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Abstract

:

Hepatitis C infection is a leading etiology of hepatic dysfunction and a major indication for liver transplantation due to the development of fibrosis, cirrhosis, and hepatocellular carcinoma. Nonalcoholic fatty liver disease (NAFLD) and, specifically, its subtype nonalcoholic steatohepatitis (NASH) is a rising cause of liver disease. It is predicted to surpass hepatitis C as a leading indication for transplant. The introduction of direct-acting antivirals (DAAs) decreased the prevalence of chronic hepatitis C infections, but the obesity epidemic and metabolic syndrome have increased the prevalence of NASH. Weight loss and dietary modifications are recommended NASH therapies, but unlike for hepatitis C, federally approved agents are lacking and currently under investigation. Clinical trials face many barriers in NASH treatment because of the difficulty of diagnosis and a lack of standardized and accurate clinical and histologic responses. Mortality and morbidity in NASH are heightened because of the presence of multiple comorbidities including cardiovascular disease, diabetes, and renal dysfunction. A liver transplant may be indicated, but a thorough screening of candidates, including a comprehensive cardiovascular assessment, is essential to ensuring successful outcomes pre- and post-transplant. Therapeutic agents for NASH are warranted before it becomes a significant and leading cause of morbidity and mortality worldwide.
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1. Introduction


Chronic liver disease is estimated to affect 1.5 billion (109) people worldwide [1]. Etiologies include viral diseases, toxins, autoimmune conditions, and fatty liver diseases such as alcoholic liver disease and nonalcoholic fatty liver disease (NAFLD). Two of the most common causes of chronic liver disease are hepatitis C and NAFLD. These conditions have reversed in the last few years as the most prevalent indication for liver transplantation. This review focuses on the history, discovery, and development of hepatitis C and nonalcoholic steatohepatitis (NASH). It also includes current therapies; impacts on mortality and morbidity; the complexities of liver transplantation; and the concurrence of NASH, obesity, and metabolic syndrome.




2. Hepatitis C


2.1. Background


Hepatitis C is caused by infection with the hepatitis C virus (HCV), which is an RNA virus of the family Flaviviridae. HCV can lead to acute hepatitis C, from which 60–80% of patients develop a chronic form as the virus evades the host immune system [2]. Chronic hepatitis C infection provokes a chronic inflammatory process, which may lead to liver fibrosis, cirrhosis, hepatocellular carcinoma (HCC), and death [3]. HCV is classified into 7 confirmed genotypes and 67 subtypes [4]. These genotypes influence the selection of appropriate antiviral therapies [5]. Based on 2015 data on the global HCV burden, it is estimated that about 71 million people worldwide are viremic, corresponding to a prevalence of 1% [6]. Public health awareness of HCV is low because many individuals with chronic HCV are unaware of their diagnosis. They are typically asymptomatic for an extended period and/or have not been tested for HCV [7]. HCV infection is a leading cause of chronic liver disease, is the main cause of HCC, and is a major indication for liver transplantation in Western countries [8]. Moreover, chronic HCV infections are linked to many extrahepatic manifestations (EHMs) [9].




2.2. Discovering HCV


In the mid-1970s, physicians documented cases of transfusion-associated hepatitis that were not due to hepatitis A, B, or any other known etiology. This phenomenon was termed non-A, non-B hepatitis (NANBH) [10,11,12]. Feinstone and colleagues were among the first to demonstrate this phenomenon in a group of patients with post-transfusion hepatitis [11]. Hepatitis A virus, hepatitis B virus, cytomegalovirus, and Epstein–Barr virus infections were excluded using serological markers. However, the authors suspected a then-unknown infectious etiology. Other investigators published similar findings during that time [12]. The newly identified disease was later identified as NANBH and was found to be accountable for up to 90% of post-transfusion hepatitis cases [13]. Studies continued to follow up on these patients, showing evidence that this disease caused chronic inflammatory changes at the histologic level in 50–60% of the patients, leading to liver fibrosis, cirrhosis, and HCC.



Over the following years, investigators provided increasing evidence that the infectious agent that caused NANBH was a small, enveloped viral agent. For example, they demonstrated that it induced specific changes in hepatocytes and was uninhibited by an 80 nm sized membrane filter, but it could be inactivated by chloroform [14]. The major breakthrough was in 1989 when Choo, Houghton, and colleagues discovered the genome of HCV [15]. They proposed that a low viral concentration was likely why prior studies failed to identify the HCV genome. With the use of a complementary DNA (cDNA) library, they were able to clone the viral agent responsible for NANBH. Then, they used Southern blot analysis to exclude genomic fragments from other species. With further experiments and confirmations, they reached a final proof, finding that the agent is indeed an RNA virus, which was later named HCV [15].




2.3. Genotypes


There are 7 known HCV genotypes, GT1, GT2, GT3, GT4, GT5, GT6, and GT7, and 67 confirmed subtypes [4]. A systematic review from 138 countries proposes that GT1 is the most predominant genotype globally at 49.1%, followed by GT3 at 17.9%, GT4 at 16.8%, GT2 at 11.0%, and both GT5 and GT6 at less than 5% [16]. However, relative prevalence differs. GT1 is predominant in North America, Latin America, and Europe, while GT4 is prevalent in Africa and the Middle East. GT7 was reported only once in four immigrants from the Democratic Republic of Congo in Canada [17]. In the Middle East, HCV GT4 is more widespread in Egypt, Iraq, Saudi Arabia, and Syria, while GT1a and GT1b are frequently seen subtypes in Turkey, Israel, Cyprus, and Iran [18].




2.4. Hepatitis C Treatment


The principal objective of HCV therapy is to obtain a sustained virological response (SVR), which is defined as undetectable levels of HCV RNA 12 (SVR12) after the end of treatment [19]. The modest efficacy of treatment and the resistance of certain genotypes, as well as the side effects of pegylated interferon ((peg-IFN)/ribavirin (RBV)), prompted the search for new HCV drugs and the development of direct-acting antiviral agents (DAAs) [20].



The discovery of the HCV life cycle paved the way for the invention of a new generation of HCV antiviral therapies: DAAs. DAAs directly interfere with a specific viral protein involved in the replication of HCV. Telaprevir and boceprevir were the first established DAAs, belonging to the protease inhibitor (PI) class. They prohibit the splicing of the HCV polyprotein between nonstructural proteins (NSs) 4A and NS3 via their respective NS4A proteases or HCV NS3.



The era of DAA began in 2011 when the two aforementioned PIs were approved for HCV antiviral therapy (Figure 1) [21,22,23,24]. This approval was one of the major steps in HCV history. Although single therapy with boceprevir or telaprevir led to a remarkable decrease in the replication of HCV, it led to the emergence of resistance-associated substitutions (RASs) and virological breakthroughs in all treated individuals [25]. Thus, a change in combination with peg-IFN–RBV was necessary. However, the limitations of this triple therapy were a major concern, from null responders to severe side effects [26]. The safety concerns were mainly in patients with advanced liver disease with albumin below the normal range and platelet counts under 100/μL [27].



