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Abstract
Alcohol-related liver disease (ALD), which is induced by excessive alcohol con-
sumption, is a leading cause of liver-related morbidity and mortality. ALD pa-
tients exhibit a spectrum of liver injuries, including hepatic steatosis, inflam-
mation, and fibrosis, similar to symptoms of nonalcohol-associated liver diseases 
such as primary biliary cholangitis, metabolic dysfunction-associated steatotic 
liver disease, and nonalcoholic steatohepatitis. Elafibranor has been approved for 
the treatment of primary biliary cholangitis and has been shown to improve 
symptoms in both animal models and in vitro cell models of metabolic dysfunc-
tion-associated steatotic liver disease and nonalcoholic steatohepatitis. However, 
the efficacy of elafibranor in treating ALD remains unclear. In this article, we 
comment on the recent publication by Koizumi et al that evaluated the effects of 
elafibranor on liver fibrosis and gut barrier function in an ALD mouse model. 
Their findings indicate the potential of elafibranor for ALD treatment, but further 
experimental investigations and clinical trials are warranted.
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Core Tip: Elafibranor is an oral dual peroxisome proliferator-activated receptor α/δ agonist that has demonstrated efficacy in 
improving hepatic steatosis and inhibiting inflammation and fibrosis associated with nonalcoholic liver diseases. Alcohol-
related liver disease (ALD), resulting from excessive alcohol consumption, also presents symptoms such as hepatic steatosis, 
inflammation, and fibrosis. However, the effectiveness of elafibranor in treating ALD remains unclear. A recent study by 
Koizumi et al revealed that elafibranor significantly reduced hepatic steatosis, apoptosis, and fibrosis in a mouse model of 
ALD. Despite the potential of elafibranor for ALD treatment appears promising, further experimental investigations and 
clinical trials are warranted.
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TO THE EDITOR
Elafibranor is an oral dual peroxisome proliferator-activated receptor (PPAR) α/δ agonist that mediates many physio-
logical processes, such as lipid metabolism, glucose metabolism balance, and inflammatory responses, by activating 
PPARα and PPARδ[1]. Elafibranor has shown great potential in the treatment of liver disease and has been approved for 
the treatment of primary biliary cholangitis (PBC) in the United States[2]. Several studies have revealed that elafibranor 
treatment ameliorates steatosis, inflammation, and fibrogenesis resulting from conditions such as metabolic dysfunction-
associated steatotic liver disease (MASLD), also known as nonalcoholic fatty liver disease (NAFLD), nonalcoholic steato-
hepatitis (NASH), and chronic hepatic diseases[3-10], in mouse models and in vitro liver cell or slice models.

Alcohol is one of the most common causes of liver disease worldwide and induces a wide range of direct liver damage, 
including steatosis, alcoholic hepatitis, cirrhosis, and hepatocellular carcinoma[11-13]. Alcohol-related liver disease (ALD) 
also involves lipid metabolism disorders and inflammation[14,15], but whether elafibranor is effective in treating ALD 
remains unknown. The mechanisms by which elafibranor treats ALD have been explored by studies using animal 
models. Li et al[16] reported that elafibranor reduced intestinal epithelial destruction and liver inflammation/apoptosis/
steatosis in a mouse model of alcoholic steatohepatitis, thereby reducing the severity of liver injury. Recent findings of 
Koizumi et al[17] demonstrated that elafibranor reduced ALD related fibrosis by inhibiting lipid accumulation and 
suppressed inflammatory responses by restoring intestinal barrier function in a mouse model of NASH. Moreover, 
several studies have shown that the application of PPARα or PPARδ agonists alone could improve symptoms of ALD[18-
20]. For example, PPARα agonists alleviate steatohepatitis in ALD mouse models by increasing lipid oxidation, increasing 
the expression level of antioxidant enzymes, downregulating the expression of proinflammatory factors[18-20], and 
enhancing autophagy by directly increasing the expression of autophagy genes[21], whereas PPARδ agonists alleviate 
alcohol-induced liver injury in mice and improve intestinal barrier function[22]. These findings lay a foundation for the 
application of elafibranor in ALD.

EFFICACY OF ELAFIBRANOR IN THE TREATMENT OF NONALCOHOLIC LIVER DISEASE
In addition to PBC, elafibranor has also been used for the treatment of liver fibrosis, NAFLD, primary sclerosing 
cholangitis, dyslipidemia, abdominal obesity and other diseases, but many clinical trials have terminated in stages 2 or 3. 
In clinical trials to treat PBC, researchers have tested two doses of elafibranor (80 mg and 120 mg per day)[23,24]. Both 
doses significantly reduced the serum levels of alkaline phosphatase (ALP) and total bilirubin, which are biomarkers of 
PBC, but the 120 mg group showed little improvement compared with the 80 mg group[23,24]. Notably, 16-30 days after 
treatment with elafibranor, the ALP level of the PBC patients increased again to the pretreatment level[24], indicating that 
although elafibranor could improve the plasma biochemical parameters of PBC patients, it did not fundamentally solve 
the problem of cholestasis.

