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Main factors influencing long-term outcomes of liver transplantation in 2022

INTRODUCTION

Liver transplantation (LT) is the only lifesaving treatment option for patients with end-
stage liver disease and acute liver failure, and for selected patients with hepatocellular
carcinoma in whom other curative treatment options have failed or are not suitablell.
Over the past decades, early post-transplantation outcomes have significantly
improved[2, while the 20-year survival rate still remains only approximately 50%PBl. In
fact, long-term survivors have an increased morbidity risk, not only related to
“classical” transplant-related complications, such as graft dysfunction, rejection, or liver

isease recurrence, but also to factors that are not strictly related to the graftil.
Metabolic complications, cardiovascular disease, renal dysfunction, and extrahepatic
malignancies play a major role in long-term morbidity and mortality of LT patients(ll.
Long-term post-transplant management is complex and requires a close follow-up to
recoghize, manage, and prevent medical complications and comorbiditiesl!! (Figure 1).
The purpose of this review is to discuss the factors associated with long-term morbidity
and mortality after LT, describing current recommendations and suggesting possible

strategies to improve the management and the follow-up of these patients.

BIBLIOGRAPHIC SEARCH

A bibliographic search was conducted by two Authors (EF and LA) using PubMed and
EMBASE databases, with the following terms: “liver transplant”, "liver transplantation”,
and “orthotopic liver transplantation”. Searches of the databases were run on

September 13th, 2022. Only papers written in English language were considered. After




exclusion of duplicates, the search results were double-blind screened by two reviewers
(TT and ENL), and abstracts assessed for eligibility. Reviews, conference abstracts and

book chapters were excluded. Articles were declared not relevant by consensus.

METABOLIC FACTORS

Metabolic syndrome (MetS) is generally defined as the presence of three of five risk

factors among elevated fasting glucose, reduced high-density lipoprotein cholesterol,
elevated triglycerides, obesity, and hypertensionll. It has been estimated that
approximately a quarter of the world population is affected by this condition and its
prevalence is still increasing]l.

There is a two-way correlation between metabolic syndrome and LT: on one hand,
non-alcoholic steatohepatitis (NASH) is currently the second leading cause for LT
waitlist registration/LT in general population and the first leading cause in females, at
least in Western countriesl”); on the other hand, the majority of patients who have
undergone transplantation develop diabetes mellitus, hyperlipidemia, and arterial
hypertensionl®l. It has been established that 50%-60% of these patients fulfill the criteria
of metabolic syndromel2l. In the United States, obesity is observed in 30%-40% of LT
recipients within the first 5 years after transplantation’l. Moreover, about 30% of
patients suffer from diabetes after transplantation, and pretransplant diabetes is a
predisposing factor(l0l. Post-transplant development of MetS is due to multiple factors,
such as reversal of cirrhosis, increased appetite, use of steroids, and may partly be due
to the dysmetabolism of fats and sugars deriving from the wuse of
immunosuppressants!itl.

It is widely recognized that there is a strong association between metabolic syndrome
and cardiovascular events. Since cardiovascular diseases are listed as the third cause of
late mortality in patients who underwent LTI[!2l, estimating cardiovascular risk and
managing cardiovascular risk factors are central elements in the management of these
patients. In all transplant candidates a cardiac evaluation is mandatory, although there

is no ideal way to assess it. Several efforts have been made to find a more complete
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scoring system capable of accurately evaluating cardiovascular risk in these patients.
For example, VanWagner has recently proposed the CAR-OLT score, based on age, sex,
race, working status, education, liver pathology, and comorbidities to evaluate the
coronary risk at one year after transplantationl'3l. In 2021, Rachwan et all'4 elaborated
another score, The coronary artery disease (CAD)-LT score and algorithm, that stratified
significant CAD risk as low (< 2%), intermediate (3% to 9%), and high = 10%). The score
seemed to identify 97% of all significant CAD and potentially avoided unnecessary
testing such as cardiac catheterization in low-risk patients!'. However, none of these
scores has been validated yet and it is uncertain whether they are able to predict long-
term cardiovascular outcomes after LT.

In the post-transplaH setting, European Association for the Study of the Liver
guidelines recommend a continuous cardiovascular risk stratification and ﬁ aggressive
management of metabolic syndrome, with a prompt detection and treatment of
modifiable risk factors by means of lifestyle changes, pharmacological therapies, and
modifications of the immunosuppression in order to prevent serious cardiovascular
complications'. American Association for the Study of Liver Diseases (AASLD)
Guidelines also recommend dietary counseling for all LT patients to avoid obesity. For
patients who fail behavioral weight-loss programs, bariatric surgery may be
considered®l. There is still a debate about the ideal timing of bariatric surgery with
respect to transplantation. A recent metanalysis compared the outcomes of bariatric
surgery performed before, during, and after LT in a large cohort of obese patients. In all
the analyzed groups, the 30-d mortality after surgery was 0%, although patients who
underwent bariatric surgery after LT had a higher mortality rate beyond 30 d (7%). The
graft survival rate after 1 year was 70% in patients operated before LT, while it rose to
100% for patients who underwent bariatric surgery during LT. Thirty-day minor and
major complication rates were 4% and 1%, respectively, if bariatric sEgery was
performed before transplantation(!>]. Further studies are required to define the optimal

bariatric procedure and its timing with respect to transplantationi!.
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SARCOPENIA

Sarcopenia is defined as the loss of skeletal muscle mass, quality, and function(16l.

The overall prevalence of sarcopenia among patients with cirrhosis is 37.5% with an
estimated higher prevalence in males, alcohol-related liver disease, and greater severity
of cirrhosisl'718. Moreover, sarcopenia not only can be present before transplant but
may also develop after surgery. This condition can be related to multiple factors such as
infections, renal dysfunction, lack of specific nutritional diets, and specific
medications(*1.

To investigate the correlation between post-transplant sarcopenia and long-term
outcome, a study on a population of 382 adult LT recipients has been recently
performed in the Netherlands. Stam et all?®l measured post-transp lant wrinary creatinine
24 h excretion rate (24-h CER, a noninvasive marker of total body muscle mass) one
year post-transplantation and found that low CER was associated with increased 10-
year mortality and graft failure risk, independently of age, sex, and body surface area.
Similarly, patients within the lowest tertile of CER values had worst outcomes in terms
of mortality and graft failure, compared to transplant recipients in the highest tertile?9.
It must be noted that, although the 24-h CER index is an established method for
assessing skeletal muscle mass, computed tomography (CI) or magnet resonance
studies are currently considered the gold standard to assess sarcopenial®l. However,
urinary CER might be an inexpensive and accessible sarcopenia marker, without the
need for costly exams or exposure to radiationl?2].

In a recent Chinese study, sarcopenia was assessed by measuring psoas muscle index
from tomography images obtained within 1 mo after transplantation in 70 male
patients. Sarcopenia was identified as being significantly associated with worse post-
transplant overall survival (OS) for an average of 63.3 mo of follow-up. Interestingly,
sarcopenic patients seem to suffer from higher rates of hepatocarcinoma recurrence,
although this difference did not reach statistical significancel®l.

Another Asian study also found that sarcopenia, assessed as height-normalized psoas

muscle thickness on computed tomography within 2 mo before surgery, was associated
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with a higher risk of tumor recurrence after transplantation for hepatocellular
carcinoma. Authors hypothesized that sarcopenia may promote tumor progression by
decreasing levels of certain cytokines (myokines and adipokines) and increasing others,
such as tumor necrosis factor (TNF)-al?4l. Further studies are required to confirm these
results.

It is important to underline that sarcopenia can also be found in obese people. In a
German meta-analysis on 1515 patients, pre-transplant sarcopenic obesity (SO),
assessed with different methods, was found to increase overall mortality compared to
non-SO at 1, 3 and 5-years follow-upl?l. Unfortunately, using sarcopenia as a predictor
of post-transplant survival is still limited by the significant heterogeneity among
studies??l. Many questions remain, including the best modality for assessing muscle
mass, the optimal cut-off values for sarcopenia, the ideal timing and frequency of
muscle mass assessment, and how to best incorporate the concept of sarcopenia into
clinical decision making/?’l. In our opinion, sarcopenia should be evaluated before
transplantation, for example using CT scan, which is generally easily available as it is
required for the global evaluation of the patient before transplantation. Then, the
evaluation should be repeated one year after transplantation, using the same method
and possibly the same CT machine, in order to compare results.

Treatment of sarcopenia is based on lifestyle modifications. Even if there are no
standardized exercise programs, Tandon et all28] recommend 150 min of mild aerobic
activity divided in 3-5 d per week and more than two days per week of resistance
training in cirrhotic patients. Nthional intervention prior to transplantation may also
play an important role although, to date, studies have been unable to identify strategies
that offers convincing benefits. Furthermore, given that sarcopenia can also develop
after transplantation, dietary advice by a nutritionist may help to improve patient
prognosis. Nutritional supplementations may also play a role in this condition. For
example, a recent Italian randomized pilot study reported that a 12-wk
supplementation after LT with p-hydroxy-p-methyl-butyrate, an active metabolite of

leucine with anabolic effect that inhibits muscle proteolysis, seems to significantly
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improve muscle mass values in sarcopenic LT patientsl?l. However, these
supplementations are usually expensive and further studies with larger cohort of

patients are needed to confirm these results.

BONE DISEASES

Osteoporosis was defined by the World Health Organization in 1994 as a bone mineral
density of less than 2.5 standard deviations below the sex-specific young adult meanl30l.
Reduced bone density leads to decreased mechanical strength, thus making the skeleton
more prone to fracturesP!l. Many studies have reported how fragility fractures cause a
significant morbidity and mortality burden in the general populationl2l, with hip
fractures being the most serious, with a 33% cumulative mortality rate in the 12 mo after
fracturel33l.