This led to an interferon-free concept because of side effects and efficacy concerns. IFN-free therapy became widely available because of the approval of the nucleotide analog sofosbuvir, an NS5B polymerase inhibitor. This was followed by simeprevir and daclatasvir. These drugs demonstrated high rates of SVRs, tolerability, and safety for certain genotypes. However, this regimen was terminated because of newer and more potent DAA combinations.



The next wave of DAAs brought the advantage of pan-genotypic regimens. This was the main accomplishment of sofosbuvir compared with its partner ledipasvir, which had lower efficacy against genotypes 2 and 3. Other studies reported on the proven efficacy of different DAAs against genotypes 1 and 2 [28,29].



In 2016, velpatasvir (the second-generation pan-genotypic NS5A inhibitor), in combination with sofosbuvir, was approved for chronic HCV treatment. This regimen achieved SVRs regardless of the HCV genotype in almost all patients (99%) [28]. However, a multicenter study demonstrated treatment failure with this combination therapy in individuals infected with genotype 3 and cirrhosis [28]. In light of this study, the European Association for the Study of the Liver (EASL) recommended against using sofosbuvir–velpatasvir as a first-line therapy in patients infected with genotype 3 and cirrhosis.



In 2017, further advancements in HCV therapy were accomplished using the new second-generation pan-genotypic PI glecaprevir in combination with pibrentasvir, an NS5A inhibitor. A study showed similar tolerability and response rates in cures. That trial concluded that an 8-week regimen in patients infected with genotypes 1, 2, 4, 5, or 6 is sufficient to achieve an SVR of 97–100% in patients without cirrhosis [28]. Further complex study models and trials were performed on patients infected with genotype 3, with and without cirrhosis, with durations ranging from 8 to 16 weeks, but it was later proven that this combination with an 8-week regimen is sufficient in the treatment of naïve patients with cirrhosis without the HCV genotype [30,31].



The impact of DAA regimens in the last decade has resulted in a significant reduction in the burden of chronic hepatitis C infection in the community. While only IFN and pegylated IFN with ribavirin achieved a virological cure of approximately 5% to 40–80% in chronic hepatitis C individuals of varying genotypes, the combination regimens of DAAs led to a higher SVR of greater than 95%, up to 100% [28,29]. The major pockets of HCV infection are now related to outbreaks in young people caused by substance use disorder and the opioid crisis [30]. As the development of DAAs and effective combination regimens decreased the incidence of hepatitis C and its complications, including cirrhosis and the need for liver transplantation, another liver disease began to gain increasing recognition. Infamously, NAFLD and its subtype, NASH, were becoming more prevalent worldwide.





3. Epidemiology of NASH and NAFLD


Nonalcoholic fatty liver disease, also known as hepatic steatosis, is a macrovesicular accumulation of triglycerides in hepatocytes. NAFLD affects 25% of the population worldwide, with a male predominance [31]. It is the most common cause of chronic liver disease and is rising in prevalence in the United States (US) as well as in developing economies such as those in the Middle East, Northern Africa, and Asia. Its rising trend coincides with the global epidemic of diabetes and obesity [32]. NAFLD is considered the hepatic manifestation of metabolic syndrome. Metabolic syndrome is characterized by the presence of three out of five metabolic abnormalities: hyperglycemia or insulin resistance, decreased high-density lipoprotein (HDL), high triglycerides, visceral obesity, and/or hypertension (Figure 2) [33].



An inflammatory progressive subtype of NAFLD is known as NASH, which is defined by liver steatosis with hepatocyte injury (ballooning) and inflammation, with or without fibrosis [31]. It is estimated to affect 1.5–6.5% of individuals globally [34]. Of the US population, 3–5% of individuals have NASH. Risk factors for NASH include components of metabolic syndrome such as diabetes, dyslipidemia, hypertension, and obesity [35]. Similar to hepatitis C, the progression of NASH can lead to liver cirrhosis, end-stage liver disease (ESLD), and an increased risk of HCC. These conditions may qualify certain individuals for liver transplant (LT) if other therapeutic options are unsuccessful. Cardiovascular (CV) disease is the most common cause of death in NASH patients [31].




4. The Obesity Epidemic


NASH was first recognized in the 1980s, which correlates with the rising obesity epidemic [32]. Between 1975 and 2016, worldwide obesity almost tripled. The prevalence of obesity in children and adolescents between the ages of 5 to 19 years increased from 4% to 18%. The World Health Organization estimates 13% of adults are obese globally (11% of men and 15% of women), and this number will continue to increase [36]. This is due in part to the Western diet, which contains high amounts of saturated and trans fats, sodium, and refined and processed sugars with poor nutritional value. The Western diet promotes pro-inflammatory cytokines and is associated with an increased incidence of metabolic syndrome (MetS) [37]. Greater than two-thirds of NASH patients in the US have MetS, obesity, high triglycerides, dyslipidemia, and/or hypertension. T2DM is present in 44% of individuals with NASH. NASH is expected to increase by 56% by 2030, which will affect approximately 27 million people [31].



Currently, hepatitis C is the leading etiology of cirrhosis and HCC, comprising 40% of liver transplants in the US. However, the introduction of DAA therapy and asymptomatic screening are decreasing the incidence of HCV [38]. From the interferon era (2003–2010) to the DAA era (2014–2017), direct antiviral therapy led to a decrease in hepatitis C patients requiring transplants (35.3% to 23.6%), a decrease in listings (32%), and improved outcomes [39,40]. A European study found that 30.9% of HCV-decompensated cirrhosis patients were delisted after treatment with DAA because of clinical improvement [41]. These factors, coupled with a rise in obesity, indicate that NASH will surpass HCV and take over as the leading cause of liver transplantation in the future [38]. NASH is currently the leading indication for LT for women [31,42]. Among the baby boomer population, born between 1945 and 1965, NASH surpassed HCV infection as the leading indication for LT registrants in 2016. This is partly due to metabolic syndrome, which is associated with NASH, affecting 50% of those aged 60 years and older [38]. Between the years 2004 and 2013, there was a 170% increase in waitlist registrants for NASH, while there were only 45% and 14% increases in alcoholic liver disease and HCV infection, respectively [43]. Among LT candidates, NASH is the most rapidly growing etiology for HCC [44]. NASH is the second leading cause of HCC-related liver transplantation, which increased four-fold from 2002 to 2012 [45]. Wong and colleagues graphically demonstrated the rise in NASH compared with other liver disease etiologies in the United States in LT waitlist registrants between 2014 and 2019 [46].




