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Abstract
Liver fibrosis accompanies the progression of chronic liver diseases independent 
of etiologies, such as hepatitis viral infection, alcohol consumption, and metabolic-
associated fatty liver disease. It is commonly associated with liver injury, inflam-
mation, and cell death. Liver fibrosis is characterized by abnormal accumulation 
of extracellular matrix components that are expressed by liver myofibroblasts 
such as collagens and alpha-smooth actin proteins. Activated hepatic stellate cells 
contribute to the major population of myofibroblasts. Many treatments for liver 
fibrosis have been investigated in clinical trials, including dietary supple-
mentation (e.g., vitamin C), biological treatment (e.g., simtuzumab), drug (e.g., 
pegbelfermin and natural herbs), genetic regulation (e.g., non-coding RNAs), and 
transplantation of stem cells (e.g., hematopoietic stem cells). However, none of 
these treatments has been approved by Food and Drug Administration. The 
treatment efficacy can be evaluated by histological staining methods, imaging 
methods, and serum biomarkers, as well as fibrosis scoring systems, such as 
fibrosis-4 index, aspartate aminotransferase to platelet ratio, and non-alcoholic 
fatty liver disease fibrosis score. Furthermore, the reverse of liver fibrosis is slowly 
and frequently impossible for advanced fibrosis or cirrhosis. To avoid the life-
threatening stage of liver fibrosis, anti-fibrotic treatments, especially for combined 
behavior prevention, biological treatment, drugs or herb medicines, and dietary 
regulation are needed. This review summarizes the past studies and current and 
future treatments for liver fibrosis.

Key Words: Liver fibrosis; Molecular mechanism; Therapeutic targets; Treatments; Clini-
cal trials

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v15.i6.755
mailto:yangmin@health.missouri.edu


Zhang CY et al. Treatments of liver fibrosis

WJH https://www.wjgnet.com 756 June 27, 2023 Volume 15 Issue 6

Core Tip: Liver fibrosis accompanies the progression of chronic liver diseases independent of their 
etiologies. The initiation and progression of liver fibrosis are mainly driven by liver inflammation, cell 
death, and metabolic dysregulation, which cause the activation of hepatic stellate cells and excessive 
accumulation of extracellular matrix proteins. Without effective treatments, liver fibrosis can lead to 
cirrhosis and primary liver cancer. To date, current therapeutic options for liver fibrosis are limited to 
prevent the initial causing factors for liver inflammation, hepatocyte cell death, and oxidative stress. 
However, the reverse of liver fibrosis is slowly and frequently impossible for advanced fibrosis or 
cirrhosis. To avoid the life-threatening stage of liver fibrosis, anti-fibrotic treatments including biological, 
medicines, dietary change, and behavior prevention are needed, especially for combined therapy.

Citation: Zhang CY, Liu S, Yang M. Treatment of liver fibrosis: Past, current, and future. World J Hepatol 2023; 
15(6): 755-774
URL: https://www.wjgnet.com/1948-5182/full/v15/i6/755.htm
DOI: https://dx.doi.org/10.4254/wjh.v15.i6.755

INTRODUCTION
Liver fibrosis accompanies the progression of chronic liver diseases independent of etiologies[1], such as 
hepatitis viral infection, alcohol abuse, and metabolic-associated fatty liver disease (MAFLD). It is 
commonly associated with liver injury, inflammation, and cell death. Abnormal accumulation of 
extracellular matrix (ECM) components expressed by liver myofibroblasts, such as collagens and alpha-
smooth actin proteins, are the markers of hepatic fibrogenesis[2]. Activated hepatic stellate cells (HSCs) 
contribute to the major population of myofibroblasts in liver fibrosis[3]. Although many drugs have 
been investigated in clinical trials, there are no Food and Drug Administration (FDA)-approved 
treatments for liver fibrosis.

The activation of HSC is a complex pathogenesis in liver fibrosis[4]. Many factors including 
intrahepatic and extrahepatic factors can drive HSC activation to induce liver fibrosis. A variety of 
molecular signaling pathways are involved in the regulation of HSC activation[1,5], such as trans-
forming growth factor-β (TGF-β), Toll-like receptors (TLRs), and epigenetic signals (e.g., microRNAs, or 
miRNAs). The activation of HSCs can be divided into two phases, the initiation and perpetuation 
phases. RNA sequencing results have shown that fibrogenic transcriptional programs in the initiation 
phase are also active in the perpetuation phase; therefore, targeting the initial activation of HSC is also 
critically important for live fibrosis treatment[6].

In this review, the cellular and molecular mechanisms of liver fibrosis are reviewed. Importantly, the 
currently available treatments for liver fibrosis are summarized and discussed. Some pros and cons of 
available treatments are discussed. In addition, the future direction for liver fibrosis therapy is 
predicted.

INITIATION OF LIVER FIBROSIS: CELLULAR AND MOLECULAR MECHANISMS
Hepatic cell death
Liver cell death and inflammation are the initial events in chronic liver disease independent of 
etiologies. Many factors can cause liver injury and hepatic cell death and inflammation[7,8], including 
hepatitis viral infection, alcohol consumption, metabolic liver disease, abnormal bile acid products, and 
genetic factors. These pathogenic factors cause immune cell inflammation, hepatocyte death, 
mitochondrial dysfunction, and endoplasmic reticulum stress (Figure 1), resulting in HSC activation 
and differentiation to myofibroblasts to lead to liver fibrosis[5,9].

In non-alcoholic steatohepatitis (NASH), hepatocyte death results in the infiltration of monocyte-
derived macrophages and upregulation of the expression of inflammatory cytokines[9], such as tumor 
necrosis factor α (TNF-α), TGF-β1, and interleukin-1β (IL-1β), Hepatocyte death can be classified into 
programed cell death including pyroptosis, apoptosis, necroptosis, ferroptosis, and autophagy-
mediated cell death (Figure 2), as well as non-programed cell death (necrosis). In chronic liver disease, 
different types of cell death may be associated with the progression of liver fibrosis and end-stage of 
liver disease, such as hepatocellular carcinoma (HCC). Single-cell RNA sequencing coupled with spatial 
mapping approaches has been started to dissect the key cellular and molecular functions in liver disease
[10].

