotide inhibitors.
A study of a capsid inhibitor in combination with Toll-like receptor 7 agonist is also in
program (RO7049389 + RO7020531).

• HBsAg release inhibitors (prevent the assembly and secretion of HBV subviral parti-
cles: REP 2139 (also in combination with REP 2165), REP-2055, REP 301, REP 301-LTF,
REP 401, REP 102. Some of these have been studied in combination with Peg-IFN and
TDF. Now in phase II.

• cccDNA formation inhibitors: ccc_R08. Now in animal studies [5].

In the immunotherapy side of HBV treatment, mechanisms and molecules under
study include:

• Toll-like receptor agonists (activation of innate immune system with production of
IFN): GS-9620, GS9688, TQ-A3334, RO6864017. As explained above, there is also
RO7020531 in combination with a capsid inhibitor (RO7049389 + RO7020531). They
are mostly in phase II.
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• Retinoic acid-inducible gene-1 agonist (lead to production of IFN and other cytokines
that activate antiviral immunity): Inarigivir, SB-9200.

• Agonists of IFN genes stimulators (IFN production). Now in animal studies.
• Checkpoint inhibitors (restore T-cell functionality): CTLA-4, CD244/2B4, Tim-3, LAG-3,

HLX10, cemiplimab, nivolumab in combination with a therapeutic vaccine.
• Therapeutic vaccines: ABX-203, INO-1800 (with or without INO-9112), HB-110 (with

adefovir), GS-4774, TG-1050, JNJ-64300535, FP-02.2, DV-601, HBV0003, T101, GC1102.
Mostly in phase I.

• Apoptosis inducers: APG-1387
• Ciclophilin inhibitor: CRV-31
• Transfer of genetically engineered T cells or CAR (chimeric antigen receptor) T cells [5].

3. Pharmacology and Safety of Current and Investigational Therapies of Hepatitis B
and D

3.1. Myrcludex B (Myr)

Myr targets the hepatocytes exclusively, and this might allow subcutaneous admin-
istration of low drug doses [18]. Phase III clinical trials have established a subcutaneous
injection of 10 mg as the optimal dose to reach more than 80% saturation of the NTCP
receptor for at least 15 h [19]. The raised concern that NTCP blockage might cause an
elevated plasma bile acid levels-related adverse reaction [20] is now insubstantial because,
while the inhibition of HBV/HDV infection is reached with an inhibitory concentration
(IC) 50 of 80 pM [21], the increase in bile acid transportation is impaired with an IC 50 of
47 nM, therefore significantly higher. Hence, Myr effectively inhibits HBV/HDV infection
at concentrations where the NTCP-mediated transport of substrates is not yet affected.
However, whether NTCP inhibition can also affect drug exposure is unknown. Conversely,
plasma bile acid levels might work as the drug’s marker. A study by Blank et al. recently
investigated the pharmacokinetic data of Myr, and its effects on TDF 300 mg in 12 healthy
volunteers after administration of a 10 mg SC dose. The authors noted that the steady-state
AUC and the Cmax were significantly higher compared with those following the first
dose, thus indicating an accumulation [19]. A further major consideration for clinical
practice concerns the drug’s excretion, and renal excretion resulted as a negligible route of
elimination of Myr [22].

A critical issue is definitely the combination of antiviral therapies for hepatitis B
infection. The reason behind it is precisely to achieve the HBsAg loss, acting at different
stages of the disease, and simultaneously decrease HBV attachment and entry, ccc DNA
formation, nucleocapsid and core assembly. For example, although Myr blocks viral
entry, HDV and HBV can still propagate undisturbed through cell division, which is,
conversely, efficiently restricted by IFN. IFN-α inhibits HBV transcription and replication
in cell culture and in humanized mice by targeting the epigenetic regulation of the nuclear
cccDNA minichromosome [23,24]. In the published first results of a phase 2 trial, a benefit
of the antiviral combination of PegIFNα-2a and myrcludex was definitely observed [13].
However, follow-up showed a viral rebound after treatment cessation. Myr may thus
be combined with current HBV drugs to improve HBV or HBV-HDV infected patient
outcome; however, despite a decrease in HDV-RNA in a dose-dependent manner, only
10% of patients treated with Myr showed a definite virological response (defined as a
2 log10 reduction in HDV-RNA). The optimal duration of treatment to clear HDV RNA
permanently is still unknown, since studies of 2 to 3-year duration are being planned,
while the suggestion of potential benefit of a higher dose of Myr has been investigated by
Loglio et al. [25].
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3.2. Lonafarnib

Lonafarnib (LNF) is a farnesyl transferase inhibitor, which blocks assembly and
secretion of virions in the cell (IC50: 36 nM) through the hepatitis delta antigen prenyla-
tion [15,26]. LNF has dose and time-dependent pharmacokinetics with an insignificant
renal excretion [27]. Moreover, this drug notoriously has some adverse events, mostly
in the multiple-dose rather than once-daily administration, mainly reported as minor
gastrointestinal disorders, which significantly decreased with food intake [28]. Although
the recommended dose is 200 mg bid [29], a recent PK and PD study showed that a high
LNF dose of 610 mg bid would achieve 99% efficacy. However, such a high dose might
cause several adverse effects [30]. Therefore, the authors provided an already explored
suggestion regarding the use of a ritonavir booster to potentially optimize both the LNF
tolerability and its antiviral effect [31]. The true ramifications of this option will need to be
extensively investigated. Finally, the work of Lempp and colleagues indicates that, besides
the suppression of viral secretion, LFN led to an intracellular accumulation of a hepatitis
delta antigen [26].

3.3. JNJ-56136379

JNJ-5613379 (JNJ-6379) is an oral drug, which has at least two mechanisms of action
on HBV infection. First, it interferes with the HBV capsid assembly, and second, it prevents
cccDNA formation during de novo infection. Recently, Vandenbossche et al. demonstrated
a dose-proportional increase in plasma concentration and AUC of the drug administered to
healthy subjects [32]. However, this is true for dosages up to 300 mg, while with a double
dose of 600 mg, the clearance decreased, determining a less than dose-proportional increase
in the drug. Moreover, the drug showed a very long half-life of 120–140 h. Significantly,
the drug clearance also decreased with lower weight [32]. No clear information regarding
the metabolism of this drug is currently available. However, since a renal excretion of
18% has been recently reported, a certain share of hepatic metabolism probably exists.
How this might potentially result in a drug–drug interaction (DDI) is still unclear [33].
Importantly, no severe adverse reactions were reported in the first in vivo single and
multiple dose trial in healthy volunteers, and there was no dose limiting toxicity [34]. Only
one patient experienced an elevation of ALT and AST during the treatment, but it was not
possible to link it with any certainty to therapy [35]. A phase 2, randomized, open label
study is currently ongoing to evaluate efficacy, pharmacokinetics, safety and tolerability of
response-guided treatment with this drug combined with NA and Pegylated Interferon
Alpha-2 [36].

3.4. ABI-H0731

ABI-H0731 is an orally administered, HBV core protein inhibitor, which also blocks
several other steps in the HBV life cycle, including the HBV DNA synthesis and cccDNA
formation. For this very reason, core inhibitors might have a more profound inhibitory
effect on overall HBV replication than nucleoside analogs alone [37,38]. In a recent ran-
domized, placebo-controlled, first-in-human study by Man-Fung Yuen et al., ABI-H0731
pharmacokinetics were assessed in healthy volunteers and HBV chronic patients. Overall,
the authors’ aim was to identify a safe and effective dosing schedule for phase 2 clini-
cal studies [39]. Interestingly, this study showed that ABI-H0731 has dose-proportional
pharmacokinetics, since steady-state Cmax, Cmin, and AUC increased when a higher
dose of the drug was administered. The drug was rapidly absorbed, with mean time to
maximum plasma concentration (Tmax) values of 2 × 50–4 × 17 h, and inter-individuals’
variability in pharmacokinetic parameters was low. Furthermore, a moderate-fat meal
intake has a significant impact on absorption, causing an approximately 45% increase
in AUC. These findings are supportive of once-daily dosing of this drug. Nevertheless,
it is interesting to note that chronic HBV patients experienced a higher exposure to the
same dosages of ABI-H0731 than healthy individuals, suggesting a currently unexplored
hepatic metabolism of the drug and hanging question marks over cirrhotic patients on the
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one hand, and potential drug–drug interactions on the other. Regarding the efficacy of
ABI-H0731 in chronic HBV, when administered as monotherapy for 28 days (and 28 days
of follow-up), the drug exhibited a dose-related antiviral activity, with mean maximal
HBV DNA decline from baseline of 1 × 7 log10 IU/mL at 100 mg to 2 × 8 log10 IU/mL
at 300 mg after 28 days, for both HBeAg positive and negative participants. To further
confirm that a combination therapy is preferable, a more profound HBV DNA decline of
treatment was seen when patients were treated with both an NA and ABI-H0731, compared
with the placebo [40]. Therefore, the combination might not only maximize the antiviral
potency but also avoid treatment-emergent resistance. Regarding the safety data, while
a macular/maculopapular rash should be considered during the treatment, since some
moderate cases occurred, the treatment was well tolerated overall [39].

3.5. REP-2139

REP-2139 is a nucleic acid polymer (NAP), which acts as a secretion inhibitor. The cur-
rently available studies investigated its role as monotherapy and in combination with NA
or IFNa for 24–48 weeks, either IV or SC [16,41]. The suggested role of this compound is the
removal of HBsAg from the blood, unmasking the anti-HBs response, and finally allowing
the HBV clearance. Moreover, leading to a favorable immunological activation in the
absence of HBsAg, this drug would potentially enhance the effect of IFNa and TDF [16,41].
Even considering all chance-related uncertainties, and due to the lack of pharmacokinetic
data on REP-2139, its relative resemblance to other compounds under current use for
different conditions, such as mipomersen for homozygous familial hypercholesterolemia,
might lead us to consider similarities in terms of absorption, distribution, metabolism
and elimination. Hence, it showed a dose-dependent maximum plasma concentration at
the end of a 2-h IV infusion or SC administration, while the time of peak concentrations
(t max) were typically observed 3–4 h after SC dosing and the half-time was quite long,
with post-distribution-phase plasma concentrations well predicting tissue concentrations
and pharmacological activity [16]. Regarding REP-2139, some data on safety are currently
available. Administration-related side effects, including fever and chills, were commonly
experienced but generally did not require specific therapy. As in all oligonucleotides, an
improved tolerability was then attributed to the neutralization of the chelation of calcium
or magnesium. Importantly, significant elevation flares of ALT and AST (>10X ULN) were
frequently observed during REP-2139-Ca monotherapy in HBV/HDV patients, treated
either with monotherapy or combination therapy [42]. This phenomenon, though, was
self-limited and so did not require any dose adjustment and/or interruption of treatment
(Table 1).

Table 1. Summary of pharmacology and safety of current and investigational therapies of hepatitis B and D.

Myrcludex B (Myr)
• Injections by SC route
• Recommended dose is 10 mg qd
• Insignificant renal excretion

Lonafarnib (LNF)

• Oral drug
• Recommended dose is 200 mg bid
• Insignificant renal excretion
• Gastrointestinal disorders, which significantly decrease with food intake

JNJ-6379
• Oral drug
• Long half-life of 120–140
• Renal excretion and hepatic metabolism may exist (potential DDI)

ABI-H0731
• Oral drug
• A moderate-fat meal intake has a significant impact on absorption, supportive of once-daily dosing
• Hepatic metabolism (potential DDI)

REP-2139
• Injections IV or SC
• Side effects reported, including fever and chills
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4. Evaluating the Response to the Hepatitis D Treatment

The only recognized available and effective drug against HDV is interferon alfa (IFNa),
and it is recommended for patients with detectable HDV RNA and active liver disease
(elevated serum aminotransferase and/or chronic hepatitis on liver biopsy) [43]. The
treatment of chronic hepatitis D remains unsatisfactory and the eradication of HDV and
HBV and prevention of the long-term sequelae of chronic hepatitis, such as cirrhosis, liver
decompensation, and HCC are still not commonly achieved. Since the primary endpoint of
treatment is suppression of HDV RNA, the standard of therapeutic success was defined as
negative HDV RNA at 6 months (24 weeks) or more after treatment, known as a sustained
virological response (SVR) [9,44]. Detectable HDV RNA at 6 months of treatment might
be a predictor for a failed virological response [45]. Although achieving a negative HDV
viremia is still considered a hallmark of treatment efficacy, several studies have shown that
the only robust endpoint might differently be the clearance of the HBsAg [46,47]. It finally
seems that the ideal goal of HDV treatment should be both the clearance of HBsAg and the
sustained HDV virological response at least 6 months after stopping the treatment, and the
attainment of both the aforementioned aims is truly challenging [48]. Moreover, together
with a negative HDV viremia, a successful treatment is also associated with amelioration
of necroinflammatory activity, defined as a sustained biochemical response (normalization
of ALT and/or AST levels at six months or more after treatment) or histological response
(improvement of inflammatory activity confirmed by liver biopsy). These goals are com-
monly considered as secondary outcomes measures in the available trials [45]. Taking these
into account, Yurdaydin et al. recently proposed the evaluation of HDV treatment success
based on the improvement of liver function rather than the virologic response. Relying
on this unorthodox method, a decline of two or more logs of HDV RNA even without
achieving a negative HDV RNA test might be sufficient, if ALT are normalized [7].

Therapeutic targets remain generally similar in the older and newer studies assessing
the efficacy of HDV treatment. In any case, depending on the treatment aim (HDV-RNA
long-term suppression, ALT normalization, etc.) and the degree of hepatic impairment,
these novel regimens might potentially be successful, even more if additional strategies, as
the combination of drugs, are implemented. Our expert opinion is that the primary goal
would be, first of all, the functional cure of HBV.

5. Finite Nucleos(t)ide Analog Therapy

Long-term therapy with NA is effective in achieving viral suppression; however, this
is not indicative of HBV eradication [49]. As highlighted by Papatheodoridi et al., several
reasons have driven the emergent proposal to stop long-term NA therapy: the futility
of continuing a therapy that does not offer any further benefit; the unknown safety of a
lifetime NA therapy; the cumulative cost; the undoubted risk to occur through a decline of
treatment adherence [50]. Despite the lack of a well-defined endpoint for HBV treatments,
international guidelines unanimously consider HBsAg loss as the most important one [6].
However, Dusheiko et al. reported that HBsAg loss rates were <1% per year during NA
treatment [6,51]. With this in mind, over the past 5–10 years, the finite NA treatment
became a very interesting topic [6], and since 2016, the international guidelines have begun
accepting finite NA therapy as an option in a specific subset of patients.

Although the approach of finite NA treatment is not completely uniform, there is
a consistent agreement among different guidelines: finite NA therapy was suggested
in not-cirrhotic patients with undetectable levels of HBV DNA(on three separate occa-
sions, 6 months apart) after 12–18 months from HBeAb seroconversion (consolidation
therapy) [52]. The Asian guidelines, in contrast to EASL and AASLD, consider finite
NA treatment also in patients with cirrhosis [4,53–55]. After discontinuation, virological
relapse is quite common; however, not all patients necessarily have a biochemical relapse,
which means that not all patients require retreatment [53]. Although several studies have
focused on identifying factors that might predict relapse after treatment discontinuation,
at present, there is no reliable marker able to predict such a response [53]. Liu Y et al.
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performed a meta-analysis to evaluate those factors and data showed that older age, high
levels of quantitative HBsAg (>1000 IU/mL) at baseline and at the end of treatment, and
shorter duration of consolidation therapy result as factors predictive of relapse after NA
discontinuation in HBeAg-negative CHB patients [56]. Certain viral markers have gained
interest, such as the hepatitis B core-related antigen (HBcrAg), which seemed to serve as a
useful marker on patients who are planning finite NA therapy. In particular, a decrease
in HBcrAg levels was reported during NA therapy; Matsumoto et al. reported an expe-
rience from CHB patients treated with lamivudine where HbcrAg levels > 4.9 log U/mL
at the time of NA discontinuation were correlated to clinical relapse. In contrast, HbcrAg
levels < 3.4 log U/mL were the only independent predictive factor without relapse after
NA cessation [57].

Moreover, immunological studies have highlighted the role of the host immune
response as a pathobiological basis to facilitate HBsAg decline towards HBsAg loss [58].
Considering that, investigators have progressed to exploring immune biomarkers [53],
such as soluble isoform of growth stimulation expressed gene 2 (ST2), which belongs to
the Toll-like/interleukin-1 receptor superfamily. Xie et al. showed that ST2 was correlated
with HBsAg, HBV DNA, ALT and anti-HBc levels. Although baseline levels of ST2 were
not associated to clinical relapse, after 12 weeks after NA cessation, the level of ST2 was
able to predict the clinical relapse [59].

5.1. When and Whom to Stop Long-Term NA Therapy?

After reviewing the current literature, we suggest that NAs should be discontinued:

• After HBsAg loss; [4]
• In patients with HBV DNA undetectability after 12–18 months from HBeAb serocon-

version (consolidation therapy): [4];
• In HBsAg-positive patients without liver cirrhosis who achieved stable HBV DNA unde-

tectability on three separate occasions, 6 months apart after treatment for 2–3 years [4,6].

Conversely, NAs discontinuation should be avoided in:

• Cirrhotic patients;
• Patients who are not motivated to adhere to close monitoring;
• Patients with HIV or HDV coinfection [6].

As already pointed above, predictors of post-NA relapse are lacking; however, Pap-
atheodorid et al. showed an overview of biomarkers able to identify non-cirrhotic CHB
patients who can safely discontinue NAs before HBsAg loss; HBsAg serum levels at NA
discontinuation seem to be able to predict the clinical relapse, as already emerged from the
meta-analysis of Liu Y et al. [53,56] (Table 2).

Table 2. Patients that should stop long-term NA therapy and when.

NAs Should Be Discontinued NAs Discontinuation Should Be Avoided

• HBsAg loss • Cirrhotic patients

• After 12–18 months from HBeAb seroconversion with
HBV DNA undetectability • Patients who are not motivated to adhere to close monitoring

• HBV DNA undetectability on three separate occasions,
6 months apart after treatment for 2–3 years

• Patients with HIV or HDV coinfection

5.2. Management of Patients after NA Cessation

Concerning the management of patients after NAs cessation, liver function tests (serum
ALT/AST, bilirubin and prothrombin time) should be monitored at week 6, week 12,
week 18, week 24, and 3 monthly thereafter for the first 2 years. Weekly or biweekly tests
are recommended in the case of elevation of ALT or AST > 5X ULN.

HBV DNA and HBsAg should be monitored every 3 months in the first year or in case
of virologic relapse or clinical relapse and every 6–12 months afterward [6,58].
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6. Special Populations

Current guidelines for special populations in HBV-infected patients include HIV-HBV
coinfected patients, children, pregnant women, immunosuppressed patients and patients
undergoing chemotherapy and dialysis. In most cases, practice points are well defined:
HIV patients should follow a TAF/TAF based regimen; safety and efficacy profiles for
interferon, TDF and entecavir in children are similar to adults, allowing for easy treatment
when warranted; HBsAg-positive patients undergoing immunosuppressive therapy should
undergo prophylaxis according to their reactivation risk; renal failure/dialysis patients
should be administered entecavir or TAF as treatment/prophylaxis. Studies regarding new
drugs, are, however, still missing. A search on clinicaltrial.gov reveals that active studies
regarding bulevirtide either exclude special populations or do not plan sub-analysis for
them. Similarly, Pubmed searches for “bulevirtide + HIV”, “bulevirtide + pregnancy”,
“bulevirtide + children” and similar or related keywords yields no results. Lonafarnib has
been more extensively studied (though evidence is still scarce) because of its potential ac-
tivity in cancer patients and its proven efficacy in Hutchinson–Gilford progeria syndrome.
Studies on solid tumors and hematological patients include the following pathologies:
myelodysplastic syndrome, chronic myelomonocytic and myelogenous leukemia, lym-
phoma, breast, central nervous system, gastrointestinal, genitourinary, head and neck,
lung and liver cancer and soft tissue sarcomas. Most of these studies are still ongoing
with no published results; however, some phase II studies that used standard lonafarnib
dosage (100 to 200 mg twice daily) reported mainly grade 1 and 2 side effects, with no
excess of hematological side effects when compared to standard therapy [60–65]. A case
report in three chronic myelomonocytic leukemia patients describes hyperleukocytosis
associated with respiratory distress that has not been observed in other patients [27,66–71].
Thus, we can conclude that in terms of side effects, cancer patients and patients under-
going chemotherapy require no special attention. A few studies also examined potential
drug–drug interactions, finding no interactions with gemcitabine, imatinib, paclitaxel. Con-
cerning children, a phase I study on pediatric cancer patients determined an optimal body
surface area-dependent dose (yielding good serum levels with grade 1 or 2 side effects)
similar to adults, and higher doses resulted in the same side effects. It also noted that myelo-
suppression occurred only with higher doses, as it happened in adults [72]. This might
also make this drug ideal for immunosuppressed patients. Studies on Hutchinson–Gilford
progeria syndrome were obviously directed at children, and showed pharmacological
properties and side effects profiles similar to the ones observed in adults [73,74]. Obviously,
children with Hutchinson–Gilford progeria syndrome represent a nearly unique category
given the rarity of the disease, and this, plus the minuscule number of participants involved
in these studies, do not guarantee reliability of the findings on pharmacodynamics-kinetics
and uncommon side effects. Other drugs in the pipeline for HBV treatment are still too
new in their development phases to have data about special populations.

7. Conclusions

In this paper, we provided an overview of the different therapeutic options for chronic
hepatitis B and D. As discussed above, despite the accumulating knowledge, although HBV
and HDV infections represent a global health problem, unmet clinical needs still remain.
Firstly, the chance of a cure with the currently available antiviral drugs is very low. Secondly,
as infections are associated with an aging population, individuals often have co-morbid
health concerns. Although current and investigational therapies do not carry high risks of
toxicities, attention should be paid in a subset of the population called a special population,
such as HIV coinfected patients, children, pregnant women, immunosuppressed patients,
and patients undergoing chemotherapy and dialysis.

In view of this, a basic understanding of actions and safety of current and inves-
tigational therapies should be useful to guide clinicians toward the correct therapeutic
choice. Further studies will focus on the development of combination strategies targeting
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different signaling pathways towards a functional cure, most probably with a combination
of multiple drugs.
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Abstract: Cholangiocarcinoma is a group of malignancies with poor prognosis. Treatments for the
management of advanced-stage cholangiocarcinoma are limited, and the 5-year survival rate is
estimated to be approximately 5–15%, considering all tumor stages. There is a significant unmet
need for effective new treatment approaches. The present review is provided with the aim of sum-
marizing the current evidence and future perspectives concerning new therapeutic strategies for
cholangiocarcinoma. The role of targeted therapies and immunotherapies is currently investigational
in cholangiocarcinoma. These therapeutic options might improve survival outcomes, as shown by
the promising results of several clinical trials illustrated in the present review. The co-presence of
driver mutations and markers of susceptibility to immunotherapy may lead to rational combination
strategies and clinical trial development. A better understanding of immunologically based ther-
apeutic weapons is needed, which will lead to a form of a precision medicine strategy capable of
alleviating the clinical aggressiveness and to improve the prognosis of cholangiocarcinoma.

Keywords: cholangiocarcinoma; targeted therapy; immunotherapy

1. Introduction

Cholangiocarcinoma (CCA) is a rare malignant tumor that develops from the ep-
ithelium of the bile ducts or peribiliary glands (PBGs). Although CCA is considered a
rare tumor in Western countries, it represents 3% of all gastrointestinal malignant tumors
worldwide and the second most common primary liver cancer [1]. In Eastern countries,
the incidence is higher than in Western ones, where it is estimated to be lower than
4 cases/100,000 people/year [2]. Northeast Thailand has the highest CCA rate in the
world (90 cases/100,000 people/year) [3]. The highest incidence rate is in the seventh
decade, with a slight prevalence in males. Due to classification coding (four different
ICD-10 sub-codes) and variable terminology, CCA burden has been underestimated. CCA
is the first cause of metastasis of unknown origin, and this further highlights how we still
do not know the real burden of CCA [4]. While a reduction of the mortality rate from
other cancers, including breast, lung, and colon cancer, has been observed in 1990–2009
(USA data), the mortality rate for liver and bile ducts tumors increased by more than 40%
and 60% in females and males, respectively. While the mortality rate from hepatocellular
carcinoma (HCC) has become more uniform across Europe, intrahepatic CCA mortality
has substantially increased [5].

Anatomically, three types of cholangiocarcinoma can be distinguished: intrahepatic
(iCCA), perihilar (pCCA) and distal (dCCA). Histologically, these are different kinds of
tumors, considering cholangiocarcinogenesis as a process that starts from several cells of
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origin. In particular, pCCA and dCCA are mainly mucinous adenocarcinomas, while iCCA
is highly heterogeneous, since it could resemble conventional mucinous adenocarcinomas
(large-duct type iCCA), similar to p/dCCA, or transformed interlobular bile ducts (small-
duct type iCCA).

Currently, surgical resection with negative margins represents the best potentially
curative therapy of CCA. Therapeutic options for the management of advanced-stage
CCA are limited, and the 5-year survival rate is estimated to be approximately 5–15%,
considering all tumor stages [6]. Cisplatin plus gemcitabine (GEMCIS) represents the
first-line treatment for these patients, as established by the phase II BT22 trial and the phase
III ABC-02 trial [7,8].

Few studies have enrolled specifically iCCA patients or have reported the anatomic
subtypes of CCA (iCCA, pCCA, and dCCA). Many studies reviewed here concerned
biliary tract cancers (BTCs), enrolling together CCA and gallbladder cancer (GBC) patients.
Neglecting CCA heterogeneity in the study design, in terms of anatomical, histological, and
molecular subtypes, might represent a strong limitation in patients’ allocation to clinical
trials. Moreover, given the possibilities shown by the development of targeted therapies,
molecular profiling and efficient biomarkers would be needed to select the best therapeutic
option for each patient [9].

