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Abstract
The circadian rhythm in humans is determined by the central clock located in the 
hypothalamus’s suprachiasmatic nucleus, and it synchronizes the peripheral 
clocks in other tissues. Circadian clock genes and clock-controlled genes exist in 
almost all cell types. They have an essential role in many physiological processes, 
including lipid metabolism in the liver, regulation of the immune system, and the 
severity of infections. In addition, circadian rhythm genes can stimulate the 
immune response of host cells to virus infection. Hepatitis B virus (HBV) infection 
is the leading cause of liver disease and liver cancer globally. HBV infection 
depends on the host cell, and hepatocyte circadian rhythm genes are associated 
with HBV replication, survival, and spread. The core circadian rhythm proteins, 
REV-ERB and brain and muscle ARNTL-like protein 1, have a crucial role in HBV 
replication in hepatocytes. In addition to influencing the virus’s life cycle, the 
circadian rhythm also affects the pharmacokinetics and efficacy of antiviral 
vaccines. Therefore, it is vital to apply antiviral therapy at the appropriate time of 
day to reduce toxicity and improve the effectiveness of antiviral treatment. For 
these reasons, understanding the role of the circadian rhythm in the regulation of 
HBV infection and host responses to the virus provides us with a new perspective 
of the interplay of the circadian rhythm and anti-HBV therapy. Therefore, this 
review emphasizes the importance of the circadian rhythm in HBV infection and 
the optimization of antiviral treatment based on the circadian rhythm-dependent 
immune response.

Key Words: Circadian rhythm; Clock genes; Hepatitis B virus; Immune system; Liver

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i27.3282
mailto:iskrlec@fdmz.hr


Skrlec I et al. Hepatitis B and circadian rhythm

WJG https://www.wjgnet.com 3283 July 21, 2022 Volume 28 Issue 27

Core Tip: Some studies in the literature contribute to the association of the circadian rhythm and liver 
pathophysiology associated with hepatitis B virus (HBV) infection. However, this is the first review to 
report the latest molecular mechanisms of HBV infection, including cellular circadian rhythm disorders, 
circadian clock-related immune response, therapeutic strategies in improving health outcomes, and the 
significance of personalized medicine and chronotherapy in treating chronic HBV infections.

Citation: Skrlec I, Talapko J. Hepatitis B and circadian rhythm of the liver. World J Gastroenterol 2022; 28(27): 
3282-3296
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3282.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3282

INTRODUCTION
The circadian rhythm in humans is determined by the central clock found in the hypothalamus’s 
suprachiasmatic nucleus (SCN) which receives light signals from the retina[1]. Endogenous functional 
circadian rhythms are active in peripheral tissues. For example, the circadian clock in humans, 
expressed in almost every cell, consists of a whole range of transcription-translation feedback loops[2]. 
Furthermore, all peripheral clocks in every tissue are synchronized by the central clock in the SCN[3]. 
Therefore, circadian clock genes and clock-controlled genes (CCG) exist in almost all cell types. Approx-
imately 10%-40% of the genome is encoded in a circadian manner[4]. Furthermore, most physiological 
processes, such as lipid metabolism, immune system regulation, and infection severity, are under 
circadian control, and therefore circadian rhythm disorders can result in pathophysiological changes 
downstream[4,5].

The liver has a vital role in maintaining energy homeostasis within the body. The primary 
biochemical reactions within the liver are involved in the breakdown and generation of glucose, which 
is associated with fatty acid metabolism[6]. In addition, the metabolic functions of the liver show 
rhythmic fluctuations with a periodicity of 24 h[6]. Hepatitis-causing viruses depend closely on 
hepatocytes for replication, survival, and spread[6]. In addition, viral infection can disrupt the 
hepatocytes’ circadian rhythm[5]. Circadian rhythm transcription factors alter liver metabolism and are 
linked with various conditions, including viral infection, fatty liver disease, diabetes, and hepatocellular 
carcinoma (HCC)[1].

What makes the hepatitis B virus (HBV) significantly different from other hepatotropic viruses is its 
global impact on human health[7], namely, infections caused by this virus result in liver disease, which 
is a growing global problem[8]. According to the World Health Organization (WHO), it is estimated that 
296 million people lived with chronic hepatitis B in 2019, and that 1.5 million new infections are 
detected each year[9]. Furthermore, due to HBV infection in 2019, mainly from cirrhosis and HCC, 
about 820000 people died[10]. Hepatitis B can develop in an acute or chronic form[11]. Most infected 
people do not have any symptoms, which does not mean that there is no disease. Symptoms of acute 
infection usually occur 2 mo to 3 mo after infection and are nonspecific[12,13].

The HBV begins to multiply within the first 3 d of infection[14]. Whether and to what extent liver 
damage occurs depends on the infected person’s immune system, the infectious dose, and the site of 
virus entry. Tissue compatibility antigens and interferon promote the viral antigens’ [hepatitis B surface 
antigen (HBsAg), hepatitis B envelope antigen (HbeAg), and hepatitis B core antigen (HBcAg)] exposure 
to cytotoxic T lymphocytes[15]. If there is no adequate response by these cells, milder signs of the 
disease occur, which may progress to the development of chronic hepatitis[16]. About 10% of acute HBV 
infections progress to a chronic form[17]. Chronic HBV can be clinically manifested as mild conditions 
to severe chronic hepatitis[18], which, in untreated cases, results in 8%-20% of cases with cirrhosis and 
HCC[19]. Persistent hepatitis is a mild disease that occurs in 8%-10% of patients, occasionally causing 
elevated aminotransferases, but generally does not progress toward cirrhosis and has a favorable 
prognosis[20]. HBV plays a significant role in the development of HCC, which can occur many years 
after chronic infection[21]. Still, typically the HBV is not a cytopathogen, and cell damage is thought to 
be mediated by a persistently unproductive immune response[17].

Therefore, this mini-review highlights the significance of the circadian rhythm in HBV infection, and 
the effectiveness of therapy in relation to the circadian rhythm-dependent immune response.

HBV
The epidemiological model of the spread of HBV and human immunodeficiency virus (HIV) is the 
same, but HBV is 50-100 times more infectious than HIV[22]. The source of infection is people with HBV 
infection[23]. However, the geographical prevalence of HBV infection varies[24]. In addition, it depends 
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on several factors, such as different modes of transmission in the population and the age at which the 
infection originated, which relates to the likelihood of progression to chronic infection[25].

HBV is mainly transmitted by percutaneous or mucosal exposure to infected blood or body fluids
[26]. Perinatal transmission is the primary route of infection in endemic regions[27], while the most 
direct route in the low-endemic regions is sexual transmission[28]. Globally, the epidemiology of HBV 
infection is changing, influenced by infant vaccination programs and migration between low- and high-
prevalence populations[29]. On the basis of the available data, it is estimated that the prevalence of new 
chronic HBV cases is 70% in developing countries[30].

On the basis of the prevalence of the HBsAg, the epidemiology of HBV in certain areas of the world 
can be classified into one of three categories (Table 1)[31]: Low prevalence areas (< 2%), medium 
prevalence areas (2%-7%), and high prevalence areas (> 8% HBsAg prevalence)[32]. These categories are 
important for understanding the transmission and outcome of infection, and the consequences of 
chronic hepatitis B[25].

Biology and life cycle of HBV
HBV is a DNA virus with ten known genotypes, labeled A-J. HBV belongs to the group of hepatotropic 
viruses from the family Hepadnaviridae, genus Orthohepadnavirus[33]. It is a small round virus of a 
very complex structure, 42 nm in diameter, with a double shell (Dane particle) (Table 2)[33]. Genotypes 
are divided into subgenotypes due to the significant variability of the nucleotide sequences[34]. They 
are based on a more than 4% difference along the entire genome. In addition, HBV genotypes and 
subgenotypes are related by geographical distribution, and also related to the pathogenesis and 
outcome of HBV infection (Table 3)[35].

The HBV genome has 3.2 kb long, relaxed circular, partially double-stranded DNA (rcDNA)[36]. The 
minus strand is complete, while the plus strand is regularly incomplete with a stable 5’ end, but an 
inconsistent 3’ end. The 5’ end of the plus strand is covalently linked to the RNA with a 5’ cap 
formation. In addition, the viral polymerase (reverse transcriptase) is covalently bound to the 5’ end of 
the minus strand[36,37].

Linear DNA is the direct precursor of viral DNA that is randomly incorporated into the hepatocytes’ 
DNA throughout infection. Incorporated DNA has no role in virus replication[37,38]. The HBV genome 
is highly compact, with four open reading frames (ORFs) overlapping multiple times and encoding 
seven proteins[39]. All ORFs are identical orientations and encoded by the negative strand of DNA[40]. 
Thanks to the ORFs, the coding capacity increases, and DNA is transcribed one and a half to two times 
because there is no stop codon[41]. In addition to ORF, there are six start codons, four promoters, and 
two transcription enhancers[42].

ORF C encodes the nuclear core antigen HBc and envelope E antigen (HBe)[39]. The precore protein 
in serum indicates active virus replication[43]. The presence of HBeAg in serum suggests prevented or 
decreased virus replication. HBeAg can repress the cellular immune response to HBsAg, thereby 
reducing perinatal transmission and promoting chronic infection[37,44]. The longest ORF is the P gene, 
encoding most of the virus genome (80%) and viral polymerase (reverse transcriptase)[45]. The ORF X 
encoding hepatitis B protein X (HBx) activates viral RNA transcription[37,38]. HBx causes the 
progression of the cell cycle and is essential for activating the transcription of covalently closed circular 
DNA (cccDNA) and pregenomic RNA (pgRNA) after infection[37]. ORF S codes three different sizes of 
the surface S antigen (S-small, M-medium, and L-large HBs)[46]. The M- and L-HBs have additional 
PreS2 and PreS1 domains[39]. The PreS1 region, present in L-HBsAg, possesses a binding domain for 
the sodium taurocholate co-transporting polypeptide (NTCP) receptors, essential for viral internal-
ization[37,47]. HBsAg are embedded in the outer lipid envelope, and the inner nucleocapsid structure 
contains the DNA genome, HBcAg, and viral polymerase (reverse transcriptase)[48]. In addition, 
HbeAg is between the nucleus and the outer shell[49].

HBV replicates in hepatocytes via pgRNA (Figure 1)[35]. The entry of the virus into the hepatocyte is 
the first step in its life cycle[50]. After the virus enters the liver, S-HBsAg recognizes heparan sulfate 
proteoglycans (HSPG) on the hepatocytes, and binds them with low affinity[51]. A high-affinity 
interaction between the PreS1 region of the L-HBs protein and NTCP follows[52]. Later, the virus 
envelope and the hepatocytes’ membrane merge, releasing the nucleocapsid into the cytoplasm[53]. 
After the capsid shell is removed, the viral genome is transferred to the nucleus. As a result, viral DNA 
enters the nucleus of the hepatocytes. The relaxed circular (rc) genome is restored, resulting in cccDNA
[54]. Viral DNA can be integrated into the hepatocytes’ DNA, and is a constant HBsAg source[55]. The 
cccDNA is a template for pgRNA production and the transcription of all viral mRNAs[37]. On this basis, 
cccDNA in the hepatocytes can stimulate virus replication[56]. The cccDNA is associated with cellular 
histones and forms a minichromosome. Each viral protein has a promoter and mRNA, except for 
reverse transcriptase, translated from the same pgRNA as the virus core protein[37,44]. The onset of 
infection is indicated by the expression of core proteins and polymerase from pgRNA. HBc is a 
phosphoprotein and a subunit of the viral nucleocapsid. The core proteins are constructed into nucleo-
capsids, icosahedral shells of 120 dimers[57]. They merge with RNA and are assembled into core 
particles. Viral DNA synthesis takes place in the core particles, followed by packaging of pgRNA and 
polymerase[37,47]. Upon completing viral DNA synthesis by reverse transcription, viral particles can 
exit the hepatocytes in two ways. First, while envelope protein levels are low, core particles recycle and 
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Table 1 Prevalence of hepatitis B surface antigen

Low prevalence area (< 2%) Area of medium prevalence (2%-7%) Area of high prevalence (> 8%)

Geographical areas United states, Canada, and Western 
European countries

Parts of Russia, border Eurasian, and 
Asian-African areas

Asia, sub-Saharan Africa, South, and 
Central America

% of the world 
population

12% 43% 45%

Table 2 Classification of hepatitis B virus

Genus Orthohepadnavirus

Family Hepadnaviridae

Species HBV

Genotypes A-J

Virion 42 nm, spherical

Envelope Yes (HBs)

Genome Circular ds/ssDNA

Genome size 3.2 kb

Sensitivity Acid-sensitive

Virus antigens HBsAg, HBcAg, HBeAg, polymerase

HBV: Hepatitis B virus; HBs: Hepatitis B surface protein; ds/ssDNA: Double-stranded/single-stranded DNA; HBsAg: Hepatitis B surface antigen; HBcAg: 
Hepatitis B nuclear core antigen; HBeAg: Hepatitis B envelope E antigen.