Pyroptosis is an inflammatory cell death, associated with cell membrane rupture by cleaved 
gasdermin D[11]. The cleave of gasdermin D is induced by the activation of caspase-1 or caspase-11/4/5
[12]. For example, in mice with non-alcoholic fatty liver disease (NAFLD), feeding a high-fat diet can 

https://www.wjgnet.com/1948-5182/full/v15/i6/755.htm
https://dx.doi.org/10.4254/wjh.v15.i6.755
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Figure 1 Factors causing the activation of hepatic stellate cells and liver fibrosis. Many factors can cause liver injury and hepatic cell death and 
inflammation, including hepatitis viral infection, alcohol consumption, metabolic liver disease, abnormal bile acid products, and genetic factors. These pathogenic 
factors cause immune cell inflammation, hepatocyte death, oxidative stress, and endoplasmic reticulum stress, resulting in hepatic stellate cell activation and 
differentiation to myofibroblasts to lead to liver fibrosis. All cartoons in this figure were prepared using Biorender (https://biorender.com). ER: Endoplasmic reticulum; 
HSC: Hepatic stellate cell; ROS: Reactive oxygen species.

increase the expression of caspase-11 to cause pyroptosis of bone marrow monocyte-derived 
macrophages by cleave gasdermin D[13]. The expression of pyroptosis-related indicators including 
gasdermin D, IL-1β, and IL-18 has been shown to be increased in human patients with liver fibrosis and 
mice with CCl4-induced fibrosis[14]. In addition, S100 calcium-binding protein A8 plays an essential role 
in macrophage pyroptosis in liver fibrosis, by inducing the expression of nucleotide-binding domain 
leucine-rich repeat-receptor, pyrin domain-containing-3 (NLRP3) inflammasome, pro-IL-1β, and pro-IL-
18 via the activation of TLR4/nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) 
signaling pathway[14].

Apoptosis is a form of programmed cell death that occurs in all liver cell types. In hepatocytes, 
kindlin-2 deficiency can increase the apoptosis of hepatocytes, resulting in liver fibrosis and accumu-
lation of ECM components by activating the TNF signaling pathway[15]. In NAFLD, microRNAs such 
as miR-22 from adipocyte-derived exosomes can cause hepatocyte apoptosis to increase hepatic inflam-
mation, lipid accumulation, and fibrosis by regulating sirtuin 1 expression[16]. In contrast, promoting 
the apoptosis of HSCs can inhibit and reverse liver fibrosis. For example, treatment with gomisin D can 
inhibit CCl4-induced HSC proliferation and activation in mice and increase HSC apoptosis to reduce 
liver fibrosis by regulating the platelet-derived growth factor receptor β signaling pathway[17].

Necroptosis is a regulated cell death that has the features of apoptosis and necrosis. Necroptosis can 
be induced by TLRs, interferons, and death receptors[18], which is mediated by receptor-interacting 
protein kinase-3 and its substrate mixed lineage kinase-like[19]. In addition, receptor-interacting serine/
threonine-protein kinase 1 has an important role in this process (Figure 2). It contributes to hepatocyte 
death in NASH. Necroptotic hepatocytes cannot be removed by liver macrophages due to the activation 
of "don't-eat-me" signaling pathway, the CD47/signal regulatory protein alpha axis[20].

Ferroptosis is an intracellular iron-dependent lytic cell death which is different from apoptosis and 
necrosis[21,22]. Excessive iron accumulation and the inhibition of glutathione peroxidase 4 trigger 
ferroptosis, which causes cell plasma membrane rupture[23]. Accumulating research studies have 
demonstrated that ferroptosis is involved in different liver diseases, including alcoholic liver disease, 
NASH, cirrhosis, and cancer[24,25]. Several molecular signaling pathways are involved in ferroptosis in 
liver diseases, such as the nuclear factor erythroid 2-related factor 2[26], heat shock protein family A 
member 8[27], and nuclear receptor coactivator 4[28]. Pharmacological regulation of HSC ferroptosis is a 
therapeutic strategy for liver fibrosis[29]. For example, curcumol can induce ferroptosis of activated 
HSCs to inhibit liver fibrosis by inducing autophagy[28].

https://biorender.com
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Figure 2 Programmed cell death subtypes of hepatic cells, including apoptosis, necroptosis, pyroptosis, ferroptosis, and autophagy-
mediated cell death. Apoptosis, necroptosis, pyroptosis, and ferroptosis are programmed forms of cell death, while necrosis is unprogrammed cell death. 
Autophagy-mediated cell death should be defined when autophagic flux is raised without the involvement of other types of programmed cell death, and 
pharmacological or genetic inhibition of autophagy blocks cell death. DAMPs: Danger-associated molecular patterns; FADD: Fas-associated protein with a death 
domain; FAS: Fas cell surface death receptor; MLKL: Mixed lineage kinase domain-like; NLRP3: Nod-like receptor family, pyrin domain containing 3; PAMPs: 
Pathogen-associated molecular patterns; RIPK1/3: receptor-interacting protein kinase 1/3; TNF: Tumor necrosis factor; TNFR: Tumor necrosis factor receptor. All 
cartoons in this figure were prepared using Biorender  
(https://biorender.com).

Furthermore, some dying cells develop autophagosomes that trigger apoptosis and necroptosis, 
namely autophagy-mediated cell death (ACD). However, ACD should be defined when some criteria 
are met[30], including: (1) Cell death happens without the involvement of other types of programmed 
cell death; (2) autophagic flux is raised; and (3) pharmacological or genetic inhibition of autophagy 
blocks cell death. Overall, the molecules implicated in the process and signaling pathways of hepatic cell 
death are potential targets for liver fibrosis.

Hepatic innate and adaptive immunity
Liver resident immune cells and infiltration of myeloid cells or circulating immune cells in the liver 
during chronic liver injury play key roles in the activation of HSCs. For example, in NASH liver, gut 
microbiota-diet interplay-resulted metabolite can activate liver macrophages to produce profibrotic 
factors[31], such as TGF-β1. Treatments such as astaxanthin can suppress the infiltration of monocyte-
derived macrophages to suppress HSC activation, liver oxidative stress response, and hepatocyte death 
by decreasing the expression of proinflammatory cytokines[32], such as TNF-α, TGF-β1, and IL-1β. 
Another study also during NAFLD progression, mast cells can increase Western diet-induced biliary 
and liver damage to the development of microvesicular steatosis through microRNA (miR-144-3p)-
targeted signaling pathway[33].

Adaptive immune cells including T and B cells have various roles in liver fibrosis. The imbalance of 
liver regulatory T cells and T helper (Th) cells, such as Th1 cells and Th17 cells plays an essential role in 
liver fibrosis, cirrhosis, and cancer[34]. The populations of multicytokine-producing CD4 T cells were 
significantly increased in the livers of patients with NASH compared with patients with NAFLD[35]. 
The cytokines produced by these CD4 T cells include TNF-α, IFN-γ, IL-17A, and IL-10. The phenotype of 
T cells is also important for their functions. One study showed that the reduction of tissue-resident 
memory CD69+CD103−CD8 T cells significantly decreased the resolution of fibrosis in NASH liver. 
These CD8 T cells can induce FasL/Fas-mediated apoptosis of HSCs[36]. Therefore, targeting immune 
cells or their secreted inflammatory cytokines is an optional treatment for liver fibrosis[37].

Furthermore, HSC activation is also associated with vascular aging[38], ischemia/reperfusion injury
[39], and angiogenesis[40].

https://biorender.com
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SIGNALING PATHWAYS AND MOLECULAR TARGETS FOR LIVER FIBROSIS  
TREATMENTS
Bile acid receptors
Farnesoid-X-receptor (FXR) and the G protein-coupled bile acid receptors are two widely studied bile 
acids regulating receptors, which play important roles in lipid and glucose metabolism, inflammation, 
fibrosis, and immune responses. Many FXR ligands have been investigated in clinical trials for NASH 
and liver fibrosis treatments, such as EDP-305[41,42], cilofexor[43,44], and MET409[45,46]. Hepatic 
concentrations of conjugated 12α-hydroxylated bile acids, such as taurodeoxycholate and glycodeoxy-
cholate, were significantly increased in patients with NASH and mouse liver fibrosis models[47]. These 
bile acids contribute to HSC activation and liver fibrosis by regulating the signaling of G protein-
coupled bile acid receptor 1, also known as TGR5.