The present review aims at summarizing the current evidence and future perspectives
with regards to new therapeutic strategies for advanced CCA. Most drugs summarized in
the following paragraphs are already used in the management of some oncological diseases,
such as PD-L1 inhibitors (Pembrolizumab) that represent the first-line monotherapy for
advanced non-small cell lung cancer (NSCLC) with a programmed death ligand 1 tumor
proportion score of 50% or greater and without EGFR/ALK aberrations, based on the
results of the phase III trial KEYNOTE 024 [10].

2. Targeted Therapy

2.1. FGFR2 Inhibitors

Approximately 15–20% of iCCAs have been observed to have FGRF2 transloca-
tions [11] (fusion or rearrangements), implicated in promoting cell proliferation and an-
giogenesis. These mutations are almost absent in extrahepatic cholangiocarcinomas. On
this basis, several FGFR 1–3 inhibitors have been tested in advanced cholangiocarcinomas
patients, showing good antitumor activity and safety. Particularly, the European Medicines
Agency (EMA) approved in April 2021 the use of Pemigatinib for previously treated ad-
vanced cholangiocarcinomas showing FGFR2 fusion or rearrangement. Furthermore, a
phase III study (FIGHT-302) [12] is currently ongoing to test the efficacy of Pemigatinib as
a first-line treatment versus chemotherapy in patients with advanced cholangiocarcinoma
with FGFR2 mutations (Table 1). The efficacy of Infigratinib (BGJ398), a reversible selective
FGFR 1–3 inhibitor, is also under evaluation (NCT03773302) as a first-line treatment for pa-
tients with locally advanced or metastatic cholangiocarcinoma harboring FGFR2 mutations
(Table 1).

However, point mutations of the FGFR 2 domain have been found capable of con-
ferring resistance to FGFR inhibitors in previously treated patients [13]. In this category
of patients, Futibatinib, a selective and irreversible FGFR inhibitor, has shown inhibitory
activity and partial response, and a phase III study (Table 1) is underway to test its efficacy
as a first-line treatment in patients with advanced CCA (FOENIX-CCA3 and NCT04093362).
Another reversible ATP competitive inhibitor, Erdafitinib, showed promising result in a
phase I–II study [14].
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Table 1. Phase III targeted-therapy trials for BTC.

NCT Phase
Condition or

Disease
N. Patients Regimen Line of Therapy Results

NCT02989857
ClarIDHy III Advanced and

Metastatic CCA 187 Ivosidenib II OS: 8–10 months
Median PFS: 2–7 months

NCT01149122 III Advanced BTC 103 GEMOX +
Erlotinib I

ORR: 48%
Median PFS: 7.3 months

OS: 10.7 months

NCT03093870 II/III BTC 151 Varlitinib +
Capecitabine I ORR: 9.4%

Median PFS: 2.8 months

NCT03345303 III iCCA 50 Bortezomib II -

NCT03656536
Fight302 III Advanced,

CCA 432 Pemigatinib I ORR: 35.5%
Median PFS: 6.93 months

NCT03773302 III Advanced CCA 384 Infigratinib I -

NCT04093362 III Advanced CCA 216 Futibatinib I -

2.2. Metabolic Regulator (IDH Inhibitors)

Reprogramming of cancer cells’ metabolism has been defined as one of the hallmarks
of cancer [15] and represents a possible target for precision medicine. Genomic and tran-
scriptomic studies [16] have demonstrated that isocitrate dehydrogenase 1 and 2 (IDH1,
IDH2) mutations occur in 13–25% of iCCA. These enzymes are involved in tricarboxylic
acid cycle (TCA), β-oxidation of unsaturated fatty acids, response to oxidative stress, and
expression of chromatin remodelers. In IDH1/2-mutated cells, the oncometabolite D-2-
dihydroxyglutarate (2-HG) accumulates, leading to metabolic and epigenetic changes,
enhanced proliferation, and susceptibility to DNA damage. This pathway may be ham-
pered by inhibitors of IDH1 (AG120) and IDH2 (AG221), such as ivosidenib and enasidinib
(NCT02273739), with encouraging results in randomized control trials (RCTs). Patients
with IDH1-mutated iCCA who had progressed on previous therapy [17] showed a sig-
nificant response to ivosidenib when compared to placebo-administered patients in the
ClarIDHy phase III double-blind clinical trial (Table 1), in terms of both progression-free
survival (2–7 vs. 1–4 months) and overall survival (10–8 vs. 9–7 months). Based on
these results, ivosidenib has been recently approved by the FDA for locally advanced
and metastatic cholangiocarcinoma with IDH1 mutations. IDH1 inhibitors are currently
under investigation also in combination with other treatments. A phase Ib/II basket trial is
evaluating Olutasidenib (FT-2102) alone, in combination with azacitidine, nivolumab, or
gemcitabine and cisplatin in 200 patients with different solid tumors harboring the same
IDH1 mutations (NCT03684811).

2.3. Tyrosine Kinase Inhibitors

Mutations of epidermal growth factor receptors play a pivotal role in different can-
cers [18], and several drugs are already approved for specific subsets of malignancies, i.e.,
EGFR-mutated non-small cell lung cancer [19] and colorectal cancer [20]. Nevertheless,
convincing evidence of their efficacy in CCA is still lacking.

In the PiCCA phase II randomized clinical trial [21], panitumumab, a monoclonal
anti-EGFR1 antibody, was administered in combination with gemcitabine and cisplatin in
KRAS-wild-type patients versus gemcitabine and cisplatin alone, but it failed to improve
ORR, PFS, and OS. Similar results were obtained in a phase II study in chemotherapy-naive
patients with advanced BTC, treated with panitumumab and GEMOX and GEMOX alone.
Despite the attempt of selecting patients by IHC, PCR, and Sanger sequencing for KRAS,
BRAF, and PI3KCA, no significant survival differences were observed. Nevertheless, it
needs to be underlined that the cohorts of these two studies were not specifically tested
for enrichment in EGFR alterations [22]. In addition, a phase II clinical trial studied the
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efficacy of cetuximab combined with GEMOX vs. GEMOX alone in advanced BTC patients;
KRAS, NRAS, and BRAF mutations and EGFR expression, were the criteria selected to
stratify these patients. Despite a significant difference in progression-free survival, the
study did not reach the primary endpoint (ORR) nor demonstrated a higher OS in the
cetuximab arm. However, other genetic alterations involved in the EGFR pathway, i.e.,
ROS1, ALK, or c-MET [23], were not specifically investigated and might have a role in
explaining anti-EGFR resistance.

The EGFR inhibitor erlotinib (Table 1) was studied in combination with chemotherapy
regimens [24] and bevacizumab [25], but no clear survival benefits were observed when
compared to current standard of care. Varlitinib, a competitive inhibitor of the tyrosine
kinases EGRF and HER 2–4, is currently under investigation in monotherapy (phase II,
NCT02609958) and in combination with capecitabine in advanced BTC patients (phase
II/III, NCT03093870) (Table 1).

As far as the HER family is concerned, molecular profiling studies [26] have underlined
the frequency of ERRB2 aberrations in p/dCCA, but evidence about the efficacy of anti-
HER2 drugs in CCA has not supported their use in clinical practice so far [1]. On these
bases, the feasibility of this treatment has already been demonstrated [27], and several
phase II clinical trials are currently evaluating the efficacy of combination treatments with
trastuzumab and tucatinib (NCT04579380) and with chemotherapy (NCT04430738).

Combination treatments with bevacizumab and gemcitabine or capecitabine have been
tested in a multicenter phase II trial, given the high prevalence of VEGF overexpression in
CCA [28]. Nevertheless, the patients were not selected based on their mutational profile,
and this may be responsible for the poor outcome of the study.

The lack of patients’ stratification may have also affected the results of different
clinical trials that evaluated the multikinase inhibitor sorafenib, also targeting VEGFR2 and
3 [29]. Adding sorafenib to GEM–CIS in biliary tract cancer showed increased treatment
toxicity without simultaneous clinical benefits in a phase II RCT [30] including biliary
adenocarcinomas of all subtypes without taking into account histological and molecular
differences. Sun et al. [31] have shown that regorafenib improved PFS of (15.6 weeks) and
OS (31.8 weeks) in advanced BTC patients with disease progression after first-line therapy.
Targeting neurotrophic tyrosine kinase receptor (NTKR) fusions has seemed promising,
too [32]. Two phase II basket trials have investigated entrectinib [33] and larotrectinib [34].
FDA and EMA have approved larotrectinib and entrectinib as “wildcard” drugs that can
be used in every kind of malignancy harboring this genetic alteration, regardless of the
anatomical origin. Unfortunately, NTKR fusions are rarely detected in CCA [35].

2.4. Proteasome Inhibitors

Mutations/deletions of the PTEN gene were observed in approximately 5% of iCCAs
associated with poor prognosis [6]. It was also observed that PTEN mutation/deletion is
also associated with increased activity of proteasomes in iCCAs. On these bases, a phase
III study (Table 1) is actually evaluating the efficacy of Bortezomib, a proteasome inhibitor,
in patients with advanced iCCA who have progressed after at least two cycles of systemic
chemotherapy (NCT03345303).

3. Immunotherapy

Since 2010, immunotherapy has been one of the most important strategies in the treat-
ment of malignancies, together with surgery, chemotherapy, radiotherapy, and targeted
therapy, even if its efficacy is very variable, and only a percentage of patients obtain a
durable response [36]. The mechanism of immunotherapy is to enhance the anti-tumor
immune response, including both adaptative cells (B and T cells) and innate cells such
as macrophages, neutrophils, natural killers. Immunotherapy includes immune check-
point inhibitors (ICIs) targeting programmed death 1 (PD-1), programmed death-ligand 1
(PD-L1), and cytotoxic T lymphocyte antigen-4 (CTLA-4), cancer vaccines, and adoptive
cell transfer (ACT). Several factors can influence the effect of immunotherapy-based treat-
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ments: the environment of tumor and immune cells, vascularization, extracellular matrix,
and molecular signaling pathway [37]. Several therapeutic options in patients affected
by biliary tract cancers are under investigation, such as immunotherapeutic strategies
with checkpoint inhibitors, peptide- and dendritic cell-based vaccines, and adoptive cell
therapy, in monotherapy or in combination with targeted therapy and/or chemotherapy.
Nowadays, scientific evidence on the use of immunotherapy in CCA are limited, although
different trials are currently investigating the role of anti-CTLA-4 monoclonal antibodies,
the targeting of PD-L1 or its receptor, PD-1, and chimeric antigen receptor T (CAR-T) cell
immunotherapy. Unfortunately, checkpoint inhibitor monotherapy has shown low efficacy
in CCA patients. Indeed, Pembrolizumab, a PD-L1 inhibitor, demonstrated a median
progression-free survival of 1.8 months in patients affected by CCA in the phase Ib basket
trial KEYNOTE 028 [38]. Checkpoint inhibitors showed encouraging results in patients
with microsatellite instability or DNA mismatch repair in the KEYNOTE 158 trial [39],
even if only a small percentage of patients with a positive response to this kind of treat-
ment reported a better clinical response [40]. Pembrolizumab demonstrated good efficacy
in a recent Korean study that retrospectively analyzed 51 patients with PD-L1-positive
CisGem-refractory biliary tract cancer. In PD-L1-positive patients, pembrolizumab showed
durable efficacy, with a 9.8% response rate with manageable adverse events. Ongoing
studies and clinical trials are currently exploring combined immunotherapeutic approaches
targeting both the innate and the adaptive immune system, and/or combined strategies
also involving chemotherapy or radiation.

Particularly, there are many ongoing phase I–III trials exploring the role of targeting
PD-L1, its receptor PD-1, anti CTL-A4 with monoclonal antibodies in monotherapy or in
combination with chemotherapy, targeted therapy, local ablative therapy, and the role of
CAR-T cell immunotherapy in biliary tract cancer (Tables 2 and 3). In particular, KEYNOTE-
028 and KEYNOTE-158, two multicentric, non-randomized, open-label, phase IB and II
trials, showed a durable antitumor activity of Pembrolizumab in 6–13% of patients with
advanced BTC. In KEYNOTE-158, they observed a median progression free survival (PFS)
of 2.0 months and a Median overall survival (OS) of 7.4 months; adverse events were mainly
mild to moderate in severity [39]. Another immunotherapeutic agent, Nivolumab showed a
response rate of 22% and a disease control rate of 59% in a Phase II multi-institutional study
including 46 patients affected by advanced biliary tract cancer in second-line therapy [41].

The combination of immunotherapy and chemotherapy looks promising. Two Phase
III trials are evaluating the efficacy and safety of KN035 plus Gemcitabine–Oxaliplatin
compared to standard of care Gemcitabine–Oxaliplatin therapy (NCT03478488) and the
association of Durvalumab and Gemcitabine plus cisplatin (NCT03875235). BilT-01, a mul-
ticenter randomized Phase II trial, described a prolonged PFS six months after the addition
of nivolumab to gemcitabine and cisplatin (NCT02829918) [42]. LEAP 005 demonstrated a
promising antitumor activity and manageable toxicity of Pembrolizumab in combination
with Lenvatinib in 31 patients affected by BTC [43].

Regarding Adoptive Cell Therapy (ACT), a phase III, non-randomized trial is studying
the role of cytokine-induced killer cells in association with radiofrequency ablation in
50 patients with CCA (NCT02482454).
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Table 2. Ongoing immunotherapy trials of biliary tract cancers.

NCT Phase Condition or Disease
Number of

Patients
Regimen Status

ICI MONOTHERAPY

NCT03110328 II Advanced or refractory BTC 33 Pemrolizumab Recruiting

NCT02054806
KEYNOTE-28 IB

Incurable advanced PD-L1
positive cancers, including

BTC
477 Pembrolizumab Completed

NCT02628067
KEYNOTE-158 IIA Advanced, refractory solid

cancer including BTC 1595 Pemrolizumab Recruiting

NCT02829918 II Advanced refractory BTC 54 Nivolumab Active, not
recruiting

NCT03867370 IB-II Operable HCC o iCC 40 Toripalimab Recruiting

DUAL ICI

NCT03101566 II BTC 75 Nivolumab+ Ipilimumab Active, not
recruiting

ICI IN COMBINATION WITH CHEMOTHERAPY

NCT03473574 II Naïve BTC 128
Durvalumab + tremelimumab

+ GEM or GEMCIS vs.
GEMCIS chemotherapy

Active, not
recruiting

NCT03046862 II Unresectable, untreated BTC 31
Durvalumab +

Tremelimumab + GEMCIS
chemotherapy

Recruiting

NCT03704480 II Advanced BTC 106 Durvalumab + tremelimumab
+ paclitaxel Recruiting

NCT03875235 III Advanced BTC 757 Durvalumab + GEMCIS vs
GEMCIS + chemotherapy Recruiting

NCT03257761 Ib
Unresecable, refractory HCC,

PDAC, BTC excluding
ampullary

90 Durvalumab + guadecitabine Recruiting

NCT03111732 II Unresecable, refractory BTC 11 Pemrolizumab + Oxaliplatine
+ Capecitabine

Active, not
recruiting

NCT03260712 II Unresecable, untreated BTC 50 Pemrolizumab + GEMCIS Recruiting

NCT03796429 II Advanced BTC 40 Gemcitabine + Toripalimab Recruiting

NCT03101566 II Unresecable, untreatable BTC 75 Nivolumab + Ipilimumab vs
GEMCIS + Nivolumab

Active, not
recruiting

NCT03785873 I/II Unresecable, refractory BTC 40 Nivolumab + nal-irinotecan +
5-fluorouracil + leucovorin Recruiting

NCT03478488 III Unresecable, untreatable BTC 480 KN035 + GEMOX vs. GEMOX
+ chemotherapy Recruiting

ICI IN COMBINATION WITH TARGETED THERAPY

NCT03797326 II Advanced, refractory solid
tumours, including BTC 590 Lenvatinib + pembrolizumab Recruiting

NCT02393248 I/II Advanced solid tumour
malignancy, including CCA Pembrolizumab +pemigatinib Recruiting
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Table 2. Cont.

NCT Phase Condition or Disease
Number of

Patients
Regimen Status

NCT03684811 I/II
BTC, iCC and other

Hepatobiliary Carcinomas
with IDH1 mutation

200 Nivolumab +FT-2102 Active, not
recruiting

NCT03201458 Phase
II

Metastatic BTC or gallbladder
cancer 76 Atezolizumab + Cobimetinib Active, not

recruiting

NCT03639935 Phase
II Advance metastatic BTC 35 Nivolumab + Rucaparib Recruiting

NCT03991832 Phase
II

Solid tumours including
IDH-mutated CCA 78 Olaparib and Durvalumab Recruiting

ICI IN COMBINATION WITH LOCAL ABLATIVE THERAPY

NCT02821754 II Refractory or unresecable
HCC or BTC 90

Durvalumab +
Tremelimumab, Durvalumab
+ Tremelimumab + procedure

(RFA or TACE or
Cryoablation)

Recruiting

NCT03898895 II Unresecable iCCA, eligible for
RT 184 Pembrolizumab + SBRT Recruiting

NCT03482102 II Unresecable HCC or BTC 70 Durvalumab + tremelimumab
+ RT Recruiting

TME TARGETED THERAPY

NCT03314935 I/II Malignant tumours including
BTC 149

INCB001158 +
FOLFOX/gemcitabine +

cisplatin/paclitaxel

Active, not
recruiting

NCT03329950 I Malignant tumours including
CCA 260

CDX-1140 (CD40 antibody),
either alone or in combination

with CDX-301 (FLT3L),
pembrolizumab, or

chemotherapy

Recruiting

NCT03071757 I
Locally advanced or

metastatic solid tumours
including CCA

170 ABBV-368 and ABBV-368 +
Budigalimab (ABBV-181)

Active, not
recruiting

ACT THERAPY

NCT03820310 II iCC after radical resection 20
Autologous Tcm Cellular

Immunotherapy Combined
with Traditional Therapy

Recruiting

NCT03801083 II Locally Advanced, Recurrent,
or Metastatic BTC 59 Tumour Infiltrating

Lymphocytes Recruiting

NCT03633773 I/II iCC 9

MUC-1 CAR-T cell
immunotherapy after

fludarabine and
cyclophosphamide

Recruiting

NCT02482454 III
Unresected CCA,

withoutextrahepatic
metastasis

50 Autologous cytokine-induced
killer cells (CIK) after RFA

Active, not
recruiting

ACT: adoptive cellular therapy, BTC: biliary tract cancer, CAR-T cell: chimeric antigen receptor T cell, CCA: cholangiocarcinoma, FOLFOX:
folinic acid (leucovorin) + 5-fluorouracil + oxaliplatin, GEM: gemcitabine, GEMCIS: gemcitabine + cisplatin, HCC: hepatocellular carcinoma,
iCC: intrahepatic cholangiocarcinoma, ICI: immune-checkpoint inhibitors, MUC-1: mucin 1, PDAC: pancreatic ductal adenocarcinoma,
RFA: radiofrequency ablation, RT: radiotherapy, SBRT: stereotactic body radiation therapy, TACE: trans-arterial chemo embolization, TME:
tumor microenvironment.

143



J. Clin. Med. 2021, 10, 4901

Table 3. Ongoing immunotherapy trials for BTC with preliminary results.

NCT Phase Condition or Disease N. Patients Regimen Results

NCT02054806
KEYNOTE-28 IB

Incurable advanced
PD-L1 positive cancers,

including BTC
477 Pembrolizumab ORR: 13%

Median PFS: 2 months

NCT02628067
KEYNOTE-158 IIA

Advanced, refractory
solid cancer including

BTC
1595 Pemrolizumab ORR: 5.8%

Median PFS: 1.8 months

NCT02829918 II Advanced refractory
BTC 54 Nivolumab ORR: 22%

Median PFS: 3.8 monthd

NCT03797326 II
Advanced, refractory

solid tumours, including
BTC

590 Lenvatinib +
pembrolizumab ORR: 16%

4. Clinical-Pathological and Radiomic Monotherapy Susceptibility in Patients with
Cholangiocarcinoma

Within the CCA clinical-pathological spectrum, the pattern of tumor growth has been
correlated with specific histological features, e.g., small-bile duct iCCAs and cholangiolocar-
cinoma (CLC) showed a mass-forming growth pattern, while large-bile duct iCCAs showed
both a mass-forming growth pattern and a combination of a mass-forming growth pattern
with a periductal infiltrative growth pattern, the latter being the typical pattern of growth
of pCCA [44]. Mass-forming iCCAs showed more heterogeneous clinical-pathological
characteristics than other gross types [45]. Radiologically, at dynamic contrast-enhanced
imaging, all large-bile duct iCCAs showed concentric filling at the venous phase, whereas
small-bile duct iCCAs/CLCs showed washout in various patterns, in a clinical-pathological
study including correlates with magnetic resonance imaging [44].

The USA Food and Drug Administration approved the use of pembrolizumab for pa-
tients with advanced solid tumors lacking the expression of mismatch repair (MMR)
proteins (MLH1, MSH2, MSH6, and PMS2) or having high microsatellite instability
(MSI-H) [46]. MMR proteins can be inactivated through somatic or germline mutations
or they can be silenced through promoter hypermethylation, e.g., of the MLH1 gene [47].
These alterations culminate to hypermutation during DNA replication (MSI) and may
lead to the development of malignancies [48]. Interestingly, such molecular alterations
predispose to an increase of the neoantigen load of the tumor, promoting susceptibility
to immunotherapies targeting the PD-1 pathway because of the increased inflammation
surrounding these tumors [40].

Given the potential for immunotherapy in patients with CCA, authors studied the
expression of PD-L1/PD-1 and evaluated the presence of associated genetic alterations.
For example, in 652 biliary tract cancers that comprised 77 p/dCCA, 372 iCCA, and 203
gallbladder cancer (GBC), 8.6% tumors were PD-L1-positive [GBC 12.3% (25/203), iCCA
7.3% (27/372), and p/dCCA 5.2% (4/77)]. Interestingly, there was an increase in BRAF,
BRCA2, RNF43, and TP53 mutations in the PD-L1-positive group with respect to the PD-L1-
negative one. Furthermore, there was an association between PD-L1 expression and certain
biomarkers (TOP2A, TMB high, MSI-H). As noted by the authors, the aforementioned com-
binations of molecular alterations might direct the use of rational combination strategies
and clinical trial development [49]. On the same line, Ju et al. analyzed 96 cases of CCA
for morphology using H&E staining and for mutations of MMR genes using immunohis-
tochemical staining. The authors found that 6% of the samples showed MMR deficiency
(MMR-d). Divided by location, 10% (3 of 31) of iCCA and 5% (3 of 65) of p/dCCA were
MMR-d. The best predictive factor for MMR-d was a nontypical infiltrating pattern of
invasion [50].

The increasing awareness of CCA heterogeneity at the morphological and molecular
levels, together with the advent of radiomic, artificial intelligence (AI), and machine
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learning, has revitalized the study of radiological correlates. For example, it has been shown
that the magnetic resonance imaging texture signature, including three wavelets and one
3D feature, has the ability to discriminate inflamed from non-inflamed immunophenotypes
based on the density of CD8+ T cells. This may be a surrogate of the response to immune
checkpoint blockade [51]. The preoperative prediction of PD-1/PD-L1 expression and
outcome in iCCA patients using magnetic resonance biomarkers and a machine learning
approach has been attempted [52]. Utilizing qualitative and quantitative imaging traits,
reasonable accuracy in predicting tumor grade and higher AJCC stage in iCCA has been
shown [53].

5. Conclusions

The role of targeted therapy and immunotherapy in the treatment of CCA is currently
under investigation. These options might improve survival outcomes (OS and PFS), as
shown by the promising results of several clinical trials illustrated in the present review.
This is even more important considering the poor therapeutic options in the management of
CCA. The co-presence of driver mutations and markers of susceptibility to immunotherapy
may lead to rational therapeutic combination strategies and clinical trial development.
The combination of new therapeutic strategies, such as targeted therapy and immunother-
apy, with conventional chemotherapy and/or locoregional treatments could be the next
frontier for the treatment of advanced CCA. The evaluation of innovative strategies for
the prediction of immunotherapy susceptibility, such as multi omics, preferably within
longitudinal clinical trials, and the use of systems of data analysis based on the precepts
of AI, may circumvent the lack of therapeutic biomarkers for immunotherapy. A better
understanding of immunological-based therapeutic weapons is needed, which will lead to
a form of a precision medicine strategy capable of alleviating the clinical aggressiveness
and to improve the prognosis of CCA.
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Abstract: Immune checkpoint inhibitors (ICIs) are the new frontier for the treatment of advanced
hepatocellular carcinoma (HCC). Since the first trial with tremelimumab, a cytotoxic T-lymphocyte-
associated protein 4 inhibitor, increasing evidence has confirmed that these drugs can significantly
extend the survival of patients with advanced hepatocellular carcinoma (HCC). As a matter of fact,
the overall survival and objective response rates reported in patients with advanced HCC treated
with ICIs are the highest ever reported in the second-line setting and, most recently, the combination
of the anti-programmed death ligand protein-1 atezolizumab with bevacizumab—an anti-vascular
endothelial growth factor monoclonal antibody—demonstrated superiority to sorafenib in a Phase III
randomized clinical trial. Therefore, this regimen has been approved in several countries as first-line
treatment for advanced HCC and is soon expected to be widely used in clinical practice. However,
despite the promising results of trials exploring ICIs alone or in combination with other agents, there
are still some critical issues to deal with to optimize the prognosis of advanced HCC patients. For
instance, the actual proportion of patients who are deemed eligible for ICIs in the real-life ranges
from 10% to 20% in the first-line setting, and is even lower in the second-line scenario. Moreover,
long-term data regarding the safety of ICIs in the population of patients with cirrhosis and impaired
liver function are lacking. Lastly, no biomarkers have been identified to predict response, and thus
to help clinicians to individually tailor treatment. This review aimed to summarize the state of the
art immunotherapy in HCC and, by analyzing a large, multicenter cohort of Italian patients with
HCC, to assess the potential applicability of the combination of atezolizumab/bevacizumab in the
real-life setting.

