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Hepatology today and the future
Patrick Marcellin

These proceedings of the PHC 2019 reflect the remarkable recent advances in all fields of hepatology that
are covered during this conference.

Thirty years after the discovering the hepatitis C virus, we can tell our patients that they have a 100% chance
of cure with pangenotypic DAAs. The rare patients who relapse with resistance-associated substitutions after
DAAs therapy are cured with appropriate retreatment. Cure means eradication of HCV infection with
improved quality of life and outcome. Although the WHO HCV program, which seeks the elimination of
hepatitis C by 2030 may be difficult to achieve, it is accompanied by active national programs worldwide.

We can tell our patients with hepatitis B that they have a 100% chance of viral suppression. Long term studies
of patients receiving last generation NUCs demonstrate sustained remission without resistance, regression of
liver lesions and improved outcome. WHO has set priorities to achieve global goals including more effective
vaccination and easy access to therapy programs. The next objective is a cure. This objective is now realistic
with the development of effective drugs of different viral targets. Future treatment will certainly include
combinations that are adapted to the different phases of hepatitis B.

Patients with hepatitis delta can be told that new treatments are on the way. Ongoing phase 3 trials of
Myrcludex and Lonafarnib should confirm their efficacy, which are synergistic in combination with
interferon.

Patients with NAFLD must be receiving counselling. However, in this emerging liver disease, which affects
25% of the population, life style counselling is only effective in a minority of patients. The key issue is
differentiating NASH from simple steatosis. As we learned from NANB hepatitis before discovering the
virus, our lack of knowledge explains the problems we now face with NAFLD. We must determine the red
line between fatty liver and NASH. There is still a long way to go to understand the physiopathology and
natural history of the disease, to develop appropriate markers and effective treatments targeting oxidative
stress and apoptosis, antifibrotics, inflammation and metabolic disturbances.

Significant progress has been in less common liver diseases such as autoimmune and chlolestatic diseases, if
their unknown aetiology is a major field of research.

There are new possible effective treatments in patients with HCC. With improvements in diagnosis and
characterization, treatment can be more effectively personalized. Furthermore, the results are promising with
new drugs and others are on the way. Four agents have been added to sorafenib as systemic therapeutic
options based on positive randomized trials : lenvatinib, regorafenib, cabozantinib and ramucirumab.
Effective combinations may be expected soon.

Mortality and morbidity have been considerably improved in transplanted patients. The indications for
transplantation have markedly changed in the last decade with increasing rates of transplantation in HCC,
alcoholic disease and NASH and decreasing rates in HCV and HBV. The indications and the management
of pre-transplantation patients have been refined and allow transplantation in better selected patients with a
better outcome.

Hepatology is in a very active and promising phase of development in all fields and there is no doubt that the
use of new digital technologies and artificial intelligence will revolutionize this speciality. We have entered
anew era of precision hepatology and more efficient personalized management of patients with liver disease.
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HEPATITIS C

HCYV: Is DAASs treatment failure still an issue?
Marc Bourliere, Hepato-gastroenterology department,
Hospital Saint Joseph, Marseilles, France
mbourliere@hopital-saint-joseph.fr

Key points

e Cirrhosis, virological factors, genotypes la and 3, and resistance associated
substitutions (RASs) may favor the failure of direct acting antivirals (DAAs).

e Several DAAs combinations in patients with genotypes 1 or 4 infection can
easily rescue failure following DAAs combinations without NS5A inhibitors.

e New triple combinations can easily rescue failures occurring after DAAs
combinations containing NS5A inhibitors.

e NS5A RASs have no impact on the SVR rate with triple combinations after
DAAs failure.

Despite the high overall success rate of the new direct acting antivirals (DAAs) a small
proportion of treated patients do not achieve an SVR, mainly due to relapse and rarely to
viral breakthrough under treatment!. Several factors may favor the failure of first generation
DAAs, such as cirrhosis, virological factors, genotypes 1a and 3 and resistance associated
substitutions (RASs), either pre-existing as a natural polymorphism, or induced by a
previous DAAs regimen. A recent study using the HCV disease burden model (HEP-SIM)
suggested that according to the number of patients treated with DAAs between 2014 and
2020 in five European countries (France, Germany, Italy, Spain and United Kingdom), there
would be an expected 47,000 DA As failures during this period and nearly all patients treated
since 2015 will be NS5A-failures 2. Guidelines proposed several retreatment options
according to genotype >.

Existing salvage regimens for failures after NSSA inhibitors-containing DAAs

Four options were available to patients with genotypes 1 or 4 who fail DAAs regimens
containing NS5A inhibitors. The first option includes sofosbuvir (SOF) with paritaprevir
boosted with ritonavir/ombitasvir plus dasabuvir (PrOD) for genotype 1 or PrO plus
ribavirin (RBV) for genotype 4, for either 12 weeks in patients with mild fibrosis or 24
weeks in patients with subtypela and in patients with severe fibrosis or compensated
cirrhosis. This option achieves a SVR rate of 95% *. The second option combined SOF with
grazoprevir/elbasvir (GZR/EBR) plus RBV for 12 weeks in patients with mild fibrosis or
for 24 weeks in patients with subtype 1a and in those with severe fibrosis or compensated
cirrhosis. This combination was found to be highly effective in achieving an SVR in all
patients with mild disease treated for 12 weeks and in all patients with NS5A RASs treated
for 16 weeks in a few studies > °. The third option combined SOF with daclatasvir (DCV)
and simeprevir (SMV) plus RBV for 12 weeks in patients with mild fibrosis or for 24 weeks



in patients with subtype 1a and in those with severe fibrosis or compensated cirrhosis. This
option was not endorsed by all real-life data ’. There was a high rate of adverse, even fatal,
events, and a low rate of response with this combination in DA As failures, including some
patients with advanced compensated cirrhosis, 8. The last option was the association of
glecaprevir/pibrentasvir (GLE/PIB) plus RBV for 12 or 16 weeks. One study showed a high
SVR rate of 96% or more in patients treated either for 12 weeks in those with a NS3 RASs
at baseline or for 16 weeks in those with NS5A RASs at baseline. The SVR rate in patients
with both NS3 and NS5A RASs at baseline was suboptimal °. Therefore, this combination
is not recommended in these cases at least in the EMEA label and in the last EASL
guidelines!®.

The recommended retreatment option in patients with genotypes 2, 3, 5 and 6 who failed
a DAAs combination with NS5A inhibitors, is the combination of sofosbuvir/velpatasvir
(SOF/VEL) with RBV for 24 weeks®. This recommendation is supported by a small
multicenter trial in which sixty-nine patients with genotypes 1, 2 or 3, who previously failed
a NS5A containing DAAs regimen, were retreated with SOF/VEL and RBV for 24 weeks.
The SVR rate was 97% in genotype 1 and 93% in genotype 2 patients regardless of NS5A
RASs, but only 78% in patients with genotype 3 '!. Therefore, there is an urgent need for a
pangenotypic rescue regimen in patients who failed previous NS5A-containing DAAs
regimens.
New salvage regimens for DAAs failures

The POLARIS 1 and 4 studies assessed the efficacy of 12 weeks of treatment with the
triple fixed-dose combination (FDC) sofosbuvir/velpatasvir/voxilaprevir (SOL/VEL/VOX)
in HCV DAAs treatment—experienced patients with or without compensated cirrhosis 2.

The POLARIS-1 study enrolled patients, infected with all HCV genotypes, who
previously failed a NS5A-inhibitor containing regimen. Genotype 1 patients were randomly
assigned in a 1:1 ratio to receive either the triple FDC or matching placebo once a day for
12 weeks. Patients who were infected with other genotypes were enrolled in the triple FDC
once a day for 12 weeks. Forty-six percent of patients had compensated cirrhosis. Thirty-
nine percent of patients had been previously treated with at least 2 HCV treatment regimens.
The SVR rate was 96% compared to 0% with placebo. Overall the SVR rate was 99% in
patients without cirrhosis and 93% in patients with cirrhosis. Baseline RASs were present
in 83% of patients and 79% harbored NS5A RASs. The SVR rate was similar in patients
with and without baseline RASs (96% and 99%, respectively). Six patients with cirrhosis
had a relapse (one genotype la, 4 genotype 3 and one genotype 4). One patient with
genotype 4 had treatment-emergent RASs.
Patients with genotype 1 who received placebo were subsequently treated with triple FDC
once a day for 12 weeks !3. One third of patients had cirrhosis. The overall SVR rate was
97%. Patients with and without cirrhosis had SVR rates of 98% and 97%, respectively. Four
patients with genotype la infection and one with cirrhosis experienced a relapse. All
patients had baseline RASs and two developed treatment—emergent RASs. The overall SVR
rate of the primary and sub study of POLARIS-1 was 97%

The POLARIS-4 study enrolled patients who had previously failed a DAA regimen
without an NS5A inhibitor. HCV genotype 1, 2 and 3 patients were randomly assigned in a
1:1 ratio to receive triple FDC or dual FDC (SOF/VEL) for 12 weeks. Genotype 4 patients



were also enrolled in the triple FDC regimen for 12 weeks '2. Forty-six percent of patients
had compensated cirrhosis. Thirty-nine percent of patients had previously received 2 or
more HCV treatments. The overall rate of SVR was 98% in patients receiving triple FDC
and 90% in those receiving dual FDC. The SVR rate in patients without cirrhosis was 98%
in those receiving triple FDC and 94% in those receiving dual FDC compared to 98% and
86%, respectively in patients with cirrhosis. Forty-nine percent of enrolled patients had
baseline RASs to NS3 or NS5A inhibitors. Only one of the patients treated with triple FDC
relapsed compared to fourteen patients treated with dual FDC. The patient who failed triple
FDC had no baseline RASs and no treatment-emergent RAS. The safety profile in
POLARIS-1 and 4 studies was good. A recent combined analysis of the POLARIS program
showed that baseline RASs did not influence the virological response to triple FDC, and
that selection of viral resistances in patients who relapse after triple FDC are uncommon ',

Another option is the combination SOF plus GLE/PIB = RBV for 12-16 weeks based
on two small studies involving patients who had failed previous DAAs regimens including
GLE/PIB regimen !° 16, The SVR rate was 96% '°.

Regulatory issues and guidelines recommendations

The US Federal Drug Administration (FDA) and European Medicines Agency (EMA)

approved various treatment regimens based on the results of the phase III studies.
On July 18, 2017, the US FDA approved SOF/VEL/VOX FDC for 12 weeks in adult HCV
patients of all genotypes with or without compensated cirrhosis (Child Pugh A) that have
previously failed a HCV regimen containing an NS5A inhibitor. This regimen was also
approved in patients with genotypes 1a or 3 with or without compensated cirrhosis who had
previously failed an HCV regimen containing SOF without an NS5A inhibitor !7. These
approvals were included in the recent American Association for the study of Liver Diseases
guidelines.

On July 27, 2017, the EMA approved SOF/VEL/VOX FDC with wider indications: 8
weeks of FDC, in treatment-naive patients without cirrhosis of all genotypes and in patients
with genotype 3 with cirrhosis. Twelve weeks of FDC, in treatment-naive patients with
cirrhosis of all genotypes and 12 weeks FDC, all genotypes, in treatment-experienced
patients with DAAs failures with or without compensated cirrhosis.

The most recent EASL guidelines have included a few of these recently approved
regimens. FDC is recommended for 12 weeks in treatment—naive or experienced genotype
3 patients with cirrhosis. FDC is recommended for 12 weeks as first line treatment in
patients with or without compensated cirrhosis who have failed a previous regimen with
DAA:s, either protease inhibitors and/or NS5A inhibitors.

An alternative option is the combination of SOF plus GLE/PIB + RBV for 12-16 weeks.
Moreover, triple FDC is recommended either in combination with weight-based dose RBV
and/or to extend treatment to 16 or 14 weeks in very difficult-to-cure patients with NS5A
RASs who have failed to achieve SVR twice after several DAAs regimens including
protease and/or N5A inhibitors.



Summary

In conclusion, the single pill triple FDC SOF/VEL/VOX for 12 weeks or the triple
combination SOF plus GLE/PIB with or without ribavirin for 12 weeks achieves a 96%
SVR rate in the few patients who fail DAAs combinations, even the most recent
pangenotypic regimens. Therefore, with the current available rescue regimens, DAAs
treatment failure is no longer significant issue.
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HCYV treatment: are there still difficult to treat patients?

Stanislas Pol

Université Paris Descartes; Hepatology Department, Cochin Hospital, APHP; INSERM U1223,
UMS-20 and Center for Translational Science, Institut Pasteur, Paris, France.
stanislas.pol@aphp.fr

Key points

e With pangenotypic direct acting antivirals there are no longer any so-called « difficult-
to-treat patients ».

e The intrinsic toxicities of antiviral drugs and drug-drug interactions should be taken into
account for the choice of therapy.

e Adherence may be a limitation to cure and require therapeutic education.

e The screening of HCV infection and access to care are now the main limitations to the
WHO 2030 elimination plan, which is not restricted to « specific » populations.

With the almost absolute antiviral potency of pangenotypic direct acting antivirals (DAAs)
there are no longer any so-called difficult-to-treat patients.

When interferon was the standard of care, fibrosis, genotype 1 infection, high viral load,
metabolic syndrome, HIV coinfection and non CC IL28B genotypes were negative predictors
of a sustained virological response (SVR) (1). Most of these negative predictors were no longer
pertinent with first generation DAAs (2). Genotype 3 treatment-experienced patients with
cirrhosis, patients with stage 3-5 chronic kidney disease (CKD) with genotypes other than 1 or
4, which prevented the use of sofosbuvir (3) or DAAs failure were the remaining difficult-to
treat-patients until the last generation of DAAs became available. Even in those patients,
pangenotypic DAAs now result in a SVR rate >97% in both clinical trials and in real life. The
glecaprevir/pibrentasvir combination in patients with stage 3-5 CKD (4) or
sofosbuvir/velpatasvir/voxilaprevir in DAA failures cure almost all patients (5). Even in most
prior difficult to treat patients, therapy may be reduced to 8 weeks (6-7): in genotype 5-6 or
patients with cirrhosis (Expedition 8, AASLD 2018) whatever the genotype with the
glecaprevir/pibrentasvir combination or in genotype 3 (EASL 2018) with the
sofosbuvir/velpatasvir combination.

The main limitations for the use of DAAs are :

The intrinsic toxicities of the drugs and the drug-drug interactions (DDI); adherence; and
access to care for specific populations, including patients with active intravenous drug use,
migrants, prisonners and those representing « hidden » epidemics.

1. Intrinsic toxicities of DAAs and drug-drug interactions.

Decompensated cirrhosis contraindicates the use of protease inhibitors which can cause
liver damage and decompensation. In this case a protease inhibitor-free combination
(sofosbuvir/velpatasvir) should be used for 12 weeks in combination with ribavirin. Severe
hepatotoxicity has indeed been reported in 5-10% of HIV-infected patients receiving highly
active antiretroviral therapy (8), and the main risk factors were hepatitis co-infection, advanced
liver disease, and elevated liver transaminases at the start of therapy. Antiretroviral drugs
associated with an increased risk of severe hepatotoxicity were stavudine, didanosine,
nevirapine, and the protease inhibitors (full-dose) ritonavir and tipranavir (8). In the CUPIC



study including interferon-experienced patients with HCV genotype 1 infection and cirrhosis
who were re-treated with telaprevir or boceprevir, we reported relatively high percentages of
side effects (49.9%) including liver decompensation (10.4%) and death (2%). Baseline levels
of albumin (<35 g/L) and platelet counts (<100.000/mm3), or the severity of the underlying
liver disease, were the predictors of severe side effects or death (2).

Sofosbuvir is metabolized in the kidney and is not recommended in patients with an
estimated glomerular filtration rate (¢GFR) <30 mL/mn while protease inhibitors or NS5A
inhibitors are mainly metabolized by the liver and do not require eGFR dose-adjustment and
are good candidates for the treatment of patients with stage 4 and 5 CKD. The
glecaprevir/pibrentasvir combination, whatever the genotype, or the grazoprevir/elbasvir
combination for genotypes 1 (or 4), should be preferred. Patients with decompensated cirrhosis
and CKD appear to be the last difficult to treat cases at present.

Drug-drug interactions remain an issue in HIV coinfected patients but also in patients
treated with antiarythmic drugs (amiodarone) for sofosbuvir-containing regimens, as well as
antiepileptic drugs, anticoagulants or anticancer drugs. The choice of the DAAs should be
targeting in relation to the DDI and sometimes (HIV for example) the usual therapy should be
modified during the 8 to 12 weeks of the DAA regimen. www.hep-druginteractions.org is an

important source of support in daily practice and the need for pharmacological drug monitoring
is rare. The coformulation of antivirals is rarely a limitation given the DDI.
2. Adherence

Although adherence has not been extensively evaluated it appears to be more frequently
involved in the failure of DA As than resistance-associated substitutions (Sarpel D et al. AASLD
2016). Even for the short duration of treatment, therapeutic education could help patients
understand that adherence is of key importance for successful therapy.

3. Access to care

Access to care in specific populations, including patients with active intravenous
drug use, migrants, prisonners and those representing « hidden » epidemics remains the main
challenge for the future.

Only an estimated 34-48% of HCV chronic carriers are referred for assessment to a
liver specialist. Moreover, less than 37% of patients receive treatment for hepatitis C in
northern countries while the corresponding figure is less than 1% in low income countries (9).
Therefore, developing models of care that could overcome barriers and improve access to care
is a critical goal to modify the epidemiology of HCV to reach the WHO goal (90% reduction
in the prevalence of hepatitis and 60% reduction in hepatitis-related mortality by 2030). To
achieve the target of “HCV Elimination”, all efforts should be made to increase awareness:
education programs targeting at-risk populations, medical practitioners and other healthcare
workers with a simple guide for the prescription of DAAs. Considering the systemic
manifestations of hepatitis C infection, the approach must be multidisciplinary. “Micro-
elimination” programs should be implemented in targeted populations (10).

Finally, lowering of the price of DAAs will increase access to treatment and access to
low-cost generic drugs should be discussed with payers and the pharmaceutical industry. Patent
sharing of these drugs has already made 14 drugs available and an estimated 3 million of the 4
million treated patients worldwide have been given generic drugs.
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Treatment of HCV decompensated cirrhosis
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Key points

e Chronic hepatitis C virus (HCV) can be effectively treated in patients with
decompensated cirrhosis.

e The sustained viral response (SVR) rate that can be achieved in patients with
decompensated cirrhosis is somewhat lower than in patients with stable compensated
cirrhosis.

e The highest SVR rates are observed when ribavirin is used with sofosbuvir and an NS5A
inhibitor.

e Regimens containing a protease inhibitor should not be used in patients with
decompensated cirrhosis.

e Successful treatment of patients with HCV and decompensated cirrhosis appears to
reduce the risk of hepatocellular carcinoma, improve the MELD score and may allow
some patients to be removed from the liver transplant waiting list.

Patients with chronic HCV and decompensated cirrhosis are the most challenging to
manage. The SVR rate in patients with decompensated Child class B and C cirrhosis is only in
the 85-95% range compared to over 95% in patients with stable Child class A cirrhosis.
Should all patients with decompensated cirrhosis and chronic HCV be treated?

Achieving a SVR in patients with decompensated cirrhosis has been shown to improve
the Child and MELD scores and may allow up to 33% of these patients to be removed from the
liver transplant waiting list. However, treatment of HCV in all patients with decompensated
cirrhosis may not be a good thing. Many patients with decompensated cirrhosis are highly
symptomatic and suffer from one or more of the complications of portal hypertension including
hepatic encephalopathy, ascites, chronic gastrointestinal blood loss, chronic kidney disease and
severe fatigue. Achieving a SVR may not improve these symptoms and trap the patient into a
state referred to as a “MELD purgatory”, where they are too symptomatic to function normally,
but with a MELD score that is too low to receive a liver transplant.

It is therefore essential to consider the pros and cons of HCV treatment in patients with
decompensated cirrhosis. This should include the age of the patient, whether or not they are a
liver transplant candidate, the Child score, MELD score and their current quality of life. In
patients with medical contraindications, advanced age, or other reasons that prevent liver
transplantation, treatment of HCV and achieving a SVR may improve quality of life, survival
and be cost effective. In patients with an acceptable quality of life, despite hepatic
decompensation, treatment of HCV to try to avoid liver transplantation may also be acceptable.
Patients with a MELD score of more than 20 should probably not be treated for HCV until after
they undergo a liver transplant.
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Patients with decompensated cirrhosis who achieve a SVR are at risk of developing

additional complications of cirrhosis including hepatocellular carcinoma (HCC). It is therefore
imperative that all patients with cirrhosis continue to be monitored on a regular basis after they
achieve a SVR and not be dismissed from follow-up. Patients who develop progressive liver
failure or HCC despite SVR should be considered for liver transplantation.
Treating HCV in patients with decompensated cirrhosis is challenging. These patients may
develop additional complications of cirrhosis during treatment and this could lead to
hospitalization. Hospitalization of a patient receiving HCV treatment could affect compliance
since direct-acting anti-viral agents (DAAs) are not available in hospital pharmacies and
treatment may be interrupted if the patient did not bring their medication with them to the
hospital or they are too ill to continue treatment.

Although several DAAs combinations are currently available to treat HCV, therapies
which include a protease inhibitor cannot be used in patients with decompensated cirrhosis.
Protease inhibitors are exclusively metabolized by the liver and have been shown to cause
hepatotoxicity in patients with advanced cirrhosis. Only DAA combinations that used
sofosbuvir and an NS5A inhibitor, either ledipasvir, valpatasvir or declatasvir should be used
in patients with decompensated cirrhosis.

Use of Ribavirin:

The combination of sofosbuvir-velpatisvir and ribavirin (RBV) 600 mg daily for 12
weeks has been shown to achieve a higher SVR rate than either sofosbuvir-velpatasvir for 12
or 24 weeks (94% versus 83% and 86% SVR respectively) in patients with Child class B
cirrhosis and a Child-Turcotte-Pugh (CTP) score of 7-9. The combination of ledipasvir-
sofosbuvir and weight-based ribavirin (1000-1200 mg daily) for 12 or 24 weeks of treatment
was shown to have an SVR rate of 87-89% in patients with Child class B and C cirrhosis. The
SVR with ledipasvir-sofosbuvir and a lower dose of ribavirin, 600 mg daily, was 85% after 12
weeks and 90% after 24 weeks of treatment. In both studies the SVR rate was somewhat higher
in patients with Child class B than class C cirrhosis. RBV is associated with an increased risk
of adverse events which leads some patients to stop therapy early, especially with the higher
weight-based dosing regimen. The lower 600 mg dose appears to result in a better balance
between efficacy and tolerability.