Caspases
Caspases are involved in liver cell inflammation and hepatocyte cell death. Meanwhile, they play an 
essential role in liver fibrogenesis. For example, caspase 3-deficient mice on a methionine- and choline-
deficient diet had reduced liver collagen production compared to wild-type mice[48]. Lipotoxicity can 
induce caspase-mediated apoptosis of hepatic cells and liver inflammation and injury in NAFLD. 
Treatment of caspase inhibitors such as emricasan (IDN-6556, a pan-caspase inhibitor) can reduce liver 
injury in patients with NAFLD[49].

Chemokine receptors
Chemokine receptors are commonly expressed by immune cells or inflammatory cells, which can be 
recruited during liver inflammation and fibrosis. For example, C-C chemokine receptor 2 (CCR2) and 
CCR5 are highly expressed by monocytes and subtypes of liver macrophages, which can be targeted to 
ameliorate liver fibrosis[50]. A recent study showed that the roles of CCR2 and CCR5 in liver 
macrophages are different during liver disease progression in mice with a hepatocyte-specific knock-out 
of NF-κB essential modulator. CCR2 oversees the recruitment of monocytes during liver injury, whereas 
CCR5 is needed to promote HSC activation[51].

In addition, many other chemokines and their receptors are involved in the pathogenesis of liver 
fibrosis, including C-X-C motif ligand 12 (CXCL12) /C-X-C receptor 4[52], chemokine (C-X3-C motif) 
ligand 1/C-X3-C receptor 1 (CX3CR1)[53], CCL19/CCR7[54], and CXCL12/atypical chemokine receptor 
3[55].

Fibroblast growth factors
Fibroblast growth factor 15 (FGF15) is an important endocrine regulator for hepatic bile acid and lipid 
metabolism, which regulates gut-liver crosstalk in mice[56]. A combined treatment using an inhibitor of 
apical sodium-bile acid transporter (GSK233072) and adeno-associated virus 8-mediated hepatic FGF15 
overexpression significantly can improve the therapeutic efficacy against NASH and fibrosis compared 
to either single treatment[57]. Bile acid nuclear receptor FXR plays an important role in the regulation of 
the expression of FGF15/19, bile acid homeostasis, and lipid metabolism, which is the target for NASH 
and liver fibrosis[58]. The expression of hepatic FXR and plasma FGF19 (the ortholog of mouse FGF15) 
was decreased in children with NASH compared to their expression in healthy subjects[59].

Galectins
Galectins are carbohydrate-binding proteins and play important roles in liver inflammation, immune 
response, and fibrosis. Galectin-1 (Gal-1) was shown to be highly expressed in the stroma of HCC by 
cancer-associated fibroblasts. Silencing Gal-1 in these fibroblasts can suppress inflammation and tumor 
progression[60]. The serum level of Gal-3 was increased in patients with advanced cirrhosis, and liver 
expression of Gal-3 was also correlated with liver disease severity and inflammation[61].

Lysyl oxidase family members
Lysyl oxidase (LOX) family members are extracellular copper-dependent enzymes, including LOX, lysyl 
oxidase-like 1 to 4 (LOXL1 to 4) members, which play important roles in the cross-linking of ECM 
proteins in fibrosis and carcinogenesis. Inhibition of pan-LOX family, LOX, LOXL1, or LOXL2 has been 
shown to prevent fibrogenesis and accelerate the reversal of liver fibrosis, as well as fibrosis in other 
organs. However, the roles of LOX family members as therapeutic targets for liver fibrosis need further 
to be evaluated[62].

NLRP3 inflammasome
Nucleotide-binding oligomerization (NLR) family pyrin domain-containing 3 (NLRP3) plays a pivotal 
role in liver fibrosis. Activation of NLRP3 can lead to the inflammatory response through the secretion 
of IL-1β and IL-18 and activation of caspase-1[63], which is involved in liver cell pyroptosis[64]. 
Activation of NLRP3 inflammasome can induce hepatocyte pyroptosis and liver fibrosis, while 
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inhibiting the activation of NLRP3 inflammasome can inhibit the development of NAFLD and NASH in 
animal models[65,66]. Activation of NLRP3 inflammasome in pyroptosis is mediated by canonical 
caspase-1-mediated signaling pathway and noncanonical caspase-11-mediated signaling pathway[67].

Peroxisome proliferator-activated receptors (PPARs)
PPARs, comprised of three subtypes PPARα, β/δ, and γ, play important roles in liver lipid metabolism, 
inflammation, and fibrosis[68-70]. The expression of liver PPARα was shown to be negatively correlated 
with NASH severity, visceral fat accumulation, and insulin resistance in human patients[71]. Treatment 
with PPARα/γ dual agonists decreased the concentrations of total cholesterol, triglyceride (TG), and 
inflammatory cytokine levels in serum, reduced hepatic steatosis, infiltration of inflammatory cells, and 
decreased the expression of lipogenic gene and NF-κB protein[72]. Another study showed that the levels 
of very low-density lipoprotein receptors (VLDLR) were increased in PPARβ/δ-deficient mice. In 
patients with hepatic steatosis, the mRNA levels of PPARβ/δ were suppressed and associated with an 
increase in VLDLR levels[73]. A pre-clinical study showed that treatment with pan-PPAR agonist 
lanifibranor can significantly decrease portal pressure and liver inflammation and induce fibrosis 
regression[74].

TGF-β/Smad
TGF-β/Smad is the most well-studied signaling pathway in fibrosis. SMAD proteins are essential 
intracellular effectors of TGF-β and show different roles in liver fibrosis[75], including pro-fibrotic 
functions (e.g., SMAD3 and SMAD4) and protective functions (e.g., SMAD2 and SMAD7). In addition, 
many studies have demonstrated that regulating the signaling pathway of TGF-β/Smad can prevent 
liver fibrosis[76], as well as the protein kinase B (PKB, or AKT)/Forkhead box O3 (FOXO3) signaling 
pathway.

Wnt/β-catenin
Proteins-derived from human amniotic mesenchymal stem cells, including insulin-like growth factor 
binding protein-3, Dickkopf-1, and DKK-3, can inhibit HSC activation by suppressing Wnt/β-catenin 
signaling pathway in vitro[77]. In vivo study also showed that treatment of niclosamide in rats can 
prevent CCl4-induced liver fibrosis by inhibiting the Wnt/β-catenin pathway and glutaminolysis[78]. 
Another study also showed that Wnt3a can upregulate the expression of protein regulator of cytokinesis 
1 to active β-catenin signaling to promote liver fibrosis[79]. The interaction of β-catenin/transcription 
factor 4 (TCF4) has been shown to increase during liver fibrosis in mice with bile duct ligation (BDL)
[80]. Treatment with ICG-001, an inhibitor of the interaction between cyclic adenosine monophosphate 
response element binding protein binding protein and β-catenin, together with LF3, a small molecule 
antagonist that inhibits β-catenin/TCF4 transcriptional activity, can reduce liver fibrosis[80].