One-third of LT recipients have a bone mineral density below the fracture
threshold[®l and the fracture rate in these patients has been reported to be as high as
24%-65%%1. Up to 55% of waitlisted patients might already have osteoporosis,
especially women. In this setting osteopenia can be related to different factors such as
malnutrition, physical inactivity, malabsorption of vitamin D in cholestatic liver
disease, steroid use in patients with autoimmune hepatitis, and direct toxicity in
alcohol-related liver damagel*®l. Older age, female sex, and low body mass index (BMI)
are also risk factors for osteoporosis in the general population. Furthermore, patients
with end-stage liver disease present with decreased bone density compared with the
age-matched control population!tl.

It has been established that low bone mineral density before LT is a risk factor for
developing osteoporosis after transplantation/®”]. Bone loss often peaks at 6 mo after
transplantation, resulting in a high fracture risk®8l, even if this trend tends to reverse in
the following period, with no deterioration afterward[3l. Multiple factors contribute to
increased bone loss after transplantation, including use of corticosteroids, poor
nutritional status, vitamin D deficiency, immobility, sarcopenia, hypogonadism,

smoking, and alcohol abusel®1.
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Current guidelines recommend regular measurement of bone mineral density pre-

and post- LT. If osteopenic bone disease is confirmed or if atraumatic fractures are
present, patients should be assessed for risk factors for bone loss; in particular, this
should include an assessment of calcium intake and 25-hydroxy-vitamin D levels, an
evaluation of gonadal and thyroid function, a full medication history, and
thoracolumbar radiographyl*l. The management of osteopenia and osteoporosis in
transplant recipients correlates with recommendations for the general population and
involves calcium and gitamin D replacement (if deficient) and weight-bearing exercise
(whenever possible). Bisphosphonate therapy must be considered for patients with
osteoporosis and/or recurrent fractureslll. In particular, a recent multicenter
randomized double-blind controlled trial evaluated the efficacy of neridronate (an
amino-bisphosphonate) in patients with reduced bone mass after transplantation of the
heart, liver, or lung. Neridronate, at the dose of 25 mg i.m./ mo for 12 mo, significantly
increased lumbar bone mineral density in these patients, with a good safety profile,

even in case of minor renal impairmenti0l.

PSYCHOLOGICAL ASPECTS AND QUALITY OF LIFE
The World Health Organization defines quality of life (QoL) as “the individual's

perception of their position in life in the context of the culture and value systems in
which they live and in relation to their goals, expectations, standards and concerns”[#11.
Several studies have highlighted the importance of considering as determinants of
successful transplantation not only mere survival rates, but also functional recovery and
health-related QoLI42],

Few data are available on long-term QoL perception in transplant recipients. In a
single-center cross-sectional study performed in England, QoL perception 10 and 30
years post-transplantation was found to be generally good, being reduced only in older
individualsi3l. An American multicenter longitudinal study of 381 patients also
reported that the general health perception declined over time in LT patients. There was

also a general and progressive worsening of the distress or emotional burden related to
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physical symptoms such as fatigue, muscle weakness, headaches, and backaches*4.
These results could be explained by the normal age-related general health perception
decline. Immunosuppression-related side effects could be at least partly responsible for
the worsening of long-term QoL perception(#5l. There is no clear association between
gender or etiology of liver disease and QoL perceptionl#47], although female sex and
hepatitis C virus (HCV) related cirrhosis could be associated with worse QoL and
higher levels of anxietyl4549].

Moreover, in the post-transplant setting, patients tend to experience more clinically
relevant symptoms of anxiety, depression, and post-traumatic stress compared to the
general population(5],

Depressive symptoms appear to determine worse outcomesP!l, DiMartini et all>
divided a cohort of 167 patients transplanted for alcoholic cirrhosis in three groups,
according to the evolution of depressive symptoms within the first post-surgery year
(consistently low depression levels at all time points; depression levels that rose over
time; consistently high depression levels). TE Authors found that recipients with
increasing depression or persisting depression were more than twice as likely to die for
all-cause mortality within the subsequent years. At 10 years follow-up, post-survival
rate were significantly lower for the increasing-depression and high-depression groups
compared with the low-depression onel®2. In another prospective cohort study, 134 LT
patients were assessed for depressive symptoms using a validated questionnaire
administrated 3 mo after surgery. Depressive symptoms were significantly associated
with a higher 5-year mortality rate. Moreover, the questionnaire score correlated with
the mortality rate in this population!*l,

Interestingly, some Authors reported how patients receiving appropriate
pharmacotherapy for early post-transplant depression had similar long-term survival
rates to non-depressed liver-transplant recipients/®l. In addition, a recent Italian study
reported how a personalized aerobic and strength training program not only improved
metabolic aspects, but also the QoL perception in LT patients, so lifestyle modifications

should probably be considered part of mental health management in these patients/>®l,
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European Guidelines suggest that clinical physicians should identify depressive
symptoms in the early post-transplantation period and treat them accordingly when
presentlll. Unfortunately, the assessment of QoL in LT recipients has not yet been
studied thoroughly and is not standardized!>¢]. More studies are needed to find effective
strategies to manage psychological problems in this specific population. In our opinion,
studies on larger cohorts of LT patients should be performed to compare different QoL
and depressive symptoms questionnaires (for example, questionnaires that are already
been validated in other populations such as elderly people or oncologic patients) in

order to select the ones that better correlate with long term outcomes after LT.

RENAL DYSFUNCTION

Most of liver-transplanted patients develop impaired kidgey function with a variable
degree of severity. Within the first 10 years post-surgery, 30%-80% of patients develop
chronic kidney disease stages 3-45571 and 25-5% of patients require dialysis®8l.

Renal function impairment may already be present before LT or develop or worsen
after surgery. In LT candidates, renal dysfunction can be related to cirrhosis itself but
also to other coexisting conditions such as diabetes, glomerulosclerosis, or IgA
nephropathy5%l. Hepatorenal syndrome (HRS)-related kidney injury deriving from
intense renal vasoconstriction secondary to complex circulatory changes in cirrhotic
patients may not be fully reversible after transplantationl®l. Liver transplantation is
considered the definitive treatment for HRS because renal failure is functional and liver
disease is the actual cause of the renal impairmentl¢ll. Patients with hepato-renal
syndrome seem to have worse survival expectancy than other patients with cirrhosis for
any given value of model for end-stage liver disease (MELD) score, which suggests that
HRS may be considered a poor-prognosis factor after LTI®2l. However, a recent meta-
analysis demonstrated that about 83% of HRS patients achieved HRS reversal after
LT3 and HRS-non acute kidney injury seem to have worse outcomes compared to
HRS-acute kidney injuryl®l. Living-donor LT results in identical long-term outcome

when compared with deceased-donor LT in patients with HRSI®l. Many factors may
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contribute to the development or worsening of kidney failure after transplantation,
including perioperative acute kidney injury, hypertension, diabetes mellitus,
atherosclerosis and, most importantly, exposure to calcineurin inhibitors (CNI)-based
immunosuppressive regimens, especially when it comes to long-term therapiesl!l. CNIs
might be responsible for more than 70% of chronic kidney injury in post-transplant
settingl>7l.

Many studies have reported an increased risk of death, myocardial infarction, stroke,
and major bleeding in chronic kidney disease, especially in its most severe stages!®®l;
thus, preventing renal deterioration and preserving its function may be a key element in
the management of transplanted patients.

Continuous monitoring of renal function is recommended to detect and treat kidney
disease at an early stage. Not only serum creatinine, but also an estimaang equation to
evaluate the glomerular filtration rate should routinary be used. Urinary protein
quantification using the concentration ratio of protein to creatinine in a spot urine
specimen should be evaluated at least once yearlyl4l. Sufficient treatment of potential
risk factors such as diabetes and hypertension and avoiding nephrotoxic drugs is
recommended and should be started immediately after transplantationl'l. Adjustment
of the immunosuppression (IS) (usually on an individual ﬁrel, especially in patients
with impaired kidney function), is mandatory. In particular, reduction or withdrawal of
CNI associated-immunosuppression or alternative CNI-free protocols should be
considered as soon as possible in patients with impaired renal functionl!l. For example,
a recent meta-analysis on 769 patients has detected higher estimated glomerular
filtration rates (eGFR) at one, 3, and 5 years post transplantation in patients on
everolimus therapy (EVR) compared to those receiving CNI standard therapyl®l. In
2019, the observational CERTITUDE study, following patients who had completed the
SIMCER trial, found that patients starting EVR therapy at month 1 after transplant with
stepwise tacrolimus (TAC) withdrawal had a mean eGFR which was significantly
higher compared to patients that were on standard tacrolimus-based regimen at 24 mo

after transplant!®l. A phase 2, multicenter, randomized, open-label trial has evaluated
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the safety and efficacy of EVR initiation even earlier than 1 mo after LTI®”l. In this study,
patients treated with corticosteroids, TAC, and basiliximab were randomized to receive
EVR (1.5 mg twice daily) from the eighth day post-surgery and to gradually minimize
or withdraw TAC when EVR was stable at > 5 ng/mL or to continue TAC at 6-12
ng/mL (control group). eGFR was significantly higher in the EVR group, as early as 2
wk after randomization, with similar efficacy rates in the two groups at 3 mo follow up.
These studies suggest that EVR based IS, started early after transplantation, might be a
valid alternative to CNI-based therapies in patients with renal dysfunction. Despite its
positive effect on renal function, early switch to EVR has been associated with higher
biopsy-proven acute rejection at 6 mo follow upl?l, so that the choice of IS treatment
should always be personalized and made weighing up the risks and benefits of the
different therapeutic strategies.

Kidney transplantation from deceased or living donors is beneficial in improving
survival and should be considered the optimal therapy for LT recipients who develop

end-stage renal diseasel4l.

