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Non-alcoholic fatty liver disease (NAFLD) is currently the fastest growing indication to liver transplantation (LT) in Western
Countries, both for end stage liver disease and hepatocellular carcinoma. NAFLD/non-alcoholic steatohepatitis (NASH)
is often expression of a systemic metabolic syndrome; therefore, NAFLD/NASH patients require a multidisciplinary
approach for a proper pre-surgical evaluation, which is important to achieve a post-transplant outcome comparable
to that of other indications to LT. NAFLD/NASH patients are also at higher risk of post-transplant cardiovascular events,
diabetes, dyslipidemia, obesity, renal impairment and recurrent NASH. Lifestyle modifications, included diet and physical
activity, are key to improve survival and quality of life after transplantation. A tailored immunosuppressive regimen may
be proposed in selected patients. Development of new drugs for the treatment of recurrent NASH is awaited. (Clin Mol

Hepatol 2023;29(Suppl):5286-5301)
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is currently the
fastest growing indication to liver transplantation (LT) both in
United States and Europe."” NAFLD is the hepatic expression
of a systemic metabolic dysfunction. Indeed, NAFLD is com-
monly associated to cardiovascular (CV) disease, obesity, glu-
cose impairment and dyslipidemia, which make more chal-
lenging the management of NAFLD patients in the transplant
setting (Fig. 1). The term metabolic-associated fatty liver dis-

ease (MAFLD) was recently proposed to better characterize
the metabolic dysfunction associated fatty liver disease,’
launching the debate on potential change in diagnosis, de-
velopment of new therapies and improved clinical manage-
ment.

MAFLD

MAFLD is defined by the evidence of hepatic steatosis
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Figure 1. Management of NAFLD in the liver transplant setting.
NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steato-
hepatitis; CV, cardiovascular.
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(based on histologic, radiologic or blood test findings), asso-
ciated with at least one of the following three criteria: over-
weight/obesity, type 2 diabetes mellitus (DM), and evidence
of metabolic dysregulation.” Metabolic dysregulation is in
turn defined by the presence of at least two of the following
criteria: waist circumference >102/88 cm in Caucasian men/
women and >90/80 cm in Asian men/women; blood pres-
sure >130/85 mmHg or the use of specific treatment, triglyc-
erides =150 mg/dL or the use of specific treatment, high-
density lipoprotein <40/50 mg/dL in men/women or the use
of specific treatment, pre-diabetes, reactive C protein (RCP)
>2 mg/dL and insulin resistance index (HOMA-IR) >2.5.* The
definition of MAFLD does not imply the absence of signifi-
cant alcohol consumption or other causes of liver injury,’ but
these patients should be defined as having dual etiology fat-

NAFLD in Liver Transplant Setting
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CV risk stratification
- History, ECG and transthoracic US
- Risk scores to evaluate CHD
- Low Risk: no test needed
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Figure 2. Management of NAFLD in the liver transplant setting. NAFLD, non-alcoholic fatty liver disease; CV, cardiovascular; ECG, electrocar-
diogram; US, ultrasound; CHD, coronary heart disease; SE, stress echocardiography; cardiac PET, cardiac positron emission tomography; CCTA,
coronary computed tomography angiography; ICA, invasive coronary angiography.

Abbreviations:

NAFLD, non-alcoholic fatty liver disease; LT, liver transplantation; ESLD, end stage liver disease; HCC, hepatocellular carcinoma; NASH, non-alcoholic steatohepatitis; CV,
cardiovascular; MAFLD, metabolic-associated fatty liver disease; HDL, high-density lipoprotein; BMI, body mass index; ACLF, acute on chronic liver failure; CAD, coronary
artery disease; CAD-LT, coronary artery disease in liver transplantation; CACS, coronary artery calcium scoring; CHD, coronary heart disease; ESC, European Society of
Cardiology; CCTA, coronary computed tomography angiography; ICA, invasive coronary angiography; FFR, fractional flow reserve; ECG, electrocardiogram; TTE, trans-
thoracic echocardiography; SE, stress echocardiography; SRTR, Scientific Registry of Transplant Recipients; IS, immunosuppressive; BS, bariatric surgery; PROCAM,
Prospective Cardiovascular Miinster; SCORE, Systematic Coronary Risk Evaluation Project; ACEi, ACE inhibitors; ARB, angiotensin receptor blockers; ARNI, aldosterone
antagonists, angiotensin receptor-neprilysin inhibitors; BB, b-adrenergic receptor blockers; EF, ejection fraction; CCBs, calcium channel blockers; CsA, cyclosporine; TAC,
tacrolimus; MMF, mycophenolate mofetil; mTOR, mammalian target of rapamycin; SO, sarcopenic obesity; ELTR, European Liver Transplant Registry; QoL, quality of life
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ty liver disease.” The term MAFLD may improve patients char-
acterization and help to identify individuals at higher risk for
future adverse events and mortality. Indeed, Kim et al.’ re-
cently found a strong association between MAFLD and all-
cause and cause-specific mortality, whereas NAFLD per se is
not related to all-cause and cause-specific mortality. Specifi-
cally, patients who met the definition of MAFLD but not of
NAFLD, had a 1.7-fold higher risk of all-cause mortality (haz-
ard ratio [HR] 1.66; 95% confidence interval [CI] 1.19-2.32;
P=0.003) and a 24% higher CV mortality (HR 1.24; 95% ClI
1.01-1.51; P=0.041). Changing the nomenclature from NAFLD
to MAFLD could focus on the metabolic underpinning and
adjust the management of these patients, including in a
transplant setting.

INDICATIONS TO LIVER TRANSPLANTATION IN
PATIENT WITH NAFLD/NASH

Currently, approximately 25% of the global population is
affected by NAFLD and up to 25% of these individuals have
non-alcoholic steatohepatitis (NASH),” with an alarming
growth of incidence in young population.’ The estimated in-
cidence of NAFLD and NASH in 2030 are 101 million and 27
million, respectively. A recent analysis reported an increment
trend of 168% for decompensated cirrhosis, 178% for liver-re-
lated death and 137% for hepatocellular carcinoma (HCQ),
between 2015 and 2030.” Similarly, a modelling study pre-
dicted an increased rate of HCC cases of 117% in France and
88% in UK.’ LT is the only lifesaving approach for NASH-relat-
ed end stage liver disease (ESLD) and non-resectable HCC It
is therefore not surprising that NAFLD is rapidly growing as
indication for LT and is currently the second leading cause for
LT in USA, accounting for 21.5% of performed transplants in
adults during 2018." An exponential growth has also been
seen in Europe, going from 1.2% in 2002 to 8.4% in 2016.” Pa-
tients transplanted for NASH have more frequently HCC than
non-NASH patients, 39.1% vs. 28.9% respectively (P<0.001),
are older (median: 60 vs. 55 years, P<0.001) and with higher
body mass index (BMI) (mean: 32.6 vs. 25.8 kg/m’, P<0.001)."
The reason why HCC seems to be more prevalent as indica-
tion to LT in NASH than in non-NASH patients has not yet
been thoroughly understood. Proposed mechanisms include
the presence of a chronic systemic inflammatory environ-
ment, genetic polymorphisms as PNPLA3 and TM6SF2, great-
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er iron absorption, gut dysbiosis, increased lipid storage with
lipotoxicity, insulin resistance and higher insulin-like growth
factor (IGF) levels.”” In addition, NASH patients are often
obese, thus making more difficult to perform ultrasound
screening of HCC.

Notably, a significant proportion of HCC in patients with
NAFLD/NASH may arise in a non-cirrhotic liver. In an Italian
multicenter study on 756 patients with HCC, Piscaglia et al."*
showed that 46.2% of NAFLD-HCC occurred in a pre-cirrhotic
liver. Similar results have been reported by independent co-
hort in Germany and Japan (41.7% and 49%, respectively).*"°

ACUTE ON CHRONIC LIVER FAILURE

Acute on chronic liver failure (ACLF) is defined as an “Acute
decompensation of cirrhosis (ascites, hepatic encefalopathy
[HE], gastrointestinal [GI] bleed and/or infection) associated
with organ failure (OF) and high 28-day mortality (>15%)".”"
In a recent study based on National Inpatient Sample (NIS)
database, Axley et al."” showed that NASH cirrhosis is the
most rapidly growing etiology causing hospital admission for
ACLF, with an increase of 63%, from 3.5% in 2006-2008 to
5.7% in 2012-2014 (P<0.001). In this series, infection was the
most common precipitating event in ACLF (80%). Compared
with non-NASH ACLF, these patients required a longer hospi-
talization though inpatient mortality was lower. A retrospec-
tive study based on the Veteran Health estimated an inci-
dence of ACLF (based on European Association for the Study
of the Liver - chronic liver failure criteria [EASL-CLIF] criteria)
among NASH cirrhosis patients of 3.4/1,000 (95% Cl, 2.9-4.0),
confirming bacterial infections as the most common precipi-
tant factor. Among individuals with ACLF grade 3, in NASH
patients, kidney failure was the most common organ failure,
although NASH and hepatitis C etiology shared the highest
rates of circulatory failure.”® Growing evidence suggests that
patients with ACLF grade 3 should be evaluated for LT and
may achieve an excellent outcome after transplant,”' provid-
ed that they are appropriately selected.” Pre-transplant eval-
uation is important in NAFLD/NASH patients due to their in-
creased CV and systemic risk. Importantly, NASH was not
associated to an increased risk of post-transplant mortality in
patients undergoing transplantation for ACLF.*"*
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PRE-TRANSPLANT EVALUATION