Yes-associated protein (YAP)
YAP plays a pivotal role in the sensitivity of HSCs to ferroptosis, apoptosis, and senescence in fibrotic 
livers. Selective depletion of YAP in myofibroblastic HSCs or activated HSCs can promote their 
senescence or apoptosis to reduce liver injury and fibrosis[81]. Taurocholic acid can induce the 
activation of HSCs through the sphingosine-1-phosphate receptor 2/YAP/p38 mitogen-activated 
protein kinase (p38 MAPK)[82].

CURRENT DIAGNOSIS FOR LIVER FIBROSIS
The golden standard method for liver fibrosis diagnosis is liver biopsy. Histological or histochemical 
staining can be used to stain the cells or the extracellular matrix proteins to identify liver fibrosis. 
Common histological staining methods for liver fibrosis evaluation are hematoxylin-eosin staining with 
Masson's trichrome or Sirius Red staining[83]. Due to the pain and the risk of potential complications of 
liver biopsy, non-invasive techniques (e.g., elastography scanning) and biomarkers (e.g., aminotrans-
ferase to platelet ratio (APRI): The aminotransferase/platelet ratio index) can be applied for diagnosing 
liver fibrosis[84]. Many available scoring systems can be applied for liver fibrosis diagnosis and 
evaluation, including fibrosis-4 index (FIB-4), APRI, and NAFLD fibrosis score (NFS)[85].

Imaging methods are commonly applied in the clinic to evaluate the progression of liver fibrosis. For 
example, ultrasound elastography techniques can be applied to characterize liver fibrosis and its stage 
in adult patients, such as vibration-controlled transient elastography, the most utilized and validated 
elastography method[86]. A meta-analysis study also showed that magnetic resonance elastography 
(MRE) and point-shear wave elastography (pSWE) can be applied for liver fibrosis diagnostic, and MRE 
is a more accurate imaging technique than pSWE[87]. The pooled sensitivities and specificities for MRE 
and pSWE were 0.94 (95% confidence level/CI: 0.89-0.97) and 0.95 (95%CI: 0.89-0.98), and 0.86 (95%CI: 
0.80-0.90) and 0.88 (95%CI: 0.85-0.91), respectively. Their pooled summary receiver operating charac-
teristic curves showed that the area under the curve (AUC) for MRE was 0.98 (95%CI: 0.96-0.99), 
whereas the AUC for pSWE was 0.93 (95%CI: 0.90-0.95). Another review paper has updated the conven-
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tional and molecular imaging diagnostic methods for liver fibrosis[88]. In addition, artificial intelligence 
models have been applied for the diagnosis of liver fibrosis[89-91]. For example, the clinical features and 
imaging data collected from a patient can be analyzed for liver fibrosis diagnosis using a machine 
learning model.

Recently, studies also have shown that miRNAs, the single-stranded, non-coding RNAs containing 21 
to 23 nucleotides, are involved in the pathogenesis of liver fibrosis, which are potential biomarkers for 
diagnosing liver fibrosis and therapeutic targets for liver fibrosis treatment[92]. The methods for liver 
fibrosis diagnosis have been reviewed in some recent publications[93-96]. Here, we will not discuss 
more details and will focus on the treatment options for liver fibrosis.

CURRENT TREATMENT OPTIONS FOR LIVER FIBROSIS
In this section, we review some different treatment options for liver fibrosis, such as biological 
intervention, anti-fibrotic drugs, and other treatment strategies. These treatments either target causing 
factors of liver fibrosis to accelerate the recovery of liver injury, or induce the balance of liver 
metabolism, such as anti-hepatitis viral infection, anti-cell death treatment, and regulators of lipid 
metabolism.

Biological intervention
Inhibition of LOXL2 in the fibrotic tumor microenvironment can synergistically increase the efficacy of 
sorafenib and 5-fluorouracil for liver cancer cells[97]. However, some treatments in clinical trials did not 
show promising results. For example, simtuzumab is a monoclonal antibody against LOXL2. In two 
phase 2b clinical trials, intravenous infusions of simtuzumab (200 or 700 mg) every other day for 48 wk 
and 96 wk did not show promising effects to decrease liver fibrosis and the progression of cirrhosis in 
patients with bridging fibrosis[98]. In a pilot clinical trial, intravenous treatment of simtuzumab (700 
mg) every 2 wk for 22 wk did not improve liver biopsy fibrosis score for patients with advanced liver 
fibrosis[99].

Drug treatment
Aramchol, a partial inhibitor of hepatic stearoyl-CoA desaturase, has been shown to improve NASH 
and liver fibrosis in rodents and decrease liver triglycerides and fibrosis clinical trials[100].

Anti-hepatitis viral infection drugs: Inhibition of hepatitis viral infection can suppress liver inflam-
mation and hepatocyte death to decrease liver injury, resulting in suppression of liver fibrosis. Drugs 
such as faldaprevir (also known as BI 201335)[101], ribavirin (HCV treatment)[102], and peginterferon 
alfa-2a (HBV treatment)[103,104], have been tested in clinical trials for the treatment of liver fibrosis. In 
addition, many other drugs have been evaluated or are under clinical trial evaluation against hepatitis 
viral infection[105-107], such as simeprevir, daclatasvir, and sofosbuvir.

Cenicriviroc: C-C chemokine receptors 2 and 5 dual antagonist, has been shown to improve liver 
fibrosis without worsening NASH compared to the placebo in phase 2 clinical trial (Clinicaltrials.gov, 
NCT02217475)[108]. A phase 3 clinical trial has been designed to confirm the efficacy and safety of 
cenicriviroc for liver fibrosis treatment in adults with NASH[109].

Cholangitis treatment: Obeticholic acid and ursodeoxycholic acid are the only two FDA-approved 
medicines for the treatment of primary biliary cholangitis[110], which have the potential to cholangitis-
induced liver fibrosis.

Cyclophilin inhibitors: CRV431, a pan-cyclophilin inhibitor, can decrease liver fibrosis in mice treated 
with CCl4 for 6 wk and mice with diet-induced NASH[111]. Another cyclophilin inhibitor NV556 also 
displays an antifibrotic effect in two mouse NASH models, the STAM model (streptozotocin plus a 
high-fat diet) and methionine- and choline-deficient diet-induced NASH model[112]. In addition, 
NV556 can also inhibit TGF-β1-induced activation of HSCs in vitro.

FGF regulators or analogues: Treatment of pegbelfermin (BMS-986036, 10 mg or 20 mg daily), a 
PEGylated human FGF21 analogue, can significantly decrease liver fat accumulation in patients with 
NASH without treatment-related severe adverse effects, and it can also improve liver fibrosis in patients 
with obesity and type 2 diabetes[113].