INFECTION RISK AND VACCINATION

Solid organ transplant recipients are at an increased risk of infection because of the IS
required to prevent graft rejectionl”!l. Vaccination is considered an important strategy to
prevent infectious risk not only in the general population but also in transplanted
patients(ll. As immunodepression can reduce immune response to vaccinesl”2] and live
attenuated vaccines are not recommended in immunocompromised patient!73],
guidelines suggest to perform HAV, HBV, Varicella, Pneumococcus, influenza, and
tetanus vaccinations prior to transplantation, if possiblel!l. Many national guidelines
recommend annual influenza vaccination of immunocompromised patients, although
the decision to vaccinate is usually at clinical discretion[74. A meta-analysis conducted
on 209 studies has found that transplanted patients, together with HIV and cancer
patients, are those who benefit most from the annual boost as it significantly decreases

the rate of laboratory-confirmed influenza cases in these patients”l.
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Influenza is a considerable public health issue due to its dissemination and
contagiousness, causing annually about 4 million severe infection cases and about half
of million deaths each year(”l. The precise epidemiology of influenza in the transplant
population is not well known because little data are available describing the incidence
of influenza in multi-season and multicenter prospective cohorts, in particular for
recipients of allografts other than lung[”]. However, influenza seems to be more
common among solid organ transplant recipients compared to the general population,
as showed in a 10-year longitudinal study with an incidence of 4.3 cases per 1000 person
years(?l. In patients with impaired immunity, influenza is more likely to lead to a lower
respiratory infection and can also have unusual manifestations such as rhabdomyolysis
and myocarditis(7&7?],

A recent multicenter prospective study including 606 transplanted patients from
twenty centers in the U.S., Canada, and Spain showed that receiving vaccination for
influenza is associated with a decrease in disease severity as determined by the
presence of pneumonia and Intensive Care Unit admission(®). Similar results have been
found in another recent Italian study, in which vaccination was associated with fewer
hospital admissions for infectious respiratory diseases compared to unvaccinated
patients (9.7% vs 23.5%). The main reason for vaccination refusal was fear of adverse
reaction, impaired health status, or low vaccine efficacy. Interestingly, receiving advice
of Reference Center physicians was positively associated with influenza vaccination,
highlighting the important role of the transplant hepatologist with regard to vaccine
communication and recommendation for high-risk patients(&l.

In addition, there is no consistent evidence suggesting an association between
influenza vaccine and graft rejection, worsening of allograft function, or other serious
adverse events in immunocompromised patients(73],

European and American Guidelines recommend influenza vaccination in
transplanted candidates and annual influenza vaccination in liver transplanted

patients(*4l. The Infectious Disease Society of America guidelines suggest administering
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inactivated influenza vaccine starting from one month after transplantation during
community influenza outbreaksl(82].

Adherence to seasonal influenza vaccination is still low in immunocompromised
patients, reaching a maximum of 50%-60% of patients(8384l. Accurate counseling by the
hepatologist may increase the percentage of vaccinated patients and therefore improve
the long-term outcome of these patients(®1).

A recent meta-analysis of randomized controlled trial has compared the clinical
benefit of high dose trivalent influenza vaccine (TIV) vs standard dose in adult patients.
One of the 10 analyzed studies also included immunocompromised patients. The meta-
analysis found that laboratory-confirmed influenza A (H3N2) was significantly red uced
with high-dose T1V, especially in older adults, even if no difference in mortality or
hospitalizations was demonstrated(®]. Further studies are needed to compare the
efficacy of high-dose vs standard-dose TIV in LT patients.

Another strategy to prevent influenza disease is the prophylaxis with neuraminidase
inhibitor (Oseltamivir) during periods of local influenza circulation A randomized
controlled trial on 477 immunocompromised subjects, mostly solid organ transplant
adult recipients, has found that Oseltamivir, given orally at the dosage of 75 mg daily,
significantly reduced laboratory-confirmed influenza incidence in these patients and it
was also well tolerated®). Also, Oseltamivir does not affect the steady-state
pharmacokinetic characteristics of cyclosporine, mycophenolate, or tacrolimus, at least
in adult renal transplant patients(®]. In our opinion, Oseltamivir prophylaxis may be
considered as a strategy to prevent influenza disease in LT recipients along with
vaccination. Oseltamivir is also indicated to prevent serious complications when
influenza is established. A recent randomized, placebo-controlled, phase 3 trial found
that a single dose of Baloxavir marboxil, a selective inhibitor of influenza cap-
dependent endonuclease, has similar efficacy to Oseltamivir in improving influenza
symptoms in high-risk healthy individuals/®l]. To our knowledge, specific studies on LT
population comparing these medications are lacking and further studies are needed to

support the use of this drug in transplant patients.

13/ 88




DE NOVO NEOPLASMS

Besides cardiovascular diseases, de novo malignangies are the leading cause of mortality
after the first post-LT year(ll. LT patients have an 11-fold higher risk of developing
cancer compared to the eral population!®l. The overall incidence of de novo
malignancies is considered between 3.1 and 14.4%, with a cumulative risk_gradually
increasing with posttransplant graft survival, rising to 55% at 15 years[®l. The overall
estimated survival rates for all types of neoplasms are reportedly 70,&8, and 39% after
1, 5, and 10 years, respectivelyl®l. Notably, the probability of survival is generally worse
than for a non-transplanted patient with the same tumor at the same stage and
locationl*!l.

Recent data suggest that solid organ tumors are becoming the most frequent
malignancy in these patients, followed by skin cancers and lymphoproliferative
disorders. In particular, Rademacher et all%?l have analyzed 1616 LT patients and have
found that solid organ tumors were responsible for more than 50% of all the novo
mﬁignancies after a mean follow-up of 28 years.

The major causes of de novo malignancies in the post-LT course are related not only to
the loss of immunovigilance induced by immunosuppressive agents but also to other
carcinogenesis risk factors that are shared with the general populationl!l.

For example, Epstein Barr virus seropositivity before transplantation and aggressive
immunosuppressive regimens are considered risk factors for developing
lymphoproliferative disorders after transplantation(®3. On the contrary, Iﬁajor risk
factors for developing non-melanoma skin cancers in these patients are older age,
chronic sun exposure and sunburn,fair skin, and a history of previous skin cancers(*l.
Considering solid organ tumors, significantly higher rates of colorectal cancer have
been reported in patients with primary sclerosing cholangitis (PSC) and inflammatory
bowel disease (IBD), even after LTSl Metabolic syndrome, that is common in
transplanted patients, as previously discussed!”#l, is associated with a higher risk of

endometrial, pancreatic, breast, and colorectal cancer!*l. Human papilloma virus (HPV)
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infection is associated with various cancers and, especially, with cervical cancer in
womenl%l. Patients with alcoholic cirrhosis are of particularly have a higher risk of
developing upper gastrointestinal, oropharyngeal-laryngeal, and lung cancers,
especially if there is also a positive present or past smoking historyl?sl.

Treating modifiable risk factors and thus preventing cancer onset must be part of the
clinical management of LT recipients. Smoking cessation and alcohol withdrawal
should be promoted to reduce lung and head-neck cancers incidencel®?l. Metabolic
syndrome, obesity, and diabetes should be managed in order not only to prevent
cardiovascular disease, but also to reduce cancer burden in these patients!®l. Sunbed
use and sun exposure without adequate protection should be avoided to prevent skin
cancersl'?ll, HPV vaccination is safe in immunosuppressed patients and is indicated to
prevent cervical cancerll?2. A recent study has compared the immunological response
and tolerability of HPV vaccination in pediatric kidney transplant (KT) recipients vs KT
non immunosuppressed candidates. The study established that antibody concentration
against HPV and seroconversion rates were significantly lower in patients vaccinated
after KT compared to those who had been vaccinated before KT. The vaccination was
well tolerated in both groups. This study suggests the importance of advocating for
HPV vaccination prior to transplantation and acknowledges its safety after
transplantation'®l, To our knowledge, there are no specific studies comparing HPV
vaccination prior and after LT. Also, future studies are needed to investigate the effect
of a supplemental dose of HPV vaccine in transplant recipients who do not seroconvert
and to evaluate the long-term persistence of antibodies post-transplantﬁion.

European and American guidelines highlight the importance of cancer screening
protocols after LT, especially in high-risk populations, in order to detect de novo tumors
at an early and potentially curative stagell4l. Patients transplanted for alcoholic liver
disease should undergo a more intensive surveillance protocol for the detegtion of
upper gastrointestinal, oropharyngeal, laryngeal, and lung cancersl!l. Patients
transplanted for PSC with associated IBD should undergo annual colonoscopy to allow

early detection of colorectal cancersl!l. American guidelines suggest that all LT
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recipients should see a dermatologist after transplantation to assess cutaneous lesions.
Then, annual evaluation shguld be performed at least 5 years after transplantation for
skin cancer preventionl4l. More data, however, are needed to define the optimal
surveillance protocol after LT with individualized emphasis laid on patients” particular
risk profiles!'l. A proposal for a possible screening protocol is shown in Table 1.
Immunosuppressants also play a key role in promoting cancer development and
progression, not only by inhibiting the body’s immune surveillance, but also by several
other mechanisms, including the induction of insulin resistance and direct carcinogenic
effects(104105] A Jower incidence of neoplastic disease has been reported in patients
treated with mammalian target of rapamycin inhibitors (mTORi) with a gradual
tapering of CNI, if compared with patients on standard-dose CNII'%1%7]_ For this reason
many transplant centers frequently add mTORi to CNI or convert to an mTOR inhibitor
IS regimen when there are risk factors for malignancy after transplantation, or when a
tumor has been diagnosed!ll. Nevertheless, all immunosuppressant regimens could
increase de novo neoplasms risk, including those based on mTORi[#], so it is advisable to

keep IS levels as low as possible, when feasiblel105],

SMOKING
The prevalence of patients with a lifetime history of smoking before LT varies between
47% and 60%, while that of active smokers at the time of LT ranges between 10%-12%,
with a relapse rate of 7%-12%10111] As expected, patients who quit smoking for a
shorter time before LT are those with higher rates of relapsell®. These figures are
subject to variation depending on the considered population, as there are higher rates of
smokers among patients who underwent LT for alcohol-associated liver disease
(ALD)M12113] Cigarette smoke is in fact clearly linked to alcohol consumptionl14], which
is why smoking habits should be especially investigated in individuals with previous
ALD or current known alcohol use.