Metabolic syndrome, DM, and CV diseases that are often
present in patients with NASH should be considered at time
of LT evaluation, as they are important causes of death after
LT and may be an absolute or relative contraindication to
transplantation (Fig. 2).” The CV issues in patients with NASH
may act synergistically with the cardiac alterations associated
with cirrhosis (e.g., cirrhotic cardiomyopathy, prolonged
QTo).** Adequate risk stratification of coronary artery disease
(CAD) is essential to improve post-transplant survival. CAD is
present in approximately 25%” of LT candidates, and pa-
tients with NASH or renal dysfunction are more likely to have
a higher burden of CAD and critical coronary artery steno-
sis.”*” Worldwide, there is considerable variability in how LT
programs assess cardiac risk, as models used to predict car-
diovascular risk in the general population have not been vali-
dated in patients with liver disease. Regardless of the risk
stratification approach used, a dedicated cardiology and an-
esthesia team must be involved in selecting candidates for
LT.*® As a first approach, it is necessary to obtain a medical
history and search for the presence of CAD risk factors to de-
termine the need for screening and the choice of the type of
investigations. Traditional CV risk factors: male sex, hyperten-
sion, hyperlipidemia, smoking, age >60 years, left ventricular
hypertrophy, previous CV disease or diabetes have been
identified as the main risk factors associated with significant
coronary artery stenosis in LT candidates.”**°So far, only three
clinical risk scores have been proposed to stratify cardiac risk
in LT candidates:

- CArdiovascular Risk in Orthotopic Liver Transplantation
(CAR-OLT)*": a prognostic model designed to predict the
overall 1-year risk of death or hospitalization for a significant
CV event; however, it has not yet received external validation
and does not estimate long-term CV risk.

- Cardiac arrest risk index™: a point-based model to predict
cardiac arrest and ventricular arrhythmias within 30 days af-
ter transplantation.

- CAD-LT (coronary artery disease in liver transplantation)™:
effectively stratifies pre-LT risk for significant CAD and thus
can guide more targeted evaluation of candidates with less
number of tests and faster waiting list inclusion.

Troponin-I and RCP, appear to have high sensitivity in pre-
dicting cardiac risk in liver transplant candidates, but more
studies are needed before they can be used in clinical prac-
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tice.*** Current studies have revealed that coronary artery
calcium scoring has a negative predictive value of 95-100%

3637 Therefore,

for significant coronary heart disease (CHD).
the most recent American Society of Transplantation guide-
lines proposed its use in the risk stratification of LT candi-
dates.” Non-invasive stress testing (e.g., dobutamine stress
echocardiography, myocardial perfusion imaging and CV
magnetic resonance) have been validated to detect CAD in
general but are suboptimal for patients with ESLD.** Accord-
ing to the current European Society of Cardiology™ guide-
lines, non-invasive testing should be offered to patients with
more than two risk factors for CAD and poor functional sta-
tus. Invasive coronary angiography is the gold-standard test
to identify significant CHD in the general population, but cur-
rently, in LT candidates, studies are inconclusive and not able
to predict the impact of asymptomatic pre-LT CV abnormali-
ties on long-term outcomes.**** Coronary computed tomog-
raphy angiography (CCTA) is a non-invasive test valid for as-
sessing the risk of CHD in LT candidates, although no studies
are comparing it with invasive coronary angiography (ICA) in
this population.* CCTA alone does not provide a functional
assessment of coronary stenosis, which can be obtained by
integrating this examination with fractional flow reserve ob-
tained from computed tomography in this population.”

The most recent guidelines, published in October 2022 by
the American Transplant Society,”* recommend the following
algorithm:

- Cardiac physical examination, electrocardiogram (ECG),
and resting trans-thoracic echocardiography (TTE) (with
measurement of myocardial strain and bubble study to as-
sess pulmonary hypertension and intracardiac and extracar-
diac leads) for all LT candidates without CHD.

- In LT candidates at low risk of significant CHD (age <40
years, able to achieve =4 metabolic equivalents (METs), no
NASH or diabetes, no CHD risk factors), if initial ECG and rest-
ing TTE are normal, additional cardiac stress testing may not
be necessary.

- In intermediate-risk liver transplant candidates, non-inva-
sive exercise testing may be considered (stress echocardiog-
raphy [SE] is preferred; dobutamine SE if patient cannot exer-
cise. Positron emission tomography as an alternative if
available).

In LT candidates at high risk of significant CHD (diabetes,
NASH, or >2 other CHD risk factors), coronary anatomic imag-
ing (CCTA or ICA) is mandatory.

http://www.e-cmh.org



-1CA should be the last procedure performed in the evalua-
tion before listing for liver transplantation after the patient
has already been considered an acceptable transplant candi-
date.

Lifestyle modifications are recommended to improve clini-
cal outcomes after transplantation. Obese patients should
lose weight through a low-calorie diet and adequate physical
activity.” Weight loss in this patient population must be
carefully controlled and managed by experts to avoid loss of
muscle mass and subsequent sarcopenia, which is a known
risk factor that increases post-transplant mortality and wors-

ens patient prognosis (Table 1).%*

WAITING-LIST MANAGEMENT

A recent analysis on patients from OPTN (Organ Procure-
ment and Transplantation Network)/UNOS (United Network
for Organ Sharing) registry showed that, in comparison to
patients with alcoholic liver disease (ALD), the risk of 90-day
and 1-year waitlist mortality was significantly higher in NASH
patients (P=0.042 and P=0.008)."” Model for End-Stage Liver
Disease-Na (MELD-Na) score, Chronic Kidney Disease (CKD)
stage >3 and hyponatremia were significantly associated to
mortality. Nagai and colleagues also demonstrated that 90-
day Delta MELD-Na was lower in Alcoholic Liver Disease
(ALD) patients than in NASH patients, suggesting that NASH
patients may have a faster disease progression. When consid-
ering patients with HCC as indication to LT, NASH patients
showed a higher risk of 1-year waitlist mortality compared to
HCC-ALD; however, an explanation could be that NASH pa-
tient were older.”” Another study based on UNOS registry
data from 2002 to 2016 found a higher unadjusted cumula-
tive incidence of exclusion from wait list (WL) for mortality
and deterioration in NAFLD patients compared to patients
with other indications to LT, but when adjusted for confound-
er factors, waitlist mortality was similar between NASH and
non-NASH patients.* In fact, by analyzing data from the Sci-
entific Registry of Transplant Recipients (SRTR) from 2002 to
2016, Younossi et al.” found no significative difference in
terms of outcome during the waiting-list (transplant vs. drop

.** demonstrat-

out) between different etiologies. Young et a
ed that patients with NASH-HCC are less likely to have excep-
tion to MELD on WL and, as a result, they are less likely to re-

ceive LT than patients waitlisted for other etiologies. Another
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factor that may contribute to disparities in HCC exception is
the better hepatic function in NASH-HCC patients at diagno-
sis and the slower progression of cirrhosis compared with
Hepatitis C Virus (HCV)-HCC patients,* which results in lower
MELD score. As a consequence, NASH-HCC patients have sig-
nificantly higher rates of primary surgical resection and lower
rates of LT when compared with HCV-HCC patients,* leading
to lower likelihoods to receive LT and longer WL times. Fur-
thermore, NASH patients—including those with a low MELD
score, were more frequently delisted or died due to CV com-
plications. It thus seems that the MELD score does not fully
represent the clinical condition of NASH patients. New prog-
nostic scores to better stratify the risk of short-term deterio-
ration and mortality of patients with NASH are expected.