5. NASH Therapies


Currently, there are no federally approved treatments for NASH. However, there are many potential pharmacological agents that are undergoing phase III clinical trials. Yet these clinical trials face many barriers. Barriers to this investigation include difficulty in diagnosis, staging difficulty, no good measurable endpoints, and accuracy in serum and imaging biomarkers [31,44].



5.1. NASH Diagnosis


The difficulty in diagnosing NASH is due to its invasive nature [31]. Liver biopsy is the gold standard for diagnosis, providing the grade of steatosis, degree of fibrosis, lobular inflammation, and hepatocyte ballooning. These factors will identify the NAFLD activity score (NAS). A NAS score of 5–8 is representative of NASH. Fibrosis staging is linked to clinical outcomes [47]. People with the F3 (severe fibrosis) and F4 (cirrhosis or advanced scarring) stages are predicted to have worse outcomes [44]. The disadvantages of liver biopsy are its invasive nature, expense, inter- and intra-observer variability, and high sampling error (1/5000 of the liver tissue is sampled). Although relatively safe, complication risks still exist. Morbidity can rise up to 1%, while mortality risk is estimated to be 0.2%, varying between disease states and the type of biopsy approach [48,49]. Therefore, noninvasive methods such as serum biomarkers and imaging are preferred to stage and quantify the disease, but accuracy and a lack of granularity can be problematic.




5.2. Biomarkers


Indirect and direct serum biomarkers are used for the diagnostic ability, risk stratification, and ability to assess treatment responses in NAFLD and NASH. They measure processes such as inflammation, necrosis, and cell death, which can lead to fibrosis [44]. Additional biomarkers and scores are still under investigation. Supported by American Association for the Study of Liver Diseases (AASLD) guidelines, commonly used panels of indirect serum biomarkers are the fibrosis-4 (FIB-4) index and the NAFLD fibrosis score (NFS), which are used for the initial evaluation of NAFLD and to assess fibrosis staging [50]. The FIB-4 index includes the platelet count, aspartate transaminase (AST), alanine transaminase (ALT), and age. The NFS score involves platelets, albumin, AST, ALT, age, body mass index (BMI), and insulin resistance. The BARD score is also often used in the clinic, along with FIB-4 and the NAFLD fibrosis scoring system [47]. In the general population, the sensitivity and specificity in detecting fibrosis (liver stiffness > 8 kPa) with FIB-4 are 37% and 69%, while for NFS, it is 52% and 69%, respectively. The accuracy of the biomarkers changes with varying thresholds [51]. In patients with NAFLD and NASH, FIB-4 at a threshold of 1.30 was shown to have a sensitivity and specificity of 84% and 69%, respectively. NFS was shown to have a sensitivity of 77% and a specificity of 70% at a cutoff of −1.455. BARD was found to have a sensitivity of 74% and a specificity of 66% [52].



Direct serum markers using collagen components or factors regulating fibrosis provide more granularity in fibrosis development. They can measure components of the liver matrix. Several scoring systems include PRO-C3 collagen neoepitope, which is a marker of extracellular matrix turnover and fibrogenesis. It can quantify liver fibrosis and help monitor progression and treatment responses [44]. Serum Pro-C3 levels have a positive correlation with NASH and cirrhosis, increasing with advanced fibrosis stages. Patients with severe lobular inflammation or liver ballooning degeneration have higher serum PRO-C3 levels, potentially demonstrating active disease. A decrease in these levels is associated with regression in fibrosis [53]. Mak and colleagues conducted a meta-analysis demonstrating patients with significant (≥2) and advanced (≥3) fibrosis had PRO-C3 sensitivities of 68% and 72%, respectively. The specificities were 79% and 73%, respectively [54].



Imaging biomarkers are also utilized, such as FibroScan and AST (FAST), which predicts NASH with fibrosis [47]. FibroScan, a type of elastography, measures high liver stiffness related to mortality. FibroScan has limitations in NAFLD because of patient characteristics, including obesity and severe hepatic steatosis; hence, individual risk assessments are required with this readily available test in hepatology clinics. It has been characterized as a prognostic biomarker in appropriate clinical scenarios [44]. In a meta-analysis, the pooled sensitivity and specificity of the FAST score were both 89% [55]. The gold standard of imaging in NAFLD is magnetic resonance imaging (MRI), including the proton density fat fraction (MRI-PDFF) and magnetic resonance elastography (MRE), which identify fat content and fibrosis staging, respectively [47]. Magnetic resonance methods were found to have high diagnostic accuracy with an area under the curve (AUC) of 0.90 (82% sensitivity and 87% specificity). They can differentiate NAFLD from NASH and monitor disease responses [56,57]. MRE has better diagnostic accuracy (AUC 0.90) than MRI-PDFF in identifying advanced fibrosis, whether F3 or F4, but its use as a screening test is limited because of costs. A combination of serum and imaging biomarkers is often used in clinical practice for screening, staging, and monitoring [44,58].




5.3. Treatment Response Endpoints


All these biomarkers can be utilized for the monitoring and treatment of NASH. There is no single noninvasive diagnostic test in NAFLD to identify NASH; hence, a composite approach with a longitudinal assessment is the favored approach, utilizing liver biopsies as the reference standard in selected cases and clinical trials. The FDA endpoints for treatment in clinical trials are defined as NASH resolutions without any worsening of fibrosis or the improvement of at least one fibrotic stage without any worsening of steatohepatitis. Repeated biopsies at the end of the treatment course will provide a definite response. However, given its invasive nature, serum and imaging biomarkers can be used as approved alternatives [47]. For example, a 30% decline in liver steatosis seen on an MRI-PDFF would be equivalent to regression in fibrosis [44]. Additional surrogate biomarkers used in clinical trials to assess responses to pharmacotherapy include Pro-C3, Enhanced Liver Fibrosis (ELF), Hemoglobin A1c (HbA1c), AST, cytokeratin 18 (CK-18), and MRI-biomarker-corrected T1, among others [47].