Table 3 Prevalence of hepatitis B virus genotypes and subgenotypes

Genotype Subgenotype Prevalence

A A1 -A6 Africa, India, Northern Europe, USA

B B1-B8 Asia, USA

C C1-C14 Asia, USA

D D1-D9 India, Middle East, Southern Europe, USA

E F1-F4 West and South Africa

F Central and South America

G Europe, USA

H Central and South America, California (USA)

I I1-12 Vietnam

J Japan

USA: United States.

enter the nucleus, resulting in the replenishment of cccDNA[37,39]. Later, the core particles gather with 
the envelope proteins in the endoplasmic reticulum, enter the secretory pathway, and are discharged 
from hepatocytes into the blood[58]. In addition to infectious virions (Dane particles), incomplete 
subviral particles are secreted by secretory pathways (such as spheres and filaments lacking nucleo-
capsid proteins and naked nucleocapsids)[59]. The virus emerges on the surface of the hepatocytes by 
budding, and can thus infect another cell[52]. Once created in the cell nucleus, the cccDNA minichro-
mosome is very difficult to eliminate from infected cells, where it can survive until the death of the host 
cell[56].
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Figure 1 Hepatitis B virus life cycle. Hepatitis B virus (HBV) enters hepatocytes via interaction with the heparan sulfate proteoglycan (HSPG), followed by the 
sodium taurocholate co-transporting polypeptide (NTCP) receptor. The virus envelope and the hepatocytes’ membrane merge, releasing the nucleocapsid into the 
cytoplasm. The viral genome is transferred to the nucleus after the capsid is removed. The relaxed circular genome is restored in the nucleus, resulting in covalently 
closed circular DNA (cccDNA), and viral DNA could be integrated into the host DNA. Integrated viral DNA is a constant source of hepatitis B surface antigen (dashed 
line). The cccDNA is a template for pregenomic RNA (pgRNA) production and the transcription of all viral mRNAs. In addition, the cccDNA is associated with host 
factors and cellular histones, and forms a minichromosome. The core proteins are constructed into nucleocapsids together with pgRNA. Viral polymerase converts 
the pgRNA to relax circular DNA, resulting in a mature nucleocapsid. The core particles can recycle and replenish cccDNA (dashed line), or gather with the envelope 
proteins in the endoplasmic reticulum and Golgi, and enter the secretory pathway. Through the secretory process, virions gain surface antigens and are secreted as 
infectious virions-Dane particles. Also, incomplete subviral particles are secreted, such as spheres and filaments lacking nucleocapsid proteins. HSP: Heparan sulfate 
proteoglycan; NTCP: Sodium taurocholate co-transporting polypeptide receptor; cccDNA: Covalently closed circular DNA; pgRNA: Pregenomic RNA; HBx: Hepatitis 
B protein X; HBsAg: Hepatitis B surface antigen; HBe: E antigen; ER: Endoplasmatic reticulum.

CIRCADIAN RHYTHM
The molecular basis of the circadian rhythm includes transcriptional and translocation feedback loops. 
In addition, the circadian rhythm is driven by the circadian locomotor output cycles kaput (CLOCK), 
and brain and muscle ARNTL-like protein 1 (BMAL1 or ARNTL) transcription factors. In contrast, 
transcription repressors are period (PER) and cryptochrome (CRY) transcription factors. The central 
transcription factors that make up the activation and positive part of the molecular clock are BMAL1 
and CLOCK. The heterodimer CLOCK-BMAL1 enters the nucleus, where it initiates transcription by 
binding to a specific sequence, the E-box, in promoters of the target genes. CLOCK’s main downstream 
goals include BMAL1 and its repressors, cryptochrome (CRY1, CRY2), and period (PER1, PER2, and 
PER3) and multiple CCG[60]. CRYs and PERs accumulate during the positive loop in the cytoplasm. 
They are controlled by F-box/LRR-repeat protein 3 (FBXL3) and casein kinase 1 (CK1) ε and CK1δ[4,
61]. CK1ε and CK1δ phosphorylate PERs for degradation, while FBXL3 stimulates CRYs degradation. If 
CK1ε phosphorylates heterodimer PER-CRY, it enters the nucleus and suppresses the CLOCK-BMAL1 
heterodimer. By suppressing their activator, CRYs and PERs suppress their own expression[62]. 
Posttranslational phosphorylation of CRYs and PERs promotes their degradation, which triggers a new 
circadian cycle, with increased binding of the CLOCK-BMAL1 heterodimer to the E-box of CCG[2,63].

The second regulatory loop includes the retinoic acid receptor-related orphan receptor (ROR) α and 
RORγ, and the REV-ERBα and REV-ERBβ genes. The CLOCK-BMAL1 heterodimer initiates their 
transcription by binding to the E-box elements of their promoters. RORs and REV-ERBs receptors bind 
to the ROR element (RORE). REV-ERBα and β inhibit transcription, while RORα and γ stimulate 
expression of target genes. RORs and REV-ERBs together create cyclic fluctuations in the expression of 
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many CCG, including the regulation of BMAL1 transcription[6,64]. REV-ERBα accumulates rapidly and 
prevents BMAL1 transcription, while RORα accumulates more slowly and promotes BMAL1 
transcription. In this way, the stability and robustness of the rhythmicity of the internal clock system are 
enhanced[2,63].

An additional independent feedback loop includes the helix-loop-helix e40 family (DEC1 or 
BHLHE40) and DEC2 (BHLHE41) that prevent CLOCK-BMAL1 activity[65]. The CLOCK-BMAL1 
heterodimer stimulates the expression of DEC1 and DEC2 by binding to the E-box of their promoters. 
Conversely, DECs suppress transcription of genes with E-box elements in the promoter, including 
transcription of itself and CRYs and PERs, due to its binding to the E-box[66]. In addition, the CLOCK-
BMAL1 heterodimer affects the expression of other CCG by stimulating D-box binding protein (DBP) 
transcription, by binding to E-box elements on the promoter[67]. DBP rhythmically triggers genes with 
D-box elements in the promoter[2,4].

The transcriptional and translational feedback loop creates rhythms in the expression and levels of 
downstream CCG[4]. All of these connected feedback loops create a circadian rhythm. For example, 
CCGs containing RORE elements in promoters are transcribed during the active phase. In contrast, the 
genes’ promoters containing E-box and D-box elements are transcribed during the resting phase[63].

The circadian rhythm is controlled at the transcriptional and posttranslational levels, including 
cellular pathways, transcription factors, epigenetic changes, and posttranslational modifications[68]. 
Many posttranslational modifications of clock elements include acetylation, phosphorylation, 
ubiquitylation, and sumoylation[4,63]. Epigenetic modifications, such as DNA methylation, histone 
modifications, and non-coding RNAs, interfere with the target genes’ transcription and post-transcrip-
tional expression, including clock genes[69]. Different patterns of histone modifications, such as histone 
deacetylase sirtuin 1 (SIRT1), or microRNA, can be direct and indirect modulators in maintaining 
different aspects of circadian rhythm function[53,70].

Liver physiology and circadian rhythm
With a lack of environmental signs, such as the alternation of light and dark, food intake affects the 
circadian rhythm of the liver[6]. Circadian rhythms largely control different genes, levels of proteins, 
and the enzymes in the liver[2]. The circadian rhythm and liver metabolism are connected through the 
peroxisome proliferator-activated receptors (PPARs) α and γ[6,71]. PPARα controls the transcription of 
genes participating in lipid and glucose metabolism, while PPARγ is involved in lipogenic processes 
because it binds eicosanoids from omega-3 or omega-6 fatty acids[4,72]. Both genes are rhythmically 
expressed, and their expression is controlled by PER2, which directly regulates BMAL1 transcription 
(Figure 2). The binding of PPARα to PPAR response elements (PPRE) in the BMAL1 promoter leads to 
its transcription. Also, PPARα interacts with PER2 in the liver to impact the expression of target genes
[73]. In the positive feedback loop in the liver, BMAL1 and CLOCK control the circadian oscillations of 
PPARα[4], and thus the expression of enzymes participating in glucose and lipid homeostasis, and the 
biosynthesis of bile acids and apolipoproteins[6]. REV-ERBα is implicated in the control of bile acid 
synthesis[74]. Adiponectin, triggered by BMAL1 and CLOCK via the transcription of PPARγ and its 
coactivator 1α (PGC-1α), is involved in glucose and lipid metabolism[75].

In addition, gluconeogenesis is controlled in a circadian manner in the liver via CRY1 and CRY2, 
which prevent signaling via the secondary messenger cyclic adenosine monophosphate (cAMP)[76]. 
Moreover, AMP-activated protein kinase (AMPK) can influence circadian cycle length by 
phosphorylating CRYs and directing it to degradation[4]. Activation of RORα in the liver may impact 
lipid metabolism and control hepatic steatosis by triggering AMPK[77]. Furthermore, CLOCK controls 
glycogenesis in the liver by acting on glycogen synthase 2 expression[78]. Disorders of the CLOCK and 
BMAL1 genes lead to impaired glucose homeostasis[6]. Histone deacetylase SIRT1 prevents hepatic 
steatosis by controlling lipid homeostasis by positive binding of PPARα and PGC1α coactivators, or by 
direct action on BMAL1[70].

Circadian rhythm and HBV
There is a functional association between virus replication and circadian dysfunction in the 
pathogenesis of liver disease[79]. HBV has been revealed to impact the liver clock genes and disrupt the 
internal molecular clock in order to make better use of hepatocytes for self-replication[80]. HBV is 
randomly incorporated into the human genome, yet there are sites where it is incorporated more 
frequently, such as circadian rhythm-related elements, CLOCK, and BMAL1. Those elements are one 
way that the circadian rhythm is associated with diseases caused by HBV infection[81]. HBV replicates 
in the liver where around 20% of genes exhibit a rhythmic expression pattern, implying that the virus 
has successfully evolved to persist in the liver[5,50]. Integrated copies of HBV, which have regulatory 
elements similar to circadian rhythm genes, present additional circadian rhythm motifs in the infected 
cell, resulting in undesirable oscillations of specific genes, or disrupted circadian rhythms of the 
hepatocytes, and are a risk factor for cancer[50].

The circadian rhythm impacts gene expression in the liver and thus HBV replication[50]. In patients 
with HBV infection, a reduction in BMAL1 and an increase in REV-ERBα and REV-ERBβ transcription 
have been observed compared to healthy subjects, which indicates that circadian rhythm gene 
transcription is impaired in HBV infection[50]. In hepatocytes, decreased expression or deletion of REV-
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Figure 2 Role of circadian rhythm genes in liver metabolism. BMAL1: Brain and muscle ARNTL-like protein 1; CLOCK: Circadian locomotor output cycles 
kaput; PPAR: Peroxisome proliferator-activated receptors; CRY: Cryptochrome; PER: Period; ROR: Retinoic acid receptor-related orphan receptor; cAMP: Cyclic 
adenosine monophosphate; AMPK: AMP-activated protein kinase; PGC1α: PPAR coactivator 1α.