POST-TRANSPLANT MANAGEMENT
Early complications

It is estimated that about 40% of all deaths occurring in the
first 30 days post-transplant are due to CV complications.
Transplant operation is technically more challenging in obese
patients; this is reflected by increased operative time, major
operative transfusion requirements, increased surgical com-
plications, such us hepatic arterial injury or malposition, infe-
rior vena cava injury and uncontrolled bleeding, and higher
rate of operative revision.” Consequently, obesity and diabe-
tes mellitus together increased the 30-day risk of post-sur-
gery complications, such as wound infections, sepsis, renal
failure, and prolonged mechanical ventilation with extent of
hospital stay.”** NASH patients have more short-term mild
complications, such as persisting ascites, pleural effusion,
dyspnea, fever, electrolyte disturbance, abnormal liver en-
zymes or wound infections, while moderate severe complica-
tions were not significantly different between NASH and
non-NASH patients. Mortality and graft survival at 90-days
after LT were similar with patients transplanted for non-
NASH cirrhosis.” Therefore, although the higher percentage
of early complications, short-term graft and patient out-
comes between NASH and non-NASH patients are compara-
ble.
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Late complications

Diabetes, hypertension, dyslipidemia, renal impairment
and NASH have a key role as risk factors for the development
of CV events after LT (Table 1).” In particular, NASH patients
have a higher mortality rate for cardio- and cerebro-vascular
complications than non-NASH patients and such difference is
particularly significant during the first year after LT.” Recently,
a Spanish Group showed that the introduction of a post-
transplant multidisciplinary approach achieved by a multi-
professional team, including the figures of hepatologist, en-
docrinologist and advanced practice nurses, decreased the
incidence of CV events from 14% to 6%, acting on prevention
and early detection of CV risk factors.”

Diabetes mellitus

Prevalence of diabetes mellitus in NAFLD prior to LT is be-
tween 33% and 66%.”” Male gender, ethnicity, family history,
older age, BMI >30 kg/mz, HCV infection, and the use of im-
munosuppressive (IS) drugs, tacrolimus and corticosteroids,
are risk factors for the development of post-transplant diabe-
tes.’* The gold standard for the diagnosis of diabetes after
LT is the oral glucose tolerance test, whereas glycated hae-
moglobin might be used for monitoring, keeping in mind
that in liver disease patients it could be falsely low due to
anemia and splenomegaly. Diabetes Mellitus (DM) severely
influences the prognosis of transplanted patients leading to
higher 10-years mortality, increased CV events and greater
infections rate.*"'

At present there is no specific therapeutical indications for
DM in LT recipients. A first step in the management of post-
LT diabetes is modification of immunosuppression treat-
ment.” Metformin is the most used treatment in general
population with DM and could be safely prescribed as first
line treatment in transplanted recipients with Estimated Glo-
merular Filtration Rate (eGFR) >30 mL/min, with no drug in-
teraction with calcineurin inhibitors (CNIs).“Promising results
are expecting from the new antidiabetic drugs, such as ago-
nist of GLP-1 receptor and SGLT2 inhibitors, which both have
not only cardioprotective and nephroprotective benefits, but
also effects on weight loss.**® However specific interactions
with immunosuppressive drugs need to be further investi-
gated.
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Dyslipidemia

Lipid metabolism impairment has a post-LT prevalence be-
tween 45% and 71%. Risk factors for the development of
dyslipidemia are IS therapy, diabetes, high BMI, and individu-
al predisposition.” Dyslipidemia after LT seems not to re-
spond to life-style changing and is associated with a higher
need of pharmacological therapy than in the pre-transplant
setting.”* Among statins, the hydrophilic ones should be pre-
ferred as they are not metabolized by cytochrome P 450-
3A4,% thus not interfering with IS drugs. Pravastatin has not
interaction with CNIs and it is the most used in the setting of
LT. Ezetimibe in monotherapy is not useful but it could have a
potential role in association with statins.® Fish oil are pre-
ferred to fibrates for the treatment of isolated hypertriglyceri-
demia.”

Obesity

There is an increased prevalence of obesity both in trans-
plant candidates and recipients. Patients, especially NASH
ones, should be counseled before and after LT regarding
consequences of obesity. Low diet, lifestyle modifications,
and physical activity are mandatory especially after LT.*""
However, they are not always successful to prevent further
increase in body weight as reported by Diwan et al.””
showed superiority of sleeve gastrectomy vs. dietary inter-
vention in total body weight loss after LT. Among techniques,
sleeve gastrectomy is always preferred over the Roux-en-Y
gastric bypass for multiple reasons, firstly because it guaran-
tees endoscopic access to the biliary system for the treat-
ment of eventual post-transplant biliary strictures and sec-
ondly for malabsorption concern.”*”* However, there is not
consensus about which is the best time for bariatric surgery
(BS), if before, simultaneously or after LT. The Mayo Clinic ex-
perience found that BS in contemporary with LT is a safe op-
tion, however restricted selection criteria of patients are

mandatory.”*” Small case series are reported about BS after
74,75

who

LT, some with complications due to peritoneal adhesions.
Further studies should be focused on new endoscopic bariat-
ric techniques that are undoubtedly less invasive and are
showing promising results in patients with NAFLD.”®

http://www.e-cmh.org



Cardiovascular events

CV disease is the most common extrahepatic cause of
death in transplant recipients, independently from the un-
derlying etiology, with a cumulative incidence of up to 30.3%
within 8 years from LT.> Over the past decade, the increasing
transplant indication for NASH and the older age of LT candi-
dates, combined with the known metabolic effects of IS
drugs, have contributed to the increased risk of CV disease in
LT recipients. Patients transplanted for NASH have higher risk
of dying from CV complications than patients transplanted
for other reasons.”’ A recent study reported that the CV event
rate 5 years after LT was approximately 40% in NASH patients
and only 5-10% in non-NASH recipients.” This finding was
not confirmed by a meta-analysis of 119,327 patients, that,
surprisingly, showed no difference in complications rates be-
tween NASH and non-NASH patients.” Interestingly, no dif-
ferences in overall survival and graft survival were observed
between the two groups in either study.”®”’ In clinical prac-
tice, the Prospective Cardiovascular Miinster Score (PRO-
CAM)® and the Systematic Coronary Risk Evaluation Project
(SCORE)®' may be useful for rapid risk stratification of CHD af-
ter LT, but validated scores for predicting heart failure are not
available. The first step in reducing the rate of cardiac events
is to prevent and treat the CV risk factors, namely: diabetes,
dyslipidemia, arterial hypertension, obesity, tobacco use and
renal impairment. In patients with known cardiac disease pri-
or to transplantation, monthly cardiac physical evaluation
and B-Type Natriuretic Peptide (BNP) testing may be consid-
ered. Studies on the exact timing for echocardiography
screening after LT are lacking; annual and semiannual screen-
ing in low- and high-risk patients, respectively, might be ap-
propriate. In patients with severe CHD before LT, the use of
statins may result in a survival benefit (HR 0.25; 95% Cl 0.12—
0.49; P<0.001).” Aspirin should be considered for secondary
prophylaxis, whereas there is no evidence for its use in pri-
mary prevention.” In LT recipients with systolic dysfunction,
as in the general population, anti-remodeling therapy, such
as ACE inhibitors (ACEi), angiotensin receptor blockers (ARB),
aldosterone antagonists, angiotensin receptor-neprilysin in-
hibitors (ARNI) and b-adrenergic receptor blockers (BB), may
improve ejection fraction and relieve heart failure symptoms.
However, they have no effect on diastolic dysfunction.” A
case by case multidisciplinary team discussion, which in-
cludes hepatologist, surgeon, cardiologist, interventional
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cardiologist and anesthesiologist, is required to properly as-
sess the individual CV risk after liver transplantation and to
successfully prevent and treat CV events. A strict collabora-
tion with primary care physician, dietician, psychologist and
transplant hepatologist is advisable after liver transplanta-
tion to prevent weight gain, improve physical function and
ameliorate adherence to lifestyle changes, thus reducing
modifiable CV risk factors.

Arterial hypertension

Seventy per cent of patients after LT are affected by arterial
hypertension.®’ As previously mentioned for diabetes, CNIs
sparing strategy should be always adopted to prevent and
further reduce blood pressure when hypertension occurs.
Calcium channel blockers (AST to Platelet Ratio Index [APRI],
Fibrosis-4 [FIB-4]), are the first line treatment due their effect
on arterial renal vasodilatation opposed to the mechanism of
CNlIs and reducing systemic vascular resistance.” Beta-block-
ers could be used as a second line option.”’ ACE-inhibitors
should be not used in the first period after LT due to the risk
of hyperkalemia and metabolic acidosis, but they should be
considered in patients with concomitant chronic kidney dis-
ease and diabetes mellitus.””

Renal impairment

NAFLD/NASH transplanted patients are particularly at risk
of developing renal impairment because of their frequent
comorbidities (hypertension, diabetes, and obesity) associat-
ed to the well-known risk due to the use of CNI-based immu-
nosuppression regimen. There are not precise guidelines for
the treatment of renal disease after liver transplantation,
however the efforts should be directed to the prevention
and treatment of metabolic dysfunction and tailoring of IS
therapy.

