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Nonalcoholic steatohepatitis (NASH) is the advanced form of nonalcoholic fatty liver disease (NAFLD). It is characterized by hepatic steatosis, inflammation, hepatocellular injury, and fibrosis. Inflammation plays a key role in the progression of NASH and can be provoked by intrahepatic (e.g., lipotoxicity, immune responses, oxidative stress and cell death) and extrahepatic sources (adipose tissue or gut). The identification of triggers of inflammation is central to understanding the mechanisms in NASH development and progression and in designing targeted therapies that can halt or reverse the disease. In this review, we summarize the current and potential therapies targeting inflammation in NASH.
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Pathophysiology With Focus on Inflammatory Pathways

Nonalcoholic fatty liver disease (NAFLD) is a prominent cause of liver-related morbidity and mortality (1). Nonalcoholic steatohepatitis (NASH), the advanced form of NAFL, is illustrated by steatosis, inflammation, hepatocyte injury (e.g., ballooning), with or without fibrosis (2). NASH in as many as one-third of patients progresses to cirrhosis, liver-related complications, end-stage liver disease, and the need for liver transplantation (3–5), hepatocellular carcinoma, and death (6). NASH is the second commonest cause for liver transplantation; it is the leading cause in women, and it is expected to become the leading cause in men as well (7). Further, NASH, especially when advanced, carries a high lifetime financial costs (8).

Much progress has been made in understanding the pathogenesis of NASH and the complex and multifactorial (9, 10) molecular pathways in its development and progression. The hepatic inflammatory response is a key factor in disease progression and the transition from NAFLD to NASH. Inflammation promotes liver fibrosis, which ultimately leads to cirrhosis (11, 12). The presence of histological inflammation has been proposed as an independent predictor of progression of NASH to advanced fibrosis (13). Therefore, inflammation is a key pathophysiological mechanism and a target for therapeutic intervention (Figure 1) (14).




Figure 1 | Inflammation associated with NASH. Inflammation is driven by the cellular interplay involving hepatocytes, hepatic stellate cells and recruited immune cells. Hepatocyte death and inflammatory mediators are key contributors to inflammation in NAFLD and NASH progression. ILC, innate lymphoid cells; LSECs, liver sinusoidal endothelial cells; MCP-1, macrophage chemotactic protein 1; MPO, myeloperoxidase.



Liver inflammation in NAFLD can be triggered by extrahepatic (e.g. adipose tissue and gut) and/or intrahepatic (e.g. lipotoxicity, oxidative stress and cell death) factors (15). These triggers and the diverse pathways promoting and sustaining inflammation determine the disease’s clinical and histological phenotypes (15). Excessive accumulation of free fatty acids (FFA) in the liver from diet and adipose tissue, in addition to lipogenesis in hepatocytes, lead to accumulation of triglycerides in the liver and thus hepatic steatosis. Increased amounts of visceral adipose tissue is associated with adipose tissue insulin resistance and inflammation and results in a disturbed adipokine balance (low adiponectin and high leptin and tumor necrosis factor (TNF) concentrations) (15). Macrophages in adipose tissue secrete chemokines and cytokines that stimulate hepatic inflammation and insulin resistance. Increased liver uptake of FFAs can produce hepatic lipotoxicity and cell death, which accentuate liver inflammation (15). Dietary components, such as fructose, FFAs, and free cholesterol, contribute to a pro-inflammatory milieu in the liver by stimulating lipotoxicity, mitochondrial dysfunction, oxidative and endoplasmic reticulum (ER) stress, and cell death. Dysfunction of the gut barrier can lead to increased bacterial translocation and levels of pathogen-associated or microorganism-associated molecules, which can trigger an inflammatory reaction through activation of inflammatory cells within the liver (15).

Immune cells are important mediators of inflammation and NAFLD progression. NASH is characterized by B cell and T cell infiltration of the liver. Alterations in regulatory T cell and hepatic dendritic cell homeostasis can trigger immune responses that drive the progression of NASH (16). In animal models, lymphocyte responses contribute to sustained hepatic macrophage stimulation and promote natural killer T cell differentiation and survival. It has been found that the inhibition of lymphocyte recruitment improves steatohepatitis and fibrosis (16). The role of immune response in NASH is still evolving.