Although RBV does appear to increase the SVR rate, it is not appropriate for use in all
patients. Whether to use RBV depends on the patient’s baseline hemoglobin and whether they
are experiencing chronic gastrointestinal blood loss from portal hypertension and can tolerate
another assault on their hemoglobin.

Treatment of HCV after liver transplantation:

Many patients with decompensated cirrhosis, especially those with a MELD score over
20, may be better off being treated for HCV after undergoing liver transplantation. Treatment
of HCV after liver transplantation has been shown to have a SVR rate of 98% with many
different regimens, including those containing a protease inhibitor.

Treatment of patients with HCC:

Several years ago it was suggested that treatment of HCV in patients with
decompensated cirrhosis could increase the risk and aggressiveness of de novo or recurrent
HCC following successful treatment. These initial studies were uncontrolled and mostly
observational. Since then, several well controlled studies have demonstrated that successful
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HCYV treatment and achieving a SVR are associated with a reduction in the risk of both de novo
and recurrent HCC. The risk of HCC is increased in patients with HCV and decompensated
cirrhosis and in patients with thrombocytopenia.

HCYV treatment has been shown to be effective in patients with HCC; although the SVR
rate appears to be reduced compared to those without HCC (74% vs 94%). It remains unclear
if treatment of HCV in patients with HCC who are not candidates for liver transplantation
actually improves long term survival as this is probably related to HCC recurrence and the
natural history of HCC rather than the presence of HCV. Long term follow-up studies of
patients with HCC who have achieved SVR are required.

Case presentation

The patient was found to have chronic HCV in 2001, when he was 54 years of age. Risk
factors for acquiring HCV was a blood transfusion he received at the age of 16 years following
a motorcycle accident. A liver biopsy demonstrated stage 2 bridging fibrosis. Liver function
was normal. The platelet count was 175,000, HCV genotype was 1A and HCV RNA Logio 6.2
IU/ml. He was treated with peginterferon-alfa-2a once weekly and ribavirin 1200 mg daily.
He developed anemia and treatment was stopped after 12 weeks for null response. He stopped
consuming all alcohol.

The patient moved out of the area and had no further follow-up until 2016 when at age
69 years he developed variceal hemorrhage. He was hospitalized, underwent banding,
developed edema, ascites and hepatic encephalopathy. He had a paracentesis and was treated
with step 1 diuretics and lactulose twice a day.

Two weeks following the hospitalization his physical examination was significant for a
few spider angioma on his chest, no obvious ascites, no edema, some mild forgetfulness but no
asterixis. Laboratory values demonstrated total bilirubin 2.5 mg/dl, albumin 3.3 gm/dl, INR
1.5, sodium 136 mEq/L, creatinine 1.2 mg/dL, hemoglobin 10 g/L, serum ammonia 60 pmol/L
and a platelet count of 85,000. o-fetoprotein (AFP) was 5.7 ng/mL with 12% AFP-L3.
Ultrasound demonstrated an echogenic liver, no liver mass, a patent portal vein and a small
amount of ascites. The Child score was 9, MELD score 17. He was treated with sofosbuvir-
velpatasvir for 12 weeks but failed to achieve SVR.

He was evaluated and placed on the liver transplant waiting list with a MELD score of
17. He agreed to accept an HCV positive donor. He was monitored every 3 months. He
underwent repeat esophagogastroduodenoscopy with banding of esophageal varices to
obliteration.

In 2017 at the age of 70 years he was found to have a 3 cm mass on routine ultrasound.
AFP had increased to 121 ng/mL with 33% AFP-L3. A dynamic MRI demonstrated a 3.2 cm
mass with washout and rim enhancement in the right lobe, segment 6.

He was treated with transarterial chemoembolization, but 3 months later had some residual
enhancement on MRI with no new lesions. He was treated with microwave ablation. An MRI
3 months later showed an ablation cavity with no enhancement and no new lesions.

In 2018, he was 71 years and had developed some mild muscle wasting. He was on step 2
diuretics and taking both lactulose and xifaxan. Laboratory values demonstrated total bilirubin
3.3 mg/dL, albumin 3.0 g/dL, INR 1.7, sodium 133 mEq/L, creatinine 1.4 mg/dL, hemoglobin
12 g/L, serum ammonia 55 umol/L and a platelet count of 85,000. AFP was 5.7 ng/mL with
12% AFP-L3. Ultrasound demonstrated an echogenic liver, no liver mass, a patent portal vein
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and a small amount of ascites. The Child score was 10, MELD score 23. He was treated with
sofosbuvir-velpatasvir and ribavirin 300 mg twice a day for 12 weeks and achieved a SVR.

Itisnow 2019. He has not had recurrence of HCC, his performance status has improved,

his most recent Child score is 7 and MELD is 18. He continues to be monitored for recurrence
of HCC.
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Key points

e Cirrhosis is the strongest risk factor for hepatocellular carcinoma (HCC). Hepatitis C
virus (HCV) is a major risk factor in the Western world and Japan.

e Direct Acting Antivirals (DAAs) have revolutionized the treatment of HCV infection,
achieving high rates of sustained virological response (SVR), in both compensated and
decompensated cirrhosis, with high compliance to therapy and a good safety profile.

e Despite conflicting reports, use of DAAs improves outcome in patients with HCV-
related cirrhosis with or without HCC.

e There is an urgent need for high quality studies to evaluate the benefit of HCV
eradication on clinically relevant outcomes in patients with intermediate or advanced
HCC on compensated cirrhosis.

Direct acting antivirals (DAAs) stabilize or improve liver function in most patients with
hepatitis C related cirrhosis, at all functional stages, with high rates of sustained virological
response (SVR) and a good safety profile. Early reports originating from retrospective
uncontrolled field-practice studies, linked DAA therapy to a high risk of occurrence or
recurrence of hepatocellular carcinoma (HCC) in some cases. Since then, a substantial amount
of data has confirmed that DAA-induced HCV clearance is associated with a reduced risk of
waiting list dropout due to tumor progression or death, a lower rate of occurrence and recurrence
of HCC and better long term preservation of liver function, leading to a longer survival.

Hepatocellular carcinoma is a major health care problem with an increasing incidence
worldwide and a poor prognosis, and is the leading cause of mortality in patients with cirrhosis
worldwide (1). Cirrhosis is the strongest risk factor for HCC, with hepatitis C virus (HCV)
being a major risk factor in the Western world and Japan (2). The prognosis of patients with
cirrhosis due to HCV is influenced by the progression towards hepatic decompensation and
HCC and the latter is the leading cause of mortality in patients with compensated cirrhosis. In
the past few years, several studies in patients treated with interferon-based therapy have clearly
shown that the risk of HCC is markedly lower in patients who achieve a sustained virological
response (SVR) than in those who do not (3).

HCC occurrence after DAAs treatment

The development of new direct-acting antivirals (DAAs) has revolutionized the
treatment of HCV infection, with very high SVR rates (>90%), very few contraindications and
a low rate of adverse events (4). There are no data from randomized controlled trials (RCTs)
on the effect of HCV eradication by DAAs in patients with advanced or decompensated liver
disease (with or without HCC), or in patients who have been successfully treated for HCC.
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Thus, the available data on HCC in these patients is based on post-marketing surveillance and
mostly concerns the occurrence (i.e., “de novo™) or recurrence (relapse of previously cured) of
HCC during and after DAA treatment in patients with HCV cirrhosis.

This lack of RCT data is especially important because of certain reports of a potentially
increased risk of early HCC recurrence in patients who are successfully treated with DAAs, and
an increased risk of HCC with more aggressive tumor behavior after DAA treatment (5,6).

Hypothetically, the mechanisms involved in the higher risk of HCC after DAA therapy
include a loss of immune control due to the clearance of HCV-specific T cells from the liver.
Some researchers have suggested that a rapid decrease in antigenic load upon HCV eradication
can promote a hypo-responsive state in memory-helper T cells, a new condition which could
play a role in the emergence of cancer events (7). A recent study has suggested that a DAA-
mediated increase in vascular endothelial growth factor (VEGF) favors HCC
recurrence/occurrence in susceptible patients who already have abnormal activation of neo-
angiogenetic pathways in the liver tissue (8). On the other hand, since DAA therapy is now the
accepted standard of care in patients with HCV infection (mainly due to a higher rate of SVR
and the worldwide-accepted effect on clinical outcomes), RCTs comparing DAA to placebo are
unethical and unfeasible.

The study by Conti et al. (6) reported a high incidence (3.17% after 24 weeks of follow-
up) of HCC after viral clearance. Conversely, in a large retrospective cohort study including
22,500 HCV patients treated with DAAs Kanwal et al. (9) demonstrated an overall annual HCC
incidence of 1.18% (95% CI, 1.04—-1.32). It is interesting, to note that the annual HCC incidence
was markedly higher in patients who did not achieve SVR (3.45%; 95% CI, 2.73-4.18)
compared to those who did (0.90%; 95% CI, 0.77-1.03).

Moreover, Calvaruso et al. (10) collected data from a prospective study of 2,249
consecutive patients with HCV—-associated cirrhosis (90.5% with Child-Pugh class A and 9.5%
with Child- Pugh class B) treated with DAAs. One year after exposure to DAAs, HCC
developed in 2.1% of patients with Child-Pugh class A with a SVR and 6.6% of patients with
no SVR and in 7.8% of patients with Child-Pugh class B with a SVR and 12.4% of patients
with no SVR (P <.001 by log-rank test).

It is important to consider that the reported de novo occurrence rate of HCC after DAA
therapy may be mainly explained by the fact that patients with more advanced stages of
cirrhosis, who are at an intrinsically higher risk of cancer, now have access to curative
treatment. Conversely, when interferon/ribavirin was the only therapeutic option, treatment
could be only attempted in well compensated patients with cirrhosis often without clinically
significant portal hypertension, who are at lower risk of HCC.

Finally, the large metaanalysis performed by Waziry et al. (11) including 26 different
studies (19 prospective, 5 retrospective and 2 retrospective-prospective cohorts) reported
similar results for the occurrence of HCC following SVR: 1.14/199 per year [py] (95% CI 0.86-
1.52) and 2.96/100 py (95% CI 5-29.58) in the interferon and DAAs group respectively. Meta-
regression adjusting for study follow-up and age showed that DAA therapy was not associated
with a higher occurrence of HCC (RR 0.68; 95 % CI 0.18-2.55; p=0.55).

HCC recurrence after DAAs treatment in successfully treated HCC

Although recent data from large retrospective and prospective cohort studies have

clearly confirmed the reduced risk of incident HCC following a SVR with DAA, and that
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cirrhosis is the main driver of the residual risk of HCC following SVR (9,10), there is some
doubt about the risk of recurrent HCC in successfully treated HCC, mainly due to the
methodological limitations of the studies. The clinical impact of DAAs on the recurrence of
HCC is controversial based on limited and contrasting evidence. First, as mentioned, RCTs
evaluating the efficacy of DAAs in patients successfully treated for HCC are lacking. Second,
data from clinical practice are characterized by numerous methodological weaknesses,
intrinsically linked to this complex context.

A retrospective analysis of 58 patients receiving DA As, with prior HCC and a complete
response after resection, ablation or transarterial chemoembolization (TACE), showed
radiological tumor recurrence in 27.6% after a median follow-up of 5.7 months. No control
group was included in this study (5). Another study by Conti et al (6) evaluated recurrent HCC
after DAA therapy in 59 patients with cirrhosis, without a control group. HCC recurrence was
found in 17 (28.8%) patients during the 24-week follow-up. On the other hand, data from 3
cohort studies including patients with chronic hepatitis C who were previously treated for HCC
(HEPATHER study with 189 patients treated with DAA and 78 untreated patients; CirVir study
with 13 patients treated with DAA and 66 untreated patients; and CUPILT study with 314 liver
transplant recipients for HCC who were subsequently treated with DAA), showed no increase
in the recurrence of HCC after DAA therapy compared to DA A-untreated patients (12).

Interestingly, recent studies (13,14) have identified a prior history of HCC recurrence
as an independent predictor of recurrence. These results are particularly relevant because they
show the wide heterogeneity of the populations included in many studies. Because of the
absence of RCTs with an untreated control arm (which would be ethically unacceptable), a
recently published meta-analysis of actuarial HCC survival and recurrence probabilities in
patients with successfully treated HCC and compensated cirrhosis, without a prior history of
HCC recurrence, untreated for HCV (15), represents the benchmark reference control. This
meta-analysis of eleven studies (701 patients) showed that the pooled estimates of 6-month, 1-
year and 2-year recurrence probabilities were 7.4% (95% CI, 4.0-10.0%), 20% (95% CI, 12.7-
27.4%), and 47% (95% CI, 39.5-54.4%), respectively, while pooled estimates of 3-year and 5-
year survival actuarial probabilities were 79.8% (95% CI, 74.2-85.8%), and 58.6% (95% CI,
51.1-67.1%).

So, how can the question of a possibly higher risk of HCC recurrence after DAA therapy
be clearly answered? First, future cohort studies comparing DAA-untreated patients
successfully treated for HCC and DA A-treated patients with no history of recurrence should be
performed. Second, a meta-analysis of individual patient data is needed to better explore and
explain the heterogeneity of patients included in published studies.

Another relevant point involves patients with viable HCC listed for liver transplant. In
fact, there is some evidence (16,17) that DAA treatment could also improve liver function,
reduce the risk of decompensation and reduce waiting list dropout due to HCC progression or
death in patients with decompensated cirrhosis and HCC.

For the moment there is no evidence to prevent DAA treatment in patients: 1) without a history
of HCC; 2) successfully treated for HCC; and 3) listed for liver transplant (with or without
HCO).
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There is an urgent need for high quality studies to evaluate the benefit of HCV

eradication (risk of decompensation, HCC progression, and mortality) on clinically relevant
outcomes in patients with intermediate or advanced HCC on compensated cirrhosis.
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Key points

e The risk of drug-to-drug interactions between regimens to cure HCV and suppress HBV
infection is very low.

e The risk of HBV reactivation during treatment with direct acting antivirals (DAAs) is
similar to that observed with interferon-based therapy.

e All patients scheduled for anti-HCV treatment should be tested for HBsAg, and additional
anti-HBc testing should be performed in immunocompromised patients.

e HBsAg positive patients with undetectable HBV DNA during DAAs therapy should be
monitored for ALT activity. If ALT is elevated, HBV DNA should be measured and if
detectable, nucleoside or nucleotide analogues (NUCs) administered.

e Patients with detectable HBV DNA prior to scheduled HCV treatment should receive NUCs
at least one month before DAAs.

In general antiviral therapy can be administered in the same manner in patients with HBV-
HCYV coinfection as in monoinfected patients. However, there are certain limitations that should
be mentioned. First, there is a risk of drug-to-drug interactions (DDI) between regimens
administered to cure HCV and suppress HBV infection. Reactivation of HBV is also possible
during or shortly after treatment with direct acting antivirals (DAAs) for HCV infection.

In HBV-HCV coinfected patients who are already receiving long-term treatment with
nucleoside or nucleotide analogues (NUCs) for HBV suppression, optimal anti-HCV therapies
must be chosen to avoid DDI. This is easy using the well known "HEP drug interactions”
website as a reference [1]. Co-administration of all medications for HBV and HCV is possible.
Certain potential interactions may occur with the co-administration of ribavirin and tenofovir
or lamivudine. However, this is theoretical and based on HCV/HIV coinfected patients treated
with a combination of pegylated interferon alpha and ribavirin, so it does not have practical
value. Tenofovir blood concentrations can be increased when administered with sofosbuvir-
containing regimens, so patients on tenofovir disoproxil, should be monitored, especially those
with kidney diseases and if possible an alternative DAA regimen should be selected. Other
tenofovir-associated adverse reactions are unlikely due to the short course of DAA treatment in
most patients.

There is no risk of interactions with DAA in patients treated with pegylated interferon alpha
for HBV infection, except for possible decompensation in patients with cirrhosis, related to the
mode of action of protease inhibitors and interferon. However, because of the possible risk of
a life-threatening increase in HBV replication during DA As treatment, potent NUCs should be
used instead of pegylated interferon alpha in coinfected patients.
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As mentioned, the second major risk of treatment in patients with HBV/HCV coinfection
is life-threatening HBV reactivation during DAAs treatment. The problem was identified by
the FDA in 2016 based on 29 cases, mainly from Asia. Unfortunately, details showed that
almost half of these patients were not tested for HBsAg and only six were tested for anti-HBc
antibodies before the start of DAAs therapy [2]. Further analysis clearly showed that the risk
of HBV reactivation with DAAs was not significantly different than in previous interferon
regimens [3]. Results of prospective studies in HBsAg positive patients and in those with
isolated anti-HBc showed that HBV reactivation was usually not associated with significant
clinical or laboratory signs of liver injury and that the increase in HBV DNA was transient [4,
5]. However, the major question was whether the risk of reactivation is only found in HBsAg
positive patients or also includes those with isolated presence of anti-HBc. The FDA reported
three cases of HBV reactivation in patients with isolated anti-HBc, but with unknown immune
status [2]. However, several studies and our own observation in a large real world cohort of
immunocompetent patients, clearly showed that there was no risk of HBV reactivation in
HBsAg negative, anti-HBc positive patients treated with DAAs [6-9]. On the other hand, it has
been shown that HBV reactivation can occur in patients with an isolated presence of anti-HBc
during immunosupressive therapy [5, 10, 11]

EASL guidelines recommend that patients scheduled for anti-HCV therapy always be
tested for HBsAg, anti-HBc and anti-HBs [12]. However, current knowledge suggests that
testing these patients for HBsAg is enough, while anti-HBc should be recommended in
immunocompromised patients only. Individuals with HBsAg or immunocompromised patients
who are positive for anti-HBc should be tested for HBV DNA before beginning treatment. In
those patients found to be HBsAg positive, ALT activity should be monitored during therapy
in the following manner:

a) HBV DNA must be measured in the presence of any ALT elevation during DAAs therapy in
patients with undetectable HBV DNA and normal ALT activity at baseline and potent
NUC:s (entecavir or tenofovir) must be administered in combination with DA As therapy
as soon as possible, even without waiting for HBV DNA testing results;

b) in patients with undetectable HBV DNA and elevated ALT activity that does not decrease in
the first 4 weeks of DAAs treatment, HBV DNA testing should be repeated until the
end of HCV therapy, and if results are positive, potent NUCs should be administered,

¢) in patients with detectable HBV DNA prior to scheduled HCV treatment, NUCs therapy
should be initiated at least one month before DAAs, optimally when the HBV viral load
is undetectable;

d) patients who have been successfully treated with NUCs for a long period before the initiation
of HCV therapy should continue this regimen along with DAAs treatment;

e) patients who do not achieve HBV suppression should be switched to an alternative, more
efficient NUC:s or, if this is impossible, carefully monitored during DAAs therapy.
Most reported HBV reactivations occurred after 4 to 12 weeks of DAAs therapy, but

may also be observed after treatment has been terminated. Thus, patients who are at risk of

HBV reactivation should continue NUC for at least 12 weeks after anti-HCV therapy is

terminated.
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Key points

e Autoimmune hepatitis is a disease of unknown etiology.

e Environmental agents may trigger a self-perpetuating disease process towards
autologous liver tissue in genetically susceptible individuals.

e Predniso(lo)ne alone or in combination with azathioprine is the standard-of-care (SOC).
Normal ALT and AST levels as well as normal serum IgG and the relief of symptoms
are the goals of therapy, which may be obtained in at least 30% of patients.

e The topical steroid budesonide can also be used instead of predniso(lo)ne in patients
without cirrhosis to avoid steroid-specific side effects.

e In patients who do not respond or are intolerant to the SOC, alternative drugs such as
cyclosporin A, tacrolimus, mycophenolate/MMF or biologicals such as anti TNF and
anti CD 20 antibodies can be used. None of these second line therapies have been
approved.

Autoimmune Hepatitis (AIH) is a disease of unknown etiology. However, a loss of tolerance
against the patient’s own liver is considered to be the main pathogenetic mechanism. One major
pathogenetic hypothesis is that environmental agents, such as viruses and toxins, trigger the
self-perpetuating autoimmune process in genetically susceptible individuals. Genes of the
MHC locus are responsible for approximately 50% of the genetic risk. Other non-MHC genes
include CTLA-4, the vitamin D receptor, but not the AIRE gene. Drugs and infectious agents
such as hepatitis A, C and more recently E virus and Parvovirus B19 are among the
environmental candidates triggering AIH.

The lack of hallmarks for AIH makes the diagnostic process challenging. Typical findings
are high autoantibody titers, polyclonal hypergammaglobulinemia and histological findings of
lympho-plasmacellular infiltrates with interface hepatitis. The low specificity of common
autoantibodies such as ANA and SMA, and the very low sensitivity of AIH-specific
autoantibodies such as SLA and LKM, emphasize the need to improve the clinical diagnostic
work-up of patients with chronic hepatitis. After excluding the more common causes of
hepatitis, e.g. viral infections and metabolic causes, a liver biopsy should be performed to
confirm or exclude AIH or identify other causes of liver disease. Three scoring systems have
recently become available to help clinicians make the diagnosis of AIH.

Immunosuppressive therapy prolongs survival in patients with severe AIH. Two phases of
therapy must be distinguished. The first goal in newly diagnosed autoimmune hepatitis is the
induction of remission. Remission is defined as the normalization of aminotransferases (ALT,
AST) and immunoglobulins G (IgG) in serum. Most patients usually respond to therapy within
six to twelve months. Improvement in clinical symptoms is followed by improvement in the
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biochemical parameters of disease activity and then by improvement in histology. A significant
reduction in aminotransferase levels is achieved after a few weeks of therapy. Predniso(lo)ne
alone or in combination with azathioprine has been shown to induce remission in most patients
and is regarded as the standard-of-care (SOC). The topical steroid budesonide, in combination
with azathioprine, is an alternative to prednis(ol)one in patients without cirrhosis. Budesonide
has been shown to induce disease remission in combination with azathioprine with fewer
steroid-specific side effects (SSSE) compared to prednisone. In addition, budesonide can
maintain remission previously induced by prednisone in combination with azathioprine. Once
remission is achieved patients should be kept in remission (normal ALT, AST and IgG) with
the lowest dose of immunosuppression possible. Careful evaluation of individual patients
should help decide whether predni(sol)sone, budesonide, azathioprine or a combination of one
of these steroids with azathioprine is used to maintain remission.