Recurrent NASH

In patients transplanted for NASH, post-transplant features
of hepatic steatosis are present in up to 78-88% of cases,”***
while NASH is less common, ranging from 4% to 41%.* Risk
factors for the development of post-transplant NAFLD are
similar to the pre-transplant setting, which include obesity,
hypertension, and diabetes.® Patients usually develop recur-
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rent NAFLD/NASH in the first 5 years after liver transplanta-
tion.” Once NASH occurs, 11-14% patients may develop cir-
rhosis within 5 years after LT.”’ Liver biopsy is the gold
standard for the diagnosis of NAFLD/NASH. Less invasive
techniques, such as magnetic resonance imaging (MRI), con-
trolled attenuation parameter (CAP), magnetic resonance
proton density fat fraction, serologic methods (AST to Plate-
let Ratio Index [APRI], Fibrosis-4 [FIB-4]), transient elastogra-
phy, and magnetic resonance elastography, have been pro-
posed but require validation.”® Current guidelines are not
specific for the management of recurrent NAFLD/NASH after
liver transplantation. The first therapeutic approach should
include weight loss and dietician counselling. Regarding
medical therapy, there are no drugs that can be recommend-
ed in post-LT setting, since clinical trials did not include trans-
planted patients. In pre-transplant population, obeticholic
acid, a FXR agonist, has been associated to histological im-
provement®*’; the same effect has been proved with Piogli-
tazone, that also reduces the chronic inflammatory environ-
ment.”’ Aramchol, a lipogenesis inhibitor, and liraglutide, a
GLP1-receptor agonist, have been associated to a reduction
in liver fat and steatohepatitis.”*” GLP1-receptor agonists and
orlistat may also have a role in reducing NAFLD/NASH fibro-
sis.”* Further data in recurrent NASH are awaited.

MANAGEMENT OF IMMUNOSUPPRESSION
AND RISK OF REJECTION

IS treatment constitutes one of the most critical factors im-
pacting outcomes after liver transplantation. The introduc-
tion of CNIs—cyclosporine (CsA) and tacrolimus (TAC)—re-
ported a reduction in acute rejection rates and impro-
vements in short-term patient and graft survival.”” Long-term
survival, in contrast, is most impacted by renal, CV, and meta-
bolic toxicity secondary to medication use, especially CNIs
and glucocorticoids,”**in particular in predisposed patients
such as those undergoing LT for NASH. The goal of the
world’s LT experts is to reduce the toxicity of immunosup-
pression by tailoring therapy basing on individual patient
characteristics. Steroids are obesogenic drugs that induce
glucose intolerance, hypertension and hyperlipidemia. Their
clinical use is short-lived in clinical practice, which limits their
potential collectivizing effects. CNIs are associated with de-
veloping all components of the metabolic syndrome as a

5294

https://doi.org/10.3350/cmh.2022.0392

consequence of the inhibition of insulin secretion and in-
creased insulin resistance. They, therefore, present a pro-dia-
betogenic action, more associated with TAC than with CsA,
which, on the other hand, presents a more significant pro-
lipidemic effect. The nephrotoxic effect of CNls is also known
to occur due to renal and systemic vasoconstriction mediated
by this family of drugs, which is responsible for the onset of
arterial hypertension. In patients transplanted for NASH, the
strategy should be to early reduce or withdraw the steroids,**
introducing alternative immunosuppressive drugs with a
lower impact on the metabolic profile. From OPTN/SRTR
2019 Annual Data Report, it was found that 75% of patients
were treated with the dual regimen consisting of CsA and
mycophenolate mofetil (MMF), and the MMF was reported to
be used in 45% as maintenance therapy at 1- and 2-years af-
ter LT.” Patients treated with MMF combined with reduced-
doses of CNIs had lower CV risk and reduced renal function
impairment than those treated with a regimen containing
only standard-dose of tacrolimus plus corticosteroids.” How-
ever, there still needs to be a consensus on the ideal minimi-
zation regimen. Newer mammalian target of rapamycin
(mTOR) inhibitors'® are associated with an increased risk of
post-LT dyslipidemia, whereas they are neutral concerning
diabetes mellitus and hypertension. Moreover they are asso-
ciated with a reduction in body weight, a lower frequency of
cardiac events and, compared with CNIs, are associated with
a more favorable renal profile.** mTOR inhibitors, combined
with CNIs, are associated to a prolonged long-term survival
in patients transplanted for HCC.”' In NASH patients, the use
of drugs with less impact on the metabolic-cardiovascular
profile, being the only modifiable factor, is the best strategy
to reduce post-LT complications and improve outcomes.

SARCOPENIA

Up to 20% of NASH patients are estimated to be affected
by sarcopenia.' A synergic overlap between pathophysiolo-
gy of these two conditions resulted in an increased risk of
NAFLD development when sarcopenia is present and vice
versa.'”'* Pre-LT sarcopenia has been associated with in-
creased risk of adverse outcomes after liver transplantation,
such as higher risk of bacterial infection and mortality.” Spe-
cific data regarding sarcopenia and NASH are still needed,
however patients affected by sarcopenia and NASH are
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found to have an increased risk of insulin resistance, athero-

sclerosis and CV disease.'®'®

Metabolic alterations associated
with cirrhosis may reverse after liver transplantation; howev-
er, few data on the assessment of body composition after LT
are available. In 2013, Tsien et al."”” investigated the potential
role of post-transplant sarcopenia evaluating changes in
body mass composition in prospective cohort of transplant-
ed patients. Among 53 Patients (7.5% affected by NASH dis-
ease), 41 (77%) experienced a decreased in abdominal wall
muscles and 43% an increase in fat area in a medium follow-
up of 19.3£9 months. However only patients who experi-
enced post-transplant sarcopenia had 3.1-fold increased risk
of developing DM (P=0.05, 95% Cl 1.01-9.38), with no evi-
dence in decreased overall survival."”” A review published in
2013 showed that, despite conflicting and few data with dif-
ferent methods of muscle mass assessment, further reduc-
tion of skeletal muscle mass has been observed up to one
year after liver transplantation.” Possible explanations have
been proposed including persistence of hypermetabolism
soon after LT, IS drugs, mostly mammalian target of rapamy-
cin (MTOR) inhibitors and corticosteroids, length of hospital-
ization and occurrence of post-transplant infections that tend
to be more frequent in patients with pre-LT sarcopenia re-
sulting in an increased risk of muscle mass depletion.**'*"
Subsequently, Jeon et al."" in retrospective cohort of 145 pa-
tients who underwent LT reported that all patients with pre-
transplant sarcopenia remain sarcopenic soon after LT and
15% of patients with normal muscle mass pre-transplant de-
veloped sarcopenia de novo post-LT. Although there was an
increased trend of mortality soon after LT in newly devel-
oped sarcopenia, these finding were not confirmed at 6
months from LT, when sarcopenia resulted not to be a pre-
dictor of death."
Bhaniji et al."” who assessed the skeletal muscle mass in two
hundred and ninety-three patients 7 month after LT (inter-
quartile range 4.8-12 months). Ninety-eight patients (61%)
resulted to be affected by post-LT sarcopenia, both with
newly developed sarcopenia (25/98) and persistent sarcope-
nia (73/98). There was no difference in survival between post-
LT sarcopenic patients (both de novo and persistent) and
non-sarcopenic patients. It has been postulated that patients
with post-LT sarcopenia resulted to be less affected by meta-
bolic liver disease before LT (2.7% vs. 12.2% P=0.002). How-
ever, in contrast with these findings, Carias et al."”, which ret-
rospectively evaluated changing on body composition after

Similar findings have been reported by
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LT in a cohort of 207 adult patients (21.7% with NASH), found
that, at multivariate logistic regression analysis, NASH etiolo-
gy is an independent predictor of sarcopenic obesity devel-
opment (P=0.014; 95% Cl: 1.44-25.26, OR 6.03). Sarcopenic
obesity (SO) is defined as the contemporary presence of sar-
copenia in the contest of obesity."* The prevalence of SO in
the context of cirrhosis ranges between 20% and 35%.""” At
present, studies on SO are limited and mostly focused on
pre-transplant period, but a meta-analysis on the role of SO
in liver transplantation reported an increased risk of death at
least two times higher in SO vs. not SO patients both at short-
and long-term follow-up.""® Indeed the original aim of the
meta-analysis was to assess the role of SO in patients with
NASH after LT, but Hegyi et al."® were not able to perform the
analysis due to lack of data. Data about the impact of post-LT
sarcopenia continues to be scarce as recently highlighted by
a review of Ooi et al.” who showed that upon 35 studies on
sarcopenia in the setting of liver transplantation only 6 fo-
cused on the potential role of sarcopenia and SO after LT.
Further data are needed on body composition’s changes in
post-transplant period to ensure better management of
these patients in order to guarantee better outcomes.

