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Abstract

Non-alcoholic fatty liver disease (NAFLD) is currently
the third most common indication for liver transplanta-
tion in the United States. With the growing incidence
of obesity, NAFLD is expected to become the most
common indication for liver transplantation over the
next few decades. As the number of patients who
have undergone transplantation for NAFLD increases,
unique challenges have emerged in the management
and long-term outcomes in patients. Risk factors such
as obesity, hypertension, diabetes, and hyperlipidemia
continue to play an important role in the pathogenesis
of the disease and its recurrence. Patients who undergo
liver transplantation for NAFLD have similar long-term
survival as patients who undergo liver transplantation
for other indications. Research shows that post-trans-
plantation recurrence of NAFLD is commonplace with
some patients progressing to recurrent non-alcoholic
steatohepatitis and cirrhosis. While treatment of comor-
bidities is important, there is no consensus on the man-
agement of modifiable risk factors or the role of phar-
macotherapy and immunosuppression in patients who
develop recurrent or de novo NAFLD post-transplant.
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This review provides an outline of NAFLD as indication
for liver transplantation with a focus on the epidemiol-
ogy, pathophysiology and risk factors associated with
this disease. It also provides a brief review on the pre-
transplant considerations and post-transplant factors
including patient characteristics, role of obesity and
metabolic syndrome, recurrence and de novo NAFLD,
outcomes post-liver transplantation, choice of medica-
tions, and options for immunosuppression.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is
a major cause of chronic liver disease and one of the
leading indication for liver transplantation (LT) nowa-
days. Although, it remains the third most common
indication for LT in the United States, it is projected to
become the most common indication by 2025. It pres-
ents a unique challenge for the transplant community
in terms of management and long-term outcomes.
Many risk factors for NAFLD pre-transplant such as
obesity, hypertension, hyperlipidemia, diabetes con-
tinue to play an important role in the pathogenesis of
post-transplant NAFLD. In addition to therapy focused
on prevention and management of coexisting medical
conditions, physicians must weight the benefits and
harms of both medical and surgical options in patients
undergoing LT.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is increas-
ingly recognized as a major etiology leading to chronic
liver disease since its first description by Ludwig e/ a/'' in
1980. NAFLD has become an umbrella term to desctibe
the pathologic picture of alcohol induced liver injury
that occurs in the absence of alcohol abuse™. Histologi-
cally, NAFLD ranges from simple or bland steatosis to
nonalcoholic steatohepatitis (NASH) and can progress
to end-stage liver disease including fibrosis and cirrhosis.
The pathologic definition of NASH is based on find-
ings of macro vesicular steatosis, nuclear glycogenation,
lobular and portal inflammation, and Mallory hyaline!".
Progression of NASH to advanced fibrosis and cit-
rhosis is thought to be secondary to chronic inflamma-
tion and fibrosis'”. Obesity has been strongly associated
with NAFLD and NASH with some authors suggesting
that NAFLD is the hepatic manifestation of metabolic
syndrome”, With the global epidemic of obesity on the
rise, there has been a consistent increase in NAFLD and
NASH cases leading to increasing frequency of liver
transplantation (LT) for this indication. According to
the Scientific Registry of Transplant Recipients database
(SRTR), NASH now represents the third most common
indication for LT in the United States, surpassed only by
hepatitis C and alcohol induced liver disease™. Further-
more, LT secondary to NASH is the only indication that
has increased in frequency from 1.2% to 9.7% in less
than a decade (from 2001-2009)"". Based on this data,
end-stage liver failure secondary to NAFLD is estimated
to become the most common indication for LT within
the next two decades™.

In this manuscript, we provide an overview of
NAFLD in the context of LT. First, we review the epi-
demiology, pathophysiology and risk factors for NAFLD
and how obesity and metabolic syndrome play a role in
the development of the disease. We then explore the pre-
transplant factors affecting this patient population such
as patient characteristics and availability of livers available
for transplantation. Finally, we discuss the post-transplant
considerations such as recurrence and de-novo NAFLD,
outcomes, pharmacotherapy and immunosuppression.
The goal of this review is to educate and assist in the
management of unique challenges for patients with

NAFLD both pre- and post LT.