Other risk factors associated with being an active smoker until and after LT are

younger age, higher MELD score, comorbid substance use disorder, and six months or
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less of alcohol abstinence before LT; alcohol dependence awareness is a protective factor
from smoking after LT, underlining the close relationship between the two habits[115].

The majority of studies investigating smoking habits of LT recipients uses self-
reported instruments (i.e. questionnaires) which appear to be sufficiently reliable in LT
candidates, with about 10% not disclosing their smoking habit. In this setting, the use of
a biomarker such as serum cotinine can be helpful in detecting deceptive reporting/1¢l.

Tobacco smoking hampers long-term survival(12117], with a worse prognosis in ALD-
transplanted recipients who are active smokers at the time of LT compared to former
smokers[113l. Smokers have a 79% higher risk of dying compared to nonsmokers(!15. A
history of smoking is not only a well-known risk factor leading to the major causes of
death in the long-term post-LT, such as development of cardiovascular complications
and de novo neoplasms, as showed by a recent meta-analysis(!!8l, but it has also been
associated with alcohol relapse in ALD-transplanted patients''”], recurrent viral-
hepatitis[120], an augmented risk of IBD flare in PSC-transplanted patientsl!2ll, and with
an increase in biliary complications122l. On the other hand, an increased time from
smoking cessation to transplantation seems to be a protective factor against developing
biliary complications(123].

Undoubtedly, special attention during follow-up is warranted for patients with a
history of smoking, by means of screening (annual chest CT and ear-nose-throat
evaluation) for early detection of de novo malignancies(24l and by actively assessing
their smoking status at each visit, focusing on those with particular risk of relapse,
implementing tobacco cessation treatments, and, if needed, providing a referral to start

behavioral and/or pharmacological treatment/!15116125126]

EAINTENANCE IMMUNOSUPPRESSION AND ADHERENCE TO THERAPY

The transplanted liver becomes partially tolegant to immune-mediated injury, so the
need for IS declines after the first 90 dl4.. Since the liver is considered a privileged organ
in termSﬁf immunological interaction, the clinician’s aim has switched from trying to

achieve complete suppression of acute rejection to obtaining a reduction of IS-related
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side effects, as long-term direct and indirect side effects of immunosuppressive therapy

are a major cause of morbidity and mortalityl!l.

Maintenance IS therapy after LT is mainly based on CNI, with TAC being favored
over Cyclosporine, with a variable use of other two classes: antimetabolites like
Azathioprine and mycophenolate mofetil, and mTORi, such as sirolimus (SRL) and
everolimus. Management of immunosuppressants should take into consideration
recipient characteristics, etiology of primary liver disease, and magnitude of
alloimmune activation/1%8],

Each of these drugs has adverse effects (Table 2); for this reason, given the tolerogenic
aspect of LT, an immunosuppressant minimization strategy should be considered for
each patient (except for those with a history of graft rejection or those transplanted for
immune-mediated diseases), while waiting for further development of personalized
therapiesl108],

Even though IS complete withdrawal should only be limited to clinical trials108] it
always remains an interesting perspective. Recently, Levitsky et all127] conducted a pilot
clinical trial of SRL monotherapy withdrawal in 15 selected recipients, who were
followed-up for 12 mo after complete IS withdrawal with serial peripheral blood and
graft biomarker assessments: 8 (53%) patients were successfully withdrawn from SRL at
a median of 18 wk. Interestingly the authors found higher percentages of tolerogenic
dendritic cells (HLA-DR +CD11c+ILT3+ILT4+ DC) prior to and after successful SRL
withdrawal, compared to those who failed withdrawal. Furthermore, the authors
previously identified a real-time PCR based biopsy signature relating to iron
metabolism that predicted tolerance and found that this same signature on pre-weaning
biopsy accurately predicted tolerance to withdrawal, with 88% sensitivity, 83%
specificity, 88 % positive predictive value and 83% negative predictive value.

On the other hand, it must be noted that poor adherence to therapy and/or low blood
levels of immunosuppressant are associated with a higher number of acute rejection
episodesl!28129], which has been linked to chronic rejection that may lead to re-

transplantation or death(13],
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Poor-adherence to therapy has been reported in up to 50% of LT recipients!’®ll, even
though there is a substantial heterogeneity in the definition of non-compliancel!32], often
causing difficult comparisons among study results.

Assessing adherence to therapy is also an issue. Electronic monitoring (e.g. using pill
bottles with a special cap that contains microelectronics to register the time and date of
every bottle opening) yields detailed and reliable data but it is time- and cost-
consuming[133], There is also debate for its use as a gold standard, since it may not be
feasible in clinical practicel® 135, Trough levels can be affected by a variety of
conditions, such as graft function and the concomitant use of other drugs(i3l. Self-
reporting could be a reliable method!'%], but it lacks of objectivity[3s].

A study conducted in kidney transplant recipients showed how a composite score
using self-reported non-adherence and/or collateral-reported non-adherence and/or
non-therapeutic blood assay variability had the highest sensitivity in assessing non-
adherence to therapy[131.

Factors associated with poor compliance to therapy are: young agell4], divorce,
history of substance or alcohol use, mental health disorders, missing clinic
appointmentsl'3], belief in alternative medications, high regimen complexity, poor
knowledge about medications, and cost issues['37].

As showed by a recent meta-analysis of randomized controlled trials conducted on
solid organ recipients (mainly kidney)['34], adherence-enhancing interventions can result
in significant increases in total adherence, medication dosing, and timing adherence
rates, and even if there is insufficient evidence to assess which type of intervention
(mobile health, cognitive, or behavioral) may be maximally effective, probably a
combination of multiple interventions led by a multidisciplinary team may improve the
immunosuppressive therapy adherence rate for solid organ recipients.

In a review by Burra et all3], the Authors underlined the d to adopt a
multidisciplinary approach for LT patient management, where multidisciplinary
measures are developed by professional educators, supported by psychologists, and

coordinated by physicians.
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DISEASE RECURRENCE
ALD

ALD is the main indication for LT in Europe*!l and the United States(142],

There is no standardized definition for relapse thus reported relapse rates vary
greatly: from nearly 50% if relapse is intended as alcohol use of any measure(43, to 12%
if relapse is intended as harmful alcohol consumption, starting as soon as 1 mo after
LT0#). Interestingly, the study from Faure et all¥5] reports excessive alcohol
consumption post-LT in about 10% of the patients who were not transplanted for ALD
as a primary indication, but who reported excessive alcohol consumption before LT,
and about 3% of patients who did not report excessive alcohol consumption before LT.
For this reason, a thorough history and ongoing monitoring of alcohol consumption in
all patients is of great importance during follow-up of LT patients.

Factors associated with alcohol relapse are psychiatric comorbidities, pre-transplant
abstinence of less than 6 mol%], smoking(*7), alcohol consumption from an early
agel(148], noncompliance with appointments or medication(9], and the lack of social
support, in particular the absence of a companion in lifel’®). Satapathy et 2l'® have
proposed a “Harmful Alcohol Relapse after Liver Transplant” score, that included 4
variables (i.e. age at LT, alcohol abstinence measured in months, daily alcohol use, and
history of non-alcohol-related criminal history) to help identify ALD patients at high-
risk for harmful alcohol relapse, with an Area Under the Curve (AUC) of 0.79 for
predicting relapse after LT.

Lee et all'32] developed an artificial intelligence model to predict post-LT harmful
alcohol consumption in patients who underwent early liver transplant for alcohol
associated hepatitis, using variables generated through content analysis: these variables
included the identification of a primary support person, the presence of young children
or grandchildren living with the patient, being a home caregiver for children or elderly
relatives, opioid abuse, and being religious; this model could predict harmful alcohol

consumption in the external validation set with a positive predictive value of 0.82
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(95%CI: 0.625-1.000) and a negative predictive value of 0.81 (95%CI 0.803-0.819), with
and AUC of 0.69, indicating potential for Al to assist in the discovery of novel
predictors of post-LT hazardous alcohol use, which may be used as a tool to tailor
therapies for alcohol use disorder based on a projected likelihood of relapse.

While transplantation for ALD has a favorable outcome even when compared to
other etiologies, de novo malignancies and cardiovascular events are still more frequent
in this category of patientsi®]. Excessive alcohol consumption post-LT is associated
with a further reduction of long-term survival, with cancer and cardiovascular events as
the main causes of death(341%], It seems that an average of 5 years follow-up post-LT is
needed to observe an increase in liver-related mortality in the excessive alcohol
consumption groupl**®]. It is important to keep in mind that excessive alcohol
consumption-related impact on long-term survival can be an issue for every LT
recipient, no matter what the primary indication for LT was(143).

Early diagnosis and prevention of relapse is important, given the clinical influence of
excessive alcohol consumption post LT. Self-reported alcohol use can lead to deceptive
reporting, so that biomarkers can be a supportive tool, in particular liver function tests
and metabolites of alcohol, such as urinary ethyl glucuronidel157.158],

A structured management of patients at risk of relapse by a multidisciplinary team,
including transplant hepatologist, clinical psychologists, psychiatrists with expertise in
alcoholism and social workers is an effective strategy to prevent relapse post-LT[139.160],

In the study by Addolorato et all*®1 , follow up of LT-recipients by an alcohol
addiction unit, formed by internists, physicians in training, and psychologists with
expertise in alcoholism, hepatology, and neuroscience, providing multimodal treatment
(clinical and medical management, including counseling and pharmacological
treatment), proved to be effective in reducing alcohol recidivism and mortality.