5.4. Lifestyle Measures


Weight loss from dietary changes and exercise is the mainstay treatment for NASH, as it is the most effective approach [31,37]. A body weight loss of 7% demonstrates histological improvement with a 90% steatohepatitis resolution. The NASH fibrosis score can be reduced by reducing calories by 500–750 kcal per day [32]. The Mediterranean diet, coupled with green plants rich in polyphenols, reveals significant benefits in reducing hepatic steatosis. The Mediterranean diet comprises olive oil, vegetables, legumes, whole grains, fruits, and nuts along with fish and seafood with minimal red and processed meats and low carbohydrates. Individuals who followed the Mediterranean diet with the addition of green plants experienced a 19% greater reduction in liver fat content compared with a Mediterranean diet without green plants, even though weight loss was similar between both groups [44,59]. The consumption of foods and beverages rich in the phenolic acids present in fruits, vegetables, nuts, green tea, and coffee demonstrates a lower prevalence of insulin resistance in addition to NAFLD and fibrosis [44]. Exercise is also an essential lifestyle approach to reducing the progression and severity of NAFLD and NASH [60]. A meta-analysis demonstrated physical exercise, despite minimal to no weight loss, led to a reduction in liver fat content [61]. Vigorous activity—defined as a metabolic equivalent value greater or equal to 6—compared with moderate intensity, decreased the odds of developing NASH (odds ratio (OR): 0.65; 95% confidence interval (CI): 0.43–0.98). In addition, doubling the time of vigorous activity (150 min or more per week) decreased the odds of progressing to fibrosis (OR: 0.53; 95% CI: 0.29–0.97) [60,62].




5.5. Pharmacological Agents


Besides conventional lifestyle changes, multiple pharmacological agents are undergoing evaluation. These include antioxidants such as vitamin E and routinely used medications in diabetes treatment such as pioglitazone and liraglutide. Potential targets in the microbiome are also under investigation, including fecal microbiota transplantation and pre- and probiotics [31,60]. Since cardiovascular disease is the number one cause of mortality in noncirrhotic NASH, new drugs must additionally be assessed for their impact on CV risk factors [47].



Vitamin E is proposed to play a role in NASH treatment, but there is a lack of efficacy in fibrosis resolution [47]. The American Association for the Study of Liver Diseases (AASLD) and EASL support strong consideration of pioglitazone in patients with NASH and diabetes. However, risk assessment in these individuals is critical given the adverse side effects of weight gain and heart failure [63]. Peroxisome proliferator-activated receptor (PPAR) agonists may also offer therapeutic benefits for NASH. In a phase IIb clinical trial, lanifibranor, a pan-PPAR agonist, demonstrated NASH resolution without worsening fibrosis. However, mild weight gain and peripheral edema occurred more frequently compared with the placebo group [64]. A phase III study is underway.



There are multiple phase III drugs that are under investigation. Obeticholic acid (OCA), a farnesoid X receptor (FXR) agonist, is a nuclear receptor that modulates bile acid synthesis, lipid and glucose homeostasis, and liver fibrosis. The REGENERATE trial discovered that the use of OCA led to improvement in fibrosis without worsening NASH. Some individuals experienced pruritis, increased LDL cholesterol, and decreased HDL and biliary events such as cholelithiasis and cholecystitis [47,63]. Resmetirom is a thyromimetic that targets hepatic thyroid hormone receptor β, which regulates hepatic triglycerides and cholesterol metabolism. Its phase IIb trial showed a significant reduction in relative liver fat content on MRI-PDFF and high rates of NASH resolution. Triglyceride levels and LDL cholesterol also improved. Fibrosis regression was, however, not significant. It is currently in a phase III trial, along with another drug candidate, aramchol. Aramchol is a bile acid and fatty acid conjugate that inhibits the stearoyl-CoA desaturase-1 enzyme, leading to the downregulation of liver steatosis. In its phase IIb trial, there was a greater decrease in hepatic fat, improvement in liver enzymes, and higher NASH resolution than in the placebo group. Additional drugs that demonstrated a histological response in clinical trials are shown in Table 1 [32,47]. Despite the multitude of developing drugs, liver transplantation remains the best therapeutic treatment for NASH-related advanced cirrhosis or HCC. Candidacy is problematic, as many individuals are morbidly obese, and it is even more problematic with the presence of cardiovascular risk factors. Despite liver transplantation, NASH can still recur post-transplant [32].





6. Complexities of Treatment Due to Co-Morbidities Associated with NASH


Treatment is complex in NASH because of the common comorbidities of T2DM and CV disease (CVD). Dietary changes and exercise are first-line therapies in not only NASH but also cardiovascular disease.



6.1. Aspirin and Statins


Aspirin for the secondary prevention of CV disease is recommended, but its use in NASH is uncertain because of limited data. A prospective study demonstrated daily aspirin use exhibited less severe histological features in NASH and a lower risk of advanced fibrosis progression over time [72]. Patients with hyperlipidemia, T2DM, 10-year atherosclerotic cardiovascular disease (ASCVD) risk, or the clinical presence of CVD are strongly recommended to be on statins. Studies are emerging on its therapeutic role in NASH, as statins exert anti-inflammatory, proapoptotic, and antifibrotic properties [73]. In the GREACE study, statins reduced abnormal liver tests (AST, ALT, gamma-glutamyl transferase (GGT)) and decreased cardiovascular events by 68% in patients with likely NAFLD [74]. In a systemic review of 22 studies, statin therapy in interventional studies improved liver enzymes in NAFLD patients, but cross-sectional studies showed no difference between the treated and untreated groups [75]. Statins can benefit patients with a co-existing vascular risk with NASH but have no role in patients with advanced cirrhosis [76]. The American Gastroenterological Association (AGA) promotes the use of statins in NASH patients to reduce CVD risk given its association with hyperlipidemia. In our experience, statins are generally safe in NAFLD/NASH, except when prescribed to patients with Child–Pugh B/C cirrhosis and a MELD > 15, which requires a multidisciplinary risk-to-benefit assessment (primary-care physician/hepatologist/cardiologist) to avoid toxicity, including myositis and liver failure [57].




6.2. Diabetes Medications


Metformin is a first-line therapy in newly diagnosed individuals with T2DM. Although it improves CV outcomes, histological resolution in NAFLD has not been observed. Other diabetic agents, such as thiazolidinediones, glucagon-like peptide 1 (GLP-1) agonists, and sodium–glucose cotransporter-2 (SGLT2) inhibitors, have a potential therapeutic role in NASH. A meta-analysis of randomized controlled trials (RCTs) showed GLP-1 agonists, mainly liraglutide and semaglutide, decreased liver fat content on MRI imaging and improved liver enzymes with a histological resolution of NASH [77]. Multiple RCTs also demonstrated that SGLT2 inhibitors improved hepatic steatosis, fibrosis, and liver enzymes and reduced visceral fat and liver stiffness [78,79,80]. Additionally, GLP-1 agonists and SGLT2 inhibitors reduce CV risk [77]. Tirzepatide, a glucose-dependent insulinotropic polypeptide/GLP-1 agonist, is a novel agent approved in the US in 2022. It demonstrated significant body weight reduction (6.2–12.9 kg) and improvement in HgbA1c (1.87–2.59%) and may have a potential adjuvant role in NASH [81].