DEFINITION OF NAFLD AND NASH

An early diagnosis of NAFLD is often difficult as many
patients remain asymptomatic until the disease has pro-
gressed to fibrosis and cirrhosis. Biochemically, there are
no reliable serum biomarkers for NAFLD at the pres-
ent time. Patients may have elevated serum transaminase
levels; however, normal transaminases do not exclude the
diagnosis. Per the United States Third National Health
and Nutrition Examination Survey (NHANES III), the
prevalence of NAFLD with and without elevated trans-
aminases was found to be 3.1% and 16.4% respectivelym.
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Table 1 Non-alcoholic fatty liver disease Activity Score

Component Score
Steatosis grade
<5% 0
5%-33% 1
33%-66% 2
> 66% 3
Lobular inflammation
No foci 0
< 2 foci per 200 x field 1
2-4 foci per 200 x field 2
> 4 foci per 200 x field 3
Ballooning
None 0
Few balloon cells 1
Prominent/many cells 2

Scoring system assigns a score for steatosis (0-3), lobular inflammation (0-3)
and hepatocyte ballooning (0-2) and sum of the scores is correlated with
a score of greater than or equal to five as “definite NASH” and a score of
less than or equal to three as “not NASH”'*. Adapted from Tanaka et al"*’.

When elevated, aspartate aminotransferase and alanine
aminotransferase are seldom greater than four times
the upper limit of normal®. Therefore, the diagnosis
of NAFLD remains a diagnosis of exclusion requiring
elimination of other causes of abnormal liver function
tests in presence of imaging or biopsy suggestive of
steatosis. Liver biopsy remains the gold standard for its
diagnosis. On biopsy, NAFLD must have histologic find-
ings of macro vesicular steatosis in greater than 5% of
hepatocytesm. For the diagnosis of NASH, most experts
require additional findings suggestive of active inflam-
matory process including hepatocyte swelling, balloon-
ing and degeneration with lobular inflammation"”. The
Nonalcoholic Steatohepatitis Clinical Research Network
has designed and validated a histologic scoring system for
NAFLD, called the NAFLD Activity Score that allows
for evaluation of steatosis, inflammation and ballooning
scores". This scoring system assigns a score for steatosis
(0-3), lobular inflammation (0-3) and hepatocyte balloon-
ing (0-2) and sum of the scores if greater than or equal
to five is defined as “definite NASH” and a score of less
than or equal to three as “not NASH” (Table 1). In gen-
eral, the diagnosis of both NAFLD and NASH requires
the presence of hepatic steatosis, no significant alcohol
consumption and no other etiology to explain liver dis-
casel ™", Figure 1 illustrates the microscopic findings in
biopsies of patients suspected of having NAFLD and
depicts hepatocyte ballooning (Figure 1A), steatosis (Figure
1B) and lobular inflammation (Figure 1C).

EPIDEMIOLOGY AND RISK FACTORS IN

NAFLD PATIENTS

Although the prevalence of NAFLD is unknown, its
incidence is estimated to be on the rise with the concur-
rent obesity epidemic. According to the National Center
for Health Statistics, the prevalence of obesity in the
United States in 2009-2010 is estimated to be 35.5% of
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Figure 1 Microscopic findings in biopsies of patients’ suspected of having non-alcoholic fatty liver disease/nonalcoholic steatohepatitis. A: H and E stained
liver tissue at x 40 showing ballooning degeneration of a hepatocyte (marked with black arrow); B: H and E stained liver tissue at x 40 showing steatosis without ste-
atohepatitis. C: H and E stained liver tissue at x 40 showing inflammation (neutrophilic inflammation surrounding fatty hepatocytes).

the male population and 35.8% of the female popula-
tion"”. A recent cross-sectional study in the setting of
outpatient general internal medicine clinic in Texas shows
the prevalence of NAFLD to be 46%, with findings of
NASH in 12.2% of patients”. The projection from this
study reports the anticipated prevalence of NASH in the
US to be anywhere between three and eight million"”.
Despite these estimates, the frequency of progression
from NAFLD to end-stage liver disease is unknown. In
case series reports, transition from NASH to fibrosis are
reported as high as a third of patients"". The rate of
progression to decompensated cirrhosis and need for LT
remains uncertain, however; this is the only indication for
LT that has been steadily increasing'”. Additionally, it is
suggested that a high percentage of cases initially classi-
fied as cryptogenic cirrhosis may represent progression
from NAFLD to cirthosis'”. As fibrosis distorts a fatty
liver into a cirrhotic one, various histologic components
such as steatosis and inflammatory changes become
less evident and may even disappear[s]. Therefore, end-
stage liver disease secondary to NAFLD is projected to
become the most common indication for LT by 2025
given its increasing incidence and the steady decrease in
frequency of hepatitis C infection and alcohol induced
liver disease.