To our knowledge, there is still no published RCT evaluating the best intervention to
prevent alcohol relapse in LT recipients. However, there is evidence suggesting that a
multidisciplinary team approach is an effective way to prevent relapsel15>161]. We still

do not have an ideal tool to predict who will relapse after LT, but some risk factors have
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been identified'47-151, allowing the clinician to focus on specific psychosocial features.
Ongoing monitoring for alcohol-relapse is necessary for ALD patients(162], but a
thorough history of alcohol consumption and assessment use during follow-up is also
important for non-ALD recipients, since excessive alcohol consumption cannot be
excluded in this category, also many years after LT[1%3]. Referral to psychiatric treatment
or counseling is recommended in case of relapse, and every patient who underwent LT

for ALD should also be encouraged to undertake smoking cessationl4l.

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is an indication for LT[L164 in the first stages of the
neoplastic disease, or after downstaging!['®®l. Recurrence of the disease develops in 8-
18% of the recipients after a median time of 12 mol166.167], Tt significantly affects survival,
especially if it appears in the first two years after LT, with a median survival after LT of
4 years vs 12 years in those without recurrencel'%8. Among the many pre- and post-
operative risk factors associated with recurrencel!®], we can find tumor stagel'70.171],
vascular invasionl72l, high Alpha-fetoprotein (AFP) levels'7ll and differentiation
gradell73-175], size, and number of nodules['75l.

Several prognostic models have been developed using some of these risk factors;
these models can be djyided in pre- and post-transplant. Among the pre-transplant
prognostic models the Milan criteria (solitary HCC with diameter < 5 cm or up to 3
nodules with diameter £ 3 cm) represent the benchmark for the selection of HCC
patients for LT and the basis for comparison with other proposed criterialll. Attempts to
expand the Milan criteria usually occur at the expense of HCC recurrencel!76l. Other
pre-transplant criteria which have demonstrated comparable survival results are those
relying on_size/number of nodules alone, such as the University of California San
Francisco (UCSF) criteria (single nodule £ 6.5 cm or 2-3 nodules £ 4.5 cm and total
tumor diameter < 8 cm)['77] and the Up-to-7 criteria (sum of the largest tumor size and
number of lesions < 7)[178] and those including AFP beside the size/number of nodules,

such as Metroticket 2.0 (AFP levels + tumor number and size of the largest tumor)
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which showed good results compared to the above-mentioned models!'7?l. Every
nodule with an intermediate-to-high probability of harboring HCC according to LI-
RADS protocol seems to contribute to tumor burden and should be entered in the
Metroticket 2.0 calculator in order to grant appropriate performancel!80l. It has also been
demonstrated how incorporating the modified RECIST criteria in response to
neoadjuvant therapies into the Metroticket 2.0 framework can improve its predictive
abilityl!8ll. In any case, it is mandatory to evaluate not only preoperative but also
postoperative predictors of recurrence as there may be a mismatch between radiological
findings before surgery and postoperative pathological assessments[182,

Among the post-transplant Céteria, Parfitt et all1%3 developed a risk score to predict
HCC recurrence, based on microvascular invasion, tumor size, satellitosis and
giant/bizarre cells visible at low power which was subsequently externally
validated'®4, showing a sensitivity of 80%, specificity of 79%, and an area under the
ROC curve (AUROC) of 0.80.

Mehta et all1%] developed a simple prognostic score (RETREAT score) involving
patients traﬁplanted within the Milan Criteria, using 3 variables: AFP levels, the
presence of microvascular invasion, and the su of the diameter of the largest viable
tumor plus the number of viable tumors. The score was able to stratify 5-year HCC
recurrence risks ranging from less than 3% in those with a risk score of 0 to higher than
75% with a risk score of 5 or higher.

In this setting, the choice of the IS regimen is extremely important since mTQRi,
primary SRL, seem to have a protective effect against HCC recurrencel86.187] while CNI
therapy is associated with an increased risk of tumor recurrencel’®l, even though the
current recommendation is to minimize IS, with no mention to a specific IS regimen.
AASLD guidelines also suggest considering an IS regimen including SRL, started
several weeks after transplantation, for patients undergoing transplantation for HCCI4l.

Strategies for preventing HCC recurrence mainly rely on an adequate pre-transplant
selection of candidates!'76] and on optimizing IS regimen(1%8! since there currently is no

approved adjuvant therapy that has demonstrated prolonged disease-free survivall'$-
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1911, On this basis, early diagnosis of HCC recurrence gains a central role in the post-LT
care but there is no consensus about screening for recurrence, translating in a significant
variability in center practices. In fact, Ag al et all"¥ recently conducted a survey
among 48 American adult liver transplant centers: there was considerable variation in
the duration of surveillance, with 48% of the reporting centers maintaining surveillance
for 5 years, while 18% discontinued surveillance after 2 years; 38 out of 48 centers used
a risk stratification method for disease recurrence post-LT, categorizing patients into
high and low risk groups, r&)stly based on the presence of microvascular invasion,
tumor differentiation grade, discrepana between pretransplant radiologic tumor size
or number and explant pathology, and serum AFP measured before LT or at the time of
LT. As expected, AFP was the most commonly used biomarker for detecting recurrence
and 13 centers used specific cutoff values for serum AFP (between 100 and 500
ng/mL). On the other hand, 21% of the reporting centers employed solely
abdominal/pelvic imaging and only 5% including bone imaging. The most frequently
used imaging monitoring routine was every 3-4 mo in the first year, followed by every
6 mo in the second year, and every 6-12 mo at 3 years or beyond. For patients who were
thought to be at a higher risk for HCC recurrence, 21 of the 38 facilities that stratified
HCC recurrence risk had a more stringent "high risk" surveillance protocol, with a
significant variability among the centers: in the first five years after liver
transplantation, imaging was most frequently reported every 3 to 6 mo. Only in a few
centers surveillance was interrupted after two years of follow-up (14%).

A reasonable surveillance strategy should therefore include chest and abdomen
imaging and serum AFP monitoring, and should be more rigorous for those patients
with high risk features for recurrence, especially during the first year after LTI'%3]. Most
authors report monitoring for HCC recurrence post-LT with thoracic CT, abdominal CT
or MRI, and AFP levels with 3- to 6-mo intervals in the first 2 or 3 years, increasing the

interval between exams after the 2 or 3-year timepoint['ml.




Increased surveillance may improve post-recurrence survival, though optimal
surveillance strategies have yet to be proven; currently, no surveillance guidelines exist
in this setting[1951%],

In fact, it is not clear whether screening for recurrence is worthwhile at all, due to
poor results of systemic treatment for recurrence after LT'7l. Thus, surveillance should
be customized according to a known recurrence pattern (i.e. frequent time and space
frame) in order to be more cost-effectivel1%l, considering that recurrence beyond 5 year
is less common and associated with better prognosis!'®l. Recurrence of HCC can be
intrahepatic and/or extrahepatic, with the lung and bones as the most common
extrahepatic sites of recurrencel1%%200],

The study from Ladabaum et all?”!l suggests that the relatively small gains in life-
expectancy that may be achieved by screening for recurrence after LT are likely to be
associated with relatively high incremental costs per life-year gained, and that the
greatest benefit of screening is more likely to be derived by screening patients whose
explant pathology exceeded the Milan criteria and by limiting screening to the first two
years after LT.

Lee et all1%5] showed how increased surveillance, measured by cumulative exposure to
surveillance (CETS-i.e. the cumulative sum of all the protected intervals that each
surveillance test provides) is associated with improved post-recurrence survival and a
higher probability of aggressive treatment: in particular 252 d of CETS in the first 24 mo
after LT would yield the best sensitivity and specificity for identifying disease which
can be treated with either resection or ablation.

The above mentioned RETREAT score underwent a subsequent validation by Mehta
et all??l who found that a higher score is associated with a shorter time to HCC
recurrence; the authors proposed a cost-saving sarveillance strategy in which no
surveillance is needed for patients with a score of 0, surveillance every 6 mo for 2 years
is warranted for those with a score of 1-3 and for 5 years for those with a score of 4,
while for those with a score > 5 surveillance is warranted every 3- 4 mo for 2 years then

every 6 mo for 2-5 years.
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Further studies addressing the optimal strategy, the survival benefit, and the cost-
effectiveness of surveillance for HCC recurrence should be undertaken, given that not
being amenable to a curative-intent treatment has been found to be a poor prognosis
factor in recurrent HCC post-LTI203],

Regardinﬁtreatment options, European guidelines suggest that treatment of HCC
recurrence should probably follow the same algorithms used for immunocompetent
patients, and also calsidering re-transplantation in selected casesl!l, while American
guidelines state that resection or ablation is usually the treatment of choicg for a solitary
extrahepatic metastasis or intrahepatic recurrence of HCC and that ablation with
radiofrequency (RFA) is the best treatment for small solitary recurrences!4l. It seems that
patients undergoing surgical treatment have a better post-recurrence survival, for both
in intra-2M and extrahepaticl205] recurrence, compared to those not undergoing
resection, with a reported OS of 20-27 mo after HCC recurrence, in those who
underwent surgery, significantly superior to patients who received only nonsurgical
therapy (9-10 mo) or best supportive care (2-4 mo)204206] There is still a dearth of
information regarding locoregional treatments for the management of HCC recurrence
following LT, so further data is needed. Among the few studies evaluating locoregional
treatment we can find a study by Huang et all?”], which was conducted on 78 patients
who had recurrence of HCC post-LT and found no significant difference in terms of OS
or recurrence-free survival between the group undergoing surgical resection and the
group undergoing RFA.