6.3. Polyunsaturated Fatty Acids


Polyunsaturated fatty acids (PUFA) can reduce lipid levels and improve liver steatosis, oxidative stress, and liver enzymes in NAFLD. However, it has a limited role in NASH [82]. N-3 PUFAs can bind and regulate PPARα receptors to control lipid metabolism. These fatty acids can reduce triglyceride levels and improve insulin sensitization, glucose, and fatty acid metabolism. Animal studies have demonstrated fish oil can reduce the very-low-density lipoprotein (VLDL), AST, ALT, alkaline phosphatase (ALP), GGT, bilirubin, and lipid content of obese animals. Its anti-inflammatory properties can reduce liver inflammation and, therefore, steatosis [83]. EASL-EASD-EASO guidelines endorse the role of PUFA in reducing plasma and liver lipids but do not support its use in NASH [84].





7. Impact on Morbidity and Mortality


Mortality and morbidity in NASH are unwavering because of limited treatment options. The major drivers of liver-related mortality and morbidity in NASH patients are cirrhosis and hepatocellular carcinoma. Cirrhosis is defined by compromised liver function and the presence of portal hypertension. Decompensated cirrhosis is a development of complications including ascites, gastrointestinal bleeding, hepatic encephalopathy, and/or jaundice. Ascites are the hallmark of decompensation [85]. Approximately 25% of NASH patients can progress to cirrhosis or experience complications such as portal hypertension, liver failure, and HCC. The major causes of mortality in patients with NAFLD are metabolic syndrome and CV disease [86].



7.1. Fibrosis and Cirrhosis


Advanced fibrosis or compensated cirrhosis is considered the most significant determinant of liver-related mortality and clinical outcomes [34,87]. It is estimated that 9.8 million NASH patients have stages F0–F2 fibrosis, 2 million have stage F3 fibrosis, and 1.3 million have stage F4 fibrosis [88]. Significant hepatic fibrosis greater than stage 2 is predictive of liver-related mortality, with exponential increases in mortality as fibrosis stages increase [35,89]. Mortality and the incidence of hepatic decompensation events are greatest among patients with stage F4 disease [88]. A large RCT involving 475 patients demonstrated that 22% of F3 fibrosis NASH patients progressed to cirrhosis. In total, 19% of cirrhosis patients with NASH experienced decompensating events over 2 years, such as hepatic encephalopathy, variceal bleeding, ascites, and even death in one individual [34]. Decompensating liver events were highest among patients with NASH and stages F3 and F4 fibrosis than those with nonalcoholic fatty liver and stages F0–F2. The mortality rate for stages F0–F2 was 0.32 deaths/100 person-years, which increased to 0.89 deaths/100 person-years for stage F3 and 1.76 deaths/100 person-years for stage F4 [88].




7.2. Hepatocellular Carcinoma


Although the incidence of HCV-related HCC is higher than in NASH cirrhosis, NASH is a rapidly emerging cause of HCC among LT-waitlisted individuals in the United States. The prevalence of hepatic malignancy in LT candidates with NASH increased 11.8-fold from 2002 to 2016 [90,91,92]. Interestingly, NASH can progress to hepatocellular carcinoma without cirrhosis [35]. In noncirrhotic NASH, a meta-analysis of 19 studies estimated the prevalence of HCC in 38% of patients. They had a higher likelihood of developing hepatic malignancy than noncirrhotic patients of other etiologies [93].



Hepatocellular carcinoma is a major contributor to poor outcomes in NASH individuals. The median survival of HCC is 6–20 months. In the US, the 2-year survival rate is estimated to be less than 50% and the 5-year survival rate decreases to 10% [94]. NASH-related HCCs have a high rate of mortality following HCC diagnosis [95]. This is partly due to the diagnosis of hepatic malignancy at later stages in comparison with other liver diseases such as HCV [44,96]. It is proposed that the presence of visceral obesity could potentially reduce detection rates in screening modalities [95]. Obesity also promotes NASH and HCC through independent mechanisms [97]. Compared with HCV, NAFLD individuals have shorter survival times and are more likely to die from primary liver malignancy [94,96]. The poor prognosis may also be associated with a lower likelihood of screening and more comorbidities, such as CV disease, which is problematic in transplant candidacy [96]. The AASLD recommends HCC screening in patients with NASH who have cirrhosis [97].




7.3. Non-Hepatic Events


Non-hepatic-related events also contribute to morbidity and mortality in NASH patients. Although the progression of NASH leads to fibrosis, cirrhosis, and/or HCC, the majority of deaths are cardiac-related. NASH patients are at an increased risk of CV disease, type 2 diabetes, and chronic kidney disease (CKD) [35].



NASH has been found to be an independent risk factor for venous thromboembolism in cirrhotic patients [98]. Patients with NASH also have higher rates of severe coronary artery disease (CAD) than those with hepatitis C. CV events increase in patients with NAFLD, particularly in advanced fibrosis, but an association with CV mortality is unclear [63]. One study found cardiac mortality was no different between the NASH and non-NASH subtypes of NAFLD. The presence of hepatic steatosis rather than NASH itself is a main risk factor for CV mortality [99]. However, the presence of CKD and diabetes in NAFLD increases CV mortality [100,101]. Increasing the severity of CKD is associated with overall mortality in NAFLD patients [100]. Additionally, the presence of both NASH and T2DM increases adverse clinical outcomes, morbidity, and liver-related and overall mortality [99,102]. Diabetes is an independent risk factor for death in LT candidates, and pre-existing diabetes is associated with inferior outcomes post-transplant [42]. It is proposed that over the next two decades, NASH with T2DM will be liable for 65,000 transplants, 812,000 liver-related deaths, and 1.37 million cardiovascular-related deaths [102]. T2DM promotes advanced fibrosis in overweight and obese individuals. This is significant because the presence of advanced fibrosis is associated with poor clinical outcomes [103]. Diabetes NAFLD also increases the risk of cerebrovascular accidents, CKD, and all-cause and CVD mortality compared with nondiabetic NAFLD. Monitoring hemoglobin A1c may be crucial in NAFLD patients without diabetes. This will allow for the prompt initiation of lifestyle measures to reduce the risk of developing diabetes, which can, therefore, reduce morbidity and mortality [101]. Diabetic NAFLD increases the all-cause mortality (hazard ratio (HR): 1.60; 95% CI: 1.38–1.85; p < 0.01) compared with nondiabetic NAFLD [101].



The presence of metabolic syndrome is also associated with adverse outcomes in NAFLD. Compared with those without NAFLD, individuals with NAFLD typically have increased metabolic syndrome severity scores due to co-existing comorbidities. The higher the MetS severity scores in NAFLD, the higher risk of all-cause, cardiac-related, diabetes-related, and hypertension-related mortality [33].