PATHOPHYSIOLOGY OF NAFLD AND
NASH

NAFLD accounts for two types of fatty infiltration of
the liver: simple steatosis and non-alcoholic steatohepa-
titis (NASH). Simple fatty liver infiltration, also called
bland hepatic steatosis is a benign condition in which
liver function tests are within normal limits or maybe
slightly elevated. In this condition, liver biopsy shows
liver tissue that is essentially normal except for fatty in-
filtration in hepatocytes. On the other hand, NASH is
defined by the presence of inflammatory changes. The
development of inflammation and subsequently NASH
from hepatic steatosis is thought to be a complex mecha-
nism involving insulin resistance, oxidative stress, and in-
flammatory cascade. Several models have been desctibed
in the literature to suggest the interplay between these
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processes and how simple steatosis is transformed into
steatohepatitis, including the “two-hit hypothesis”. First
described by Day ¢ a/””, insulin resistance is the “first
hit” that leads to steatosis in hepatocytes. During states
of insulin resistance, both muscle and adipose tissues
preferentially oxidize lipids, resulting in release of free-
fatty acids. The liver incorporates these free fatty acids
into triglycerides, and remaining free-fatty acids undergo
oxidation in the mitochondria, peroxisomes or micro-
somes”!!. Then a “second hit” that occurs in the form of
oxidative stress leads to inflammation and fibrosis™. Fig-
ure 2 summarizes the multiple factors that play a role in
the development of NASH from steatosis. Others have
also described a change in lipid metabolism through el-
evated peripheral fatty acids and de novo synthesis leading
to an increase in fatty deposition in the liver. In patients
with NAFLD, Donnelly ¢ a/* noted that the majority
(60%) of the triacylglycerol in the liver arises from free
fatty acids while 26% and 15% are attributable to de novo
lipogenesis and diet, respectively™”. Tnsulin resistance
at the level of adipose tissue leads to an increased release
of free fatty acids leading to an increased activation of
macrophages and other immune cells. The entry of these
free fatty acids in the liver also leads to the activation of
intracellular inflammatory pathways causing hepatic in-
flammation and consequently fibrosis®*". Furthermore,
insulin resistance leads to hyperglycemia which in turn
triggers stellate cell activation leading to fibrosis™". Genes
also play an integral role in the development of NASH as
evidenced by ethnic-specific allele frequencies and certain
genotypes that purport a greater lipid content, more ag-
gressive disease, and increase in serum aminotransferase
levels™

Several studies have shown an increased prevalence
of risk factors in the form of hypertension, diabetes,
obesity and hyperlipidemia - all components of meta-
bolic syndrome in patients’ who have undergone LT,
In these patients, studies have also shown an increase in
pro-steatotic cytokines such as leptin® and decrease in
anti-steatotic cytokines such as adiponectinm. Addition-
ally, the advanced age of the donors may exacerbate the
effects of insulin resistance post-transplant due to accel-
erated fibrosis™”.
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Figure 2 Multiple factors that play a role in the progres-
sion of steatosis to nonalcoholic steatohepatitis.

METABOLIC SYNDROME, OBESITY AND
NAFLD

A large proportion of patients diagnosed with NAFLD
have been identified to have the phenotype associated
with metabolic syndrome. Although many organizations
have defined the term “metabolic syndrome” differ-
ently, all definitions include risk factors for cardiovascular
disease and type 2 diabetes such as hypertension, dys-
lipidemia (elevated triglycerides and lower high-density
lipoprotein cholesterol), raised fasting glucose and central
obesity™. Liver biopsies from patients who meet the
strict definition of metabolic syndrome shows more ad-
vanced histologic changes and a high risk of severe fibro-
sisP, Additionally, obesity itself has been independently
shown to be a predictor of advanced fibrosis in the liver.
A study conducted by Dixon ¢ a/*” showed that in 105
consecutive patients who underwent laparoscopic obesity
surgery and had liver biopsies taken, there were findings
of NASH in 25% with nearly half demonstrating find-
ings of advanced fibrosis. Colicchio et a/*” also found
severe steatosis to be uniformly present in non-diabetic
patients with body mass index (BMI) greater than 39.9
kg/m” (grade T obesity) when evaluated using liver ultra-
sound. It is however, the central or visceral obesity that
is associated with the development of NAFLD indepen-
dent of overall obesitym’m. Dyslipidemia and diabetes
have also been shown to have an independent association
with NAFLD. One study by Assy e @/ showed that in
patients with hypertriglyceridemia, there is a significantly
higher risk of fatty infiltration than in patients’ with other
forms of dyslipidemia, further supporting the association
between metabolic syndrome and NAFLD.
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PRE-TRANSPLANT CONSIDERATIONS