In a retrospective study conducted on 28 patients with HCC recurrence, Zhou et all208]
compared the outcomes of 14 patients receiving chemoembolization to 14 matched
control subjects not receiving chemoembolization: patients who underwent
chemoembolization had significantly longer OS after LT and after the diagnosis of HCC
recurrence (median OS after LT 865 d, median OS after HCC recurrence 286 d)
compared to those who did not (median OS after LT 228 days, median OS after HCC
recurrence 85 d), respectively, with no severe complications, and 57% in the treatment

group showing partial response. The development of new recurrence, both intra- and
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extrahepatic, was still high in both groups (86% in those receiving chemoembolization
vs 93% in those who did not), implying that the improved survival in patients receiving
chemoembolization is likely attributed to the control of established tumors instead of
the prevention of new lesions.

Regarding systemic therapies, Mancuso ef al2®! conducted a meta-analysis of studies
on survival and safety of sorafenib for HCC recurrence after LT with the aim of
estimating the 1-year rates of survival: overall the median survival was 10.5 mo (range 5
to 21.3). The pooled estimate of the 1-year survival rate was 63% (range, 18%-90%) with
a significant heterogeneity among studies (P < 0.0001). Studies on sorafenib have shown
that systemic therapy improves survival when compared to optimal supportive care
alone. Patients experienced considerable medication toxicity, along with poorly
tolerated side effectsi210.211], Close monitoring is necessary and should be even closer if
IS regimen includes mTOR inhibitors as well, as the association between Sorafenib and
mTORi showed an increased frequency of dose reduction and discontinuation due to
adverse eventsl212213]. Regorafenib could be an option in patients progressing while on
treatment with sorafenibl14l,

Recently lavarone ef all215] conducted an observational multicenter retrospecéve study
on 81 LT patients with HCC recurrence who discontinued first-line sorafenib (36 treated
subsequently ~with regorafenib and 45 undergoing BSC at sorafenib
discontinuation): the median OS was significantly longer in the group treated with
regorafenib than in the group undergoing BSC (13.1 mo vs 5.5 mo, P <0.01); treatment
with regorafenib was an independent predictor of reduced mortality (hazard ratio, 0.37,
P =0.02).

Scarce data is currently available for other tyrosine kinase inhibitors (lenvatinib and
cabozantinib), which would allow to propose new treatment sequences for patients
with HCC recurrence after LTI,

Another prona'sing option for post-transplant HCC recurrence includes

immunotherapy: the combination of atezolizumab (an anti-PD-L1) and bevacizumab

27/ 88




(anti-vascular endothelial growth factor monoclonal antibody) proved to be superior to
sorafenib in non-LT setting(?1¢].

It must be noted that there is evidence that immunotherapy can interfere with post-
transplant immunological tolerance and lead to allograft rejection that is resistant to
treatment(2171.

Luo et all?8l recently conducted a pooled analysis of the published cases of post-LT
immunotherapy-treated HCC, including 29 patients: the overall response rate (complete
response and partial response) to immunotherapy was 31.3% , including 18.8% with
complete response and 12.5% with partial response

In the immune checkpoint inhibitors subgroups, including 19 patients, rejection was
experienced by 6 out of 19 patients (32%), including 5 receiving nivolumab and 1
receiving pembrolizumab; allograft rejection exhibited a tendency to occur shortly after
immunotherapy initiation, at a median time of 12 d and patients who started
immunotherapy shortly after LT seemed to be at a higher risk of rejection than those
starting after a longer interval of time.

After a median follow-up of 3 mo 68% of patients died (13/19), but only 23% (3/13)
of those deaths were due to early rejection; the authors concluded that allograft
rejection can be lethal, but the possibility of rejection-related death justifies considering
immunotherapy as a backup plan because djsease progression invariably results in
death.

Post-transplant HCC recurrence currently represents a diagnostic and therapeutic
challenge, and as such, patients transplanted for HCC need a close surveillance and an

individualized management discussed in a multidisciplinary team in case of recurrence.

Autoimmune diseases
Reported recurrence rates vary among the different autoimmune diseases: the
prevalence of recurrent primary biliary cholangitis (PBC) ranges between 9% and 35%

with mean time to recurrence between 1.6 and 6.5 yearsP"l. Autoimmune hepatitis




(AIH) recurs in 8%-12% of patients within the first year after LT and 36%-68% after 5
years(20],

PSC recurs in about 20% of patients after a medjan time of 4.6 years(?l with a
cumulative incidence up to 45% at 6 years2l.

Diagnosing recurrence of autoimmune disease can be challenging, leading to a
substantial variation of the data reported in the literature), since there are many
conditions in the transplanted liver that can mimic autoimmune diseases (e.g. ischemia
related biliary insults, hepatic artery thrombosis and/or chronic ductopenic rejection,
infectious cholangitis can mimic PSC; acute cellular rejection can mimic PBC and
AJH)23],

Recurrence of PBC has little impact on patient and graft survival, with a reported
patient survival at 5 and 10 year of 96% and 83% in those with disease recurrencel?4l,
with a proportion of graft lost to disease recurrence of about 5%I223],

Reported patient survival for AIH is approximately 79% and 70% at 5 and 10 years,
while graft survival is 73% and 63% after 5 and 10 years of follow up. Compared to
recurrence of PBC and PSC, AIH recurrence leads to an increased risk of death due to
infection or graft rejection(?26].

Patient survival for PSC recurrence is approximately 86% and 70% at 5 and 10 years
whereas reported graft survival at 5 and 10 years is 79% and 60%, respectively(?7].
There is some controversy about whether recurrence of the disease affects
survival(219.21.227228) A recent study cond ucted analyzing the European Liver Transplant
Registryl?°] shows that PSC recurrence has a negative impact on both graft and patient
survival, leading to higher number of re-transplantations and a 33% decrease in 10-year
graft survival.

As showed by a recent meta-analysis, the only identified risk factor for PBC
recurrencel®) is the use of tacrolimus while the use of preventive UDCA was a
protective factor. UDCA is also an effective treatment for disease recurrencel1.232],
while there is a lack of data on the use of Obeticholic Acid and Fibrates for the

treatment of recurrent PBC.

29788




Risk factors associated with recurrent AIH are younger age at LT, use of
mycophenolate mofetil post-LT, sex mismatch and high IgG pre-LTI23], suboptimal IS,
disease type and severityl?4, histological findings of severe disease in native liverl?®l; of
note, long term use of low-dose corticosteroid after LT seems to reduce the incidence of
recurrent disease with a good safety profile(323],

The choice of the best treatment for recurrent AIH depends on the severity of
presentation: for mild recurrence, such as asymptomatic disease with minimal changes
in liver biochemistry and histology, an adjustment of the 1S regimen may be sufficient,
while severe disease recurrence may require re-introducing or increasing the dose of
corticosteroids, or adding another immunosuppressive drugsl®’l. Although this
strategy remains controversial(®3. Re-transplantation may be required for patients with
recurrent AIH who present with liver failure and graft loss(237].

Another meta-analysis showed that identified risk factors for PSC recurrencel?8l are
intact colon before LT and IBD presence, cholangiocarcinoma, advanced donor age,
higher MELD score, acute cellular rejection (ACR) and multiple episodes of ACR.

Autoimmune etiology is a risk factor for Late T-Cell mediated rejection, which is
associated with reduced graft survival, that is why particular attention is warranted in
the IS protocol, even though the optimal IS regimen has not been defined(1%¢),

In this scenario, early diagnosis of recurrence gains particular importance, even
though diagnosis could be challengingl??) and liver function tests alteration should be
considered highly suspicious for disease recurrence(®), while also considering other
risk factors(240,

Montano-Loza et all?®l proposed strategies to reduce the risk of autoimmune liver
disease recurrence after LT, acting on the main risk factors for recurrence: treatment of
active cirrhosis and normalization of transaminases and IgG for AJH in the pre-
transplantation period plus long term corticosteroid use after LT; use of preventive
Ursodeoxycholic Acid for PBC; control of IBD and considering pre- or post-transplant

colectomy in patients with PSC.




In summary, prevention of recurrence in the future will probably rely on
identification of risk profiles starting from the pre-transplantation phase and on tailored

IS protocols.

Non-alcoholic fatty liver disease /NASH

The proportion of transplants performed for NASH has increased significantly over
timel241], outpacing HCVI142], and metabolic liver disease has become a top indication for
LT worldwidel242l. Post-transplant outcomes of NASH patients are generally good, even
though there is some controversy about the overall survival rates for patients
transplanted for NASH cirrhosis or HCC compared to other etiologies; graft survival
rates are comparablel?#1.243.24]

Pre-LT screening for MetS is mandatory given the high prevalence in this
population(245].

The distinction between recurrent and de novo non-alcoholic fatty liver disease
(NAFLD) after LT is made clinically by accurately identifying the preexisting liver
disease. There are few data on NAFLD after LT and a broad range in the recurrence or
de novo rate depending on which diagnostic criteria is used(2%l. There are ng histologic
characteristics to distinguish recurrent from de novo NAFLD after LT and histological
findings in recurrent or de novo NAFLD in the allograft are considered to be the same as
in immune-competent native livers[24l.

Recurrence of NAFLD is up to 100% in patients who were transplanted for NASH
after 1 to 5 years of follow-up, while reported NASH recurrence rates over a
comparable follow-up period are between 4%-57%, with 2%-5% demonstrating
compensated cirrhosis. Over a similar time period, the incidence of de novo NAFLD
ranged from 18%- 78 %, whereas de novo NASH ranged from 13% to 17%, showing lower
rates of de novo disease compared to recurrencel247-2491. A meta-analysis on the incidence
and risk of NAFLD/NASH post-LT reported the rate of cirrhosis in recurrent NAFLD
recipients to range from 1 to 11%, with one study reporting the rate as high as 29%,

whereas the rate of cirrhosis in de novo NAFLD LT recipients was 14% at five years after
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LTE%). Despite the lack of data, NAFLD/NASH cirrhosis post-LT is probably a rare
cause of death or graft loss in the first years post-LT given the good 5-year graft
survival ratel#l, but further data is needed on the long term. A recent study has
pointed at recent pre-LT cardiovascular history and a combined donor-recipient age of
135 as major prognostic factors(?>1.