Keywords: liver cancer; systemic treatment; immunotherapy; real-world; unresectable hepatocel-
lular carcinoma
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related mor-
tality worldwide, with approximately 800,000 deaths per year and an estimated increase
to more than 1 million deaths by 2030 [1]. HCC arises predominantly in the context of
liver cirrhosis, but also can be diagnosed in a not negligible proportion of patients without
cirrhosis suffering from non-alcoholic steato-hepatitis who carry additional metabolic and
genetic risk factors [2–5]. In the past decades, the armamentarium for the systemic treatment
of advanced HCC was limited to the anti-vascular endothelial growth factor (VEGFR),
multi-target-tyrosine kinase inhibitor (TKI) sorafenib. This drug determined a significant—
though modest—survival benefit in two Phase III trials and remained the sole first-line
treatment option for about 10 years, during which neither an alternative drug nor effective
second-line therapies became available for patients who progressed during—or were intol-
erant to—sorafenib [6,7]. As a fact, lenvatinib (a TKI targeting VEGFR) became an effective
alternative to sorafenib as first-line therapy for HCC in 2018, while regorafenib, cabozan-
tinib, and ramucirumab only recently have been approved in the second-line setting [8].
With the advent of second-line treatments, the survival of patients with advanced HCC
has significantly improved, with a proportion (approximately 20%) of patients reaching
survival times of about 2 years with the sequential use of sorafenib-regorafenib [9]. These
patients, however, belong to a small subgroup of patients who, maintaining an optimal
liver function, are eligible for sequential treatment and tolerate the adverse effects of the
anti-neoplastic agents [9].

In this scenario, immunotherapy has emerged as an additional promising approach
potentially able to obtain even longer survival times. Research in this field is steadily
increasing, also fueled by the positive results obtained in other cancer types and by the
evidence of efficacy demonstrated in both first- and second-line settings [10–12]. The
most recent Phase I/II trials have shown a clinically meaningful survival increase in the
second-line setting for the programmed cell death protein 1 (PD-1) inhibitors nivolumab
and pembrolizumab [12]. Hence, these agents have been granted accelerated conditional
approval for sorafenib-experienced patients in the US, while the European Medicines
Agency (EMA) maintains a more cautious attitude in approving these ICIs for the treatment
of HCC. Indeed, subsequent Phase III trials testing nivolumab versus sorafenib as first-
line treatment, and pembrolizumab versus placebo in second-line treatment, failed to
meet their primary survival endpoints [13,14]. This notwithstanding, the results from
trials testing the combination of immune checkpoint inhibitors (ICIs) with other agents,
among which VEGFR-targeted therapies obtained very encouraging results, so that the
combinations of pembrolizumab plus lenvatinib as well as atezolizumab (monoclonal
antibody against PD-L1) plus bevacizumab (monoclonal antibody against VEGF) have both
received breakthrough therapy designation from the US Food and Drug Administration
(FDA). Actually, in a recent Phase III trial, the latter overperformed compared to sorafenib
as first-line treatment of advanced HCC in terms of both overall (OS) and progression-free
survival (PFS) [15]. Therefore, atezolizumab plus bevacizumab has been approved as
the first-line treatment option for advanced HCC, thus becoming the standard of care for
these patients.

Overall, the results from the trials testing ICIs alone or in combination, or combined
with other agents, suggest that ICIs alone are not the best option for the treatment of
HCC, while combined treatments are safe and highly effective. As such, immunotherapy-
based treatments will probably soon change the landscape of advanced HCC therapy. In
this review, we summarize the state of the art immunotherapy in advanced HCC, with a
particular focus on the combination of atezolizumab plus bevacizumab, by assessing in a
large cohort of Italian patients with HCC the potential applicability of this regimen to the
real-life setting.
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2. Approved Treatments for HCC before the “Era” of Immune Checkpoint Inhibitors

Until the approval of sorafenib in 2008, no systemic treatment was available for
advanced HCC [6]. Sorafenib, an orally active multi-target TKI targeting different cell
surface tyrosine kinases (e.g., VEGFR-1, -2, and -3 and platelet-derived growth factor
(PDGFR)-β), at the dose of 400 mg twice daily, significantly improved OS in patients
with HCC not amenable to surgery and locoregional procedures, who had well-preserved
liver function (97% Child–Pugh A) and Eastern Cooperative Oncology Group (ECOG)
performance status (PS) ≤ 2 [6]. The median OS was 10.7 months in the sorafenib group
and 7.9 months in the placebo group (p < 0.001), whereas the median time to radiologic
progression (TTP) was 5.5 months in the sorafenib arm versus 2.8 months in the placebo
arm (p < 0.001). Of note, the median OS of patients with the Barcelona Clinic Liver
Cancer (BCLC) staging system stage B HCC treated with sorafenib was 15–20 months, a
finding confirmed by subsequent post-marketing studies [16,17]. In the following years,
several drugs were tested against sorafenib in the first-line setting, failing to demonstrate
superiority to this drug, so that sorafenib remained the sole effective systemic treatment
available for HCC until 2018, when lenvatinib, an oral TKI with a biologic action similar to
sorafenib, showed non-inferior OS as compared to sorafenib in the REFLECT trial, and was
therefore approved as an alternative to this drug in the first-line setting [8]. Again, patients
included in this trial belonged to a selected group of subjects with well-preserved liver
function (Child–Pugh class A) and ECOG PS ≤ 1, while those with extensive tumor burden
(≥50% of the liver), bile duct invasion, or invasion of the main portal vein were excluded.
Forest plots for OS revealed that lenvatinib was more effective than sorafenib in patients
with baseline AFP ≥ 200 ng/mL (Hazard ratio (HR), 0.78; 95% confidence interval (95%CI),
0.63–0.98) and less effective in patients without macrovascular invasion/extrahepatic
spread and those enrolled in the Western area. Secondary endpoints (PFS, TTP, objective
response rate (ORR)) were significantly and remarkably better with lenvatinib, suggesting
that these surrogate endpoints poorly predict OS in HCC patients treated with these drugs.

As far as the second-line setting is concerned, regorafenib, an oral TKI targeting
VEGFR-2, VEGFR-3, TIE-2, PDGFR, fibroblast growth factor receptor (FGFR)-1, and the
mutant oncogenic kinases KIT, RET, and B-RAF, was the first agent able to provide a signif-
icant survival benefit in patients with tumor progression on sorafenib [18]. Compared with
placebo, regorafenib improved OS with a HR of 0.63 (95%CI, 0.50–0.79; p < 0.0001). It has to
be emphasized that this study enrolled patients who progressed on sorafenib but tolerated
the drug (≥400 mg/day for ≥20 of last 28 days of treatment) and had Child–Pugh class
A liver function. Median survival was 10.6 months (95%CI, 9.1–12.1) for the regorafenib
group versus 7.8 months (95%CI, 6.3–8.8) for the placebo group [18]. Interestingly, the
treatment sequence of the sorafenib-regorafenib group was able to determine an OS of
26 months from the start of sorafenib treatment versus 19.2 months in the sorafenib-placebo
group [18]. This survival time is comparable with that of patients with intermediate stage
HCC undergoing trans-arterial chemo-embolization (TACE), suggesting that in a well-
selected subgroup of patients the sequential treatment with TKIs may significantly improve
prognosis as compared to the standard of care [9].

Other drugs that have shown efficacy in placebo-controlled trials and have conse-
quently been approved as second-line treatment options for HCC are cabozantinib and
ramucirumab [19]. Cabozantinib is an oral TKI targeting MET in addition to VEGFR2. The
CELESTIAL trial was a global Phase III trial testing cabozantinib in patients with HCC
progression on sorafenib [20]. It also included patients who had received up to two prior
therapies for advanced-stage HCC. The study was stopped after a second interim analysis,
which revealed a median OS of 10.2 months in the cabozantinib versus 8.0 months in the
placebo group (HR, 0.76; 95% CI 0.63–0.92; p = 0.0049). Approximately 72% of patients had
received only prior sorafenib treatment and, in this subpopulation, median OS was even
longer, being 11.3 months in patients in the cabozantinib group versus 7.2 months in the
placebo group (HR, 0.70; 95% CI, 0.55–0.88) [20].
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Ramucirumab is an anti-VEGFR2 monoclonal antibody, and its utility in subjects
with advanced HCC emerged from the double-blind, Phase III REACH-2 trial comparing
ramucirumab versus placebo as second-line treatment in patients progressing on sorafenib
and with baseline AFP ≥ 400 ng/mL [19]. This study was designed on the basis of
the results of the REACH trial that failed to demonstrate an OS advantage with ramu-
cirumab as compared to the placebo, but in a post-hoc analysis showed a benefit of the
drug—albeit small—in prolonging OS (8.5 months with ramucirumab versus 7.3 months
with placebo (HR, 0.71; 95% CI, 0.53–0.95; p = 0.0199)) among patients with baseline
AFP ≥ 400 ng/mL [21]. Ramucirumab is therefore the first agent with a biomarker-driven
use for patients with HCC progression on sorafenib [22].

In summary, sorafenib and lenvatinib are the TKIs that have long been in use for the
front-line treatment of advanced HCC, providing a median extension of survival of about
3 months compared to the placebo. The survival benefit for patients eligible for second-
line treatment with regorafenib/cabozantinib or ramucirumab, although significant, still
remains modest. Hence, novel treatments targeting different tumorigenic pathways have
been studied and others are still under investigation with the aim of further improving the
outcomes of these patients. In this context, ICIs have gained excellent results.

3. The Advent of Immune Checkpoint Inhibitors

Despite the benefit in OS with sequential TKI treatment, the prognosis of patients with
advanced HCC remains poor [9,23]. The reasons for this include, besides the sub-optimal
tumoricidal activity of these drugs, the progression of the underlying liver disease, the
advanced median age of this cohort of patients (approximately 70 years), and the presence
of substantial comorbidities, which are very frequent in these subjects and, overall, make
them a particularly vulnerable cohort [24].

In this context, ICIs have increasingly been investigated in the last years, with ex-
tremely encouraging results both in the first- and second-line setting, further boosting a
rising number of clinical trials using ICIs alone or combined with other anti-tumoral drugs
or with locoregional treatment. The rationale for the use of ICIs in HCC relies on the fact that
HCC arises in a context of chronic inflammation and an altered tumor microenvironment,
with the presence of tumor-infiltrating lymphocytes expressing PD1, which is a recognized
key enabling factor beyond tumor cell-intrinsic molecular aberrations [25–27]. Moreover,
the presence of PD1-expressing lymphocytes in HCC samples has been correlated with this
outcome [28,29]. In this regard, Sia et al. have recently proposed a novel HCC classification
based upon the tumor immune status: according to this classification, about 30% of HCCs
could be categorized into an ‘immune class’, with high levels of immune cell infiltration,
expression of PD-1 and/or PD-L1, activation of interferon-γ signaling, and markers of
cytolytic activity [30]. Within this class, two distinct subclasses have been identified: the
‘active immune’ and the ‘exhausted immune’ classes, characterized by markers of an adap-
tive T-cell response or of an exhausted immune response, respectively [30]. The latter
subclass is the ideal target of immunotherapy. The in-depth description of the molecular
mechanisms involved in the tumor microenvironment of HCC is beyond the aim of this
article, but it is worth pointing out that interactions between cancer cell antigens and the
antigen-presenting cells lead to a priming of T-cells and their eventual migration into the
tumor microenvironment. Physiologically, the T-lymphocytes’ recognition of neoplastic
antigens is followed by a T-cell-mediated killing of cancer cells [31]. This process is finely
modulated at a local and general level by several mechanisms including immune check-
points, which play a pivotal role in such modulation, as they suppress T-cell activity to
inhibit eventual over-activation of the immune system and maintain self-tolerance. Thus,
immune checkpoints physiologically prevent hyperimmune responses leading to tissue
damage. Malignancies exploit these molecular mechanisms (immune checkpoints) to
escape from the immune system recognition. In other words, ICIs act as anti-neoplastic
agents by inhibiting negative feedback pathways of the immune system that mediate
immune escape.
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The most largely studied immune checkpoints are PD-1 and cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4). The pathological activation of PD-1 by its ligands, in partic-
ular PD-L1, expressed by cancer cells, can result in the immune escape of the tumor [32,33].
CTLA-4, which is mainly expressed on T-cells, regulates T-cell activity in physiological
conditions, preventing an excess in T-cell responses and a hyperactivation of the immune
response. Inversely, in pathological (neoplastic) conditions, CTLA-4 activation inhibits in
the activation, proliferation, and production of tumor antigen-activated T-cells in the tumor
microenvironment [32,33]. In the HCC tumor microenvironment, T-regulators (T-regs)
express both CTLA-4 and PD-1 [28,32].

4. Immune Checkpoint Inhibitors in HCC

Tremelimumab, a CTLA-4-blocking monoclonal antibody, was the first ICI showing
benefits in the treatment of HCC. This agent was tested in 2013 by Sangro et al. in a Phase
II open-label trial that enrolled 21 patients with advanced HCC who were either sorafenib-
naïve (76.2%) or -experienced, and a significant proportion of them were classified as
Child–Pugh class B (43%) [10]. The positive results in terms of both safety and anti-
tumor activity (partial response rate (PRR) 17.6%; disease control rate (DCR) 76.4%; TTP
6.48 months (95%CI, 3.95–9.14)), were instrumental in stimulating the research in immune
checkpoint blockade in both first- and second-line treatment of HCC. In the last years,
the effects of ICIs in HCC have been tested alone or in combination with other ICIs or
combined with agents targeting the VEGFR. Currently available immunotherapy-based
regimens and those under Phase III clinical investigation are summarized in Figure 1.

 

Figure 1. Possible HCC treatments with ICIs. Atezolizumab plus bevacizumab has been approved as a first-line treatment,
whereas nivolumab with or without ipilimumab and pembrolizumab gained FDA approval as second-line treatments.
Selected Phase III trials (orange squares) are testing ICIs alone or in combination or combined with other agents in the first
and second-line setting, and in the adjuvant and neo-adjuvant setting as well.

4.1. Immune Checkpoint Inhibitors in Monotherapy

Following the encouraging results of the Phase II tremelimumab study, nivolumab,
a monoclonal antibody targeting PD1, demonstrated a single-agent activity in the Phase
Ib/II open-label, non-comparative, Checkmate 040 trial [11]. The initial trial included
262 sorafenib-naïve and -experienced patients assigned to a dose-escalation (48 subjects) or
to a dose-expansion (214 subjects) phase. In the dose-expansion phase, the investigator-
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assessed overall ORR was 20%, with 3 complete responses (CR) and 39 partial responses
(PR). Particularly, ORR was 22.5% for sorafenib-naive and 18.7% for sorafenib-experienced
patients. Median OS was 29 months for sorafenib-naïve group and 15 months for the
sorafenib-experienced group. The most impressive was the duration of response of
9.9 months amongst patients who had an objective response, which led the US FDA
to grant accelerated approval to nivolumab as second-line therapy for patients with
advanced-stage HCC previously treated with sorafenib [11]. In this subgroup, the ORR
confirmed by blinded independent central review was 14.3% by Response Evaluation
Criteria In Solid Tumors (RECIST) 1.1 and 18.2% by modified RECIST (mRECIST) criteria.
Of note, the median duration of response was the longest ever seen in a second-line setting:
16.6 months [34,35]. However, the expectations raised by the results of this study were dis-
appointed in a subsequent Phase III randomized trial (CheckMate-459) testing nivolumab
versus sorafenib, as the anti-PD1 agent failed to demonstrate superiority as compared
to the TKI [14]. Still, the study results confirmed clinically meaningful improvements
in OS (16.4 versus 14.7 months), ORR (15% for nivolumab versus 7% for sorafenib), and
CR (14 versus 5 patients). Moreover, nivolumab demonstrated a favorable safety profile,
consistent with previous reports and, of particular interest, the quality of life was better in
the nivolumab treatment arm [14]. The long survival of the sorafenib arm (median OS of
about 15 months) was an unexpected outcome that negatively impacted the study results
and that probably reflects the improved tailored management of patients with advanced
HCC in the last decades, as well as physicians’ familiarity with the TKI.

Another ICI that has been tested with favorable outcomes in monotherapy for advanced
HCC is pembrolizumab, a monoclonal antibody targeting PD-1. Promising results came from
the Phase II trial KEYNOTE 224, which showed good responses (ORR 17%, DCR 61%) and a
good safety profile of pembrolizumab in patients who were intolerant to, or progressed
under, sorafenib [12]. These results prompted Finn et al. to conduct the KEYNOTE-240 trial
enrolling 413 patients who failed sorafenib and who were randomized 2:1 to pembrolizumab
or placebo [13]. The survival in the pembrolizumab arm was among the highest ever
reached in the second-line setting, being approximately 14 months (95%CI, 11.6–16.0)
for pembrolizumab versus 10 months (95%CI, 8.3–13.5) for placebo (HR, 0.781; 95%CI,
0.611–0.998; p = 0.0238). Nevertheless, even this study failed to reach statistical significance
due to the long survival of the control arm, reflecting once more the advances in the clinical
management of advanced HCC. The safety profile of the drug was good, confirming the
positive results of the Phase II study and the previous experience with nivolumab.

Despite the apparently “negative” results of these studies, likely due to issues related
to their design requesting an overwhelming superiority of the tested ICIs over sorafenib,
several positive aspects capturing the attention of researchers and clinicians were the
overall objective response to nivolumab and pembrolizumab in 15–20% of cases, the durable
antitumor responses, and the long-term OS in responding patients. Based on these peculiar
results, the FDA granted conditional approval for these ICIs in the second-line setting.

Currently, results from the ongoing Phase III non-inferiority trial testing tislelizumab,
a monoclonal antibody targeting PD-1, versus sorafenib (RATIONALE-301 trial) and
those of the Phase III HIMALAYA study, testing durvalumab—an anti-PD-L1 monoclonal
antibody—alone or in combination with tremelimumab versus sorafenib, are eagerly
awaited [36].

As far as the safety profile of ICIs is concerned, the results of the pilot study by Sangro
et al. on tremelimumab and those of the CheckMate and Keynote trials showed reassuring
safety profiles for these agents, coherent with previous reports testing the use of these drugs
in other cancer types [10–12,37]. As compared with the standard of care (i.e., sorafenib and
lenvatinib), ICIs are generally better tolerated and have comparable or even lower rates of
toxicity. The pathophysiology of adverse events (AEs) occurring during immunotherapy
is related to their mechanism of action as the inhibition of physiological immune check-
points may trigger immune-related AEs (irAEs) targeting the skin, gut, thyroid, adrenal
glands, lung, and the liver itself, which may be a particularly worrisome complication in
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a population with an already impaired liver function [38,39]. Most frequent any grade
AEs in patients treated with ICIs for other cancer types are skin AEs (rash and pruritus),
colitis, hyper- or hypothyroidism, hepatitis, and pneumonitis. Skin AEs occur in about
13–35% of cases, being grade > 3 only in a minority of cases (<3%) [38,40]. Grade 1 and
2 skin AEs are usually easily managed with emollients, oral anti-histamines, and topical
steroids, whereas grade ≥ 3 reactions require oral corticosteroids administration and the
discontinuation of the immunotherapy until the skin AE has reverted to grade 1 [38].
Thyroid dysfunction has been reported in a variable proportion of cases (5–20%), but
these events are rarely severe and rarely require treatment discontinuation or hormonal
replacement treatment or corticosteroids administration [38]. The frequency of colitis
ranges from 2% to 22% [38,40], being more frequent and severe in patients treated with
anti-CTLA4 agents [38,40]. Again, the incidence of high-grade colitis is very low, being
around 1–2% [40]. Patients with non-severe diarrhea should be treated with anti-diarrheal,
fluid replacement, and electrolytes; conversely, patients with grade ≥3 diarrhea or persis-
tent grade 2 diarrhea should discontinue ICIs and receive intravenous (i.v.) corticosteroids.
In case of lack of response to corticosteroids, infliximab should be prescribed [38]. Pneu-
monitis occurs in 2–4% of patients, with grade ≥ 3 events representing only 1% to 2% of
cases [38,40], and the frequency of fatal pneumonitis and that of treatment discontinua-
tion (due to this AE) are extremely low (0.2% and 0.2–4%, respectively) [38]. In the case
of documented or high suspicion of immune-related pneumonitis, immunosuppressive
treatment should be started immediately. In grade 1 to 2 pneumonitis, treatment consists
of oral steroids (prednisone 1 mg/kg daily), whilst patients with grade 3 to 4 pneumonitis
should be hospitalized and treatment should consist of high-dose i.v. corticosteroids. In
these severe cases, immunotherapy should be permanently discontinued. With regards
to the occurrence of treatment-related hepatitis, which occurs in a proportion of 5% to
10% of patients (among which 1–2% are grade 3) [38,40], in the presence of grade ≤ 2
transaminases elevation, checkpoint inhibitor therapy should be withheld and transami-
nases and bilirubin should be measured twice weekly. Persistent grade 2 elevation lasting
longer than 2 weeks, after having ruled out other causes, should be treated with corticos-
teroids at a dose of 1 mg/kg/day (methyl)prednisolone or equivalent. Upon improvement,
re-challenge with ICIs may be attempted after corticosteroid tapering. In the absence of
improvement despite the initiation of corticosteroids, the dose should be increased to
2 mg/kg/day of (methyl)prednisolone or equivalent and checkpoint inhibitor therapy
should permanently be discontinued [38]. In the instance of grade 3 or 4 transaminase or
total bilirubin elevation, checkpoint inhibitor therapy should be permanently discontinued,
and corticosteroids started at 1–2 mg/kg/day (methyl)prednisolone or equivalent. If the
absence of response to corticosteroids within 2–3 days, mycophenolate mofetil should be
added at 1000 mg twice daily. If no improvement is seen, liver biopsy should be consid-
ered. However, ICI-related hepatitis usually resolves within 4–6 weeks with appropriate
treatment; therefore, if no improvement is detected in this time frame, other contributory
causes should be reconsidered and the initial diagnostic work-up should be repeated.

Overall, the available evidence suggests that, although common, irAEs can be eas-
ily managed in most cases by delaying the subsequent scheduled administrations, and
with the administration of corticosteroids in severe cases [39]. In HCC studies, approxi-
mately 90–98% of patients experienced any AE during treatment, with up to 50% of them
being grade 3 or higher [10–14]. However, similar rates of AEs have been recorded in
randomized controlled trials in the respective placebo arms as well [13]. With regards
to treatment-related AEs, grade ≥ 3 AEs have been reported in approximately 20% of
cases for nivolumab and pembrolizumab monotherapy [13,14]; among them, the most
frequent AE in the Keynote-240 and CheckMate-040 studies was aminotransferase in-
crease (about 4–5% and 6–10%, respectively) [11,13]. This event is of particular concern
in patients with cirrhosis due to the potential deterioration of liver function and to the
peculiar risk of corticosteroid-related AEs in these subjects. However, current data show
that ICIs are safe in well-selected cohorts of patients with cirrhosis and preserved liver
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function (Child–Pugh class A), with no safety alerts as compared with patients without
cirrhosis treated with ICIs for other cancer types [9,41]. The available evidence thus sug-
gests that cirrhotic patients with HCC should not be at increased risk of liver irAEs, but
close monitoring of liver function tests should be performed in cirrhotic patients treated
with ICIs. Treatment-related serious AEs such as pneumonitis and colitis occurred in a
minority of patients (<1%), as reported in the literature for immunotherapy in other cancer
types [11,12]. Definite data on the safety and tolerability of ICIs in Child–Pugh class B
patients, which represent a significant proportion of advanced HCC patients, are lacking.
However, those from the CheckMate-040 trial are reassuring, since only 4 out of 49 patients
with Child–Pugh class B reported treatment-related hepatic events, and only 2 of them
needed treatment discontinuation [38]. Moreover, similar results regarding the safety of
nivolumab and pembrolizumab in patients with Child–Pugh class B have been observed
by Scheiner et al. in a real-life cohort of HCC patients [41]. Taken together, the available
evidence suggests the safety profile of ICIs in the HCC population is good in selected cases
with well-preserved liver function and that ICIs may be safely administered in Child–Pugh
class B patients as well.

4.2. Dual Immune Chechpoint Blockade

Based on the hypothesis that anti-PD-1 and anti-CTLA4 agents may have a syner-
gistic effect by inhibiting two different steps of the immune checkpoint system, combi-
nations of anti-PD1 and anti-CTLA4 are underway. A Phase III trial with dual treatment
with nivolumab plus ipilimumab, a CTLA-4 monoclonal antibody, in the first-line setting
(CheckMate 9DW, NCT04039607) is underway. This trial was supported by the positive
results observed in the cohort 4 (nivolumab plus ipilimumab) of the Checkmate-040 trial
in the second-line setting [42]. In this study, patients were randomized 1:1:1 to either
nivolumab 1 mg/kg plus ipilimumab 3 mg/kg, administered every 3 weeks (4 doses),
followed by nivolumab 240 mg every 2 weeks (arm A); nivolumab 3 mg/kg plus ipili-
mumab 1 mg/kg, administered every 3 weeks (4 doses), followed by nivolumab 240 mg
every 2 weeks (arm B); or nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg
every 6 weeks (arm C). Treatment combination had manageable safety, promising ORR,
and durable responses. The arm A regimen showed the greatest benefits in terms of
ORR (32% versus 27% and 29% in arms B and C, respectively) and OS (22.8 months
(95%CI, 9.4—not reached) in arm A versus 12.5 months (95%CI, 7.6–16.4) in arm B and
12.7 months in arm C (95%CI, 7.4–33.0) [43]. Any grade treatment-related AE occurred in
94% of cases in arm A, 71% in arm B, and 79% of cases in arm C. Among them, 53% of
patients in arm A, 29% of patients in arm B, and 31% of patients in arm C had grade 3 or 4
treatment-related AEs. Arm A also had higher rates of irAEs and irAEs leading to treat-
ment discontinuation (18%), as compared with arms B and C (6% and 4%, respectively).
Consequently, in arm A, 16% of patients stopped treatment: 6% of them due to treatment-
related hepatitis, 6% due to pneumonitis, and 4% due to diarrhea/colitis [43]. However,
most cases of patients presenting AEs continued treatment and the AEs resolved with
standard management, while only 1 treatment-related death due to pneumonitis was re-
ported (0.6%) [43]. Importantly, among patients who were re-challenged with nivolumab
or ipilimumab after experiencing an irAE in any category, no patients experienced an event
recurrence after the re-challenge [43]. Considering the outstanding OS and ORR obtained
in arm A, these results suggest that nivolumab plus ipilimumab may provide improved
efficacy in terms of ORR, and, potentially, of survival with an acceptable safety profile.
Based on this evidence, this dual treatment received accelerated approval in the US as
second-line treatment for HCC.