Patient characteristics

Obesity and insulin resistance have been implicated as
the key pathogenic factors associated with NAFLD".
The risk factors associated with the histological sever-
ity of NASH in the non-transplant population include
male sex, higher BMI, insulin resistance, hypertension,
and presence of type II diabetes"****!. Analysis of the
SRTR database by Charlton ¢ a/” showed that the people
who underwent LT for NASH cirrhosis were older, had
larger BMI, were more likely to be female, had a greater
prevalence of diabetes and hypertension, and a lower
incidence of hepatocellular carcinoma compared with
other patients in the transplant cohort. Hence, prior to
undergoing LT, optimization of modifiable factors in
patients is essential for improved outcomes. In addition to
medical optimization such as improved blood pressure and
glycemic control, patients should strongly be encouraged
to undergo supervised weight loss. A study by Nair ez /"
measured graft and patient survival in obese patients
receiving LT in the United States. This study concluded
that patients with morbid obesity (BMI > 40 kg/m? had
significantly higher rates of primary graft non-function
and significantly increased immediate, one and two year
mortality. Five year mortality rates were also significantly
higher in severely obese (BMI between 35.1 and 40 kg/
m’) and morbidly obese patients, secondary to increased
cardiovascular mortality. Based on these findings, the
American Association for the Study of Liver Disease
(AASLD) considers morbid obesity a contraindication to
L™ and recommends weight loss in all patients await-
ing LT, especially if the patient’s BMI is greater than 35
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kg/ m’. Additionally, weight loss has been shown to help
with improvement in the severity of steatosis and NASH
prior to transplant. Meta-analysis by Mummadi ¢ a/* in
the non-LT population who underwent bariatric surgery
shows that a 19%-41% reduction in BMI was associated
with improvement of steatosis in 91.6%, steatohepatitis
in 81.3%, fibrosis in 65.5% and complete resolution of
NASH in 69.5% of patient’s post-bariatric surgery.

Concurrent bariatric surgery and LT has also been
evaluated in obese patients. A recent study analyzed
thirty-seven patients referred for LT with BMI > 35 who
had achieved weight loss prior to transplant and under-
went LT alone and compared them with seven patients
who underwent LT with sleeve gastrectomy'. This study
reported that in patients with LT alone, there was a high-
er frequency of weight gain, steatosis, post-transplant
diabetes, graft loss and death when compared with the
sleeve gastrectomy group. This small study suggests that
although bariatric surgery may play a promising role in
patients undergoing transplant, more studies are needed
to evaluate long-term survival in these patients and it may
be appropriate for some patients who have persistent
obesity and fail non-invasive management.

Availability of livers for transplant in the NAFLD
population
The increasing prevalence of obesity has led to further
increases in hepatic steatosis in potential donors, which
has reduced the number of transplantable livers available
for any indication. The use of steatotic livers for trans-
plant depends on the level of fatty infiltration. Donor
livers with greater than 60% steatosis are deemed non-
transplantable whereas those with less than 30% are
deemed useable with good function. Even though livers
with 30%-60% steatosis are potentially used for patients,
they have been associated with poor results due to de-
creased function, graft survival and decreased patient
survival™. The biggest concern remains primary non-
function of the graft which has been reported as high as
13% in donor livers with greater than 30% steatosis com-
pared with < 3% in those with no steatosis on biopsy pri-
or to transplant[47’48]. More recent studies show the rate of
primary non-function of the graft to be less than 5% in
those undergoing LT with steatosis of less than 30%*",
Increased hepatic graft steatosis has also been associated
with intrahepatic cholestasis and transient hyperbilirubi-
nemia during regeneration after living donor transplant
but the mechanism remains elusive™

The use of living donors for LT also has its chal-
lenges. Although the maximum percentage of steatosis in
living donors is unknown for LT, most centers are reluc-
tant to transplant grafts with greater than 30% steatosis
given the increased risk of primary non-function of the
graftm]. With the growing incidence of obesity, finding
grafts with less than 10% steatosis (preferred by most
centers) is difficult™. Studies report that one third to one
half of potential living donors have steatosis on liver bi-
opsies and in these studies more than one-third of biop-
sies showed steatosis greater than 10%"%. The need for
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liver biopsy in living transplant donors is also not without
risk, given that the sensitivity of imaging modalities is
low for small amounts of steatosis and improves with

. . . [55
mncreasing steatosm[ ].

