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Abstract

Alcohol-associated liver disease (ALD) and metabolic-associated steatotic liver disease (MASLD)/metabolic-
associated steatohepatitis (MASH) are severe liver diseases, with liver transplant being the primary curative
treatment option. Transplant recipients with ALD suffer from alcohol use disorder (AUD) and poor drug
compliance, which can result in graft injury and even graft loss. Relapse of alcohol consumption, lack of drug
compliance, and smoking negatively impact the graft and clinical outcome of ALD-related transplantation patients.
Furthermore, these patients are at a higher risk of developing non-hepatic complications such as malignancies,
cardiovascular diseases, and other metabolic conditions. The management of these conditions requires
pharmacological and behavioral strategies to manage complications as soon as they arise. Critical monitoring of
these conditions is also advocated. In patients undergoing transplants for MASLD/MASH, early complications
arise in obese and diabetic patients. Late post-transplant complications such as cardiovascular diseases, chronic
kidney disease, recurring MASLD/MASH, immunosuppression, and arterial hypertension are reported. Integrating
behavioral strategies with diet modification and physical activity is crucial to balance underlying metabolic
disorders and improve clinical outcomes. Early steroid withdrawal and low calcineurin inhibitor doses can decrease
the risk of post-transplant diabetes, hypertension, and dyslipidemia. Lifestyle modifications and tailored
immunosuppression are helpful in the prevention and management of post-transplant recurrent MASLD/MASH.
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INTRODUCTION

Alcohol-associated liver disease (ALD), metabolic-associated steatotic liver disease (MASLD) [previously
known as non-alcoholic fatty liver disease (NAFLD)], and metabolic-associated steatohepatitis (MASH)
[previously known as non-alcohol-associated steatohepatitis (NASH)] are among the most common causes
of liver disease globally"!. These conditions often translate to liver failure or liver cirrhosis, for which a liver
transplant remains the curative treatment.

Currently, alcohol-related liver disease represents the leading cause of liver transplantation. To mitigate
the risk of post-transplant relapse and delisting, individuals with alcohol use disorder (AUD) are typically
required to undergo psychosocial and psychiatric interventions to ensure sustained abstinence for a
minimum of 6 months prior to transplantation”’. However, in cases of acute alcoholic hepatitis
unresponsive to pharmacological management, liver transplantation may be considered before the
completion of the 6-month abstinence period.

Furthermore, MASH has also emerged as a prominent indication for liver transplantation. MASH is
strongly associated with metabolic syndrome and obesity”. Due to the absence of effective pharmacological
therapies targeting MASH or hepatic fibrosis, the prevalence of liver transplantation for MASH-related liver
disease has significantly increased in recent years". Therefore, liver transplantation remains the cornerstone
of curing severe liver diseases of ALD and MASH/MASLD.

However, liver transplants are associated with various risks [Figure 1]. With advancements in pre-transplant
optimization and surgical techniques, clinical outcomes in patients undergoing transplantation in liver
cirrhosis due to ALD and MASLD/MASH have improved remarkably over the years'. However, the post-
liver transplant period presents a wide spectrum of challenges, necessitating specialized care for this patient
population. In ALD patients undergoing transplantation, a history of alcohol abuse, relapse of abnormal
drinking behavior, and psychosocial complications need to be addressed. Liver transplant in MASLD/
MASH-related cirrhosis can be complicated by post-transplant metabolic syndrome, cardiovascular
diseases, and recurrence of MASLD/MASH"'. Therefore, the post-transplant period requires meticulous
follow-up and comprehensive management approaches to maintain graft function and ensure optimal long-
term outcomes.

POST-LIVER TRANSPLANT CHALLENGES ASSOCIATED WITH ALD

Relapse of abnormal drinking behavior

Post-transplant outcomes in ALD are comparable with those of other indications of liver transplantation.
While a liver transplant effectively cures the underlying liver disease, it cannot manage the AUD of patients.
For such patients, relapse of drinking becomes a crucial concern during the post-transplant period. An
abnormal drinking behavior potentially leads to graft injury and progression to alcoholic hepatitis and liver
cirrhosis over an extended period. Excessive consumption of alcohol further leads to graft dysfunction or
failure [Figure 2]. Therefore, prevention and management of post-transplant alcohol use are important to
prevent graft injury and transplant failure'®.