FXR agonists: Treatment of obeticholic acid (INT-747), a potent and orally active FXR agonist, can 
significantly ameliorate liver fibrosis and the histological and biological markers of NASH in patients 
with NASH[114].

Gal-3 inhibitors: GB1211, an inhibitor of Gal-3, can inhibit the differentiation of epithelial cells into 
myofibroblasts and macrophage or myofibroblast-induced fibrosis in the liver[115]. GR-MD-02 
(belapectin), a galectin-3 inhibitor, has been shown to inhibit liver fibrosis and portal hypertension in rat 
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fibrosis mode, which is safe and well-tolerated in a phase 1 clinical trial. However, a phase 2b clinical 
trial showed that treatment of GR-MD-02 did not significantly improve liver fibrosis and reduce portal 
hypertension (hepatic venous pressure gradient) in patients with NASH[116]. Further studies are 
required to evaluate these treatments for liver fibrosis.

Glucagon-like peptide-1 (GLP-1) receptor agonist: GLP-1 analogues have been shown to have the 
effects to reduce liver fat accumulation, liver injury, and insulin resistance in mice with fatty liver 
disease. Clinical trial (ClinicalTrials.gov, NCT01237119) showed that treatment of GLP-1 analogue 
liraglutide was well tolerated and suppressed liver fibrosis progression in patients with NASH[117]. 
Another trial also showed that treatment of liraglutide markedly reduced liver fat content and body 
weight in patients with uncontrolled type 2 diabetes[118].

Pan-caspase inhibitor: Emricasan (IDN-6556), a pan-caspase inhibitor, can decrease liver cell apoptosis 
and inflammation and improve portal pressure in rats with CCl4-induced cirrhosis[119]. However, a 
clinical trial (Clinicaltrials.gov, NCT03205345) did not show the efficacy of emaricasan against liver 
fibrosis, but it was safe and well-tolerated.

PPAR agonists: In rats with BDL-induced liver fibrosis, treatment of PPAR-γ agonist thiazolidinedione 
inhibited HSC activation and liver fibrosis by regulating fibrogenic factors, such as TGF-β1, platelet-
derived growth factor, and connective tissue growth factor[120]. Farglitazar (GI262570), an agonist of 
peroxisome proliferator-activated receptor-gamma (PPARγ), can inhibit HSC activation.

Tropifexor: A non-bile acid FXR agonist, can potently inhibit cholestatic liver injury and fibrosis by 
enhancing the expression of FGF19 in the ileum and the expression of small heterodimer partner in the 
livers of piglets but inhibit cholesterol 7α-hydroxylase. In addition, tropifexor can increase the 
abundance of bile acid-biotransforming bacteria and later the amino acid composition in the intestine 
and decrease intestinal barrier injury in piglets with BLD[121]. Clinical trial (Clinicaltrials.gov, 
NCT02855164) also showed that treatment of tropifexor (10-90 μg) once daily for 12 weeks was safe and 
decreased the levels of alanine aminotransferase (ALT) and hepatic fat fraction (HFF) compared to 
baseline in a dose-dependent manner. The decrease of ALT and HFF can be sustained for up to 48 wk at 
high doses of tropifexor (140 μg and 200 μg once daily)[122].

Natural products or herbal medicines
Natural products or herbal medicines display diverse roles in the treatment of liver fibrosis. For 
example, a classical Traditional Chinese Medicine formula Yinchenhao decoction has been shown to 
ameliorate dimethylnitrosamine-induced liver fibrosis in rats and suppress liver cell apoptosis[123]. 
Another study showed that Xiaoyaosan decoction significantly reduced CCl4-induced liver fibrosis in 
rats by regulating both TGF-β1/Smad and AKT/FOXO3 signaling pathways[76]. The major components 
of these herbal medicines such as Tanshinone IIA extracted from the traditional herbal medicine Salvia 
miltiorrhiza display broad biological activities, such as anti-inflammatory, antioxidant, antiangiogenic, 
and anticancer functions[124]. Furthermore, clinical trials also illustrate that these traditional medicine 
formula such as Fuzheng Huayu display therapeutic effects against hepatitis-B-caused cirrhosis in 
patients[125].

Dietary regulation or supplementation
Consumption of polyunsaturated fatty acids: The endogenous metabolites of n-3 polyunsaturated fatty 
acids such as 19,20-epoxy docosapentaenoic acid show a protective effect against liver fibrosis in mouse 
NASH models[126]. G protein-coupled receptors can be regulated by polyunsaturated fatty acids to 
reduce liver inflammation and fibrosis[127]. For example, supplementation of docosahexaenoic acid, an 
omega-3 fatty acid, can reduce liver inflammation and prevent liver fibrosis in diet-induced liver 
fibrosis model via G protein-coupled receptor 120 (GPR120) signaling, also known as free fatty acid 
receptor 4[128].

Probiotics: Treatment with probiotic Lactobacillus rhamnosus GG can significantly decrease liver inflam-
mation and fibrosis by reducing the production of hepatic bile acids in mice with BLD[129].

Vitamins: The serum levels of vitamin C have been shown to be negatively associated with the odds of 
liver fibrosis in patients with NAFLD in United States adults[130]. Another study showed that a 
decreased serum level of vitamin B12 is associated with an increased risk of liver fibrosis in patients 
with NAFLD[131]. Treatment of Vitamin D3 can alleviate liver injury and the expression of ECM 
proteins such as TGF-β and α-SMA in thioacetamide-induced hepatic fibrosis rat model[132]. The data 
from the National Health and Nutrition Examination Survey (2017-2018) also showed that levels of 25-
Hydroxyvitamin D were inversely associated with liver fibrosis during NAFLD development and 
progression[133].

Antioxidant and anti-inflammatory agents: Supplementation of natural products with antioxidant and 
anti-inflammatory components can also ameliorate chronic liver disease to improve liver fibrosis and 
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inhibit cancer development[9], such as β-sitosterol and silymarin.

Bariatric surgery
Studies have shown that bariatric surgery (BS) can provide long-term benefits for the resolution of liver 
fibrosis. The two most common procedures of BS are laparoscopic Roux-en-Y-gastric and laparoscopic 
sleeve gastrectomy. For example, one study showed that NASH was resolved in 84% of patients (95%CI: 
73.1%-92.2%) at year 5 post-BS treatment, while fibrosis was decreased in samples from 70.2% of 
patients (95%CI: 56.6%-81.6%) compared with baseline and fibrosis was disappeared in samples from 
56% of all patients (95%CI: 42.4%-69.3%)[134]. BS has been shown to induce NASH disappearance in 
nearly 85% (95%CI: 75.8%-92.2%) of patients and to decrease fibrosis in 33.8% of patients (95%CI: 23.6%-
45.2%) with NASH at 1 year after surgery[135]. Another clinical study showed that excessive weight loss 
shown in patients with cirrhosis with 73% (33%–167%), 85% (33%–190%), and 73% (29%–107%) after 1, 
2, and 3 years of BS[136], respectively. Among 27 patients with cirrhosis, 3 patients had significant 
improvement in liver function and did not need liver transplantation, whereas 2 out of 27 patients had 
deleterious liver function post-BS treatment[136].