POST-TRANSPLANT CONSIDERATIONS
Recurrence of NAFLD and NASH

The development of steatosis post-LT in patients is
common with some observational studies reporting
prevalence as high as 100 o7 One study of post-liver
transplant patients by Maor-Kendler ez al™, showed the
incidence of grade 2 steatosis or higher in 38% of recipi-
ents with pre-transplant diagnosis of NASH/cryptogenic
cirrhosis when compared to 6% in cholestasic disease,
16% in alcoholic disease and 9% in patients with HCV
cirrhosis. Table 2 summarizes several studies that evalu-
ated the incidence of NAFLD, NASH and cirrhosis post
LT A recent study by Dureja ef al” analyzed post-
transplant data in eighty-eight patients who underwent
transplant for NAFLD and report prevalence of recur-
rent NAFLD to be 39%, recurrent NASH to be 28.4%
and fibrosis (stage 3 and 4) to be 3.4% respectively.
Moreover, according to Contos e# al”' when comparing
the cases of cryptogenic cirrhosis with those transplanted
for alcoholic liver disease, primary biliary cirrhosis and
primary sclerosing cholangitis, the rates of steatosis and
subsequent NASH were significantly higher in the cryp-
togenic cirrhosis group. Similarly, Bhagat ez a/”" reported
the recurrence of NASH in 33% of the patients who
were transplanted for cryptogenic cirrhosis with NASH
phenotype compared with those transplanted for alcohol
related cirrhosis at six months post-L'T. Tanaka ez al®™ re-
cently reported recurrence of NASH in one patient who
underwent living donor LT for NAFLD; however, this
study is limited by small sample size and had only seven
patients who were transplanted for this indication. Based
on the studies (summarized in Table 2), the recurrence of
steatosis, NASH and cirrhosis in patients transplanted for
NAFLD is clearly possible and further studies are needed
to determine the risk of recurrence in patients’ post-LT.

De novo NAFLD/NASH

Little is known about the prevalence of de novo NAFLD
and NASH in patients who undergo liver transplantation
for non-NASH cirrhosis and have been transplanted a
donor graft free of steatosis. Report by Seo ez al® who
evaluated sixty-eight liver transplant patients with vari-
ous causes of liver cirrhosis using pre-transplant and
post-transplant biopsies, noted the prevalence of de novo
steatosis in twelve patients (18%) with prevalence of de
novo NASH in six patients (9%). In another study that
evaluated thirty patients with mostly infectious cirrhosis
from HBV and HCV, incidence of steatosis and NASH
were 40% and 13% respectively, although it is unclear
how much of this was de 7ord®”. In another case seties in
which patients underwent transplantation for HCV and
alcohol cirrhosis, four patients developed de 7ovo NAFLD
post-transplant in the absence of graft steatosis®”. Thus,
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Table 2 Various studies examining the incidence/recurrence of non-alcoholic fatty liver disease (de movo or recurrent), non-

alcoholic steatohepatitis and Cirrhosis in the post-liver transplant population 7 (%)

Ref. Year of Indication of transplant Number Findings of Findings of NASH Findings of cirrhosis Mean follow-up
publication of patients NAFLD post- post-transplant post-transplant duration
transplant
Tanaka et al®! 2013 Living donor transplant for 7 0(0) 1(14) None 53 yr
NAFLD
Dureja et al™ 2011 NAFLD 88 34 (39) 25 (28.4) 3 (3.4) (reported as 82 mo
fibrosis grade 3/4)
Dumortier et al'®” 2010 Several indication 599 131 (31.1) 5(3.8) 3 (2.25) 40 mo
Bhagat et ™" 2009 Cryptogenic/NASH 71 N/A 31 (33) None 1517 d
Cirrhosis vs alcoholic
cirrhosis
Lim et al™ 2007  Non-NAFLD indication (18 30 12 (40) 4 (13) None 44 mo
HBV, 7 HCV, 5 others)
Seo et al'™ 2007 68 various causes, 84% HCV 68 12' (18) 6' (9) None 28 mo
Ong et al®™ 2001 Cryptogenic cirrhosis 51 13 (25.4) 8 (15.7) None 26 mo
Contos et al'™” 2001 Cryptogenic/NASH 30 30 (100) 3 (10) None 3.5 yr
cirrhosis
Charlton et al®! 2001 NASH cirrhosis 16 9 (60) 5 (33) 2 (12.5) 28.1 mo