Patients treated with budesonide should not have cirrhosis, since the benefit of
budesonide with a 90% first pass effect in the liver is lost if the patient has already developed
portosystemic shunting. There are also safety concerns for budesonide use in patients with
cirrhosis.

Around 20 — 40% of patients do not achieve remission. Individual alternative therapies
should be evaluated for each of these patients. None of the second line therapies for AIH used
in clinical practice have been approved. There are no prospective controlled trials with large
numbers of patients in this population, but the first randomized controlled trial (RCT) in
difficult-to-treat patients with a B cell-depleting antibody against the B-cell activating factor
receptor (BAFF) receptor is ongoing. Mofetil/mycophenolate (MMF) at a dose of 2 x 1 g daily
results in remission in a significant proportion of patients as second line therapy, in particular
those intolerant to SOC. Alternative drugs include cyclosporin A, tacrolimus,
cyclophosphamide, and others. Thus, tacrolimus combined with steroids seems to be the most
potent second line therapy in patients with an incomplete response to the SOC. Women in
particular suffer from SSSE including weight gain, moon face, diabetes, glaucoma and bone
disease. A minority of AIH patients do not respond to first or second line therapies. In patients
who fail to respond to the first and second line treatments mentioned above, biologicals such
as monoclonal anti-TNF (e.g. Infliximab) or anti-B-cell antibodies such as anti-CD20
(Rituximab) are being explored as third line therapies. Furthermore, innovative cellular
therapies are under experimental and clinical development including application of regulatory
T cells (Tregs). Finally, low dose IL 2 is known to induce Tregs and may become a novel
therapeutic strategy for AIH. Hopefully our insights into the pathogenesis of autoimmune
hepatitis will improve to identify new therapeutic targets and obtain more specific and better
tolerated treatments for AIH. At present 4% of all liver transplantations in Europe and North
America are still due to AIH. If a correct diagnosis is obtained and appropriate therapy is
chosen, liver transplantation should be avoidable in these patients.
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Key points

e Nonalcoholic fatty liver disease (NAFLD) affects an estimated 25% of the general
population worldwide.

e One of the key issues in NAFLD patients is the differentiation of NASH (Nonalcoholic
steatohepatitis) from simple steatosis and the identification of advanced hepatic fibrosis.

e Sequential strategies combining serum biomarkers as a first step followed by
measurement of liver stiffness as a second step have been proposed to identify patients
with advanced fibrosis at risk of developing complications.

Nonalcoholic fatty liver disease (NAFLD) affects an estimated 25% of the general
population worldwide. In a subset of NAFLD patients, who have the progressive form of
NAFLD called nonalcoholic steatohepatitis (NASH), it can progress to advanced fibrosis,
cirrhosis, hepatocellular carcinoma and liver-related morbidity and mortality.

Thus, key issues in NAFLD patients are the differentiation of NASH from simple steatosis
and the identification of advanced hepatic fibrosis.

Until now, liver biopsy has been the gold standard for identifying these two critical
endpoints but has well known limitations including invasiveness, rare but potentially life-
threatening complications, poor acceptability, sampling variability and cost. Furthermore,
given the magnitude of the NAFLD epidemic worldwide, liver biopsy evaluation is impractical
and a non-invasive assessment for the diagnosis of NASH and advanced fibrosis is needed.

Sequential strategies combining widely available simple serum biomarkers as a first step
followed by measurement of liver stiffness, using transient elastography, as a second step have
been proposed to identify patients with advanced fibrosis at risk of developing complications.
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Key points

e Weight loss is a highly important strategy in NAFLD management. However, it is rarely
systematically pursued in individual patients using the most effective behavioral
techniques and thus remains ineffective in a many cases.

e Anintense approach to lifestyle changes can achieve the recommended threshold of loss
of 7%-10% of initial body weight. The latter is associated with both reduced liver fat
and the disappearance of nonalcoholic steatohepatitis (NASH) as well as a significant
reduction in fibrosis.

e A Mediterranean-type diet seems to be a reasonable suggestion in patients with NAFLD,
particularly considering its beneficial role in cardiovascular and all-cause mortality.

The main environmental factors of obesity and its related non-communicable diseases,
including NAFLD, are excess calorie intake, unhealthy diet, reduced physical activity and
increased sedentarity, modulated by gene/behavior interaction. The contribution of excess
calories is central, although the composition of the diet is also important. Indeed, the relative
proportion of fat and carbohydrates and the specific dietary sources have become the subject of
much research. Diets rich in saturated fatty acids (SFAs) are associated with increased liver fat,
while those rich in monounsaturated fatty acids (MUFAS) or n-6 polyunsaturated fatty acids (n-
6 PUFAs) tend to reduce liver fat (1). SFAs, MUFAs, and PUFAs may differently regulate
adipose tissue inflammation and de novo lipogenesis (2). Foods rich in fructose, such as
beverages and processed foods that are enriched with high fructose corn syrup, are the best
example of an unhealthy diet. An excess of soft drink consumption is associated with a higher
risk for NAFLD, NASH and fibrosis (3), through different mechanisms including increased de
novo lipogenesis, generation of tissue advanced glycation end-products, ROS production,
hepatic stellate cell activation and increased intestinal bacterial overgrowth and intestinal
permeability.

Effects of dietary restriction

Dietary restriction is the most effective way to reduce liver fat. A 5% reduction in the
body mass index is accompanied by a 25% reduction in liver fat on MRI measurements (4).
Accordingly, weight loss is considered to be the cornerstone of therapy in all national and
international guidelines on the clinical management of NAFLD. However, the clinical
significance of hepatic fat clearance is uncertain, considering that fibrosis, not steatosis,
regulates the progression of liver disease and determines the final outcome (5). Although
several studies have tested the effectiveness of lifestyle modifications in NAFLD, only a few
are based on solid behavioral strategies. Thus, NAFLD patients should be encouraged to initiate
and maintain lifestyle modifications aimed at weight loss based on three main components:
dietary recommendations, physical activity recommendations and cognitive-behavioral therapy
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to address weight loss and weight maintenance obstacles (6). In the largest trial to date, 293
patients with biopsy-proven NASH were assigned to a low-fat hypocaloric diet 750 kcal/day
less than the daily energy requirement (7). Macronutrient composition included 64%
carbohydrates, 22% fat with <10% of total calories as saturated fats and 14% dietary protein.
In addition, patients were encouraged to walk at least 200 min per week, to record habitual
physical activity and to attend individual behavioral sessions to promote adherence. Following
the 52-week intervent, at second biopsy, 25% had resolved histological steatohepatitis, and 19%
had a regression of liver fibrosis. It is important to note that the extent of histological
improvement mirrored the extent of weight loss. A higher proportion of subjects with > 5%
weight loss were found to have NASH resolution than subjects who lost less than this amount
of weight. NASH resolution occurred in 90% of the patients who lost >10% of weight, while
fibrosis regressed in 45%. However, only 10% of patients achieved the target of > 10% or more
of weight loss at one year. Similar results were reported in an earlier randomized controlled
study in which patients with biopsy-proven NASH were assigned 2:1 to either lifestyle
intervention or structured education (8).

Modification of diet composition

The optimal composition of the diet has been the subject of an intense search, and both
low-fat and low-carbohydrate diets have been proposed. A recent meta-analysis of carbohydrate
vs. fat for weight loss suggests that in hypocaloric diets, both high-fat, low-carbohydrate and
low-fat, high-carbohydrate diets are equally effective in reducing liver lipid (9). Possibly, food
choices based on the Mediterranean diet might be of additional help, considering the beneficial
effect of this diet on cardiovascular outcomes (9). This diet, consumed by people living around
the Mediterranea, includes higher proportions of monounsaturated fatty acids (MUFAs), lower
carbohydrates and more low-Glycemic Index carbohydrates, minimal saturated fats, as well as
increased dietary fibre and polyphenols. Typical food sources therefore include vegetables,
unrefined cereals, legumes, olive oil, nuts and fish.

Lifestyle changes

It should be emphasized that lifestyle changes can improve several important outcomes
independent of weight change, including the prevention of diabetes, adverse cardiovascular
(CV) events and all-cause mortality including CV related mortality (10). This additional data
is particularly significant as most patients with NASH will die from cardiovascular disease and
the complications of type 2 diabetes. In particular, there can be significant benefits extending
beyond the duration of the study, including reduction in the development of diabetes as well as
all-cause and cardiovascular mortality (10). Unfortunately, similar long-term outcome studies
have not been undertaken after defined interventions in NAFLD patients.

Although weight loss is a highly important strategy in NAFLD management, it is rarely
systematically pursued using the most effective behavioral techniques and thus remains
ineffective in a certain proportion of cases. In an ancillary part of the Look AHEAD (Action
for Health in Diabetes) Study (11), the participants randomly assigned to an intensive lifestyle
intervention lost significantly more weight, had greater reduction in steatosis, and a reduced
likelihood of developing NAFLD than subjects receiving standard diabetes support and
education. However, the Look AHEAD study has been stopped because of failure to reach the
desired targets of a weight loss-induced reduction of cardiovascular mortality, casting doubts
on the feasibility of behavioral treatment of overweight/obesity in the community.
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Key points

e The number of individuals with cirrhosis and end stage liver disease is expected to triple
over the course of the next 2 decades if the current pandemic of NAFLD is not brought
into check.

e The focus of therapy is to improve disease activity and/or stage in the short term. In the
long term, the goal is the prevent cirrhosis for those who have not developed cirrhosis.

e Treatment targets oxidative stress and apoptosis, antifibrotics, inflammation and
metabolic disturbances.

Nonalcoholic steatohepatitis (NASH) is a major cause of liver related disease in the
community. This has spurred a global effort to develop effective therapeutics for NASH. This
review summarizes the state of the art in terms of drugs under development and emerging
approaches for the treatment of NASH. This is a field that is evolving and this review is
intended to provide a snapshot of the pharmacological development for the treatment of NASH.

There is intense research with numerous clinical trials for NASH and over 200 trials
registered in clinical trials.gov. The current landscape may be considered in the context of the
mechanism of action of the drugs being used.

1. Therapies that target metabolic derangements:

Multiple agents have targeted insulin resistance as the key cause of NASH. The earliest studies
used pioglitazone and rosiglitazone !2. Interestingly, pioglitazone has better effects on NASH
that rosiglitazone, which has a purer peroxisome proliferator-activated receptor (PPAR)-y
profile. The PIVENS trial demonstrated that pioglitazone (30 mg/day) did indeed improve the
resolution of steatohepatitis and meta-analyses of existing trials even indicate improvement in
fibrosis **. A recent single center study confirms these results and shows a beneficial effect on
fibrosis > However, these results are limited by weight gain and a risk of fractures in older
women. The potential risks of bladder cancer have been largely debunked and the fears of
PPAR-y agonists causing increased mortality have not been confirmed 6. Many of the effects
of pioglitazone are mediated by mitochondrial pyruvate channels also known as mitochondrial
targets of thiazolidinediones (mTOTs) and are in phase 2B trials. Enantiomers of pioglitazone,
which have the metabolic benefits of pioglitazone without the associated weight gain, are also
under development.

Elafibrinor is a PPAR /3 agonist. The alpha component increases lipid oxidation and
reduces steatosis and fatty acid overload, while the delta component reduces inflammatory
signaling in macrophages. Although the GOLDEN trial missed the a priori primary endpoint,
a post hoc analysis of subjects with NASH, NAS > 4 and a fibrosis stage above 2 showed a
therapeutic benefit 7. A large pivotal trial (RESOLVE-IT) is currently under way and will read
out in 2020. Numerous other PPAR agonists are in early development including a pan-PPAR
agonist, lanifibrinor and a PPAR o/y agonist, saroglitazar.
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Another major target for therapy is the orphan nuclear receptor, farnesoid X receptor
(FXR). This is the cognate receptor for bile acids, which mediates numerous metabolic
functions. NASH is associated with an increase in bile acids derived from the cytosolic pathway
and a decrease in mitochondrial bile acids resulting in a profile that has poor FXR activity ®.
The pharmacological activation of FXR results in increased glucose disposal in those with type
2 diabetes °. It has subsequently been demonstrated that obeticholic acid, a prototypic FXR
agonist, further improves all of the histological features of NASH including steatosis,
inflammation, hepatocellular ballooning and fibrosis'. These were the basis of the
REGENERATE trial, which is a pivotal trial for approval by regulatory agencies and is
expected to read out in 2019. Obeticholic acid is limited by the development of pruritus in up
to 20% of subjects and is also associated with 10-20 mg/dl increase in LDL-cholesterol, which
is responsive to statin therapy. These limitations have led to the use of a lower dose (10 mg) in
one of the arms of the REGENERATE trial while the original studies used 25 mg. There are
also several second generation FXR agonists that have been developed to mitigate the pruritus
and LDL signals associated with obeticholic acid. One such molecule is currently under study
by Gilead, while Tropifexor is another compound developed by Novartis. Both molecules have
demonstrated decreased steatosis and liver enzymes in phase 2A trials and are undergoing
evaluation in phase 2B trials.

There is controversy whether the effects of obeticholic acid are directly due to liver
actions of the molecule or its effects on FXR activation in the intestine with release of FGF-19,
which also has FXR mimetic effects. A recombinant form of FGF-19 that has not been found
to be tumorogenic in animal models is currently in clinical trials. A phase 2A/2B trial has
demonstrated a robust effect on the clearance of hepatic steatosis and improvement in liver
enzymes, which was reflected by reduced steatohepatitis and even fibrosis !!. Unfortunately,
there were no control populations in the histology arms. A more rigorous phase 2B and 3
program is expected to follow. The key limitations of this agent is that it also causes some GI
side effects and increases LDL-cholesterol. Like obeticholic acid, this can be managed with
statins.

Another bile acid based approach is the conjugation of a fatty acid to a bile acid resulting
in a fatty acid bile acid conjugate (FABAC) also known as Aramchol. Aramchol is an inhibitor
of steroyl CoA desaturase, a key enzyme in lipogenesis. In a phase 2A trial, Aramchol produced
a dose dependent improvement in hepatic steatosis '2. Subsequently a phase 2B trial, not yet
published in full form, demonstrated that it improved resolution of steatohepatitis and the
individual features of NASH. However, a significant effect on fibrosis was not noted, although
those with resolution of NASH experienced improved fibrosis.

FGF21 is a non-mitogenic cytokine associated with increased insulin sensitivity and
direct antifibrotic effects. A phase 2A trial of FGF21 demonstrated evidence of decreased
hepatic steatosis and liver enzymes. This was accompanied by improved liver stiffness, LDL-
cholesterol and triglycerides. This agent is injectable and there are pegylated versions under
development that can be used weekly or even monthly. Two major phase 2B trials (FALCON
1 and 2) are ongoing.

Another major development in the field is the use of thyroxine [ receptor agonists,
which specifically target the liver and avoid the cardiovascular effects of thyroxine a receptors.
A recent phase 2A/2B trial from Madrigal, not yet published in full form, demonstrated

33



remarkable clearance of hepatic steatosis and improvement in liver enzymes accompanied by
increased resolution of steatohepatitis. A pivotal trial using this compound is ongoing. Another
recent trial with another thyroxine P receptor mimetic from Viking Pharmaceuticals confirmed
these findings. There are a number of additional targets that are currently being studied such as
cannabinoid receptor antagonists, miRNA based therapeutics, citrate lyase inhibitors etc.

2. Therapeutics targeting oxidative stress and apoptosis
Vitamin E was one of the earliest agents to be studied for NASH 3. A large phase 2B trial
demonstrated that it clearly reduces steatosis, ballooning, and inflammation but did not have a
significant effect on the regression of fibrosis *. However, there have been fears that this dose
of vitamin E could contribute to a general all cause mortality risk and prostate cancer. The
prostate cancer risk has not been confirmed in metaanalyses, with Odds ratios from 1.03 to 0.98
in nonsmokers and smokers respectively !4,

Selonsertib is an apoptosis signaling kinase-1 (ASK1) inhibitor. ASKI is involved in
several pathways connecting cell stress to inflammation and apoptosis including oxidative
stress and unfolded protein response. It has been shown to reduce hepatic fibrosis in a phase
2A/B trial °. These have led to two pivotal programs (STELLAR 3 and STELLAR 4) targeting
NASH with bridging fibrosis and with cirrhosis, respectively. These are expected to read out
in 2019.

Emricasan is a caspase inhibitor that blocks apoptosis. A phase 2B trial targeting NASH with
cirrhosis with the hepatic venous pressure gradient as the primary endpoint, is now fully
enrolled and should read out in the next few months.

3. Drugs targeting inflammation

Cenicrivoric is a C-C chemokine receptor 2 and 5 (CCR2-CCRS) antagonist. These
chemokine receptors are also the receptor for MCP-1, a key inflammatory cytokine in NASH.
A rigorously performed clinical trial in those with NASH, significant activity and fibrosis
showed that this compound produced a statistically significant and sustained reduction in
fibrosis '°. Given that this target is downstream from the metabolic and cell stress drivers of
disease, it does not affect steatohepatitis, steatosis, inflammation or ballooning. A pivotal trial
(AURORA) is underway to evaluate the ability of this compound to prevent cirrhosis.

Several other anti-inflammatory molecules are under development including
inflammasome inhibitors, TLR antagonists etc. However, a study using a toll like receptor
(TLR4) antagonist was negative and another study using a bovine colostrum targeting
endotoxin also lacked efficacy against NASH. These trials have been presented at international
meetings and have not yet been published.

4. Anti-fibrotics

Several attempts to use pure anti-fibrotics are currently ongoing. Two major trials using
a monoclonal antibody directed against lysl oxidase failed to demonstrate any clinical benefit
17 A trial of Galectin also failed to meet its primary endpoint, although in a post hoc analysis a
subgroup with moderate portal hypertension appears to have benefited. These data must be
confirmed in future trials. Other approaches such as the use of integrin inhibitors and molecules
targeting heat shock protein (HSP47) are under development.
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5. Combination therapeutics
Patients with high activity and fibrosis are expected to require combination therapies.

Several trials, including the ATLAS trial by Gilead are evaluating the clinical benefit of

multiple combinations.

In summary, there is a lot of activity in the development of therapeutics for NASH.

While there has been progress and the first wave of pivotal trials will read out in 2019, much
remains to be done. Future trials are anticipated to integrate cardiovascular and liver endpoints.
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Key points

e Epidemiological and clinical studies have shown that NAFLD/NASH is highly
prevalent in at risk populations and is under-recognized in the primary care setting.

e Screening for NAFLD/NASH in at risk populations is a major challenge. The most
accurate of the simple non-invasive fibrosis markers is the FIB-4, which is based on
age, ALT, AST and platelet count.

e Management of NAFLD requires a multidisciplinary approach including an
endocrinological and cardiological assessment.

e Knowledge of guidelines on statin use in NAFLD must be improved in primary care
physicians.

e Diet, bariatric surgery and pharmacological agents may be useful in NASH patients with
diabetes.

Collaboration between hepatologists and endocrinologists and an integrative and
synergistic approach is of major importance for the screening and management of NAFLD
patients.

Epidemiological and clinical studies have shown that NAFLD/NASH is highly prevalent in
at risk populations such as obese patients or those with type 2 diabetes. In the French
Constances cohort, screening of patients by non-invasive tests has shown that the prevalence
of NAFLD in patients with type 2 diabetes is 63%, while the prevalence of NASH with
advanced fibrosis is 7.6%.

NAFLD is a condition that remains under-recognized in the primary care setting as recently
shown in a series of NAFLD patients, in which only 21.5% had NAFLD mentioned as a possible
diagnosis in their medical records, while only 10.4% were referred to a specialist. In a practice
survey performed among 100 Australian specialists including endocrinologists, most believed
that NAFLD was uncommon in their own patients and 71% reported that they did not make
referrals to a hepatology unit.

Screening of NAFLD/NASH

Screening for NAFLD/NASH in at risk populations is a major challenge. Because there
is no accurate marker of NASH, non-invasive markers of fibrosis, which have the best
predictive value to determine morbi-mortality in NAFLD patients, have been proposed to
screen this population. The most accurate, simple, non-invasive fibrosis marker is the FIB-4,
which is based on age, ALT, AST and platelet count. Because of its high negative predictive
value (>90%), FIB-4 can exclude patients with advanced fibrosis, especially in populations
with a low prevalence of fibrosis. In the primary care setting, it has been reported that screening
with FIB-4 can exclude most patients (70%) with a low risk of advanced fibrosis in patients
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with suspected NAFLD. The stepwise combination of non-invasive fibrosis tests increases the
diagnostic accuracy in NAFLD patients. The second screening step should be based on more
accurate non-invasive methods such as fibroscan, to select patients with NASH and a high risk
of advanced fibrosis. Moreover, fibroscan is now coupled with the Controlled Attenuated
Parameter (CAP), which can assess the grade of liver steatosis.
Management of comorbidities

In a practice survey performed in 352 French gastroenterologists, most of them used a
multidisciplinary approach in the management of NAFLD patients. Eighty seven percent of
them referred NAFLD patients for an endocrinological and cardiological assessment of
potential comorbidities. Moreover, 84% referred the patient to a dietician directly and did not
leave this up to the endocrinologist. Sixty-nine percent of the participants felt that managing
overweight patients was not within their field of competence and therefore referred them to
endocrinologists or general practitioners. The use of statins in patients with NAFLD and
dyslipidemia was investigated through a review of medical records in a Veterans
Administration (VA) facility. This study showed that patients whose primary care physicians
detected NAFLD were less likely to receive appropriate statin care than those with undetected
NAFLD (OR = 0.34, 95% CI 0.18-0.64). This emphasizes the need to improve the knowledge
of guidelines on statin use in NAFLD in the population of primary care physicians.
Treatment of NASH in diabetic patients

Besides lifestyle changes, there are no approved drugs for the treatment of
NAFLD/NASH. Significant died-induced weight loss, (> 10%), has been shown to improve
liver injury in NASH patients, including fibrosis. The results of bariatric surgery have also been
impressive in morbidly obese patients. While there is no approved drug for treatment of
NAFLD/NASH, several pharmacological agents that are used in the treatment of type 2 diabetes
have shown some degree of efficacy in NASH. Glitazones such as pioglitazone and
rosiglitazone were the first antidiabetic agents shown to improve liver injury in clinical trials in
NASH patients. However, because of their potential toxicity, they are no longer prescribed in
several countries such as in France. Liraglutide, a glucagon like peptide-1 (GLP-1) agonist, and
sitagliptine, a dipeptidyl peptidase-4 (DPP-4) inhibitor, have shown promising results and
should be used as first line therapy in patients with type 2 diabetes and NASH.
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Key points
e NAFLD and type 2 diabetes mellitus (T2DM) are closely associated because they
share the same pathogenic context, i.e. obesity and insulin-resistance.
e T2DM patients have increased risk of death from liver-related complications and
cancer.
e Advanced liver fibrosis should be screened for in T2DM patients. This requires close
collaboration between hepatologists and diabetologists.