8. Liver Transplant Evaluation


The mainstay treatment option to reduce morbidity and mortality in NASH is liver transplantation. Liver transplant evaluation is a complex process that involves appropriate patient selection, risk assessments, and the prediction of outcomes. A multidisciplinary team is needed given the complexities of the selection process. The Model for End-Stage Liver Disease (MELD) score is used to assess the severity and urgency of liver transplants, but revised MELD models and other predictive models of mortality are being developed.



Transplant evaluation for NASH is even more complex than HCV because of the presence of metabolic comorbidities associated with inferior patient and graft survival outcomes. Waitlist registrants with NASH are likely to deteriorate or die from cardiac or liver disease before transplants [104]. During the modern DAA era between January 2014 to May 2017, NASH was found to have lower 1- and 3-year graft survival rates compared with HCV recipients [40]. NASH patients also have an increased risk of post-transplant mortality compared with those with hepatitis C. Between 2016 and 2017, the one-year patient survival rate was 90.4% for NASH and 92.8% for hepatitis C. There was a higher risk of mortality associated with cardiovascular and cerebrovascular disease in the NASH group (11.5% of deaths) than in the hepatitis C group (7.0% of deaths). It is proposed that diabetes and obesity contribute to poor outcomes [105]. Both pretransplant diabetes and obesity lead to early postoperative complications compared with obesity alone or with other CV risk factors. Individuals have a longer length of stay and a higher risk of infections and/or CV events. Pre-existing diabetes is associated with all-cause mortality (61.68 per 1000 person-years versus 47.80 per 1000 person-years) and death due to cardiac and renal diseases post-liver transplant in NASH patients [106]. Pretransplant renal dysfunction predicts increased post-transplant CV disease mortality. Pretransplantation, severe renal dysfunction is associated with a higher risk of death and lower graft survival in NASH [42]. Obesity is also an independent risk factor for developing pretransplant portal venous thrombosis (PVT). Compared with those without PVT, NASH transplant recipients with PVT demonstrated 37% and 31% increased risks of graft failure and overall death, respectively [107]. One year of enoxaparin can prevent PVT in cirrhosis. TIPS is another option, but the data are limited [42].



CVD continues to be the leading cause of mortality in NASH patients within one year of a liver transplant. In total, 70% of cardiac-related events arose in the perioperative period, and the occurrence of CV events was associated with a 50% mortality rate [108]. Individuals may face arrhythmia, sudden cardiac death, and acute pulmonary edema [109]. Perioperative risk stratification is essential because liver transplantation involves acute changes in cardiovascular hemodynamics intraoperatively [42]. Screening NASH patients for cardiac and renal diseases is critical to improving outcomes [106]. Cardiovascular disease in liver candidates has become more recognized because of the increasing prevalence of NASH. NASH cirrhosis is a strong determinant of the presence of CAD [110].



Cardiovascular Assessment


The optimal approach to detecting CAD has not yet been clearly established and continues to evolve (Figure 3). Screening and management in LT candidates with coronary heart disease should be individualized based on local expertise and the severity of CAD and liver dysfunction [111]. NASH cirrhosis has a higher prevalence of single- and three-vessel cardiac disease compared with HCV patients, indicating a more comprehensive cardiac evaluation. For all LT candidates without known coronary heart disease (CHD), the American Heart Association recommends cardiac physical examination, electrocardiogram (ECG), and resting transthoracic echocardiogram (TTE) [108,111]. Stress testing is needed if a patient has more than two cardiac risk factors, such as age greater than 50, hypertension, hyperlipidemia, and obesity [108]. The 2013 practice guidelines from the AASLD and American Society of Transplantation also recommend initial noninvasive evaluation with TTE, noninvasive stress testing, and cardiology evaluation if cardiac risk factors are present [112]. Stress testing can be performed with dobutamine stress echocardiography (DSE) or nuclear perfusion stress testing (single-photon emission computed tomography (SPECT)) [108]. Dobutamine stress testing has a high predictive value in identifying low-risk groups but has suboptimal results in cirrhotic patients. Patients with decompensated cirrhosis cannot reach a maximal heart rate for accurate results. CT coronary artery calcification scoring and cardiac MRI may be valuable in assessing CAD in advanced cirrhosis, but additional studies are needed for confirmation. If stress testing results are abnormal, coronary angiography is warranted [109]. Additionally, anatomic coronary imaging is warranted in candidates with a high risk of significant CHD, including those with NASH, diabetes, or with two or more cardiac risk factors. Cardiac risk factors include hyperlipidemia/dyslipidemia, hypertension, CKD, left-ventricular hypertrophy, a family history of premature CHD, a history of smoking, and/or a coronary artery calcification score greater than zero [111]. A noninvasive form of coronary angiography is coronary computed tomography angiography (CCTA), which can evaluate CHD risk in LT candidates. It has a high negative predictive value in excluding clinically significant CHD [110,111]. It can be supplemented with CT-derived fractional flow reserve (FFR) to provide supplementary information on coronary blood flow and ischemia-causing lesions [111].



Gold-directed medical therapies, such as beta blockers and statins, are appropriate for individuals with mild-to-moderate or nonobstructive CAD. If a patient is found to have obstructive CAD—defined as a greater than 50% reduction in the diameter of major coronaries—percutaneous intervention (PCI) and revascularization should be considered before the evaluation of transplant candidacy, although the severity and extent of CAD have no impact on post-transplant survival with revascularization, and it shows little evidence of benefit [108,111]. Bare-metal stenting is preferred over dual antiplatelet therapy (DAPT), but LT must be delayed by at least 6 weeks [108,112]. PCI, with a drug-eluting stent (DES) and a short course of DAPT of 3–6 months, is appropriate in patients with stable end-stage liver disease [111]. However, there is an increased risk of postoperative morbidity and mortality, especially in advanced decompensated cirrhosis [111]. A multidisciplinary team should review various options for potential transplant candidates considering a high short-term risk of hepatic decompensation or death. The risks and benefits of DES and DAPT or combined coronary artery bypass graft (CABG) prior to liver transplantation should be discussed and weighed. Candidates with a complex left main- or three-vessel disease may benefit from undergoing a CABG and liver transplant at the same time. CABG alone is a contraindication for patients with a MELD score greater than 13 or a Child–Pugh Score of B or C cirrhosis. Individuals with diffuse CHD who cannot be revascularized should be reconsidered for a liver transplant because of high perioperative mortality and adverse outcomes [111].