ERBα and REV-ERBβ in hepatocytes increases plasma cholesterol, triglycerides, and free fatty acid levels
[63]. In addition, REV-ERB binds and controls NTCP expression, and stimulation of REV-ERB prevents 
HBV from entering the hepatocytes[50]. The NTCP receptor has a circadian pattern in hepatocytes[82]. 
Decreased expression of BMAL1 in hepatocytes leads to reduced glucose uptake. In addition, BMAL1 
regulates the transcription of the PGC1α gene, a coactivator of gluconeogenesis[63]. Thus, PPARα can 
prevent the development of fibrosis[63], and it is known that HBV dysregulates PPARα and PPARγ[6]. 
Also, BMAL1 binds HBV DNA, and controls viral genome expression and new viral particle formation
[50].

The impaired circadian rhythm in HCC may favor the selective survival of cancer cells and facilitate 
carcinogenesis[83]. An increased risk of developing HCC is linked with chronic HBV infection. The HBx 
protein is linked with HCC due to the disturbance of cell proliferation[19]. It is a possible cause of 
significantly reduced transcription levels of the BMAL1, PER3, CRY1, CRY2, and CK1ε genes in HCC
[84]. At the same time, elevated HBx expression in HCC results in increased CLOCK, PER1, and PER2 
expression[1,85]. In addition, abnormal expression of REV-ERBα was observed in a cell line that stably 
expressed HBV[86]. The circadian rhythm acts via REV-ERBα in the liver on hepatocyte nuclear factor 4 
alpha (HNF4α), and thus directs the action of glucocorticoid receptors on energy metabolism (Figure 3). 
Consequently, the interactions between CRY and glucocorticoid receptors affect carbohydrate 
metabolism, hence transacting PER2[87]. HNF4α increases the transcription of pgRNA in hepatoma cells 
and thus affects HBV biosynthesis[88]. In addition, P2-HNF4α inhibits the expression of BMAL1, leading 
to the localization of P1-HNF4α from the nucleus to the cytoplasm. BMAL1 is expressed in healthy 
hepatocytes, but tumor growth is prevented if BMAL1 expression is induced in HNF4α-positive tumor 
cells[89]. The possible reason for the inhibition of tumor growth is that BMAL1 mediates the trans-
cription of P53 pathway genes, a well-known tumor-suppressor gene[90]. DNA viruses rely more on 
host transcription for gene expression; however, BMAL1 deficiency increases virus replication. REV-ERB
α has a protective effect because it reduces the inflammatory response, thus decreasing the severity of 
the disease. Thus, REV-ERBα agonists inhibit HBV replication, while BMAL1 promotes virus replication. 
Nevertheless, as BMAL1 stimulates oscillations in genes that metabolize drugs and sensitivity to 
toxicity, it also promotes HBV infection in hepatocytes[91].

HBV infection leads to overexpression of RORα and RORγ[92]. RORγ overexpression is associated 
with promoter methylation and HBx protein. Furthermore, HBx-induced RORγ may facilitate the prolif-
eration and migration of hepatoma cells[93], and RORα may be a possible diagnostic and prognostic 
biomarker for disease severity[94]. Overexpression of RORα, CRY2, and PER1 is associated with a better 
survival of HCC patients, and regulating the circadian rhythm gene may help in the chronotherapy of 
such patients[94]. HBV infection leads to disruptions of the CLOCK gene and its downstream circadian 
genes and other CCGs[2]. All the above indicates that circadian rhythm disorders caused by a virus may 
contribute to the pathogenesis of cancer.

Immunopathogenesis of chronic HBV infection and circadian rhythm
Clinical manifestations of chronic hepatitis B result from a cellular and humoral immune response to the 
recognized target antigenic viral epitopes, HBcAg and HBsAg[21]. Integration of HBV into the 
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Figure 3 Relationship between circadian rhythm genes and hepatitis B virus replication. Gray dashed lines indicate normal circadian rhythm in 
hepatocytes. Black arrows show the association between core clock proteins and hepatitis B virus (HBV) entry into hepatocytes and its replication. Increased levels of 
REV-ERB protein prevent the entry of HBV into hepatocytes by impaired action on the sodium taurocholate co-transporting polypeptide (NTCP) receptor. Brain and 
muscle ARNTL-like protein 1 (BMAL1) protein binds HBV DNA and thus controls viral genome expression and the formation of new viral particles. In infected 
hepatocytes, REV-ERB through HNF4α mediator increases pregenomic RNA (pgRNA) transcription, while HNF4α inhibits BMAL1 expression, promoting HBV 
replication. Red arrows indicate circadian rhythm genes inhibited by hepatitis B protein X (HBx) protein (BMAL1, CRY1, CRY2, and PER3). Conversely, HBx increases 
CLOCK, PER1, PER2, and RORγ gene expression (indicated by blue arrows). Increased expression of RORγ leads to the proliferation of hepatoma cells. BMAL1: 
Brain and muscle ARNTL-like protein 1; cccDNA: Covalently closed circular DNA; CCG: Clock-controlled genes; CLOCK: Circadian locomotor output cycles kaput; 
CK1: Casein kinase 1; CRY: Cryptochrome; HBx: Hepatitis B protein X; HNF4α: Hepatocyte nuclear factor 4 alpha; HSP: Heparan sulfate proteoglycan; NTCP: 
Sodium taurocholate co-transporting polypeptide receptor; PER: Period; pgRNA: Pregenomic RNA; ROR: Retinoic acid receptor-related orphan receptor; RORE: ROR 
element.

hepatocytes’ genome serves as a constant source of HBsAg during chronic infection. It may induce 
dysfunctional T-cell responses, and favor harmful immunopathology and disease progression to fibrosis 
and cirrhosis[95]. Hepatocytes expressing HBcAg are recognized and attacked by cytotoxic CD8+ 

lymphocytes (CTL)[96]. The increase in alanine aminotransferase is the result of hepatocyte lysis[97]. 
HBcAg has strong immunogenicity and can cause the antigen-specific T-cell responses necessary for 
controlling HBV infection. HBcAg stimulates the production of interleukin 6 (IL)-6, IL-10, IL-17A, IL-22, 
IL-23, and transforming growth factor β (TGFβ) by peripheral blood mononuclear cells[98]. In addition, 
the immunosuppressive cytokine IL-10 negatively controls the expansion of Th17 cells, which plays a 
part in the existence and promotion of HBV infection[46]. Persistent HBV infection is marked by a poor 
immune response due to the poor response of CD4+ lymphocytes in the early phases of infection. This 
results in qualitatively and quantitatively weaker CD8+ T cell responses[21].

In addition to other viral proteins, HBeAg is also important for the persistence of infection, as it 
suppresses the humoral and cellular immune response to HbcAg, weakens the action of CTL on HBcAg, 
and allows the maintenance of the infection[99]. The predominance of Th-1 over the Th-2 cytokine 
response, with the production of IL-2, interferon-alpha (IFN-α), and lymphotoxin-β receptor (LT-βR), is 
responsible for virus elimination during acute and chronic HBV infections[100]. Conversely, the 
predominance of Th-2 cytokine response is responsible for maintaining chronic infection, with IL-4, IL-
5, and IL-10, which enhance the humoral immune response[98].

Many innate and adaptive immune system elements are under circadian regulation[1], and the 
adaptive immune response mediates virus removal and liver disease[95]. Cellular immune rhythms are 
synchronized with the central clock in the SCN[6]. Innate and adaptive immune system cells have a 
molecular clock that controls their rhythmic activity over 24 h[101]. Certain functions of the innate 
immune system rely on the hepatocytes’ circadian rhythm[5,65]. Increased amounts of pro-inflam-
matory hormones such as growth hormone, prolactin, and melatonin and cytokines such as IL-1 and 
TNF-α are present during the rest period. In addition, immune rhythms are affected by hormonal 
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rhythms, so cortisol regulates the number of naive T cells. Epinephrine influences the number of CTL 
cells over 24 h[102].

Furthermore, the transcription factor CRY2 links the circadian rhythm and the innate immune system
[103]. Moreover, CLOCK and BMAL1 control transcription of the pattern recognition receptor, which is 
involved in nucleic acid detection during viral infections[104]. RORγ regulates the differentiation of 
Th17 cells, which secrete IL-17, an essential regulator of pro-inflammatory signaling[93]. REV-ERBα has 
a protective effect in various inflammatory processes[105]. Additionally, the suppression of REV-ERB 
receptors elevates virus-associated mortality by promoting the inflammatory response[106]. The 
circadian hormone melatonin has protective and antiviral actions and a role in the inflammatory 
response[105]. Melatonin increased IFN-γ levels during viral infection, decreased Venezuelan equine 
encephalomyelitis virus (VEE) levels, and reduced mortality rates in mice infected with VEE. The 
protective impact of melatonin is associated with increased IL-1β production because it acts as a 
cytokine modulator and antioxidant[107]. This shows the positive role of the circadian rhythm in 
regulating antiviral immunity[91].

ANTIVIRAL THERAPY
There are two main drugs for HBV infection therapy: Nucleoside/nucleotide analogs (NAs), which 
interfere with viral DNA synthesis during reverse transcription, and IFN-α[108,109]. NAs effectively 
inhibit virus replication and may suppress the generation of new cccDNA[109]. Existing drugs can 
suppress virus replication, slow fibrosis progression, and decrease infectivity, but rarely remove the 
cccDNA responsible for HBV persistence[108]. Therefore, the development of therapy aims to achieve a 
"functional healing" state, i.e., the removal of cccDNA from hepatocytes[110,111]. However, in the 
treatment of HBV infection, NAs rarely eliminate the virus, that is, they do not eradicate HBV from the 
liver[95]. This is because each HBV surface protein (S, M, and L) has an HBsAg determinant. Therefore, 
HBsAg circulates in the bloodstream of HBV patients, mainly in non-infectious subviral spheres and 
filaments[95].

Alternative therapeutic strategies are based on silencing viral genes using RNA interference (RNAi)
[108] and antisense oligonucleotide (ASO) technology[110]. Both approaches are based on the effective 
suppression of HBV replication in patients with chronic HBV infection[108,110]. RNAi is a mechanism 
for silencing genes after transcription, and can be used in mammalian cells against viral infections[108]. 
ASO technology prevents HBV antigen production by targeting all HBV genome transcripts in infected 
hepatocytes[10,110]. It is based on NAs that act on viral polymerase but do not influence the cccDNA 
transcription[110]. ASO and other nucleic acid-based therapies may potentially decrease the tolerogenic 
outcome of the high HBsAg levels characteristic of chronic infection[63,110].

Role of circadian rhythm in antiviral therapy
One of the principles of personalized medicine is to optimize the time of day for administration of drugs 
whose action is affected by the circadian rhythm[5,112]. Circadian oscillations can affect vaccine 
responses to viral pathogens[91]. The direct impact of the circadian rhythm on the cellular and humoral 
immune reaction is mediated by melatonin and cortisol. Research on the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) has shown that melatonin can affect circadian clocks and 
modulate the immune response during viral infections and thus impact virus replication[113]. 
Therefore, vaccination in the morning or evening may impact the immune response to the vaccine[114]. 
Thus, it was observed that patients vaccinated against the SARS-CoV-2 in the morning had significantly 
lower C-reactive protein levels compared to patients vaccinated in the evening[115]. Making a simple 
effort to determine the appropriate time for administration of drugs or vaccine can improve the drug’s 
effectiveness and reduce side effects[5]. However, studying the interaction of the circadian rhythm and 
virus replication may lead to a better knowledge of viral infections and the associated immune 
response, discovery of new antiviral targets, improvement of existing treatments, and therapy for 
chronic infections[5]. Chronic infection is linked with a weakened immune response, and poor T-cell 
responses that fail to control HBV replication[50]. The effectiveness of current antiviral therapies could 
be enhanced by modulating the timing of vaccine administration. For example, the engineered T cell 
receptor activity showed a circadian pattern upon antigen activation. However, this daily effect was 
attenuated in CLOCK mutant mice, emphasizing the importance of timing T cell therapy to maximize 
antiviral immunity[1].