Hepatocellular death is closely associated with inflammation. The modes of cell death (apoptosis, necrosis, necroptosis and pyroptosis) use distinct mechanisms to trigger death, which contribute to sterile inflammation and perpetuation of the disease (17, 18). Apoptosis is the most widely-studied type of programmed cell death in NASH. It is mediated by caspases and is triggered by either extrinsic pathway that involves membrane receptors or intrinsic pathway that involves intracellular stress (17). Necrosis is an unregulated form of cell death characterized by the production of reactive oxygen species (ROS) and mitochondrial dysfunction which are key pathologic features of NASH and yet, necrosis is a rare histopathological finding in NASH (17). Necroptosis is a recently described form of organized caspase 8-independent cell necrosis that involves the interaction of receptor protein kinases 1 and 3 (RIP1 and RIP3) (17). The potential role of necroptosis in NASH remains controversial. Pyroptosis is a more recently identified pathway of programmed cell death dependent on inflammasome-mediated caspase 1 activation. Further studies are needed to explore its potential role in NASH (17). The process of hepatocyte cell death leads to release of damage-associated molecular patterns (DAMPs), stress signaling molecules that can trigger inflammatory responses and cause tissue damage, thus playing a role in NASH development (17).

The pathogenesis of NASH involves ER stress, which stimulates the unfolded protein response (UPR) in the ER (19). As reported by Szegezdi et al. (19), one of the UPR molecules is the serine/threonine-protein kinase/endoribonuclease inositol-requiring enzyme 1/X-box binding protein 1, which mediates cell apoptosis via the TNF receptor-associated factor 2 (TRAF2) and c-Jun N-terminal kinase (JNK) activation. ER stress is sensed by activating transcription factor (ATF6α), inositol-requiring enzyme 1 (IRE1α), and protein kinase RNA-like ER kinase (PERK), which are ER transmembrane proteins that mediate the apoptotic signaling of the UPR. The signaling outcomes of IRE1α activation include complex X-boxbinding protein 1 (XBP)1 activation, regulated IRE1α-dependent decay (RIDD), and TRAF2 mediated signaling. The IRE1α-XBP1 signaling plays a regulatory role in hepatic steatosis, liver injury and inflammation (20). In NASH, protracted activation of the UPR can lead to apoptosis and cell death (19, 21). Toll-like receptors (TLRs), nucleotide-binding oligomerization domain receptors (NOD-like) receptors (NLRs), and recognition signal receptors are part of immune activation and also play a key role in NASH pathogenies (19). The increased intestinal permeability associated with NASH leads to translocation of pathogen-associated molecular patterns (PAMPs) and lipopolysaccharides (LPS) to the liver and subsequently activation of TLRs. Triggering of TLRs results in a pro-inflammatory cytokine cascade, inducing many cytokines, including transforming growth factor-β (TGF-β), interleukin-1 (IL-1β), and TNFα. The activation of TLR2, TLR4, and TLR9 leads to lipid accumulation, activation of stellate cells, and apoptosis of hepatocytes. This apoptosis exacerbates TLRs activation and further release of cytokines (19). TLRs 4 and 9 induce hepatic inflammation and fibrosis via inflammasome activation. The actions of TLR4 are mediated by the nuclear factor-kappa B (NF-κB) and mitogen-activated protein kinase (MAPK) cascades (19, 22, 23). NLR activation results in inflammation and apoptosis of hepatocytes through assembly of the caspase 1-containing inflammasome. NOD1 and NOD2 are highly expressed in hepatocytes and have been associated with inflammation (11). The NOD-like receptor protein 3 inflammasome also is activated in NAFLD (19).

Recently, ER stress has been linked to inflammatory responses secondary to lipotoxicity through the release of pro-inflammatory extracellular vesicles (EVs) (24). EVs are non-nucleated, membrane-derived particles secreted by the cells into the extracellular space and include exosomes, microvesicles, and apoptotic vesicles (25, 26). Intercellular and interorgan crosstalk are key drivers of liver injury and inflammation in NASH. Both soluble mediators and circulating EVs have been implicated in hepatocyte-immune cell crosstalk (26, 27). EVs carry cargoes including proteins, lipids, and nucleic acids. Hepatocellular stress caused by lipotoxicity leads to release of EVs from hepatocytes and adipose tissue which trigger inflammation by the activation of monocytes and macrophages, and promote fibrosis and angiogenesis thus accelerating the progression of NAFLD (26).