Clinical evidence

Several factors increase the risk of post-transplant alcohol relapse, including a history of active drinking
prior to liver transplantation, psychiatric illness, legal issues related to alcohol use, and inadequate social
support. Post-transplant relapse can be quantified as mild, moderate, and severe depending on the amount
of alcohol abused. The mild relapse includes occasional drinking, which does not significantly impact
survival. Bjornsson et al. (2005) reported that occasional drinking after a liver transplant did not affect liver
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Figure 1. Post-liver transplantation challenges in recipients. The present review describes the post-liver transplant complications and
management strategies specific to ALD and MASLD/MASH-related cirrhosis. It aims to elucidate the unique challenges following liver
transplant observed in ALD and MASLD/MASH patients. ALD: Alcohol-associated liver disease; MASLD: metabolic-associated
steatotic liver disease; MASH: metabolic-associated steatohepatitis.
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Figure 2. Impact of alcohol use post-transplant on graft health. MASLD: Metabolic-associated steatotic liver disease; MASH: metabolic-
associated steatohepatitis.

allograft health®. However, heavy post-liver transplant alcohol consumption potentially results in severe
liver diseases such as alcohol-related steatosis, alcohol-related steatohepatitis, and aggravation of MASLD/
MASH, contributing to graft dysfunction and progression to graft failure and loss. Heavy alcohol
consumption can reduce the 10-year post-transplant survival to 75%-93%, compared to the 45%-71% 10-
year survival rate in abstinent recipients"*'?. Furthermore, early relapse poses a greater risk of graft
dysfunction compared to late relapse, emphasizing the role of early monitoring and management.

The reported rate of recidivism after transplant varies widely across studies, ranging from 10% to 60%"*"!
In a systematic review and meta-analysis, Chuncharunee et al. (2019) reported a relapse rate of 22%
following liver transplantation. Psychiatric comorbidities, smoking, and abstinence of less than 6 months
pre-transplant were identified as significant predictors for alcohol relapse"*. In another meta-analysis
conducted by Dew et al. (2008), alcohol relapse varied between 5.6% and 2.5%"*. A meta-analysis reported
that when comparing AUD patients with those practicing abstinence, alcohol consumption significantly
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heightens the risk of liver-related complications, with a 4-fold increase in the incidence of steatosis, a 9-fold
rise in alcoholic hepatitis, and an 8-fold elevation in the prevalence of cirrhosis"?.

Traditionally, 6-month abstinence compliance is suggested before a patient can be placed on a transplant
waiting list. This abstinence period reduces the risk of post-transplant relapse, although there is a lack of
strong evidence for it, with studies reporting non-definitive results. Recent European and American
guidelines do not mandate 6 months of abstinence from alcohol as a prerequisite for listing patients on liver
transplant lists">'*.

Management

Assessment for the risk of post-transplant relapse

Given the negative effects of alcohol on graft and patient survival, an intensified systematic approach
consisting of behavioral interventions and pharmacotherapy is required. Regular monitoring with frequent
clinical assessments is essential for the early detection of alcohol use during the post-transplant period.
Measures to prevent and manage relapse and addiction behavior should be initiated in the early post-
transplant period and be an integral part of post-transplant care'”. Potential liver transplant candidates
must be thoroughly evaluated for the risk of post-transplant relapse. Risk prediction tools and assessment of
key risk factors allow risk stratification and vigilant post-transplant monitoring. Lee et al. (2019) developed
a tool called SALT score for alcohol relapse prediction after a liver transplant. The score ranges from 0-11,
with a score of 5 or higher indicating a 25% positive predictive value for drinking relapse"”. Quantification
of alcohol intake may also assist in assessing the graft outcomes. Mild relapse, involving occasional
drinking, does not affect the graft outcomes. However, consistent drinking behavior called moderate relapse
can lead to graft injury and fibrosis, while heavy, dangerous drinking, defined as severe relapse, is associated
with early graft loss and poor survival"”. Therefore, management strategies should assess the risk factors
and the severity of AUD to develop personalized interventions, provide adequate support, and reduce the
likelihood of post-transplant relapse.