The slow pace of drug development for liver disease is partly due to the lack of adequate tools to evaluate the efficacy 
of potential new drug candidates; thus, animal and cellular models of liver disease are important tools for studying 
disease pathogenesis and evaluating drug candidates[25,26]. Perakakis et al[4] evaluated the effects of elafibranor on a 
mouse model of NAFLD and reported that elafibranor (30 mg/kg/day) had profound effects on the hepatic lipidome, 
manifested by a reduction in triglycerides, increases in phospholipids, and beneficial regulation of fatty acid oxidation, 
inflammation, and oxidative stress. Baandrup Kristiansen et al[27] reported that although elafibranor (30 mg/kg/day) 
could significantly reduce the liver fat content in a NASH mouse model, it tended to exacerbate hepatomegaly. Van den 
Hoek et al[6] reported that oral administration of elafibranor (15 mg/kg/day) significantly reduced hepatic steatosis and 
liver inflammation and prevented the progression of liver fibrosis in a NASH mouse model, which was consistent with 
the results obtained by Briand et al[28] with 20 mg/kg/day of elafibranor. Briand et al[7] also reported that 20 mg/kg/
day elafibranor had liver-protective effects on NASH model hamsters, greatly improving liver lesions and reducing the 
expression of genes associated with inflammation (e.g., tumor necrosis factor-α and interleukin-1β) and fibrosis (collagen 1 
alpha 1).
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Hammoutene et al[29] constructed a 3D model of MASLD using patient-derived precision cut liver slices (PCLS) and 
reported that aspartate aminotransferase and lactate dehydrogenase leakage in PCLS culture supernatants was not 
significantly affected by elafibranor treatment. Four clinical trials of elafibranor in the treatment of NAFLD patients also 
demonstrated that elafibranor significantly reduced serum ALT levels, but there was no significant change in aspartate 
aminotransferase[30], which was consistent with the results obtained via PCLS[29].

van Os et al[26] established functional multicellular liver spheroid (MCLS) cultures using primary mouse hepatocytes, 
hepatic stellate cells, liver sinusoidal endothelial cells, and Kupffer cells and reported that elafibranor (30 μmol/L) 
inhibited steatosis and liver fibrosis. Gore et al[31] reported that improved fibrosis and inflammation occurred only in 
NASH model mice treated with elafibranor (15 mg/kg, administered orally twice a day), but not in vitro in mouse-
derived PCLS treated with 0.2 or 1 μmol/L elafibranor, which increased the expression of only PPARα-regulated genes. 
Elafibranor (10 μmol/L) also decreased triglycerides and reduced inflammation in MAFLD patient-derived PCLS but had 
no effect on the expression of liver fibrosis-related markers, such as alpha smooth muscle actin, collagen 1 alpha 1, and 
collagen 1 alpha 2[29]. These studies indicate that the responses of animal models and MCLS/PCLS to elafibranor are 
different, but the differences may be caused by the different doses of elafibranor used in these studies.

Boeckmans et al[25] established in vitro models of NASH using primary human hepatocytes (PHHs), HepaRG cells, and 
human skin stem cell-derived hepatic progenitor cells (hSKP-HPCs) and reported that the transcriptomes of these models 
were similar to those of NASH human livers. Transcriptome analysis revealed that 60 μmol/L elafibranor reduced the 
toll-like receptor-dependent inflammatory response in NASH models of PHHs and hSKP-HPCs, and three genes 
(ANGPTL4, PDK4, and PLIN2) that promote fat production and accumulation were strongly upregulated. Nevertheless, 
elafibranor did not increase the expression of these three genes in the clinical samples of NASH patients. Moreover, the 
transcriptomes of PHHs, HepaRG cells, and hSKP-HPCs overlapped 35% with the transcriptomes of liver sample from 
NASH patients. Other comparative transcriptomic studies revealed that, after activation by wy14643 (a PPARα agonist), 
only 20% of the upregulated and 12% of the downexpressed genes overlapped between humans and mice[32], with genes 
involved in glycolysis and gluconeogenesis pathways being specifically upregulated only in mice, whereas genes 
involved in heterologous metabolism and the apolipoprotein synthesis pathway were specifically upregulated only in 
human hepatocytes[32,33]. These findings indicate large differences in gene expression and regulation between animal 
models and humans and may explain the failure of elafibranor in many clinical trials.

DOSAGES OF ELAFIBRANOR AND ITS SAFETY
Doses of 80 mg or 120 mg elafibranor per person per day were adopted in clinical trials for MAFLD and NASH in both 
adults and children[5,23,24]. The common doses are 15, 20, or 30 mg/kg/day for animal models[4,6,7,27,28], and 0.2, 1.0, 
10, 30, or 60 μmol/L for MCLS/PCLS and cell cultures[25,26,29,31]. Curiously, although the doses were quite different, 
the effects of elafibranor were similar in terms of reducing inflammation and improving lipid metabolism. Additionally, 
the great distinction in dosage, especially for MCLS/PCLS and cell cultures, reflects the strong tolerance of human, 
animal, and isolated cells to elafibranor. As a ligand, elafibranor binds to PPAR α/δ to function[34]. PPARα/δ, as 
receptors, are saturated when the level of elafibranor reaches a certain level. Therefore, the efficacy of elafibranor may be 
related to the expression levels of PPARα/δ in the liver, but research on this relationship is still lacking.