SURVIVAL AFTER TRANSPLANTATION

Liver transplantation represents the only life-saving thera-
py in patients with ESLD. In an analysis by Haldar et al." on
data from the European Liver Transplant Registry (ELTR) of
patients transplanted between January 2002 and December
2016, NASH was not an independent predictor of patient or
graft survival. However, older recipient age (61-65 years: HR
2.07; 95% Cl 1.39-3.08; >65 years: HR 1.72; 95% Cl 1.10-2.71;
relative to <45 years), MELD score >23 (HR 1.48; 95% Cl 1.04—
2.30; relative to <11) and BMI either <18.5 kg/m” (HR 4.29;
95% Cl 1.01-18.21; 18.5-25 kg/m’: HR 2.24; 95% Cl 1.27-3.96)
or >40 kg/m2 (HR 1.96; 95% Cl 1.16-3.32; relative to 25-30 kg/
m?’) were independent predictors of post-LT mortality. A sys-
tematic review with meta-analysis'’ evaluated the variables
associated with patient and graft survival in individuals with
NASH-related liver disease, showing that recipient age >65
years, pre-transplant DM, MELD >23, functional status, HCC,
dialysis prior to LT, hepatic encephalopathy and time/year of
LT were predictors of mortality after transplantation. As pre-
viously described in patients transplanted for other etiologies
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of ESLD, increased patient mortality was associated with old-
er age of the recipient (HR=2.07, 95% Cl: 1.71-2.50, =0, 1,=0,
P=0.40) and pre-transplant DM (HR=1.18, Cl 95%: 1.08-1.28,
=0, 1,=0, P=0.76). No difference in term of patient and graft
survival rates were found between NAFLD/NASH and non-
NAFLD/NASH patients transplanted for HCC."" Likewise, post-
transplant HCC recurrence rates have been shown to be simi-
lar between NASH and non-NASH aetiologies, 13.3% vs. 14%,
respectively (P=0.879). Median time to HCC recurrence did
not change between the two groups, 22.6 vs. 13.3 months
(P=0.274)."* NASH and obesity may be associated with a re-
duced quality of life," however no specific studies investigat-
ing quality of life (QoL) in NASH transplanted patients are yet
available.

CONCLUSION

NAFLD/NASH has now become one of the most common
indication for liver transplantation worldwide. Multidisci-
plinary management of NASH and NASH-associated comor-
bidities may mitigate morbidity and mortality in patients
with NASH both before and after liver transplantation. Pa-
tients selection is crucial to achieve post-transplant survival
comparable to other etiologies of liver disease. In transplant
recipients, diet, physical activity, and adjustment of IS thera-
py are key for prevention of NASH recurrence. In the future,
an improved risk stratification in NASH candidates for trans-
plantation and new drugs for the treatment of NASH recur-
rence are expected.

Authors’ contribution

S.B., ED.A, M.G., A.Z, M.G,, G.G., M.S. writing—original
draft preparation, F.P.R., P.B. writing—review and editing. All
authors have read and agreed to the published version of the
manuscript.

Conflicts of Interest
The authors have no conflicts to disclose.

REFERENCES

1. Cotter TG, Charlton M. Nonalcoholic steatohepatitis after liver
transplantation. Liver Transpl 2020;26:141-159.

5296

https://doi.org/10.3350/cmh.2022.0392

. Adam R, Karam V, Cailliez V, O Grady JG, Mirza D, Cherqui D, et

al,; all the other 126 contributing centers (www.eltr.org) and
the European Liver and Intestine Transplant Association (ELITA).
2018 Annual Report of the European Liver Transplant Registry
(ELTR) - 50-year evolution of liver transplantation. Transpl Int
2018;31:1293-1317.

. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G,

Romero-Gomez M, et al. A new definition for metabolic dys-
function-associated fatty liver disease: An international expert
consensus statement. J Hepatol 2020;73:202-209.

. Eslam M, Sanyal AJ, George J; International Consensus Panel.

MAFLD: A consensus-driven proposed nomenclature for
metabolic associated fatty liver disease. Gastroenterology
2020;158:1999-2014.e1.

. Boyle M, Masson S, Anstee QM. The bidirectional impacts of

alcohol consumption and the metabolic syndrome: Cofactors
for progressive fatty liver disease. J Hepatol 2018;68:251-267.

. Kim D, Konyn P, Sandhu KK, Dennis BB, Cheung AC, Ahmed A.

Metabolic dysfunction-associated fatty liver disease is associ-
ated with increased all-cause mortality in the United States. J
Hepatol 2021;75:1284-1291.

Younossi ZM, Blissett D, Blissett R, Henry L, Stepanova M, You-
nossi Y, et al. The economic and clinical burden of nonalcoholic
fatty liver disease in the United States and Europe. Hepatology
2016;64:1577-1586.

. Lee J, Kim T, Yang H, Bae SH. Prevalence trends of non-alco-

holic fatty liver disease among young men in Korea: A Korean
military population-based cross-sectional study. Clin Mol
Hepatol 2022;28:196-206.

. Estes C, Razavi H, Loomba R, Younossi Z, Sanyal AJ. Modeling

the epidemic of nonalcoholic fatty liver disease demonstrates
an exponential increase in burden of disease. Hepatology
2018;67:123-133.

. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella

M, et al. The diagnosis and management of nonalcoholic fatty
liver disease: Practice guidance from the American Association
for the Study of Liver Diseases. Hepatology 2018;67:328-357.

. Haldar D, Kern B, Hodson J, Armstrong MJ, Adam R, Berla-

kovich G, et al.; European Liver and Intestine Transplant As-
sociation (ELITA). Outcomes of liver transplantation for non-
alcoholic steatohepatitis: A European Liver Transplant Registry
study. J Hepatol 2019;71:313-322.

. Margini C, Dufour JF. The story of HCC in NAFLD: from epide-

miology, across pathogenesis, to prevention and treatment.
Liver Int 2016;36:317-324.

http://www.e-cmh.org



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

http://www.e-cmh.org

Karagozian R, Derdak Z, Baffy G. Obesity-associated mecha-
nisms of hepatocarcinogenesis. Metabolism 2014;63:607-617.
Piscaglia F, Svegliati-Baroni G, Barchetti A, Pecorelli A, Marinelli
S, Tiribelli C, et al.; HCC-NAFLD ltalian Study Group. Clinical
patterns of hepatocellular carcinoma in nonalcoholic fatty
liver disease: A multicenter prospective study. Hepatology
2016;63:827-838.

Ertle J, Dechéne A, Sowa JP, Penndorf V, Herzer K, Kaiser G, et
al. Non-alcoholic fatty liver disease progresses to hepatocellu-
lar carcinoma in the absence of apparent cirrhosis. Int J Cancer
2011;128:2436-2443.

Yasui K, Hashimoto E, Komorizono Y, Koike K, Arii S, Imai Y, et
al,; Japan NASH Study Group, Ministry of Health, Labour, and
Welfare of Japan. Characteristics of patients with nonalcoholic
steatohepatitis who develop hepatocellular carcinoma. Clin
Gastroenterol Hepatol 2011;9:428-433; quiz e50.

Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al.;
CANONIC Study Investigators of the EASL-CLIF Consortium.
Acute-on-chronic liver failure is a distinct syndrome that
develops in patients with acute decompensation of cirrhosis.
Gastroenterology 2013;144:1426-1437.e1-9.

Zanetto A, Pelizzaro F, Campello E, Bulato C, Balcar L, Gu W,
et al. Severity of systemic inflammation is the main predic-
tor of ACLF and bleeding in individuals with acutely de-
compensated cirrhosis. J Hepatol 2022 Sep 21. doi: 10.1016/
j.jhep.2022.09.005.

Axley P, Ahmed Z, Arora S, Haas A, Kuo YF, Kamath PS, et al.
NASH is the most rapidly growing etiology for acute-on-
chronic liver failure-related hospitalization and disease burden
in the United States: a population-based study. Liver Transpl
2019;25:695-705.

Mahmud N, Kaplan DE, Taddei TH, Goldberg DS. Incidence
and mortality of acute-on-chronic liver failure using two defi-
nitions in patients with compensated cirrhosis. Hepatology
2019;69:2150-2163.

Sundaram V, Jalan R, Wu T, Volk ML, Asrani SK, Klein AS, et al.
Factors associated with survival of patients with severe acute-
on-chronic liver failure before and after liver transplantation.
Gastroenterology 2019;156:1381-1391.e3.

Thuluvath PJ, Thuluvath AJ, Hanish S, Savva V. Liver transplan-
tation in patients with multiple organ failures: Feasibility and
outcomes. J Hepatol 2018;69:1047-1056.

European Association for the Study of the Liver. EASL
Clinical Practice Guidelines: Liver transplantation. J Hepatol
2016;64:433-485.