In the first-line setting, a Phase III trial (HIMALAYA) is testing the PD-L1 inhibitor
durvalumab alone and in combination with tremelimumab, compared with sorafenib. This
study was designed on the basis of the findings from a Phase I/II, randomized, open-label
study that included patients progressing under, intolerant to, or refusing sorafenib [44].
Patients were randomized 1:2 to different tremelimumab plus durvalumab combinations,
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and safety was the primary endpoint. Patients assigned to the high-dose tremelimumab
arm (i.e., tremelimumab 300 mg plus durvalumab 1500 mg 1 dose followed by durvalumab
every 4 weeks) had the highest confirmed ORR (duration of response not reached) and
longest OS (18.7 months (10.8—not reached)) [44]. Grade 3 or 4 treatment-related AEs rates
were comparable to those occurring in the nivolumab plus ipilimumab trials, being 35% in
the high-dose (300 mg) tremelimumab arm and 25% in the low-dose (75 mg) tremelimumab
arm. Discontinuation of the study drug due to AEs was 10.8% and 6% in the high- and
low-dose arm, respectively, but no deaths were attributed to treatment.

In summary, dual checkpoint blockade may improve OS in HCC patients, but consis-
tent evidence is still scarce. As might have been expected, the trials testing ICIs in dual
treatment reported higher rates of AEs in comparison with ICIs used in monotherapy, but
in most cases, the safety profile was consistent in presentation and management with that
of monotherapy. Taking into consideration the poor prognosis of patients with advanced
HCC, the benefit/risk ratio may still favor the dual treatment strategy. Current trials with
dual checkpoint blockade are reported in Table 1.

Table 1. Ongoing clinical trials with immune checkpoint inhibitors, alone or in combination with other agents, in HCC.

Trial
Name

Phase
Line of

Treatment
Design

Patients
Enrolled

Endpoints ClinicalTrial.gov Company Status

GO30140 I First-line

Atezolizumab +
Bevacizumab (arm A)

Atezolizumab +
Bevacizumab (arm F1)
Atezolizumab (arm F2)

430 Safety, efficacy,
pharmacokinetics NCT02715531 Hoffmann-La

Roche
Active, not
recruiting

- I No restriction Ramucirumab +
MEDI4736 [HCC] (arm C) 114 DLTs NCT02572687 Eli Lilly &

Co/Astra Zeneca
Active, not
recruiting

NUANCE I Second-line Nivolumab +
bevacizumab 1 Safety and

tolerability NCT03382886 University of Utah Terminated

- I Neo-adjuvant Nivolumab +
cabozantinib 15 Safety and

tolerability NCT 03299946

Sidney Kimmel
Compehensive

Cancer Center at
John Hopkins

Active, not
recruiting

- Ib First-line Regorafenib +
pembrolizumab 57 Safety and

tolerability NCT03347292 Bayer Recruiting

- Ib First-line Pembrolizumab +
lenvatinib 104 Safety and

tolerability NCT 03006926 Eisai Co., Ltd. Active, not
recruiting

- Ib First-line Nivolumab + lenvatinib 30 Safety and
tolerability NCT03418922 Eisai Co., Ltd. Active, not

recruiting

- Ib Second-line Sintilimab + IBI305 47 AEs/ORR NCT04401813 Innovent Biologics
(Suzhou) Co., Ltd. Recruiting

- I/IIa First-line
Nivolumab +

Pexastimogene
devacirepvec

Safety and
tolerability NCT03071094 Transgene Active, not

recruiting

CheckMate
040 I/II Second-line

Cohort 4: Nivolumab +
ipilimumab

Cohort 6: Nivolumab +
cabozantinib

148 Safety and
tolerability NCT01658878

Bristol-Myers
Squibb/Ono

Pharmaceutical
Co., Ltd.

Active, not
recruiting

- I/II Second-line SHR-1210 + apatinib 60 OS NCT02942329

The Affiliated
Hospital of the

Chinese Academy
of Military Medical

Sciences

Unknown

- Ib/II First-line Pembrolizumab +
talimogene laherarepvec 244 ORR/DLTs NCT02509507 Amgen Recruiting

- II First-line and
Second-line

Durvalumab +
tremelimmumab

[regimen 1] (arm A)
Durvalumab (arm B)

Tremelimumab (arm C)
Durvalumab +
tremelimumab

[regimen 2] (arm D)
Durvalumab +

bevacizumab (arm E)

545 Safety and
tolerability NCT02519348 MedImmune, LLC Active, not

recruiting
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RESCUE II Second-line SHR-1210 + apatinib 190 ORR NCT03463876 Jiangsu HengRui
Medicine Co., Ltd.

Active, not
recruiting

- II
First-

line/Second-
line

SHR1210 + apatinib
(arm A)

SHR1210 + FOLFOX4 or
GEMOX regimen (arm B)

152 Safety and
tolerability NCT03092895 Jiangsu HengRui

Medicine Co., Ltd. Unknown

IMMUNIB II First-line Nivolumab + lenvatinib 50 ORR/safety and
tolerability NCT03841201

Institut fur
Klinische

Krebsforschung
IKF GmbH

Recruiting

- II
First-

line/Second-
line

Nivolumab + Ipilimumab
vs. nivolumab

Safety and
tolerability NCT03222076 MD Anderson

Cancer Center
Active, not
recruiting

- II/III First-line Sintilimab + IBI305 566 OS/PFS NCT03794440 Innovent Biologics
(Suzhou) Co., Ltd. Recruiting

IMbrave150 III First-line
Atezolizumab +

bevacizumab (arm A)
Sorafenib (arm B)

480 OS/PFS NCT03434379 Hoffmann-La
Roche

Active, not
recruiting

COSMIC-
312 III First-line

Cabozantinib +
atezolizumab (arm A)

Sorafenib (arm B)
Cabozantinib (arm C)

740 PFS/OS NCT03755791 Exelixis Recruiting

LEAP-002 III First-line
Pembrolizumab +

Lenvatinib vs. placebo +
lenvatinib

750 PFS/OS NCT03713593 Merck Sharp &
Dohme Corp.

Active, not
recruiting

- III First-line SHR-1210 + FOLFOX4 vs.
sorafenib or FOLFOX4 448 OS NCT03605706 Jiangsu HengRui

Medicine Co., Ltd. Recruiting

HIMALAYA III First-line

Durvalumab (arm A)
Durvalumab +
tremelimumab

[regimen 1] (arm B)
Durvalumab +
tremelimumab

[regimen 2] (arm C)
Sorafenib (arm D)

1310 OS NCT03298451 AstraZeneca Active, not
recruiting

- III First-line CS1003 + lenvatinib vs.
placebo + lenvatinib 525 PFS/OS NCT04194775 CStone

Pharmaceuticals Recruiting

HCC, hepatocellular carcinoma; DLTs, dose-limiting toxicities; AEs, adverse events; OS, overall survival; PFS progression-free survival;
ORR, overall response rate.

4.3. Immune Checkpoint Inhibitors Combined with Tyrosine Kinase Inhibitors

In addition to its well-known stimulating effect on angiogenesis, VEGF can promote
immune evasion by directly and indirectly inhibiting infiltration and function of cytotoxic
T-lymphocytes and increasing PD-1 expression on intra-tumoral CD8+ T-cells. In other
words, the VEGF pathway is involved in the recruitment of immunosuppressive T-reg
cells into the tumor. Thus, VEGF inhibition through TKIs or VEGFR-directed monoclonal
antibodies might increase local antitumor immunity and favorably modify the immuno-
suppressive tumor microenvironment, thus enhancing the effects of ICIs [45]. On this basis,
several Phase I/II trials testing combinations of anti-PD1/PD-L1 with anti-VEGFRs were
undertaken and have already shown promising results in this research field, paving the
way for Phase III trials that are currently in progress (Table 1) [46].

Among these studies, one trial tested the combination of nivolumab plus cabozantinib,
with or without ipilimumab, reporting preliminary clinically meaningful responses [47].
As of today, the results of this study, which included 71 patients randomized to either
nivolumab plus cabozantinib (n = 36) or nivolumab plus ipilimumab and cabozantinib
(n = 35), are only partially available, and show that investigator-assessed ORR was compa-
rable with that of nivolumab alone for the dual treatment arm (17%, 6 patients with PR)
but reached 26% (9 patients with PR) in the triple treatment arm. The diseased control rate
was good and similar in the two groups, being 81% for the dual treatment arm and 83% for
the triple treatment arm. It is noteworthy that the median OS was not reached in either
arm [47]. With regards to safety, grade 3 or 4 treatment-related AEs were observed in 42%
of cases in the dual treatment arm and in 71% of cases in the triple treatment arm, leading
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to treatment discontinuation in 3% and 20% of patients, respectively. However, no new
safety signals were observed in either arm. Based on these promising findings, complete
and updated results of this trial are eagerly awaited.

Another combination that is currently under investigation in patients with advanced
HCC is that of pembrolizumab plus lenvatinib, which, in a Phase Ib study, showed good
results with a median OS of 22 months and a 46% confirmed ORR [48]. Hence, this com-
bination has been granted a breakthrough therapy designation by the FDA for advanced
HCC patients who are not amenable to locoregional treatment, and it is currently being
tested in a Phase III, international, multicenter clinical study (LEAP-002).

4.4. Immune Checkpoint Inhibitors Combined with Anti-VEGFR Agents

Recently, Finn et al. tested the combination of atezolizumab, a monoclonal antibody
targeting PD-L1, plus bevacizumab, an anti-VEGF monoclonal antibody, as a front-line
treatment of advanced HCC. The trial (IMbrave-150) showed a clear superiority of the
dual therapy over sorafenib [15]. The intention-to-treat population included 336 patients
in the atezolizumab plus bevacizumab group and 165 patients in the sorafenib group. At
the time of the primary interim analysis, the HR for death with atezolizumab plus beva-
cizumab as compared with sorafenib was 0.58 (95%CI, 0.42–0.79; p < 0.001). The reported
12-month OS was 67.2% (95%CI, 61.3–73.1) with atezolizumab plus bevacizumab versus
54.6% (95%CI, 45.2–64.0) with sorafenib. Median PFS was 6.8 months (95%CI, 5.7 to 8.3)
and 4.3 months (95%CI, 4.0–5.6) in the respective groups (HR for disease progression
or death: 0.59; 95%CI, 0.47–0.76; p < 0.001) [15]. Hypertension, proteinuria, and fatigue
were the top three treatment-related AEs in the combination arm. Upper gastrointestinal
bleeding, a known AE of bevacizumab and a main concern in patients with cirrhosis,
occurred in 7% of patients in this group, which is well within the range of previous stud-
ies evaluating the use of bevacizumab in HCC [49,50]. Esophageal varices hemorrhage
occurred in 2.4% of cases, but only 1.8% were grade ≥3 and less than 1% of cases needed
treatment discontinuation. Of note, in this study, causality was reported only in <1% of
patients [15]. In this respect, it is important to emphasize that patients intended to receive
the combination of atezolizumab plus bevacizumab had undergone endoscopic variceal
screening, as per the study protocol. Given the increased bleeding risk associated with
bevacizumab, patients with gastro-esophageal varices at risk of bleeding received ade-
quate prophylactic treatment, as must be done in standard care of cirrhotic patients with
esophageal varices [51,52]. Increases in aminotransferases and pruritus were other common
AEs attributable to atezolizumab but, again, only a few patients (0.6% of cases) needed to
stop treatment and developed immune-mediated liver damage. The proportion of patients
who discontinued any treatment component because of AEs was 15.5% in the atezolizumab
plus bevacizumab group (7% discontinued both components) and 10.3% in the sorafenib
group [15]. Overall, AEs leading to dose modification or interruption occurred in 49.5% of
patients who received atezolizumab plus bevacizumab and in 60.9% of those who received
sorafenib. Therefore, this study provided the first and strong—evidence of the benefit
provided by combining an ICI and a VEGFR inhibitor for patients with advanced HCC,
and its superiority over sorafenib has undoubtedly already changed the standard of care
for these patients, where it has substituted sorafenib as first-line treatment in most cases.
Nevertheless, as only patients with Child–Pugh class A were included in this study, which
is standard practice in HCC trials, so no consistent data are available regarding efficacy and
safety of this combination in patients with a greater impairment in liver function. To date,
only one study has reported the outcomes for four Child–Pugh class B patients treated
with atezolizumab plus bevacizumab in a Japanese cohort of patients [53]. Among these
patients, all patients could be treated without the development of severe AEs until tumor
progression and efficacy was comparable to that of Child–Pugh class A patients. These re-
sults are undoubtedly important, but further research in larger cohorts of patients is needed
before a recommendation can be made for the use of this immunotherapy in patients with
Child–Pugh class B liver function. However, we could argue that well selected patients
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with Child–Pugh class B7 liver function may be treated safely with atezolizumab plus
bevacizumab but close monitoring of biochemistry and close clinical monitoring should
be performed and patients should be informed that the benefit of this treatment in the
Child–Pugh class B population still has to be determined.

The role of sorafenib and that of lenvatinib and, more in general, the treatment
algorithms for the systemic treatment of HCC, will soon need to be reviewed in order to be
optimized. Whether TKIs are going to be part of the second-line treatment alternatives,
alone or in combination with other agents, is still unknown and extensive research is
ongoing to try to adequately frame treatment sequences.

4.5. Immune Checkpoint Inhibitors Combined with Locoregional Treatments for HCC

To date, no systemic treatment tested in combination with locoregional treatments for
HCC has demonstrated benefit in terms of OS. Conversely, ICIs might revolutionize the
therapeutic panorama of early and intermediate stage HCC, thus achieving a role not only
in the setting of palliative treatment, but also in the curative one. The rationale for their use
in combination with radiofrequency ablation (RFA) and TACE relies on the fact that ablative
and intra-arterial techniques indirectly induce a peripheral immune response that can
enhance the effect of ICIs [54,55] (Figure 2). Namely, the RFA- and TACE-induced necrosis
of tumor cells favors the release of tumor antigens and the activation of immune-mediated
death of tumor cells, which, in turn, stimulate a peripheral systemic immune response that
can potentially be amplified by immune checkpoint blockade [56–61]. Arayu et al. showed
that alpha-fetoprotein-specific CD4+ T-cell responses to three immune-dominant epitopes
in HCC patients were significantly expanded during and after embolization (p < 0.002).
Specifically, the development of alpha-fetoprotein-specific CD4+ T-cells after treatment
was significantly associated with the induction of >50% necrosis of tumor and an improved
clinical outcome (p < 0.007) [57]. Similarly, Mizokushiet al, evaluating T-cell responses in
patients with HCC undergoing RFA, observed immune responses to antigens for which no
T-cell response was detected before RFA [60]. Interestingly, the number of tumor-specific
T-cells after RFA correlated with the prevention of HCC recurrence in patients treated
with curative intent [60]. Moreover, RFA ablation not only provides activating signals for
T-cell responses against HCC, but also augments the pool of circulating natural killer (NK)
lymphocytes and enhances preferential expression of NK cells’ activating receptors and
NK cells’ cytotoxicity, and all these effects are seen as soon as one week after treatment [61].

Although very limited data exist in patients with very early or early HCC (BCLC 0 or
BCLC A stage) and intermediate HCC (BCLC B stage) treated with ICIs in the adjuvant and
neo-adjuvant setting, preliminary data are promising. With regards to the neo-adjuvant
setting, a recent pilot randomized, Phase II trial showed that dual treatment with nivolumab
plus ipilimumab prior to surgery leads to a complete pathological response rate in 33.3%
of cases [62]. An increase in T-cell infiltration and upregulation of cytotoxic and effector
memory cell markers in tissue after treatment was also seen, as compared with before
treatment [62]. Two other small studies investigated tumor-specific immune responses
after combined TACE and RFA treatment, or after each individual treatment, confirming
that ablative therapies induce tumor-specific T-cell responses in individual patients upon
ablative therapies [59,63].

Combined ICIs plus TACE or RFA are not the only treatments under investigation, as
some reports regarding the combination of trans-arterial Y90-radioembolization (TARE)
and immune checkpoint blockade have been presented at recent oncological meetings with
promising results. In particular, Tai et al. reported the results of a Phase II, open-label,
single-center, non-randomized trial regarding the effects of a combined therapy with TARE
and nivolumab for advanced HCC in an Asian cohort. Their results showed that this
combination had a synergistic effect, with an ORR of 30.5% and with good safety and
tolerability profiles [64].
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Figure 2. Locoregional treatments applied to hepatocellular carcinoma (HCC) induce immunological effects in the tumor
microenvironment, which can be amplified by immune checkpoint inhibitors. After radiofrequency ablation (RFA) or
trans-arterial chemo-embolization (TACE) or radio-embolization (TARE), necrosis of tumor cells induces increased tumor-
antigen release, thus facilitating the recruitment and activation of cytotoxic T-cells and dendritic cells. These effects can be
exploited by administering immune checkpoint inhibitors (ICIs) to transform an immunosuppressive microenvironment in
an immune-supportive one, in which systemic therapies might be more effective.

Based on these findings, several trials are ongoing to test the efficacy of combined ICIs
and locoregional treatments in HCC. This strategy might significantly decrease recurrence
rates after treatment with ablative techniques, thus ameliorating long-term prognosis of
patients with very early/early HCC. Similarly, ICIs may potentially enhance responses after
trans-arterial treatments; this implicates that patients with intermediate stage HCC may
be effectively down-staged and might therefore become qualified for curative treatments.
Hence, if ongoing studies in this field obtain good results in terms of safety and efficacy,
ICIs would not only play a role in the setting of advanced HCC, but would also become a
fundamental component of the management of the earlier stages of this tumor.

5. Amenability to Atezolizumab Plus Bevacizumab in Real-Life Setting

Given the expected upcoming change in the standard of care for the treatment of
patients with advanced HCC, with a preferential use of the combination of atezolizumab
plus bevacizumab as first-line treatment, we aimed to explore the actual estimates of
the potential applicability in clinical practice of this dual treatment in the Western HCC
population. In order to do so, we applied the inclusion and exclusion criteria of the
atezolizumab plus bevacizumab IMBrave-150 study to the HCC population recorded in the
Italian Liver Cancer (ITA.LI.CA) database. We used this database as it is representative of
the real-life setting of HCC patients in Italy: the ITA.LI.CA database, indeed, includes more
than 10,000 patients with newly diagnosed or recurrent HCC, with various underlying
liver disease etiologies at all stages, who are managed in a large number of Italian centers
with different levels of expertise (secondary and tertiary referral centers). Thus, it provides
a reliable insight into the characteristics of HCC patients in Western regions and allows
for predicting figures of the potential utilization of newly available HCC drugs in real-life
clinical practice [39].

In order to carry this out, within the ITA.LI.CA database, we excluded patients
diagnosed before 2008—that is the year of availability of sorafenib in clinical practice in
Italy—and we applied the inclusion and exclusion criteria, listed in Table 2, set forth in
the Phase III IMbrave-150 trial in patients with advanced HCC. In the studied period
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(2008–2019), 7529 cases of HCC were reported overall and, among them, a total of 5203
cases had a newly diagnosed HCC, whereas 2326 presented the first recurrence after surgery
and/or locoregional treatment; we then calculated the eligibility rate to atezolizumab plus
bevacizumab in the overall cohort and, separately, in the two subgroups of naïve patients
with HCC or with an HCC recurrence after surgery or locoregional treatment (Figure 3).

Table 2. Criteria of eligibility for the management of unresectable HCC with atezolizumab plus
bevacizumab as a first-line therapy.

IMBrave-150 Inclusion Criteria

Age ≥ 18 years
Locally advanced or metastatic and/or unresectable HCC

No prior systemic therapy for HCC
Disease that is not amenable to curative surgical and/or locoregional therapies, or progressive

disease after surgical and/or locoregional therapies
At least one measurable (per RECIST 1.1) untreated lesion

Patients who received prior local therapy (e.g., radiofrequency ablation, percutaneous ethanol or
acetic acid injection, cryoablation, high-intensity focused ultrasound, transarterial

chemoembolization, transarterial embolization, etc.) are eligible provided the target lesion(s) have
not been previously treated with local therapy or the target lesion(s) within the field of local

therapy have subsequently progressed in accordance with RECIST version 1.1
ECOG PS 0-1

Child–Pugh class A
ANC ≥ 1.5 × 109/L (1500/mcL) without granulocyte colony-stimulating factor support

Lymphocyte count ≥ 0.5 × 109/L (500/μL)
Platelet count ≥ 75 × 109/L (75,000/μL) without transfusion

Hemoglobin ≥ 90 g/L (9 g/dL)
AST, ALT, and alkaline phosphatase (ALP) ≤ 5 × upper limit of normal (ULN)

Serum bilirubin ≤ 3 × ULN
Serum creatinine ≤ 1.5 × ULN or creatinine clearance ≥ 50 mL/min (Cockcroft–Gault formula)

Serum albumin ≥ 28 g/L
For patients not receiving therapeutic anticoagulation: INR or aPTT ≤ −2 × ULN

Urine dipstick for proteinuria < 2+
Negative HIV test at screening

In case of active HBV, HBV DNA < 500 IU/mL and anti-HBV treatment for a minimum of 14 days
prior to study entry

No history of leptomeningeal disease
No active or history of autoimmune disease or immune deficiency

No history of idiopathic pulmonary fibrosis, organizing pneumonia, drug-induced pneumonitis,
or idiopathic pneumonitis, or evidence of active pneumonitis

No active tuberculosis
No significant cardiovascular disease (≥NYHA Class II)

No major surgical procedure, other than for diagnosis, within 4 weeks
No history of malignancy other than HCC within 5 years prior to screening

No severe infection within 4 weeks prior to initiation of study treatment
No treatment with therapeutic oral or IV antibiotics within 2 weeks prior to initiation of study

treatment
No prior allogeneic stem cell or solid organ transplantation

No known fibrolamellar HCC, sarcomatoid HCC, or mixed cholangiocarcinoma and HCC
No untreated or incompletely treated varices with bleeding or high risk for bleeding

No moderate or severe ascites
No history of hepatic encephalopathy

No co-infection of HBV and HCV
No symptomatic, untreated, or actively progressing central nervous system (CNS) metastases
No uncontrolled pleural effusion, pericardial effusion, or ascites requiring recurrent drainage

procedures
No uncontrolled or symptomatic hypercalcemia

No treatment with systemic immunosuppressive medication
No inadequately controlled arterial hypertension

No significant vascular disease
No history of intra-abdominal inflammatory process
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(A) (B) 

Figure 3. (A,B) Proportion of patients with new onset HCC or with HCC recurrence after surgery or locoregional treatment,
which is amenable to first-line treatment with atezolizumab plus bevacizumab, per year, in the ITA.LI.CA database.

As far as the subgroup of naive patients with HCC is concerned, the overall proportion
of patients deemed eligible for atezolizumab plus bevacizumab was 7.1%, ranging from
5.3% to 5.4% (2008–2014) up to 10.7% (2019), with a median eligibility rate for the novel
therapy in this group of patients of 7.5%, and with an increasing trend observed in the
most recent years (Figure 3A). With regard to patients with HCC recurrence after surgery
or locoregional treatment, after excluding those not eligible for the treatment with ate-
zolizumab plus bevacizumab as per the study inclusion and exclusion criteria, the overall
eligibility rate to this ICI-based therapy was 36.3%, with a median eligibility rate across
the whole period of 36.5% (range, 28.9% to 44.4%), with a decreasing trend observed in the
most recent years (Figure 3B).

Taking into account all the patients included in the ITA.LI.CA database in the period
2008–2019, irrespective of previous locoregional treatment, approximately 16% of cases
were considered eligible for the newly approved dual treatment. This figure is in accordance
with estimates from other reports on ICI-based treatments [39].

Among patients with newly diagnosed HCC, 1.4% of patients were excluded solely
due to the presence of untreated, or incompletely treated, esophageal varices at high
risk of bleeding, while this figure among patients with recurrence following locoregional
treatment or surgery was 4.0%. However, the presence of esophageal varices at high risk of
bleeding should not be considered a strict exclusion criterion, as primary prevention of
variceal bleeding can and must be performed with either non-selective beta-blockers or
endoscopic banding ligation as part of the standard of care of patients with cirrhosis [51,52].
Ligation, which might be preferred due to the possibility of an objective assessment of
treatment success, may delay by several weeks the beginning of anti-tumor treatment
due to the need to fully evaluate the eradication of varices in a proportion of patients
ranging from 1.4% to 4.0%. These considerations need to be taken into account in the
therapeutic decision process, as overall approximately 13% of patients with HCC harbor
large esophageal varices, a finding keeping with the overall prevalence of at-risk varices in
this study population (i.e., 15.0%) before the application of the inclusion/exclusion criteria
of the atezolizumab plus bevacizumab study [65]. Moreover, besides representing an issue
to be solved before the beginning of treatment, the presence of varices has an inherent
meaning that needs to be underscored in these patients, as it pinpoints a subpopulation of
patients that—despite having similar inclusion criteria—presents a more advanced liver
disease, characterized by clinically significant portal hypertension. This finding is not
negligible when patients’ prognosis is assessed, as the presence of esophageal varices is an
independent prognostic determinant, also considering the stage of liver disease and HCC
stage [51,65–67]. Therefore, the prognosis of patients with advanced HCC and esophageal
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varices will be poorer than that of patients without varices, regardless of the efficacy of
the anti-tumoral drug (Figure 4) [65]; as such, screening and treatment (either with band
ligation or beta-blockers, selected on a case by case basis) is strongly recommended and
must be performed in all patients with HCC, independently from the tumor stage and
prior to the initiation of any anti-tumoral treatment.