Behavioral therapy and Pharmacotherapy

Behavioral therapy is the cornerstone of the management of AUDs. Cognitive behavioral therapy,
motivational enhancement therapy, psycho-education, and social care and support have proven to be
effective in reducing alcohol relapse in ALD patients; however, efficacy in post-liver transplantation settings
is lacking. On the other hand, pharmacotherapy involves treatment with several pharmacological agents.
Naltrexone is an opioid receptor antagonist shown to reduce drinking relapse and craving™. It is used in
liver transplant recipients with relatively no drug interactions, although common side effects include nausea
and diarrhea"™. However, it should be avoided in patients with significant liver dysfunction™'. Acamprosate
is also used as an anti-craving agent to reduce the relapse rate in patients with AUD. The drug is
administered at a dose of 666 mg three times a day and is generally considered safe in patients with liver
dysfunction without any significant drug-to-drug interactions”’. However, dose reduction is needed in
patients with renal dysfunction. A meta-analysis including 125 randomized control trial (RCT) studies with
a total of 22,803 patients showed that both acamprosate and naltrexone were effective in reducing relapse
rates in patients with AUD. The findings revealed that both drugs had similar efficacy, but the incidence of
adverse events was higher with naltrexone compared to acamprosate.

Topiramate, baclofen, and gabapentin are alternative pharmacological agents used in the management of
AUD to reduce relapse rates. These agents may be considered in patients who do not achieve effective
abstinence with first-line therapies. However, due to limited exposure to these medications in liver
transplant recipients, further investigation is required before the integration into routine practice can be
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recommended for transplant recipients™’.

Combination approaches, including both behavioral and drug therapy, have proved to be more effective
than monotherapy!**’. A systematic and integrated multidisciplinary approach involving hepatology and
deaddiction teams significantly improves post-transplant outcomes in patients with ALD. Evidence from a
study by Magistri et al. (2019) demonstrated that multidisciplinary management is associated with earlier
relapse detection and reduced mortality rates®".

Table 1 presents a comprehensive overview of pharmacological agents used in the management of AUD,
along with their reccommended dosages and commonly reported adverse effects.

Drug compliance

Post-transplant non-adherence to prescribed medicines potentially results in a greater risk of graft rejection.
Transplant recipients who have a relapse of drinking behavior have poor compliance to
immunosuppression medications and poor adherence to outpatient visits, leading to an elevated risk of graft
rejection. However, studies conducted by Berlakovich et al. (2000) and Dew et al. (2008) did not find any
significant association between alcohol relapse and medication non-adherence"**”. Alcohol consumption
alone cannot be considered the sole factor contributing to non-compliance, as other determinants,
including medical service-related factors and the psychosocial environment, also play significant roles.
However, AUD in the post-transplant period can heighten the risk of graft rejection due to non-adherence
to immunosuppressive therapy. This underscores the importance of timely and consistent behavioral
follow-up in these patients to mitigate such risks'".

Smoking

Smoking often co-occurs with alcohol use and poses a significant health risk for patients with liver disease.
This requires a comprehensive evaluation and ongoing follow-up with deaddiction specialists to address
both behaviors effectively. Approximately 60% to 90% of ALD patients are active smokers, with many of
them continuing to smoke even after receiving a liver transplant”*. Smoking is correlated with an
increased risk of malignancies and cardiovascular disease, which is commonly seen in AUD patients. In a
meta-analysis study by Duerinckx et al. (2016), smoking was an independent risk factor for post-liver
transplant morbidity and mortality™. Pungpapong et al. (2002) found that smoking cessation for 2 years
before a liver transplant resulted in a significant risk reduction of vascular complications during the post-
transplant period”. Therefore, smoking cessation should be part of the management protocol in all
transplant centers. Efforts should be made to maintain ongoing abstinence with the use of multidisciplinary
efforts and a combination of behavioral and drug therapy"*.