The Hedgehog pathway is another important pathway for immune response and tissue regeneration that may be involved in hepatic steatosis. Guy et al. (23) have reported that activity of the Hedgehog pathway correlates with the severity of hepatc pathology – ballooning, portal inflammation, and fibrosis. Moreover, lipotoxicity can activate the Hedgehog pathway, thereby stimulating inflammatory responses, hepatocyte differentiation, and activation of stellate cells, leading to fibrosis (19, 28). Mouse models and early-stage clinical trials have revealed that depletion of certain types of immune cells or inhibiting recruitment of inflammatory cells may alleviate fibrosis (17, 25–27). Paradoxically, inflammatory responses are needed for healing and tissue repair, which often are present during the early stages of liver injury (29). Linkage between histologic resolution of steatohepatitis and improvement in fibrosis in NASH has been described (30): Kleiner et al. (31) have reported that the direction and degree of change in histologic features of disease activity correlate with progression or regression of fibrosis, independent of changes in body weight.



Assessing the Inflammatory Signals of NASH

The search for possible biomarkers for the diagnosis and monitoring of NASH has attracted attention. Among promising candidates is activated plasminogen activator inhibitor 1 (PAI-1), which is a regulator of fibrinolysis that may play a role in liver fibrosis (32). In the NASH Clinical Research Network, PAI-1 was associated with definite NASH in comparison with non-NASH (Odds ratio 1.2, 95% confidence interval 1.08–1.34, p < 0.001) (33). PAI-1 values have also been found higher in NASH patients than in patients with NAFL, and PAI-1 independently predicted the severity of NAFLD histology (34). Other biomarkers that have been associated with liver fibrosis are IL‐8, monocyte chemoattractant protein‐1, soluble IL‐1 receptor I, soluble IL‐2 receptor alpha, resistin, and TNFα (29, 32). In a proof-of-concept study, plasma eicosanoid and other polyunsaturated fatty acid metabolites differentiated NAFL from NASH (35) as did 11,12-dihydroxy-eicosatrienoic acid alone. A panel that included 13,14-dihydro-15-keto prostaglandin D2 and 20-carboxy arachidonic acid has been proposesd as another eicosanoid candidate biomarker for the noninvasive diagnosis of NASH (35). Others (34) have proposed plasma caspase-generated cytokeratin-18 fragments – markers of liver cell apoptosis – as non-invasive biomarkers for NASH and fibrosis in NAFLD. Although measurement of cytokeratin-18 fragments had a high specificity for NAFLD and fibrosis, it is insufficiently sensitive to be a screening test for staging NASH (36). The inflammatory markers TNF and IL-8 and the hormones adiponectin and fibroblast growth factor 21 have also been evaluated for their ability to identify a circulating signature of NASH. However, according to Albhaisi et al. (37), these non-invasive measurements of fibrosis in NAFLD/NASH could not reliably differentiate between NAFL and NASH or accurately define disease activity or stage.

Metabolomics have shown promise in distinguishing NASH from NAFL (38). Five hundred forty lipids and amino acids in serum samples were assessed in a testing cohort of 467 biopsy proven NAFL/NASH patients that was validated in a separate cohort of 192 patients,. The candidate metabolites algorithm distinguished NAFL from NASH in the validated cohort with an area under the receiver operating characteristic curve of 0.88 while it was 0.79 in the validation cohort (38).

Abnormal serum liver enzymes are usually the first clinical indication of NAFLD, but a large proportion of patients with NAFLD has normal liver enzyme values (39, 40), and the percent of patients with NAFLD that has normal alanine aminotransferase (ALT) or aspartate aminotransferase (AST) levels varies widely (41). In a large cohort of subjects with NAFLD and normal aminotransferase levels enrolled in the NASH Clinical Research Network studies, clinically significant fibrosis, advanced fibrosis, and cirrhosis were prevalent (41). While normal aminotransferase levels do not assure absence of clinically significant NAFLD, they may help predict histologic response in adults with NASH (42).