Genetic intervention
Gene therapy is a critical tool for disease treatment, including liver fibrosis and cancer. Noncoding 
RNAs, such as miRNAs and long noncoding RNAs, small interference RNAs, and circular RNAs are 
important. For example, the treatment of siRNA silencing CCR2 can regulate liver immune to inhibit the 
infiltration of profibrotic macrophages and neutrophils in murine fibrotic livers[137]. Another study 
showed that circRNA ASPH regulated liver fibrosis by binding miR-139-5p by regulating neurogenic 
locus notch homolog protein 1 (Notch 1) expression[138].

Transplantation of stem cells
Transplantation of umbilical cord Wharton's Jelly-derived mesenchymal stem cells to rats with CCl4-
induced hepatic fibrosis improved liver function, inflammation, and fibrosis via a paracrine mechanism 
possibly by targeting TGF-β1 signaling pathway[139]. Another study showed that transplantation of 
human umbilical cord blood mesenchymal stem cells substantially improved liver fibrosis in histopath-
ological evaluation compared to that in the untreated group[140]. Infusions of hematopoietic stem cells 
into mice with methionine-choline-deficient diet- or CCl4-induced liver fibrosis can reduce hepatic 
collagen production and the expression of α-smooth muscle actin[141,142].

Overall, there are several potent preventive and therapeutic treatments for liver fibrosis, including 
physical activity (e.g., running), dietary change (e.g., avoid of high-fat and high-sugar diet), dietary 
supplementation (e.g., vitamin C), biological treatment (e.g., simtuzumab), bariatric surgery (e.g., Roux-
en-Y-gastric procedure), drug (e.g., pegbelfermin), change of gut microbiota (e.g., probiotics), 
nanoparticles (e.g., BMS-986263), genetic regulation (e.g., non-coding RNAs), and transplantation of 
stem cells (e.g., hematopoietic stem cells) (Figure 3).

CLINICAL TRIALS
In this section, we first review some completed clinical trials (Clinicaltrials.gov, Table 1). These 
treatments including biological treatment, drugs, dietary supplementation, and infusion of stem cells.

Future treatments
There is an unmet need for treatments for liver fibrosis due to the efficacy of available treatments. Some 
drugs with potent anti-fibrotic effects in pre-clinical models are now waiting to be further evaluated in 
clinical trials (Table 2). The promising preventive and therapeutic treatments for liver fibrosis, including 
treatment of hepatitis viral infection (e.g., Peginterferon Alfa 2a), transplantation of mesenchymal stem 
cells, bariatric surgery for patients with obesity and NAFLD, dietary modification (e.g., Mediterranean 
diet or Calorie-restricted diet).

Furthermore, deliver system can be applied to increase the efficiency of anti-fibrotic treatments. For 
example, BMS-986263, a lipid nanoparticle, has been applied to deliver small interfering RNA to 
degrade mRNA of heat shock protein 47, a key collagen chaperone involved in the pathogenesis of 
fibrosis. Treatment of MS-986263 in patients with HCV infection and sustained virologic response 
improved the Ishak score, the histology activity index score for levels of liver fibrosis[143]. Many other 
types of nanoparticles have been applied to treat liver fibrosis or its causing chronic liver disease, such 
as Fibroblast growth factor 2 conjugated superparamagnetic iron oxide nanoparticles[144], cerium oxide 
nanoparticles[145], and silymarin-conjugated gold nanoparticles[146].
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Table 1 Completed clinical trials (Clinicaltrials.gov, accession date: March 1, 2023)

Method Intervention Trial 
number Phase Title Condition

Peginterferon alfa-2b (SCH 
54031)

NCT00049842 3 Prevention of Disease Progress in Chronic Hepatitis C 
Patients with Liver Fibrosis (Study P02570AM2)

Chronic HCV; Liver 
fibrosis

PegIntron (peginterferon alfa-
2b; SCH 54031) REBETOL 
(ribavirin; SCH 18908)

NCT00039871 3 PEG-Intron Plus Rebetol Treatment of Chronic Hepatitis 
C Subjects Who Failed Response to Alpha-Interferon 
Plus Ribavirin (Study P02370)

Hepatitis; HCV; 
Fibrosis; Liver 
cirrhosis

Simtuzumab NCT01707472 2 Study of Simtuzumab in HIV and/or Hepatitis C- 
Infected Adults with Liver Fibrosis

Liver fibrosis; HCV 
infection; HIV

Biological

Simtuzumab NCT01672853 2 Simtuzumab (GS-6624) in the Prevention of Progression 
of Liver Fibrosis in Adults with PSC

PSC

Dietary 
regulation

GK#10; Placebo NCT01598064 N/A Probiotics for Liver Cirrhosis with Portal Hypertension Liver cirrhosis; Portal 
hypertension

Aramchol NCT02279524 2 A Clinical Trial to Evaluate the Efficacy and Safety of 
Two Aramchol Doses Versus Placebo in Patients With 
NASH

Fatty liver; NASH; 
Liver fibrosis

BI 201335 NCT01909778 1 Open Label Single Dose Phase I Trial of BI 201335 to 
Study Pharmacokinetics and Safety in Patients with 
Compensated Liver Cirrhosis

HCV; Liver cirrhosis

BMS-986036; Placebo NCT03486912 2 A Study of Experimental Medication BMS-986036 in 
Adults with NASH and Liver Cirrhosis

Hepatic cirrhosis; 
Liver fibrosis; NAFLD; 
NASH

BMS-98603; Other: Placebo NCT03486899 2 A Study of Experimental Medication BMS-986036 in 
Adults with NASH and Stage 3 Liver Fibrosis

Liver fibrosis; NAFLD; 
NASH

BMS-986263 placebo NCT03420768 2 A Study of Experimental Medication BMS-986263 in 
Adults with Advanced Hepatic Fibrosis After Cure of 
Hepatitis C

Hepatic cirrhosis; 
Liver fibrosis

Cenicriviroc placebo NCT02217475 2 Efficacy and Safety Study of Cenicriviroc for the 
Treatment of NASH in Adult Participants with Liver 
Fibrosis

NASH

CRV431 placebo NCT04480710 2 A Study of CRV431 Dosed Once Daily in NASH-induced 
F2 and F3 Subjects

NASH; Fibrosis; 
NAFLD

Fuzheng Huayu placebo NCT00854087 2 Assess the Antifibrotic Activity of Fuzheng Huayu in 
Chronic Hepatitis C Patients with Hepatic Fibrosis

Chronic HCV

GI262570 placebo NCT00244751 2 Antifibrotic Activity of GI262570 In Chronic Hepatitis C 
Subjects

Cirrhosis, liver

GR-MD-02 placebo NCT02462967 2 Clinical Trial to Evaluation the Safety and Efficacy of 
GR-MD-02 for the Treatment of Liver Fibrosis and 
Resultant Portal Hypertension in Patients with Nash 
Cirrhosis