Non-alcoholic fatty liver disease (NAFLD) is now recognized as the manifestation in the
liver of the metabolic syndrome. The prevalence of NAFLD is following the pandemic of
obesity and has reached 25% in the general population (1). NAFLD is now the leading cause
of chronic liver disease and cirrhosis (2, 3) and is expected to become the main cause of liver
transplantation within a few years (4). Longitudinal retrospective studies have shown that,
among all the liver lesions observed in NAFLD, fibrosis is the main determinant of patient
prognosis (5).

NAFLD and type 2 diabetes mellitus (T2DM) are closely associated because they share the
same pathogenic context, i.e. obesity and insulin-resistance. The relationship between NAFLD
and T2DM is complex since it is bidirectional. Some observational data suggest that NAFLD
promotes hepatic insulin resistance and new-onset T2DM while other studies suggest that
T2DM alone accelerates the progression of NAFLD to NASH. T2DM patients have an
increased risk of death from liver-related complications and cancer (6). In the general
population, T2DM is an independent risk factor of liver fibrosis (7). Models developed for the
non-invasive diagnosis of liver fibrosis have all shown an independent and strong association
between the presence of T2DM and advanced fibrosis in the liver (8-10). For all these reasons,
it appears highly relevant to screen advanced liver fibrosis in T2DM patients and this requires
close collaboration between hepatologists and diabetologists.
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Key points

e The AASLD guidelines recommend against population screening while EASL-EASD—
EASO clinical practice guidelines recommend screening for NAFLD in people with
type 2 diabetes.

e In EASL guidelines, surrogate markers of fibrosis (NAFLD Fibrosis Score, FIB-4, ELF
or FibroTest) should be calculated for every NAFLD patient in order to rule out
significant fibrosis

e Diabetes specialists refer too few screened patients to hepatologists.

e Non-invasive panels for the diagnosis of steatosis and fibrosis, developed in non-
diabetic cohorts, underperform when applied to patients with type 2 diabetes.

e New clinical and/or biological biomarkers of steatosis and fibrosis should be
specifically validated in people with type 2 diabetes.

Type 2 diabetes mellitus (T2DM) is associated with the presence of non alcoholic fatty liver
disease (NAFLD) in about two-thirds of patients. Moreover, T2DM increases the risk of
complications of NAFLD, more specifically, the risk of fibrosis, cirrhosis and hepatocellular
carcinoma. Thus, it is necessary to perform steatosis screening in all people with T2DM. In the
same way, an evaluation of the severity of NAFLD is indicated to prevent and diagnose the
early complications of this disease. If significant fibrosis cannot be ruled out, diabetologists
should refer diabetic patients to a hepatologist. The AASLD guidelines recommend against
population screening, noting poor evidence for longer-term benefits and cost-effectiveness (1)
while recent EASL-EASD-EASO clinical practice guidelines recommend screening for
NAFLD in people with T2DM (2). In these recommendations, the presence of NAFLD should
be looked for irrespective of liver enzyme levels, since people with T2DM are at high risk of
disease progression. In these new guidelines, surrogate markers of fibrosis (NAFLD Fibrosis
Score, FIB-4, ELF or FibroTest) should be calculated for every NAFLD patient to rule out
significant fibrosis.

There are currently no existing data about the clinical practices of diabetologists concerning
NAFLD. However, the screening and evaluation of NAFLD in diabetes units does not seem to
be highly effective. Diabetes specialists refer too few screened patients to hepatologists. The
explanation for this is probably linked to the clinical practices of diabetologists as well as the
tools they have at their disposal. Indeed, the prevalence and severity of NAFLD are
underestimated among diabetes specialists (3). In a recent survey, less than 5% of diabetologists
correctly assessed the prevalence and severity of advanced fibrotic non-alcoholic fatty liver
disease in people with diabetes (3). Another difficulty involves the inadequacy of EASL-
EASD-EASO clinical practice guidelines in individuals with T2DM. The application of EASL-
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EASD-EASO guidelines results in a referral to a liver clinic of 34.6 to 84.9% people with
T2DM, depending on the methods used for the diagnosis of steatosis and fibrosis (4). Strict
application of these guidelines would lead to an excessive number of people with T2DM being
referred to a liver clinic (4). It seems very difficult to apply these algorithms in routine clinical
practice. A final difficulty is related to the validity of non-invasive steatosis and fibrosis scores
in the diabetic population. Several studies have shown that non-invasive panels for the
diagnosis of steatosis and fibrosis, which were developed in non-diabetic cohorts,
underperformed when applied to patients with T2DM (5-7). We suggest that new clinical and/or
biological biomarkers of steatosis and fibrosis should be specifically validated in people with
type 2 diabetes. Lifestyle changes remain the cornerstone of therapy. A systematic review of
studies assessing liver outcomes supported reduction of daily caloric intake in combination with
30 to 60 minutes of exercise 3 to 5 days per week (1). Regarding treatment for NAFLD, the
AASLD advises pioglitazone in patients with biopsy-proven NASH with and without type 2
diabetes, and vitamin E in only patients without diabetes and with biopsy-proven NASH
without cirrhosis (1).
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Key points
e Copper is an essential micronutrient.
e Both copper overload and copper deficiency lead to liver disease.
e Wilson disease is the most common form of hereditary copper toxicity and is a treatable
disease.
e Hepatic copper deficiency is associated with fatty liver including NASH.

Copper is incorporated into a variety of proteins and metalloenzymes (cytochrome C
oxydase, superoxide dismutase, dopamine-B hydroxylase, lysil-oxydase, tyrosinase) which
perform essential metabolic functions. This micronutrient is necessary for the proper growth,
development, and maintenance of liver, bone, connective tissue, brain, heart, and many other
body organs. Both an excess and a deficiency in copper can lead to a variety of diseases, and
can be either of genetic or non-genetic origin.

Copper overload
Wilson disease

Wilson disease (WD) is an autosomal recessive disorder caused by the ATP7B gene
mutation. Dysfunction of the ATP7B protein leads to impaired biliary excretion of copper and
thus to copper accumulation in the liver and extrahepatic tissues. The clinical picture is highly
variable with hepatic and neurological diseases as the leading forms of presentation. The
disease may become symptomatic at any age or may never become symptomatic. Typical
clinical features such as extrapyramidal symptoms or Kayser-Fleischer rings are frequently
absent in patients presenting with liver disease. The different phenotypic presentations of WD
cannot be explained by the 4A7P7B mutation. There is a significant gender effect in index
patients and a hepatic presentation is more common in females while a neurological
presentation is found in males (1). The degree of liver disease increases with age but does not
correlate with the genotype. About half of adult patients have cirrhosis at diagnosis while in
non-cirrhotic patients steatosis is a common finding and may resemble non alcoholic steato-
hepatitis (NASH) (2).

The methods used to diagnose/screen for WD include the measurement of copper
parameters (serum copper, serum ceruloplasmin, urinary copper excretion, hepatic copper
content) and molecular-genetic testing. No single test is specific per se and, thus, a range of
tests must be performed. In many patients a combination of tests reflecting disturbed copper
metabolism may be needed (3). Once the diagnosis is confirmed life-long treatment with
copper-chelators (d-Penicillamine, Triethylenetetramin, Tetrathiomolybdate) or zinc is needed
(4). For patients with acute WD or in patients with decompensated cirrhosis, liver
transplantation is the only life-saving cure. The life expectancy in all other patients is normal
with medical treatment (5).
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“Indian” childhood cirrhosis

This rare condition, first described in India, causes cirrhosis in young children and is
linked to exogenous copper exposure, with a genetic factor. Similar cases were described
outside of India (Austria, Australia, Canada). In the North American form in native Cree-
Ojibway Indians, a missense mutation (R565W) of the CIRHIA gene was detected on
chromosome 16 (6). Some patients respond to treatment with copper chelators but advanced
cases require liver transplantation.

Cholestasis

Hepatic copper content is markedly increased in any form of cholestatic disease. It is
important to note that in the presence of cholestasis, hepatic copper cannot be used to diagnose
WD. The copper content of the liver usually becomes normal if the cause of cholestasis is
removed. In primary biliary cholangitis, chelation therapy with D-Penicillamine has not been
found to be effective to improve the clinical outcome.

Copper deficiency
NAFLD/NASH

The role of hepatic copper content in non alcoholic fatty liver disease (NAFLD/NASH)
is not clearly understood. Several studies in humans and in experimental animals have shown
that hepatic copper levels were strongly and inversely correlated with the degree of steatosis.
Restriction of dietary copper in Sprague-Dawley rats induced hepatic steatosis and insulin
resistance (IR). Rats that remained on a copper-deficient diet had marked periportal
macrovesicular steatosis without inflammation or fibrosis (7). Furthermore, they presented with
higher surrogate markers of IR and higher total serum cholesterol, while triglyceride levels were
decreased. Fructose feeding in rats led to impaired copper status and iron overload in the liver.
Copper deficiency together with fructose feeding led to a significant increase in hepatic
triglyceride and cholesterol content. (8,9) Dietary copper is mainly absorbed in the duodenum
and the proximal jejunum by a copper specific transporter Ctr-1 in the apical membrane of the
enterocytes. Ctr-1 expression is strongly increased in rats with copper deficiency but this effect
was abolished with additional fructose feeding. Fructose also acts as an inhibitor of duodenal
copper absorption thus boosting impaired oxidant defense and lipid peroxidation. It has been
suggested that the reduced activity of fructose-metabolizing enzymes and their metabolites may
be responsible for differences in the severity of copper deficiency associated with liver
pathology. A gene-microarray differential analysis on the intestinal transcriptome of copper-
and iron-deficient rats highlighted that copper deficiency downregulates the mitochondrial and
peroxisomal beta-oxidation of fatty acids. Systemic copper deficiency in mice causes
mitochondrial dysfunction and similar morphological alterations have been described in human
NAFLD.

The mean hepatic copper content in patients with fatty liver was lower than in controls
and the mean percentage of histologically lipid-containing hepatocytes was inversely correlated
to hepatic copper content. Subgroup analysis showed that this inverse correlation was only
significant in patients without the metabolic syndrome (10).

Malabsorption syndromes

Copper deficiency in patients with malabsorption syndromes, especially in celiac
disease, is also associated with hepatic steatosis (11), but this has not been evaluated in
systematic studies.
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Key points

e Chronic hepatitis B is a major burden on health care systems.

e The primary goal of treatment is to prevent severe outcomes of chronic hepatitis B.

e Barriers to expanding therapy for hepatitis B in resource-limited settings include limited
infrastructural resources to perform appropriate diagnostic and monitoring assays.

e Scaling up treatment requires decentralization of healthcare and task shifting from
highly trained specialists to community-based health workers in teams.

e Governments require the fundamental acceptance that viral hepatitis, which can be
treated, leads to high numbers of deaths annually.

e WHO has set priorities for achieving global goals for HBV treatment

Introduction

Chronic hepatitis B (CHB) is a major burden on health care systems. The disease will
persist as a cause of substantial morbidity and mortality for several decades, despite the progress
of worldwide vaccination programs. Worldwide, there are an estimated 240 million chronically
infected persons and chronic HBV remains an important cause of cirrhosis, hepatic
decompensation, and hepatocellular carcinoma (HCC) !-3 Age is a key factor in determining the
risk of chronic infection as the consequences of disease increase with age. An estimated
650,000 people die each year from the complications caused by chronic hepatitis B infection,
and overall, HBV accounts for around 45% of cases of HCC and 30% of cirrhosis worldwide,
with much higher proportions in low and middle income countries (LMICs).*
Assessment of stage of disease

CHB-related liver disease can range from minimal fibrosis to cirrhosis, leading to a
number of potentially life-threatening complications. Compensated cirrhosis may be clinically
silent. To assess fibrosis and inflammatory changes requires a liver biopsy, but large-scale
population based non-invasive testing and liver imaging can stage hepatic fibrosis. Simple non-
invasive methods, for example fibroscan (transient elastography) or aspartate aminotransferase
(AST)-to-platelet ratio index (APRI) scores or FIB-4 for estimating hepatic fibrosis (FIB-4 =
(age (yr) x AST (IU/L)) / (platelet count (10°/L x [ALT (IU/L)) may be reliable in prevalent
regions. The positive predictive value to determine cirrhosis is low for all non-invasive metrics,
including APRI, and there has been limited assessment of these tests in Africa. 7.
Screening

Most international guidelines recommend screening in high-risk groups. These groups
include household and sexual contacts of persons with CHB, HIV-infected individuals, people
who inject drugs (PWID), men who have sex with men and sex workers. Those at risk who
lack immunity must be offered hepatitis B vaccination. Other groups that may be considered
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for screening include: indigenous peoples, the incarcerated, and transgender persons. Screening
programs have been implemented in some countries. In New Zealand all Maori Pacific
Islanders and Asians over the age of 15 are tested. Many countries offer routine antenatal
screening to detect HBsAg and viremia in the mother. In China, screening includes children
and adolescents, before admission to kindergarten, elementary, middle school and university.
Most hospitalised patients in Singapore are screened. South Korea has screening programs
linked to employment and national insurance.

Blood and organ donors should also be screened for HBsAg and other blood borne
pathogens in accordance with WHO recommendations. As noted by the WHO consultation on
HBYV, surveillance for HBV varies widely in its methods and completeness. While chronic liver
disease is an important health problem in high prevalent regions, no major efforts to identify
persons with progressive disease are in progress except in some industrialised countries. * In
the United States and Europe, population-based screening is also recommended for migrants
from endemic countries but is not widespread. A systematic review undertaken by the US task
force concluded that screening and antiviral treatment is associated with improved intermediate
outcomes, but that research was required to better define the effects of screening and
interventions on clinical outcomes and to identify an optimal strategy ®. Screening for HIV and
HCV in HBsAg-positive persons is mandatory.

Treatment

Timing and the need for treatment are important. A combined assessment, staging liver
disease together with longitudinal concentrations of serum ALT and HBV DNA is required.
Antiviral therapy should be targeted to the active phases of CHB when the risk of disease
progression is highest. Several predictive factors (age, sex, genotype, family history of HCC)
and co-factors (diabetes, HIV coinfection, alcohol) that may influence disease progression have
been identified. Several national and international recommendations for treatment exist. The
cost of antiviral treatments for hepatitis B has been reduced and has become affordable through
generic production and subsidies. = Most national guidelines suggest that persons with
persistently abnormal ALT with a HBV DNA or > 2000 or > 20 000 IU/mL be treated
irrespective of HBeAg status. However, in many countries where HBV infection is prevalent,
health care costs are not met by the state but by individuals, and the ability to treat important
chronic infectious diseases will still require non governmental or insurance programs for
funding to treat those on low annual incomes. Minimal requirements for toxicity monitoring of
tenofovir and entecavir favor their acceptability in LMICs. Moreover, tenofovir can be safely
used in special categories such as pregnant women, in coinfected HIV/HBV and in persons with
tuberculosis (TB) °-'2. Tenofovir alafenamide (TAF) is dosed at 25mg and thus the toxicities
of TAF are minimized 3. Cost savings are realized via reduced generic manufacturing costs.

An estimated 5% to 15% of the 34 million HIV-infected persons worldwide are
coinfected with HBV (59-62). These rates are highest in LMICs, particularly in South-East
Asia and sub-Saharan Africa, South America, and in some populations, especially PWID. HIV
coinfected persons require appropriate antiretroviral therapy to include tenofovir and
emtricitabine or tenofovir plus lamivudine. It is vital to forestall resistance in in HIV-HBV co-
infected patients receiving lamivudine.
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Monitoring

An assessment of ALT, AST (for APRI), HBsAg, HBeAg and serum HBV DNA levels
(where available and affordable), NITs and adherence considerations should be obtained at least
once a year ’. More frequent monitoring is recommended in some categories including persons
with a more advanced disease and in persons not yet on treatment to identify a change in clinical
status, which may indicate progression to active disease requiring treatment. Renal function
should be measured at baseline '*. Renal function requires annual monitoring in persons on
long-term tenofovir or entecavir therapy, and growth should be monitored in children.
Barriers to expanding therapy

Barriers to expanding therapy for hepatitis B in resource-limited settings include a
limited understanding of the prevalence of the disease and its distribution, limited data on
treatment efficacy in low-income countries and limited infrastructural resources to perform
appropriate diagnostic and monitoring assays. As HBV DNA testing remains limited in LMICs,
treatment considerations are based on persistently abnormal ALT levels alone, regardless of
HBeAg status. * Serum concentrations of HBV DNA are quantified by real-time polymerase
chain reaction (PCR). Unfortunately, HBV DNA is not routinely tested in low-income
countries. °"'7 However new advances in microfluidics and miniaturisation are being made.
Scaling up treatment

Many countries face significant challenges in implementing antiviral therapy for viral
hepatitis. Treatment should be considered in the context of disease prevalence. There is an
imperative need to identify individuals with advancing or advanced disease, and target
treatment to prevent progression to liver failure. The impact of targeting treatment to patients
with cirrhosis to prevent HCC is less certain.

A key barrier to HBV treatment in resource-limited settings is no longer the cost of
medicines, but more often, the costs of diagnostic and monitoring facilities, and personnel.
Drug costs are low: generic tenofovir is widely available from around US$ 50 per year of
treatment. Generic entecavir has been introduced. In many national programs for HBV/HIV
coinfected persons, generic tenofovir is available as first-line therapy in combination with other
antiretrovirals. There is a critical need to make these diagnostics and drugs available at more
affordable prices in resource limited settings '%.

The cost and complexity of treatment are no longer prohibitive. Treatment with NUCs
for hepatitis B is relatively simple: one pill per day, although long-term maintenance therapy is
necessary for most. Drug resistance is minimal with tenofovir and entecavir. However, the
resources poured into AIDS have not been invested in chronic viral hepatitis (both B and C).
Both policy makers and global health organisations need to overcome the short sighted view
that because of the advent of hepatitis B vaccination this is not necessary or that it is not feasible
to provide treatment for chronic hepatitis in rural settings. This false premise is costing lives.
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New methodologies to expand treatment are needed. Much has been learned from the
treatment of AIDS in many regions of the world. These systems will require decentralization
of healthcare and task shifting from highly trained specialists to teams of community-based
healthcare workers. Provisions that enable access to care in areas with few physicians have
made an impact on mortality from AIDS without compromising care. '

Prevention

Vaccination is the most effective measure to reduce the global incidence of hepatitis B.
Universal hepatitis B immunization programmes for infants, recommended by WHO in 1991,
with the first dose at birth, have been highly effective in reducing the incidence and the
prevalence of Hepatitis B in many countries. Many countries in the world administer hepatitis
B vaccine starting at birth or in early childhood. However, vaccination, while a critical and
laudable prevention strategy, will not have a large impact on the rates of end-stage liver disease
or HCC for decades.

Conclusion

To make progress governments must clearly accept that viral hepatitis, which can be
treated, leads to high numbers of deaths annually - despite the advent of HBV vaccination and
effective treatments. The cost effectiveness of a screening and test and treat strategy has been
evaluated. 2°

The WHO has set priorities for achieving global goals for HBV treatment, and there
have been remarkable achievements: treatment structures for HIV now need to encompass
treatment of hepatitis B (and C). An important first step would be to stop mother to child
transmission with the use of nucleoside analogue treatment for highly viremic mothers, but
prophylaxis would require a quantitative assessment of viremia in pregnant mothers. 2!

Potential cost savings can be achieved through economies of scale, synergy with other
programmes and benefits of preventing the direct and indirect burden of end stage liver disease
due to viral hepatitis. There may be additional benefits to cure and long term HBsAg loss
prompting research in the area. 2> 23
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Key points

e Nucleos(t)ide analogues (NUCs) are the most common treatment of chronic hepatitis B
(CHB).

e Current EASL guidelines recommend the most potent drugs with optimal resistance
profiles. Entecavir (ETV), and tenofovir disoprovil disiproxil fumarate (TDF) or
tenofovir alafenamide (TAF) are used as first-line monotherapies in CHB.

e ETV, TDF and TAF have been shown to have excellent safety profiles and are well
tolerated by most patients including those with advanced and decompensated cirrhosis.

e TAF has a better renal and bone safety profile than TDF.

e Long-term studies have also shown that TEV or TDF have a beneficial effect on liver
disease, including the regression of fibrosis and cirrhosis, and results in improved liver
status in patients with hepatic decompensation.

Chronic hepatitis B virus (HBV) infection is a serious global health problem and one of the
main causes of chronic liver disease, cirrhosis, and hepatocellular carcinoma. An estimated 250
to 350 million individuals are positive to the hepatitis B surface antigen (HBsAg) for a
worldwide prevalence of 3.6%, with marked geographic variabilities [1, 2].

Nucleos(t)ide analogues (NUCs) are the most common treatment of chronic hepatitis B
(CHB). Current EASL guidelines recommend the most potent drugs with optimal resistance
profiles. (ETV), tenofovir disoproxil fumarate (TDF) and tenofovir alafenamide (TAF) are used
as first-line monotherapies in CHB (2). All NUCs must be administered for a long period to
achieve durable viral suppression. These drugs have an excellent efficacy profile for
suppressing viral replication, but slightly different safety profiles.

This review provides an overview of the long-term efficacy and safety data that have
become available in the 10 years since ETV and TDF were first approved for the treatment of
chronic hepatitis. New data on TAF, in particular in patients with CHB who switch from TDF
to TAF, will also be presented.