Among imaging techniques used in the evaluation of NAFLD/NASH, ultrasonography (US) and computed tomography (CT) have low sensitivity and specificity and may underestimate or miss the diagnosis (43). US cannot accurately disclose disease severity. CT is less accurate than US and has the risk of radiation exposure (44). MR spectroscopy (MRS) and MRI-determined proton density fat fraction (MRI-PDFF) are more accuate than US or CT in the the diagnosis of NAFLD (43, 44). MRS is used exclusively in research studies, but it requires highly trained personnel and is not widely available. MRI-PDFF correlated well with MRS in quantifying liver fat in a NASH trial, thus suggesting that it has promise for clinical utility (38, 44). MRI-PDFF images cannot reliably distinguish NASH from NAFL, although a recent meta-analysis found that changes in MRI-PDFF correlated with steatohepatitis changes present on liver biopsy (45). cT1 is a new technology that showed correlation with hostological steatohepatitis and its changes also can predict clinical outcomes in patients with NAFLD/NASH (46). MR elastography, and US elastography are developing techniques that measure liver stiffness. This capability has the potential to detect fibrosis in NAFLD patients, making these techniques promising for use in clinical practice (38, 45). It is worth mentioning that all these imaging techniques do not capture inflammation but rather they offer an assessment of overall disease activity.



Previous, Current, and Future Treatments

Reducing inflammation is pivotal to halting fibrosis. Therefore, therapeutic agents that target inflammation may attenuate the progression of NAFLD. Even with targeting other mechanisms (e.g. steatosis) this may also affect inflammation indirectly. For instance, peroxisome proliferator-activated receptor agonists and farnesoid X receptor ligands directly reduce steatosis and fibrosis, respectively, but they also improve inflammation indirectly (47, 48). Discussion of drugs that target metabolic pathways but do not directly target inflammation is outside the scope of this review.


Vitamin E

Because of its antioxidant effects, vitamin E has been studied in NASH (49). Patients treated with vitamin E had improvement in steatosis and inflammation, but fibrosis did not improve (49). Studies on the possible mechanism by which vitamin E reduces steatosis found that it reduces intrahepatic triglycerides by reducing de novo lipogenesis in vitro and in vivo (50). That research also revealed a bi-directional pathway for oxidative stress in which vitamin E exacerbates de novo lipogenesis and intrahepatic triglyceride formation, generating a harmful cycle of steatosis and injury. The long-term safety of administration of vitamin E in treatment of NASH patients is unknown.



Omega-3 Fatty Acids

The therapeutic potential of omega-3 polyunsaturated fatty acids (n-3 PUFA), mainly docosahaexenoic (DHA) and eicosapentaenoic acid (EPA), is becoming appreciated because of their antioxidant and anti-inflammatory properties. Omega-3 fatty acids may reduce oxidative stress, lipotoxicity, and inflammation in patients with NASH, although this possibility is unproven (51). Possible mechanisms of omega-3 fatty acid activity are that of reducing the production of reactive oxygen species and superoxide scavenging (51, 52). n-3 PUFA help regulate lipid metabolism by inhibiting sterol regulatory element-binding protein 1 and activating peroxisome proliferator-activated receptor α (53). In NAFLD, n-3 PUFA may promote FFA oxidation by modulating the production of adipokines (leptin and adiponectin) that control the interaction between adipose tissue, the liver, and muscle (51, 54). n-3 PUFA may also lessen insulin resistance, lipid accumulation, and pro-inflammatory actions. According to Yang et al. (49), n-3 PUFA may be effective in the early stages of NAFLD but not with more severe NAFLD or NASH. Data about the efficacy of omega-3 fatty acids in NAFLD are conflicting (53, 54). Guidelines of the American Association for the Study of Liver Diseases state that “Omega‐3 fatty acids should not be used as a specific treatment of NAFLD or NASH, but they may be considered to treat hypertriglyceridemia in patients with NAFLD” (2).



Pentoxifylline

PTX is a methylxanthine that suppresses several pro-inflammatory cytokines, including TNF (55). In animal studies, PTX increased hepatic glutathione levels and decreased the production of oxygen radicals in steatohepatitis (56, 57). In human trials, PTX improved steatosis and lobular inflammation and may have impeded the progression of liver fibrosis in NASH (58). In a one-year randomized control trial, PTX improved hepatic inflammatory activity but not fibrosis in NASH patients (59). In a phase 2 trial (NCT00267670), PTX improved transaminases and histology in patients with NASH, but PTX did not reduce transaminases and did not positively affect the metabolic markers that are postulated to contribute to NASH (58, 59). Evidence to support the use of PTX in NASH remains inconclusive.