Many studies show that the efficacy or toxicity of treatment depends on the dosing time in many 
diseases. Also, inter-individual variations in the circadian rhythm resulting from lifestyle differences 
should be considered[116]. The efficiency of the DNA virus vaccine can be enhanced by specifying the 
time of day for vaccination. For example, some studies have found that patients immunized in the 
morning produce a more significant antibody response to hepatitis A and influenza vaccines[1,117]. In 
addition, morning vaccination is considered to significantly increase responses to viral-specific 
antibodies, compared to afternoon vaccination[1]. As viruses are intracellular pathogens that replicate 
within host cells, given the high association of circadian rhythm transcription factors with cell 
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transcription, the circadian rhythm plays a vital role in determining host susceptibility to viral infections 
and the immune response[1].

Circadian clock-modulating small molecules may help inhibit or activate circadian rhythm proteins 
and enzymes in viral infections. Thus, the small molecule SRT2183 modulates the circadian clock that 
inhibits SARS-CoV-2 replication[118] because it modulates physiological and circadian rhythm gene 
expression[119]. Inhibiting BMAL1 expression and overexpression of REV-ERB via circadian rhythm-
modulating small molecules may prevent dengue virus, hepatitis C virus, Zika virus, and HIV1 virus 
replication. In addition, clock genes have antiviral abilities that can be applied to HBV[120]. One of the 
effective circadian clock-modulating small molecules in treating HBV infections is GSK4112, a synthetic 
ligand for REV-ERB, but it is not suitable for in vivo use due to its poor pharmacokinetic properties. In 
contrast, ARN5187 is a REV-ERBβ agonist with dual function, an inhibitor of REV-ERB and autophagy
[121]. SR9009 is a REV-ERBα agonist based on the chemical structure of GSK4112. It has better pharma-
cokinetic properties than GSK4112 and affects many oncogenes. In addition, REV-ERBα is known to 
regulate cancer development by inhibiting proliferation[121], and hence SR9009 inhibits BMAL1 and 
prevents the entry and replication of HBV into hepatocytes[50].

Challenges associated with antiviral drug development, including circadian clock-modulating small 
molecules, may be adverse effects or suboptimal pharmacokinetics. Therefore, for an antiviral agent to 
succeed, the target drug should be distributed locally to avoid unfavorable consequences on other 
tissues.

CONCLUSION
Interaction exists between viruses and the circadian rhythm of hepatocytes. Infection susceptibility 
depends on the infectivity of the inoculum, the mode of transmission, the length of exposure to the 
virus, and the time of the day infection occurs[1]. Understanding how HBV interacts with the circadian 
rhythm of hepatocytes may influence the treatment of infections[1]. Viruses are among the most critical 
human carcinogens[6], and pharmacotherapy and chronotherapy should be united to treat or prevent 
viral infections[1]. Research on the impact of viral infections on the circadian rhythm may help detect 
new antiviral targets and optimize the timing of immune-based therapies[1]. The main challenge in 
treating HBV infection is eradicating or silencing the cccDNA[50]. By acting on specific components of 
the circadian rhythm, such as REV-ERB and BMAL1, HBV can be prevented from entering hepatocytes 
and producing new virions. In addition to lifestyle changes, circadian rhythm-focused approaches may 
provide new therapeutic options in treating HBV infections[63].

FOOTNOTES
Author contributions: Škrlec I did the majority of the writing and prepared the figures; Talapko J did some writing 
and prepared the tables; all authors have read and approved the final manuscript.

Conflict-of-interest statement: There are no conflicts of interest to report.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: Croatia

ORCID number: Ivana Skrlec 0000-0003-1842-930X; Jasminka Talapko 0000-0001-5957-0807.

S-Editor: Chen YL 
L-Editor: Wang TQ 
P-Editor: Chen YL

REFERENCES
Zhuang X, Rambhatla SB, Lai AG, McKeating JA. Interplay between circadian clock and viral infection. J Mol Med 
(Berl) 2017; 95: 1283-1289 [PMID: 28963570 DOI: 10.1007/s00109-017-1592-7]

1     

Zhou D, Wang Y, Chen L, Jia L, Yuan J, Sun M, Zhang W, Wang P, Zuo J, Xu Z, Luan J. Evolving roles of circadian 
rhythms in liver homeostasis and pathology. Oncotarget 2016; 7: 8625-8639 [PMID: 26843619 DOI: 
10.18632/oncotarget.7065]

2     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-1842-930X
http://orcid.org/0000-0003-1842-930X
http://orcid.org/0000-0001-5957-0807
http://orcid.org/0000-0001-5957-0807
http://www.ncbi.nlm.nih.gov/pubmed/28963570
https://dx.doi.org/10.1007/s00109-017-1592-7
http://www.ncbi.nlm.nih.gov/pubmed/26843619
https://dx.doi.org/10.18632/oncotarget.7065


Skrlec I et al. Hepatitis B and circadian rhythm

WJG https://www.wjgnet.com 3292 July 21, 2022 Volume 28 Issue 27

Škrlec I, Milic J, Heffer M, Peterlin B, Wagner J. Genetic variations in circadian rhythm genes and susceptibility for 
myocardial infarction. Genet Mol Biol 2018; 41: 403-409 [PMID: 29767668 DOI: 10.1590/1678-4685-GMB-2017-0147]

3     

Saran AR, Dave S, Zarrinpar A. Circadian Rhythms in the Pathogenesis and Treatment of Fatty Liver Disease. 
Gastroenterology 2020; 158: 1948-1966.e1 [PMID: 32061597 DOI: 10.1053/j.gastro.2020.01.050]

4     

Borrmann H, McKeating JA, Zhuang X. The Circadian Clock and Viral Infections. J Biol Rhythms 2021; 36: 9-22 
[PMID: 33161818 DOI: 10.1177/0748730420967768]

5     

Vinciguerra M, Mazzoccoli G, Piccoli C, Tataranni T, Andriulli A, Pazienza V. Exploitation of host clock gene 
machinery by hepatitis viruses B and C. World J Gastroenterol 2013; 19: 8902-8909 [PMID: 24379614 DOI: 
10.3748/wjg.v19.i47.8902]

6     

Cheng Z, Lin P, Cheng N. HBV/HIV Coinfection: Impact on the Development and Clinical Treatment of Liver Diseases. 
Front Med (Lausanne) 2021; 8: 713981 [PMID: 34676223 DOI: 10.3389/fmed.2021.713981]

7     

Al-Sadeq DW, Taleb SA, Zaied RE, Fahad SM, Smatti MK, Rizeq BR, Al Thani AA, Yassine HM, Nasrallah GK. 
Hepatitis B Virus Molecular Epidemiology, Host-Virus Interaction, Coinfection, and Laboratory Diagnosis in the MENA 
Region: An Update. Pathogens 2019; 8 [PMID: 31083509 DOI: 10.3390/PATHOGENS8020063]

8     

Liang Y, Bai X, Liu X, Zhang Z, Pang X, Nie L, Qiu W, Zhao W, Hu G. Hepatitis B Vaccination Coverage Rates and 
Associated Factors: A Community-Based, Cross-Sectional Study Conducted in Beijing, 2019-2020. Vaccines (Basel) 
2021; 9 [PMID: 34696178 DOI: 10.3390/VACCINES9101070]

9     

Yuen MF, Heo J, Jang JW, Yoon JH, Kweon YO, Park SJ, Tami Y, You S, Yates P, Tao Y, Cremer J, Campbell F, Elston 
R, Theodore D, Paff M, Bennett CF, Kwoh TJ. Safety, tolerability and antiviral activity of the antisense oligonucleotide 
bepirovirsen in patients with chronic hepatitis B: a phase 2 randomized controlled trial. Nat Med 2021; 27: 1725-1734 
[PMID: 34642494 DOI: 10.1038/s41591-021-01513-4]

10     

Splawn LM, Bailey CA, Medina JP, Cho JC. Heplisav-B vaccination for the prevention of hepatitis B virus infection in 
adults in the United States. Drugs Today (Barc) 2018; 54: 399-405 [PMID: 30090877 DOI: 
10.1358/dot.2018.54.7.2833984]

11     

Kappus MR, Sterling RK. Extrahepatic manifestations of acute hepatitis B virus infection. Gastroenterol Hepatol (N Y) 
2013; 9: 123-126 [PMID: 23983659 DOI: 10.1016/s0976-0016(11)60191-9]

12     

Chen L, Bao D, Gu L, Gu Y, Zhou L, Gao Z, Huang Y. Co-infection with hepatitis B virus among tuberculosis patients is 
associated with poor outcomes during anti-tuberculosis treatment. BMC Infect Dis 2018; 18: 295 [PMID: 29970037 DOI: 
10.1186/s12879-018-3192-8]

13     

Yue L, Li C, Xu M, Wu M, Ding J, Liu J, Zhang X, Yuan Z. Probing the spatiotemporal patterns of HBV multiplication 
reveals novel features of its subcellular processes. PLoS Pathog 2021; 17: e1009838 [PMID: 34370796 DOI: 
10.1371/journal.ppat.1009838]

14     

Le Bert N, Gill US, Hong M, Kunasegaran K, Tan DZM, Ahmad R, Cheng Y, Dutertre CA, Heinecke A, Rivino L, Tan 
A, Hansi NK, Zhang M, Xi S, Chong Y, Pflanz S, Newell EW, Kennedy PTF, Bertoletti A. Effects of Hepatitis B Surface 
Antigen on Virus-Specific and Global T Cells in Patients With Chronic Hepatitis B Virus infection. Gastroenterology 
2020; 159: 652-664 [PMID: 32302614 DOI: 10.1053/j.gastro.2020.04.019]

15     

Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, Jonas MM, Brown RS Jr, Bzowej NH, Wong JB. Update 
on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology 2018; 67: 
1560-1599 [PMID: 29405329 DOI: 10.1002/hep.29800]

16     

Lim HK, Jeffrey GP, Ramm GA, Soekmadji C. Pathogenesis of Viral Hepatitis-Induced Chronic Liver Disease: Role of 
Extracellular Vesicles. Front Cell Infect Microbiol 2020; 10: 587628 [PMID: 33240824 DOI: 
10.3389/fcimb.2020.587628]

17     

Peng L, Gao ZL, Wang YM, He DM, Zhao JM, Bai XF, Wang XJ, Peng L.   Clinical Manifestations and Laboratory Tests 
of AECHB and Severe Hepatitis (Liver Failure). In: Ning Q. Acute Exacerbation of Chronic Hepatitis B. Dordrecht: 
Springer, 2019:1-89

18     

Alqahtani SA, Colombo M. Viral hepatitis as a risk factor for the development of hepatocellular carcinoma. Hepatoma 
Res 2020; 6: 58 [DOI: 10.20517/2394-5079.2020.49]

19     

Wu J, Han M, Li J, Yang X, Yang D. Immunopathogenesis of HBV Infection. Adv Exp Med Biol 2020; 1179: 71-107 
[PMID: 31741334 DOI: 10.1007/978-981-13-9151-4_4]

20     

Cai Y, Yin W. The Multiple Functions of B Cells in Chronic HBV Infection. Front Immunol 2020; 11: 582292 [PMID: 
33381113 DOI: 10.3389/fimmu.2020.582292]

21     

Kafeero HM, Ndagire D, Ocama P, Kudamba A, Walusansa A, Sendagire H. Prevalence and predictors of hepatitis B 
virus (HBV) infection in east Africa: evidence from a systematic review and meta-analysis of epidemiological studies 
published from 2005 to 2020. Arch Public Health 2021; 79: 167 [PMID: 34537079 DOI: 10.1186/s13690-021-00686-1]

22     

Nelson NP, Easterbrook PJ, McMahon BJ. Epidemiology of Hepatitis B Virus Infection and Impact of Vaccination on 
Disease. Clin Liver Dis 2016; 20: 607-628 [PMID: 27742003 DOI: 10.1016/j.cld.2016.06.006]