Safety

ETV and TDF have been used for more than 10 years in the treatment of CHB, and are now
generic drugs, while TAF was approved for this indication in 2016 and in some countries
reimbursement is still pending. ETV and TDF have been shown to have excellent safety profiles
and to be well tolerated by most patients including those with advanced and decompensated
cirrhosis. ETV is a nucleoside analogue, and TDF and TAF are nucleotide analogues. All of
these treatments are taken once a day at a fixed oral dose [2]. ETV and TDF being excreted
mainly or fully by the kidneys, dose adjustment is required in patients with an estimated
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glomerular filtration rate (éGFR) <50 mL/min/1.73 m?. However, dose adjustments are not
required for TAF in patients > 65 years old, with hepatic impairment, with renal impairment
and eGFR > 15 mL/min, or in patients receiving hemodialysis and with eGFR <15 mL/min.
Data on the use of ETV in patients with eGFR < 30 mL/min/1.73 m? and those on dialysis are
scarce. Dosing recommendations cannot be made for TAF in patients with eGFR < 15 mL/min
who are not receiving hemodialysis.

Renal safety is an important factor when choosing appropriate NUCs for CHB because
these drugs are eliminated by the kidneys unchanged, which is particularly important in patients
who already have, or are at risk of, renal impairment [2]. The safety and efficacy of TAF has
not yet been established in patients with HBV and decompensated liver disease, a Child Pugh
Turcotte (CPT) score > 9 (CPT Class C), or in children younger than 12 years of age. There are
ongoing studies in these populations.

The safety profile of ETV was evaluated in registration studies in 1051 patients with a
median exposure to the drug of 3.5 years [3][12]. Fourteen (1%) patients discontinued the
studies due to adverse events (AEs). Other AEs were rare, with the most common being myalgia
(5%) and neuropathy-related AEs (4%). These data suggest that long-term administration of
ETYV is associated with low rates of serious AEs, discontinuations due to AEs, and ALT flares.

TDF was evaluated in a study including 641 patients treated for 8 to 10 years. Results
showed that the drug was well tolerated with few discontinuations related to AEs, none related
to the study medication (3%), and no new safety signals identified after 10 years. TDF was
associated with worsening kidney function in 10 cases of renal impairment and in one case
Fanconi syndrome was reported. Changes in bone mineral density were measured between
years 4 and 8 of the study in 346 patients treated with TDF, and no clinically relevant bone loss
was observed during this period [4].

In a meta-analysis of 11 studies comparing ETV and TDF in 1300 patients, no
statistically significant differences were found for renal safety or hypophosphatemia between
the two treatments over approximately 18 months of treatment [5]. TAF is being evaluated in
2 ongoing randomized, double-blind, phase 3 studies including 426 HBeAg(-) and 875 HBeAg(+)
patients with CHB. Patients given TAF in both the HBeAg(+) and HBeAg (-) ) cohorts had a
significantly smaller decrease in bone mineral density in the hip and spine, as well as smaller
mean increases in serum creatinine at weeks 48 and 98, showing that TAF has a better bone
and renal safety profile. The most common adverse events overall were upper respiratory tract
infections, with no differences between TAF and TDF. The most common grade 3 or 4
laboratory abnormalities were ALT elevations with 11% and 13% of patients receiving TAF
and TDF, respectively [6-8].

At week 96, 540 patients were switched to open-label TAF including 284 (53%) with >
1 TDF risk factor (RF) and 123 (23%) patients with > 2 risk factors. At week 144, TDF patients
who switched to TAF showed improvements in renal parameters with a greater percentage of
patients showing improvement than worsening of chronic kidney disease stage. Improvements
in hip and spine bone mineral density were found 1 year after switching [9].

Longer follow-up is needed to improve our understanding of the clinical impact of
switching and to draft clinical recommendations. In the meantime, EASL guidelines
recommend TAF rather than TDF in selected patients such as subjects > 60 years old, those
with bone disease or at risk of bone problems (e.g. patients chronically receiving steroids or
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other medications that worsen bone density), with a history of fragility fractures or osteoporosis,
patients with abnormal renal function, defined as eGFR < 60 mL/min/1.73m, albuminuria, or
low phosphate, and individuals on hemodialysis (2).

Efficacy

Current practice guidelines stress the importance of profound and durable suppression
of HBV replication in CHB therapy [2]. Long-term studies have also shown that ETV and TDF
have a beneficial effect on liver disease, including the regression of fibrosis and cirrhosis, and
improve liver status in patients with hepatic decompensation [2]. Continued treatment for up
to 10 years resulted in 96% to 98% of patients achieving undetectable serum HBV DNA (on-
treatment analysis included some patients who added emtricitabine after week 72).

The resistance rates to ETV were very low in treatment naive patients, even during long-
term therapy. Resistance to ETV requires the accumulation of at least 3 mutations in the viral
polymerase [2]. After 6 years of ETV treatment, only 1.2% of patients showed evidence of drug
resistance [2]. No resistance has been observed with tenofovir after 10 years of therapy and no
clear pattern of resistance-associated mutations has been identified in clinical trials or real-life
studies. In addition, tenofovir has been shown to be active in patients who failed previous NUC
therapies [2-4]. Rescue therapy with tenofovir has been found to be effective in patients with
multidrug-resistant HBV, and also in those with a partial response to previous antiviral
therapies [11].

The efficacy of TAF is being evaluated in 2 ongoing phase-3 studies in HBeAg(-) and
HBeAg(+) CHB patients [6-8]. In the HBeAg(-)study, 426 patients were randomly assigned
(2:1) to receive once-daily oral doses of TAF 25 mg (N=285) or TDF 300 mg (N=141) [15].
At week 48, HBV DNA < 29 IU/mL was achieved in 94% of patients in the TAF group and
93% in the TDF group (1.8%, 95% CI: -3.6% to 7.2%). A consistently higher percentage of
patients achieved ALT normalization by central laboratory criteria within 48 weeks with TAF
than with TDF (83.1% vs 75.2%, respectively, p=0.076). The percentage of patients with
normalized ALT at week 48 was also higher in the TAF group (49.6%) using the most
restrictive criteria (ULN <30 U/L for males and <19 U/L for females [6]), than in those
receiving TDF (31.9%) (p<0.001). None of the patients in either treatment group experienced
HBsAg loss by week 48.

In the HBeAg(+) study, 873 patients were randomly assigned (2:1) to receive either 25
mg TAF (N=581) or 300 mg TDF (N=292) [16]. At week 48 HBV DNA < 29 [U/mL was
achieved in 371 (64%) patients receiving TAF and 195 (67%) receiving TDF, showing non-
inferiority between the two treatments. Like in the HBeAg(-) study, a higher percentage of
patients achieved ALT normalization at week 48 in the TAF group than in the TDF group
according to central laboratory criteria (71.5% vs 66.8%; p=0.18) and AASLD criteria (ULN <
30 U/L for men and < 19 U/L for women: TAF 44.9%, TDF 36.2%; p=0.014) [6]. Seventy-
eight (14%) and 34 (12%) patients in the TAF and TDF groups, respectively, experienced
HBeAg loss, and 58 (10.3%) and 23 (8.1%) patients experienced seroconversion to anti-HBe
at week 48. Only 4 patients (0.7%) in the TAF group and 1 (0.3%) in the TDF group
experienced HBsAg loss. At week 96, the differences in the rates of viral suppression were
similar in HBeAg-positive patients receiving TAF and TDF (73% vs. 75%, respectively,
adjusted difference -2.2% (95% CI -8.3 to 3.9%; p < 0.47), and in HBeAg-negative patients
receiving TAF and TDF (90% vs. 91%, respectively, adjusted difference -0.6% (95% CI -7.0
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to 5.8%; p < 0.84). In both studies the proportions of patients with alanine aminotransferase
above the upper limit of normal at baseline, who had normal alanine aminotransferase at week
96 of treatment, were significantly higher in patients receiving TAF than in those receiving
TDF (8)

No HBV pol/RT amino acid substitutions associated with resistance to tenofovir were
detected in either treatment group after 96 weeks [8]. The study is ongoing and the virological
response rates have been maintained at week 96.

Conclusion

In summary, in CHB patients, complete eradication of the virus is difficult, and long term
treatment is often required. Entecavir, TDF and TAF are the most potent currently available
NUC:s for the treatment of CHB and are recommended as first-line monotherapy. ETV and TDF
have been shown to have long-term efficacy and safety for up to 10 years in clinical studies,
while TAF was recently approved for the treatment of HBV. Clinical studies have shown that
prolonged suppression of HBV DNA with NUCs can stabilize the disease and lead to significant
regression of fibrosis.
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Key points

e Due to different mechanisms of action, the combination of pegylated-interferon (Peg-
IFN) and nucleot(s)ide analogues (NUCs) may be an attractive approach to enhance the
off-treatment rates of virological and serological response in chronic hepatitis B (CHB).

e The two drugs may be combined in different ways. A “de-novo combination” (the
simultaneous initiation of Peg-IFN and NUCs) may be used in treatment-naive patients.
In patients with long-term effective virological remission with NUCs, Peg-IFN can be
used in an “add-on” or “switch to” strategy.

e In a randomized clinical study, the “de-novo combination” of TDF and Peg-IFN
accelerated HBsAg decline and increased HBsAg clearance rates.

e Promising results were achieved in patients with viral suppression receiving long-term
NUCs. “Add-on” Peg-IFN in HBeAg-negative and “switch to” Peg-IFN in HBeAg-
positive patients significantly accelerated the decline in HBsAg with a few patients
clearing HBsAg.

e These strategies are not recommended in current clinical practice guidelines because of
unproven long-term superior efficacy and should be carefully applied in each individual
patient taking into consideration all the potential advantages and disadvantages.

The first-line drugs recommended in treatment-naive patients with hepatitis B
virus (HBV) infection are pegylated-interferon (Peg-IFN) and third generation nucleot(s)ide
analogues (NUCs) such as entecavir (ETV), tenofovir disoproxil fumarate (TDF) and tenofovir
alafenamide (TAF). Short-term treatment with Peg-IFN results in a sustained immune control
of infection in nearly 30% of the patients leading to HBsAg seroclearance in approximately one
third of responders. However, the widespread application of this strategy is limited by poor
tolerability, side-effects profile and low effectiveness.

On the other hand, NUCs therapy results in virological suppression in almost all
treated patients but there are low rates of HBsAg seroclearance. This results in the need for
lifelong administration, with the hypothetical limitations of cost, resistance and safety. The
above-mentioned limitations led researchers to develop new treatment strategies combining
NUCs and Peg-IFN, to boost off-treatment virological and serological response, based on the
assumption that the direct antiviral activity of NUCs could improve the immunomodulatory
action of Peg-IFN and vice versa. Peg-IFN and NUCs can be combined in different ways: as a
“de-novo combination” with the simultaneous initiation of both drugs in naive patients, or as
an “add-on” or “switch to” strategy in patients under long-term NUCs effective virological
response Peg-IFN.
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De novo Peg-IFN+NUCs combination

Studies in HBeAg-positive and -negative patients testing the combination of Peg-
IFN with first or second generation NUCs did not confirm that the combination regimen was
more effective than Peg-IFN monotherapy for virological and serological response (1). The
combination of third generation NUCs, i.e. TDF, and PEG-IFN has been recently tested in a
multicenter study including 740 treatment-naive patients (58% HBeAg-positive, 75% Asians,
21% genotype D) who were randomized to receive a 48-week course of Peg-IFN+TDF (A),
TDF+Peg-IFN for 16 weeks followed by TDF for 32 weeks (B), TDF alone (C) or 48 weeks of
Peg-IFN alone (D) (2). Significantly higher rates of HBsAg loss at 72 weeks post-treatment
were found with a 48-week course of Peg-IFN+TDF compared to monotherapy with either of
these treatments. Secondary analysis showed that the only baseline factor associated with a
response to therapy was genotype A. A decline in HBsAg at week 12 or 24 of treatment was
associated with HBsAg loss at week 72, while a decrease in HBsAg >3.5 logio [U/mL at week
24 identified HBsAg loss at week 72 in patients who completed a 48-week course of Peg-
IFN+TDF (PPV=85% and NPV=99%) (3). Follow-up data at week 120 confirm the increased
rate of HBsAg loss in patients treated with Peg-IFN+TDF compared to those receiving either
monotherapy (10.4% vs 3.5% in group B and D vs 0% in group C) (4).
Add-on Peg-IFN in HBeAg positive CHB

A Chinese retrospective study was performed in 192 HBeAg-positive patients
treated for at least two years with NUCs without achieving HBeAg loss or seroconversion. The
results showed a higher rate of complete response (HBeAg loss with HBV DNA <2000 IU/mL:
60 vs 14%) and HBsAg loss (28 vs 0%) in those treated with a 48-week combination of Peg-
IFN and the ongoing NUCs (n=83) than NUCs monotherapy (n=109) (5). In another study, 74
HBeAg-positive patients treated for 2.4 years with ETV or TDF with serum HBV DNA <2000
IU/mL were randomized to a 48-week add-on course of Peg-IFNo2b (n=36) or to continue
NUCs monotherapy (n=38). HBeAg seroconversion with or without HBV DNA <200 IU/mL
at week 48 was achieved in 17% of patients in the combination group compared to 5% of those
treated with NUCs monotherapy (p=0.15). The add-on strategy resulted in a significantly
greater HBsAg decline (0.59 vs 0.29 logio IU/mL, p=0.021) and higher rates of HBsAg decline
>1 logio IU/mL (19% vs 0%, p=0.005) (6).
Add-on Peg-IFN in HBeAg negative CHB

Two recent European studies prospectively investigated the “add-on” Peg-IFN
strategy in HBeAg-negative patients with HBV replication that was fully suppressed by long-
term NUCs treatment.

An Italian open-label study of Peg-IFN alfa-2a 180 pg/week added to ongoing
NUCs was performed in 70 HBeAg-negative genotype D-infected patients with HBV DNA
<20 IU/mL. The results showed a >50% decline in serum HBsAg in 67% (29/43) at week 48
and 51% (28/55) of the patients at week 96 (7). Median serum HBsAg decreased throughout
Peg-IFN treatment and was significantly lower than baseline at weeks 48, 72 and 96 (p<0.001).
In a French randomised, controlled, open-label trial, 185 patients were randomized to receive a
48 week course of Peg-IFNalfa-2a 180 pg/ week in addition to NUCs or to continue to receive
NUC:s alone (8). At week 96, loss of HBsAg was reported in 7 (8%) out of 90 patients in the
Peg-IFN+NUCs group vs 3 (3%) out of 93 in the NUCs-alone group. Overall, addition of a 48
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week course of Peg-IFN to NUCs was poorly tolerated and did not result in a significant
increase in HBsAg clearance.
Switch to Peg-IFN

This strategy was explored in 192 Chinese HBeAg-positive patients in the OSST
trial (9). After 20 months (range 9-36) of ETV, patients with HBV DNA <1000 copies/ml and
HBeAg levels <100 PEIU/mL were randomized 1:1 to either continue ETV or “switch to” Peg-
IFNa2a 180 mg/week for 48 weeks. By week 48, while the proportion of patients with HBV
DNA <1000 copies/mL and with normal ALT levels were significantly higher in the ETV group
(98% vs 72%, p<0.0001 and 91% vs 58%, p<0.0001, respectively), serological response rates
were significantly better in the Peg-IFN group (HBeAg seroconversion: 15% vs 6%, HBsAg
loss: 8% vs 0% and HBsAg<10 IU/mL: 16% vs 0%). However, 40% of patients had viral
rebound or virological breakthroughs and 8% required drug discontinuation due to adverse
events. In patients who achieved HBsAg levels <200 IU/mL at week 12 of Peg-IFNo2a, 78%
cleared HBsAg loss and 67% seroconverted to anti-HBe at week 48. One year after the end of
therapy (EOT), virological and serological responses were sustained in most patients who
switched from ETV to Peg-IFNa-2a: 73% had HBV DNA <1000 copies/mL; 64% and 60%
had HBeAg loss and HBeAg seroconversion, respectively. Moreover, 86% of patients with
HBsAg loss at EOT maintained this endpoint in the 48 weeks after EOT (10).

Recently, a Chinese randomized, multicenter, open-label study investigated the
efficacy and safety of switching from NUCs to Peg-IFNa-2a in HBeAg-positive patients with
a partial response, defined as HBV DNA <200 IU/mL and HBeAg loss after 1-3 years of NUCs
therapy (11). Three-hundred patients were randomized 1:1 to Peg-IFN treatment for either 48
or 96 weeks (NUCs therapy was continued for the first 12 weeks) and followed-up for an
additional 48 weeks after IFN discontinuation. Seventeen percent of the 271 patients who had
completed the 48 weeks of treatment achieved HBsAg loss. HBsAg seroclearance was more
frequently observed in patients with baseline HBsAg <1500 IU/mL than in those with HBsAg
>1500 TU/mL (33% vs 4%, p<0.0001) as well as in those with HBsAg levels <200 IU/mL at
week 24 than in those with HBsAg >200 IU/mL (48% vs 1%, p<0.0001). By combining
baseline and week 24 HBsAg levels, the study suggests that only patients with baseline HBsAg
<1500 IU/mL (n=124) should switch to Peg IFN and that Peg-IFN should only be continued
for an additional 24 weeks (total 48 weeks) in the subset of patients (n=78) with HBsAg <200
IU/mL at week 24 of Peg-IFN. The positive predictive value (PPV) for HBsAg loss in this
subset of patients is 51% while the negative predictive value (NPV) for the other groups is
>95%.

Conclusions

The combination of NUCs and Peg-IFN either as a “de novo”, “add-on” or “switch
to” strategy has been attempted on the assumption that the direct antiviral action of NUCs could
improve the immunomodulatory action of Peg-IFN leading to higher response rates and vice
versa. The “de novo” or “add on” or “switch to” Peg-IFN with the effective NUCs treatment
fosters HBsAg decline and increases The HBsAg loss rate. However, this approach is not
currently recommended in clinical practice because the superior long-term efficacy has not been
confirmed. This strategy should be carefully assessed in each individual patient taking into
consideration all potential advantages and disadvantages. Studies of Peg-IFN and NUCs
combinations are still ongoing in the large cohort of patients with a scheduled long-term follow-
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up. This combination may be a future option to be considered when more robust data provides
definitive evidence of efficacy and clinical benefits.
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Key points
e HBYV chronic infected patients on nucleos(t)ide analogues NUCs only rarely achieve
HBsAg loss.
e Attempts to discontinue NUCs have been made.
e Virological relapse is frequent after treatment discontinuation.
e A recent prospective randomized study demonstrated that unexpected side effects are
not associated with NUCs discontinuation in non cirrhotic HBeAg-negative patients.

Nucleos(t)ide analogues (NUCs) therapy provides effective control of HBV replication in
chronic HBV infected patients. Three first line regimens are currently recommended in EASL
guidelines for the treatment of HBV chronic infection: tenofovir disoproxil fumarate (TDF),
entecavir (ETV) and tenofovir alafenamide (TAF).

NUCs cannot eradicate the virus from the liver and only rarely achieve HBsAg (HBsAg)
loss, considered the optimal treatment endpoint in all current guidelines. NUCs regimens are
associated with slow HBsAg decline during therapy and require life-long administration in most
chronic HBV infected patients. It has been calculated that one to several decades of NUCs
therapy are required to achieve HBsAg clearance.

Although NUCs have an excellent safety profile, the need for long-term therapy may raise
safety issues in the elderly, in patients with co-morbidities and in young patients who plan to
have a family. For these reasons and in addition to monetary costs and poor adherence over
time, many attempts have been made to discontinue NUCs treatment in the last few years.
However, virological relapse after treatment discontinuation is frequent and whether NUCs
treatment can safely be stopped before HBsAg loss remains the subject of debate.

Effects of stopping NUCs

The virological effects of stopping long-term NUCs therapy for hepatitis B e-antigen
negative (HBe-negative) patients were investigated in a landmark study on NUCs
treatment/discontinuation. It was performed in 33 patients in Greece receiving adefovir
dipivoxil treatment. This study showed that the discontinuation of long term ADV therapy in
HBeAg-negative patients, after 4 or 5 years, is safe and effective as it is associated with HBV
immune-mediated elimination. Persistently undetectable or <2000 IU/ml HBV DNA levels
combined with persistently normal ALT values 6 months post treatment were achieved in 55%
of patients and HBsAg loss in 39%. FINITE, a prospective randomized controlled study was
recently completed in Germany. The study evaluated the potential of finite tenofovir disoproxil
fumarate therapy in HBeAg negative patients with chronic HBV hepatitis. Sixty-two percent of
the patients who stopped TDF remained off-therapy to week 144. HBsAg loss or HBV DNA

61



<2000 Ul/ml was observed in 43% of them. Four patients (19%) achieved HBsAg loss and
three of them achieved HBsAg seroconversion. None of the patients experienced unexpected
safety issues. These results support treatment discontinuation under strict surveillance in long-
term HBV suppressed HBeAg negative patients.

Some more recent studies from Europe and Asia were performed to assess the risk of
relapse and the decision and timing of re-treatment.

The risk of relapse

After NUCs discontinuation, HBV DNA can rapidly return with subsequent ALT flares,

although a fraction of patients experience a functional cure. However, hepatic decompensation
may be observed after discontinuation in patients with cirrhosis. Based on this evidence, a
correct evaluation of the risks related to HBV treatment discontinuation is required to avoid
liver failure associated with a severe biochemical relapse in patients with advanced liver
disease.
EASL guidelines recommend discontinuing NUCs after confirmed HBsAg loss with or without
the development of anti-HBsAg antibodies and suggest only discontinuing treatment in non-
cirrhotic HBeAg-positive patients with chronic hepatitis after stable seroconversion from
HBeAg to HBeAb and undetectable HBV DNA after 12 months of consolidation therapy. In
addition, EASL suggests discontinuing treatment in HBeAg-negative patients without cirrhosis
after at least three years of undetectable HBV DNA on-therapy. Close monitoring is warranted
in patients who discontinue treatment.

On the other hand, in the Asian-Pacific region, where cost restrictions play a role in
treatment discontinuation, NUCs treatment can be discontinued after at least 2 years in HBeAg-
negative chronic HBV patients with undetectable serum HBV DNA on three occasions 6
months apart.

Relapses are observed in most HBeAg-negative chronic hepatitis B patients who
discontinue treatment with NUCs. In patients with a significant increase in ALT, re-starting
treatment should be considered. Although the relapse rate can vary across studies, most patients
require re-treatment. After discontinuation, close follow-up of ALT and HBV DNA
determinations are mandatory. Thus far, the identification of predictors of relapse remains
difficult. The development of new biomarkers such as HBV RNA and HBcrAg may help clarify
this issue.