Figure 4. Overall survival of patients with advanced hepatocellular carcinoma, subdivided according to the presence of
esophageal varices. Reprinted with permission from ref. [65]. Copyright 2006 American Gastroenterological Association.

6. Conclusions

Immunotherapy certainly represents a new, exciting frontier in the treatment of ad-
vanced, unresectable HCC, and might play a role as an adjuvant or neo-adjuvant treatment
of patients with early-stage HCC as well, giving them the chance to decrease the risk of
tumor recurrence. New ICI-based treatment strategies with dual, or even triple, combina-
tions of immune-targeting agents, or combinations of immunotherapy and TKIs or other
anti-neoplastic agents, will probably be available in the foreseeable future. Thus, it is cur-
rently difficult to predict the future algorithm for the systemic treatment of advanced HCC
and to state whether sorafenib and lenvatinib, as single agents, will still be listed among the
first-line treatment options for this cancer. However, despite the understandable enthusi-
asm for immunotherapy, some unmet needs remain and require further, extensive research
to be resolved. First, as many as 30–40% of patients with HCC do not respond to ICIs, and
biomarkers predicting treatment response are lacking. This is a particular challenging issue
as data about histological or serological biomarkers related to the effectiveness of ICIs in
HCC have not been clearly identified, and, even if a histological marker was identified,
biopsy sampling of HCC is not standard clinical practice for this tumor, which is mostly
diagnosed on the basis of its radiological hallmarks; therefore, in the future, the role of
liver biopsy in HCC might need to be revisited [68]. Secondly, we have shown that in
real-life, also taking into consideration previous treatments, only approximately one-tenth
to one-third of patients with HCC are eligible for the recently approved combination of
atezolizumab plus bevacizumab. Moreover, the safety and utility of immunotherapy in
patients with a greater impairment in liver function, such as Child–Pugh class B patients,
still has to be demonstrated, as most trials have explored the safety of these drugs in
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patients with well-preserved liver function (Child–Pugh class A) and, even though some
reports have described an acceptable safety profile of some ICIs in Child–Pugh class B
patients, consistent data regarding this topic are lacking, so that no strong recommendation
can be made in this regard for the time being. Finally, ICIs are highly expensive drugs and
this may represent a serious threat to the worldwide treatment implementation in clinical
practice, since a large share of patients with HCC are diagnosed in developing countries,
where available economic resources cannot support their use [69].

Taken together, the available evidence clearly shows that ICIs are going to play a
pivotal role in the treatment of HCC and will improve the prognosis of patients with
advanced HCC and, presumably, of those at earlier stages of the disease as well. We
can assume that in the foreseeable future the current treatment algorithms will need
revisions based on the most recent evidence. However, considering that in real-life settings
a high proportion of patients will probably not be eligible for ICI-based regimens, much
effort is still needed in order to optimize treatment strategies for patients with advanced,
unresectable HCC.
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Abstract: The Milan criteria (MC) were developed more than 20 years ago and are still considered the
benchmark for liver transplantation (LT) in patients with hepatocellular carcinoma (HCC). However,
the strict application of MC might exclude some patients who may receive a clinical benefit of LT.
Several expanded criteria have been proposed. Some of these consider pretransplant morphological
and biological variables of the tumor, others consider post-LT variables such as the histology of
the tumor, and others combine pre- and post-LT variables. More recently, the HCC response to
locoregional treatments before transplantation emerged as a surrogate marker of the biological
aggressiveness of the tumor to be used as a better selection criterion for LT in patients beyond the MC
at presentation. This essential review aims to present the current data on the pretransplant selection
criteria for LT in patients with HCC exceeding the MC at presentation based on morphological
and histological characteristics of the tumor and to critically discuss those that have been validated
in clinical practice. Moreover, the role of HCC biological markers and the tumor response to
downstaging procedures as new tools for selecting patients with a tumor burden outside of the MC
for LT is evaluated.

Keywords: hepatocellular carcinoma; liver transplantation; Milan criteria; alpha-fetoprotein

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third most
common cause of cancer-related mortality [1]. The incidence of HCC has progressively
increased during recent decades due to the increased number of patients with liver cirrhosis
caused by chronic hepatitis C (HCV), hepatitis B (HBV), and alcohol abuse, as well as
patients with metabolic syndrome-induced liver disease [2]. Fewer than half of HCC
cases are diagnosed at an early stage, which allows them to receive curative treatments
such as surgical resection, locoregional ablative therapy, and liver transplantation (LT) [3].
LT is considered the best treatment option for HCC because removal of the native liver
simultaneously eliminates the tumor and the underlying liver disease [4].

In the second half of the 1960s, LT programs were developed in humans with the aim of
offering radical treatment of unresectable liver tumors [5]. However, the initial enthusiasm
for these experiences quickly dwindled, as it appeared evident that post-transplant survival
was unsatisfactory due to the unsustainable tumor recurrence rates in the transplanted
liver, which predicted poor survival [6]. These unsatisfactory results stemmed from a lack
of precise selection criteria for patients to undergo transplantation, which were based on
the tumor type and on the intrahepatic burden of the neoplastic disease [7]. Thus, the
dramatic change that allowed improvement of the post-transplant survival in patients
with HCC was the introduction of more accurate selection criteria. In 1996, Mazzaferro
et al. published for the first time the Milan criteria (MC), which are still largely used as
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the reference benchmark to select patients with HCC for LT in many countries. The MC
were based on HCC morphological characteristics evaluable before LT (up to three HCC
nodules the largest < 3 cm in diameter or a single HCC nodule up to 5 cm in diameter),
without macrovascular invasion or extrahepatic spread of the tumor [8]. Patients fulfilling
MC experienced a 4-year survival rate of 75%. Several studies confirmed these results
and demonstrated that the overall post-transplant survival of HCC patients transplanted
within MC was not unlike that of patients transplanted for decompensated liver cirrhosis
without HCC [9]. However, even in patients transplanted within MC, HCC recurrence
was described in 10–16% of cases and was the main cause of death [10,11]. These data
showed that despite the careful selection of HCC patients for transplantation, based on
tumor morphological criteria, the risk of HCC recurrence remained consistent. This may
be explained by the dissemination of circulating cancer cells and micrometastases before
or during transplant operation [12]. Thus, the key issue in the success of LT for HCC is
to select candidates that present as the least likely to experience tumor recurrence after
transplantation and who maintain a comparable post-LT survival expectancy to that of
non-HCC recipients [13].

Although the MC are still largely applied to candidate LT patients with HCC, a grow-
ing number of studies have shown that acceptable post-LT may be obtained in patients
exceeding the MC at baseline [14–17]. This evidence is of paramount importance, suggest-
ing that the strict application of the MC in all LT candidates could take away the possibility
of transplantation in some patients who instead would have an important clinical benefit of
LT [18]. The reasons why the MC did not allow accurate prediction of the outcome after LT
in all patients stem from the fact that they were based exclusively on tumor morphological
characteristics, such as the size and number of nodules. To overcome this limitation, several
selection criteria that sought to expand the MC were proposed [19]. Some of these criteria
were constructed using morphological and biological variables of the tumor obtainable
pretransplant (Tables 1 and 2), others on variables obtainable only after transplantation (for
example, the full histology of the tumor), and others by combining variables obtainable in
both the pre- and post-transplantation periods. More recently, it has been proposed that
the response of HCC to locoregional treatment (LRT) before transplantation may represent
a surrogate marker of biological aggressiveness of the tumor to be used to improve patient
selection for transplantation and overcome the limitations of criteria based exclusively on
tumor morphology. This concept shifts the current paradigm to select for LT-only patients
fulfilling the MC at baseline and offers the possibility of considering all patients with an
HCC outside the MC at baseline that may be downstaged with locoregional treatments to
within the MC as potentially suitable for LT (Figure 1).

Table 1. The preoperative selection criteria for liver transplantation (LT) in patients with hepatocellular carcinoma (HCC)
based on morphological characteristics of the tumor. Only the externally validated selection criteria are reported in the table.

Authors Criterion Name Country No. of Patients HCC Morphology Post-LT Survival Post-LT RFS

Mazzaferro et al. [8] Milan Italy 48
Up to 3 nodules <3 cm in diameter or
up to 5 cm in diameter in the case of a
single nodule

75% at 4 years 83% at 4 years

Fan et al. [20] Shanghai Fudan China 1078

Single nodule ≤ 9 cm in diameter, no
more than 3 nodules with the largest
≤5 cm, a total tumor diameter ≤ 9 cm,
without MVI or EHS

80% at 3 years 88% at 3 years

Yao et al. [14] UCSF US 168
Single nodule ≤ 6 cm in diameter or
2–3 nodules ≤ 4.5 cm, with a total
tumor diameter ≤ 8 cm

- 80.7% at 5 years

RFS: recurrence-free survival; MVI: macrovascular invasion; EHS: extrahepatic spread; UCSF: University of California, San Francisco.
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Table 2. The preoperative selection criteria for liver transplantation (LT) in patients with hepatocellular carcinoma (HCC)
based on the addition of the biological serum markers and/or histological differentiation grade to the morphological
characteristics of the tumor. Only the externally validated selection criteria are reported in the table.

Authors Criterion Name Country No. of Patients HCC Characteristics Post-LT Survival Post-LT RFS

Du Bay et al. [21] Toronto Canada 294
HCC confined to the liver, AFP serum
levels < 400 ng/mL, no poor histologic
differentiation

70% at 5years 66% at 5 years

Zheng et al. [22] Hangzhou China 195
HCC ≤ 8 cm in diameter or >8 cm if
associated with AFP serum levels
<400 ng/mL and histological grade I–II

70.7% at 5 years 62.4% at 5 years

Toso et al. [23] Toso
Canada
Swiss
UK

233 Total tumor volume ≤ 115 cm3 and
AFP serum levels ≤ 400 ng/mL 74.6% at 4 years 68% at 4 years

Duvoux et al. [24] French France 972

Nodule diameters ≤ 3 cm, between
3–6 cm, or ≥6 cm and AFP serum
levels ≤ 100, between 100–1000, or
>1000 ng/mL

69.9% at 5 years 66.6% at 5 years

Mazzaferro et al. [25] Metroticket 2.0 Italy
China 1359

The sum of the size (in cm) of the
larger HCC and the number of
nodules not exceeding 7, without MVI

74.9% at 5 years 77.9% at 5 years

* Kaido et al. [26] Kyoto Japan 198 Up to 10 HCCs with a diameter ≤ 5 cm
and DCP serum levels ≤400 mAU/mL 82% at 5 years -

* Lee et al. [27] MoRAL Korea 566 Simultaneous evaluation of DCP and
AFP serum levels 86% at 5 years 66.3% at 5 years

RFS: recurrence-free survival; AFP: alpha-fetoprotein; MVI: macrovascular invasion; DCP: des-gamma-carboxyprothrombin. * The criteria
were evaluated in living donor liver transplantation.

Figure 1. Evolving concepts in the selection of patients with HCC for liver transplantation. After the discovery of the Milan
criteria in 1996, the subsequently expanded criteria for liver transplantation in patients with HCC were mainly based on the
morphological characteristics of the tumor. Starting in 2008, with the Hangzhou criteria, the addition of biological markers
to tumor morphologic criteria allowed expansion of the original Milan criteria, maintaining a good clinical outcome of liver
transplanted patients with HCC. More recently, the new way to select patients to be transplanted for HCC who are beyond
the Milan criteria at presentation has been to qualify those who can be traced back to the Milan criteria after successful
downstaging after locoregional and/or systemic treatments. UCSF: University California, San Francisco; TTV: total tumor
volume; AFP: alpha-fetoprotein; DS: downstaging; LRT: locoregional treatment.

It should be considered that the expansion of the transplant criteria for HCC will
progressively increase the number of potential candidates on the waiting list. This imposes
three main questions when contemplating expansion of the MC for LT in patients with
HCC: (a) What upper limit of the tumor burden beyond the MC could be accepted for LT?
(b) What could be the minimal acceptable overall survival after LT? (c) How could markers
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of tumor biology, in addition to the tumor burden, be incorporated to better select patients
for LT?

This essential review aims to present the current data on the pretransplant selection
criteria for LT in patients with HCC exceeding the MC at presentation based on morpho-
logical and histological characteristics of the tumor and to critically discuss those that have
been validated in clinical practice. Moreover, the role of HCC biological markers and the
tumor response to downstaging procedures as new tools for selecting patients for LT with
a baseline tumor burden outside of the MC will be evaluated.

2. Selection Criteria for LT Based on HCC Morphological Characteristics

A common theme in the morphological criteria adopted to select patients with HCC
was to exclude those patients presenting HCC with macrovascular invasion and/or ex-
trahepatic spread. The main reason why morphological pre-LT criteria improved the
accuracy in the selection of patients with HCC for LT derives from the demonstration that
both the number and the size of HCC nodules can be considered surrogate markers of
histologic microvascular invasion (MVI) and/or poor tumor differentiation [28,29], which
are the main determinants of HCC recurrence and death after LT [30]. In addition to MC,
two pretransplant expansive morphological criteria were adopted and validated in cohorts
of patients of various geographical origins. The Shanghai Fudan criteria were originally
developed in patients with chronic HBV infection. Patients transplanted with a single
HCC nodule ≤ 9 cm in diameter or with up to three lesions (the largest ≤ 5 cm) but with a
maximum tumor diameter of ≤9 cm experienced 1- and 3-year post-LT survival and HCC
recurrence-free survival comparable with those transplanted within the MC [20]. These
criteria were subsequently validated in more than 1000 patients enrolled in liver transplant
centers in Shanghai [31]. In the United States, a further criterion aimed at expanding the
original MC was developed at the University of California, San Francisco (UCSF) [14]. The
UCSF criteria were developed after the observation that patients transplanted with a single
nodule of HCC ≤ 6.5 cm or with up to 2–3 lesions ≤ 4.5 cm each, maintaining the total
tumor diameter ≤ 8 cm, experienced a 5-year post-LT recurrence-free survival of 80.7%,
which was not significantly different than that obtained in patients transplanted within
the MC.

Both new criteria increased, albeit slightly, the size and/or the number of HCC nod-
ules to select patients for LT compared to what was originally established by the MC. The
certainty of always being able to carry out an accurate and reproducible measurement of
the size and number of nodules to capture millimeter differences with respect to the MC
probably represents the greatest limitation of the new criteria based exclusively on the mor-
phological characteristics of HCC. There is great heterogeneity and different accuracies of
liver imaging techniques applied to detect liver nodules and to properly characterize them,
such as contrast-enhanced computed tomography (CT) or magnetic resonance imaging
(MRI) [19]. Several reports have indicated that as many as 20–25% of patients undergoing
LT for HCC have been inaccurately staged when only imaging techniques were used [32,33].
To overcome this important drawback, the American College of Radiology created the
Liver Imaging Reporting and Data System (LI-RADS), aimed at standardizing the process
of acquisition, interpretation, reporting, and data collection for liver imaging [34]. LI-RADS
stratified the characteristics of liver lesions into five categories starting from LR-1 (definitely
benign) to LR-5 (definitely HCC). This system is adopted in many countries to allow a
standardized differential diagnosis of liver nodules in patients at high risk of HCC. Despite
this improvement in the radiological categorization of liver nodules, a recent meta-analysis
showed that LI-RADS was only 67% sensitive and 92% specific in diagnosing HCC [35].

3. Selection Criteria for LT Based on HCC Histological Characteristics

In patients transplanted beyond MC, a greater incidence of MVI, which is associated
with higher post-LT tumor recurrence and death, has been demonstrated [36]. When the
explanted livers of patients within and outside the MC were compared, MVI was present
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in 11% of the former group and in 42% of the latter group [37]. A potential tool to detect
the presence of MVI of HCC before LT is to perform liver biopsy of the nodules. Liver
biopsy of confirmed HCC in the explanted liver was performed before LT in a series of
155 patients [33]. MVI was significantly more frequent in patients with larger nodules or
with multinodular HCC; furthermore, 68% of patients who experienced HCC recurrence
after LT were positive for MVI. In addition to the detection of MVI, another potential tool
employing liver biopsy of HCC is to evaluate tumor histological grading. It has been
demonstrated that well-differentiated HCCs may be successfully transplanted, assuring
a recipient 5-year post-LT survival of 75% despite approximately 30% of these patients
being beyond MC at the explant [38]. Although the clinical usefulness of pre-LT histologic
assessment of tumor grading and MVI may be important, routine biopsy of HCC is not
often feasible, mainly due to the presence of multiple nodules or the risk of promoting
seeding of cancer cells [39].

The current challenging question is whether the presence of MVI may be predicted
by means of noninvasive methods. To answer this question, several authors propose the
use of imaging techniques such 18F-FDG PET/CT or gadoxetic acid enhanced dynamic
MRI as noninvasive methods to predict the presence of MVI [40,41]. The rationale for
using 18F-FDG PET/CT in detecting MVI derives from the observation that the HCC
growth rate and the activity of glycolytic enzymes are related [42]. This explains why
poorly differentiated HCC shows low glucose-6 phosphatase activity and high 18F-FDG
uptake [43]. It has been proposed that good cutoff values for the SUVmax of HCC (SUVmax
T) and SUVmax of the normal liver (SUVmax L) in predicting the presence of MVI may be
3.80 and 1.49, respectively [44]. The SUVmax T/SUVmean L ratio ≥ 1.2 was demonstrated
to be significantly associated with the presence of MVI [45]. Compared with 18F-FDG
PET/CT alone, the addition of gadoxetic acid enhanced dynamic MRI is a promising
technology that may further improve the sensitivity and specificity of MVI detection. This
was confirmed by applying the combination of MRI and PET/CT, as the sensitivity and
specificity in predicting the presence of MVI were 78.6% and 80%, respectively [40]. These
observations have been confirmed in clinical studies conducted in Asia in living donor
liver transplantation. In Japan, 182 living donor liver transplanted patients with HCC
were studied by means of 18F-FDG PET/CT and the serum levels of alpha-fetoprotein
(AFP) before LT. In recipients transplanted beyond MC who presented negative 18F-
FDG PET/CT and AFP serum levels < 115 ng/mL, the 5-year HCC recurrence rate was
comparable to those transplanted within MC [46]. Very similar results were obtained in a
Korean study also conducted in patients transplanted outside the Milan and UCSF criteria
using living donors. The authors demonstrated that these two groups of patients, if they
presented a negative 18F-FDG PET/CT, experienced 5-year post-LT HCC-free survival
rates of 73.3% and 72.8%, respectively [47]. Although these results are encouraging, it is
necessary to confirm them in populations of different ethnic groups, where the causes
of LT are often different from those present in Asia, as well as in patients transplanted
using deceased donors. At the present time, the combined use of 18F-FDG PET/CT and
gadoxetic acid enhanced MRI could be applied in addition to the morphological and
biological characteristics of HCC to stratify the risk of MVI.

4. Selection Criteria Based on Serum Biological Marker Measurements

The measurement of serum markers referring to biological tumor characteristics
and/or to host immune system reactivity has been considered a fascinating approach
to overcome the limits of morphological criteria. Three main categories of measurable
biological markers are currently available: (a) serum markers related to the biological char-
acteristics of HCC, such as AFP and des-gamma-carboxyprothrombin (DCP); (b) markers
reflecting systemic host inflammation (neutrophil-to-lymphocyte ratio and platelet-to-
lymphocyte ratio); and (c) molecular biomarkers that may be measured both in liver tissue
and in serum (genetic mutations, enzymes, and microRNAs). In relation to the clinical
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purpose of this review, only serum markers will be discussed, as there is still no solid
evidence justifying the use of inflammation and molecular biomarkers in clinical practice.

5. Selection Criteria Based on the Addition of AFP and/or DCP Serum Level
Measurements to HCC Morphology

AFP is considered a marker of HCC differentiation and vascular invasion; thus, the
measurement of its serum levels pre-LT has been proposed as a potential tool to identify
HCC patients with a higher risk of tumor recurrence and poor post-LT survival who should
be excluded from transplantation [48]. The limitations of this approach became imme-
diately evident, since it was very difficult to apply AFP measurement in a standardized
and reproducible timeframe. For example, in deceased donor liver transplantation, the
date of the transplant is never predictable. Thus, the optimal time interval between trans-
plantation and AFP measurement that would make it a predictive marker of recurrence
was unclear [19]. Instead of adopting cutoff values of AFP, an interesting approach is to
consider multiple AFP measurements to calculate a trend in the increase or decrease in its
serum levels. Patients experiencing an increase in serum AFP > 15 ng/mL/month had a
higher frequency of waitlist dropout or significantly worse post-LT survival than those with
a lower (≤15 ng/mL/month) increase in AFP (54% vs. 94%) [49]. These results suggest
that the variations in AFP serum levels, rather than the last AFP level available before LT,
may be more accurate in predicting post-LT outcome. [50]. This concept is incorporated to
increase the accuracy of the assessment of tumor downstaging before LT. For example, a
rapid increase in AFP serum levels after a presumed successful downstaging, assessed by
radiologic imaging, should be considered a predictor of poor post-transplant outcome.

A very attractive way to select in patients beyond MC at baseline those with a higher
risk of HCC recurrence is to add AFP serum levels to the morphologic characteristics
of HCC [51]. The Toronto criteria [21] were developed assuming that all patients with
HCC may have acceptable post-LT survival independent of the number and/or size of
the nodules if HCC was confined to the liver, well differentiated at histology, and without
macrovascular invasion. These criteria identified AFP serum levels > 400 IU/mL at the
time of transplant as an independent predictor of worse 5-year disease-free survival. The
Toronto criteria were subsequently validated, confirming that AFP serum levels before LT
were strongly associated with post-LT survival and HCC recurrence [52].

Similar results, combining the morphology and histology of HCC with AFP serum lev-
els, have been obtained in China, where the Hangzhou criteria were developed [22]. These
criteria selected HCC patients for LT in the absence of portal vein tumor invasion and with
either HCC ≤ 8 cm in diameter or with HCC ≥ 8 cm in diameter but with concurrent AFP
serum levels < 400 ng/mL and histological grade I or II. Patients fulfilling the Hangzhou
criteria experienced 1- and 3-year survival rates very similar to those reported in patients
transplanted within the MC. The combination of AFP serum levels and morphologic char-
acteristics of the tumor also inspired European authors to expand the MC for selecting
patients with HCC for LT. Toso et al. [53] evaluated a large cohort of 6000 European LT
patients and demonstrated that the subgroup of recipients who presented a total tumor
volume (TTV) of ≤115 cm3 and AFP serum levels ≤ 400 ng/mL experienced a lower risk of
HCC recurrence and better survival after LT. It should be highlighted that these expanded
criteria were more effective than both the Milan and UCSF criteria in selecting patients with
a low risk of HCC recurrence for LT. The TTV-AFP criteria were subsequently validated in
cohorts of patients in countries outside Europe and in Canada [23]. A further model that
combined AFP serum levels and morphologic characteristics of HCC, known as the AFP
model, was proposed by the Liver Transplantation French Group [24]. The AFP model
merges AFP serum levels and the size and the number of nodules, attributing different
scores for each variable. Tumor sizes of 0, 1, or 4 points were assigned if the largest tumor
diameter was ≤3 cm, 3–6 cm, or >6 cm, respectively. Moreover, 0 or 2 points were assigned
if the number of nodules was ≤3 or ≥4. Regarding the AFP serum levels, 0, 2, or 3 points
were assigned if AFP serum levels were ≤100, 100–1000, or >1000 ng/mL, respectively. The
maximum score sum of the AFP model is 9. Patients may be divided into low risk of HCC

176



J. Clin. Med. 2021, 10, 3932

recurrence if the final score is up to 2 points and high risk of HCC recurrence if the final
score is ≥3. A very innovative observation of the study was that in patients presenting
AFP serum levels > 1000 ng/mL, 3 points are attributed, irrespective of the number or size
of nodules; thus, they may be immediately considered at high risk of HCC recurrence. The
AFP model was validated in different countries and in living donor liver transplantation,
confirming its clinical utility in stratifying the recurrence risk of HCC after LT in a better
way than MC [54–57]. The Metroticket 2.0 model [25], developed in Italy, was based on the
measurement of the sum of the number and size of nodules and the log10 AFP level. Recip-
ients with AFP levels < 200 ng/mL and with the sum of the number and size of tumors
(in centimeters) not exceeding 7 presented a post-LT survival probability of 70%, which
was comparable to that observed in patients transplanted within MC. To maintain this
excellent clinical outcome in the presence of AFP levels of 200–400 ng/mL, the sum of the
number and size of tumors should be reduced to ≤5, and if AFP levels are 400–1000 ng/mL,
the sum of the number and size of tumors should be further reduced to ≤4. This model
outperformed the original MC, UCSF, and AFP French models in identifying patients with
excellent 5-year post-LT survival.

The results obtained by combining the morphological characteristics of the tumor
and the AFP values made it possible to develop selection criteria for LT that definitively
exceeded those of Milan. These models introduced many innovations to more accurately
select patients with HCC for LT. First, these selection criteria made it possible to offer LT
to many patients with HCC who would have been excluded by application of the MC,
assuring excellent post-transplant survival. Second, the calculation of both the size and
number of nodules and the AFP serum levels appears simple and available in every context,
making these models applicable in different geographical contexts and with all types of
patients. Third, these models may be used “dynamically”, in addition to the assessment of
the HCC response to neoadjuvant treatments, to more accurately select patients who will
undergo tumor downstaging before LT.