23     

MacLachlan JH, Cowie BC. Hepatitis B virus epidemiology. Cold Spring Harb Perspect Med 2015; 5: a021410 [PMID: 
25934461 DOI: 10.1101/cshperspect.a021410]

24     

Nguyen MH, Wong G, Gane E, Kao JH, Dusheiko G. Hepatitis B Virus: Advances in Prevention, Diagnosis, and 
Therapy. Clin Microbiol Rev 2020; 33 [PMID: 32102898 DOI: 10.1128/CMR.00046-19]

25     

Schillie S, Vellozzi C, Reingold A, Harris A, Haber P, Ward JW, Nelson NP. Prevention of Hepatitis B Virus Infection in 
the United States: Recommendations of the Advisory Committee on Immunization Practices. MMWR Recomm Rep 2018; 
67: 1-31 [PMID: 29939980 DOI: 10.15585/mmwr.rr6701a1]

26     

Drazilova S, Kristian P, Janicko M, Halanova M, Safcak D, Dorcakova PD, Marekova M, Pella D, Madarasova-Geckova 
A, Jarcuska P, HepaMeta Team. What is the Role of the Horizontal Transmission of Hepatitis B Virus Infection in Young 
Adult and Middle-Aged Roma Population Living in the Settlements in East Slovakia? Int J Environ Res Public Health 
2020; 17 [PMID: 32397342 DOI: 10.3390/IJERPH17093293]

27     

Weis-Torres SMDS, Fitts SMF, Cardoso WM, Higa Junior MG, Lima LA, Bandeira LM, Castro VOL, Carneiro FA, 
Iglecias LMM, Cesar GA, Tanaka TSO, Puga MAM, Rezende GR, Croda J, Lago BV, Motta-Castro ARC. High level of 

28     

http://www.ncbi.nlm.nih.gov/pubmed/29767668
https://dx.doi.org/10.1590/1678-4685-GMB-2017-0147
http://www.ncbi.nlm.nih.gov/pubmed/32061597
https://dx.doi.org/10.1053/j.gastro.2020.01.050
http://www.ncbi.nlm.nih.gov/pubmed/33161818
https://dx.doi.org/10.1177/0748730420967768
http://www.ncbi.nlm.nih.gov/pubmed/24379614
https://dx.doi.org/10.3748/wjg.v19.i47.8902
http://www.ncbi.nlm.nih.gov/pubmed/34676223
https://dx.doi.org/10.3389/fmed.2021.713981
http://www.ncbi.nlm.nih.gov/pubmed/31083509
https://dx.doi.org/10.3390/PATHOGENS8020063
http://www.ncbi.nlm.nih.gov/pubmed/34696178
https://dx.doi.org/10.3390/VACCINES9101070
http://www.ncbi.nlm.nih.gov/pubmed/34642494
https://dx.doi.org/10.1038/s41591-021-01513-4
http://www.ncbi.nlm.nih.gov/pubmed/30090877
https://dx.doi.org/10.1358/dot.2018.54.7.2833984
http://www.ncbi.nlm.nih.gov/pubmed/23983659
https://dx.doi.org/10.1016/s0976-0016(11)60191-9
http://www.ncbi.nlm.nih.gov/pubmed/29970037
https://dx.doi.org/10.1186/s12879-018-3192-8
http://www.ncbi.nlm.nih.gov/pubmed/34370796
https://dx.doi.org/10.1371/journal.ppat.1009838
http://www.ncbi.nlm.nih.gov/pubmed/32302614
https://dx.doi.org/10.1053/j.gastro.2020.04.019
http://www.ncbi.nlm.nih.gov/pubmed/29405329
https://dx.doi.org/10.1002/hep.29800
http://www.ncbi.nlm.nih.gov/pubmed/33240824
https://dx.doi.org/10.3389/fcimb.2020.587628
https://dx.doi.org/10.20517/2394-5079.2020.49
http://www.ncbi.nlm.nih.gov/pubmed/31741334
https://dx.doi.org/10.1007/978-981-13-9151-4_4
http://www.ncbi.nlm.nih.gov/pubmed/33381113
https://dx.doi.org/10.3389/fimmu.2020.582292
http://www.ncbi.nlm.nih.gov/pubmed/34537079
https://dx.doi.org/10.1186/s13690-021-00686-1
http://www.ncbi.nlm.nih.gov/pubmed/27742003
https://dx.doi.org/10.1016/j.cld.2016.06.006
http://www.ncbi.nlm.nih.gov/pubmed/25934461
https://dx.doi.org/10.1101/cshperspect.a021410
http://www.ncbi.nlm.nih.gov/pubmed/32102898
https://dx.doi.org/10.1128/CMR.00046-19
http://www.ncbi.nlm.nih.gov/pubmed/29939980
https://dx.doi.org/10.15585/mmwr.rr6701a1
http://www.ncbi.nlm.nih.gov/pubmed/32397342
https://dx.doi.org/10.3390/IJERPH17093293


Skrlec I et al. Hepatitis B and circadian rhythm

WJG https://www.wjgnet.com 3293 July 21, 2022 Volume 28 Issue 27

exposure to hepatitis B virus infection in a vulnerable population of a low endemic area: A challenge for vaccination 
coverage. Int J Infect Dis 2020; 90: 46-52 [PMID: 31589921 DOI: 10.1016/j.ijid.2019.09.029]
de Villiers MJ, Nayagam S, Hallett TB. The impact of the timely birth dose vaccine on the global elimination of hepatitis 
B. Nat Commun 2021; 12: 6223 [PMID: 34711822 DOI: 10.1038/s41467-021-26475-6]

29     

Guimarães LCDC, Brunini S, Guimarães RA, Galdino-Júnior H, Minamisava R, da Cunha VE, Santos JRS, Silveira-
Lacerda EP, Souza CM, de Oliveira VLB, Albernaz GC, de Menezes TG, Rezza G. Epidemiology of hepatitis B virus 
infection in people living in poverty in the central-west region of Brazil. BMC Public Health 2019; 19: 443 [PMID: 
31035990 DOI: 10.1186/s12889-019-6828-8]

30     

Makuza JD, Rwema JOT, Ntihabose CK, Dushimiyimana D, Umutesi J, Nisingizwe MP, Serumondo J, Semakula M, 
Riedel DJ, Nsanzimana S. Prevalence of hepatitis B surface antigen (HBsAg) positivity and its associated factors in 
Rwanda. BMC Infect Dis 2019; 19: 381 [PMID: 31053097 DOI: 10.1186/s12879-019-4013-4]

31     

Fattahi MR, Mehrabani D, Mehvarz S, Jaliani NZ, Alipour A, Davarpanah MA. The Seroprevalence of Hepatitis B in 
Akbar Abad Village, Kavar, Southern Iran. Int J Prev Med 2014; 5: S223-S230 [PMID: 26622994]

32     

McNaughton AL, D'Arienzo V, Ansari MA, Lumley SF, Littlejohn M, Revill P, McKeating JA, Matthews PC. Insights 
From Deep Sequencing of the HBV Genome-Unique, Tiny, and Misunderstood. Gastroenterology 2019; 156: 384-399 
[PMID: 30268787 DOI: 10.1053/j.gastro.2018.07.058]

33     

Locarnini SA, Littlejohn M, Yuen LKW. Origins and Evolution of the Primate Hepatitis B Virus. Front Microbiol 2021; 
12: 653684 [PMID: 34108947 DOI: 10.3389/fmicb.2021.653684]

34     

Zhang ZH, Wu CC, Chen XW, Li X, Li J, Lu MJ. Genetic variation of hepatitis B virus and its significance for 
pathogenesis. World J Gastroenterol 2016; 22: 126-144 [PMID: 26755865 DOI: 10.3748/wjg.v22.i1.126]

35     

Tsukuda S, Watashi K. Hepatitis B virus biology and life cycle. Antiviral Res 2020; 182: 104925 [PMID: 32866519 DOI: 
10.1016/j.antiviral.2020.104925]

36     

Seeger C, Mason WS, Lai MMC.   Molecular Biology of Hepatitis Viruses. In: Arias IM, Alter HJ, Boyer JL, Cohen DE, 
Shafritz DA, Thorgeirsson SS, Wolkoff AW. The Liver: Biology and Pathobiology. Oxford, UK: John Wiley & Sons, Ltd, 
2020: 793-820

37     

Mohebbi A, Lorestani N, Tahamtan A, Kargar NL, Tabarraei A. An Overview of Hepatitis B Virus Surface Antigen 
Secretion Inhibitors. Front Microbiol 2018; 9: 662 [PMID: 29675010 DOI: 10.3389/fmicb.2018.00662]

38     

Seeger C, Mason WS. Molecular biology of hepatitis B virus infection. Virology 2015; 479-480: 672-686 [PMID: 
25759099 DOI: 10.1016/j.virol.2015.02.031]

39     

Patel N, White SJ, Thompson RF, Bingham R, Weiß EU, Maskell DP, Zlotnick A, Dykeman E, Tuma R, Twarock R, 
Ranson NA, Stockley PG. HBV RNA pre-genome encodes specific motifs that mediate interactions with the viral core 
protein that promote nucleocapsid assembly. Nat Microbiol 2017; 2: 17098 [PMID: 28628133 DOI: 
10.1038/nmicrobiol.2017.98]

40     

Ko C, Su J, Festag J, Bester R, Kosinska AD, Protzer U. Intramolecular recombination enables the formation of hepatitis 
B virus (HBV) cccDNA in mice after HBV genome transfer using recombinant AAV vectors. Antiviral Res 2021; 194: 
105140 [PMID: 34284057 DOI: 10.1016/j.antiviral.2021.105140]

41     

Altinel K, Hashimoto K, Wei Y, Neuveut C, Gupta I, Suzuki AM, Dos Santos A, Moreau P, Xia T, Kojima S, Kato S, 
Takikawa Y, Hidaka I, Shimizu M, Matsuura T, Tsubota A, Ikeda H, Nagoshi S, Suzuki H, Michel ML, Samuel D, 
Buendia MA, Faivre J, Carninci P. Single-Nucleotide Resolution Mapping of Hepatitis B Virus Promoters in Infected 
Human Livers and Hepatocellular Carcinoma. J Virol 2016; 90: 10811-10822 [PMID: 27681123 DOI: 
10.1128/JVI.01625-16]

42     

Watanabe T, Inoue T, Tanaka Y. Hepatitis B Core-Related Antigen and New Therapies for Hepatitis B. Microorganisms 
2021; 9 [PMID: 34683404 DOI: 10.3390/MICROORGANISMS9102083]

43     

Philips CA, Ahamed R, Abduljaleel JK, Rajesh S, Augustine P. Critical Updates on Chronic Hepatitis B Virus Infection 
in 2021. Cureus 2021; 13: e19152 [PMID: 34733599 DOI: 10.7759/cureus.19152]

44     

Pavesi A. Origin, Evolution and Stability of Overlapping Genes in Viruses: A Systematic Review. Genes (Basel) 2021; 12 
[PMID: 34073395 DOI: 10.3390/genes12060809]

45     

Zhao F, Xie X, Tan X, Yu H, Tian M, Lv H, Qin C, Qi J, Zhu Q. The Functions of Hepatitis B Virus Encoding Proteins: 
Viral Persistence and Liver Pathogenesis. Front Immunol 2021; 12: 691766 [PMID: 34456908 DOI: 
10.3389/fimmu.2021.691766]

46     

Pazienza V, Niro GA, Fontana R, Vinciguerra M, Andriulli A. Advance in molecular diagnostic tools for hepatitis B virus 
detection. Clin Chem Lab Med 2013; 51: 1707-1717 [PMID: 23612658 DOI: 10.1515/cclm-2013-0136]

47     

Hu J, Liu K. Complete and Incomplete Hepatitis B Virus Particles: Formation, Function, and Application. Viruses 2017; 9 
[PMID: 28335554 DOI: 10.3390/V9030056]