24.

25.

26.

27.

28.

29.

30.

31.

32

https://doi.org/10.3350/cmh.2022.0392

Sara Battistella, et al.
LT for NAFLD: better selection for better outcomes

Burra P, Becchetti C, Germani G. NAFLD and liver transplanta-
tion: Disease burden, current management and future chal-
lenges. JHEP Rep 2020;2:100192.

Skaro Al, Gallon LG, Lyuksemburg V, Jay CL, Zhao L, Ladner
DP, et al. The impact of coronary artery disease on outcomes
after liver transplantation. J Cardiovasc Med (Hagerstown)
2016;17:875-885.

Vanwagner LB, Bhave M, Te HS, Feinglass J, Alvarez L, Rinella
ME. Patients transplanted for nonalcoholic steatohepatitis
are at increased risk for postoperative cardiovascular events.
Hepatology 2012;56:1741-1750.

Martin P, DiMartini A, Feng S, Brown R Jr, Fallon M. Evaluation
for liver transplantation in adults: 2013 practice guideline
by the American Association for the Study of Liver Diseases
and the American Society of Transplantation. Hepatology
2014;59:1144-1165.

Cheng XS, VanWagner LB, Costa SP, Axelrod DA, Bangalore
S, Norman SP, et al.; American Heart Association Council on
the Kidney in Cardiovascular Disease and Council on Cardio-
vascular Radiology and Intervention. Emerging evidence on
coronary heart disease screening in kidney and liver transplan-
tation candidates: A scientific statement from the American
Heart Association: Endorsed by the American Society of Trans-
plantation. Circulation 2022;146(21):e299-e324.

Lentine KL, Costa SP, Weir MR, Robb JF, Fleisher LA, Kasiske
BL, et al.; American Heart Association Council on the Kidney
in Cardiovascular Disease and Council on Peripheral Vascular
Disease; American Heart Association; American College of Car-
diology Foundation. Cardiac disease evaluation and manage-
ment among kidney and liver transplantation candidates: a
scientific statement from the American Heart Association and
the American College of Cardiology Foundation: endorsed
by the American Society of Transplant Surgeons, American
Society of Transplantation, and National Kidney Foundation.
Circulation 2012;126:617-663.

Gtéwcezynska R, Galas M, Witkowska A, Otdakowska-Jedynak
U, Raszeja-Wyszomirska J, Krasuski K, et al. The pre-transplant
profile of cardiovascular risk factors and its impact on long-
term mortality after liver transplantation. Ann Transplant
2018;23:591-597.

VanWagner LB, Ning H, Whitsett M, Levitsky J, Uttal S, Wilkins
JT, etal. A point-based prediction model for cardiovascular risk
in orthotopic liver transplantation: The CAR-OLT score. Hepa-
tology 2017;66:1968-1979.

Koshy AN, Ko J, Farouque O, Cooray SD, Han HC, Cailes B, et al.

5297



Clinical and Molecular Hepatology
Volume_29 Supplement February 2023

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

5298

Effect of QT interval prolongation on cardiac arrest following
liver transplantation and derivation of a risk index. Am J Trans-
plant 2021;21:593-603.

Rachwan RJ, Kutkut I, Timsina LR, Bou Chaaya RG, EI-Am EA,
Sabra M, et al. CAD-LT score effectively predicts risk of signifi-
cant coronary artery disease in liver transplant candidates. J
Hepatol 2021;75:142-149.

Fussner LA, Heimbach JK, Fan C, Dierkhising R, Coss E, Leise
MD, et al. Cardiovascular disease after liver transplantation:
when, what, and who is at risk. Liver Transpl 2015;21:889-896.
Watt KD, Fan C, Therneau T, Heimbach JK, Seaberg EC, Charl-
ton MR. Serum adipokine and inflammatory markers before
and after liver transplantation in recipients with major cardio-
vascular events. Liver Transpl 2014;20:791-797.

West BH, Low CG, Bista BB, Yang EH, Vorobiof G, Busuttil RW,
et al. Significance of coronary artery calcium found on non-
electrocardiogram-gated computed tomography during
preoperative evaluation for liver transplant. Am J Cardiol
2019;124:278-284.

Zorzi A, Brunetti G, Cardaioli F, D’Arcangelo F, Fabris T, Gam-
bato M, et al. Coronary artery calcium on standard chest com-
puted tomography predicts cardiovascular events after liver
transplantation. Int J Cardiol 2021;339:219-224.

Kristensen SD, Knuuti J, Saraste A, Anker S, Batker HE, Hert
SD, et al.; Authors/Task Force Members. 2014 ESC/ESA Guide-
lines on non-cardiac surgery: cardiovascular assessment and
management: The Joint Task Force on non-cardiac surgery:
cardiovascular assessment and management of the European
Society of Cardiology (ESC) and the European Society of An-
aesthesiology (ESA). Eur Heart J 2014;35:2383-2431.

Patel SS, Nabi E, Guzman L, Abbate A, Bhati C, Stravitz RT, et al.
Coronary artery disease in decompensated patients undergo-
ing liver transplantation evaluation. Liver Transpl 2018;24:333-
342.

Patel SS, Rodriguez VA, Siddiqui MB, Faridnia M, Lin FP, Chan-
drakumaran A, et al. The impact of coronary artery disease
and statins on survival after liver transplantation. Liver Transpl
2019;25:1514-1523.

Loffler Al, Gonzalez JA, Sundararaman SK, Mathew RC, Nor-
ton PT, Hagspiel KD, et al. Coronary computed tomography
angiography demonstrates a high burden of coronary artery
disease despite low-risk nuclear studies in pre-liver transplant
evaluation. Liver Transpl 2020;26:1398-1408.

Min JK, Leipsic J, Pencina MJ, Berman DS, Koo BK, van
Mieghem C, et al. Diagnostic accuracy of fractional flow re-

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

https://doi.org/10.3350/cmh.2022.0392

serve from anatomic CT angiography. JAMA 2012;308:1237-
1245.

Hara N, lwasa M, Sugimoto R, Mifuji-Moroka R, Yoshikawa K,
Terasaka E, et al. Sarcopenia and sarcopenic obesity are prog-
nostic factors for overall survival in patients with cirrhosis.
Intern Med 2016;55:863-870.

Itoh S, Yoshizumi T, Kimura K, Okabe H, Harimoto N, lkegami T,
et al. Effect of sarcopenic obesity on outcomes of living-donor
liver transplantation for hepatocellular carcinoma. Anticancer
Res 2016;36:3029-3034.

Nagai S, Safwan M, Kitajima T, Yeddula S, Abouljoud M, Moon-
ka D. Disease-specific waitlist outcomes in liver transplanta-
tion - a retrospective study. Transpl Int 2021;34:499-513.
Thuluvath PJ, Hanish S, Savva Y. Waiting list mortality and
transplant rates for NASH cirrhosis when compared with
cryptogenic, alcoholic, or AlH cirrhosis. Transplantation
2019;103:113-121.

Younossi Z, Stepanova M, Ong JP, Jacobson IM, Bugianesi E,
Duseja A, et al.; Global Nonalcoholic Steatohepatitis Council.
Nonalcoholic steatohepatitis is the fastest growing cause of
hepatocellular carcinoma in liver transplant candidates. Clin
Gastroenterol Hepatol 2019;17:748-755.€3.

Young K, Aguilar M, Gish R, Younossi Z, Saab S, Bhuket T, et
al. Lower rates of receiving model for end-stage liver disease
exception and longer time to transplant among nonalco-
holic steatohepatitis hepatocellular carcinoma. Liver Transpl
2016;22:1356-1366.

Reddy SK, Steel JL, Chen HW, DeMateo DJ, Cardinal J, Behari J,
et al. Outcomes of curative treatment for hepatocellular cancer
in nonalcoholic steatohepatitis versus hepatitis C and alcoholic
liver disease. Hepatology 2012;55:1809-1819.

Spengler EK, O'Leary JG, Te HS, Rogal S, Pillai AA, Al-Osaimi A,
et al. Liver transplantation in the obese cirrhotic patient. Trans-
plantation 2017;101:2288-2296.

Dare AJ, Plank LD, Phillips AR, Gane EJ, Harrison B, Orr D, et al.
Additive effect of pretransplant obesity, diabetes, and cardio-
vascular risk factors on outcomes after liver transplantation.
Liver Transpl 2014;20:281-290.

Wolter S, Duprée A, Coelius C, El Gammal A, Kluwe J, Sauer N,
et al. Influence of liver disease on perioperative outcome after
bariatric surgery in a Northern German cohort. Obes Surg
2017;27:90-95.