Non-hepatic complications

Malignancies

Post-transplant malignancies such as oropharyngeal and lung cancer are more common in ALD patients
compared to other etiologies of cirrhosis. Smoking is also commonly associated with alcohol use and
contributes to the increased incidence of malignancies™’. Overall incidence rates of de novo malignancies in
ALD transplant recipients are three times higher than in the general population?. Malignancies contribute
to a significant proportion of mortality in this patient population®”. The risk of aerodigestive cancers is
further increased in patients who continue to smoke after transplant®. Higher doses of immunosuppressive
therapy elevate the risk of malignancies. However, the use of mammalian targets of rapamycin (mTOR)
inhibitors, such as everolimus and sirolimus, has demonstrated a protective effect against the development
of certain malignancies™. Given the high risk of cancer in ALD post-transplant patients, regular follow-up
involving appropriate screening protocols for early detection of malignancies should be considered™.
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Table 1. Pharmacotherapy in alcohol abuse disorder

Drug Dosing Adverse effects Ref.
Naltrexone  Long-acting 380 mg, once every 4 weeks, intramuscular or 50 mg Nausea, headache, dizziness, and deranged liver ~ [20]
once a day, oral functions
Acamprosate 666 mg once a day, oral Diarrhea, fatigue [25]
Topiramate  25-300 mg once a day, oral Cognitive impairment, paraesthesia, headache [26]
Gabapentin = 300-600 mg 3 times a day, oral Drowsiness, dizziness, neuropsychiatric effects [26]
Baclofen 5-10 mg thrice a day Somnolence, confusion, nausea [10,26]
Varenicline  0.5-1mg once a day, oral Abnormal dreams, nightmares, somnambulism, [23]

nausea

Smoking cessation, reduction of immunosuppressives, and use of mTOR inhibitors help prevent the
development of malignancies post-transplant"®. Large-scale randomized control trials (RCTs) are required
to establish standardized guidelines aiming for a reduction in the incidence of malignancies.

Cardiovascular and other metabolic diseases

Post-transplant incidence of cardiovascular diseases is higher in ALD-related transplants compared to other
etiologies of cirrhosis™. Increased incidence of diabetes mellitus (DM), chronic kidney disease (CKD), and
hypertension has also been reported in ALD transplant recipients”. Table 2 shows the post-transplant
challenges in ALD.

POST-LIVER TRANSPLANTATION CHALLENGES ASSOCIATED WITH MASH/MASLD

Early postoperative period

The risk of complications immediately following the transplant is higher in specific populations, such as
obese and diabetic patients. In obese individuals, post-transplant complications are exacerbated due to
technical challenges, leading to prolonged operative times, increased need for blood transfusions, and a
higher incidence of vascular complications. Additionally, these patients face an elevated risk of mortality
from cardiovascular events within the first month following transplantation”*). Obese and diabetic patients
have a higher risk of surgical site infections, sepsis, renal failure, and the need for prolonged mechanical
ventilation, leading to extended periods of hospitalization!*".

Late postoperative period

Comorbidities associated with metabolic syndromes such as diabetes, hypertension, dyslipidemia, and
cardiovascular diseases pose challenges during long-term management and are responsible for significant
morbidity and mortality in these patients'”.

Cardiovascular disease

Cardiovascular risk factors and mortality are frequently present in post-transplant recipients. Pre-existing
factors like age, obesity, and metabolic syndrome, as well as new-onset diabetes and obesity after transplant,
contribute to cardiovascular morbidity. Medications such as steroids and tacrolimus increase the risk of
diabetes, while cyclosporin leads to the progression of metabolic syndrome, hypertension, and
dyslipidemia**.

MASLD/MASH is a significant risk factor for cardiovascular mortality, attributed to advanced age and the
presence of metabolic syndrome. Patients with MASLD/MASH are at an increased risk of major adverse
cardiac events (MACE) in the early post-transplant period, which adversely impacts survival outcomes.
Comprehensive risk assessment and stringent metabolic control during the post-transplant period are
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Table 2. Management of post-liver transplant complications in ALD

Post-transplant

challenges Management Ref.
Post-transplant alcohol Behavioral therapy Cognitive-behavioral therapy [19]
relapse Motivational enhancement therapy
Contingency management
Dietary modifications Low sodium intake
High-calorie and protein diet
Pharmacotherapy Acamprosate, baclofen, gabapentin, naltrexone, topiramate, and varenicline
Smoking Behavioral therapy Strong recommendations by hepatologists for smoking cessation [39]
Malignancies Behavioral therapy Smoking cessation and eliminating tobacco intake [40,41]
Screening Regular clinical follow-ups and screening with intensified protocols
Pharmacotherapy Minimization of immunosuppression (particularly CNIs), and promote the use of
everolimus
Cardiovascular disease Lifestyle Tobacco and alcohol cessation, weight loss for obese patients, and promote [42]
modifications physical activity
Pharmacotherapy Minimize CNIs and achieve a blood pressure of less than 140/90 mmHg
Diabetes Pharmacotherapy HgATc less than 7% must be achieved using GLP-1and SGLT2 inhibitors [42]

ALD: Alcohol-associated liver disease; CNls: calcineurin inhibitors; GLP: glucagon-like peptide; SGLT2: sodium-glucose cotransporter-2.

crucial to mitigating these risks and improving patient outcomes'**..