48     

Pastor F, Herrscher C, Patient R, Eymieux S, Moreau A, Burlaud-Gaillard J, Seigneuret F, de Rocquigny H, Roingeard P, 
Hourioux C. Direct interaction between the hepatitis B virus core and envelope proteins analyzed in a cellular context. Sci 
Rep 2019; 9: 16178 [PMID: 31700077 DOI: 10.1038/s41598-019-52824-z]

49     

Zhuang X, Forde D, Tsukuda S, D'Arienzo V, Mailly L, Harris JM, Wing PAC, Borrmann H, Schilling M, Magri A, 
Rubio CO, Maidstone RJ, Iqbal M, Garzon M, Minisini R, Pirisi M, Butterworth S, Balfe P, Ray DW, Watashi K, 
Baumert TF, McKeating JA. Circadian control of hepatitis B virus replication. Nat Commun 2021; 12: 1658 [PMID: 
33712578 DOI: 10.1038/s41467-021-21821-0]

50     

Watashi K, Wakita T. Hepatitis B Virus and Hepatitis D Virus Entry, Species Specificity, and Tissue Tropism. Cold 
Spring Harb Perspect Med 2015; 5: a021378 [PMID: 26238794 DOI: 10.1101/cshperspect.a021378]

51     

Zeyen L, Prange R. Host Cell Rab GTPases in Hepatitis B Virus Infection. Front Cell Dev Biol 2018; 6: 154 [PMID: 
30510928 DOI: 10.3389/fcell.2018.00154]

52     

Lamontagne RJ, Bagga S, Bouchard MJ. Hepatitis B virus molecular biology and pathogenesis. Hepatoma Res 2016; 2: 
163-186 [PMID: 28042609 DOI: 10.20517/2394-5079.2016.05]

53     

Marchetti AL, Guo H. New Insights on Molecular Mechanism of Hepatitis B Virus Covalently Closed Circular DNA 
Formation. Cells 2020; 9 [PMID: 33172220 DOI: 10.3390/CELLS9112430]

54     

http://www.ncbi.nlm.nih.gov/pubmed/31589921
https://dx.doi.org/10.1016/j.ijid.2019.09.029
http://www.ncbi.nlm.nih.gov/pubmed/34711822
https://dx.doi.org/10.1038/s41467-021-26475-6
http://www.ncbi.nlm.nih.gov/pubmed/31035990
https://dx.doi.org/10.1186/s12889-019-6828-8
http://www.ncbi.nlm.nih.gov/pubmed/31053097
https://dx.doi.org/10.1186/s12879-019-4013-4
http://www.ncbi.nlm.nih.gov/pubmed/26622994
http://www.ncbi.nlm.nih.gov/pubmed/30268787
https://dx.doi.org/10.1053/j.gastro.2018.07.058
http://www.ncbi.nlm.nih.gov/pubmed/34108947
https://dx.doi.org/10.3389/fmicb.2021.653684
http://www.ncbi.nlm.nih.gov/pubmed/26755865
https://dx.doi.org/10.3748/wjg.v22.i1.126
http://www.ncbi.nlm.nih.gov/pubmed/32866519
https://dx.doi.org/10.1016/j.antiviral.2020.104925
http://www.ncbi.nlm.nih.gov/pubmed/29675010
https://dx.doi.org/10.3389/fmicb.2018.00662
http://www.ncbi.nlm.nih.gov/pubmed/25759099
https://dx.doi.org/10.1016/j.virol.2015.02.031
http://www.ncbi.nlm.nih.gov/pubmed/28628133
https://dx.doi.org/10.1038/nmicrobiol.2017.98
http://www.ncbi.nlm.nih.gov/pubmed/34284057
https://dx.doi.org/10.1016/j.antiviral.2021.105140
http://www.ncbi.nlm.nih.gov/pubmed/27681123
https://dx.doi.org/10.1128/JVI.01625-16
http://www.ncbi.nlm.nih.gov/pubmed/34683404
https://dx.doi.org/10.3390/MICROORGANISMS9102083
http://www.ncbi.nlm.nih.gov/pubmed/34733599
https://dx.doi.org/10.7759/cureus.19152
http://www.ncbi.nlm.nih.gov/pubmed/34073395
https://dx.doi.org/10.3390/genes12060809
http://www.ncbi.nlm.nih.gov/pubmed/34456908
https://dx.doi.org/10.3389/fimmu.2021.691766
http://www.ncbi.nlm.nih.gov/pubmed/23612658
https://dx.doi.org/10.1515/cclm-2013-0136
http://www.ncbi.nlm.nih.gov/pubmed/28335554
https://dx.doi.org/10.3390/V9030056
http://www.ncbi.nlm.nih.gov/pubmed/31700077
https://dx.doi.org/10.1038/s41598-019-52824-z
http://www.ncbi.nlm.nih.gov/pubmed/33712578
https://dx.doi.org/10.1038/s41467-021-21821-0
http://www.ncbi.nlm.nih.gov/pubmed/26238794
https://dx.doi.org/10.1101/cshperspect.a021378
http://www.ncbi.nlm.nih.gov/pubmed/30510928
https://dx.doi.org/10.3389/fcell.2018.00154
http://www.ncbi.nlm.nih.gov/pubmed/28042609
https://dx.doi.org/10.20517/2394-5079.2016.05
http://www.ncbi.nlm.nih.gov/pubmed/33172220
https://dx.doi.org/10.3390/CELLS9112430


Skrlec I et al. Hepatitis B and circadian rhythm

WJG https://www.wjgnet.com 3294 July 21, 2022 Volume 28 Issue 27

Tu T, Zhang H, Urban S. Hepatitis B Virus DNA Integration: In Vitro Models for Investigating Viral Pathogenesis and 
Persistence. Viruses 2021; 13 [PMID: 33530322 DOI: 10.3390/V13020180]

55     

Wang G, Guan J, Khan NU, Li G, Shao J, Zhou Q, Xu L, Huang C, Deng J, Zhu H, Chen Z. Potential capacity of 
interferon-α to eliminate covalently closed circular DNA (cccDNA) in hepatocytes infected with hepatitis B virus. Gut 
Pathog 2021; 13: 22 [PMID: 33845868 DOI: 10.1186/s13099-021-00421-9]

56     

Karayiannis P. Hepatitis B virus: virology, molecular biology, life cycle and intrahepatic spread. Hepatol Int 2017; 11: 
500-508 [PMID: 29098564 DOI: 10.1007/s12072-017-9829-7]

57     

Jiang B, Hildt E. Intracellular Trafficking of HBV Particles. Cells 2020; 9 [PMID: 32887393 DOI: 
10.3390/CELLS9092023]

58     

Inan N, Tabak F. Hepatitis B Virus: Biology and Life Cycle. Viral Hepat J  2015; 21: 1-7 [DOI: 10.4274/vhd.36036]59     
Škrlec I, Milić J, Cilenšek I, Petrovič D, Wagner J, Peterlin B. Circadian clock genes and myocardial infarction in patients 
with type 2 diabetes mellitus. Gene 2019; 701: 98-103 [PMID: 30905809 DOI: 10.1016/j.gene.2019.03.038]

60     

Zhao M, Xing H, Chen M, Dong D, Wu B. Circadian clock-controlled drug metabolism and transport. Xenobiotica 2020; 
50: 495-505 [PMID: 31544568 DOI: 10.1080/00498254.2019.1672120]

61     

Škrlec I, Milić J, Steiner R. The Impact of the Circadian Genes CLOCK and ARNTL on Myocardial Infarction. J Clin Med 
2020; 9 [PMID: 32050674 DOI: 10.3390/JCM9020484]

62     

Mukherji A, Bailey SM, Staels B, Baumert TF. The circadian clock and liver function in health and disease. J Hepatol 
2019; 71: 200-211 [PMID: 30930223 DOI: 10.1016/j.jhep.2019.03.020]

63     

Škrlec I. Circadian rhythm and myocardial infarction. Med Flum  2019; 55: 32-42 [DOI: 
10.21860/medflum2019_216321]

64     

Haspel JA, Anafi R, Brown MK, Cermakian N, Depner C, Desplats P, Gelman AE, Haack M, Jelic S, Kim BS, Laposky 
AD, Lee YC, Mongodin E, Prather AA, Prendergast BJ, Reardon C, Shaw AC, Sengupta S, Szentirmai É, Thakkar M, 
Walker WE, Solt LA. Perfect timing: circadian rhythms, sleep, and immunity - an NIH workshop summary. JCI Insight 
2020; 5 [PMID: 31941836 DOI: 10.1172/JCI.INSIGHT.131487]

65     

Shi D, Chen J, Wang J, Yao J, Huang Y, Zhang G, Bao Z. Circadian Clock Genes in the Metabolism of Non-alcoholic 
Fatty Liver Disease. Front Physiol 2019; 10: 423 [PMID: 31139087 DOI: 10.3389/fphys.2019.00423]

66     

Mukherji A, Dachraoui M, Baumert TF. Perturbation of the circadian clock and pathogenesis of NAFLD. Metabolism 
2020; 111S: 154337 [PMID: 32795560 DOI: 10.1016/j.metabol.2020.154337]

67     

Kim YH, Lazar MA. Transcriptional Control of Circadian Rhythms and Metabolism: A Matter of Time and Space. 
Endocr Rev 2020; 41 [PMID: 32392281 DOI: 10.1210/ENDREV/BNAA014]

68     

Dandri M. Epigenetic modulation in chronic hepatitis B virus infection. Semin Immunopathol 2020; 42: 173-185 [PMID: 
32185454 DOI: 10.1007/s00281-020-00780-6]

69     

Kong F, Li Q, Zhang F, Li X, You H, Pan X, Zheng K, Tang R. Sirtuins as Potential Therapeutic Targets for Hepatitis B 
Virus Infection. Front Med (Lausanne) 2021; 8: 751516 [PMID: 34708060 DOI: 10.3389/fmed.2021.751516]

70     

Du L, Ma Y, Liu M, Yan L, Tang H. Peroxisome Proliferators Activated Receptor (PPAR) agonists activate hepatitis B 
virus replication in vivo. Virol J 2017; 14: 96 [PMID: 28545573 DOI: 10.1186/s12985-017-0765-x]

71     

Dubuquoy L, Louvet A, Hollebecque A, Mathurin P, Dharancy S. Peroxisome proliferator-activated receptors in HBV-
related infection. PPAR Res 2009; 2009: 145124 [PMID: 19365584 DOI: 10.1155/2009/145124]

72     

Charoensuksai P, Xu W. PPARs in Rhythmic Metabolic Regulation and Implications in Health and Disease. PPAR Res 
2010; 2010 [PMID: 20871864 DOI: 10.1155/2010/243643]

73     

Le Martelot G, Claudel T, Gatfield D, Schaad O, Kornmann B, Lo Sasso G, Moschetta A, Schibler U. REV-ERBalpha 
participates in circadian SREBP signaling and bile acid homeostasis. PLoS Biol 2009; 7: e1000181 [PMID: 19721697 
DOI: 10.1371/journal.pbio.1000181]

74     

Kawai M, Rosen CJ. PPARγ: a circadian transcription factor in adipogenesis and osteogenesis. Nat Rev Endocrinol 2010; 
6: 629-636 [PMID: 20820194 DOI: 10.1038/nrendo.2010.155]

75     

Zhang EE, Liu Y, Dentin R, Pongsawakul PY, Liu AC, Hirota T, Nusinow DA, Sun X, Landais S, Kodama Y, Brenner 
DA, Montminy M, Kay SA. Cryptochrome mediates circadian regulation of cAMP signaling and hepatic gluconeogenesis. 
Nat Med 2010; 16: 1152-1156 [PMID: 20852621 DOI: 10.1038/nm.2214]

76     

Kim EJ, Yoon YS, Hong S, Son HY, Na TY, Lee MH, Kang HJ, Park J, Cho WJ, Kim SG, Koo SH, Park HG, Lee MO. 
Retinoic acid receptor-related orphan receptor α-induced activation of adenosine monophosphate-activated protein kinase 
results in attenuation of hepatic steatosis. Hepatology 2012; 55: 1379-1388 [PMID: 22183856 DOI: 10.1002/hep.25529]