Conclusions

In conclusion, there is now a body of evidence that has investigated when NUCs
discontinuation is feasible and in which patients with chronic HBV infection and when to re-
start treatment in those who experience a relapse after NUCs discontinuation.
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Key points

e HBsAg is a direct viral product and serum levels are influenced by HBV genotypes.
However, HBsAg can be a result of the transcription of HBV-DNA sequences
integrated in the host’s genome.

e HBsAg serum levels vary during the different phases of chronic HBV infection.

e The lowest levels are present in HBeAg negative infection.

e During antiviral therapy, HBsAg decreases faster in patients who respond to Peg-
IFN therapy or Peg-IFN+ nucleos(t)ide analogues, (NUCs)] and slower in patients
treated with NUCs.

e Combined quantitative serum HBsAg and viral load more accurately characterize
the phase of HBV infection and the response to antiviral therapy in the single HBV
carrier.

The clinical evidence that serum HBsAg loss is the virological event associated with
significant improvement in clinical outcome and the availability of automated and standardized
assays has prompted studies in the last 10 years to investigate the quantitative measurement of
Hepatitis B surface antigen (qtHBsAg) as a potential new diagnostic tool for the management
of HBV infected individuals [1]. HBsAg serum levels were shown to vary during the different
phases of chronic HBV infection, with the lowest levels observed in carriers of HBeAg negative
infection [2-3]. Furthermore, a progressive decrease in serum HBsAg levels was associated
with effective Peg-Interferon (Peg-IFN) therapy and qtHBsAg was proposed as a potential
marker to tailor therapy [4-5].

Factors influencing HBs Ag levels

However, for the appropriate use and correct interpretation of qtHBsAg all the potential
factors influencing HBsAg serum levels, which may be considered a surrogate marker of
virus/host interplay, must be taken into consideration. HBsAg is a direct viral product, therefore
constitutive viral features may influence its production and secretion. Both in vitro and in vivo
studies show that HBV genotypes influence HBsAg levels, the highest values are present in
genotype A infected individuals [4,6] and HBsAg kinetics during Peg-IFN differ among
genotypes [7]. Viral heterogeneity in the S gene (particularly in Pre-S1 and Pre-S2 domains)
may affect HBsAg serum levels by modulating its secretion. Several reports suggest that a
mutated S gene quasispecies is associated with low HBsAg serum levels, independently of the
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phase of HBV infection [1]. On the other hand, recent studies show that HBsAg serum levels,
particularly in HBeAg negative patients, may be a result, not only of the transcription of the
specific mRNA originating from cccDNA, but also from the transcription of HBV-DNA
sequences integrated in the host genome [1].

During the HBeAg positive phase of chronic infection, HBsAg serum levels are higher
than in HBeAg negative chronic hepatitis B (4.5-5 vs 3.7-4.3 log10oIU/ml). Lower HBsAg serum
levels are associated with more advanced fibrosis, possibly because of the long lasting immune-
elimination attempt that causes chronic necro-inflammation triggering fibrogenesis [1].
Spontaneous HBeAg seroconversion, which cannot be predicted by HBsAg serum levels, is
usually followed by a very slow HBsAg decline. Therefore, soon after HBeAg seroconversion,
HBsAg serum levels cannot be used to identify patients with transition to HBeAg negative
infection from those with progression to HBeAg negative CHB [1]. On the other hand, in
cohorts of HBeAg negative carriers, median HBsAg serum levels have been found to be
significantly lower in HBeAg negative carriers without virus-induced liver disease than in those
with HBeAg negative CHB. Moreover, the simultaneous presence of HBsAg <1,000IU/mL and
HBV DNA <2,000IU/mL was associated with the identification of HBeAg negative carriers
with a diagnostic accuracy ranging from 78% to 94.3% [1,8]. Therefore, the combined
quantification of both serum HBsAg and HBV-DNA has been considered a useful approach in
identifying carriers of HBeAg negative infection at a single point observation.

However, 10 to 30% of HBeAg negative infection carriers may have HBsAg serum
levels above 1000 IU/ml and an accurate identification can require one year of follow-up with
repeated HBV-DNA measurements. These carriers are usually under the age of 40 and infected
with HBV genotypes other than B, C and D [9]. On the other hand, HBsAg serum levels were
frequently reported to be lower (eventually <3 logio IU/ml) in patients with cirrhosis than in
those with chronic hepatitis. However, in these patients, viral load is usually >2000 IU/ml [8].
Therefore, in the HBeAg negative phase of HBV infection quantitative measurement of HBsAg
optimizes the accuracy of characterization of low viremic carriers.

HBsAg during antiviral therapy

During antiviral therapy HBsAg serum kinetics appear to be significantly different
depending on the type of drug [Peg-IFN or nucleos(t)ide analogues, (NUCs)] used and the
response to treatment. In Peg-IFN treated patients, HBsAg serum levels decrease during the
first 3-6 months of therapy differentiating responders from non responders [4-5,10]. On the
other hand, in most NUCs treated patients HBsAg serum levels show a much slower decrease
despite effective viremia suppression [1]. This can be explained by the different mechanisms
of action of the 2 therapeutic strategies. Peg-IFN inhibits cccDNA activity directly, reducing
the transcription of both HBV pre-genome and HBsAg mRNAs. In addition, by modulating the
immune response, Peg-IFN may foster more effective immune control of HBV infection. NUCs
do not act on cccDNA directly, but they inhibit viral polymerase, blocking the production of
infective virions.

The HBsAg decline observed in NUCs treated patients can be explained by a
combination of several mechanisms: reduction of circulating infective virions; progressive
decline in infected hepatocyte burden (due to the reduction of new infections) and progressive
effective immune-control of HBV infection (responsible for reduction of transcriptional active
cccDNA).
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These mechanisms may prevail differently in the early and late phases of NUCs
treatment and their relevance may vary in the HBeAg positive and negative phase. At present,
qtHBsAg monitoring is used for the early identification of non responders to Peg-IFN. In
HBeAg positive patients, the probability of a response is minimal (Negative Predictive Value,
NPV, 98%) when HBsAg serum levels are >20000 [U/ml at week 24, independently of HBV
genotype. An earlier prediction (week 12) is HBV genotype-dependent because a lack of
HBsAg decline in genotypes A (NPV 88%) or D (NPV 98%) infected individuals and HBsAg
serum levels >20000 IU/ml in genotypes B (NPV 92%) or C (NPV 99%) [1,10].

In HBeAg negative CHB patients, the prediction of a non response to therapy requires
the combination of both HBV-DNA (<2 logio decline at week 12) and HBsAg (no decline).
This algorithm was developed and validated in 2 different cohorts of 258 patients, most of
whom (172 (66.6%)) were infected with genotype D. The NPV in the training cohort was 100%
and it was 95% in the validation cohort. The only patient who achieved a response in spite of
fulfilling the stopping rules was a Caucasian patient with genotype A infection [11]. This
stopping rule requires further validation in genotypes B and C infected patients because they
represented only 20% of the study population. Finally, a functional cure of HBeAg negative
CHB (HBsAg loss 3 years after the end of therapy (EOT)) was achieved in 42% of patients
with a 2 logio HBsAg decrease during therapy and in 52% of patients with HBsAg serum levels
<10 IU/ml at EOT [4].

One major unmet need in the management of NUCs patients is the availability of
markers to identify those at risk of relapse after NUCs discontinuation. The achievement of low
HBsAg serum levels (< 100-200 IU/ml) during NUCs appears to be associated with a low
probability (7-22%) of recurrence of florid viral replication (HBV-DNA > 200 or 2000 IU/ml)
[12]. Furthermore, HBsAg loss (functional cure) has been recently shown to occur more
frequently in HBeAg negative carriers with HBsAg serum levels < 100 IU/ml at the time of
NUC:s discontinuation [HR 20.6 (5.04-84), P<0.001]. However, only a few patients achieve
very low serum HBsAg levels during NUCs, whereas about 50% of patients who discontinue
NUC:s require re-treatment.

Thus, future studies should investigate whether other, possibly HBV genotype specific,
HBsAg thresholds in combination with other parameters, could increase the accuracy in the
identification of patients who can safely stop NUCs.

Conclusion

In conclusion, the combined quantitative measurement of serum HBsAg and viral load
helps more accurately characterize the phase of HBV infection or the response to antiviral
therapy in the single HBV carrier provided that all variables interfering with HBsAg production
are carefully considered.
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Key points

e HBYV vaccination has been successful in reducing mother to child transmission (MTCT)
by 90-95%, and subsequent chronic hepatitis B.

e However, Hepatitis B immunoglobulin (HBIG) MTCT may occur in 9.66% of mothers
who are HBeAg positive or who have high viral loads, despite HBV vaccination.

e Antiviral therapy in the third trimester can significantly reduce MTCT and is
recommended by all major guidelines.

e Stopping antiviral therapy is also recommended after delivery.

Chronic hepatitis B is a major global health problem and is a substantial burden to health
systems, resulting in 887 000 deaths in 2015 (1), mostly from complications (including cirrhosis
and hepatocellular carcinoma). In 2016 the estimated global prevalence of HBsAg was 3.9%
(257 million people). The high prevalence of HBV is due to the rate of transmission by two
modalities: perinatal transmission, responsible for most cases, and horizontal transmission from
contaminated instruments that pierce the skin or contaminated blood products. The prevalence
of maternal HBV infection ranges from 0.7-0.9% in the USA, (2) to 10.47% in China (3).

Since the 1980s HBV vaccination has reduced HBV carriage in children under 5 from 4.7%
to 1.3%, and HBV birth dose coverage increased to 84% globally in 2015. In Taiwan,
vaccination has been 78%-87% effective in reducing HBsAg seroprevalence in children, with
a significant reduction in the incidence of childhood HCC per 100,000, from 0.54 to 0.20 (Risk
Ratio = 0.36) (4) .

Thus, the management of maternal HBV remains one of the most important issues in
chronic hepatitis B. There are two important considerations, first, the risk of HBV in the mother,
and second, the risk of transmission to the neonate also known as mother-to-child-transmission
(MTCT).

Risks to the health of the mother of HBV infection

A systematic review and meta-analysis (5) of more than 6 141 146 pregnant women
showed that chronic HBV infection is associated with a significantly higher risk (28%) of
preterm labor and a 16% higher risk of preterm birth in HBsAg+/HBeAg— women compared
to uninfected women. There is also a 21% higher risk of preterm birth in HBsAg+/ HBeAg+
women compared to uninfected women. A meta-analysis of HBV pregnant women also found
an increased risk of gestational diabetes (adjusted OR 1.47, 1.22 to 1.76) (6). There was no
significant association with fetal abnormalities or the HBV status of the mother.
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Risk of acute HBV flare

Pregnancy and the postpartum period are associated with unique changes that allow the
mother to tolerate paternally derived fetal antigens and at the same time maintain humoral
immunity. This affects systemic immune responses to infection and inflammation. Giles (7)
found that HBV flares occurred in 2% of women during pregnancy and 25% post-partum.
Although these flares are often self-resolving, all flares should be closely monitored and
antiviral therapy can be started on a case by case basis. Decompensation was reported in 2%.
CHB cirrhosis and pregnancy

In a population based study (8), women with cirrhosis from hepatitis (n=339) had a two-
fold risk of maternal complications such as antepartum and postpartum uterovaginal
hemorrhage, blood transfusion, placental abruption and gestational hypertension. There was
also a 2% mortality compared to none in controls. Features of decompensation occurred in 15%.
Infants of patients with cirrhosis have an overall odds ratio of 3.66 for fetal complications
compared to those without. Another population-based study from the USA (9) found that HBV
cirrhosis confers a statistically significant increased risk of pre-eclampsia (13.5% versus 3.0%;
p<0.001), preterm delivery (28.6% versus 8.9%; p=0.001), cesarean section in multiparous
women (27.8% versus 10.1%; p=0.029), low birth weight (18.9% versus 4.5%; p=0.001), and
neonatal death (2.7% versus 0.1%; p=0.040). It is very clear that pregnancy in HBV cirrhosis
is associated with increased maternal and fetal complications.
Risks in pregnancy to baby/newborn

Vertical transmission accounts for 30-50% of cases of chronic HBV in high endemic
areas, and 10-20% in intermediate and low endemic areas. Vertical transmission can occur in
utero, during delivery or after delivery. Vertical transmission leads to chronicity in 90% of
cases. This is in comparison to a risk of 50% in toddlers and young children and only 5% in
adults acquired through a horizontal transmission.

Intrauterine transmission

The reported rates of intrauterine transmission vary from 5-40%. In a cohort prospective
study performed in Taiwan in 1133 women with chronic HBV, the rate of neonates with
positive serum in HBV PCR collected prior to administration of Hepatitis B immune globulin
(HBIG) and vaccination was 8.9% (10). Amniocentesis was only found to increase the risk of
MTCT if the viral load of the mother was high>7 logio copies/ml (11).

During delivery

Most vertical HBV contamination occurs during delivery, either by blood mixture
during labor, or by the child contacting infected bodily fluids. Before combined
immunoprophylaxis was available, the risk of transmission increased from 10-30% in mothers
with undetectable HBV DNA to 60-100% in mothers with detectable HBV DNA and 100% in
mothers with a high viral load >700,000 copies/ml (12). A systematic review shows that after
caesarian section, the rate of MTCT decreased from 9.31% to 4.37%, (RR=0.51; 95%CI: 0.44-
0.60, p <0.001) (13). There was also a relationship between the use of HBIG and a reduction
in MTCT, but there was no effect in HBeAg status.

Breast feeding

Breast milk is potentially infectious because HBV has been detected in breast milk.
However, a meta analysis has conclusively shown that breast feeding does not result in an
increased risk of MTCT (14) .
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Management of the pregnant mother to reduce MTCT

The first step to decrease MTCT is screening all pregnant women for HBV. Major
guidelines recommend routine antenatal screening (15) (16) (17) . Screening should include
HBsAg and HBsAb. If the mother is negative for HBsAb and HbsAg, then a vaccination can
be administered during pregnancy, as it has been shown to be safe and effective. It can also be
given in an accelerated schedule to high risk pregnant women. If HBsAg is positive, then HBV
DNA, HBeAg and liver enzymes should be performed.

Combined immunoprophylaxis

The combination of HBIG and vaccination has been found to be effective in the
prevention of HBV since 1982. The American Association for the Study of Liver Diseases
(AASLD) and the European Association for the Study of the Liver (EASL) both recommend
giving a combination of HBIG and vaccination within 12 hours after birth (17) (15). One meta-
analysis has shown that despite the use of vaccination and HBIG, the failure rate in mothers
with a high viral load who are HBeAg positive is as high as 9.66% (18). When maternal HBV
DNA levels are above the threshold of 1,000,000 copies/ml, there is a linear association
between maternal HBV DNA levels and MTCT rates.

Antiviral therapy in pregnant women

A meta analysis has shown a significant reduction in MTCT of HBsAg with
nucleos(t)ide analogues with a RR=0.51, 95% CI 0.45 - 0.57 (19). This is now recommended
in all guidelines. The use of antiviral therapy in these patients (HBeAg+ women with viral
load>200,000IU/ml or >Imillion copies/ml or HBsAg > 4logio IU/ml) is recommended by
EASL (17), AASLD (15) and The Asia Pacific Association for the Study of the Liver (APASL)
(16). This is expected to reduce MTCT to 0-5% in association with combined
immunoprophylaxis at birth.

Which antivirals?

A meta-anlysis (19) comparing lamivudine, telbivudine and tenofovir did not show any
statistically significant difference in the three antivirals. Telbivudine and tenofovir are currently
rated pregnancy category B, and lamivudine pregnancy category C, by the US Food and Drug
Administration based primarily on animal data, with no clear evidence of harm in sparse human
data. The AASLD and EASL recommend tenofovir while the APASL recommends either
telbivudine or tenofovir.

When to start?

Antivirals should be started in the third trimester to give enough time to decrease viral load.
EASL recommends beginning treatment at 24-28 weeks of gestation and APASL at 28-32
weeks. HBV DNA levels should be brought to below 4 logio IU/ml before delivery.

When to stop antivirals?

The duration of post-partum treatment varies between 0-3 months. While APASL
recommends stopping antiviral therapy at delivery, AASLD suggests stopping up to 4 weeks
after delivery, and EASL up to 3 months post delivery. Discontinuation of therapy at any point
during or after pregnancy requires monitoring because of a potential HBV flare upon
withdrawal of antiviral therapy in the subsequent 6 months. Extending third trimester antiviral
therapy from 2 to 12 weeks postpartum did not protect against postpartum flares in one study.
Conclusions
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Chronic hepatitis B is a global health problem and MTCT is the most common cause of
transmission worldwide. Although HBV vaccination is the cornerstone of HBV elimination,

implementation is still challenging in some countries. For mothers, there is an increased risk of

HBYV flares during and after pregnancy and an increased risk of complications during childbirth.
MTCT is related to HBeAg status and high viral load, and measures taken to reduce this include

caesarian section, immunoprophylaxis with HBV vaccination and HBIG, and antiviral therapy

in the third trimester. Guidelines for the management of chronic hepatitis B in pregnancy are

generally in agreement and are useful for clinicians to follow.
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Key points

e Myrcludex B and Lonafarnib in combination with Peg-IFN clearly reduce serum HDV-
RNA and normalize ALT. However, they have no or minimal impact on serum HBsAg.

e These agents require long-term administration and safety /tolerance may become an
issue.

e The combination of Peg IFN with REP 2139 appears to provide the best treatment for
chronic hepatitis D. Larger randomized trials are needed to confirm the benefit of this
therapy.

e The better tolerated Peg-IFN lambda may represent an alternative to Peg-IFN alfa in the
long-term treatment of chronic hepatitis D.

Introduction

New therapeutic strategies against the Hepatitis D Virus (HDV) are being explored to
interfere with the steps of the HDV cycle. Options under clinical evaluation include blocking
HDV entry into hepatocytes by the synthetic peptide Myrcludex B, disruption of farnesylation
of the large HD-antigen required for virion morphogenesis by Lonafarnib, and inhibition of the
export of HDV by nucleic acid polymers (NAPs) through interference with the synthesis of
subviral HBsAg particles.
Myrcludex B

The first blocking agent to enter clinical studies in chronic hepatitis D (CHD) is Myrcludex
B (Myr), a synthetic myristoylated peptide made up of the 2-48 aminoacids in the preS1 region.
This agent was developed based on evidence that the binding of the HBsAg to the Sodium
Taurocholate Cotransporting Polypeptide (NTCP) requires the integrity of the homologous
myristoylated preS segment of the large HBsAg protein. Myr competes with the HBsAg,
inhibiting entry of HBsAg-coated HDV virions into liver cells (1). The rationale is that blocking
the entry of HBsAg by Myr should protect uninfected liver cells from de-novo HDV infection,
ultimately leading to a cure of HDV by recolonization of the liver by HDV-free hepatocytes.

Blank et al. (2) found that the concentration of Myr that blocks HDV entry is 100 times
lower than that inhibiting bile acid transport. The drug is well tolerated with no dose limiting
toxicity. Although modest and transient increases of amylase and lipase occur, they are
clinically uneventful and spontaneously resolved. Bogomolov et al. (2) treated seven patients
with Myr at a dose of 2 mg daily subcutaneously for 24 weeks. Therapy was accompanied by
more than a 1 logio reduction in serum HDV RNA in four patients and by its clearance in two.
This led to the normalization of alanine aminotransferases (ALT) in six patients. A subsequent
study investigated the efficacy of Myr in combination with tenofovir in 120 patients (3).
Tenofovir at a dose of 245mg daily was first administered alone to each patient for 12 weeks,
then the patients were randomized into four groups, who received tenofovir alone for 4 weeks
or tenofovir with Myr given at 2 mg, 5 mg or 10 mg daily. The combination treatment
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significantly decreased serum HDV RNA in each group (up to - 2.70 logio in the 10 mg group)
compared to tenofovir alone. The decrease in serum HDV RNA was associated with a reduction
in intrahepatic HDV RNA in liver biopsies taken before and 24 weeks after terminating Myr
(4). Almost half of all the patients in the Myr arms normalized ALT versus less than 7% of
those receiving tenofovir alone. However, HBsAg was not modified by treatment and after
treatment HDV serum RNA levels returned to baseline levels.

In a recently reported study (4), Myr was given in combination with pegylated interferon
alfa (Peg IFN) at the standard dose of 180 pg weekly. Sixty patients were included and divided
into four groups of 15 patients each, who received for 48 weeks 1) Peg-IFN monotherapy
weekly (control); 2) Peg-IFN with 2 mg Myr; 3) Peg-IFN with 5 mg Myr daily; 4) 2 mg Myr
monotherapy daily. The combination of Myr/Peg IFN consistently diminished serum HDV
RNA levels (up to -5.33 logio in the 5 mg combination group) compared to -1.95 logio in the
Peg-IFN alone group. HDV RNA became undetectable in 10/15 and in 8/14 of the patients who
received the 2 mg and 5 mg Myr combination, respectively. Surprisingly, ALT normalization
was more pronounced in patients treated with Myr alone (10/14) than in those treated in the two
Myr/Peg arms. A decline in HBsAg levels by > 1 logio was also seen in 7/15 patients in the 2
mg Myr B plus Peg-IFNa group and in 3/14 patients in the 5 mg Myr B plus Peg-IFNa group.
No serious adverse events were reported during the 48-week treatment period.

Myr appears to be a HBsAg entry inhibitor with a good safety profile, that blocks the uptake
of HDV into hepatocytes. However, it has no effect on cells already harboring replicating HBV,
thus its clinical effect must await depletion by natural turn-over of the HDV-infected
hepatocytes, a process that requires many months and influences the long duration of therapy.
Peg IFN appears to play a synergistic role, accelerating the elimination of infected hepatocytes
through an immune mechanism.

Lonafarnib

Farnesylation of the large HDV-antigen (L-HD-Ag) by the hepatocyte is critical to HDV
morphogenesis. This step is necessary to promote the interaction of L-HD-Ag with the HBsAg
for virion assembly, and its disruption by farnesyl-transferase inhibitors provides the basis for
a new therapeutic strategy (6). Lonafarnib (LNF), a tricyclic derivate of carboxamide, was
developed as a prototype inhibitor for clinical studies in CHD.