CKD

MASLD/MASH is an independent risk factor for CKD leading to renal injury”. In a study by
Houlihan et al. (2011), MASH patients had a lower estimated glomerular filtration rate (eGFR) compared to
non-MASH transplant recipients. Thirty percent of MASH patients developed CKD stage 3 at 2 years
compared to 8.3% of non-MASH recipients*. In another investigation conducted by Fussner et al. (2014),
pre-transplant MASH was an independent predictor of CKD stage 3 or more 5 years post-liver
transplant'*’. Reduction in the dose of calcineurin inhibitors (CNIs) and alternatively using renal-sparing
immunosuppression like everolimus and mycophenolate can help preserve renal function in the long
term'™..

Post-transplant MASLD/MASH

Post-liver transplant recurrence of MASLD/MASH is frequently reported, with an incidence rate of 8%-18%
within 2 years of transplant®**.. Metabolic risk factors after transplant are illustrated in Figure 3. Long-term
follow-up studies exceeding 5 years report graft steatosis in 87.5% of cases™. While fibrosis progression
tends to be slower, approximately 26.8% of patients develop advanced fibrosis, and 5.4% progress to
cirrhosis. However, recent research indicates that the impact of recurrent MASLD/MASH on post-
transplant survival is minimal.

Multiple factors increase the risk of post-transplant MASLD/MASH. The primary risk factors are high body
mass index (BMI), dyslipidemia, increased use of steroids, and PNPLAP3 polymorphism. Hepatitis C virus
(HCV), ALD, and MASLD, as causes of cirrhosis, are commonly associated with post-transplant MASLD/
MASH. CNIs, especially tacrolimus, are associated with an increased risk of post-transplant MASLD/
MASH, while Everolimus confers a protective effect®**".,

Post-liver transplant management of MASLD/MASH relies on the same basic principles as pre-transplant
MASLD/MASH. It includes lifestyle modifications such as regular physical activity, calorie restriction, and
weight loss. Early tapering of steroids and dose reductions of CNIs are also helpful. Currently, no drug
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therapy is approved for use in MASLD/MASH in liver transplant recipients®>*.,

Management of associated comorbidities such as diabetes, hypertension, dyslipidemia, and cardiovascular
disease requires a multidisciplinary approach. In transplant recipients with uncontrolled DMz2,
immunosuppression modification with steroid withdrawal and reduction in tacrolimus or switch to
cyclosporin is advised. Mycophenolate and everolimus do not impact glycemic control and metformin can
be safely used in these patients. Newer drugs like GLP (glucagon-like peptide) SGLT2 (sodium-glucose
cotransporter-2 inhibitors) can also be used in transplant recipients to promote weight loss and offer
benefits such as cardioprotective effects, although data in post-transplant settings remain limited'”.

Dyslipidemia can be managed effectively through lifestyle modifications and lipid-lowering
pharmacotherapy. Hydrophilic statins, such as pravastatin, which are not primarily metabolized by the liver,
can be safely used in conjunction with immunosuppressive medications”. A recent study by Rinella et al.
(2023) demonstrated that statin use following transplantation was associated with improved survival across
all patient subgroups, including those undergoing transplantation for MASH-related cirrhosis"’.
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Post-transplant hypertension is associated with major cardiovascular events. VanWagner et al. (2020), in a
retrospective study, reported that BP control (below 140/90 mmHg) was associated with a significant
decrease in mortality compared to transplant recipients with inadequate management of hypertension"*”.
Prevention and early detection of cardiovascular risk factors can reduce major cardiovascular events
significantly. A multidisciplinary team including hepatologists, endocrinologists, general physicians, and
nurses can play a significant role in decreasing cardiovascular events in post-transplant management.