Management recommendations for LT recipients are the same as those for other
NAFLD/NASH patients(22l.

Diet and lifestyle changes have in fact a main role in the treatment of fatty liver
diseasel®l. NASH can be resolved with a weight loss of at least 7% of total body
weight, and fibrosis can be stabilized or can regress with a weight loss of at least 10% of
total body weight; a lower target of weight loss of 3%-5% is advised for patients with
lean NAFLDE), Patients with fatty liver disease should follow the Mediterranean diet,
mainly constituted by fresh fruit, vegetables, legumes, whole grains, fish, olive oil, nuts,
and seeds while limiting the consumption of red and processed meat as well as
commercially produced fructosel?>). This type of diet has been showed to reduce liver
steatosis(®®l and improve liver stiffness(?]. Patients with NAFLD should also consider
engaging in regular physical activity, aiming for 150-300 min of moderate-intensity
aerobic exercise per weekl®], since it has been found that exercise alone, even without
dietary intervention, can significantly decrease liver fat. Both European®”l and
Americanl?2] guidelines recommend that pharmacological treatments, aimed primarily
at improving liver disease, should be limited to those with biopsy-proven NASH and
fibrosis. It is also recommended to consider pharmacological treatment for patients with
less severe disease who are at high risk of disease progression (i.e. with diabetes, Met5,
persistently increased ALT, high necroinflammation). As of today, no NASH drug has
been approved by Food and Drugs Administration, European Medicines Agency, or
any other leading regulatory agencies(®8l. Bariatric surgery should be proposed in case

of non-response to lifestyle changes and pharmacotherapy(?371.
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Regarding modification to the IS regimen, ILTS advises corticosteroids minimization
where possible, since they carry a significant risk for all components of MetS, and CNI
minimization to mitigate post-transplant weight gain and hypertension1%],

There are no societal or professional guidelines for post-transplant surveillance in
NASH LT patients at the moment, nor a frequency of post-LT monitoring for recurrent
or de novo NASH has been defined, given the low likelihood of clinically significant
recurrence of NASH. Conversely, high-risk individuals identified during the
pretransplant work-up, such as those with PNPLA3 polymorphism or hypopituitarism,
definitely require closer surveillance(24],

Suggested strategies for NAFLD/NASH screening in LT patients include annual
ultrasound and liver enzymes monitoring; if fatty liver disease is identified or suspected
then the patient should undergo noninvasive tests for fibrosis assessment2%. A
metanalysis by Bhat et alP%) showed how transient elastography (TE) performed better
that APRI and FIB-4 at diagnosing recurrent fibrosis in LT recipients, but none of the
studies included in the analysis was specific for NAFLD/NASH. A recent study from
Siddiqui et 2l conducted on 99 patients who underwent LT, showed how TE can
detect advanced fibrosis with an AUROC of 0.94 and exclude advanced fibrosis with a
negative predictive value of 0.99 when a liver stiffness cutoff value of 10.5 kPa is used;
furthermore a controlled attenuation parameter cutoff value of 270 dB/m can identify
any hepatic steatosis with an AUROC of 0.88. Along with TE, also Magnetic Resonance
Elastography is an accurate method for assessing liver fibrosis in LT recipients(?52.
Singh et al?$3] conducted a pooled analysis including 6 cohorts where the mean AUROC
values for diagnosis of advanced fibrosis and cirrhosis were respectively 0.83 (0.61-0.88)
and 0.96 (0-93-0.98), with a good diagnostic performance even after stratification based
on sex, BMI and degree of inflammation.

Beyond being a way to perform a differential diagnosis with other potential causes
for elevated liver enzymes, liver biopsy remains the gold standard for the diagnosis of
post-LT NAFLD/NASH; patients who have an established diagnosis of recurrent or de

novo NAFLD can probably be followed with serial noninvasive testing to diagnose
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advanced fibrotic disease, but given the lack of data regarding fibrosis monitoring and
the presence of factors that can influence these tests, suspected fibrotic disease at
noninvasive testing still needs confirmation with biopsy(#9.

While de novo or recurrent NASH appears to have little effect on prognosis, infections
and cardiovascular diseases are among the leading causes of mortality[241.264].

A multidisciplinary approach in the management of NAFLD/NASH transplanted
patients, promoting increased physical activity, diet modifications, behavioral therapy,
and pharmacological treatment, when necessary, should be explored(265260].

Unfortunately, in many cases a full multidisciplinary team is not available for the
patient due to limited resources; either way the active assistance of the physicians is
essential since their advice to lose weight has favorable impacts on the likelihood that

patients will adhere to the suggested lifestyle changes(2%3l.

Viral hepatitis

HCYV recurrence post-LT was an issue with a major impact on the prognosis in the pre-
direct acting antiviral (DAA) era, given its shortened natural history in the LT setting
(development of cirrhosis in 10-30% of patients after a median of 5 years)[267-269],

The advent of DAA therapy was a “game changer”, with HCV recurrence as cause of
death or re-transplantation decreasing from 5.89% in the Interferon era to 0.60% in DAA
era over a three-year period[270l.

LT may not remove HBV from a persistently infected host because HBV may reside
in extra-hepatic sites and serve as a source of reactivation. As a result, in a chronically
infected patient, after LT, prophylaxis is used to avoid reactivation rather than re-
infection or recurrence of HBV. Because of this, lifetime antiviral prophylaxis is
requiredmll Treatment with hepatitis B immunoglobulin (HBIG) and Nucleos(t)ide
Analogues is an effective strategy to prevent HBV recurrence in most HBV-infected
patients undergoing LT, showing very low recurrence ratesl??; monotherapy with
entecavir or tenofovir is probably not sufficient to prevent graft reinfection but is

considered sufficient to prevent disease recurrencel'l.




Risk factors for HBV recurrence include a high HBV-DNA level at LT, presence of
HBeAg positivity, HCC, anti-viral drug resistﬁlce, and HBIG monoprophylaxis(1.273.274],

Recurrence is defined by the presence of HBsAg in the serum and detectable
quantities of DNA, and it is typically linked to clinical evidence of recurrent disease.
The goal of treatment is to keep HBV replication under control throughout time to
prevent graft loss, even though there is no standard follow-up protocol for early
diagnosis(273]. Therapy with ETV and/or TDF seems to be efficient and safe when used
for treatment of HBV recurrence after LTI27l. Treated recurrence is associated with good
prognosis277-279] but care should be taken in patients transplanted for HCC since HBV

recurrence could be a signal of HCC recurrencel277.278],

CONCLUSION

With the dramatic improvement in short-term survival of LT recipients that occurred in
recent years, the focus of the physician is shifting to the improvement of long-term
outcomesl280], The main causes of late mortality in this category are not liver related[2l.
In this review, we described the main comorbidities and risk factors affecting LT
recipients, which in most cases are preventable, can be treated, or are amenable of
screening measures, even though there is a lack of consensus to define the best strategy
for the follow-up and management of part of these factors, for which we reported some
of the suggested approaches (Table 3).

The hepatologist’s role in long-term management of LT recipients is becoming more
complex with the increase of comorbidities/risk factors that can affect long-term
outcomes. A multidisciplinary approach could help overcome this complexity. The
importance of a multidisciplinary team is underlined by current guidelines!''®! with
regard to pre-LT evaluation, and its value is recognized in some particular settings such
as the prevention and management of alcohol relapse or to improve adherence to
therapy!l-161l.

The availability of a “long-term management multidisciplinary team” dedicated to LT

recipients, could handle or prevent the onset of the aforementioned comorbidities/risk
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factors and should be composed by psychiatrists, psychologists, cardiologists, general
practitioners, nutritionists, dieticians, social workers, and should be coordinated by the
transplant hepatologist. We believe this approach could improve the long-term
outcomes of the LT recipients.

A body of the evidence is already available for the identification of high-risk
patients(4151185 and such prognostic ability could allow healthcare providers to focus
on those who could benefit the most from preventive measures in a cost-effective
manner.

Furthermore, a special mention should go to maintenance immunosuppression,
which has a strong impact on patient long-term survival: although further studies are
needed to propose IS withdrawal('%], which should therefore be limited to clinical trials,
early minimization of IS (when feasible) seems a rational strategy to limit adverse
events and improve long-term outcomes. A deeper understanding of the
immunological pathways of rejection would allow to design more specific and safer
drugs, in order to tailor therapy(281.

The question “How can we improve long-term outcomes after liver transplantation?”
has no clear and simple answer. The combination of reduction of drugs toxicity, the use
of precise instruments that allow to detect high-risk patients and the presence of a
multidisciplinary team coordinated by an hepatologist could probably be the key for

the improvement of long-term outcomes after LT.
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Table 1 Screening protocols proposal for the surveillance of de novo neoplasms in

liver transplantation population

Malignancy

Screening proposal

Skin cancer

Lung cancer

Colorectal cancer

Ear, nose, and throat cancers

Renal cancer

Cervical cancer

Breast cancer

Prostate cancer

Annual dermatological visit®], shorter
follow up interval for high risk patients
(i.e. every six months)

Annual thoracic X-Ray; CT-scan in active
or past smokers(?%2]

Perform baseline colonoscopy on patients
> 50 years old; annual fecal occult blood
test in younger patients or if colonoscopy
is negative; annual colonoscopy if patient
affected by PSC + inflammatory bowel
diseasell]

Annual otolaryngological visit in patient
with active or past alcohol and/or
smoking habit(124]

Arnnual abdominal ultrasound

Annual papanicolau-test; annual
gynecological visit

Annual mammography, ultrasound
evaluation if needed

Annual PSA and PSA ratio evaluation

CT: Computed tomography; PSC: Primary sclerosing cholangitis; PSA: Prostate specific

antigen.