Hypertension, portal

GR-MD-02; Placebo NCT02421094 2 Clinical Trial to Evaluate Efficacy of GR-MD-02 for 
Treatment of Liver Fibrosis in Patients with NASH With 
Advanced Fibrosis

NASH

IDN-6556; Placebo NCT02230670 2 A Study of IDN-6556 in Subjects with Liver Cirrhosis Liver cirrhosis; 
Hepatic cirrhosis

IDN-6556; Placebo NCT02138253 2 A Trial of IDN-6556 in Post Orthotopic Liver Transplant 
for Chronic HCV

Liver fibrosis; Liver 
cirrhosis

INT-747; Ursodeoxycholic acid; 
Placebo

NCT00550862 2 Study of INT 747 in Combination with URSO in Patients 
with PBC

Liver cirrhosis; Biliary 
injury

Nitazoxanide; BID NCT03656068 2 An Evaluation of the Safety and Efficacy of Nitazoxanide 
on Collagen Turnover in NASH Patients with Fibrosis

NASH; Fatty liver; 
Fibrosis; Compensated 
cirrhosis

Placebo obeticholic acid NCT00570765 2 Study of INT-747 as Monotherapy in Participants with 
PBC

Liver cirrhosis, biliary 
injury

SEL; Simtuzumab NCT02466516 2 Safety, Tolerability, and Efficacy of GS-4997 Alone or in 
Combination with Simtuzumab in Adults with NASH 
and Fibrosis Stages F2-F3

NASH

Simeprevir; Daclatasvir; Study to Assess Efficacy, Safety, Tolerability and 

Drug

NCT02349048 2 HCV
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Sofosbuvir Pharmacokinetics of Simeprevir, Daclatasvir and 
Sofosbuvir in Treatment-naive Participants with Chronic 
HCV Genotype 1 Infection

Tropifexor (LJN452) CVC NCT03517540 2 Study of Safety, Tolerability, and Efficacy of a 
Combination Treatment of LJN452 and CVC in Adult 
Patients with NASH and Liver Fibrosis

NASH

Peginterferon alfa-2a + 
Ribavirin; Peginterferon alfa-2a

NCT00006164 3 Long Term Interferon for Patients Who Did Not Clear 
HCV with Standard Treatment

Chronic HCV; 
Cirrhosis; Fibrosis; 
Hepatic cirrhosis

OMACOR placebo oral capsule NCT00760513 4 Treatment of non-Alcoholic Fatty Liver Disease With n-3 
Fatty Acids

NAFLD

Ceftriaxone normal saline NCT04218695 4 Prophylactic Antibiotics in Admitted Cirrhotics Cirrhosis, LIVER

Proton pump inhibitors 
placebo

NCT03175731 4 PPIs and Gastroesophageal Varices in Liver Cirrhosis 
(PPIs: Proton pump inhibitors)

Liver cirrhosis; 
Hypertension, portal

Human fetal liver cell 
transplantation

NCT01013194 1 or 2 Human Fetal Liver Cell Transplantation in Chronic Liver 
Failure

Liver cirrhosis

G-colony stimulating factor 
and infusion of the mobilized 
monocyte cells

NCT01503749 1 Safety and Efficacy Study of Peripheral Blood Mononuc-
leated Cells for Treatment of Liver Cirrhosis

Liver cirrhosis

Other

Leukapheresis; Infusion of 
stem cells via image-guided 
scan

NCT00147043 N/A Adult Stem Cell Therapy in Liver Insufficiency Liver cirrhosis

N/A: Not applicable; CVC: Cenicriviroc; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; NAFLD: non-alcoholic fatty liver disease; NASH: 
Nonalcoholic steatohepatitis; PBC: Primary biliary cirrhosis; PSC: Primary sclerosing cholangitis.

Figure 3 Treatment options for liver fibrosis. Currently, the preventive and therapeutic treatments for liver fibrosis include physical activity (e.g., running), 
dietary change (e.g., avoid of high-fat and high-sugar diet), dietary supplementation (e.g., vitamin C), biological treatment (e.g., simtuzumab), bariatric surgery (e.g., 
Roux-en-Y-gastric procedure), drugs and herb medicines (e.g., pegbelfermin), change of gut microbiota (e.g., probiotics), nanoparticles (e.g., BMS-986263), genetic 
regulation (e.g., non-coding RNAs), and transplantation of stem cells (e.g., hematopoietic stem cells). All cartoons in this figure were prepared using Biorender 
(https://biorender.com).

CONCLUSION
Liver fibrosis accompanies the progression of chronic liver diseases independent of their etiologies. The 
initiation and progression of liver fibrosis are mainly driven by liver inflammation and hepatocyte or 
cholangiocyte injury and damage, resulting in the activation of HSCs and their differentiation into ECM 
protein-producing myofibroblasts. Thus, current therapeutic options for liver fibrosis are to prevent the 
initial causing factors for liver inflammation, hepatocyte cell death and oxidative stress. Unfortunately, 

https://biorender.com
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Table 2 Recruiting and active clinical trials (Clinicaltrials.gov, accession date: March 1, 2023)

Method Interventions NCT 
number Phases Title Conditions

ZED1227; Placebo NCT05305599 2 Different Doses of ZED1227 vs Placebo in NAFLD NAFLD; Fibrosis

Tropifexor; Licogliflozin; Placebo NCT04065841 2 Efficacy, Safety, and Tolerability of the Combination of 
Tropifexor & Licogliflozin and Each Monotherapy, 
Compared with Placebo in Adult Patients with NASH 
and Liver Fibrosis

NASH; Liver 
fibrosis

Tenofovir disoproxil Fumarate; 
PEG-Interferon alfa 2a

NCT03957629 N/A Optimized Treatment of Peginterferon Alfa 2a in 
Treatment Experienced Patients with HBV-Related 
Liver Fibrosis

Hepatitis B; Fibrosis

Sildenafil NCT04908657 4 Sildenafil for Liver Fibrosis in Adolescents and Adults 
After Fontan Operation

Fibrosis

Saroglitazar magnesium NCT05011305 2 Saroglitazar Magnesium for the Treatment of NASH 
with Fibrosis

NASH; Fibrosis

Saroglitazar magnesium NCT05045482 1 Hepatic Impairment with Cirrhosis Due to Cholestatic 
Liver Disease

Hepatic 
impairment; 
Cirrhosis

Rivaroxaban apixaban NCT04874428 1 Direct Oral Anticoagulants (Rivaroxaban and 
Apixaban) in Patients with Liver Cirrhosis

Cirrhosis

Resmetirom; Placebo NCT05500222 3 A Phase 3 Study to Evaluate the Effect of Resmetirom 
on Clinical Outcomes in Patients with Well-
compensated NASH Cirrhosis (MAESTRO-NASH-
OUTCOMES)

NASH; Cirrhosis

Rencofilstat; Placebo NCT05402371 2 A Study to Evaluate the Efficacy and Safety of 
Rencofilstat in Subjects with NASH and Advanced 
Liver Fibrosis