In an initial study (6), LNF diminished serum HDV RNA in a dose dependent manner (-0.73
logio and -1.54 logio from baseline in patients given for 28 days 100 mg. and 200 mg. of the
drug, respectively). However, tolerance was poor. The highest and most effective dose was
associated with important gastrointestinal side effects. Four subsequent studies, called LOWR
HDV-1 to LOWR HDV-4, were performed to improve the efficacy and reduce adverse effects.
Since LNF is metabolized by the cytochrome P450-3A4, in the LOWR 1 study (7) the CPY-
3A4 inhibitor Ritonavir (RTV) was added to LNF to diminish side effects but retain the
advantage of high dosing by greater drug exposure with lower delivery. This combination has
improved the antiviral effect with better tolerability. 100 mg LNF BID together with RTV 100
mg reduced HDV RNA by 2.4 logio and 3.2 logio from baseline at weeks 4 and 8 of therapy,
respectively. A similar improvement in efficacy was obtained using LNF 100 mg BID in
combination with PEG-IFN.

The LOWR HDV-2 to LOWR HDV-4 studies (8-10) were designed to establish effective
but less harmful dosing of LNF, based on the optimal combination of LNF with RTV +/- Peg-
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IFN. Results indicate that the best regimens are 25 mg LNF with RTV 100 mg/ twice daily
orally, plus PEG IFN, or 50mg LNF with Ritonavir 100 mg/twice daily orally. Overall, 50% of
the patients treated with low dose LNF + RTV had a decline in viral load of more than 2 logio
or below the limit of quantitation. This rate increased to 89% with the addition of Peg IFN.
ALT normalized in most patients in both regimens.

LNF is effective in reducing HDV-RNA, and with the addition of RTV its antiviral effect
can be maintained while tolerability is improved. The addition of Peg IFN further increases the
antiviral response.

REP 2139

A further follow up of the first REP 2139 study has been reported. In the original pilot study,
12 patients with CHD were given weekly intravenous REP 2139-Ca (500 mg) for 15 weeks,
followed by 15 weeks of REP 2139-Ca (250 mg) combined with Peg IFN, and then Peg IFN
monotherapy for 33 weeks more (11). Treated patients were found to have significant
reductions in serum HDV RNA during therapy and HDV RNA became undetectable at the end
of therapy in 9 of them. Eight patients had a decrease in HBsAg of >2 logio during monotherapy
and 5 patients were HBsAg negative at the end of treatment.

The follow-up data 2 years after stopping therapy confirmed that functional control of
HBsAg (<LLOQ) and HDV RNA (target not detected) was maintained in 4 out of 11 and 7 out
of 11 patients, respectively (12). Treatment induced transient flares of serum ALT and a stable
reduction in platelets and white cell counts.

The mechanism of the therapeutic benefit of REP 2139 remains poorly understood in CHD.
New evidence indicates that a variety of NAPs inhibit the entry of HDV in human hepatoma
cells by preventing attachment of the virus to cell surface glycosaminoglycans. However, this
is not a property of REP 2139, which failed to block the entry of both HDV and HBV (13)
Conclusions

New drugs targeting the HDV will probably lead to a better control of hepatitis D in the next
years. Results with REP 2139/Peg IFN are the most promising. If confirmed in larger
randomized trials, this combination will be a breakthrough in CHD treatment.

Myr and LNF combined with Peg-IFN consistently control HDV replication and normalize
ALT. Time is needed to determine whether they will eradicate HDV with long-term treatments
and/ or whether they may be adjusted to a functional cure, i.e. to maintain latent, clinically
inactive HDV infections with continued therapy.

Prolonged treatments will raise the problem of tolerance and safety, in particular in
association with the poorly tolerated Peg IFN alfa. Lambda IFN might be an alternative, as this
cytokine has been found to induce fewer side effects that IFN and may be more suitable for
long term treatments (6).
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Key points

e Hepatocellular carcinoma (HCC), the main cause of death in patients with compensated
cirrhosis of all etiologies, is the second leading cause of death from cancer in men and
the sixth in women, worldwide.

e The incidence of HCC is increasing in northern Europe, North America and English
speaking Asia as a consequence of inappropriate life styles, including the metabolic
syndrome epidemic, while it is declining in traditionally high risk countries following
effective public health measures.

e In the developing world where most cases of HCC are found, the implementation of
preventive strategies, including the elimination of viral hepatitis is the only realistic
option to fight this disease.

e In the developed world, the strategy to fight HCC includes expanding both prevention
and screening of patients at risk to foster access to potentially curative treatments.

e Liver transplantation is the only realistic hope for a cure, however, it is restricted to
highly selected patients with small tumors confined to the liver and is limited by the
shortage of liver donors. With the control of viral hepatitis and the decrease in the
number of decompensated patients on the waiting list, effective down-staging
procedures have led to expanded access to liver transplantation in patients beyond the
Milan criteria, with significant gains in survival.

e While the control of viral hepatitis has led to improved outcome with non transplant
therapeutic procedures, significant step forwards are also foreseen in the treatment of
advanced cancer with the development of immune oncology based therapeutic
regimens.

The extent of the problem

Hepatocellular carcinoma (HCC) is the most difficult to cure aspect of end-stage liver
disease and the main cause of death in patients with compensated cirrhosis of all etiologies. In
2015, 810,000 people (521,000 men) died from HCC making it the fourth cause of death from
cancer following lung, colorectal, and stomach cancers. In the last two decades, cases of
incident liver cancer increased by 75%, 47% due to the changing structure of age in the
population, and 35% due to population growth. According to the WHO database, HCC
mortality is increasing in northern Europe, North America and English speaking Asia due to
the epidemic of viral hepatitis that has spread from parenteral risk behaviors, expanded alcohol
abuse, as well as the increase in the metabolic syndrome in which liver steatosis is detected in
up to 25% of the world’s population. The threat of HCC is only partially reduced by a decline

77



in this disease in traditionally high risk countries including Mediterranean European regions,
Japan and Hong Kong as a result of effective measures such as screening of blood donors and
mass vaccination of newborns against hepatitis B virus, which is still the main risk factor of
HCC worldwide. We should also begin to perceive the benefits in the population from
widespread access to antiviral therapy for hepatitis B and C infection as long as strategies of
linkage to care are more vigorously applied. The WHO program to eliminate viral hepatitis by
2030, which could prevent 65% of HCC-related mortalities would, in fact, require a 7% annual
decline in the global burden of hepatitis, a goal that has only been reached by a few countries
so far.
The situation today

In the face of these perspectives, the real life issue today is the many patients who are
identified with any stage of HCC, compared to the few who succeed in accessing potentially
curative therapies. In fact, access to the latter is determined by the classification of disease
stage, based on tumor burden, liver impairment and performance status. The application of
these strict selection criteria inevitably results in a small minority of patients being eligible for
curative therapies. This limitation is even more significant in resource poor, HCC endemic
countries where surveillance programs for early diagnosis are not in place. In the developed
areas of the world where early diagnosis of HCC is increasing, liver transplantation, surgical
resection and local ablation have proven to be the most effective first line options and provide
significant survival benefits to accurately selected patients with early stage tumors (Barcelona
Clinic Liver Cancer [BCLC] 0/A). In these same regions, the many patients with a greater
tumor burden confined to the liver (intermediate stage BCLC B), in whom radical treatments
are not indicated, may still obtain marked benefits to survival from repeated local treatment
with transarterial chemoembolization (TACE). Survival can still be markedly improved in
patients with advanced stage tumors, ie symptomatic patients with extrahepatic or intravascular
tumor spread, using oral treatment with systemic therapies. First-line therapy in such patients
is now based on two tyrosine kinase inhibitors, while second line therapy relies on one tyrosine
kinase inhibitors and two monoclonal antibodies, including check point inhibitors, which are
now being tested in sequence or in combination to provide substantial increases in survival
compared to tyrosine kinase inhibitors alone.
Remaining challenges

That said, there are many remaining challenges in both the developed and developing
countries. Because HCC is a two world disease, it is not possible to predict whether advances
in disease control will follow the “one-size-fits-all” paradigm. In the developing regions,
control of HCC will requires massive public health interventions for the primary prevention of
risk factors including eliminating viral hepatitis as a major public health threat by 2030,
reducing the harmful use of alcohol and tobacco, and controlling diabetes and obesity.

Prevention of risk factors is also a priority in resource rich areas of the world, combined
however, with efforts to improve detection of early stage cancer through screening of at risk
populations and fostering linkage to care. Adherence to the therapeutic algorithms for HCC
recommended by international societies is often compromised by the scarcity of liver donors,
the strategic localization of early tumors and the presence of co-morbidities, which affect the
risk-benefit ratio of both transplant and non transplant curative treatments, while showing the
need for alternative therapeutic options outside the recommended standard of care.

78



For liver transplantation the future is already being implemented in most transplant
centers with the increase in the number of patients listed with HCC beyond the Milan criteria,
with benefits to survival following control of viral hepatitis and a maintained radiological
response to bridge therapy for a reasonably long waiting time. The hepatitis B and C viruses
can be effectively controlled with direct antivirals, thus making it possible to refine treatment
criteria for the many patients with intermediate stage HCC using sequential interventions based
on local ablative treatment and resection. Although there is little chance that patients with
advanced HCC have comparable benefits to survival with sequential medical treatment,
management of this difficult to treat population could be optimized once reliable serum
biomarkers of response to therapy have been identified and immune oncological therapies
become available.

While progress in the treatment of HCC takes many forms, extending access to donor
organs remains strategically important because in Europe and the United States fewer than 5%
of all HCC patients are treated with transplantation. The production of a bioengineered liver
from human stem cells is a clear long term objective of regenerative medicine for the
hepatology community and is also a strategy of the European Association for the Study of the
Liver (EASL), which recently endorsed the creation of a consortium including the most
prestigious research centers in Europe to foster research in regenerative medicine.
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Key points
e NAFLD is an emerging risk factor for HCC.
e HCC related to NAFLD may develop in the absence of advanced fibrosis.
e The pathogenesis of HCC related to NAFLD is multifactorial.
e HCC related to NAFLD may display specific pathomolecular features.

Metabolic syndrome, mainly through the development of Non-Alcoholic Fatty Liver
Disease (NAFLD), is emerging as a critical risk factor for hepatocellular carcinoma (HCC)
worldwide (1,2). Accordingly, NASH (Non Alcoholic Steato-Hepatitis) is the fastest growing
cause of HCC in patients listed for liver transplantation (3). In addition to the classical multistep
process of liver carcinogenesis with HCC occurring in a cirrhotic background liver, HCC in
patients with NAFLD may develop in the absence of advanced fibrosis [4—6], suggesting
involvement of specific mechanisms of carcinogenesis. Among them, polymorphisms of patatin
like phospholipase domain containing 3 (PNPLA3), the role of microbiota and the deregulation
of adipokines have been described (7,8).

HCC that develops in the setting of NAFLD may present with specific pathomolecular
characteristics: (i) displaying a steatohepatitic variant, (i) belonging to a specific molecular
subgroup with less vascular invasion and satellite nodules and/or (iii) showing specific
chromosomal alterations (9-11).

Finally, the policy of HCC screening in patients with NAFLD and the antitumoral potential
of common treatments used in this setting (metformin, statins,...) require further study.
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Key points
e Different guidelines on the management of HCC exist in different parts of the world.
e Despite significant conceptual differences, treatment recommendations are similar.
e In general, there is a more liberal approach to liver resection in Asian countries.
e Newly available systemic compounds need to be integrated in updated versions.

Hepatocellular carcinoma (HCC) shows a heterogeneous distribution throughout the world
and different guidelines on the management of HCC have been developed in these different
regions based on expert consensus recommendations. Since 2001, when the European
Association for the Study of the Liver (EASL) issued their HCC guidelines, at least 20
guidelines have been published or updated, in particular from the American Association for the
Study of Liver Diseases (AASLD) for the USA (1, 2), the Asian Pacific Association for the
Study of the Liver (APASL) for the Asia-Pacific region (3), the European Association For The
Study of the Liver (EASL) for Europe (4), and the Japan Society of Hepatology (JSH) for Japan
(5, 6) as well as others.

Although the different guidelines on the therapeutic management of hepatocellular
carcinoma from North America, Europe and Asia-Pacific have clear differences in general
concept, the actual differences in recommended treatments are limited. The most important
differences concern liver resection. While the AASLD/EASL guidelines recommend the
presence of a single nodule and Child-Pugh A functional status, other guidelines accept
multinodularity and a Child-Pugh B status in selected cases (7), an indication which is also
discussed in the West (8).

One important element that has not yet been integrated into most international guidelines is
the arrival of new kinase [lenvatinib (9) and regorafenib (10)] and checkpoint inhibitors [e.g.
nivolumab (11) and pembrolizumab (12)]. These drugs are expected to be included in the next
updates of these guidelines.

This presentation provides an updated comparison of the most recent versions of the EASL,
AASLD and APASL guidelines.
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Key points

e Post-operative outcomes after liver resection can be improved by a thorough, careful
evaluation of the extent of resection, functional liver reserve and portal hypertension.

e Percutaneous microwave or laser ablation, cryoablation or irreversible electroporation must
be shown to provide a therapeutic benefit before the indications for percutaneous ablation
are extended.

e Selective internal radiation therapy, alone or in combination with sorafenib, has failed to
improve survival compared to sorafenib alone in patients with advanced tumors, despite a
higher response rate, and should be explored in selected patient populations.

e The systemic therapy toolbox for advanced stage patients now includes two first-line drugs
(sorafenib and lenvatinib) and four second-line drugs after sorafenib (regorafenib,
cabozantinib, ramucirumab and nivolumab).

e Immune checkpoint inhibitors, alone and in combination with antiangiogenics or other
immune checkpoint inhibitors, are being tested for different tumor stages.

The treatment of hepatocellular carcinoma (HCC) depends on the extent and distribution of
tumor burden and the degree of liver dysfunction. Therapeutic advances have recently been
made in different areas. Improvement in surgical techniques, in particular the development of
laparoscopic liver resection, as well as a better understanding of the factors that lead to
postoperative liver failure, are increasing the indications for resection. In patients without
cirrhosis or with compensated cirrhosis, the risk of post-operative decompensation and overall
survival depend upon the quantity and quality of the remnant liver and can be estimated based
on the extent of resection, functional liver reserve, indocyanine green clearance and/or portal
hypertension. Different algorithmms are now used to improve individual patient selection.

Thermal percutaneous ablation can result in complete tumor necrosis in tumors < 3 cm and
can even be considered an alternative to resection. Total thermal ablation is unlikely in larger
tumors or in those located near large vessels, and can result in significant toxicity when the
tumors are close to large bile ducts or on the liver surface. New techniques and devices
including microwave or laser ablation, cryoablation and irreversible electroporation have not
yet been shown to be beneficial in these situations.
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Intra-arterial therapies include transarterial chemoembolization (TACE) and transarterial
radioembolization (TARE), also known as selective internal radiation therapy (SIRT). TACE
is the mainstay of treatment in early tumors not suitable for resection, transplantation or
ablation, and multiple tumors that can be superselectively targeted. Conventional TACE using
chemotherapeutic drugs mixed with lipiodol followed by gelatin foam or calibrated beads is the
standard procedure worldwide. Although doxorubicin-eluting beads are not more effective,
they provide a more standardized way to perform TACE. Although small randomized trials and
large cohort series suggest that similar outcomes may be expected with SIRT, this option has
not been compared to TACE in large randomized trials in good TACE candidates. On the other
hand, SIRT can be safely administered to patients with large tumors or in the presence of portal
vein thrombosis, where TACE is associated with a higher risk of complications. Despite a
higher response rate, SIRT has failed to improve survival compared to sorafenib in patients
with more advanced tumors. The combination of SIRT and sorafenib has also failed to improve
survival compared to sorafenib alone in a similar population despite a higher response rate. In
the latter clinical trial, post-hoc subgroup analysis has suggested a benefit in patients without
cirrhosis but confirmation is needed.

The most important advances have occurred with systemic therapy and several drugs
have recently become therapeutic options for HCC. No cytotoxic drugs, alone or in
combination, have been shown to have significant activity. More than a decade ago, sorafenib
was the first agent shown to prolong survival in patients with advanced stage disease or after
progression. The activity of sorafenib seems to be limited to a population with fairly advanced
tumors because it failed to increase the time to progression or overall survival when used in
combination with TACE, after complete ablation or successful resection. A recent Japanese
trial has shown an increase in progression-free survival in patients receiving sorafenib in
combination with TACE versus TACE alone. However, in this trial progression-free survival
was described as the time until death or a situation in which the continuation of TACE was not
possible due to untreatable tumor progression, deterioration to Child-Pugh C or the
development of vascular invasion or extrahepatic metastases. This innovative endpoint has not
been validated and survival data have not yet been reported.

Four agents have been added as systemic therapeutic options based on positive
randomized trials. Lenvatinib has been shown to be non-inferior to sorafenib in prolonging
survival in patients who are naive to systemic treatment. Regorafenib prolonged survival
compared to placebo in patients with good tolerance to a relevant dose of sorafenib and with
radiological progression. Cabozantinib has been shown to prolong survival in patients that are
intolerant or have progressed to up to two lines of systemic therapy with sorafenib. Although
ramucirumab initially failed to show a benefit in patients that were intolerant to sorafenib or
had progressed, after a post-hoc analysis a subsequent trial showed that this intravenous drug
prolonged survival in the subgroup of patients with serum o-fetoprotein > 400 Ul/ml.

On the other hand, immunotherapy is a subject of intense research in the field of liver
cancer, as in many other types of tumors. The antitumor cytotoxic activity of T lymphocytes
can be enhanced by drugs that interfere with two key checkpoint signals, blocking cytotoxic T-
lymphocyte antigen 4 (CTLA-4) and programmed death-1 (PD-1) or programmed death-ligand 1
(PD-L1). Tremelimumab, a CTLA-4 blocker, and nivolumab and pembrolizumab have been
tested in single-arm trials. Tremelimumab was initially tested in a small trial and showed an
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overall response rate of 18%. Nivolumab and pembrolizumab have been tested in large trials
and consistently produce long lasting objective remissions in around 15% of patients with
extended overall survival compared to the expected outcome in similar placebo-treated patients.
Nivolumab has been approved in several countries based on these data. The enthusiasm about
immunotherapies requires confirmation. The results of two randomized trials comparing
nivolumab to sorafenib as first-line therapy and pembrolizumab to placebo as second-line
therapy after sorafenib are eagerly awaited. Immune checkpoint inhibitors, alone and in
doublets, are also being tested in combination with TACE and in the adjuvant setting following
resection or ablation in patients at high risk of recurrence. Combination therapies are now being
tested. There is little overlap between the toxicity of multikinase inhibitors or antiangiogenics
and immune checkpoints inhibitors. Pre-clinical evidence on synergistic activity is lacking, but
an additive effect could improve the efficacy of systemic therapies. Early data are available in
two of these combinations, lenvatinib combined with pembrolizumab and bevacizumab
combined with the anti-PD-L1 inhibitor, atezolizumab. A 33% overall response rate according
to RECIST 1.1 criteria has been reported for the latter.

The molecular derangements associated with HCC are increasingly well known.
Molecular subgroups are defined by whole-genome based analysis of DNA aberrations or gene
expression. Several activated oncogenic signaling routes have also been identified.
Unfortunately, some of these cannot be targeted by available drugs and those that can seem to
be less relevant or redundant. Nevertheless, agents targeting fibroblast growth factor and TGF-
o are under investigation.
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Key points

1. Hepatitis C (HCV) has been the most frequent indication for liver transplantation (LT) for
nearly two decades, but direct acting antiviral therapy has rapidly changed this. Fewer
patients are being listed for LT and the survival of post-LT recipients with HCV is now
similar to those without HCV. In 2019, alcohol-associated liver disease (ALD) and non-
alcoholic steatohepatitis (NASH) are the most frequent indications for LT.

2. Inthe US, the rates of LT for ALD have increased in the past 5-7 years, reflecting increased
use of LT for severe alcoholic hepatitis and for decompensated cirrhosis. Overall, survival
is similar to non-ALD etiologies but post-LT challenges include higher rates of infections
(especially in those with severe alcoholic hepatitis), de novo malignancies and, most
importantly, relapse to alcohol use.

3. NASH as an indication for LT has increased significantly in the past decade, while HCC as
an indication is rising even more rapidly. Five-year survival rates in NASH LT recipients
are similar or better than non-NASH recipients, probably due to careful patient selection
and the low short-term impact of recurrent NASH. Post-LT challenges include lower
eligibility for LT in the severe and morbidly obese, higher rates of cardiac complications
and a risk of recurrent NASH.

For nearly two decades, HCV infection has dominated the liver transplantation (LT)
landscape. However, direct acting antivirals (DAAs) have produced dramatic results in LT
candidates and recipients, resulting in a rapid reduction in the HCV-positive patients on the
waiting list and improved post-LT survival. In 2019 and beyond, HCC is expected to be the
primary indication for LT with fewer listed for decompensated cirrhosis, mirroring the pattern
seen with hepatitis B since the availability of effective nucleoside analogue therapy. HCV will
be a less frequent indication for LT in the coming years and ALD and NASH will predominate
and bring new challenges.

Alcohol-associated Liver Disease (ALD)

ALD is still an important indication for LT because effective therapies to treat or reverse
alcohol-associated injury are largely lacking. In the US and Europe, ALD is now the leading
indication for LT. This is due, in part, to the decline in LT for HCV, and probably to a more
flexible policy on abstinence and a willingness to consider LT in patients with severe alcoholic
hepatitis. Moreover, population-based studies of overlapping etiologies of non-alcoholic fatty
liver and ALD suggest that an increase in alcohol-associated liver disease may also be
occurring. The survival of transplant recipients with ALD is similar to that of other etiologies
of cirrhosis: 75-85% at 5 years and 60-75% at 10 years -2,
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The key challenges to optimize outcomes in transplant patients with ALD are:

e A higher risk of infectious complications, in part related to corticosteroid use in patients
with concurrent alcoholic hepatitis. Other factors may include alcohol associated dysbiosis
and altered gut mucosal barrier. Strategies to prevent infectious complications are limited
to the avoidance of corticosteroids unless the benefit is clear. Future therapies may include
manipulation of the microbiome.

e A higher risk of post-transplant malignancies, especially head, neck, esophagus and lung
cancers. In part, this reflects higher rates of tobacco use among ALD patients. In a French
study, LT recipients with history of ALD who continued to smoke post-LT had a cumulative
incidence of tobacco-related cancers of 12.3%, 20.6%, 42.6% at 3, 5 and 10 years
respectively 3. De novo malignancies reduce overall survival. Intensive surveillance
strategies aimed at early detection and treatment appear indicated, although smoking
cessation is the most important measure.

e Relapse to alcohol use post-LT. Relapse of alcohol use occurs in 45% of ALD transplant
recipients after follow-up periods of 3-5 years but relapse to harmful alcohol use occurs in
up to 20% 4. The latter is associated with recurrent ALD, cirrhosis and death *°. A French
multicenter study found that ~5% of patients returned to heavy alcohol use and one-third
developed recurrent ALD cirrhosis a median of 4.4 years after relapse, suggesting
accelerated disease progression post-LT . Younger age and early return to alcohol use after
LT have been associated with more harmful patterns and a risk of recurrent ALD post-LT
3. While the length of pre-LT abstinence is associated with the rates of post-LT relapse,
there is less support for the “6-month” rule. Monitoring for use with serum/urine biomarkers
may be helpful to identify those in need of active intervention. Centers that provide pre-
and post-LT counseling or those which embed alcohol management into the routine post-
LT follow-up, report significantly lower rates of relapse. Future studies should explore the
use of medications to reduce cravings and novel therapies to reduce liver injury related to
alcohol use.