Vitamin D

Roth et al. (60) have reported that in a rat model, vitamin D deficiency exacerbated NAFLD through activation of TLRs, insulin resistance, increased hepatic resistin gene expression, and up‐regulation of hepatic inflammatory and oxidative stress genes. In human studies, vitamin D deficiency was associated with an increased risk for NASH development through activation of the mitogen-activated protein kinase and NF-κB pathways (61, 62). In a phase 2 clinical trial, treatment with 2100 IU vitamin D for 48 weeks improved serum ALT levels in patients with hypovitaminosis D and histology-proven NASH (62, 63). Despite the suggestive evidence of a link between vitamin D and NAFLD, the therapeutic value of the vitamin in NASH has not been proven.



Selonsertib

Selonsertib is an oral inhibitor of apoptosis signal-regulating kinase 1 (ASK1) that was evaluated in phase III trials in patients with NASH and bridging fibrosis (F3, STELLAR-3) or compensated cirrhosis (F4, STELLAR-4) (64). Selonsertib failed to meet the primary end point and was ineffective in reducing fibrosis in patients with advanced fibrosis due to NASH. The researchers concluded that the lack of clinical efficacy was not due to a failure of target inhibition based on post hoc analysis (64). Possible explanations for its lack of efficacy include short treatment period, targeting harder to treat groups (cirrhotics rather than F2-F3), and/or lack of efficacy of the drug in humans. One of the lessons learned from the failure of STELLAR 3 and 4 trials is that such trials were designed and conducted without prior placebo-controlled phase IIb studies or preliminary data from a similar population in phase II (65).



Caspases

Emricasan is a pan-caspase inhibitor that was effective in preclinical studies (66) but did not improve clinical outcomes nor liver histology in NASH patients with fibrosis or NASH-related cirrhosis and severe portal hypertension (67, 68). In contrary, caspase inhibition made fibrosis and ballooning worse in patients with NASH fibrosis. Potential explanations are that caspase inhibition may have directed cells to alternative mechanisms of cell death, resulting in more liver fibrosis and hepatocyte ballooning (ENCORE-PH (NCT02960204) and ENCORE-NF (NCT02686762) trials), or that inhibition of apoptosis leads to dysregulation of the balance between pro- and anti-fibrotic signalling pathways causing a shift toward fibrogenesis (67).



Chemokine Receptors 2/5 Inhibitors

Hepatic steatosis lead to cellular stress, inflammation and the release of chemokines, including CCL2, from hepatocytes, Kupffer cells, endothelial cells, and stellate cells. Lefore et al. (63) have proposed that cytokine release promotes the infiltration of circulating CCR2+ monocytes, which differentiate into macrophages. These cells activate hepatic stellate cells, promoting collagen deposition and maintaining an inflammatory environment that contriubes to NASH progression (69). The CENTAUR trial (NCT02217475) is a phase IIb study using cenicriviroc a CCR2/CCR5 inhibitor, in subjects with of NASH with a NAFLD activity score (NAS) ≥4 and F1 to F3 stage fibrosis (70). Cenicriviroc did not improve the severity of steatohepatitis, despite the effect on macrophage accumulation in murine models (69). Nevertheless, combining CCR2/5 inhibitors with one or more drugs that act on other metabolic pathways is a reasonable therapeutic rationale.



Vascular Adhesion Protein-1

Vascular adhesion protein-1 (VAP-1) is a member of the amine oxidase enzyme family (71). Serum levels of VAP-1 are increased in obesity, diabetes, and inflammatory liver disease, and have been correlated with the severity of obesity and NASH. VAP-1 likely contributes to the storage and distribution of lipids in NAFLD, as Shepherd and colleagues have proposed (71). A study that used human and murine model systems demonstrated that elevations in hepatic VAP-1 expression in NASH can contribute to steatosis, metabolic disturbance, and inflammation (71). This observations suggests that targeting the semicarbazide sensitive amine oxidase capacity of VAP-1 would be a useful adjunct to other therapeutic strategies in NAFLD (71). This year, Terns Pharmaceuticals, Inc. announced initiation of the AVIATION Trial (NCT04897594), a multi-center, randomized, double-blind, dose-ranging, placebo-controlled phase 1b clinical trial to evaluate the safety and efficacy of TERN-201, an orally administered, highly selective inhibitor of VAP-1 in patients with NASH (72). The primary goal of the AVIATION Trial is evaluation of the safety and tolerability of TERN-201 when given for 12 weeks in patients with NASH. The clinical trial will be conducted in two parts: Part 1 of the trial has begun with a dose of 10 mg, while Part 2 is anticipated to enroll additional dose cohorts of TERN-201 based on an interim evaluation of the 10 mg cohort. The trial will also investigate the effects of TERN-201 on NASH imaging biomarkers (e.g. cT1) and NASH serum biomarkers (e.g. CK-18) (72).