NASH; Fibrosis, 
Liver NAFLD

Placebo; Esomeprazole NCT04448028 4 Stop of Proton-pump Inhibitor Treatment in Patients 
with Liver Cirrhosis - a Double-blind, Placebo-
controlled Trial

Liver cirrhosis

PHIN-214 NCT05490888 1 Single Dose Escalation of PHIN-214 in Child-Pugh A 
and B Liver Cirrhotics

Cirrhosis; Fibrosis; 
Hepatic ascites 

Placebo zibotentan + 
dapagliflozin

NCT05516498 2 Zibotentan and Dapagliflozin Combination, 
EvAluated in Liver Cirrhosis (ZEAL Study)

Cirrhosis

L-ornithine; L-aspartate NCT05737030 4 Effect of L-ornithine-L-aspertate (LOLA) on the Gut 
Microbiome

Cirrhosis

Hydronidone capsules; The 
placebo capsules

NCT05115942 3 Hydronidone for the Treatment of Liver Fibrosis 
Associated with Chronic Viral Hepatitis B Phase 3 
Trial

Liver fibrosis

Growth hormone NCT05253287 2/3 Growth Hormone in Decompensated Liver Cirrhosis Cirrhosis; Fibrosis

Empagliflozin 10 MG; Placebo 
pills

NCT05147090 4 Effects of Empagliflozin on Fibrosis and Cirrhosis in 
Chronic Hepatitis B

NAFLD; Cirrhosis; 
Fibrosis

Cotadutide; Placebo NCT05364931 2/3 A Study to Evaluate the Safety and Efficacy of 
Cotadutide Given by Subcutaneous Injection in Adult 
Participants with Non-cirrhotic Non-alcoholic Steato-
hepatitis with Fibrosis

Non-cirrhotic 
NASH with Fibrosis

Candesartan; Ramipril NCT03770936 3 Effect of Some Drugs on Liver Fibrosis Liver fibrosis

Branched-chain amino acid; 
Placebo

NCT03633279 4 Treatment of Sarcopenia Improves the Muscle Mass 
and Muscle Strength of Patients with Liver Cirrhosis-
Child C

Liver cirrhosis

BMS-986263; Placebo NCT04267393 2 Safety and Effectiveness of BMS-986263 in Adults with 
Compensated Cirrhosis (Liver Disease) From 
Nonalcoholic Steatohepatitis (NASH)

NASH

AZD4831; Placebo NCT05638737 2 A Study in Participants with Non-cirrhotic NASH 
With Fibrosis

Non-cirrhotic 
NASH with fibrosis

Drug

Atorvastatin; Placebo NCT05028829 2 Safety and Efficacy of Atorvastatin v. Placebo on HCC 
Risk

Liver fibrosis; 
Cirrhosis

Leucine enriched essential amino 
acid; Balanced amino acid 

Dietary 
supplement

NCT03208868 N/A Leucine-Enriched Essential Amino Acid Mixture to 
Reverse Muscle Loss in Cirrhosis

Cirrhosis
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supplement (BAA)

Hydroxy methyl butyrate; 
Balanced Amino Acids

NCT05166499 N/A HMB Enriched Amino Acids to Reverse Muscle Loss 
in Cirrhosis

Cirrhosis

Umbilical cord-derived 
mesenchymal stem cell compre-
hensive treatment

NCT03945487 2 Mesenchymal Stem Cells Treatment for 
Decompensated Liver Cirrhosis

Decompensated 
liver cirrhosis

Mesenchymal stem cell NCT03254758 1/2 A Study of ADR-001 in Patients with Liver Cirrhosis Decompensated 
liver cirrhosis

Human umbilical cord-derived 
mesenchymal stem cells

NCT05227846 1 Human Umbilical Cord-derived Mesenchymal Stem 
Cells for Decompensated Cirrhosis (MSC-DLC-1)

Decompensated 
cirrhosis

Human umbilical cord-derived 
mesenchymal stem cell infusion

NCT05331872 1 Umbilical Cord-derived Mesenchymal Stem Cell 
Infusion in the Management of Adult Liver Cirrhosis

Liver cirrhosis

Fecal microbiota 
transplantation; Placebo

NCT04932577 2/3 Fecal Microbiota Transplantation for Liver Cirrhosis Cirrhosis

Cellgram-LC NCT04689152 3 Clinical Trial to Evaluate the Efficacy and Safety of 
Cellgram-LC Administration in Patients with 
Alcoholic Cirrhosis

Alcoholic cirrhosis

Autologous BM MSC NCT03626090 1/2 Mesenchymal Stem Cell Therapy for Liver Cirrhosis Cirrhosis

Biological

Allogeneic umbilical cord 
mesenchymal stem cell

NCT04357600 1/2 Umbilical Cord Mesenchymal Stem Cell for Liver 
Cirrhosis Patient Caused by Hepatitis B

Cirrhosis

Weight loss NCT05104541 N/A Impact of Weight Loss in Cirrhosis with Obesity and 
MAFLD

Liver cirrhosis

Lifestyle therapy bariatric 
surgery

NCT03472157 N/A A Randomized Controlled Study Evaluating Bariatric 
Surgery as a Treatment for Severe NASH With 
Advanced Liver Fibrosis in Non-severe Obese Patients

Surgery; Obesity; 
NASH; Cirrhosis

Other

Indo mediterranean diet calorie 
restricted diet

NCT05073588 N/A Effect of Indo-Mediterranean Diet on Hepatic Steatosis 
and Fibrosis in NAFLD Children

NAFLD

N/A: Not applicable; HCC: Hepatocellular carcinoma; NAFLD: Non-alcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

the reverse of liver fibrosis is slowly and frequently impossible for advanced fibrosis or cirrhosis. Liver 
transplantation is the only therapeutic option for the late stage of liver cirrhosis and cancer. To avoid the 
life-threatening stage of advanced liver fibrosis and cirrhosis, anti-fibrotic treatments including 
biological, medicines, dietary change, and behavior prevention are needed. Currently, promising 
treatments for liver fibrosis are still the preventive strategies, such as treatment of hepatitis viral 
infection (e.g., Peginterferon Alfa 2a), inhibition of the progression of MAFLD and obesity (e.g., bariatric 
surgery), dietary modification (e.g., Mediterranean diet or Calorie-restricted diet). In addition, nano-
delivery systems have been applied to improve the treatment efficacy and specifically deliver the 
treatments. Pre-clinical and clinical evaluations for new treatments of liver fibrosis are required while 
we still lack currently effective strategies for liver fibrosis treatment. The treatment efficacy can be 
evaluated by histological staining methods, imaging methods, and serum biomarkers, as well as fibrosis 
scoring systems, such as FIB-4, APRI, and NFS. Although many anti-fibrotic candidate agents have 
shown robust effects in experimental animal models, their anti-fibrotic effects in clinical trials are less 
clear. The development of patient-derived organoid models for liver fibrosis may advance the 
development of compounds with anti-fibrotic properties in the future. In addition, new delivery 
systems can improve the efficacy of potent treatments and reduce the side effects of therapy. 
Meanwhile, additional clinical studies are required to confirm the efficacy and safety of treatments.
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