9. Post-Transplant Complications in NASH and Hepatitis C


9.1. Obesity


Obesity is a concern in NASH pre- and post-transplant because of clinical complications. The AASLD states that a BMI greater than 40 is a relative contraindication because of a high risk of post-transplant complications and death. EASL guidelines recommend carefully evaluating patients who have a BMI greater than 35 before considering candidacy [42]. Interestingly, a retrospective study demonstrated NASH patients with a higher BMI had better survival outcomes than those with a normal BMI (18.5 to <25 kg/m2). This may be due to the higher waitlist dropout of morbidly obese individuals and rigid selection criteria for high-BMI patients. This supports the successful selection of NASH patients with elevated BMIs [113]. Although studies conflict regarding the effect of pretransplant obesity on mortality, a meta-analysis demonstrated inferior survival outcomes in obese patients when compared with nonobese individuals with similar causes of liver diseases, yet no difference in mortality was found in overall liver diseases [114]. One study demonstrated that pretransplant obesity with a BMI > 30 predicted post-LT death with an OR of 2.921 (95% CI: 1.216–7.854; p = 0.01) [115]. Obese patients following LT were associated with higher morbidity such as an increased length of stay and infectious complications [116].



In a post-transplant setting, up to 42% of patients develop obesity [117]. Obesity rates post-transplant in all LT patients were 33.7% and 40.3% after 1 and 5 years, respectively [118] These rates are highest in all liver disease patients who have had transplants over age 50, were obese prior to transplant, and were on high-dose steroids. The risk of developing diabetes and metabolic syndrome increases along with associated complications, including CVD, renal disease, and de novo NASH [119,120]. The catabolic state in cirrhotic patients and pretransplant sarcopenia, hypoalbuminemia, and protein–calorie malnutrition increase the risk of rapid weight gain post-transplant. There is increased fat consumption, hyperphagia, and a loss of thermogenesis even with rising body mass and a reduction in resting energy expenditure. This may be explained by the transection of autonomic nerves in the native liver. The liver regulates feeding behavior because of the humoral and neuronal signaling relayed between the brainstem and hypothalamus. Postoperatively, the loss of afferent and efferent neural input from the native liver can alter the energy homeostasis of the recipient, contributing to obesity [117]. In a study of primary liver diseases, BMI values post-transplant were inversely associated with long-term survival. High-BMI recipients after one-year post-transplant demonstrated a two-fold increased risk of mortality compared with normal-weight recipients. Interestingly, there was no significant association between BMI and CV mortality [121]. Weight-lowering agents can be considered. Orlistat, a reversible inhibitor of pancreatic lipase, was studied in a prospective open-label trial and demonstrated a significant reduction in weight circumference in the post-LT setting without interference from tacrolimus. Orlistat appears to be safe if immunosuppression levels are closely monitored, but more studies are warranted [122]. Bariatric surgery is also a consideration.




9.2. Bariatric Surgery


The gold standard for bariatric surgery (BS) has traditionally been Roux-en-Y gastric bypass in the United States, but laparoscopic sleeve gastrectomy is gaining popularity [123]. For pretransplant obesity, bariatric surgery is considered an option, but the associated malnutrition can lead to delisting and death on the waitlist [42]. In those with a prior history of bariatric surgery, most commonly Roux-en-Y, delisting/death on the waitlist was higher among patients with BS (33.3% vs. 10.1%, p = 0.002), and transplant rates were lower (48.9% vs. 65.2%, p = 0.03) compared with those without surgery. The increased risk of death in patients with a history of BS on the waitlist increased with the presence of malnutrition (HR 4.9; 95% CI: 1.8–13.4). Sarcopenia was higher among individuals who were delisted (71.4% vs. 16.7%; p = 0.04) [124]. Laparoscopic sleeve gastrectomy is now a preferred method for long-term weight loss and is a safer alternative to Roux-en-Y [42,123]. Its popularity is due to multiple advantages, including shorter operating time, endoscopic access to bile ducts, a lower likelihood of interfering with immunosuppression reabsorption, and a lower malabsorption risk [123]. The timing of bariatric surgery is significant, as it can be performed before, during, or after a liver transplant. In a pre-LT setting, cirrhosis patients who underwent bariatric surgery demonstrated a 5% major complication risk and a 1-year post-LT mortality rate of 7% compared with those without cirrhosis [125]. In BS after LT, there was a three-fold increase in postoperative major complications, postulated to be heightened by impaired healing processes and immune responses in fragile patients [125]. Bariatric surgery pre-LT should be considered in the non-decompensated cirrhosis group, while BS after LT should be considered after the failure of other therapies if morbid obesity occurs/recurs [125]. In patients with concomitant BS and LT, postoperative major morbidity and 1-year overall survival were lower but were evaluated in individuals with compensated liver disease. Sleeve gastrectomy during LT is complex but can reduce comorbidities with significant weight loss and stable weight loss even 3 years post-transplant [123,126].




9.3. Recurrent NASH


Unfortunately, it is common to develop hepatic steatosis post-transplant. Although cirrhosis-related complications resolve in NASH patients, the metabolic factors persist and can increase with steroids and immunosuppressive therapy [127]. In a period of less than 6 months to 10 years, the recurrence of NAFLD occurred in 8.2% to 62.5% of recipients [128]. Bhati and colleagues demonstrated, over a median time of 47 months after NASH transplant, that liver biopsies revealed 88.2% of patients had recurrent NAFLD while 41.2% had recurrent NASH. One-quarter of individuals had advanced fibrosis. Leading causes of mortality post-LT were non-hepatic malignancy (25%), infectious (25%), and CV complications (21.9%) [115]. Recurrent graft cirrhosis led to three patients’ deaths over a mean of approximately 3 years [115]. Metabolic factors associated with recurrent NASH include obesity, weight gain, hypertension, and dyslipidemia [129]. Some studies have also found a genetic link with recurrent NAFLD in recipient and donor grafts [128]. Lifestyle modifications are the cornerstone of preventing and/or reducing the incidence of metabolic syndrome factors. Avoiding excess weight gain via dietary control and exercise can prevent NASH recurrence post-transplant [127]. Pharmacotherapy can be considered if lifestyle measures fail [119]. Weight-loss agents such as orlistat, liraglutide, naltrexone-bupropion, and phentermine–topiramate can be considered, but there are limited data to support its use in a post-LT setting [128]. Corticosteroids and calcineurin inhibitors (CNIs) are utilized to prevent allograft rejection but also have an increased risk of metabolic complications, including weight gain, diabetes mellitus, and hyperlipidemia. Immunosuppressive regimen protocols that decrease the dosage of tacrolimus may be impactful [130]. A prospective multicenter study found the use of everolimus with a reduced dose of tacrolimus decreased weight gain compared with the standard tacrolimus regimen at 1- and 2-year follow-ups [131]. Avoiding steroids or early discontinuation within 3 months and minimizing CNIs during the maintenance phase of immunosuppression can prevent metabolic syndrome components [127,132]. Studies on steroid-free versus steroid-based immunosuppression are too indeterminate to make concrete conclusions about the proposed benefits or harms of mortality and graft loss or infection rates. Although the steroid-free regimen has lower rates of hypertension, cholesterol, and diabetes, there are higher rates of acute rejection, steroid resistance rejection, and increased creatinine levels [132].