Immunosuppression

Immunosuppression is paramount for the prevention of rejection and adequate functioning of graft.
However, over a long-term period, immunosuppressive drugs lead to renal toxicity, metabolic syndrome
including diabetes and hypertension, and increase the risk of cardiovascular events. An approach to tailored
immunosuppression is critical in such patients. Gradual tapering and early withdrawal of steroids should be
the aim in all MASLD/MASH patients after transplant. The use of mycophenolate with low-dose CNIs has
been shown to decrease cardiovascular mortality and improve renal function compared to regimes
containing steroids and CNIs™. Everolimus with a reduced dose of CNIs also helps preserve renal function,
and provides better control of glycemic and hypertension. Everolimus may also promote weight loss and
decrease cardiovascular risk, but it causes dyslipidemia more frequently'”.

Arterial Hypertension

Arterial hypertension is highly prevalent in the general population, making it one of the most common
cardiovascular risk factors. This condition is further amplified in liver transplant recipients, with an
incidence reported in approximately 50% to 80% of patients®”. According to de Oliveira Lemos et al. (2021),
arterial hypertension typically develops around 9 months after transplantation’. Before initiating
pharmacologic treatment, lifestyle interventions such as weight reduction, regular physical activity, and
dietary sodium restriction are strongly recommended to reduce hypertension risk. In some cases, post-
transplant hypertension may be transient and resolve spontaneously within a few months, potentially
allowing for discontinuation of antihypertensive therapy®>®.

Table 3 outlines the incidence rates of post-transplant complications in patients with MASLD/MASH.

FUTURE IMPLICATIONS

Complications specific to ALD and MASLD/MASH require specific attention in liver transplant patients.
Early identification and management of such complications can significantly influence both short- and
long-term transplant success. Behavioral modifications, including smoking and alcohol cessation, regular
physical activity, and dietary interventions, should form the cornerstone of post-transplant care. While
pharmacological therapies remain essential, their effectiveness is greatly enhanced when supplemented by
sustained lifestyle changes. This integrated approach not only facilitates recovery but also reduces
recurrence risks and promotes long-term graft survival. Furthermore, psychological assistance post-
transplant for AUD patients may be warranted to promote abstinence. High-quality clinical trials are
required to standardize post-transplant care, including pharmacological, psychological, and behavioral
treatment.

CONCLUSION

This review highlights the significant global health burden posed by ALD and MASLD/MASH. Both
conditions can lead to severe liver damage, necessitating liver transplantation. However, post-transplant
complications remain a significant challenge, particularly for patients with ALD and MAFLD.
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Table 3. Rate of incidence of post-liver transplant complications in MASLD/MASH

Post-transplant issues Rate of incidence Ref.
Mortality Infection 15.9%-38% [64]
Cardiac event 5.3%-26%
Graft or multiple organ failure 6%-41%
Malignancy 2.5%-9.3%
Recurrent MASLD 8%-100% [64]
Metabolic syndrome Diabetes 35.8% [65]
Hypertension 61.5%
Cardiovascular events Overall 26% [66,67]
Atrial fibrillation 13.7%
Myocardial infarction 2.8%
Stroke 5.5%
Heart Failure 6.3%
Malignancy Solid-organ malignancy 4.9% [67]
Skin cancer 3.8%
Lymphoproliferative disease 1.3%
Infections Bacterial 36.6% [67-69]
Fungal 5.7%
Viral 15.9%

MASLD: Metabolic-associated steatotic liver disease; MASH: metabolic-associated steatohepatitis.

ALD patients often struggle with AUD and poor medication adherence, increasing the risk of graft injury
and loss. Additionally, they are at heightened risk of malignancies and cardiovascular disease. A
comprehensive, multidisciplinary approach, combining behavioral interventions and pharmacological
therapies, is essential to optimize post-transplant outcomes in these patients. Furthermore, optimizing
immunosuppression regimens, including early steroid withdrawal and low-dose CNIs, can help mitigate the
risk of post-transplant diabetes, hypertension, and dyslipidemia.

In conclusion, addressing the unique challenges faced by ALD and MAFLD patients post-transplant
requires a tailored approach that combines medical interventions, lifestyle modifications, and psychosocial
support. By implementing these strategies, we can improve patient outcomes and enhance the long-term
success of liver transplantation in these patient populations.
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