'De novo. HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

the incidence, prevalence and the mechanism of de novo
NAFLD or NASH remains unclear and there is an
emerging need for studies in this area.

Influence of NAFLD/NASH on outcomes after liver
transplantation

Data suggests that the outcome of LT in patients who
undergo transplant for most common causes of cirrhosis
in the United States, including cholestatic liver disease
(primary biliary cirrhosis, primary sclerosing cholangitis),
alcoholic liver disease, and HCV are excellent, with one
year survival rates of 85%-90% and five year survival
rates of 70%-80% respectively™. Review of literature
for patients undergoing LT for NASH cirrhosis shows
mortality after transplant to be similar at five years when
compared with patients undergoing transplant for other
indications, however the one and three year mortality in
NASH cirrhosis patients were significantly higher'™. Ma-
lik et al* reported a higher one year mortality in NASH
patients with age = 60 years and BMI = 30 kg/m” with
diabetes and hypertension. A more recent review of
transplant patients by Charlton e/ a/” however reports
survival at one year and three years after LT for NASH
to be 84% and 78%, respectively and similar for other in-
dications. They also report that patient and graft survival
was similar to values for other indications when adjusted
for age, sex, BMI and serum creatinine. There is, how-
evert, a higher incidence of cardiac events following LT in
a subset of patients with higher BMI, elevated serum cre-
atinine, diabetes, systolic blood pressure elevation, hyper-
cholesterolemia, and these may represent to some extent
the cause of poor outcomes in LT patients with NASH
cirrhosis®”. Malik ez a/* reported statistically significant
differences in infection as the cause of death is NASH
cirrhosis patients post-LT when compared with other
indications and explain the likely cause to be elevated
hyperglycemia and diabetes which may predispose these
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patients’ to increased risk of infection. With the growing
number of NAFLD and NASH patients’ post-LT, it is
expected that more studies would emerge in the upcom-
ing years that would be high-powered to provide further
details on these issues.

Management of NAFLD patients after liver transplant
Little data exists for the treatment of NAFLD patients’
post-LT. All recommendations for management of
NAFLD post-transplant are a reflection of studies done
on the non-LT population and can be divided into three
broad categories: Lifestyle modifications, Pharmacothera-
py and Bariatric Surgery.

Lifestyle modifications: The mainstay of medical
management includes weight reduction through physical
activity and diet modification and pharmacological man-
agement of medical co-morbidities such as hypertension,
hypercholesterolemia and diabetes”. A low-carbohydrate
(< 60 g of carbs/d) low caloric diet when compared with
high carbohydrate (> 180 g of carbs/d) low caloric diet
has been shown to lead to a more pronounced reduction
in intrahepatic triglyceride content and improves insulin
sensitivity . Weight loss has also been shown to improve
hepatic steatosis and inflammation with weight loss of
3%-5% showing improvement in steatosis and 7%-10%
weight loss showing improvement in the level of steato-
hepatitis'”. Physical activity has an important effect on
the level of NAFLD and should be encouraged in pa-
tients. Moderate and vigorous activity was compared with
controls that were generally inactive. This study showed
that vigorous activity was beneficial in preventing pro-
gression to fibrosis in NAFLD patients over moderate
activity! and thus should be encouraged. The role of
caffeine in coffee has also been evaluated in patients with
NAFLD. Molloy ¢# a/™ showed that when comparing 4
different groups (controls, bland steatosis/not-NASH,
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NASH stage 0-1, and NASH stage 2-4), there was a sig-
nificant reduction in the risk of fibrosis among patients
with higher coffee consumption per day.