Non-Alcoholic Fatty Liver Disease (NAFLD)

Trends in wait-listed patients and transplant recipients in Europe and the US highlight

the increasing prevalence of NASH. In Europe, LT for NASH increased from 1.1% to 6.2%
from 2007 to 2017 ¢. In the US, LT for NASH increased from 1.2% in 2001 to 9.7% in 2009 7.
While NASH still represents a modest percentage of LTs in Europe and the US, the rates are
growing steadily and given the global prevalence of NAFLD, it is expected to be the most
common indication for LT in the next decade. It is interesting to note that the ratio of LT listings
for HCC increased 10.4-fold from 2004 to 2015, in contrast to a 2.7-fold and 5.6-fold increase
for alcohol and HCV 8. Whether this is a reflection of a higher risk of HCC in patients with
NAFLD or a LT selection bias requires further study. Importantly, survival rates after 5 years
in NASH LT recipients are similar or better than other indications ’. This may be related to the
selection of patients with a lower prevalence of severe metabolic complications, including
cardiovascular disease, or the lower frequency of recurrent disease post-LT. Because of the
lack of long-term data in studies of 10 years or more, these results must be considered with
caution.
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Key challenges to optimize outcomes in transplant patients with NASH are:

Defining acceptable BMI limits for LT. Technically, LT in severely obese patients is more
challenging, with more infectious and surgical complications. In a US study evaluating
wait-listed patients based on BMI, 11% and 19% of centers did not list any severely (BMI
35-40) or morbidly obese (BMI 40-60) patients, respectively °. BMI is not a good predictor
for wait-list and post-LT survival, suggesting that specific cut-offs should not be used to
guide LT eligibility. The use of sleeve gastrectomy before or concurrently with LT, could
help increase the number of obese NASH LT candidates '%!'. On the other hand, patients
with prior roux-en-y gastric bypass have higher waiting list mortality, suggesting that
patients with cirrhosis and malabsorptive bariatric surgery could be at a higher risk of
malnutrition 2. A supervised diet and exercise interventions designed to improve the
eligibility for LT of obese NASH patients are needed.

Although recurrent cirrhosis is infrequent after 5 years, recurrent NASH is common after
LT and is therefore a risk for the progression of fibrosis 3. Using transient elastography,
27% of patients were found to have advanced fibrosis and 5.4% had cirrhosis a mean 6.25
years post-LT '3, In a biopsy-based study, NASH with fibrosis was present in 71% of those
with recurrent NAFLD compared to 13% of those with de novo post-LT NAFLD !4, This
suggests that recurrent NAFLD is more likely to progress than de novo NAFLD, suggesting
that a more aggressive approach to prevention/treatment may be needed. To date, no clinical
trials of new therapies have been undertaken in LT recipients.

Patients with NASH have a higher risk of cardiovascular events than non-NASH patients.
Cardiovascular events within the first year (70% occurring perioperatively) after LT are
associated with a 50% overall mortality '°. Post-LT metabolic syndrome and its individual
components are also higher raising concerns of worsening trajectories for the NASH patient
post-LT. Ultimately, selection of LT candidates probably influences this risk as well as
how aggressively the metabolic syndrome is managed post-LT.
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Key points

e Decompensated hepatitis C virus (HCV) cirrhosis is now uncommon while the proportion
of patients with cirrhosis related to non-alcoholic steatohepatitis (NASH) is increasing.

e Preventing infection is an important goal in patients with cirrhosis. The long term
administration of antibiotics, in particular norfloxacin has been associated with lower
mortality. Albumin has been recommended in association with antibiotics for spontaneous
bacterial peritonitis for three decades.

e Acute on chronic liver failure is a syndrome with a high rate of early mortality. Early
administration of large spectrum antibiotics is now recommended to treat infections.

e Acute kidney injury is also a common complication of advanced cirrhosis, and is predictive
of a worse outcome. Terlipressin has been shown to be effective in reversing hepatorenal
syndrome in at least 50% of patients.

e Non-selective beta blockers are used in the primary or secondary prophylaxis of variceal
bleeding and Transjugular intrahepatic portosystemic shunts are an alternative to large
volume paracentesis.

e Liver transplantation is the best option in patients with advanced cirrhosis.

The face of cirrhosis has changed since the introduction of direct antiviral agents (DAAsS).
Decompensated hepatitis C virus (HCV) cirrhosis is now uncommon while the proportion of
patients with cirrhosis related to non-alcoholic steatohepatitis (NASH) is increasing. Patients
with NASH-related cirrhosis tend to be older than those with HCV-related cirrhosis when
decompensation occurs. They have more comorbidities that must be considered using a
multidisciplinary approach. Alcoholic abuse still represents a significant source of
decompensated cirrhosis in Western countries.

Patients with cirrhosis are at risk of developing bacterial infections due to various factors
including bacterial translocation and immune dysfunction. Even though the prognosis has
improved over time, mortality rates remain relatively high (about 20% for spontaneous bacterial
peritonitis [SBP]) [1,13]. About 25-30% of patients develop infections during hospitalization.
Thus, preventing infection is an important goal. Long term administration of antibiotics in
patients with ascites and low ascitic fluid protein concentrations is a controversial issue. A
recent randomized trial comparing the long term administration of norfloxacin to placebo has
shown that norfloxacin was associated with lower mortality in patients with protein ascitic fluid
concentration <15g/L [2]. It is interesting to note that norfloxacin did not increase the rate of
multidrug resistant infections. Albumin has been recommended in association with antibiotics
for the treatment of SBP for more than 3 decades. However, the role of albumin in the treatment
of bacterial infections other than SBP has been controversial [3]. Recently, a large controlled
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trial comparing intravenous albumin (40g twice weekly for two weeks and then 40g weekly for
up to 18 months) was associated with a significant improvement in 18-month survival in
patients with decompensated cirrhosis [4]. In this study, patients receiving albumin were less
likely to develop SBP, infections other than SBP, severe encephalopathy and renal dysfunction.
This study raises the issue of the systemic administration of albumin in patients with advanced
cirrhosis. Even if albumin was associated with a better outcome, the difference in survival was
modest compared to standard medical therapy.

Acute on chronic liver failure (ACLF) is a syndrome with a high rate of early mortality
defined by the occurrence of organ failure(s) in patients with cirrhosis [5]. The higher the
number of failed organs, the higher the mortality. Bacterial infections represent a frequent
precipitating factor of ACLF. In a large European series of patients with ACLF, about 30% of
those with culture positive infections were infected with multidrug resistant bacteria [6].
Antibiotic resistance was associated with a poor outcome. Depending on local epidemiology,
early administration of large spectrum antibiotics is now recommended to treat infections,
including community acquired infections, with de-escalation when possible.

Acute kidney injury (AKI) is also a common complication of advanced cirrhosis, and is
predictive of a worse outcome. Early recognition of AKI and early identification of the
phenotype of AKI are essential to initiate appropriate therapy at an early stage and to improve
outcome. Patients with advanced cirrhosis have reduced muscle mass (especially women) and
decreased creatine production. Thus, patients with serum creatinine within the normal range
may have markedly impaired renal function. The definitions of AKI in cirrhosis have recently
been revised to take into account these difficulties [7]. AKI in cirrhosis is now defined by an
increase in serum creatinine > 0.3 mg/dL (26.5 pumol/L) within 48 hours or a percentage
increase of serum creatinine > 50% from baseline which is known or presumed to have occurred
within the prior 7 days. AKI is then categorized into 3 stages of increasing severity.

Hepatorenal syndrome (HRS) is considered to be one of the different
phenotypes of AKI in cirrhosis, termed AKI-HRS. A distinction must be made between HRS
and acute tubular necrosis (ATN) because vasoconstrictors such as terlipressin are only justified
in the presence of HRS. Besides criteria for the clinical definition, urinary neutrophil gelatinase
(NGAL) associated lipocalin, a biomarker of tubular damage, is significantly higher in patients
with ATN compared to those with HRS. However, no clear cut off value differentiates HRS
from AKI. Terlipressin has been shown to be effective in reversing HRS in at least 50% of
patients. However, even in responders to terlipressin, life expectancy is limited in the absence
of liver transplantation. The incidence of adverse events is significantly lower with a continuous
infusion of terlipressin than with boluses, with a similar rate of responders [8].

Non-selective beta blockers (NSBBs) are extensively used in patients with cirrhosis in the
primary or secondary prophylaxis of variceal bleeding. Interestingly, recent data suggest that
NSBBs in patients with refractory ascites are associated with a worse outcome [9]. Patients
with NSBBs are at higher risk of developing paracentesis-induced circulatory dysfunction.
NSBBs may compromise the adaptative capacity of the heart in patients with important
fluctuations in central volume and may precipitate AKI. NSBBs should be used with caution in
patients with refractory ascites and large varices. However, not all the results of these studies
showed a negative impact of NSBBs on survival in patients with refractory ascites.
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Transjugular intrahepatic portosystemic shunts (TIPS) are an alternative to large volume
paracentesis. A recent controlled trial in patients with recurrent ascites has shown a benefit to
transplant-free survival with TIPS compared to standard medical therapy [10]. However, TIPS
may be contraindicated in patients with advanced cirrhosis and/or patients with present or past
encephalopathy. Another recent option is the insertion of an automated low flow pump that

derives ascites from the peritoneal cavity to the bladder (Alfapump®). Ascites is then

eliminated in the urine. A preliminary controlled trial in a relatively small number of patients

has shown that Alfapurnp® reduces significantly the need for paracentesis and improves quality

of life [11]. Larger studies are needed to evaluate changes in nutritional status with the

Alfapurnp® and any possible impact on survival.

Liver transplantation is the best option in patients with advanced cirrhosis. Since the
implementation of the MELD score-based allocation policy, priority for transplantation is given
to the most severely ill patients. More patients with impaired renal function are listed and
transplanted. The proportion of patients receiving combined liver and kidney transplantation
has increased in several countries in Europe as well as in the United States. The upper limit in
terms of disease severity that defined transplant futility (too low probability of survival to
justify transplantation) is a matter of debate. In particular, which patients with cirrhosis in the
ICU with organ failures should be transplanted and which patients should not is an important
issue. Several recent series have shown that good results can be achieved in patients with ACLF,
at the cost of higher morbidity and longer hospital stays. However, whether patients with grade
3 ACLF are good candidates for transplantation is still a subject of debate due to contrasting
results in the literature [12]. A case by case selection is needed. In these patients with cirrhosis
and organ failure, the CLIF SOFA score is a better prognostic tool than the MELD score.
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Key points

e Transient elastography may be useful for the early identification of patients at risk of
developing clinically significant portal hypertension.

e Etiological treatment of the underlying liver disease may reduce portal hypertension
up to a certain level.

e Reduction of dose or discontinuation of NSBB can be considered in patients with
refractory ascites who develop low blood pressure and impairment in renal function.

e In patients with variceal bleeding, antibiotic prophylaxis is mandatory and should be
instituted from admission.

e Early TIPS placement improves the survival of high risk-patients with acute variceal
bleeding (e.g. Child-Pugh class C <14 points or Child-Pugh class B with active
bleeding) after initial pharmacological and endoscopic therapy. Criteria for high risk
patients are being redefined.

Portal hypertension (PH) is a severe complication of chronic liver disease (CLD).
Cirrhosis is the most frequent cause of PH and its complications, such as esophageal and gastric
varices, variceal bleeding, ascites, spontaneous bacterial peritonitis and other infections,
hepatorenal syndrome and portosystemic encephalopathy!. These complications represent the
first cause of death and the main indication for liver transplantation in these patients.

Cirrhosis is a heterogeneous disease that is currently classified in two main stages:
compensated and decompensated cirrhosis?.

A new entity called compensated advanced chronic liver disease (CACLD) has been proposed
to reflect that severe fibrosis and cirrhosis is a continuum in asymptomatic patients, and that
distinguishing between the two stages is often clinically impossible?®. Portal hypertension may
occur before an established histological diagnosis of cirrhosis.

Hepatic venous pressure gradient (HVPG) measurement is the gold-standard method to assess
the presence of PH.

To confirm cACLD, invasive methods include liver biopsy showing severe fibrosis or
established cirrhosis, upper GI endoscopy showing gastroesophageal varices and/or HVPG
measurement with values >5 mmHg indicating sinusoidal PH or >10 mmHg indicating
clinically significant PH (CSPH).

The introduction of transient elastography (TE) into clinical practice has allowed the
early identification of patients with CLD at risk of developing CSPH. Liver stiffness by TE is
useful to suggest cACLD in asymptomatic subjects with known causes of CLD. Patients with
a liver stiffness <20 kPa and with a platelet count >150.000 have a very low risk of having
esophageal varices requiring treatment, and can avoid screening endoscopy?.
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Treatment of PH differs depending on the stages of cirrhosis, since the prognosis,
mechanisms of disease and therapeutic targets are different.

The treatment of PH includes the prevention of first bleeding, the treatment of acute variceal
bleeding and the prevention of recurrent bleeding.
Prevention of first bleeding

Etiological treatment of the underlying liver disease may reduce PH and prevents
complications in patients with established cirrhosis.

In patients with no varices or small varices, there is no indication to use beta blockers to prevent
the formation of varices®.

Patients with small varices with red wale marks or Child-Pugh C class have an increased
risk of bleeding and should be treated with non-selective beta blockers (NSBB). Patients with
small varices without signs of increased risk may be treated with NSBB to prevent bleeding?’.
Patients with medium-large varices should be treated either with NSBB or endoscopic band
ligation for the prevention of the first variceal bleeding®*. The choice of treatment should be
based on local resources and expertise, patient characteristics, contraindications and adverse
events. Traditional NSBB (propranolol, nadolol) and carvedilol are valid first line treatments*>.

Measurement of HVPG offers additional relevant information on the response to
therapy. A decrease in HVPG of at least 10% from baseline or to <12 mmHg after chronic
treatment with NSBB is associated with a significant reduction in the risk of variceal bleeding®.
However, the decision to treat with betablockers should be taken when indicated, independently
of the possibility of measuring HVPG.

The use of statins to reduce portal pressure is one of the promising new strategies and
should be evaluated in further studies since clinical evidence of a beneficial effect of statins on
the complications of PH or survival is still lacking’.

Cyanoacrylate injection appears to be more effective than beta blockers in preventing first
bleeding in patients with large gastroesophageal varices type 2 or isolated gastric varices type
1. Further studies are needed to evaluate the risk/benefit of using cyanoacrylate in this setting.

The safety of NSBB in subgroups with end-stage disease (refractory ascites and/or
spontaneous bacterial peritonitis) has been questioned®. Close monitoring is necessary in
patients with refractory ascites, and a reduction in the dose or discontinuation can be considered
in those who develop low blood pressure and impairment in renal function. If NSBB are
stopped, endoscopic band ligation should be performed.

Treatment of acute bleeding

When an acute bleeding episode occurs in patients with cirrhosis and PH, Child-Pugh
class C, the updated MELD score, and failure to achieve primary hemostasis are the variables
most consistently found to predict six week mortality®. Patients with acute variceal bleeding
should be considered for intensive care unit. The goal of resuscitation is to preserve tissue
perfusion. Volume restitution should be initiated to restore hemodynamic stability. Packed red
blood cell transfusion should be done at a target hemoglobin level of between 7 and 8 g/dl.
Antibiotic prophylaxis is mandatory and should be started at admission. Intravenous ceftriaxone
(1g/24h) should be considered in patients with advanced cirrhosis, in settings with a high
prevalence of quinolone-resistant bacterial infections and in patients on quinolone prophylaxis.
Either lactulose or rifaximin may prevent hepatic encephalopathy. However, further studies are
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needed to evaluate the risk/benefit and to identify high risk patients before formal
recommendations can be made.

When variceal bleeding is suspected, vasoactive drugs should be started, ideally before

endoscopy. Vasoactive drugs (terlipressin, somatostatin, octreotide) should be used in
combination with endoscopic therapy and continued for up to five days.
Endoscopy should be performed within 12h of presentation in patients with cirrhosis presenting
with GI bleeding. In patients with altered consciousness, endoscopy should be performed and
the airway should be protected. Ligation is the recommended form of endoscopic therapy for
acute esophageal variceal bleeding. Endoscopic therapy with a tissue adhesive (e.g. N-
butylcyanoacrylate) is recommended for acute bleeding from isolated gastric varices (IGV) and
type 2 gastroesophageal varices (GOV2) that extend beyond the cardia. EVL or a tissue
adhesive can be used in bleeding from type 1 gastroesophageal varices (GOV1)*8,

Early TIPS (Transjugular Intrahepatic Portosystemic Shunt) placement with
polytetrafluoroethylene (PTFE)-covered stents within 72h (ideally 24h) improves survival in
high risk-patients with acute variceal bleeding®. This must be considered in patients bleeding
from EV, GOV1 and GOV?2 at high risk of treatment failure (e.g. Child-Pugh class C <14
points or Child-Pugh class B with active bleeding) after initial pharmacological and
endoscopic therapy. The criteria for high risk patients are being redefined.

Because of the high incidence of severe adverse events, balloon tamponade should only be
used in refractory variceal bleeding, as a temporary ‘‘bridge’’ (for a maximum of 24 h), until
definitive treatment can be instituted?.

Persistent bleeding despite combined pharmacological and endoscopic therapy is best
managed by PTFE-covered TIPS. Rebleeding during the first five days may be managed by a
second attempt at endoscopic therapy. If rebleeding is severe, PTFE-covered TIPS is probably
the best option.

Prevention of recurrent bleeding

Prevention of recurrent variceal hemorrhage should be obtained with the combination
of NSBB (propranolol or nadolol) + endoscopic band ligation®!°, Ligation should not be used
as monotherapy unless there is intolerance/contraindications to NSBB. NSBB should be used
as monotherapy in patients with cirrhosis who cannot be treated with band ligation. Covered
TIPS is the treatment of choice in patients that fail first line therapy (NSBB + band ligation).

In patients with portal hypertensive gastropathy, NSBB are first line therapy in
preventing recurrent bleeding®. TIPS may be considered in patients in whom NSBB and/or
endoscopic therapies fail.
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Key points

e In patients with severe alcoholic hepatitis the failure of medical therapy can be rapidly
identified. Six-month survival is around 30% in these patients.

e Expert guidelines no longer recommend a fixed period of abstinence before
transplantation.

e Early liver transplantation in these patients is an attractive but highly controversial
option because it challenges the 6-month abstinence rule before liver transplantation.

e Two recent American studies have provided additional data supporting early liver
transplantation as rescue therapy in patients with severe alcoholic hepatitis who fail to
respond to medical therapy and confirmed low rates of alcohol use post-liver
transplantation.

Does the 6-month rule limit access to liver transplantation for the most severely ill
patients?

The optimal timing for liver transplantation in alcoholic patients differs markedly
among transplant programs. Decisions on transplant eligibility should be made on an individual
basis, with careful prediction of short-term survival. In the particular setting of non-responders
to corticosteroids, strict application of a period of sobriety as a policy for transplant eligibility
is unfair, because most of these patients will die before the end of the 6-month period of
sobriety.

It is well established that doctors and the public do not share the same viewpoint on
graft allocation. It is important to increase public awareness. In particular, most philosophers
and ethicists feel that patients with self-inflicted diseases should have the same access to
medical resources, and that personal responsibility should not influence the decision to
transplant.

Early liver transplantation improves patient survival

Patients with severe alcoholic hepatitis who fail medical therapy can be identified early.
They have a 6-month survival of around 30%. As most deaths occur within 2 months, early
liver transplantation in these patients is an attractive but highly controversial option, because it
challenges the 6-month abstinence rule before liver transplantation. The first study evaluating
early liver transplantation in patients with severe alcoholic hepatitis undergoing their first
episode of liver disease that failed medical therapy showed significant improvement in survival
in patients who were transplanted early. Patients were carefully selected on the following
criteria: full consensus of the paramedical and medical staff, no co-morbidities, social
integration and supportive family members [1]. The results of this study support future
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evaluation in highly selected patients with severe alcoholic hepatitis who fail medical therapy
[2]. Early liver transplantation was associated with a low rate of recurrent alcohol use and good
adherence to medical regimens in the absence of graft dysfunction. Two recent American
studies have provided additional data supporting early liver transplantation as rescue therapy in
patients with severe alcoholic hepatitis who fail to respond to medical therapy. They confirmed
low rates of alcohol use post-liver translation [3, 4].

The fear that early liver transplantation may decrease organ donation is not supported
by a survey showing that most potential donors were supportive or neutral about this new
indication [5]. Only ethical principles recommending active treatment of patients without
discrimination, and the best scientific knowledge should be applied in the evaluation of changes
in clinical practices [6]. However, due to organ shortage, the selection process of patients with
severe alcoholic hepatitis should remain stringent to limit transplant availability in this group.
The use of a combination of baseline MELD score [7] and the Lille score at 7 days [8] seems
to be the most effective approach to identify patients with the highest risk of short-term
mortality and to limit the number of unnecessary procedures [9].

Unlike the recommendations from the past decade [12] expert guidelines no longer
recommend a fixed period of abstinence prior to transplantation [10, 11] and they have stopped
listing alcoholic hepatitis as an absolute contraindication [10] to liver transplantation.
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