The interest in measuring DCP serum levels was derived from the observation that
some HCCs expressed normal levels of AFP but increased levels of DCP. These subtypes of
HCCs present a poor grade of differentiation and frequent MVI [58,59]. The combination
of morphological characteristics of HCC (up to 10 nodules ≤ 5 cm in diameter) and DCP
serum levels (≤400 mAU/mL) are the key elements included in the Kyoto criteria [26,60,61].
Patients beyond MC who fulfilled the Kyoto criteria at the time of LT had similar post-LT
prognoses in terms of survival and HCC recurrence compared to those within MC [60]. In
the context of living donor liver transplantation, the Kyushu criteria [62] that are considered
suitable for LT patients with any number of HCC < 5 cm in diameter and DCP serum levels
< 300 mAU/mL were developed. These criteria appeared more accurate for predicting
HCC recurrence than both the Kyoto and UCSF criteria but only when living donation was
considered [63,64].

Another interesting way to construct a prediction model of post-LT clinical outcome
in patients with HCC beyond MC is to combine DCP and AFP serum levels. Starting
from this assumption, the MoRAL model was developed in living donor liver transplant
patients exceeding the MC [27]. Both AFP and DCP serum levels were significantly
associated with the time elapsed from transplantation to HCC recurrence. In the group of
recipients exceeding the MC, a MoRAL score ≤ 314.8 was predictive to select patients with
significantly longer (66.3%) 5-year recurrence-free and overall (82.1%) survival. In contrast,
the group of recipients fulfilling the MC but with a MoRAL score > 314.8 showed a higher
risk of HCC recurrence and lower post-LT survival than patients beyond MC with a low
MoRAL score. A retrospective study evaluating the combination of DCP and AFP serum
levels in predicting clinical outcome in liver transplant patients outside the MC was also
conducted in the United States [65]. In this study, AFP and DCP serum levels ≥ 250 ng/mL
and ≥7.5 ng/mL, respectively, were predictive of more frequent HCC recurrence. When
AFP and DCP were combined with MC, the hazard ratio of HCC recurrence risk increased
from 2.6 for patients beyond MC to 8.6 when AFP serum levels were ≥250 ng/mL and to
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7.2 when DCP serum levels were ≥7.5 ng/mL. The encouraging results deriving from the
use of DCP as post-transplant survival as well as post-transplant HCC recurrence predictor
should be analyzed with caution. It should be emphasized that more than 90% of the
published papers related to DCP have been produced in Asian countries and refer to living
donor liver transplanted patients for liver diseases mainly related to HBV infection [66].
Thus, solid data on the role of DCP in conditioning the clinical outcome of patients with
HCC transplanted with deceased donors and with liver diseases due to nonviral etiologies
are still lacking. Considering these limitations, among all biological markers that have
been studied, AFP remains the only one that has proven useful in predicting the clinical
outcome in patients transplanted for HCC. The prognostic models of post-transplant
survival that incorporate pre-LT AFP serum levels and HCC morphological characteristics
remain the most widely used to accurately select patients beyond MC for LT. In addition,
the evaluation of AFP serum level variations induced by locoregional therapies and HCC
downstaging modalities is becoming the most promising strategy to select patients to be
transplanted with HCC beyond the MC with even greater accuracy.

6. Selection Criteria Based on the Response of HCC to Bridging and
Downstaging Treatments

A very innovative approach to select patients for LT presenting at baseline beyond the
MC is to evaluate the characteristics of tumor response after LRT and consider it a surrogate
marker of biological HCC aggressiveness and of the risk of recurrence [19]. When LRT is
used to control tumor growth with the aim of reducing the risk of waiting list dropout,
it may be considered a “bridge” treatment to LT. The efficacy of LRT in reducing waiting
list dropout has been demonstrated if the waiting time for LT is at least 6 months [67].
Patients whose tumor progression occurs despite LRT within 6 months have a worse post-
LT outcome than those who achieved treatment response or the stability of HCC following
LRT [49,68,69]. These observations suggest that the response to LRT might be influenced
not only by the treatment modality but also, more importantly, by the biological behavior
of the tumor.

The term “downstaging” is used by attributing the possibility of LRT decreasing the
baseline tumor burden until it meets the criteria for LT (ideally within MC) and to assure
acceptable post-LT outcomes [36]. This concept was derived from some studies suggesting
that post-LT outcomes in patients successfully downstaged to the MC were comparable
with those observed in transplanting patients with MC at presentation [70,71]. The po-
tential explanation of these findings is that a close correlation exists between successful
downstaging and better explant histologic characteristics of the tumor [70–72].

As indicated by the Barcelona Clinic Liver Cancer (BCLC) staging system [73], among
the LRT modalities that may be employed to perform downstaging of HCC, transarterial
chemoembolization (TACE) is the most commonly utilized. Transarterial radioembolization
(TARE) and ablative techniques may be often proposed [74].

It should be emphasized that there are important potential safety concerns of TACE
and TARE in generating hepatic decompensation. In accordance with the guidelines for
TACE [3], it has been strongly suggested that only patients with preserved liver function
(Child–Pugh score A/B and bilirubin ≤ 3 mg/dL) should be considered for downstaging
procedures [75]. Although TACE is the recommended first-line treatment for downstaging
objectives in most studies [75–77], TARE may be considered an alternative treatment to
TACE, particularly in larger HCCs, where the results are encouraging. However, this
treatment modality requires further studies to confirm its real utility as a downstaging pro-
cedure [78]. The major limitation of downstaging protocols is that they can be applied only
in a subgroup of patients who present simultaneously compensated cirrhosis complicated
with HCC but cannot be applied in patients with decompensated cirrhosis with HCC.

A very challenging issue will soon be the potential role of neoadjuvant treatments
combining systemic drugs such tyrosine kinase and checkpoint inhibitors in downstaging
protocols [79]. In a recent clinical trial, the combination of atezolizumab plus bevacizumab
in the treatment of unresectable HCC was able to induce a complete and partial response
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to therapy in 18% and 71% of treated patients, respectively [80]. These results open
the critical question of whether systemic treatments may be adopted in combination
and/or sequentially with traditional LRT to increase the chances of obtaining successful
HCC downstaging.

A further critical element that must be considered in the application of downstaging
procedures is the objective measurement of the treatment response. The modified Response
Evaluation Criteria in Solid Tumors (mRECIST) were developed for the assessment of
treatment response by measuring tumor shrinkage. These criteria divided the rate of
response to treatment into four categories: (1) complete response (CR—disappearance of
arterial enhancement in tumor(s), (2) partial response (PR—a minimum 30% reduction in
the sum of diameters of viable tumors compared with baseline), (3) stable disease (SD—not
meeting PR or progressive disease), and (4) progressive disease (PD—an increase of at least
20% in the sum of diameters of viable tumors compared with baseline or the appearance of
new lesions) [81]. The usefulness of the mRECIST criteria in the evaluation of response to
LRT after downstaging protocols in patients with HCC has been confirmed both in those
within and beyond the MC. In a small series of 33 patients presenting HCC outside the
MC who underwent LT after downstaging performed by TACE, the 5-year survival was
significantly higher in those who achieved CR (94.4%) than in those who had PR (45.4%)
and SD (50%). These significant differences were explained by a progressive increase
in HCC recurrence rates from patients with CR (15.5%) to those with SD (50%) to those
with PR (53.3%) [82]. Similar results were obtained in the study performed by Kim et al.,
which evaluated HCC recipients within and beyond MC after the TACE procedure [83].
The 5-year HCC recurrence rate was 5.3% in patients who achieved CR or PR after TACE
compared with 17.6% in those who achieved SD or PD. It should be noted that although
the mRECIST criteria are sufficiently detailed, they may not be systematically adopted
among different transplant centers, such that the results obtained by LRT may not be
comparable [19].

In addition to the quality of the response to LRT, the duration of response is increas-
ingly used as a surrogate marker to identify HCC with more aggressive behavior. Starting
from this assumption, many liver transplant centers adopted the strategy to “ablate and
wait” to assess the type and duration of response to LRT [9]. It has been suggested that the
success of downstaging should be assessed, demonstrating the absence of tumor progres-
sion during an observation period of at least 3 months after the procedure. A successful
downstaging procedure allows the selection of candidates with more favorable tumor biol-
ogy and better post-LT survival [84]. This strategy avoided early post-LT recurrences, as
demonstrated in patients with HCC beyond MC transplanted after short waiting times [85].
Thus, the guidelines of both the American and European associations for the study of
the liver are concordant in recommending the adoption of LRT in patients with HCC
beyond MC and the consideration of those who achieved successful downstaging for at
least 3–6 months as suitable candidates for LT [3–86].

The question at this time is what the baseline and the final burdens of HCC obtained
after successful downstaging that may be considered sufficient to perform LT should be. In
the United States, the UCSF downstaging protocol [70] has recently been employed as a
national policy both for the graduation of urgency to transplantation and to try to answer
this question. In this protocol, the baseline selection criteria for patients with HCC who may
benefit from LRT downstaging procedures before LT were as follows: a single HCC ≤ 8 cm
in diameter; up to three lesions < 5 cm in diameter; or up to five nodules, all of them <3 cm
in diameter, but in any case with a total tumor diameter < 8 cm. Retrospectively analyzing
the UNOS database, the 3819 liver transplanted patients with HCC were divided as always
within the MC or achieved UNOS downstaging criteria (UNOS-DS). The 3-year post-LT
survival was 83.2% in patients always within MC and 79.1% in those fulfilling UNOS-DS.
Moreover, the 3-year HCC recurrence rate was 6.9% in recipients who were always within
MC and 12.8% for those within UNOS-DS. A very interesting issue that emerged from this

179



J. Clin. Med. 2021, 10, 3932

study was that AFP serum levels ≥ 100 ng/mL were the only independent predictor of
post-LT HCC recurrence in downstaged groups [87].

To date, only one randomized clinical trial (the XXL trial) has evaluated the clinical
outcome of patients presenting at baseline with HCC beyond MC who were successfully
downstaged by means of LRT and subsequently transplanted compared with those who
received only LRT [88]. This study was conducted in Italy and enrolled 74 patients with
HCC beyond the MC, without macrovascular invasion or extrahepatic spread, with a
5-year expected post-LT survival of at least 50% (estimated by Metroticket calculator [37])
and preserved liver function (Child–Pugh classes A5–B7). All patients initially underwent
tumor downstaging with LRT or systemic therapies, according to a multidisciplinary
decision. After an observation period of 3 months, during which treatment with sorafenib
was allowed, patients presenting CR or PR, assessed by means of the mRECIST criteria,
were randomly assigned (1:1) to LT or to continue LRT or systemic treatments (control
group). Of note, in patients with baseline AFP values ≥ 400 ng/mL, a radiological tumor
response was confirmed only in case of a parallel percentage decrease in AFP concentrations.
In contrast, in patients with AFP serum levels < 400 ng/mL at recruitment, an increase in
AFP concentrations above that cutoff value at the end of the downstaging phase or during
the observation period was considered tumor progression, independent of radiological
assessment. The primary endpoints of the study were the evaluation of 5-year tumor-event-
free survival and overall survival. The first result of the study was that 29/74 (39.1%) of
the patients dropped out before randomization; thus, only 45 (60.9%) patients were finally
included in the study (23 underwent LT, and 22 maintained LRT or systemic treatments).
Despite the high rate of dropout, after a median follow-up of 71 months, a significantly
higher 5-year tumor-event-free survival was observed in the LT group (76.8%) than in
the control group (18.3%). Regarding the 5-year overall survival, the figures were quite
similar, indicating a better overall survival in the LT group (77.5%) than in the control
group (31.2%). Tumor progression was the main cause of death in both groups, while in the
LT group, HCC recurrence was detected in 22% of cases. The results of this study provide
additional evidence to previous results demonstrating comparable post-LT outcomes in
patients with HCC beyond the MC who underwent successful downstaging within the MC
and in those who underwent LT fulfilling the MC at presentation. A further very important
message from this study is that different schedules of LRT and systemic treatments may
be employed in patients with HCC beyond the MC to achieve successful and durable
downstaging to permit them to be suitable for LT.

7. Conclusions

LT must be considered the best treatment option for patients with unresectable
HCC [89]. Since the number of donors is insufficient to satisfy all requests for trans-
plantation for HCC, it is essential to perform careful selection of transplant candidates. For
approximately 25 years, MC have been the benchmark for offering patients with HCC the
opportunity for transplantation, but as recently demonstrated, they excluded a subset of
patients who could have benefited from LT. For this reason, several other more extended
selection criteria to offer LT to an increasing number of patients with HCC have been eval-
uated. In the beginning, many of the expanded criteria evaluable in the pre-LT period were
based on the morphological characteristics of the tumor as the original strategy adopted for
constructing the MC. Subsequently, the addition of biological markers, predominantly AFP
serum levels, to the morphological characteristics of the tumor emerged as the more solid
and reproducible criteria for patient selection beyond the MC for LT, assuring excellent
post-LT outcomes. Downstaging HCC to MC by means of LRT and/or systemic therapies
is becoming a valid and increasingly utilized method of patient selection for LT. Adopting
this approach, the surrogates of tumor biology can be assessed, such as the response rate
to LRT and its maintenance for a sufficient time during the waiting list before transplant.
The measurement of AFP serum levels or AFP slope during or after downstaging protocols
can be considered a further important option to identify those patients at higher risk of

180



J. Clin. Med. 2021, 10, 3932

HCC recurrence that should be excluded from LT. It appears clear that the risk of failure
of successful downstaging is related to both the tumor burden and to AFP serum levels
at baseline.

It is important to highlight that the selection of HCC patients for LT by means of
the expanded criteria may be difficult to adopt in areas of the world with severe organ
shortages. In these areas, the selection criteria based on the utility principle that assures
the maximum post-transplant survival, such as the MC, will remain preponderant, rather
than expanded criteria that could reduce access to LT for patients with better post-LT
prognosis [67–90]. This justified that not all liver transplant centers around the world adopt
the same criteria to select patients with HCC for LT [3–74]. Each country developed, based
on its scientific experiences, some selection criteria for transplanting patients with HCC
beyond MC. A common thread that links the various selection criteria adopted in different
countries is to consider the morphological characteristics of the tumor (number and size of
nodules) and the values of some biological markers, mainly AFP, as main determinants of
the selection process. In the United States and in Europe, the concept to not necessarily
set a baseline HCC limit size to consider patients potentially transplantable, except for the
presence of macrovascular invasion or extrahepatic spread, appears to be more accepted.
Thus, the downstaging process will probably become the main selection tool for LT, en-
abling clinicians to postpone the transplantation decision from tumor presentation to the
assessment of final response to LRT [91]. The effectiveness of downstaging procedures
should be considered as having brought the tumor back within the MC for a period of at
least 3–6 months before enlisting [84].

In summary, to try to answer the key questions reported in the introduction, the fol-
lowing proposals can be suggested: (a) it seems proven that in the absence of macrovascular
invasion and extrahepatic spread, no upper limit of tumor burden beyond MC should be
established “a priori” to determine transplant eligibility for HCC; (b) to justify a policy to
transplant patients with HCC beyond MC at presentation, the minimal expected 5-year
post-LT survival probability, estimated by Metroticket calculator, should be at least 50% [37];
(c) the response to neoadjuvant LRT and/or systemic treatments in addition to the dynamic
evaluation of AFP serum levels are expected to replace conventional morphological criteria
for selecting patients with HCC for LT in the near future.
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Abstract: Liver transplant (LT) recipients are considered a vulnerable population amidst the COVID-
19 pandemic. To date, available data have been heterogeneous and scarce. Therefore, we conducted
a systematic literature review identifying English-language articles published in PubMed between
November 2019 and 30 May 2021. We aimed to explore three areas: (1) outcome and clinical
course; (2) immunological response after COVID-19 in LT recipients; and (3) vaccination response.
After systematic selection, 35, 4, and 5 articles, respectively, were considered suitable for each area of
analysis. Despite the heterogeneity of the reports included in this study, we found that gastrointestinal
symptoms were common in LT recipients. The outcome of the LT population was not per se worse
compared to the general population, although careful management of immunosuppressive therapy
is required. While a complete therapy discontinuation is not encouraged, caution needs to be taken
with use of mycophenolate mofetil (MMF), favoring tacrolimus (TAC) use. Although data conflicted
about acquired immunity after SARS-CoV-2 infection, vaccine immunogenicity appeared to be low,
suggesting that the level of surveillance should be kept high in this population.

Keywords: solid organ transplantation; liver injury; immunosuppressant; SARS-CoV-2; humoral
response; vaccination

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has first been identi-
fied in Wuhan city, Hubei Province, China as the pathogen responsible for several cases
of severe pneumonia during November 2019, subsequently defined by the World Health
Organization (WHO) as Coronavirus disease 2019 (COVID-19). Typical symptoms of
COVID-19 include fever, cough, dyspnea, fatigue, myalgia, gastrointestinal manifestations,
and impairment of smell and/or taste [1–3]. The course of the disease ranges from asymp-
tomatic or mild [4] to severe manifestations, mainly with respiratory features, leading to
respiratory insufficiency, acute respiratory distress syndrome (ARDS), and in some cases
to death. Age, male gender, and comorbidities have been established as risk factors for a
more severe course of the disease and for mortality [5,6].

Since March 2020, COVID-19 has spread worldwide, has been declared a pandemic
by the WHO, and has rapidly become a public health matter with several unmet issues. As
of 16 July 2021, there were over 188 million confirmed cases and over 4 million reported
deaths worldwide [7].

While knowledge on disease evolution, risk factors, clinical manifestations, and opti-
mal management of affected individuals is progressively increasing, treatment guidelines
are difficult to standardize when taking into account specific categories of patients. In
this regard, solid organ transplant (SOT) recipients, and among them, liver transplant (LT)
patients, may represent a potentially high-risk population. Concerns have been raised
regarding immunosuppression therapy, including SARS-CoV-2-associated liver injury [8]
and a possible impairment of the immunological response.
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In December 2020, encouraging results on the safety and efficacy profile of the first anti-
SARS-CoV-2 vaccines were published [9,10], paving the way for a large-scale vaccination
campaign. However, most special populations were excluded from the pivotal studies of
these vaccines, and therefore, real-life observations on efficacy and safety are necessary.

Data regarding the management of immunosuppression therapy in LT recipients
affected by COVID-19, as well as information on the course of the disease, outcome, and
immunological response both to the infection and vaccination, remain scarce.

The aim of this review was therefore to analyze and summarize the published literature
concerning LT recipients with COVID-19.

2. Materials and Methods

A systematic literature review was conducted identifying PubMed English-language
articles published between November 2019 and 30 May 2021.

We structured our search on three areas, using different MeSH terms. First, we aimed
to analyze outcome and clinical course in LT recipients; second, we aimed to analyze
immunological response after COVID-19 in LT recipients; and third, we aimed to analyze
vaccination response.

For the first purpose, the MeSH terms used were “COVID-19” (and related terms: 2019
novel coronavirus, SARS-CoV-2 infection, 2019-nCoV infection) AND “liver transplant”
(and related terms: orthotopic liver transplant (OLT), hepatic transplant, liver transplanta-
tion, solid organ transplant).

For the second purpose, the MeSH terms used were “COVID-19” (and related terms)
AND “liver transplant” (and related terms) AND “humoral response” (and related terms:
serology, immune response, T-cell response).

For the third purpose, the MeSH terms used were “liver transplant” (and related
terms) AND “COVID-19 vaccines”.

Original articles, case reports, case series, commentaries, letters to the editor, and
review articles were considered. Additional articles were considered on the basis of the
reference lists of the included studies. Two reviewers independently evaluated titles and
abstracts for inclusion. Only well-characterized adult transplant recipients were included.
Articles with known duplications were excluded. When feasible, information on LT recipi-
ents summarized in mixed cohorts of SOT patients were extracted and analyzed. Systematic
selection was performed according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [11]. Data extraction was conducted independently by two
researchers (SGG and CB), using the text, tables, and figures of the original published
articles. Independently, the overall quality was also evaluated and graded according to
the Newcastle–Ottawa scale (NOS) for assessing the quality of the observational studies
and converting the results to the Agency for Health Care Research and Quality (AHRQ)
standards (good, fair, and poor) where applicable. When disagreement was present, an
open discussion led to a final consensus. All the reported patients’ demographic and
clinical characteristics, baseline immunosuppressant medications and modifications during
the course of the infection, need for intensive care unit (ICU) and/or mechanical ventilation
(MV), and outcome were collected. A meta-analysis to investigate association between
baseline characteristics, immunosuppression, and outcomes was not performed because of
the lack of sufficient data and the high heterogeneity between the different studies. For
the second and third aims, we collected the data regarding the type of assay used to assess
immunity and the type of vaccines applied. The principal measures used were the median,
mean, standard deviation, and incidence as pooled results.

3. Results

3.1. Study Selection

For the first aim, 820 papers met the research criteria applied, of which 76 articles
were considered suitable for evaluation. Preliminary reports subsequently published as
extended analyses were considered duplications and therefore not included in the final
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analysis. In addition, data duplication for survey-based studies could not be completely
ruled out. Therefore, we restricted our final selection to 35 articles, including a total
of 1076 patients. No randomized control trials were found, and only two studies were
prospectively designed; the remaining 33 articles were retrospective studies, case reports or
case series, editorials, or letters to the editor. Five studies reached “good quality” according
to the NOS converted in the AHRQ standards. One study reached “fair quality”, and the
other studies were rated as “poor quality”. The selection process followed the PRISMA
guidelines and is summarized in Figure 1.

Figure 1. Flow diagram of the systematic literature search according to the PRISMA statement.

For the second and the third aims, 18 and 19 papers met the research criteria applied,
respectively. Of these, four and five articles respectively were considered suitable for
evaluation. No randomized control trials were found. Only two studies were prospectively
designed; the remaining articles were retrospective studies, case reports or case series,
editorials, or letters to the editor.

3.2. Study Population Characteristics, Clinical Course, and Management of Immunosuppression

Overall, 1076 patients were pooled. Mean age was 54.5 ± 12.1 years, with male gender
being prevalent (n = 553, 66.8%). Extensive information on comorbidities was available
in 30 papers. Diabetes mellitus type 2, arterial hypertension, and obesity were present
in 38.6%, 43.5%, and 16.0% of patients, respectively. A history of previous neoplasia was
described in three reports, identifying 23 out of 832 patients (2.8%). In the majority of
patients, infection with SARS-CoV-2 occurred 79.7 months after LT. The demographic
characteristics and main outcomes are summarized in Table 1.
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Regarding the incidence of COVID-19 infections in LT recipients, only the SETH
cohort provided data, showing that the incidence of COVID-19 in liver transplant recipients
compared to the general population (837.41 cases/ 105 patients vs. 311.93 cases/ 105 people)
was almost double [17].

On the other hand, the COVID-LT cohort recorded 57 confirmed SARS-CoV-2 infec-
tions out of 11,790 patients in regular follow-ups, resulting in an incidence of 483.46 cases/
105 patients [13]. Another report from Germany documented, using either serology or
PCR-swab test, present or past SARS-CoV-2 infection in 3.7% of their LT recipients during
the study period (May and August 2020) [41].

The most frequently described clinical presentation was fever (61.4%), followed by
cough (58.6%) and dyspnea (36.2%). Webb et al. [45] reported general “respiratory symp-
toms”, which were experienced by the 77% of the LT recipients included in the study.
Gastrointestinal symptoms including vomiting, diarrhea, nausea, and abdominal pain
were strongly represented (159/569 patients, 27.9%). In the aforementioned study, the
proportion of patients with gastrointestinal symptoms was higher among LT recipients
compared to the nontransplant cohort (30% vs. 12%, p < 0.0001), whereas no significant
difference was observed with respect to respiratory symptoms. On the same line, Belli
et al. [14] found diarrhea as the presenting symptom in 55 LT recipients, corresponding to
22.6%.

Concerning immunosuppression therapy, data on basal immunosuppression (IS)
therapy and on subsequent management during the course of infection was available for
33 and 29 studies, respectively. The data are summarized in Table 2.
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In the study by Colmenero et al. [17] patients receiving MMF or in whom an attempt
was made to completely withdraw immunosuppression were more prevalent in the severe
COVID-19 group (p = 0.014, and p = 0.016 respectively). Conversely, tacrolimus-based
immunosuppression was more frequent in the nonsevere COVID-19 group, albeit without
statistical significance (p = 0.113). Similar findings regarding calcineurin inhibitor (CNIs)-
based regimens were observed in the COVID-LT study, where the continuation of CNIs
therapy after COVID-19 diagnosis was higher among survivors (64% vs. 42.8%) [47].
Indeed, in the study of Belli et al. [14], after multivariable analysis, the use of TAC was
confirmed to be independently associated with a reduced mortality risk (HR, 0.55; 95%
CI, 0.31–0.99). Additionally, in the Spanish cohort, survival curves illustrated the negative
prognostic impact of MMF, particularly at doses higher than 1000 mg/day. In agreement
with this finding, in patients receiving full-dose of MMF at baseline (i.e., 2000 mg/day),
complete drug withdrawal showed a trend towards reduced severe COVID-19 (41.7% vs.
69.2%, p = 0.16) [17].

Overall, 375 out of 1064 (35.2%) patients were managed in an outpatient setting,
whereas 64.8% were hospitalized. Of the hospitalized patients, 158/689 (22.9%) were
admitted to an ICU. Death was reported in 135 cases. In the COVID-LT study, case
fatality was estimated at 12% (95% CI 5–24%), which increased to 17% (95% CI 7–32%)
among hospitalized patients [13], whereas Rabiee and coauthors found a 22.3% case fatality
rate [40]. In the study by Webb and coauthors [45], case fatality was 19% (vs. the 27%
reported for the comparison cohort, p = 0.046), with the propensity-score-matched analysis
showing that LT did not significantly increase the risk of death in patients with SARS-CoV-2
infection (absolute risk difference 1.4% (95% CI 7.7–10.4)). Colmenero et al. [17] described
a mortality rate of 18% among LT patients.