Wigfield CH, Lindsey JD, Mufioz A, Chopra PS, Edwards NM,
Love RB. Is extreme obesity a risk factor for cardiac surgery?
An analysis of patients with a BMI > or = 40. Eur J Cardiothorac

http://www.e-cmh.org



54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

http://www.e-cmh.org

Surg 2006;29:434-440.

van den Berg EH, Douwes RM, de Meijer VE, Schreuder TCMA,
Blokzijl H. Liver transplantation for NASH cirrhosis is not per-
formed at the expense of major post-operative morbidity. Dig
Liver Dis 2018;50:68-75.

Stepanova M, Younossi ZM. Independent association between
nonalcoholic fatty liver disease and cardiovascular disease in
the US population. Clin Gastroenterol Hepatol 2012;10:646-
650.

Sastre L, Garcia R, Vinals C, Amor AJ, Yago G, Hervas A, et al.
Results of a multidisciplinary strategy to improve the manage-
ment of cardiovascular risk factors after liver transplantation.
Liver Transpl 2022;28:1332-1344.

John PR, Thuluvath PJ. Outcome of patients with new-onset
diabetes mellitus after liver transplantation compared with
those without diabetes mellitus. Liver Transpl 2002;8:708-713.
Saliba F, Lakehal M, Pageaux GP, Roche B, Vanlemmens C,
Duvoux C, et al; Diapason Study Group. Risk factors for new-
onset diabetes mellitus following liver transplantation and
impact of hepatitis C infection: an observational multicenter
study. Liver Transpl 2007;13:136-144.

Kuo HT, Sampaio MS, Ye X, Reddy P, Martin P, Bunnapradist
S. Risk factors for new-onset diabetes mellitus in adult liver
transplant recipients, an analysis of the Organ Procurement
and Transplant Network/United Network for Organ Sharing
database. Transplantation 2010;89:1134-1140.

Ramos-Prol A, Hervas-Marin D, Garcia-Castell A, Merino-Torres
JF. Outcomes in patients with diabetes 10 years after liver
transplantation. J Diabetes 2017;9:1033-1039.

Bhat V, Tazari M, Watt KD, Bhat M. New-onset diabetes and
preexisting diabetes are associated with comparable reduc-
tion in long-term survival after liver transplant: a machine
learning approach. Mayo Clin Proc 2018;93:1794-1802.
Peldez-Jaramillo MJ, Cardenas-Mojica AA, Gaete PV, Mendivil
CO. Post-liver transplantation diabetes mellitus: a review of rel-
evance and approach to treatment. Diabetes Ther 2018;9:521-
543.

Lucey MR, Terrault N, Ojo L, Hay JE, Neuberger J, Blumberg
E, et al. Long-term management of the successful adult liver
transplant: 2012 practice guideline by the American Associa-
tion for the Study of Liver Diseases and the American Society
of Transplantation. Liver Transpl 2013;19:3-26.

Giugliano D, Scappaticcio L, Longo M, Caruso P, Maiorino MI,
Bellastella G, et al. GLP-1 receptor agonists and cardiorenal
outcomes in type 2 diabetes: an updated meta-analysis of

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

https://doi.org/10.3350/cmh.2022.0392

Sara Battistella, et al.
LT for NAFLD: better selection for better outcomes

eight CVOTs. Cardiovasc Diabetol 2021;20(1):189.

Pereira MJ, Eriksson JW. Emerging role of SGLT-2 inhibitors for
the treatment of obesity. Drugs 2019;79:219-230.

Ling Q, Wang K, Lu D, Guo HJ, Jiang WS, He XX, et al. Major in-
fluence of renal function on hyperlipidemia after living donor
liver transplantation. World J Gastroenterol 2012;18:7033-7039.
Azhie A, Sheth P, Hammad A, Woo M, Bhat M. Metabolic com-
plications in liver transplantation recipients: how we can opti-
mize long-term survival. Liver Transpl 2021;27:1468-1478.
Almutairi F, Peterson TC, Molinari M, Walsh MJ, Alwayn |,
Peltekian KM. Safety and effectiveness of ezetimibe in liver
transplant recipients with hypercholesterolemia. Liver Transpl
2009;15:504-508.

Lee S, Gura KM, Puder M. Omega-3 fatty acids and liver dis-
ease. Hepatology 2007;45:841-845.

Kang SH, Lee HW, Yoo JJ, Cho Y, Kim SU, Lee TH, et al.; Korean
Association for the Study of the Liver (KASL). KASL clinical
practice guidelines: Management of nonalcoholic fatty liver
disease. Clin Mol Hepatol 2021;27:363-401.

Wijarnpreecha K, Aby ES, Ahmed A, Kim D. Evaluation and
management of extrahepatic manifestations of nonalcoholic
fatty liver disease. Clin Mol Hepatol 2021,27:221-235.

Diwan TS, Rice TC, Heimbach JK, Schauer DP. Liver transplanta-
tion and bariatric surgery: timing and outcomes. Liver Transpl
2018;24:1280-1287.

Zamora-Valdes D, Watt KD, Kellogg TA, Poterucha JJ, Di Cecco
SR, Francisco-Ziller NM, et al. Long-term outcomes of patients
undergoing simultaneous liver transplantation and sleeve
gastrectomy. Hepatology 2018;68:485-495.

Lin MY, Tavakol MM, Sarin A, Amirkiai SM, Rogers SJ, Carter JT,
et al. Safety and feasibility of sleeve gastrectomy in morbidly
obese patients following liver transplantation. Surg Endosc
2013;27:81-85.

Osseis M, Lazzati A, Salloum C, Gavara CG, Compagnon P,
Feray C, et al. Sleeve gastrectomy after liver transplantation:
feasibility and outcomes. Obes Surg 2018;28:242-248.
Salomone F, Sharaiha RZ, Boskoski I. Endoscopic bariatric and
metabolic therapies for non-alcoholic fatty liver disease: Evi-
dence and perspectives. Liver Int 2020;40:1262-1268.

Izzy M, VanWagner LB, Lin G, Altieri M, Findlay JY, Oh JK, et al,;
Cirrhotic Cardiomyopathy Consortium. Redefining cirrhotic
cardiomyopathy for the modern era. Hepatology 2020;71:334-
345.

Narayanan P, Mara K, Izzy M, Dierkhising R, Heimbach J, Allen
AM, et al. Recurrent or de novo allograft steatosis and long-

5299



Clinical and Molecular Hepatology
Volume_29 Supplement February 2023

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

5300

term outcomes after liver transplantation. Transplantation
2019;103:e14-e21.

Yong JN, Lim WH, Ng CH, Tan DJH, Xiao J, Tay PWL, et al. Out-
comes of nonalcoholic steatohepatitis after liver transplanta-
tion: an updated meta-analysis and systematic review. Clin
Gastroenterol Hepatol 2023;21:45-54.e6.

Assmann G, Schulte H, Cullen P, Seedorf U. Assessing risk of
myocardial infarction and stroke: new data from the Prospec-
tive Cardiovascular Miinster (PROCAM) study. Eur J Clin Invest
2007;37:925-932.

Conroy RM, Pyérald K, Fitzgerald AP, Sans S, Menotti A, De
Backer G, et al.; SCORE project group. Estimation of ten-year
risk of fatal cardiovascular disease in Europe: the SCORE proj-
ect. Eur Heart J 2003;24:987-1003.

Writing Committee; Maddox TM, Januzzi JL Jr, Allen LA,
Breathett K, Butler J, Davis LL, et al. 2021 Update to the 2017
ACC expert consensus decision pathway for optimization of
heart failure treatment: answers to 10 pivotal issues about
heart failure with reduced ejection fraction: a report of the
American College of Cardiology Solution Set Oversight Com-
mittee. ) Am Coll Cardiol 2021;77:772-810.

Neal DA, Gimson AE, Gibbs P, Alexander GJ. Beneficial effects
of converting liver transplant recipients from cyclosporine to
tacrolimus on blood pressure, serum lipids, and weight. Liver
Transpl 2001;7:533-539.

Bhati C, Idowu MO, Sanyal AJ, Rivera M, Driscoll C, Stravitz RT,
et al. Long-term outcomes in patients undergoing liver trans-
plantation for nonalcoholic steatohepatitis-related cirrhosis.
Transplantation 2017;101:1867-1874.

Laish I, Braun M, Mor E, Sulkes J, Harif Y, Ben Ari Z. Metabolic
syndrome in liver transplant recipients: prevalence, risk fac-
tors, and association with cardiovascular events. Liver Transpl
2011;17:15-22.

Dureja P, Mellinger J, Agni R, Chang F, Avey G, Lucey M, et al.
NAFLD recurrence in liver transplant recipients. Transplanta-
tion 2011;91:684-689.

Saeed N, Glass L, Sharma P, Shannon C, Sonnenday CJ, Tincopa
MA. Incidence and risks for nonalcoholic fatty liver disease and
steatohepatitis post-liver transplant: systematic review and
meta-analysis. Transplantation 2019;103:e345-e354.