77     

Kalsbeek A, la Fleur S, Fliers E. Circadian control of glucose metabolism. Mol Metab 2014; 3: 372-383 [PMID: 
24944897 DOI: 10.1016/j.molmet.2014.03.002]

78     

Diallo AB, Coiffard B, Leone M, Mezouar S, Mege JL. For Whom the Clock Ticks: Clinical Chronobiology for Infectious 
Diseases. Front Immunol 2020; 11: 1457 [PMID: 32733482 DOI: 10.3389/fimmu.2020.01457]

79     

Mazzoccoli G, Vinciguerra M, Carbone A, Relógio A. The Circadian Clock, the Immune System, and Viral Infections: 
The Intricate Relationship Between Biological Time and Host-Virus Interaction. Pathogens 2020; 9 [PMID: 32012758 
DOI: 10.3390/PATHOGENS9020083]

80     

Wu C, Guo X, Li M, Shen J, Fu X, Xie Q, Hou Z, Zhai M, Qiu X, Cui Z, Xie H, Qin P, Weng X, Hu Z, Liang J. 
DeepHBV: a deep learning model to predict hepatitis B virus (HBV) integration sites. BMC Ecol Evol 2021; 21: 138 
[PMID: 34233610 DOI: 10.1186/s12862-021-01869-8]

81     

Zhuang X, Edgar RS, McKeating JA. The role of circadian clock pathways in viral replication. Semin Immunopathol 
2022; 44: 175-182 [PMID: 35192001 DOI: 10.1007/s00281-021-00908-2]

82     

Sulli G, Lam MTY, Panda S. Interplay between Circadian Clock and Cancer: New Frontiers for Cancer Treatment. Trends 
Cancer 2019; 5: 475-494 [PMID: 31421905 DOI: 10.1016/j.trecan.2019.07.002]

83     

Jiang Y, Shen X, Fasae MB, Zhi F, Chai L, Ou Y, Feng H, Liu S, Liu Y, Yang S. The Expression and Function of 
Circadian Rhythm Genes in Hepatocellular Carcinoma. Oxid Med Cell Longev 2021; 2021: 4044606 [PMID: 34697563 
DOI: 10.1155/2021/4044606]

84     

http://www.ncbi.nlm.nih.gov/pubmed/33530322
https://dx.doi.org/10.3390/V13020180
http://www.ncbi.nlm.nih.gov/pubmed/33845868
https://dx.doi.org/10.1186/s13099-021-00421-9
http://www.ncbi.nlm.nih.gov/pubmed/29098564
https://dx.doi.org/10.1007/s12072-017-9829-7
http://www.ncbi.nlm.nih.gov/pubmed/32887393
https://dx.doi.org/10.3390/CELLS9092023
https://dx.doi.org/10.4274/vhd.36036
http://www.ncbi.nlm.nih.gov/pubmed/30905809
https://dx.doi.org/10.1016/j.gene.2019.03.038
http://www.ncbi.nlm.nih.gov/pubmed/31544568
https://dx.doi.org/10.1080/00498254.2019.1672120
http://www.ncbi.nlm.nih.gov/pubmed/32050674
https://dx.doi.org/10.3390/JCM9020484
http://www.ncbi.nlm.nih.gov/pubmed/30930223
https://dx.doi.org/10.1016/j.jhep.2019.03.020
https://dx.doi.org/10.21860/medflum2019_216321
http://www.ncbi.nlm.nih.gov/pubmed/31941836
https://dx.doi.org/10.1172/JCI.INSIGHT.131487
http://www.ncbi.nlm.nih.gov/pubmed/31139087
https://dx.doi.org/10.3389/fphys.2019.00423
http://www.ncbi.nlm.nih.gov/pubmed/32795560
https://dx.doi.org/10.1016/j.metabol.2020.154337
http://www.ncbi.nlm.nih.gov/pubmed/32392281
https://dx.doi.org/10.1210/ENDREV/BNAA014
http://www.ncbi.nlm.nih.gov/pubmed/32185454
https://dx.doi.org/10.1007/s00281-020-00780-6
http://www.ncbi.nlm.nih.gov/pubmed/34708060
https://dx.doi.org/10.3389/fmed.2021.751516
http://www.ncbi.nlm.nih.gov/pubmed/28545573
https://dx.doi.org/10.1186/s12985-017-0765-x
http://www.ncbi.nlm.nih.gov/pubmed/19365584
https://dx.doi.org/10.1155/2009/145124
http://www.ncbi.nlm.nih.gov/pubmed/20871864
https://dx.doi.org/10.1155/2010/243643
http://www.ncbi.nlm.nih.gov/pubmed/19721697
https://dx.doi.org/10.1371/journal.pbio.1000181
http://www.ncbi.nlm.nih.gov/pubmed/20820194
https://dx.doi.org/10.1038/nrendo.2010.155
http://www.ncbi.nlm.nih.gov/pubmed/20852621
https://dx.doi.org/10.1038/nm.2214
http://www.ncbi.nlm.nih.gov/pubmed/22183856
https://dx.doi.org/10.1002/hep.25529
http://www.ncbi.nlm.nih.gov/pubmed/24944897
https://dx.doi.org/10.1016/j.molmet.2014.03.002
http://www.ncbi.nlm.nih.gov/pubmed/32733482
https://dx.doi.org/10.3389/fimmu.2020.01457
http://www.ncbi.nlm.nih.gov/pubmed/32012758
https://dx.doi.org/10.3390/PATHOGENS9020083
http://www.ncbi.nlm.nih.gov/pubmed/34233610
https://dx.doi.org/10.1186/s12862-021-01869-8
http://www.ncbi.nlm.nih.gov/pubmed/35192001
https://dx.doi.org/10.1007/s00281-021-00908-2
http://www.ncbi.nlm.nih.gov/pubmed/31421905
https://dx.doi.org/10.1016/j.trecan.2019.07.002
http://www.ncbi.nlm.nih.gov/pubmed/34697563
https://dx.doi.org/10.1155/2021/4044606


Skrlec I et al. Hepatitis B and circadian rhythm

WJG https://www.wjgnet.com 3295 July 21, 2022 Volume 28 Issue 27

Yang SL, Yu C, Jiang JX, Liu LP, Fang X, Wu C. Hepatitis B virus X protein disrupts the balance of the expression of 
circadian rhythm genes in hepatocellular carcinoma. Oncol Lett 2014; 8: 2715-2720 [PMID: 25360177 DOI: 
10.3892/OL.2014.2570]

85     

Li H, Lu YF, Chen H, Liu J. Dysregulation of metallothionein and circadian genes in human hepatocellular carcinoma. 
Chronobiol Int 2017; 34: 192-202 [PMID: 27997226 DOI: 10.1080/07420528.2016.1256300]

86     

Caratti G, Iqbal M, Hunter L, Kim D, Wang P, Vonslow RM, Begley N, Tetley AJ, Woodburn JL, Pariollaud M, 
Maidstone R, Donaldson IJ, Zhang Z, Ince LM, Kitchen G, Baxter M, Poolman TM, Daniels DA, Stirling DR, Brocker C, 
Gonzalez F, Loudon AS, Bechtold DA, Rattray M, Matthews LC, Ray DW. REVERBa couples the circadian clock to 
hepatic glucocorticoid action. J Clin Invest 2018; 128: 4454-4471 [PMID: 30179226 DOI: 10.1172/JCI96138]

87     

Li M, Wang Y, Xia X, Mo P, Xu J, Yu C, Li W. Steroid receptor coactivator 3 inhibits hepatitis B virus gene expression 
through activating Akt signaling to prevent HNF4α nuclear translocation. Cell Biosci 2019; 9: 64 [PMID: 31417670 DOI: 
10.1186/s13578-019-0328-5]

88     

Fekry B, Ribas-Latre A, Baumgartner C, Deans JR, Kwok C, Patel P, Fu L, Berdeaux R, Sun K, Kolonin MG, Wang SH, 
Yoo SH, Sladek FM, Eckel-Mahan K. Incompatibility of the circadian protein BMAL1 and HNF4α in hepatocellular 
carcinoma. Nat Commun 2018; 9: 4349 [PMID: 30341289 DOI: 10.1038/s41467-018-06648-6]

89     

Shkodina AD, Tan SC, Hasan MM, Abdelgawad M, Chopra H, Bilal M, Boiko DI, Tarianyk KA, Alexiou A. Roles of 
clock genes in the pathogenesis of Parkinson’s disease. Ageing Res Rev 2022; 74: 101554 [DOI: 
10.1016/J.ARR.2021.101554]

90     

Pearson JA, Voisey AC, Boest-Bjerg K, Wong FS, Wen L. Circadian Rhythm Modulation of Microbes During Health 
and Infection. Front Microbiol 2021; 12: 721004 [PMID: 34512600 DOI: 10.3389/fmicb.2021.721004]

91     

Qi ZX, Wang LY, Fan YC, Zhang JJ, Li T, Wang K. Increased peripheral RORα and RORγt mRNA expression is 
associated with acute-on-chronic hepatitis B liver failure. J Viral Hepat 2012; 19: 811-822 [PMID: 23043388 DOI: 
10.1111/j.1365-2893.2012.01603.x]

92     

Huang Y, Liang H, He C, Peng F. Hepatitis B Virus X Protein-Induced RORγ Expression to Promote the Migration and 
Proliferation of Hepatocellular Carcinoma. Biomed Res Int 2019; 2019: 5407126 [PMID: 31781621 DOI: 
10.1155/2019/5407126]

93     

Liang Y, Wang S, Huang X, Chai R, Tang Q, Yang R, Wang X, Zheng K. Dysregulation of Circadian Clock Genes as 
Significant Clinic Factor in the Tumorigenesis of Hepatocellular Carcinoma. Comput Math Methods Med 2021; 2021: 
8238833 [PMID: 34745328 DOI: 10.1155/2021/8238833]

94     

Iannacone M, Guidotti LG. Immunobiology and pathogenesis of hepatitis B virus infection. Nat Rev Immunol 2022; 22: 
19-32 [PMID: 34002067 DOI: 10.1038/s41577-021-00549-4]

95     

Tan A, Koh S, Bertoletti A. Immune Response in Hepatitis B Virus Infection. Cold Spring Harb Perspect Med 2015; 5: 
a021428 [PMID: 26134480 DOI: 10.1101/cshperspect.a021428]

96     

Ghosh A, Onsager C, Mason A, Arriola L, Lee W, Mubayi A. The role of oxygen intake and liver enzyme on the 
dynamics of damaged hepatocytes: Implications to ischaemic liver injury via a mathematical model. PLoS One 2021; 16: 
e0230833 [PMID: 33886563 DOI: 10.1371/journal.pone.0230833]

97     

Gu Y, Lian Y, Gu L, Chen L, Li X, Zhou L, Huang Y, Wang J. Correlations between cytokines produced by T cells and 
clinical-virological characteristics in untreated chronic hepatitis B patients. BMC Infect Dis 2019; 19: 216 [PMID: 
30832595 DOI: 10.1186/s12879-019-3853-2]

98     

Matsumura S, Yamamoto K, Shimada N, Okano N, Okamoto R, Suzuki T, Hakoda T, Mizuno M, Higashi T, Tsuji T. 
High frequency of circulating HBcAg-specific CD8 T cells in hepatitis B infection: a flow cytometric analysis. Clin Exp 
Immunol 2001; 124: 435-444 [PMID: 11472405 DOI: 10.1046/J.1365-2249.2001.01561.X]

99     

Meier MA, Suslov A, Ketterer S, Heim MH, Wieland SF. Hepatitis B virus covalently closed circular DNA homeostasis 
is independent of the lymphotoxin pathway during chronic HBV infection. J Viral Hepat 2017; 24: 662-671 [PMID: 
28182305 DOI: 10.1111/jvh.12689]