In clinical trials for the treatment of PBC, compared with the placebo group, the elafibranor group had higher rates of 
adverse events, including abdominal pain, diarrhea, nausea and vomiting[23,24]. Elafibranor, which is administered once 
daily, is well tolerated in children aged 8-17 years with NASH[5]. Hammoutene et al[29] reported that 10 μmol/L 
elafibranor had no toxic effect on PCLS derived from MAFLD patients. Therefore, elafibranor is generally safe although it 
may increase the rate of mild to moderate adverse events.

PROSPECTS OF ELAFIBRANOR IN THE TREATMENT OF ALD
According to the World Health Organization’s Global Status Report on alcohol and health, the incidence of ALD is much 
higher than that of PBC[35]. The pathogenic mechanism of ALD differs from that of nonalcoholic liver diseases such as 
MASLD and NASH, but ALD also involves abnormal fat metabolism and inflammation[14,36]. Alcohol absorption and 
metabolism disrupt liver metabolic homeostasis and form the basis for ALD through a multifaceted mechanism. Alcohol 
metabolism results in the production of large amounts of reductive NADH, which induces lipid synthesis in the liver[37]. 
Sterol regulatory element-binding protein-1c is the main regulatory factor that regulates fatty acid synthesis[38]. 
Excessive alcohol consumption enhances the activity of sterol regulatory element-binding protein-1c and thus promotes 
lipid synthesis. PPARα regulates fatty acid degradation, but excessive drinking inhibits PPARα activity. Consequently, 
heavy drinkers accumulate fat in the liver, which leads to the formation of alcohol-related fatty liver and then progresses 
to ALD[37]. PPARα prevents ALD progression through hepatic lipid metabolism pathways, including fatty acid 
oxidation, elongation, desaturation, and thyroglobulin synthesis and breakdown[38], while PPARδ functions in lipid 
metabolism through autophagy-mediated fatty acid oxidation[39].

Although the therapeutic effect of elafibranor on ALD cannot be confirmed at present because of the lack of clinical 
studies on the effects of elafibranor on ALD, the effects of elafibranor on the PPAR signaling pathway in some cell and 
mouse models have been reported. In alcohol-stimulated HepG2 cells, elafibranor promotes lipolysis and β-oxidation 
through the activation of PPARα, whereas in alcohol-stimulated Caco-2 cells, elafibranor protects the intestinal barrier 
through PPARδ[17]. In metabolic dysfunction-associated steatohepatitis mouse models, elafibranor elevated S100A4 
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expression by activating PPARβ/δ[3]. S100A4 is known to promote mitochondrial metabolism and maintain high levels 
of fatty acid β-oxidation in tumor-associated macrophages[40]. However, it is not clear whether the expression of S100A4 
is also elevated in ALD. When NASH mice were treated with GFT505 (an alternative name for elafibranor), upregulated 
genes were enriched in the PPAR signaling pathway and fatty acid degradation pathway, and Ehhadh and Acaa2 were 
two of the upregulated genes involved in fatty acid degradation[41].

Despite considerable efforts in the field of ALD research, the pathogenesis of ALD is still unclear, and no Food and 
Drug Administration-approved ALD drugs are available[37,42]. Given the effectiveness of elafibranor in nonalcoholic 
liver diseases and the shared symptoms between alcoholic and nonalcoholic liver diseases, the prospects of elafibranor in 
ALD treatment are promising. The positive effect of elafibranor on ALD mouse models reported by Koizumi et al[17] may 
support further exploration of the use of elafibranor in treating ALD. However, extensive experimental studies are 
needed to elucidate the mechanism of efficacy of elafibranor and the key to achieving optimal efficacy. Just as the level of 
ALP in PBC patients increased again after elafibranor was stopped, although elafibranor may have certain therapeutic 
effects on ALD, alcohol cessation may be the cornerstone for the treatment of ALD.

CONCLUSION
Due to its ability to improve lipid metabolism, inflammatory responses, and hepatic fibrosis, elafibranor is a promising 
drug that may play an essential role in treating ALD. PPAR is a transcription factor and elafibranor binds to PPARα/δ to 
function. Nevertheless, the amount of elafibranor needed to effectively activate PPARα/δ to initiate downstream gene 
expression, as well as the expression levels of PPARα/δ in patients with liver disease, deserves further research. In 
addition, the differences in reactions to elafibranor between patients and animal/cell models are also key factors that 
need to be fully considered when elucidating the mechanisms of ALD and evaluating drug efficacy and safety.
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