Table 2 Maintenance immunosuppressants main adverse effects

Drug class

Adverse effects

Antimetabolites

mTORi

Nephrotoxicity[?83Z, recurrence of HCCI188284, risk of de novo
neoplasial?8-287], new onset diabetes mellitus (TAC more than
CyA)288289  hypertension (CyA more than TACQC)290],
dyslipidemial? (CyA more than TAC)2%], neurotoxicty(293],
weight gain(?%.295

Leukopenia, thrombocytopenia, gastrointestinal disturbances
(MMF and AZA) diarrhea, CMV reactivation (MMF)[?¢],
pancreatitis, hepatotoxicity, risk of de novo neoplasia
(AZA)29%.297)

Leukopenia, dyslipidemial?®?%), cutaneous and mucosal
alterations3l,  wound  complications, lymphocelel30],

hypertension(3®]

CNI: Calcineuring inhibitors; HCC: Hepatocellular carcinoma; TAC: Tacrolimus; CyA:

Cyclosporine; MMF: Mycophenolate mofetil; AZA: Azathioprine; mTORi: Mammalian

target of Rapamicin inhibitors.
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Table 3 Comorbidity/risk factors impairing long-term survival with suggested

follow-up and management

Risk

Follow-up
Factor/Comorbidity

Management

Metabolic (1) Electrocardiogram and

syndrome transthoracic echocardiography
before transplantation. If patient
older than 50 and has multiple
cardiovascular risk factors, perform
a cardiopulmonary exercise test. If
coronary disease is suspected,
coronary angiography should be
executed('l; and (2) Repeatedly
perform a cardiovascular risk
stratification after transplantation
(for example, every 6 mo)/tl.

Sarcopenia (1) Sarcopenia evaluation before LT
(for example, measuring skeletal
mass from CT scan, even required
for other reasons)®); and (2) New
assessment at 1 year after
transplantation (possibly using the
same method and the same CT
machine, in order to compare
results. Consider also 24-CER

evaluationl?0)).

Osteoporosis (1) Regular measurement of bone

mineral density pre- and post- LT,

(1) Aggressive and rapid
management of metabolic
risk factors in the form of
lifestyle changes,
pharmacological therapies
and modifications of the
I1S0); (2) Dietary counseling
for all LT patientsl4); and (3)
Consider bariatric surgery
in patients who failed
behavioral weight-loss
programslil.

(1) Manage sarcopenia with
lifestyle modification and
nutritional interventions
both pre and  post
transplantation'28l; (2)
Consider nutritional
counseling after
transplantation; and (3)
Consider nutritional
supplementations (e.g. with
HMB)291.

(1) Manage osteoporosis

with calcium and vitamin D




Psychological
health and QoL

Renal dysfunction

with a follow up timing dependent
on the severity of the disease; and
(2) If osteopenic bone disease is
confirmed or if atraumatic

fractures are present, assess
caladium intake, vitamin D levels,

gonadal and thyroid function, a

full medication history, and
thoracolumbar radiography!“l.
Actively look for depressive

symptoms since the early post-

transplantation period(’)

Continuous monitoring of renal
function with serum creatinine and
glomerular filtration rate
measurementsl’; and (2) Urinary
protein quantification at least once

yearlyll.

replacement (if deficient),

consider a weight-bearing

exercise pre-operative
program(l]; and (2)
Consider  bisphosphonate
therapy  (for  example,

Neridronate, at the dose of

25 mg im./mo for 12
mo){#0],
(1) Treat promptly

depressive symptoms with
adequate

pharmacotherapy(54; (2)
Consider psychological
support by a specialist if
needed; and (3) Propose
lifestyle modifications (in
particular, personalized

aerobic  and strength
training programs)®l.
(1) Treat

potential risk

factors (diabetes,
(2) Avoid
drugsll;  (3)

Adjustment of the IS;

hypertension);

nephrotoxic

reduction or withdrawal of
CNI or use alternative CNI-

free protocols as soon as
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possible in impaired renal
function (for example, EVR
combination regimens
starting 1 mo  after
transplantationf7.631; and (4)
Consider kidney
transplantation in end-stage
renal diseasel?].

Infectious risk Hepatologist accurate counseling (1) Perform HAV, HBV,
to increase the percentage of varicella, Pneumococcus,
vaccinated patients(5l. influenza and  tetanus

vaccinations prior to
transplantation; (2)
Administer inactivated

influenza vaccine starting

one month after
transplantation during
community influenza

outbreak;  (3)  Annual
influenza vaccination in
liver transplanted
patients®]; and (4) Consider
Oseltamivir  prophylaxis
during periods of local

influenza circulation(®8l,

De novo Define and follow a surveillance (1) Treating modifiable risk
malignancies protocol  with  individualized factors: stop  smoking,
emphasis laid on  patients’ alcohol withdrawall®),




Smoking

Adherence

therapy

Alcohol

relapse

abuse

particular risk profilesil.

(1) Assess smoking status at each

visit, focusing on those with
particular risk of relapse (ALD);
and (2) Use of biomarkers (serum
Cotinine)19],

Self- and collateral-reported non-

adherence, trough levels
(considering  graft-function and
concomitant use of other
drugs)*139  with  particular

attention to younger patients and
those missing clinic appointments,
with a history of substance or
alcohol use, mental health needs,
divorced or high  regimen
complexityl131137,140),

(1) Assessing alcohol use at each
visit,  with

clinic particular

attention to those transplanted for

metabolic syndrome
management(1%0], avoid
sunbed use and sun

exposure(10, promote HPV
vaccination'®]; and (2) Use
mTOR- based therapy if
possiblel® or a CNI-mTOR
combined therapy always
at the lowest effective dose.
(1) Encourage to undertake
smoking cessationlll; and
) Referral
behavioral/pharmacologica

| therapy(125126],

for

Multidisciplinary measures

developed by professional

educators, supported by
psychologists, and
coordinated by

physicians(136],

(1) Preventive structured
management by a

multidisciplinary team
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HCC recurrence

Autoimmune

disease recurrence

ALD with pre-transplant
abstinence of less than 6 mo, with
psychiatric comorbidities, smoking,
noncompliant with clinic
appointment or medication and
lacking social support147.1491%0; and
(2) Assessment by self-reported
alcohol use, liver function tests and
metabolites of alcohol, such as

urinary ethyl glucuronidel157.138],

(1) Thoracic CT - abdominal CT or
MRI and AFP levels with 3- to 6-
mo intervals in the first 2 or 3
years, increasing the interval
between exams from that date'™l;
(2) Selection of patients who needs
a stricter  follow-up  using
prognostic criteria such as: AFP
levels, the presence of
microvascular invasion, the
diameter of the largest viable
tumor and the number of viable
tumors®; and (3) Particular
attention to patients transplanted
outside of Milan Criterial176l.

function

(1) Monitoring liver

tests229) and performing liver

including transplant
hepatologist, clinical
psychologists and

psychiatrists with expertise
in alcoholism and social
workers(159160); 2)
Encouraging smoking
cessation; and (3) Referral
to psychiatric treatment or
counselling in case of
relapse(14],

(1) Minimizing overall IS;
consider adding mTORi(108);
(2) Individualized
management of HCC
discussed in a
multidisciplinary team(303];
and (3) Surgical treatment

when feasible(204.205],

(1) AIH: Treatment of active

cirrhosis and normalization




NASH recurrence

Viral

recurrence

hepatitis

biopsy and/or cholangiography
when deemed necessaryl'l; and (2)
Exclude mimicking conditions
(ischemia related biliary insults,
hepatic artery thrombosis and/or
chronic

ductopenic rejection,

infectious cholangitis for PSC,

rejection histological mimicking for

PBC and AIH)[223,

(1) Early identification of Metabolic

Syndrome components pre- and

(2)

screening with US and

post-transplant(3®]; Annual
liver
function

tests; (3) Noninvasive

testing and  liver  stiffness
measurement in case of alterations
at the annual screening; and (4)
Biopsy in case of suspected fibrotic

diseasel239.

(1) Liver function test monitoring;
(2) HCV-RNA titresim); (3) HBV
DNA and HBsAg monitoring(*27);

of transaminases and IgG in
the pre-transplantation

period plus long-term
corticosteroid use after LT;
(2) PBC: use of preventive
Ursodeoxycholic Acid; and
(3) PSC: control of IBD and
considering pre- or post-
transplant colectomy in
patients with difficult to
control PSCI2#401.

(1) Management for

NAFLD/NASH

as
other

patients (multidisciplinary
approach with diet and
lifestyle modification,
pharmacological treatment

and bariatric surgery when

necessary(2227, (2)
Treating metabolic
syndrome

components)2652%6]; and (3)
Corticosteroids and CNI
minimization when
possiblel108].

(1) Treating HCV before LT
of

DAADIGL and (2) HBIG

when possible; use




(4) Regular assessment of graft and NUCs to prevent HBV
damagelll; and (5) Particular recwrence/reactivationl'272
attention to patients transplanted ).

for HCC with HBV

recurrence/ reactivationl?77278],

LT: Liver transplantation; CT: Computed tomography; CNI: Calcineurin inhibitors;
EVR: Everolimus; HAV: Hepatitis A virus; HBV: Hepatitis B virus; HPV: Human
papilloma virus; mTORi: Mammalian target of Rapamicin inhibitors; ALD: Alcohol-
related liver disease; HCC: Hepatocellular carcinoma; AFP: Alpha fetoprotein; PSC:
Primary sclerosing cholangitis; PBC: Primary biliary cholangitis; AIH: Autoimmune
hepatitis; NASH: Non-alcoholic steatohepatitis; HCV: Hepatitis C virus; HBIG:
Hepatitis B immunoglobulin; NUCs: Nucleos(t)ide analogues.
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