In Webb et al., multivariate analyses showed that factors significantly associated with
death were: increased age (OR 1.06 (95% CI 1.01–1.11) per 1 year increase, p = 0.031),
presence of nonliver cancer (OR 18.30 (1.96–170.75); p = 0.011), and higher baseline serum
creatinine (OR 1.57 (1.05–2.36) per 1 mg/dL increase) p = 0.028) [45]. Results derived from
the multivariate analysis performed within the SETH cohort study identified the following
independent predictors: Charlson comorbidity index (relative risk (RR) = 1.28 (95% CI
1.05–1.56), male gender (RR = 2.49; 95% CI 1.14–5.41), dyspnea at diagnosis (RR = 7.25;
95% CI 2.95–17.82), and baseline immunosuppression containing MMF (RR = 3.94; 95% CI
1.59–9.74) [17]. Belli et al. reported risk factors associated with worse prognosis including
advanced age (>70 vs. <60 years, HR 4.16; 95% CI 1.78–9.73) and the use of TAC [14].

Despite theoretically higher levels of immunosuppression, only the report by Belli
et al. [14] mentioned time since LT as an independent factor associated with poor outcome
in univariate analysis. On the other hand, Colmenero et al. [17] showed that the time from
LT had no impact on the risk of suffering from severe COVID, a finding that was confirmed
by Webb et al. [45], who reported no association between death and time since LT.

Lastly, Rabiee et al. showed that the incidence of acute liver injury (defined by
ALT 2-5x ULN) was not higher in LT recipients when compared to age- and gender-
matched nontransplant patients with chronic liver disease and COVID-19 (47.5% vs. 34.6%;
p = 0.037). The presence of liver injury during COVID-19 in LT recipients was significantly
associated with mortality (OR 6.91 (95% CI: 1.68–28.48), p = 0.007) and ICU admission
(OR 7.93 (95% CI: 1.75–35.69), p = 0.007) [40]. In the US study of Hadi et al., considering
only LT recipients, only 18 patients (7.5%) experienced the composite outcome including
mechanical ventilation and death at 30 days. This rate was lower when compared to that
for recipients of other organ transplants [23].

3.3. Immunological Response after COVID-19 in LT Recipients

Regarding the immunological response after SARS-CoV-2 infection in LT patients,
only four studies were considered, including a total of 91 LT recipients. However, all of
these studies examined different types of tests/assays directed toward different targets,
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and data could not always be extrapolated to LT recipients alone, as shown in Table 3,
making a pooled analysis not feasible.

Table 3. Summary of the included studies concerning immunological response of LT recipients after COVID-19.

First Author Country
Number of
Patients

Type of Test Type of Assay Main Conclusions

Zilla et al. [50] USA
SOT 3; of them,
1 LT and 1
kidney–LT

Anti-SARS-CoV-2
(S1 subunit) IgA
and IgG

EUROIMMUN® Delayed serological
response and worst outcome

Burack et al. [51] USA SOT 70; of
them, 14 LT

Anti-SARS-CoV-2
(antinucleocapsid
antigen) IgM, IgG,
and IgA

Roche Elecsys® 80% of liver transplant
recipients turned positive

Favà et al. [49] Spain SOT 28; of
them, 5 LT

Anti-SARS-CoV-2
IgM and IgG + T
cell responses

MaglumiTM 2019
(Snibe
Diagnostic®) +
AID® Gmbh

SOT and immunocompetent
patients achieved a similarly
robust serological and
functional T cell immune
response, albeit with a
certain delay.

Caballeros-Marcos
et al. [48] Spain 71 LT

Anti-SARS-CoV-2
(antinucleocapsid
antigen) IgG

Abbott
ARCHITECT
i2000®

LT recipients, compared to
immunocompetent patients,
showed a lower incidence of
antinucleocapsid IgG
antibodies at 3 months
and at 6 months.

Abbreviations: SOT: solid organ transplantation; LT: liver transplant.

Caballero-Marcos et al. [48] showed a decline over time of IgG-antinucleocapsid, with
lower incidence at 3 months (77.4% vs. 100%, p < 0.001) and at 6 months (63.4% vs. 90.1%,
p < 0.001) when compared with a matched cohort of immunocompetent subjects. A more
comprehensive analysis performed in 28 SOT patients (of which five were LT patients)
of the immunological response, which also considered T-cell responses, showed that the
overall response was not impaired in the SOT patients. However, when the humoral
response was considered alone, there was some delay in mounting a response compared to
the immunocompetent control group [49].

3.4. COVID-19 Vaccine Immunogenicity in LT Recipients

Regarding response to COVID-19 vaccines, we considered five studies. Overall, the
studies included 269 LT recipients (Table 4). However, analogously to those regarding
the immunological response after COVID-19, the included studies considered different
types of tests/assays, and data could not always be extrapolated to LT recipients alone,
making comparisons difficult. Two studies evaluated side effects after receiving one dose of
mRNA-1273 or BNT162b2 vaccine or two doses of BNT162b2 vaccine. Both studies showed
local and systemic side effects in proportions comparable to those in pivotal studies for
RNA vaccines.
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Concerning immunogenicity, four studies, although using different assays, evaluated
the humoral response recording seroconversion rates between 29 and 50% [52,53]. Two
studies emphasized that the use of antimetabolites as immunosuppression was a risk factor
for reduced serum conversion rates [53,54]. Only one study also analyzed T-cell response,
which was described as reduced [55], and only one of the included studies considered only
LT recipients [53].

4. Discussion

At the beginning of the COVID-19 pandemic, SOT recipients, including LT recipients,
were considered a vulnerable population, raising the question as to whether they would
be at particular risk for severe disease and graft injury given their immunocompromised
state and high prevalence of metabolic comorbidities. The aim of our study was to sys-
tematically pool all the available literature on this topic. We found that middle-aged
men with metabolic comorbidities were the main target for the infection. Even though
respiratory problems represented the main clinical feature in LT patients, a high percent-
age of gastrointestinal symptoms were also reported. Approximately 70% of LT patients
with SARS-CoV-2 infection were hospitalized. Modification/reduction of IS was common,
particularly for MMF, although complete withdrawal of all IS was rarely observed. With
respect to outcome, a case fatality rate ranging between 12 and 22% was described in the
major reports accessible for this analysis. Interestingly, when compared to the control
population, outcomes were not worse in the LT recipient group.

There seems to be a difference in the immune response to the SARS-CoV-2 infection
and the immune response as acquired by vaccination. In the first case, the data conflict,
but if we consider the response mediating the neutralizing activity (anti-spike protein
IgG and T-cell mediated), it seems that there is a similar response, albeit probably slightly
delayed, in LT recipients compared to immunocompetent subjects. On the other hand,
vaccine-induced immunogenicity seems to be defective.

Although a considerable number of patients were included in the present study, the
quality of the manuscripts analyzed makes it difficult to consolidate associations and
predictive factors regarding COVID-19 and the LT population.

The epidemiological distribution of the disease is superimposable to that of the general
population [2,57], with COVID-19 being mainly prevalent in middle-aged males.

Recently, new findings have highlighted how obesity [58], diabetes type II [59], and
arterial hypertension [60] are associated with a more severe course of COVID-19 and
hence a poorer outcome. Despite the high prevalence of these metabolic conditions in LT
recipients [61,62] and more specifically in the present cohort, this did not seem to negatively
affect the prognosis of the current study population.

Interestingly, the presence of gastrointestinal complaints (28%) was considerably
higher among LT recipients. A recent review on gastrointestinal symptoms in COVID-
19 [63] showed a high heterogeneity in incidence (ranging between 3 and 79%), with
other large cohorts of patients reporting rates of gastrointestinal symptoms between 5 and
15% [60,64]. It is widely accepted that SARS-CoV-2 enters host mucosal cells via the cell
receptor angiotensin-converting enzyme-2 (ACE-2) and the transmembrane serine protease
2 (TMPRSS2), which are also highly expressed in the absorptive enterocytes from the ileum
and colon [65]. Once the virus enters the enterocytes, it can start replication and its cyto-
pathic effect [66]. The gut microbiome can be significantly altered by SARS-CoV-2 through
several mechanisms (e.g., proinflammatory cytokines, perturbation in the gut–lung axis,
medications, changing ratio of pathogenic organisms) leading to clinical manifestations
such as diarrhea and vomiting [67]. LT patients are also known to have an extremely
vulnerable gut microbiomes [68,69], and immunosuppressive fluctuation in trough level
can interfere with gut flora stability [70]. Furthermore, it was observed that patients with
digestive symptoms, probably not recognized from the outset as symptoms associated with
COVID-19, had a significantly longer time from onset to admission than patients without
digestive symptoms (9.0 days vs. 7.3 days, p = 0.013) [71]. Interestingly, a recent study aim-
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ing to analyze the gut inflammatory response in immunocompetent subjects infected with
SARS-CoV-2 highlighted the absence of a proinflammatory response in the gastrointestinal
tract despite detection of SARS-CoV-2. Additionally, this study showed reduced mortality
in patients with COVID-19 presenting with GI symptoms. Therefore, the authors specu-
lated on a potential role of the gastrointestinal tract in attenuating SARS-CoV-2-associated
inflammation [72].

In the current cohort, the mortality rate and case-fatality rate did not seem to exceed
those expected in the general population. Indeed, the hypothesis that LT is a possible
associated factor for a pejorative outcome could not be confirmed. However, of note was
the high rate of hospitalization, with 64.8% of LT recipients being admitted to a ward and
22.9% of such patients requiring intensive care. This may of course reflect a certain selection
bias, with more LT recipients being hospitalized per se. Additionally, one must keep in
mind that during the first wave, there were many logistical difficulties, which probably led
to an underdiagnosis of asymptomatic or paucisymptomatic cases [73].

With regard to the management of immunosuppression, not all the information can
be extrapolated, as most studies have had descriptive designs. The different nature of
the immunosuppressive regimens adopted, often multiple, and the modification of these
regimens during the course of infection make it difficult to provide any clear guidelines
to this respect. However, it seems that a complete discontinuation of IS therapy was very
rare and limited to extremely severe cases. Unfortunately, complete cessation of IS was not
associated with improved prognosis [17] and should therefore only be considered as a last
resort in selected cases.

In the Spanish cohort, patients receiving MMF were more prevalent in the severe
COVID-19 group. Baseline immunosuppression containing MMF was identified as an
independent predictor of mortality, whereas the withdrawal of IS was not. However, data
on modifications in immunosuppressive therapy during the infection were not extensively
available in this study [17] and reduction or discontinuation of MMF was recommended by
the guidelines shared by experts at the beginning of the pandemic [74]. Therefore, whether
the impact on outcome is attributable to the MMF itself or to its reduction/discontinuation
remains objects of further investigation. In a preclinical setting, MMF showed promising
results against Middle East respiratory syndrome (MERS); however, in vivo studies sug-
gested that its use is likely to cause more harm than benefit against coronavirus (CoV)
infection [75]. Bearing in mind that MMF acts on activated lymphocytes with a cytostatic
effect [76] and that SARS-CoV-2 has a cytotoxic effect on the same target [77], these syn-
ergistic effects may represent an additional risk factor and worsen the prognosis of LT
patients taking MMF.

In Belli et al. [14], TAC was found to protect against worse outcomes in COVID-
19 LT recipients. In vitro experiments have shown that TAC, and CNIs in general, are
capable of inhibiting human CoV growth, mainly by acting on the cyclophilin pathway [78].
Additionally, by modulating T-cell activation, CNIs may act on reducing the deleterious
effect of the COVID-19 late inflammatory phase [79].

Concerning the immunological response to SARS-CoV-2 infection, contrasting results
were seen. However, most of the studies considered analyzed only the humoral response
and in particular used an assay, the antinucleocapsid test, more suitable to evaluate preex-
isting exposure to the virus than to assess protective efficacy. Indeed, these antibodies have
low or no neutralizing activity [80]. On the other hand, the analysis of the T-cell-mediated
response in LT recipients showed similar results compared to that for immunocompetent
subjects. Further studies are therefore necessary that take into account the complexity
of the immune response in vivo and of the interplay among native, humoral, and T-cell
immunity.

In contrast, all studies evaluating vaccine immunity have demonstrated reduced
immunogenicity of LT recipients, and SOT recipients in general. It is possible, as pointed
out by Mazzola et al. [52], that this reduced response is more evident in other SOT recipients,
such as those for kidney or heart SOTs, than in LT recipients. In this line, the serum
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conversion data of the only cohort that included only LT recipients were actually higher
than the average of the other studies, which included mixed cohorts. A deterrent role could
be played again by more sustained immunosuppression (with dual or triple regimens) and
by the use of antimetabolites [53]. Reduced immunogenicity in LT recipients has already
been demonstrated with other respiratory virus (e.g., influenza) vaccines [81], suggesting
that more than the standard dose may be needed to achieve protective immunogenicity [82].

Several limitations affected the current study, mainly because of the high heterogeneity
and quality of the majority of the studies considered, leading in several cases to incomplete
information. Therefore, more than a few research questions remain open and will need
future investigation (Figure 2).

Figure 2. Graphical representation of the key unresolved issues for SARS-CoV-2 infection in LT recipients.

5. Conclusions

Despite the heterogeneity of the reports included in this study, we are able to show that
the middle-aged man with metabolic comorbidities represents the main target of COVID-19
among LT recipients, as is the case in nontransplanted patients. Gastrointestinal symptoms
are very common in LT recipients with COVID-19, and particular attention should be paid
to these complaints as a surrogate marker for COVID-19, even in the absence of fever or
respiratory problems. The outcome of the LT population is nevertheless similar to that of
the general population. This is, in part, also likely due to a more cautious management
of immunosuppressive therapy, paying particular attention to the use of MMF and TAC
while discouraging the complete discontinuation of all immunosuppression. LT recipients
should be vaccinated, and great attention to protective measures should be maintained in
these individuals even after a regular course of vaccination.
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Abstract: Liver transplantation (LT) is an important therapeutic option for the treatment of several
liver diseases. Modern LT is characterized by remarkable improvements in post-transplant patient
survival, graft survival, and quality of life. Thanks to these great improvements, indications for LT
are expanding. Nowadays, clinical conditions historically considered exclusion criteria for LT, have
been considered new indications for LT, showing survival advantages for patients. In this review,
we provide an updated overview of the principal newer indications for LT, with particular attention
to alcoholic hepatitis, acute-on-chronic liver failure (ACLF), cholangiocarcinoma and colorectal
cancer metastases.

Keywords: alcoholic hepatitis; acute-on-chronic liver failure; cholangiocarcinoma; colorectal can-
cer metastases

1. Introduction

Since the first procedure performed in 1963, liver transplantation (LT) has become an
important therapeutic option for the treatment of inborn metabolic disorders, acute liver
failure, end-stage chronic liver disease, and primary hepatic cancers [1].

Over the past several decades LT has continued to grow and evolve with huge im-
provements in surgical techniques, organ preservation and procurement, and immuno-
suppression. Therefore, the modern LT is characterized by remarkable improvements
in post-transplant patient survival, graft survival, and quality of life. Thanks to these
ever-increasing improvements in overall survival, with one-year graft and patient survival
nowadays around 90% [2], indications for LT are expanding, also as a result of a better
understanding of liver diseases and innovative therapies.

Nowadays, clinical conditions historically considered exclusion criteria for LT, such
as severe alcoholic hepatitis (AH), acute-on-chronic liver failure (ACLF), colorectal cancer
metastases and cholangiocarcinoma are now considered new indications for LT, showing
survival advantages for patients. In this review, we provide an updated overview of these
newer indications for LT (Figure 1).
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Figure 1. New indications for liver transplantation. Controversial indications include severe alcoholic
hepatitis and ACLF grade 3. Questionable indications include non-hepatocellular carcinoma liver
cancer, and liver metastases from colorectal cancer. CCA: cholangiocarcinoma; ACLF: acute-on-
chronic liver failure.

2. Alcoholic Hepatitis

Worldwide, alcohol-related liver disease (ALD) is one of the most prevalent liver
diseases and the second most frequent indication for LT [3], representing around 30% of all
primary LT procedures in Europe and approximately 25% in the USA [4,5].

The first cornerstone in the treatment of patients with ALD is abstinence from alcohol.
An adequate time of abstinence may decrease hepatic fibrosis, reduce the risk of progression
to cirrhosis, improve the prognosis of cirrhotic patients and reduce the mortality [6–8].
Abstinence is important, but usually it cannot reverse advanced ALD and in many cases
the only definitive treatment for ALD is LT. Despite the fact post-LT outcomes and survival
rates are analogous with those of other etiologies [4], ALD is still judged a controversial
indication for LT. The discussion is generated mainly by the opinion that ALD is a self-
inflicted disease, and by the possible risk of harmful effects to the graft after alcohol
relapse [9]. In the majority of transplant programs, a period of 6-month of abstinence
(“six-month rule”) is a compulsory condition to consider a patient eligible for LT. This rule
has a double scope: first, to avoid LT in those patients in whom liver function and general
clinical status will improve after alcohol removal, second to identify patients at higher risk
of relapse after LT.

Nevertheless, the role of the pre-LT extent of abstinence as a predictor of alcohol
relapse post-LT has not been clearly confirmed and the enforceability of this rule is still con-
troversial [10]. Indeed, in a systematic review including 22 studies, in only two of them the
six months of alcohol abstinence was predictive of post-LT relapse [11]. Furthermore, the
ideal period of abstinence pre-LT is still controversial, although there are data confirming
that a shorter prelisting abstinence period is associated with a faster post-LT relapse [12].

In recent years, an alarming increase in incidence of hospitalization for AH and
mortality rates has been observed both in the US [13] and in Europe [14]. AH presents
with fatigue, anorexia, nausea, jaundice, mild-to-moderate increase of transaminases,
hyperbilirubinemia, hypoalbuminemia, elevation of neutrophils and prothrombin time
(PT) prolongation [3]. The most used validated prognostic scoring system is the Maddrey
Discriminant Function (MDF). Usually AH is defined by a MDF >32 [15]. The role of
pharmacological treatments, especially corticosteroids, in patients with AH is still debated,
with studies demonstrating efficacy in improving survival [16–18] and others showing
a negligible effect on reducing mortality [19,20]. In patients not responding to medical
therapy the prognosis is very poor, with a 6-month mortality rate of 75%.

In accordance with the “six-month rule”, AH patients are ineligible for LT at most
transplant centers. Nonetheless, there is growing evidence that, in selected patients after
the first episode of AH not responding to medical therapy, LT represents an effective
treatment [21,22]. it was demonstrated that the post-LT outcomes are good, with survival
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rates significantly higher compared to not transplanted patients with AH not responding
to steroid therapy [23–25].

Like with ALD cirrhotic LT recipients some ethical and social concerns remain. These
are mostly originated by the public opinion that a graft is afforded to patients who were
actively consuming alcohol immediately previous to admission on the waiting list, with
higher risk of post-LT alcohol relapse. However, the existing data on LT in these pa-
tients demonstrate that relapse rates are analogous to those observed in patients with
ALD that respected the “6-month rule”, if a rigorous and appropriate selection process is
applied [23–25].

Multiple arguments for either “tight” or “loose” selection criteria have been proposed
for LT in AH [26]. One major argument for tight selection is that current models for
predicting survival without LT are not adequately precise for use in an individual patient,
which implies not only that some patients will be subjected to LT unnecessarily, but also
that others will be denied a potentially lifesaving LT. Additionally, most criteria for listing
rely on clinical judgment, which may vary across different centers, thus leading to inequity
of access to LT. On the other hand, real-life patients with AH undergoing LT often present
with ACLF and a high risk of short-term mortality, thus making unnecessary LT very rare.
Furthermore, a careful selection of patients at the first event of liver decompensation has
repeatedly yielded excellent outcomes and low risk of relapse [26].

Like other indications for LT, further refinement of selection criteria is expected to
evolve gradually over time. However, without the establishment of national and inter-
national agreement on criteria for admitting in waiting list and transplanting patients
with AH, a high variability persists in terms of admittance to LT for those patients, with
disparities that are manifest also at a national level with a potential inequality among
patients with the same clinical conditions [27].

Data reporting good outcomes of early LT in selected patients were published in the
last years. In the study by Mathurin et al. [23], 26 patients with AH with no response to
corticosteroids were subjected to early LT as rescue therapy, after a strict multidisciplinary
selection process. Survival after 6 and 24 months post-LT were significantly higher than in
matched not transplanted controls (77% vs. 23%). Alcohol relapse was detected up to three
years after LT in about 10% of patients.

A US study, published by Im et al. [28] confirmed the good outcomes of early LT
in 94 patients with AH, in whom the 6-month survival rate was higher compared with
matched not transplanted patients (89% vs. 11%). Alcohol relapse was diagnosed in only
one recipient at 180 days after LT. Similarly, in a retrospective study published by Lee
et al. [29], cumulative patient survival percentages after LT for AH were 94% and 84%
at 1 year and 3 years, respectively After LT, 72% were abstinent, 18% had occasionally
relapses, and 11% had sustained alcohol intake.

In Italy, Germani et al. coordinated the first Italian experience in a pilot study on early
LT for AH from four different LT centers. Among those centers, the coordinating center
is the Multivisceral Transplant Unit of Padua University Hospital. The inclusion criteria
were AH, as a first episode of decompensation in chronic liver disease and no responses to
medical therapies, but more importantly, the patient should have been socially integrated
and have supportive family members, with psychiatric assessment and addiction profile
and no comorbidities [30]. Preliminary data coming from Padua Liver Transplant center
demonstrated a significantly higher survival rate amongst patients who underwent early
LT compared to non-responding patients who were denied early LT.

The Spanish Society of Liver Transplantation has recently published a consensus state-
ment on the potential expansion of indications for LT including patients with a first episode
of severe AH not responding to medical therapy [31], whereas no specific guidelines or
position statements have been published with this regards in Germany. In UK a pilot pro-
gram for LT in patients with severe AH was developed. Over a 3-year period 20 patients
aged between 18 and 40 years were evaluated, but none underwent LT, mainly due to the
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extremely stringent criteria for listing and the need for unanimity among members of the
transplant panel [27].

The most significant concern in patients actively drinking before admission, is the
post-LT risk of relapse. In the already mentioned landmark paper [23], about 10% of
patients had a relapse up to three years after LT. This could be important not only from
the “single-patient” perspective, but also for the possible negative effects on donation rate.
Nevertheless, a recent multicenter survey suggests that organ donation was not negatively
influenced by the early LT for AH [32]. Given the complexity of the selection and manage-
ment of patients with AH, a multidisciplinary approach, involving various stakeholders
including transplant hepatologists and transplant surgeons, but also psychiatrists, psy-
chologists, and addiction specialists is becoming compulsory to accurately evaluate LT
candidates [33,34]. The SALT prognostic score, developed including four objective pre-LT
variables, was proposed in order to foresee the risk of sustained alcohol intake after early
LT for AH assisting in the selection of patient candidates for early LT or in advising controls
post-LT [35].

The psychosocial assessment of LT candidates and the evaluation of social background,
including the presence of an active and effective support by the family, are essential parts
of the pre-transplant evaluation process. In fact, the transplant outcome is undoubt-
edly influenced also by psychosocial and behavioral issues along with the usual medical
factors [36]. This concept is even more important in the context of early LT where the psy-
chosocial assessment is essential for the establishment of the real probability of long-term
abstinence. Indeed, alcohol abuse is frequently associated with depression, personality
disorders and other psychiatric disease, that can affect the post-transplant outcome of these
patients [37,38].

To ensure to the LT candidates for AH the best long-term outcomes, globally accepted
clinical and psychosocial selection criteria should be identified [39]. Very strict criteria
should be explored for the early LT in this setting, as indicated in an Italian position
statement [34]. Notably, a transparent and direct interaction between clinicians and society,
based on the concept of no “a priori” exclusion to the evaluation for LT in the case of AH
is essential.

3. Acute-On-Chronic Liver Failure (ACLF)

ACLF is a clinical syndrome characterized by acute decompensation (AD) of chronic
liver disease, development of organ failures and systemic inflammation, and high risk of
short-term mortality (>15% at 28 day) [40–43]. Development of ACLF in patients with
chronic liver disease results from various precipitating factors that vary according to geo-
graphical regions: alcoholic hepatitis and bacterial infections in the West and relapse of
chronic HBV infection in the East [44]. In approximately 40–50% of the cases, however,
development of ACLF is not associated with identifiable triggers and current hypothesis in
these cases is that metabolites from gut bacteria or translocation of DAMPs from leaky gut
(or a combination of both) may be involved and trigger inflammation which in turn leads
to organ dysfunction/failure [44]. There is no specific treatment for patients with ACLF,
and current management include treatment of associated complications/precipitating
factors and organ support. In patients with ACLF due to one or more specific factors (i.e.,
bacterial infections, alcoholic hepatitis, bleeding events, drug-induced liver injury), early
identification of trigger factor(s) and specific treatments are important though it’s unclear
whether this can really prevent worsening of ACLF [40]. All patients with ACLF should
be preferably managed in a tertiary care center and by a multidisciplinary team including
transplant hepatologists, ICU doctors, and transplant surgeons. General management of
patients with ACLF and their complications should follow current guidelines for manage-
ment of critically ill patients with cirrhosis [45]. Patients should be monitored frequently
and evaluated serially for potential transfer to intensive care unit. Each organ dysfunction
shall be treated specifically in order to prevent a stage in which multiorgan failure occurs
and all treatments eventually become futile [45].
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Per current consensus, severity of ACLF is defined by number of organ failures, and
is not surprising that patients with three or more organ failures have increased risk of
mortality compared with those with one or two organ failures. Specifically, patients with
≥3 organ failures have grade 3 ACLF (ACLF 3), and 28-day mortality in these patients
approaches 80% [40]. Given such a high risk of death and the lack of alternative medical
treatments, LT may be the only viable option in certain patients with ACLF [46,47]. Yet,
selection of patients suitable for LT, prioritization of candidates during wait-list time,
and best timing for LT in ACLF remain problematic [48]. Here, we discuss the current
knowledge and the main open issues regarding LT in patients with ACLF, particularly
those with ACLF 3.

3.1. Wait-List Priority in Patients with ACLF Awaiting LT: Beyond MELD-Based Allocation

ACLF is a rapidly progressive syndrome with a variable course [49,50]. On the one
hand, it is important to identify patients with potential for full recovery, in whom LT would
be unnecessary and not beneficial; on the other, one has to identify those at higher risk
for progression, in whom development of either sepsis or irreversible organ failures can
compromise eligibility for LT and post-transplant outcomes [41]. In these patients, the
therapeutic window for LT is significantly narrow and unexpected clinical deterioration
may determine removal of candidates from the waiting list [51].