Germani G, Laryea M, Rubbia-Brandt L, Egawa H, Burra P,
O’Grady J, et al. Management of recurrent and de novo NAFLD/
NASH after liver transplantation. Transplantation 2019;103:57-
67.

Neuschwander-Tetri BA, Loomba R, Sanyal AJ, Lavine JE,

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

https://doi.org/10.3350/cmh.2022.0392

Van Natta ML, Abdelmalek MF, et al.; NASH Clinical Research
Network. Farnesoid X nuclear receptor ligand obeticholic
acid for non-cirrhotic, non-alcoholic steatohepatitis (FLINT):
a multicentre, randomised, placebo-controlled trial. Lancet
2015;385:956-965. Erratum in: Lancet 2015;385:946. Lancet
2016;387:1618.

Younossi ZM, Ratziu V, Loomba R, Rinella M, Anstee QM, Good-
man Z, et al.; REGENERATE Study Investigators. Obeticholic
acid for the treatment of non-alcoholic steatohepatitis: interim
analysis from a multicentre, randomised, placebo-controlled
phase 3 trial. Lancet 2019;394:2184-2196. Erratum in: Lancet
2020;396:312. Lancet 2021;397:2336.

Gastaldelli A, Sabatini S, Carli F, Gaggini M, Bril F, Belfort-
DeAguiar R, et al. PPAR-y-induced changes in visceral fat and
adiponectin levels are associated with improvement of steato-
hepatitis in patients with NASH. Liver Int 2021;41:2659-2670.
Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, Ratziu
V, et al.; NN9931-4296 Investigators. A placebo-controlled trial
of subcutaneous semaglutide in nonalcoholic steatohepatitis.
N EnglJ Med 2021;384:1113-1124.

Ratziu V, de Guevara L, Safadi R, Poordad F, Fuster F, Flores-
Figueroa J, et al.; ARREST investigator study group. Aramchol
in patients with nonalcoholic steatohepatitis: a randomized,
double-blind, placebo-controlled phase 2b trial. Nat Med
2021;27:1825-1835.

Assy N, Hussein O, Abassi Z. Weight loss induced by orlistat re-
verses fatty infiltration and improves hepatic fibrosis in obese
patients with non-alcoholic steatohepatitis. Gut 2007;56:443-
444,

Kwong A, Kim WR, Lake JR, Smith JM, Schladt DP, Skeans MA,
et al. OPTN/SRTR 2018 annual data report: liver. Am J Trans-
plant 2020;20 Suppl s1:193-299.

0jo AO, Held PJ, Port FK, Wolfe RA, Leichtman AB, Young EW,
et al. Chronic renal failure after transplantation of a nonrenal
organ. N Engl J Med 2003;349:931-940.

Rubin A, Sdnchez-Montes C, Aguilera V, Juan FS, Ferrer |, Moya
A, et al. Long-term outcome of ‘long-term liver transplant sur-
vivors’. Transpl Int 2013;26:740-750.

D'Avola D, Cuervas-Mons V, Marti J, Ortiz de Urbina J, Llad6 L,
Jimenez C, et al. Cardiovascular morbidity and mortality after
liver transplantation: The protective role of mycophenolate
mofetil. Liver Transpl 2017;23:498-509.

Neuberger JM, Mamelok RD, Neuhaus P, Pirenne J, Samuel D,
Isoniemi H, et al.; ReSpECT Study Group. Delayed introduction
of reduced-dose tacrolimus, and renal function in liver trans-

http://www.e-cmh.org



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

http://www.e-cmh.org

plantation: the ‘ReSpECT’ study. Am J Transplant 2009;9:327-
336.

Kezic A, Popovic L, Lalic K. mTOR inhibitor therapy and meta-
bolic consequences: where do we stand? Oxid Med Cell Lon-
gev 2018;2018:2640342.

Kang |, Lee JG, Choi SH, Kim HJ, Han DH, Choi GH, et al. Impact
of everolimus on survival after liver transplantation for hepa-
tocellular carcinoma. Clin Mol Hepatol 2021;27:589-602.

Bhanji RA, Narayanan P, Moynagh MR, Takahashi N, Angirekula
M, Kennedy CC, et al. Differing impact of sarcopenia and frailty
in nonalcoholic steatohepatitis and alcoholic liver disease.
Liver Transpl 2019;25:14-24.

Bhanji RA, Narayanan P, Allen AM, Malhi H, Watt KD. Sarcope-
nia in hiding: The risk and consequence of underestimating
muscle dysfunction in nonalcoholic steatohepatitis. Hepatol-
ogy 2017;66:2055-2065.

Cai C, Song X, Chen Y, Chen X, Yu C. Relationship between
relative skeletal muscle mass and nonalcoholic fatty liver
disease: a systematic review and meta-analysis. Hepatol Int
2020;14:115-126.

Ooi PH, Hager A, Mazurak VC, Dajani K, Bhargava R, Gilmour
SM, et al. Sarcopenia in chronic liver disease: impact on out-
comes. Liver Transpl 2019;25:1422-1438.

Hong HC, Hwang SY, Choi HY, Yoo HJ, Seo JA, Kim SG, et al.
Relationship between sarcopenia and nonalcoholic fatty liver
disease: the Korean Sarcopenic Obesity Study. Hepatology
2014;59:1772-1778.

Tsien C, Garber A, Narayanan A, Shah SN, Barnes D, Eghtesad
B, et al. Post-liver transplantation sarcopenia in cirrhosis: a
prospective evaluation. J Gastroenterol Hepatol 2014;29:1250-
1257.

Dasarathy S. Posttransplant sarcopenia: an underrecog-
nized early consequence of liver transplantation. Dig Dis Sci
2013;58:3103-3111.

Dickinson JM, Fry CS, Drummond MJ, Gundermann DM,
Walker DK, Glynn EL, et al. Mammalian target of rapamycin
complex 1 activation is required for the stimulation of human
skeletal muscle protein synthesis by essential amino acids. J
Nutr 2011;141:856-862.

10.

m.

n2.

3.

114.

15.

116.

1n7.

118.

1o.

https://doi.org/10.3350/cmh.2022.0392

Sara Battistella, et al.
LT for NAFLD: better selection for better outcomes

Pravisani R, Soyama A, Isola M, Sadykov N, Takatsuki M, Hidaka
M, et al. Chronological changes in skeletal muscle mass fol-
lowing living-donor liver transplantation: An analysis of the
predictive factors for long-term post-transplant low muscular-
ity. Clin Transplant 2019;33:e13495.

Jeon JY, Wang HJ, Ock SY, Xu W, Lee JD, Lee JH, et al. Newly
developed sarcopenia as a prognostic factor for survival in
patients who underwent liver transplantation. PLoS One
2015;10:e0143966.

Bhaniji RA, Takahashi N, Moynagh MR, Narayanan P, Angirekula
M, Mara KC, et al. The evolution and impact of sarcopenia
pre- and post-liver transplantation. Aliment Pharmacol Ther
2019;49:807-813.

Carias S, Castellanos AL, Vilchez V, Nair R, Dela Cruz AC, Wat-
kins J, et al. Nonalcoholic steatohepatitis is strongly associated
with sarcopenic obesity in patients with cirrhosis undergo-
ing liver transplant evaluation. J Gastroenterol Hepatol
2016;31:628-633.

Baumgartner RN. Body composition in healthy aging. Ann N'Y
Acad Sci 2000;904:437-448.

Eslamparast T, Montano-Loza AJ, Raman M, Tandon P. Sar-
copenic obesity in cirrhosis-The confluence of 2 prognostic
titans. Liver Int 2018;38:1706-1717.

Hegyi PJ, So6s A, Hegyi P, Szakécs Z, Handk L, Vancsa S, et al.
Pre-transplant sarcopenic obesity worsens the survival after
liver transplantation: a meta-analysis and a systematic review.
Front Med (Lausanne) 2020;7:599434.

Minich A, Arisar FAQ, Shaikh NS, Herman L, Azhie A, Orcha-
nian-Cheff A, et al. Predictors of patient survival following
liver transplant in non-alcoholic steatohepatitis: A systematic
review and meta-analysis. EClinicalMedicine 2022;50:101534.
Sadler EM, Mehta N, Bhat M, Ghanekar A, Greig PD, Grant DR,
et al. Liver transplantation for NASH-related hepatocellular
carcinoma versus non-NASH etiologies of hepatocellular carci-
noma. Transplantation 2018;102:640-647.

Younossi Z, Aggarwal P, Shrestha |, Fernandes J, Johansen P,
Augusto M, et al. The burden of non-alcoholic steatohepati-
tis: A systematic review of health-related quality of life and
patient-reported outcomes. JHEP Rep 2022;4:100525.

S301



