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Non-alcoholic fatty liver disease (NAFLD) has emerged as one of the common causes of cirrhosis and hepatocel-
lular carcinoma (HCC) and is a leading indication for liver transplantation (LT). Patients with NAFLD-related
cirrhosis and HCC are at high risk for the development of recurrent NAFLD after LT. NAFLD can also develop de
novo post-transplantation in patients subjected to LT for other indications. Besides the pretransplant presence of
various components of metabolic syndrome (MS) use of immunosuppressive agents in the post-LT setting forms
one of the major drivers for the development of post-LT NAFLD. Individual components of conventional immu-
nosuppressive regimens (corticosteroids, calcineurin inhibitors, and m-TOR inhibitors) are all implicated in the
development of post-LT metabolic derangement and follow unique mechanisms of action and degree of distur-
bances. The development of cardiovascular risk is associated with post-LT NAFLD, although graft outcomes do
not seem to be influenced only by the presence of post-LT NAFLD. Measures in consonance with the management
of NAFLD, in general, including lifestyle modifications and control of metabolic risk factors, hold true for post-
LT NAFLD. Tailoring immunosuppression strategies with early corticosteroid withdrawal and calcineurin inhib-
itor minimization balancing against the risk of graft rejection constitutes important nuances in the individual-
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ized management of post-LT NAFLD.

on-alcoholic fatty liver disease (NAFLD) has

emerged as one of the most common causes of

chronic liver disease worldwide with an estimated
global prevalence of about 30%." The prevalence of NAFLD
in the general population in India varies from 9 to 53%
with a pooled prevalence of 39%.”° In consonance with
the exponential rise, it has also established itself as one
of the commonest indications of liver transplantation
(LT)."” A seemingly paradoxical, but anticipated, challenge
of NAFLD in the post-transplant setting has emerged syn-
chronously with the increasing use of transplantation as
well as its changing epidemiology.

NAFLD in the post-transplant setting can be classified
into two subtypes, a more common recurrent NAFLD
and a comparatively lesser common de novo NAFLD. Recur-
rent NAFLD is the re-occurrence of NAFLD in patients
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who were originally transplanted for NAFLD-related
cirrhosis or hepatocellular carcinoma (HCC)." On the
other hand, de novo NAFLD is defined as the onset of liver
steatosis or non-alcoholic steatohepatitis (NASH) after at
least six months of transplantation who were originally
transplanted for non-NAFLD indications.” While there
are multiple risk factors that predispose to the develop-
ment of NAFLD post-LT, in the following sections, we
delve into the impact of immunosuppression on the devel-

opment of NAFLD and NASH in the post-LT setting.

EPIDEMIOLOGY OF POST-LT NAFLD

Recurrent NAFLD post-LT which reflects a re-occurrence
of the primary disease has been reported to be extremely
common with one study reporting a prevalence of more
than 90% of which 25% had advanced fibrosis.® Ten-year
follow-up data from a single center showed the develop-
ment of NAFLD in two-thirds, with one-fourth having
NASH, and 18% having significant fibrosis.” Pooled
meta-analysis data show an incidence of post-LT recurrent
NAFLD of 59%, 57%, and 82% at 1, 3, and 5 years following
LT, respectively. Similarly, the incidence of post-LT recur-
rent NASH has been estimated to be 53%, 57.4%, and
38% at 1, 3, and § years following LT, respectively.® On
the other hand, a recent meta-analysis of 12 studies
involving 2166 patients shows that de novo NAFLD has a
variable prevalence of 14.7%-52% post-LT which is less
common than recurrent NAFLD.” Furthermore, the same
meta-analysis also showed a variable prevalence of 0.96%-
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32% of biopsy-proven NASH involving eight studies in
those having de novo NAFLD.”

Risk Factors for Post-transplant NAFLD

The traditional risk factors for NAFLD, including obesity,
post-LT weight gain, diabetes mellitus, hypertension, and
hyperlipidemia, holds true for the development of post-
LT NAFLD with diabetes having a stronger association
with recurrent NAFLD.”'? Other risk factors that have
been implicated in the development of post-LT NAFLD
include age (in conjunction with components of metabolic
syndrome (MS)), female gender, and genetic factors
including PNPLA3 gene polymorphisms.”’13 Besides,
these risk factors side effects mediated by
immunosuppressants have been associated with the
development of post-LT NAFLD. The culminating point
of all the associated risk factors is the development of
post-transplant metabolic syndrome (PTMS) which, in
turn, has a proportional relationship with post-LT
NAFLD. In addition to the aforementioned risk factors,
rapid weight gain post-LT and lower exercise intensity
accelerate PTMS and post-LT NAFLD. Figure 1 provides
an overview of the risk factors of post-LT NAFLD.