9.4. Recurrent Infection in HCV


Metabolic syndrome, obesity, and recurrent NASH are a concern in NASH individuals post-transplant. However, recurrent infection is a concern in hepatitis C LT recipients, but it is a rare occurrence in individuals who achieved an SVR prior to enlistment. The recurrence of the infection of the allograft is universal in hepatitis C patients with detectable HCV viremia at the time of transplant, occurring within hours of transplant. It unavoidably progresses to chronic liver infection since viral clearance cannot be achieved in recurrent HCV [133]. Compared with NASH, the recurrence of HCV is associated with worse survival outcomes post-transplant [40]. Approximately one-third of HCV-infected allografts will progress to cirrhosis within 5 years. Once cirrhosis arises, survival decreases to 41% and 10% after 1 and 3 years, respectively, most frequently because of graft failure [134,135]. Preventative measures include identifying early histological damage in protocol liver biopsies after transplant to identify individuals at a high risk of severe hepatitis C recurrence. Transient elastography and hepatic venous pressure gradients can be used to identify fibrosis and identify those at risk of decompensation. Antiviral therapy is indicated for those who have grade 3–4 inflammation or stage 2 fibrosis [136]. The AASLD and EASL have developed guidelines for DAA regimens that can be used for recurrent HCV [133]. DAAs can lead to SVRs in recurrent HCV infections, demonstrating their high efficacy. A prospective study found that, at week 12 after DAA therapy, the SVR rate in HCV-recurrent individuals was 95.8% [137]. A greater than 90% SVR rate was achieved at week 12 in multiple studies but was evaluated in those with compensated cirrhosis [138]. Further studies of DAAs are needed in the prevention of HCV recurrence [139]. Re-transplantation is the only therapeutic option for graft cirrhosis, especially for those in clinical decompensation [136].





10. Conclusions


Hepatitis C and NASH in the 21st century have had a significant impact on the health of the global population. The introduction of DAAs, coupled with the obesity epidemic, has led to a steady decline in HCV and an exponential rise in NASH. NASH will soon become the leading cause of hepatic disease and an indication for transplantation in the coming decades. Pharmacological treatments are still under investigation, and in the interim, clinicians should recommend a structured program through a nutritionist and exercise therapist for the treatment of metabolic syndrome and NASH. In patients with severe obesity who failed their lifestyle modifications and pharmacologic treatments, bariatric surgery should be considered to treat NASH. For individuals who will benefit from liver transplants, thorough screening and the involvement of a multidisciplinary team are necessary to ensure successful outcomes. Moreover, there should be regular monitoring post-transplant, as complications, including recurrent NASH, can arise if patients are not guided appropriately, which can lead to increased morbidity and mortality. NASH is a rising epidemic in the 21st century that requires regular global public health initiatives in addition to national, regional, and local medical management protocols.
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Figure 1. Timeline of direct-acting antiviral regimens approved in the United States. 
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Figure 2. The 5 factors of metabolic syndrome. 
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Figure 3. Algorithm for cardiovascular evaluation in liver transplant candidates. * Nonalcoholic steatohepatitis, diabetes, or 2+ cardiac disease risk factors. Abbreviations: LT, liver transplant; ECG, electrocardiogram; TTE, transesophageal echocardiogram; DSE, dobutamine stress echocardiogram; SPECT, single-photon emission computed tomography; MRI; magnetic resonance imaging; CAD, coronary artery disease; DES, drug-eluting stent; DAPT, dual antiplatelet therapy; CABG, coronary artery bypass graft. 
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Table 1. Pharmacological agents demonstrating histological responses.
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	Clinical Trial Drugs
	Class
	Outcome (Reference)





	Obeticholic acid
	Farnesoid X receptor agonist
	Reduction in liver enzymes, including ALT and AST. Improvement in fibrosis [65].



	Resmetirom
	Thyroid hormone receptor-β agonist
	Reduced liver fat, decreased TG levels, and improved LDL cholesterol [66].



	Aramchol
	Bile acid and fatty acid conjugate
	Decreased hepatic fat and improved liver enzymes. Fibrosis improvement [67].



	Efruxifermin
	Fc-Fibroblast growth factor 21 fusion protein
	Improvement in weight, insulin resistance, and hyperlipidemia [68].



	Aldafermin
	Fibroblast growth factor 19 analog
	Decrease in ALT, AST, and fibrosis biomarkers [69].



	Lanifibranor
	Pan-PPAR agonist
	Elevated HDL and decreased serum TG and lowered A1c in DM but increased weight gain [64].



	Semaglutide
	Glucagon-like peptide 1 analog
	Weight reduction in nondiabetic obesity. Dose-dependent improvement in ALT, AST, and fibrosis biomarkers. No significant fibrosis improvement [70].



	Semglutide + cilofexor and/or firsocostat
	Glucagon-like peptide 1 analog, Selective non-steroid farnesoid X receptor agonist, Acetyl-CoA carboxylase inhibitor
	Decreased ALT, AST, GGT, liver fat and stiffness, and FAST score. Well-tolerated [71].







ALT, alanine aminotransaminase; AST, aspartate aminotransaminase; HDL, high-density lipoprotein; TG, triglycerides; DM, diabetes mellitus; GGT, gamma-glutamyl transferase; PPAR, peroxisome proliferator-activated receptor.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  gastroent-14-00018


  
    		
      gastroent-14-00018
    


  




  





media/file5.png
Cardiovascular
assessment in liver
transplant candidates

Obtain medical
Normal and no history, Cardiac
cardiac risk factors physical exam, ECG,
TTE

Proceed to routine LT

evaluation Cardiac risk factors High risk for

present or abnormal significant coronary
results heart disease”

Stress testing- DSE or
SPECT. Consider
alternative CT coronary Coronary
artery calcification scoring angiography
or cardiac MRl in
advanced cirrhosis

Revascularization with

DES and DAPT or bare
metal stent

Nonobstructive
disease or mild- Obstructive CAD
moderate CAD

3 vessel disease 0
complex left main
coronary artery

Diffuse CHD wi
inability to
Gold directed medical revascularize

therapy

Reconsider transplant

candidacy






media/file3.png





media/file1.png
Sofosbuvir + Glecaprevir +

simeprevir Daclatasvir pibrentasvir
2013 2015 2017
I I I
I | I
2011 2014 2016
Telaprevir + Ledipasavir Velpatasvir +

boceprevir sofosbuvir





media/file4.jpg





media/file0.jpg
Sofosbuvir + Glecaprevir +

simeprevir Daclatasvir pibrentasvir
2013 2015 2017
1 1 1
T T T
2011 2014 2016
Telaprevir + Ledipasavir Velpatasvir +

boceprevir sofosbuvir





media/file2.jpg