S-Adenosylmethionine

S-adenosylmethionine is the principal biological methyl donor in humans (73), and mice deficient in enzymes involved in SAMe metabolism have developed NASH (40, 74). A possible explanation for this effect is that a normal SAMe level is required to establish the proper ratio of phosphatidylethanolamine (PE) to phosphatidylcholine (PC) which plays a role in NAFLD pathogenesis (40). In addition, reduced SAMe levels expose the liver to LPS-induced injury and foster production of pro-inflammatory cytokines (40, 75). SAMe leads to improved liver enzyme values, inflammatory and fibrosis markers, and liver histology in animal models of NASH (38). SAMe has been suggested as an effective therapy in patients with NASH, particularly those who have reduced hepatic SAMe levels (38). Large randomized, placebo-controlled clinical trials to assess the efficacy of SAMe in NASH are needed.



NLRP3

In a murine model, MCC950, an NLRP3 selective inhibitor, improved NAFLD and fibrosis in obese diabetic mice and reduced liver fibrosis in methionine/choline deficient-fed mice (76). The explanation for this effect maybe blockade of cholesterol crystal-mediated NLRP3 activation in myeloid cells. Therefore, targeting of NLRP3 deserves consideration in the treatment of NASH (76).



Bromodomain and Extra-Terminal Motif Inhibitors

The BET family of proteins are acetylated histone and non-histone proteins that play an important role in the regulation of pro-inflammatory genes transcription (77). The BET proteins have gained attention due to their potential targets for the treatment of inflammation and other disorders. Several BET inhibitors have been shown to suppress inflammation, reverse fibrosis progression and protect against liver fibrosis in mice models (77, 78). A study in a mouse NASH model to assess the efficacy of a small-molecule BET inhibitor, GSK1210151A (I-BET151), demonstrated reduction of NAS and suppression of interferon-γ expression and fibrosis progression with I-BET151 (78). Inhibition of BET proteins caused alterations in pathways related to lipid metabolism and interferon signaling in addition to reversal of profibrotic gene expression. These results suggest that BET inhibitors may offer a novel therapeutic strategy for the treatment of NASH (78).



Other Targets

The medium chain free fatty acid receptor G protein-coupled receptor 84 (GPR84) has been suspected of involvement in the development of NAFLD. GPR84 promotes phagocytosis and activation of murine and human macrophages under inflammatory conditions (61, 76). In NAFLD patients, GPR84 expression in the liver was increased, whilst inhibition of GPR84 reduced inflammation and fibrosis in three NASH mouse models (62, 79). Therefore, the potential of GPR84 to treat NAFLD should be assessed.

Among the exceedingly complex relationships of the gut microbiota and human pathophysiology is a possible link to NAFLD. Some of the supporting evidence is amelioration of high-fat-diet-induced NAFLD in mice (80) and reduction of NASH risk in mice on the methionine-choline-deficient diet when treated with antibiotics (81). It is proposed that antibiotics that target the gut-liver axis decrease hepatocellular inflammation (62, 82). In a prospective, phase 2 study (NCT02443116), treatment with aldafermin, an analog of the gut hormone fibroblast growth factor (FGF)19 was associated with a significant, dose‐dependent enrichment in the rare genus Veillonella, which correlated with changes in serum bile acid profile and, especially, decreases in toxic bile acids (83). The relationships between microbiome–host interactions and NAFLD deserves further investigation.




Future Directions

Treatment of NASH is a major unmet need. There are no Food and Drug Administration-approved therapies for the condition. However, interest in combination therapy is growing, consistent with the complexity of the disease and multi-system involvement. As such, adding drugs that directly target inflammation to drugs that have metabolic targets may help expedite strategies to reverse fibrosis and progression of the disease. Hence, there is need for more anti-inflammatory drugs for treatment of NASH, and further studies are needed to improve our understanding of combination therapy. Development of credible non-invasive biomarkers to reliably predict histological and clinical responses to facilitate the selection and monitoring of specific therapies also is needed.
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