IMPLICATION OF INDIVIDUAL
IMMUNOSUPPRESSANT DRUGS IN POST-LT
NAFLD

Corticosteroids

Corticosteroids form an essential component of the
immunosuppressive strategy in the immediate postopera-
tive setting to prevent graft rejection. The use of cortico-

TANEJA ET AL

steroids both in the short term and long term is
associated with metabolic complications and frequently
leads to hyperglycemia, hypertension, hyperlipidemia,
and post-transplant obesity.14 However, current day
immunosuppression protocols have progressively been
moving toward rapid steroid weaning protocols and ste-
roid-free regimens which have limited the adverse ef-
fects.'”> Data from protocols using steroid-free
immunosuppression have shown a significantly reduced
rate of new-onset diabetes post-LT."

Calcineurin Inhibitors

The calcineurin inhibitors (CNI) [cyclosporine A (CsA) and
tacrolimus (TAC)] have transformed immunosuppression
practices with TAC being the current backbone of modern
immunosuppression regimens. The diabetogenic mecha-
nisms of CNIs involve multiple axes which include induc-
tion of insulin resistance, inhibition of transcription
factors for beta-cell growth, downregulation of adiponec-
tin transcription, and CNI-mediated hypomagnesemia
(renal wasting) which leads to impaired insulin signaling.'”
On a comparative basis, the literature from renal trans-
plant recipients indicate toward a higher diabetogenic po-
tential of TAC than CsA which, however, does not translate
into any differences in short-term outcomes.'®
Dyslipidemias are associated with both CsA and TAC
with the former having a worse profile.'” The mechanisms
that have been proposed for dyslipidemia include inhibi-
tion of sterol 27-hydroxylase resulting in increased 3-
hydroxy-2-methylglutaryl coenzyme A activity and a subse-
quent increase in cholesterol levels, decrease in bile acid
synthesis from cholesterol resulting in increased
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Figure 1 An overview of the risk factors of post-LT NAFLD.

836 © 2023 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.



JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

Table 1 Metabolic Derangements due to Individual Imnmunosuppressants.

Metabolic Corticosteroids Tacrolimus Cyclosporine mTOR inhibitors

derangement

Mechanisms 1 Gluconeogenesis 1 Gluconeogenesis 1 Gluconeogenesis | Lipoprotein lipase activity
{Insulin production | Cholesterol transport into bile | Cholesterol transport into bile 1 Adipose lipase activity
1 FFA uptake | Beta cell proliferation and | Beta cell proliferation and | Beta cell proliferation
| Lipoprotein lipase survival survival
activity | Vasodilators and 1 SVR

Obesity ++ - - -

Impaired glucose +++ ++ + —

tolerance
Dyslipidemia ++ + ++ +++
Hypertension + + ++ +

FFA, free fatty acid; SVR, systemic vascular resistance.

cholesterol levels, and reduction in triglyceride degrada-
tion via inhibition of lipoprotein Iipase.20

The development of hypertension post-transplant is
common and is reported in more than 50% of the cases
in some studies, and exposure to CNI has been proposed
as a predominant reason for the same.”*? Multiple mech-
anisms have been proposed including rennin and angio-
tensin II upregulation, decreased glomerular filtration,
increased renal tubular reabsorption of sodium, sympa-
thetic overactivity, and impairment of arterial vasodilation
due to reduced levels of prostacyclin and nitric oxide.”
Although decreased filtration and increased sodium reab-
sorption with renal vasoconstriction appears to be one of

Corticosteroids e, Sy
9y,

1Gluconcog enesi:

JInsulm production

1FFA Uptake

|Lipoprotein lipase activity

Post LT
NAFLD

Tacrolimus

1Gluconcog enesis
{Beta cell proliferaton
Increased systemic vascular resistance

Altered cholesterol bile pathway

the primary mechanisms, the activation of rennin-
angiotensin system is not implicated as a major pa.thwa.y.22

mTOR Inhibitors (mTORi)

mTORI the newest class in the immunosuppressive arma-
mentarium is commonly associated with the development
of hyperglycemia and dyslipidemia. These tend to increase
high-density lipoproteins (HDL), low-density lipoproteins
(LDL), cholesterol, and triglycerides in approximately 40-
75% of patients receiving therapy.”” Although multiple
mechanisms possibly lead to mTORi-induced dyslipide-
mia, the primary reasons include the inhibition of lipid
transport into adipocytes and increased basal lipolysis.””

& Cyclososporine
S 'Q’b ‘S\QQ\ = = 1Gluconeogenesis
SR oS
NS A Beta cell proliferation
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Figure 2 A summary of the potential mechanisms of metabolic alterations due to various immunosuppressant drugs and individual derangements.
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mTORi-induced dyslipidemia is dose-dependent as studies
from renal transplant recipients have shown that with
both sirolimus and everolimus lower fixed dose leads to
less profound changes than higher doses, even in the pres-
ence of standard-exposure CNI therapy.%’27 Current day
practices using low dose mTORI either in combination
with CNI or in a CNI free regimen have become less inten-
sive and with concomitant statin therapy concerns about
dyslipidemia have been relatively controlled.”> mTORi
are also associated with hyperglycemia possibly acting
through the inhibition of PI3K/AKT axis and impairment
of insulin-related gene tra.nscription‘24 It can be seen in up
to 50% of patients with the occurrence being more frequent
in those with baseline hyperglycemia.28 A summary of the
potential mechanisms of metabolic alterations due to
various immunosuppressant drugs and individual de-
rangements is shown in Table 1 and Figure 2.