Pharmacotherapy: The use of insulin sensitizing medi-
cations including metformin and thiazolidinedione has
been evaluated in patients with NAFLD and NASH. Al-
though metformin use had been associated with normal-
ization of aminotransferases and improvement in liver
echographic findings in prior studies'>™, pooled results
from meta-analysis have found no significant improve-
ment on steatosis, inflammation ot fibrosis in metformin
treated patients with NASH™. The study concluded that
in patients without diabetes, targeted lifestyle interven-
tions might be at least as beneficial as metformin and
there is little evidence to suggest benefit of metformin
in patients with NAFLD without pre-existing glucose
intolerance regardless of the dose. Thiazolidinediones
(TZDs), including rosiglitazone and pioglitazone, have
been evaluated in multiple studies on its benefit in NASH
patients. Rosiglitazone has however been shown to be
associated with increased rate of myocardial infarc-
tion” and has been removed from European markets
and highly restricted in the United States. Given the risk
factors for NASH also mirror risk factors for coronary
artery disease, rosiglitazone is likely not an optimal treat-
ment option in patients. Pioglitazone was evaluated in a
large multicenter studym for 96 wk at doses of 30 mg/d
and compared with Vitamin E 800 IU/d or placebo in
patients without diabetes with NASH. This study con-
cluded that both treatment groups (Vitamin E and Piogli-
tazone) demonstrated improvement in hepatic steatosis,
ballooning and inflammation, although only Vitamin E
was associated with statistically significant improvements.
Neither treatment had an effect on fibrosis but both Vi-
tamin E and pioglitazone led to improvement in amino-
transferase levels. Although Vitamin E may have a role in
the treatment of NAFLD patients without diabetes, it is
important to note that Vitamin E use has been associated
with increased all-cause mortality and prostate cancer, es-
pecially at doses of 400 TU/d or higherm’m. Other small
randomized control trials have also shown similar benefit
of pioglitazone at 30-45 mg/d in NASH patients with or
without diabetes demonstrating improvements in amino-
transferase levels, hepatic steatosis, improved insulin sen-
sitivity and inflammation™*"! however no improvement in
fibrosis were noted. Additionally, unlike rosiglitazone that
has been associated with increased cardiovascular mortal-
ity pioglitazone has only been associated with having
a slightly positive or neutral effect on the cardiovascular
system"”. Based on this data, pioglitazone at doses of 30
mg/d and titrated up for glycemic control if necessary,
may be recommended for patients with NAFLD, how-
ever should be used with caution in patients with history
of heart failure and bladder cancer™

The use of statins has been investigated in small pi-
lot studies for the treatment of NAFLD, although there
have been mixed results. Rosuvastatin at dose of 10 mg/
d given to NAFLD patients without diabetes, showed
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normalization of aminotransferase and cholesterol levels
after follow-up for eight months™ whereas another trial
in NASH patients receiving simvastatin 40 mg/d demon-
strated no significant differences in hepatocellular struc-
ture and aminotransferase levels when compared with
placebo over a duration of one year™. Based on conflict-
ing reports, AASLD has recommended against the use of
statins in the treatment of NASH until more randomized
clinical control trials can demonstrate its efﬁcacym].

Utrsodiol or ursodeoxycholic acid, approved for the
treatment of primary biliary cirrhosis, has also been
evaluated for NASH patients and trials thus far have not
demonstrated significant differences in overall histol-
Ogy[ss,so].

Pentoxifylline, a drug that inhibits the synthesis of
TNF-a which is thought to be associated with possible
progression to fibrosis”in NAFLD patients has also
been studied for the treatment of NASH. A recent ran-
domized control trial evaluated pentoxifylline 1200 mg/d
compared to placebo in biopsy-confirmed NASH pa-
tients over a course of one year and found improvements
in aminotransferase levels and histologic features from
baseline but these were not significant when compared to
placebo[gg].

Use of pharmacological intervention to augment
weight loss in NASH and NAFLD patients with orlistat
has also shown improvement in steatosis and aminotrans-
ferase levels™ however it is most likely the observed
changes were associated with weight loss rather than the
drug itself.