Unfortunately, the discrimination between these groups remains unclear. The Model
for End-Stage Liver Disease (MELD) score, that is used to estimate wait-list mortality and
guide organ allocation in patients with cirrhosis awaiting LT, is not appropriate to predict
survival in candidates with ACLF [52]. In fact, MELD does not reflect severity of hepatic
encephalopathy and respiratory/circulatory failures, which are major drivers of mortality
in ACLF [40–42]. Also, it does not include biomarkers of systemic inflammation, such
as white blood cells and levels of C reactive protein, which reflect severity of ACLF and
correlate with survival [53].

In a retrospective analysis based on the United Network for Organ Sharing (UNOS)
database and including approximately 100,000 patients, Sundaram and coworkers demon-
strated that the risk of death in ACLF 3 was 44% even if their MELD score was <25, and was
greater than that in advanced patients as defined by a MELD >35 but without ACLF [53]. In
an independent cohort including 71,894 veterans with decompensated cirrhosis, Hernaez
et al. found that in those with ACLF the probability of 90-day mortality was significantly
higher than the one predicted by MELD-Na alone [54]. In a third, large retrospective
analysis including patients from the UNOS registry between 2002 and 2014, those with
ACLF 3 (n = 5099) had a significantly higher risk of death at 14 days than those listed for
acute liver failure (n = 3377), regardless of MELD-Na [55]. Taken together, these studies
indicate that in ACLF patients, particularly grade 3 ACLF, an early discussion about LT
should be initiated independent of their MELD status.

Whether a combination of MELD score and grade of ACLF could be the optimal
strategy to assess wait-list priority in patients with ACLF has not yet been thoroughly
investigated. To this end, in a large, retrospective study including 18,416 candidates with
ACLF from UNOS registry, Abdallah showed that the severity of ACLF and MELD score
interacted synergistically in anticipating the risk of mortality at 90-day, and that the effect
of ACLF grade was relatively more relevant at lower (i.e., ≤25) levels of MELD [56]. A
new prognostic tool integrating MELD score and grade of ACLF was therefore proposed
to mitigate disparities regarding organ allocation in ACLF, particularly for candidates
with a MELD score ≤ 25 [56]. If these results will be confirmed in prospective cohorts,
it is plausible that a combination of MELD score and ACLF grade will become the next
standard to assess priority of candidates with ACLF.

In conclusion, there is a strong need to improve the MELD-based allocation to mitigate
wait-list mortality in candidates with ACLF [47,57]. Innovative scores are supposed to
capture recipient factors (number and severity of organ failures), global patient’s status and
performance (sarcopenia and frailty), and chronic associated conditions (comorbidities).
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This could lead to a more personalized approach regarding management of wait-list priority
in ACLF and would ultimately improve patient’s survival and LT outcomes [58].

3.2. Benefit of Liver Transplantation in Patients with ALCF Grade 3

Patients with ACLF 3 have a 28-day LT-free survival of 20% [40–42]. Considering
such a high risk of death, LT is a potentially life-saving treatment for the vast majority of
these patients. Preliminary data, however, suggested that post-transplant survival in ACLF
3 might be lower than that in recipients transplanted for decompensated cirrhosis [59].
Hence, the question rose as to which all patients with ACLF, independent of ACLF grade,
could be considered for transplantation [57].

Results from other studies, on the other hand, indicated good survival 1-year after
LT [53,60–62]. Sundaram et al. retrospectively analyzed the UNOS database for the years
2004–2017 [63]. In total, 56,801 patients received LT and 54.6% had no ACLF, 15.4% had
ACLF 1, 15.9% had ACLF 2, and 14.1% had ACLF 3. Interestingly, survival at 1-year
post-LT was comparable between patients with ACLF 3 and those with grade 0–2, and
that was above 80% in all groups [63]. More interestingly, although patients with ACLF 3
had lower long-term survival compared with those with grade 0–2, 68% of patients who
received LT for ACLF 3 were alive 5 years after transplantation, which would justify both
the transplant benefit in these patients, set at >50% 5-year after LT [64], and the acceptable
utility of donor grafts. Comparable findings were reported by multicenter cohort studies
from Europe [49,60,65] and by one recent study from Asia that first evaluated the outcomes
of living donor LT for the treatment of ACLF [66]. In this study, including 321 candidates
with high MELD score who underwent living donor LT, survival at 5-year was comparable
between patients with and without ACLF (72% versus 81.82%), and 1 year-survival in
ACLF 3 was comparable with that of grade 1 and 2 (76% vs. 85% vs. 93%; p = 0.2) [66].
Taken together, these studies indicate that ACLF grade 3 is not an absolute contraindication
for LT, and that satisfactory outcomes can be achieved provided there is a good selection
of candidates.

To this end, new methods to improve assessment of LT eligibility in these patients
are eagerly awaited, that is to evaluate whether an individual patient has become “too
sick to be transplanted” [58,67]. The fact that no patient with ACLF and severe respiratory
failure in the CANONIC trial underwent LT indicated that this condition was considered
an absolute contraindication for LT in ACLF [49]. Two large multicenter studies from
US [53,68] indicated the following factors to be associated with higher risk of death post
transplantation: need for mechanical ventilation at transplant, levels of lactate >4 mmol/L
before transplantation, pre-transplant white blood cells count within normal limits, older
age of recipient, and transplantation of marginal-grafts. The combination of three different
organ supports (dialysis, vasoactive drugs, and mechanical ventilation) has been proposed
as a potential criterion to withhold LT [51], however it may also prevent transplantation in
a significant number of subjects with potentially favourable outcome. In fact, other factors
may affect severity of organ failures and therefore the chance to perform a successful
LT. This includes indications for organ support (i.e., ventilation for severe respiratory
dysfunction vs. grade IV encephalopathy) and intensity (dose of vasoactives) and/or
duration (i.e., 2–3 vs. >7 days) of organs support.

Given the increasing number of LTs performed in patients with ACLF worldwide, a
better understanding of how to define too-sick-to transplant patients and thereby avoid
“futile” transplantations is urgently needed [58]. Not only it is important to confirm
whether LT in ACLF 3 confers a significant survival benefit, but also whether is associated
with an improved quality of life [69]. For example, pre-transplant acute kidney injury
(AKI), that is commonly observed in cirrhosis and ACLF [70–72], is a major predictor of
post-LT chronic kidney disease (CKD) and need for replacement therapy [73]. Although the
burden of CKD after LT in ACLF 1 may not be substantially increased [74], more specific
results regarding patients with ACLF 3 are lacking. Long-term data regarding quality of life
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after LT for ACLF are awaited and may help to improve selection criteria and management
of candidates with ACLF both before and after LT [75,76].

3.3. Timing of LT: The Earlier the Better?

One major challenge in candidates with ACLF is to assess the appropriate timing for
LT. Given their high risk of death, one would expect that “as soon as possible” could lead
to the greatest transplant benefit. In support of this assumption, in a landmark analysis
of UNOS database, Sundaram and Jalan demonstrated that patients with ACLF who
received LT within 30 days within listing had higher survival at 1-year than those who
were transplanted thereafter (83% vs. 79%, respectively; p = 0.03) [53]. The same study
demonstrated that LT within 30 days could significantly improve survival in patients who
underwent LT on machinal ventilation (77% vs. 72%; p = 0.03). Comparable results were
described in the CANONIC trial where survival at 6 months in patients with ACLF 2 and
3 who underwent LT within 28 days was 81% compared with 10% in those treated with
medical therapy [49].

Yet, other evidence suggested that the benefits of early LT have to be balanced
against benefits conferred by resolution of organ failures. In a retrospective trial including
98 candidates with ACLF who received LT, the 37 who had improvement of ACLF grade
prior to transplantation had a significantly better survival compared with controls with
no improvement [61]. Similar results were reported by Sundaram in a larger study from
UNOS data [77]. The authors included 3636 candidates with ACLF 3 who received LT
within 28 days of listing. Of these patients, 24.5% recovered to either no ACLF or grade 1
or 2 ACLF, whereas 75.5% remained with ACLF 3 at time of surgery. Interestingly, survival
at 1 year was 82% in patients who underwent LT with ACLF 3 and 88% in patients recov-
ering to ACLF 0–2 (p < 0.001). Furthermore, the probability of survival of ACLF 0–2 who
worsened to ACLF 3 was significantly lower than in patients who remained at ACLF 0–2
(84% vs. 90%; p < 0.001). However, <25% of candidates with ACLF 3 at enlisting were able
to achieve a lower grade of ACLF [77]. Hence, while in principle it would be optimal to
undergo LT upon recovering of organ failures, this appears not doable in the major part of
patients with ACLF 3.

In summary, in candidates awaiting LT for ACLF 3, two major variables need to be
balanced to assess the best timing for transplantation, that is on one hand the individual
patient’s risk of progression and death on the waiting list, on the other whether there is any
chance to postpone transplantation with the goal of waiting for ALCF to improve prior to
LT [43,58].

4. Colorectal Liver Metastases and Liver Transplantation

Colorectal carcinoma (CRC) shows an incidence of about 700 per million population
in Western countries and the liver is involved in approximately 70% of patients with
colorectal metastases [78]. Currently, the only potentially curative treatment is represented
by surgical resection of metastases [79], with a median 5-year survival of 30–40% compared
to only 5% in those non-resected [79,80]. Despite the recent advancements in surgical
techniques, only ~20% of patients are resectable at diagnosis [81] and the disease often
recurs within 3 years of resection [82]. Percutaneous radiological treatments such as
ablative treatments (radiofrequency, microwave and cryosurgical ablation, transcatheter
intra-arterial therapy), hepatic arterial infusion chemotherapy, transarterial embolization
and chemoembolization, and radioembolization with yttrium 90 can be applied to achieve
tumor resectability. Even though it has been demonstrated that interventional radiology
contributes to the improvement of overall survival rates [83,84], its role in the curative
intent is still marginal. Palliative chemotherapy remains the main option for patients non
candidable for surgery. Even though the initiation of first-line chemotherapy in selected
patients with good performance status, no KRAS or BRAF mutations, and left-sided tumors
prolongs median overall survival [85–89], prognosis remains poor and only ~10% of them
survive up to 5 years [86,90]. Interestingly, recent clinical trials show an improvement of
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median survival with modern chemotherapy including the use of bevacizumab/EGFR
antibodies, from 6 months to 2 years [85,91,92].

In this context, LT has been explored as an option to remove all viable disease in those
patients with disease spread limited to the liver, which are not elegible for resection due
to the low remnant liver volume [93,94]. In the past, several attempts were performed
obtaining 5-year overall survivals <20% [95]. Due to these poor results and organ shortages,
active colorectal liver metastasis remained a contraindication for LT thereafter. Nonetheless,
the majority of these patients were disease-free at death, which was due to transplant-
related complications instead. A prospective study from Norway a few years ago (the
SECA-I study) has renewed focus for this potentially curative option. Patients included in
this study had completed surgical resection of the primary tumor, had a good performance
status, and received LT after at least 6 weeks of chemotherapy. The estimated 1, 3 and 5-year
overall survival after LT were 95%, 68% and 60%, respectively. The median follow-up was
27 months (range 8–60 months) and disease-free survival was 35% at 1 year. The candidates
with the best prognosis were those with presence of colorectal liver metastasis at diagnosis,
pN0, pretransplant maximal CCR diameter <5.5 cm, levels of carcinoembryonic antigen
(CEA) <80 mg/L, response or stable disease on chemotherapy, and >2 years from diagnosis
to LT [93]. The 5-year overall survival rate of these patients with favorable prognostic
factors was similar to that of patients transplanted for hepatocellular carcinoma (HCC)
following the Milan criteria [96,97]. Interestingly overall survival was much longer when
compared to disease-free survival. As a matter of facts, most recurrences in CRC patients
were slowly-growing lung metastases amenable to treatment, regardless of immunosup-
pression [98,99], which is not the case for HCC-recurrence after LT. As a reinforcement
to these results, LT was demonstrated to produce longer 5-year overall survival rates
when compared to chemotherapy in patients non amenable to surgical resection of liver
metastastases when data from the SECA-I study were compared to those of the NORDIC
VII trial (56% vs. 9%, respectively) [88].

Following the SECA-I study, Toso et al. reported the results of 12 patients with
colorectal liver metastases undergoing LT, confirming 1-, 3- and 5-year overall survival
rates of 83%, 62%, and 50%, respectively, and disease-free survivals of 56%, 38% and 38%
at 1, 3 and 5 years, respectively [94]. The time from diagnosis to LT appeared to have a
high impact on survival rates, suggesting a natural selection of those tumors with more
favorable characteristics. The authors suggested that a minimum of 12–24 months should
be applied as a selection criterion during the evaluation for LT of these patients. In the
recently published open label randomized controlled SECA-II trial, the application of
more strict selection criteria led to a significant raise of overall survival after LT (1 and
5 years were 100% and 83%, respectively), with a median follow-up of 36 months (range
5–60 months) [100]. As a matter of fact, patients included in the SECA-II study showed
better pre-LT prognostic factors and more favorable tumor biology (lower number of
metastatic lesions, size of largest liver lesions, CEA levels, and recurrence risk scores) than
SECA-I patients. Nevertheless, the burden of the disease was considerable at the time of
LT in both cohorts.

Even though patients that were included had different tumoral characteristics and un-
derwent different treatments before LT, it is becoming clear that it represents a valid option
for curative intent in the context of colorectal liver metastases, offering the possibility of
long-term overall survival to highly-selected patients with extensive disease. Data and ex-
perience are still limited, however several clinical trials are coming through (NCT 04161092,
NCT 03494946, NCT 04616495, NCT 04874259). The major aim is to refine selection criteria
in order to raise overall survival rates close to those of patients undergoing LT as a standard
of care. Moreover, one multicentre Italian trial based in Milan (NCT 03803436) is aiming to
assess the efficacy of LT compared with a matched cohort of patients included in another
trial involving chemotherapy plus anti-EGFR. Among others, another element which needs
to be evaluated is the possibility to add adjuvant chemotherapy after LT, considering
possible graft toxicity. In this regard, the TRANSMET Trial from France (NCT 02597348) is
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currently comparing the survival rates between standard of care chemotherapy and LT plus
adjuvant chemotherapy [101]. Another major challenge is related to the paucity of liver
grafts, challenging the approval of new oncological indications. The recruitment of patients
in LT trials is currently limited to a minimum percentage of the total amount of transplants
per center, aiming to not impact the waiting time for other waitlisted patients. One of the
suggested strategies is the use of marginal grafts, as patients with CRC rarely present at
LT with either portal hypetension, end stage liver disease or deterioration of other organs
functionality and thus could be more easily matched with these donors [100]. Another
alternative to increase the donor pool is represented by the RAPID-protocol, which involves
a two-stage hepatectomy followed by LT using a left-lateral split graft and delayed total
hepatectomy [102]. Three trials, one in our center (NCT04865471), one in Oslo, Norway
(NCT 02215889) and one in Jena, Germany (NCT 03488953) are currently evaluating this
option. Additionally, a protocol started in Toronto (Canada), is also evaluating the option
of living donor LT in patients with CRC (NCT 02864485).

5. Cholangiocarcinoma and Liver Transplantation

Cholangiocarcinoma (CCA) is one of the most frequent primary liver cancers, second
only to HCC. It can be classified in three subtypes: intrahepatic (iCCA), perihilar (pCCA)
and distal extrahepatic (eCCA) cholangiocarcinoma. In all three subtypes the current gold
standard for treatment is surgical resection [103]. Extensive surgery protocols have been
established [104], however radical surgical resection can be achieved in <50% of patients
due to insufficient remnant liver and difficulties in vascular reconstructions [104]. However,
in many cases, complete surgical resection cannot be achieved [105]. Moreover, CCA fre-
quently presents with local vascular infiltration, and primary sclerosing cholangitis (PSC)
associated CCA is often considered as unresectable due to the underlying liver disease and
predisposition to skip lesions [106]. Radiological treatments, such as intra-arterial therapies,
ablation, radioembolization and brachytherapy (iodine-125 seed implantation) are used as
locoregional oncological, palliative, and bridging to surgery in patients with unresectable
or recurrent CCA after hepatectomy [107,108], however with no curative potential. Within
this frame, [106]. LT has been suggested as a potential curative treatment for those patients
presenting with non-resectable pCCA and more recently for patients with “very early”
iCCA, since it ideally allows radical resection and eradication underlying PSC when associ-
ated. Patients included in clinical trials were free from extrahepatic metastases, vascular
or lymphnodes invasion. Even though the initial experiences discouraged many centers
to pursue this goal [109], a few groups kept on offering LT to these patients, improving
selection criteria and treatment protocols. Eventually some impressive survival data were
produced leading to internationally re-evaluate LT as a curative option [109] as a treatment
for nonresectable CCA, particularly in those countries suffering from graft shortages.

5.1. Intrahepatic Cholangiocarcinoma (iCCA)

ICCA is a subtype of CCA that arises from the intrahepatic biliary tract, which can be
divided into mass-forming, periductal-infiltrating, intraductal, and undefined subtypes,
depending on macroscopic growth patterns. The incidence of iCCA has been increasing
in the last decades, particularly among cirrhotic patients [110]. Despite surgical advances,
long-term outcomes of liver resections remain poor, with a 5-year overall survival of
40% and very high prevalence of postoperative morbidity [111–113]. Additionally, in
>50% of patients the disease recurs, typically within 24 months after resection [114]. Even
though iCCA is still widely considered a contraindication to LT, there is still a quite
high percentage of grafts showing incidental tumors at explant pathology (1–3.3% of
all LT) [115,116], as it still represents a diagnostical challenge. Retrospective data from
these accidentally transplanted iCCA demonstrated an acceptable 5-year overall- and
recurrence free-survivals in cirrhotic patients with “very early” iCCA (<2 cm), [117–119].
This led to reconsider LT as a potentially curative option in this context. Moreover, the
2 cm cut-off has been challenged by De Martin et al. who showed comparable survival
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rates after LT for iCCA of <2 cm and those of 2.1–3 cm [120]. As a matter of fact, in
this study the only independent variable associated with tumoral recurrence was its
differentiation, which, when available, reduces the impact of tumor size for prognosis.
On the other hand, iCCA features are still often underestimated during pre-LT diagnostic
evaluation, leading to higher recurrence rates and worse post-LT survival when compared
to HCC [121]. Thus, careful consideration of potential higher aggressiveness of the tumor
needs to be born in mind, especially in the context of PSC. Independent predictors of
post-LT recurrence and survival include microvascular, perineural or lymphovascular
invasion, multifocality, poor differentiation, infiltrative subtype, lack of neo- or adjuvant
treatments [120,122]. In the noncirrhotic population, Lunsford et al. recently showed a 50%
recurrence-free survival, and 83% 5-year overall survival following LT in six patients with
locally advanced, unresectable iCCA [123]. Inclusion criteria were solitary tumor >2 cm or
multifocal disease confined to the liver without evidence of macrovascular or lymph node
involvement and sustained response to neoadjuvant gemcitabine-based chemotherapy.
Neither tumor volume nor multifocality affected the incidence of disease recurrence after LT.
This neoadjuvant protocol has also been proven successful in downstaging iCCA to surgical
resections, which still remains the gold standard of treatment for iCCA. In this scenario,
LT could be kept as an option to those remaining non-resectable despite the neoadjuvant
treatment [124]. Validation of these findings in ongoing clinical trials may change the
current exclusion of patients with iCCA from transplant programs, and the identification
of the best selection criteria could further implement long term results (NCT 04195503,
NCT 02878473, NCT04556214). For now, iCCA remains a contraindication for LT outside
of clinical trials. Ongoing studies are evaluating the role of mutations in KRAS, fibroblast
growth factor receptor and VEGF expression and dysregulated immune checkpoints [124].
Therefore it has been proposed to sequence the whole genome to facilitate the individuation
of new therapeutic targets.

5.2. Perihilar Cholangiocarcinoma (pCCA)

PCCA is a subtype of CCA that arises anywhere from the second-order biliary ducts
to above the site of cystic duct origin; it can have exophytic (mass-forming) and intraductal
growth patterns. PCCA is one of the current challenges for hepatic surgery, which still
represents the first-line treatment for this malignancy in case of localized disease [125].
Achievement of curative intent often requires implementation of surgery with neo- or adju-
vant chemo and radiotherapies [126,127]. Still <20% of pCCA are amenable of surgery at
diagnosis, due to the innate propensity of this tumor for the invasion of the adjacent vessels.
For non-resectable patients, chemotherapy offers a minimal extension of survival which, in
any case, remains <1 year [128,129], with a progression-free survival of 5 months [130,131].
Additionally, frequently pCCA arises from underlying PSC, which limits the possibility of
resection [132]. LT has been considered as it can theoretically maximize resection margins
and remove the underlying parenchymal liver disease when present. The first reports
in the 1990s gave disappointing 28% 5-year survival and a 51% recurrence rate with LT
alone, which withheld transplant centers from accepting this as [132]. LT can theoretically
maximize resection margins and cure the underlying parenchymal liver disease. The early
experience in the 1990s with LT alone gave disappointing 28% 5-year survival and a 51%
recurrence rate for pCCA, which deterred transplant centers from accepting this oncologi-
cal indication [122]. However, in these studies no selection criteria was imposed, treatment
arms did not distinguish between pCCA and iCCA and neo- or adjuvant treatment where
not included in the treatment protocols. Therefore, despite these dismal initial results, the
University of Nebraska and the Mayo Clinic kept on working on this program until they
established a successful multimodality protocol for unresectable pCCA preliminary to
LT [133–135]. The so called “Mayo Clinic Protocol” includes external beam radiation, com-
bined with intravenous 5-fluorouracil, followed by intraluminal brachytherapy and oral
capecitabine. After this a routine exploratory laparoscopic staging is performed to confirm
the absence of extrahepatic disease lymphonodal localizations prior to LT. By adopting this
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protocol, Heimbach et al. were able to obtain a 5-year survival exceeding 80% after LT in
those patients with solitary tumors including nonresectable ones <3 cm in radial diameter
not extending below the cystic duct, without evidence of lymph node metastases, and in
those pCCA associated to PSC [135]. Similar results were confirmed in 12 large-volume
transplant centers in the US, which reported a median 5-years disease-free survival rates
of 65% [135]. Similar results were confirmed in 12 large-volume transplant centers in the
US, which reported 5-years disease-free survival rates of 65% [136]. During the years it
became evident that those patients with early disease had improved outcomes following
LT [137–139], and that neoadjuvant chemoradiotherapy followed by LT offered the best out-
comes for patients selected following the Mayo Clinic criteria [140–142]. Moreover, Mandel
et al. demonstrated that patients selected for LT with these criteria reach a significant better
survival compared to those not respecting them (59% versus 21% at 5-years) [143]. Thus,
the “Mayo Clinic Protocol” has been gradually adopted, confirming 5-year survival rates
of approximately 65–70% across different transplant centers [136,144–146]. These results,
similar to those obtained in patients transplanted for HCC, led the United Network for
Organ Sharing (UNOS) to allow the assignment of a Model for End-Stage Liver Disease
(MELD) score exception to patients with unresectable pCCA or arising in the setting of
PSC, for accessing LT [136,147]. However, concerns regarding organ allocation, waiting
times, and the intensity of the neoadjuvant protocol have been limiting the spread of this
indication in clinical practice. As for now, the guidelines of the European Association
for the Study of the Liver recommend LT for pCCA to be limited to centers with clinical
research protocols employing strict selection of patients and adjuvant or neoadjuvant
therapy [10]. Still several patients drop out from the waiting list due to tumoral progression
and its related complications, positive laparoscopy or inability to tolerate chemotherapy
prior to LT. As demonstrated by a recent observational study, the estimated 82% 5-year
survival rate precipitated to 58% on intention to treat analysis, since 46% of patients initially
included did not access LT due to neoplastic progression [148]. The Mayo Clinic group
reported that the risk factors for dropout of the LT waiting list due to disease progression
were: CA 19.9 ≥500 U/mL, a mass ≥3 cm, malignant brushing or biopsy and a MELD
score ≥20. Likewise, predictors of recurrence after LT were elevated CA 19.9, invasion of
portal vein and evidence of residual tumor at explant [149]. Furthermore, the time interval
between neoadjuvant therapy and LT was found to be inversely proportional to recurrence
rates, which in turn correlates with tumor biology [150]. However, waiting time needs to be
balanced with more pronounced fibrosis induced by prolonged radiotheraphy, hampering
both staging laparoscopy and LT. Living donor LT could theoretically avoid timing issues.
However ethical concerns toward living donation need to be considered as well at this
stage of evidence. Ongoing and future studies will probably better address these issues and
further refine treatment protocols [151]. A group at Washington University are currently
recruiting for a prospective study which aims to assess whether highly selected patients
still require neoadjuvant chemoradiation (NCT 00301379). Moreover, the use of sirolimus
will be explored in a pilot trial (NCT 01888302). The rationale of giving sirolimus with gem-
citabine and cisplatin is that it may be useful for patients with high risk of CCA recurrence
after LT or either surgery. The results of these and other ongoing trials (NCT01549795,
NCT02178280, NCT 04378023, NCT02232932) will be of great interest.

6. Conclusions

The LT scenario is undoubtedly evolving rapidly, with a plethora of new indications
that could give hope for a better life for a large number of patients. However, these newer
indications increase the pressure in an already difficult context of organ shortage. Strategies
are therefore needed to increase the pool of transplantable organs that aim to ensure the
balance between new indications and available resources. Moreover, it is mandatory to
optimize the patients’ selection criteria to guarantee transplant advantages and achieve
adequate patient and graft survival. Specialized surgeons, oncologists, hepatologists
and radiologists should collaborate in a multi-disciplinary transplant team to ensure
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proper work-up and minimize the risks for these patients. Finally, the new scenario of
transplants makes it essential to review and standardize the allocation systems and ethical
considerations across countries to ensure the same treatment options for all patients.
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