Immunosuppression — Its Implication in Post-
transplant NAFLD

As elaborated in the previous sections, the adverse meta-
bolic impact of various classes of immunosuppressive ther-
apies remains one of the principal concerns in the post-LT
setting. Corticosteroids and CNIs are especially associated
with adverse effects on the metabolic profile which become
more pronounced in a background of NASH in the pre-
transplant setting.” While this aspect of worse metabolic
profile is well established, the studies linking the effects
of immunosuppressants, specifically on allograft steatosis,
however, need further validation. Both tacrolimus, as well
as cumulative steroid dose, have been implicated in the
development of recurrent allograft NAFLD in one study.””
However, another study found no association between the
use of tacrolimus and post-transplant steatosis. The use of
cyclosporine was found to be a predictor of post-transplant
steatosis on univariate analysis in one study but did not
attain statistical significance on multivariate assessment.””
Therefore, although the risks of worsening metabolic pro-
file are common with the use of immunosuppressive regi-
mens in the post-transplant period, their impact on graft
steatosis needs further substantiation.

POST-TRANSPLANT NAFLD AND
IMPLICATIONS ON GRAFT SURVIVAL

In spite of post-LT NAFLD being an extremely common
complication, its impact on graft survival has been variably
reported. Literature from multiple studies conclude that
despite a high incidence of recurrent NAFLD graft survival
post-LT does not seem to be influenced by disease recur-
rence.””?! Similarly, in another recent study with 275 pa-
tients with NASH who underwent LT, the authors found
no difference in graft survival for patients with recurrent
NASH or NAFL.”” However, it is important to emphasize
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that even if the rates for long-term survival are not
different, these patients remain at higher risk for cardiovas-
cular events due to underlying metabolic disease.’

MANAGEMENT OF POST-LT NAFLD:
IMPLICATIONS OF IMMUNOSUPPRESSIVE
STRATEGIES AND PHARMACOTHERAPY

The tenets of management of post-LT NAFLD are essen-
tially the same as those with conventional NAFLD with
stress on lifestyle modification, prevention of weight
gain, dietary restriction, and achieving weight loss. The
additional component involves tailoring of immunosup-
pression strategies to reduce the metabolic risks. The Inter-
national Liver Transplantation Consensus recommends
minimization of immunosuppression with an attempt
for early steroid withdrawal. Additional, strategies include
switching from tacrolimus to cyclosporine in cases of un-
controlled hyperglycemia or from cyclosporine to tacroli-
mus in cases of dyslipidemia.” In similar lines, for
patients with recurrent NASH, the Indian National Society
for the study of the liver recommends early steroid taper
and advocates mycophenolate mofetil as the drug with
the least metabolic complications in such settings.”* How-
ever, the most important consideration that remains to be
kept in the backdrop is the optimization of graft and pa-
tient survival. An approach to control metabolic derange-
ments and rational immunosuppression is shown in
Table 2. Literature regarding specific NAFLD-directed
therapy in the post-LT setting is limited. None of the drugs

Table 2 Approaches to Control of Metabolic Derangements
and Rational Immunosuppression.

Rational
immunosuppression

Metabolic
parameters

Management options

Low-density o Lifestyle modification e CNI reduction and
lipoprotein e Diet changes addition of myco-
>100 mg/dL e Statins/ezetimibe if not phenolate

Higher controlled by diet and life- e Cyclosporine con-
triglycerides style version to tacroli-

e Fibric acid derivatives, fish mus

oils
Diabetes e Target HbAlc < 7% e Steroid short-term
mellitus e Lifestyle changes only
e Oral antidiabetics e Steroid-free proto-
e Insulin may be preferred cols
when on high doses of ste-e Tacrolimus to cyclo-
roids sporine
Hypertension e Blood pressure 130/ Steroid and CNI
80 mm Hg minimization

Calcium channel blockers:
amlodipine/nifedipine may
be the preferred drug of
choice

CNI, calcineurin inhibitors.
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which have been used in the pre-LT setting have robust
data in post-L'T NAFLD and hence are not recommended
as of now. Saroglitazar, a dual peroxisome proliferator-
activated receptor-a;/y agonist which has shown promising
results in the pre-LT setting with regulatory approval in In-
dia, is currently being evaluated for patients with post-LT
NAFLD (NCT03639623).%”

NAFLD post-LT is common and is influenced by base-
line metabolic profile, post-transplant weight gain, poor
metabolic control, and adverse effects of immunosuppres-
sants. The impact of immunosuppression on individual
metabolic derangements has been clearly delineated; howev-
er, its composite impact on post-LT NAFLD remains to be
determined. Although overall graft and patient survival
may not be affected with the development of post-LT
NAFLD per se, cardiovascular outcomes are worse on ac-
count of poor metabolic profile. Strict regulation of meta-
bolic risk factors, lifestyle interventions, and targeted
pharmacotherapy toward medical management of meta-
bolic complications and rational immunosuppression
form the core strategies for the control and management
of post-LT NAFLD.
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