Role of bariatric surgery: As in the non-transplant
population, weight loss has its own challenges in the
post-LT population. In addition to obesity pre-transplant,
many recipients experience rapid weight gain post-
transplant that leads to recurrence and de novo steatosis in
the graft liver®, Weight gain can partially be attributed
to immunosuppressive medication such as steroids and
calcineurin inhibitors taken to suppress the immune sys-
tem post-LT. Few studies exist on the benefit of batiatric
surgery post-OLT, mostly in the form of case reports
and case series””””. Duchini ez a/™ reported Roux-en-Y
bypass as a successful procedure in two NAFLD patients
post-LT with morbid obesity demonstrating significant
weight reduction, normalization of liver function and
metabolic parameters, including lipid profile and hyper-
glycemia. A recent study from the University of Minne-
sota identified seven patients who underwent Roux-en-Y
gastric bypass post-LT between 2001 and 2009, and
reported therapeutic weight loss, improved glycemic con-
trol, and improved high-density lipoprotein in the pres-
ence of continued dyslipidemia. More studies however,
are needed for consideration of bariatric surgery in post-
LT patients before definite recommendations could be
made.

Choice of Inmunosuppression in NAFLD patients
Many immunosuppressive regimens used in the treatment
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of post-LT patients are associated with diabetes, hyper-
tension, hyperlipidemia, obesity and increased risk of
infection”. Patients who undergo LT for NASH often
have metabolic syndrome and are at increased risk for the
development of major vascular events™. Some studies
have shown an increased risk of recurrence of hepato-
cellular carcinoma® in addition to other known adverse
effects from steroids including diabetes, osteoporosis and
obesity. Given that steroids have been linked to much ad-
verse effects, they should be withdrawn from maintenance
therapy within three months post-LT. Moving away from
a steroid based immunosuppressive regimen in LT pa-
tients was evaluated by Segev ¢ al’” in their meta-analysis
of thirty publications, including nineteen randomized con-
trol trials which showed there was no difference in death,
graft loss and infection rates in patients who were on
steroid-free regimens when compared with steroid-based
immunosuppression. Additionally, the analysis showed a
trend towards reduced hypertension and statistically sig-
nificant decrease in CMV infection and cholesterol levels
in steroid-free regimens. The authors also reported that if
the steroids were replaced by another immunosuppression
medication, there is a reduced risk of diabetes, rejection
and severe rejection. This would advocate for the role of
avoidance of steroids post-LT for immunosuppression,
especially in patients with NASH cirrhosis.

Calcineurin inhibitors include tacrolimus (FK500)
and cyclosporine and act by inhibiting T-cell activation.
Although these drugs are commonly used, studies have
shown acute and chronic nephrotoxicity as a major ad-
verse effect of both tacrolimus and cyclosporine, occur-
ring in up to 20% of patients depending on the organ
transplantedl%J. Due to these outcomes, studies have
advocated for conversion to sirolimus therapy in patients
who develop renal insufficiency due to calcineurin in-
hibitors””, however their complete avoidance has been
associated with higher rejection rates”. Additionally,
tacrolimus has been associated with neurotoxicity and
development of de-novo diabetes, while cyclosporine
has been associated with hypertension and hyperlipid-
emia[‘)‘),l()[)]'

Mycophenolic acid and Azathioprine are two other
medications commonly used post-LT however require
close monitoring due to the risk of bone marrow sup-
pressionl101J and their experience in NASH-related LT is
limited. The decision on the type of immunosuppression
regimen to be used should be based on maintaining a bal-
ance between drug toxicity and efficacy and dictated by
patient factors such as age, ethnicity and etiology of their
liver disease.

CONCLUSION

NAFLD is increasingly recognized as a major etiology

leading to chronic liver disease and remains the only
indication for LT that has steadily and steeply increased
in frequency over the past decades. As the third most
common indication for LT in the United States after
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HCV and alcoholic liver disease, NAFLD is projected
to become the most common indication by 2025. The
increasing prevalence of NAFLD both pre- and post-
transplant presents unique challenges for the transplant
community in terms of management and long-term
outcomes. Many risk factors for NAFLD pre-transplant
such as obesity, hypertension, hyperlipidemia, diabetes
continue to play an important role in the pathogenesis of
post-transplant NAFLD. In addition to prevention and
management of coexisting medical conditions, physi-
cians must weigh the benefits and harms of both medical
and surgical therapies in patients undergoing LT. New
research in pharmacotherapy such as insulin sensitizing
drugs, statins, metformin and others continues to emerge,
yet more research is needed to help identify methods to
reduce and possibly reverse progression to fibrosis in
these patients. The recommendation on avoidance of
steroids and minimization of calcineurin inhibitors in this
patient population would likely be beneficial in decreasing
the risk factors associated with post-transplant NAFLD
and should be considered. Further research is still needed
to better understand the issues that affect this unique pa-
tient population.
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