100     

Pick R, He W, Chen CS, Scheiermann C. Time-of-Day-Dependent Trafficking and Function of Leukocyte Subsets. 
Trends Immunol 2019; 40: 524-537 [PMID: 31109762 DOI: 10.1016/j.it.2019.03.010]

101     

Dimitrov S, Benedict C, Heutling D, Westermann J, Born J, Lange T. Cortisol and epinephrine control opposing circadian 
rhythms in T cell subsets. Blood 2009; 113: 5134-5143 [PMID: 19293427 DOI: 10.1182/blood-2008-11-190769]

102     

Narasimamurthy R, Hatori M, Nayak SK, Liu F, Panda S, Verma IM. Circadian clock protein cryptochrome regulates 
the expression of proinflammatory cytokines. Proc Natl Acad Sci U S A 2012; 109: 12662-12667 [PMID: 22778400 DOI: 
10.1073/pnas.1209965109]

103     

Silver AC, Arjona A, Walker WE, Fikrig E. The circadian clock controls toll-like receptor 9-mediated innate and adaptive 
immunity. Immunity 2012; 36: 251-261 [PMID: 22342842 DOI: 10.1016/j.immuni.2011.12.017]

104     

Crespo I, Fernández-Palanca P, San-Miguel B, Álvarez M, González-Gallego J, Tuñón MJ. Melatonin modulates 
mitophagy, innate immunity and circadian clocks in a model of viral-induced fulminant hepatic failure. J Cell Mol Med 
2020; 24: 7625-7636 [PMID: 32468679 DOI: 10.1111/jcmm.15398]

105     

Griffett K, Bedia-Diaz G, Elgendy B, Burris TP. REV-ERB agonism improves liver pathology in a mouse model of 
NASH. PLoS One 2020; 15: e0236000 [PMID: 33002003 DOI: 10.1371/journal.pone.0236000]

106     

Srinivasan V, Mohamed M, Kato H. Melatonin in bacterial and viral infections with focus on sepsis: a review. Recent Pat 
Endocr Metab Immune Drug Discov 2012; 6: 30-39 [PMID: 22264213 DOI: 10.2174/187221412799015317]

107     

van den Berg F, Limani SW, Mnyandu N, Maepa MB, Ely A, Arbuthnot P. Advances with RNAi-Based Therapy for 
Hepatitis B Virus Infection. Viruses 2020; 12 [PMID: 32759756 DOI: 10.3390/V12080851]

108     

Pierra Rouviere C, Dousson CB, Tavis JE. HBV replication inhibitors. Antiviral Res 2020; 179: 104815 [PMID: 
32380149 DOI: 10.1016/j.antiviral.2020.104815]

109     

Liang TJ. Hepatitis B: a new weapon against an old enemy. Nat Med 2021; 27: 1672-1673 [PMID: 34642493 DOI: 
10.1038/s41591-021-01512-5]

110     

Raimondo G, Locarnini S, Pollicino T, Levrero M, Zoulim F, Lok AS; Taormina Workshop on Occult HBV Infection 
Faculty Members. Update of the statements on biology and clinical impact of occult hepatitis B virus infection. J Hepatol 

111     

http://www.ncbi.nlm.nih.gov/pubmed/25360177
https://dx.doi.org/10.3892/OL.2014.2570
http://www.ncbi.nlm.nih.gov/pubmed/27997226
https://dx.doi.org/10.1080/07420528.2016.1256300
http://www.ncbi.nlm.nih.gov/pubmed/30179226
https://dx.doi.org/10.1172/JCI96138
http://www.ncbi.nlm.nih.gov/pubmed/31417670
https://dx.doi.org/10.1186/s13578-019-0328-5
http://www.ncbi.nlm.nih.gov/pubmed/30341289
https://dx.doi.org/10.1038/s41467-018-06648-6
https://dx.doi.org/10.1016/J.ARR.2021.101554
http://www.ncbi.nlm.nih.gov/pubmed/34512600
https://dx.doi.org/10.3389/fmicb.2021.721004
http://www.ncbi.nlm.nih.gov/pubmed/23043388
https://dx.doi.org/10.1111/j.1365-2893.2012.01603.x
http://www.ncbi.nlm.nih.gov/pubmed/31781621
https://dx.doi.org/10.1155/2019/5407126
http://www.ncbi.nlm.nih.gov/pubmed/34745328
https://dx.doi.org/10.1155/2021/8238833
http://www.ncbi.nlm.nih.gov/pubmed/34002067
https://dx.doi.org/10.1038/s41577-021-00549-4
http://www.ncbi.nlm.nih.gov/pubmed/26134480
https://dx.doi.org/10.1101/cshperspect.a021428
http://www.ncbi.nlm.nih.gov/pubmed/33886563
https://dx.doi.org/10.1371/journal.pone.0230833
http://www.ncbi.nlm.nih.gov/pubmed/30832595
https://dx.doi.org/10.1186/s12879-019-3853-2
http://www.ncbi.nlm.nih.gov/pubmed/11472405
https://dx.doi.org/10.1046/J.1365-2249.2001.01561.X
http://www.ncbi.nlm.nih.gov/pubmed/28182305
https://dx.doi.org/10.1111/jvh.12689
http://www.ncbi.nlm.nih.gov/pubmed/31109762
https://dx.doi.org/10.1016/j.it.2019.03.010
http://www.ncbi.nlm.nih.gov/pubmed/19293427
https://dx.doi.org/10.1182/blood-2008-11-190769
http://www.ncbi.nlm.nih.gov/pubmed/22778400
https://dx.doi.org/10.1073/pnas.1209965109
http://www.ncbi.nlm.nih.gov/pubmed/22342842
https://dx.doi.org/10.1016/j.immuni.2011.12.017
http://www.ncbi.nlm.nih.gov/pubmed/32468679
https://dx.doi.org/10.1111/jcmm.15398
http://www.ncbi.nlm.nih.gov/pubmed/33002003
https://dx.doi.org/10.1371/journal.pone.0236000
http://www.ncbi.nlm.nih.gov/pubmed/22264213
https://dx.doi.org/10.2174/187221412799015317
http://www.ncbi.nlm.nih.gov/pubmed/32759756
https://dx.doi.org/10.3390/V12080851
http://www.ncbi.nlm.nih.gov/pubmed/32380149
https://dx.doi.org/10.1016/j.antiviral.2020.104815
http://www.ncbi.nlm.nih.gov/pubmed/34642493
https://dx.doi.org/10.1038/s41591-021-01512-5


Skrlec I et al. Hepatitis B and circadian rhythm

WJG https://www.wjgnet.com 3296 July 21, 2022 Volume 28 Issue 27

2019; 71: 397-408 [PMID: 31004683 DOI: 10.1016/j.jhep.2019.03.034]
Greco CM, Sassone-Corsi P. Personalized medicine and circadian rhythms: Opportunities for modern society. J Exp Med 
2020; 217 [PMID: 32433754 DOI: 10.1084/JEM.20200702]

112     

Maiese K. Circadian Clock Genes: Targeting Innate Immunity for Antiviral Strategies Against COVID-19. Curr 
Neurovasc Res 2020; 17: 531-533 [PMID: 33272180 DOI: 10.2174/1567202617666201203110008]

113     

Karabay O, Temel A, Koker AG, Tokel M, Ceyhan M, Kocoglu E. Influence of circadian rhythm on the efficacy of the 
hepatitis B vaccination. Vaccine 2008; 26: 1143-1144 [PMID: 18255201 DOI: 10.1016/j.vaccine.2007.12.046]

114     

De Giorgi A, Fabbian F, Di Simone E, Greco S, De Giorgio R, Zuliani G, Passaro A, Caselli E, Manfredini R; 
OUTCOME-INTMED-COV19 Study Collaborators. Morning vs. evening administration of antiviral therapy in COVID-
19 patients. A preliminary retrospective study in Ferrara, Italy. Eur Rev Med Pharmacol Sci 2020; 24: 8219-8225 [PMID: 
32767353 DOI: 10.26355/eurrev_202008_22511]

115     

Ruben MD, Smith DF, FitzGerald GA, Hogenesch JB. Dosing time matters. Science 2019; 365: 547-549 [PMID: 
31395773 DOI: 10.1126/science.aax7621]

116     

Kurupati RK, Kossenkoff A, Kannan S, Haut LH, Doyle S, Yin X, Schmader KE, Liu Q, Showe L, Ertl HCJ. The effect 
of timing of influenza vaccination and sample collection on antibody titers and responses in the aged. Vaccine 2017; 35: 
3700-3708 [PMID: 28583307 DOI: 10.1016/j.vaccine.2017.05.074]

117     

Sultan A, Ali R, Sultan T, Ali S, Khan NJ, Parganiha A. Circadian clock modulating small molecules repurposing as 
inhibitors of SARS-CoV-2 Mpro for pharmacological interventions in COVID-19 pandemic. Chronobiol Int 2021; 38: 971-
985 [PMID: 33820462 DOI: 10.1080/07420528.2021.1903027]

118     

Sultan A. Identification and development of clock-modulating small molecules-an emerging approach to fine-tune the 
disrupted circadian clocks. Biol Rhythm Res 2018; 50: 769-786 [DOI: 10.1080/09291016.2018.1498197]

119     

Borrmann H, Davies R, Dickinson M, Pedroza-Pacheco I, Schilling M, Vaughan-Jackson A, Magri A, James W, Balfe P, 
Borrow P, McKeating JA, Zhuang X. Pharmacological activation of the circadian component REV-ERB inhibits HIV-1 
replication. Sci Rep 2020; 10: 13271 [PMID: 32764708 DOI: 10.1038/s41598-020-70170-3]

120     

Wang S, Li F, Lin Y, Wu B. Targeting REV-ERBα for therapeutic purposes: promises and challenges. Theranostics 2020; 
10: 4168-4182 [PMID: 32226546 DOI: 10.7150/thno.43834]

121     

http://www.ncbi.nlm.nih.gov/pubmed/31004683
https://dx.doi.org/10.1016/j.jhep.2019.03.034
http://www.ncbi.nlm.nih.gov/pubmed/32433754
https://dx.doi.org/10.1084/JEM.20200702
http://www.ncbi.nlm.nih.gov/pubmed/33272180
https://dx.doi.org/10.2174/1567202617666201203110008
http://www.ncbi.nlm.nih.gov/pubmed/18255201
https://dx.doi.org/10.1016/j.vaccine.2007.12.046
http://www.ncbi.nlm.nih.gov/pubmed/32767353
https://dx.doi.org/10.26355/eurrev_202008_22511
http://www.ncbi.nlm.nih.gov/pubmed/31395773
https://dx.doi.org/10.1126/science.aax7621
http://www.ncbi.nlm.nih.gov/pubmed/28583307
https://dx.doi.org/10.1016/j.vaccine.2017.05.074
http://www.ncbi.nlm.nih.gov/pubmed/33820462
https://dx.doi.org/10.1080/07420528.2021.1903027
https://dx.doi.org/10.1080/09291016.2018.1498197
http://www.ncbi.nlm.nih.gov/pubmed/32764708
https://dx.doi.org/10.1038/s41598-020-70170-3
http://www.ncbi.nlm.nih.gov/pubmed/32226546
https://dx.doi.org/10.7150/thno.43834


WJG https://www.wjgnet.com 3297 July 21, 2022 Volume 28 Issue 27

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2022 July 21; 28(27): 3297-3313

DOI: 10.3748/wjg.v28.i27.3297 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Tumor microenvironment in pancreatic ductal adenocarcinoma: 
Implications in immunotherapy

Caitlyn Smith, Wei Zheng, Jixin Dong, Yaohong Wang, Jinping Lai, Xiuli Liu, Feng Yin

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Plougmann JI, 
Denmark; Tantau AI, Romania; 
Zhao CF, China

Received: January 16, 2022 
Peer-review started: January 16, 
2022 
First decision: April 11, 2022 
Revised: April 22, 2022 
Accepted: June 19, 2022 
Article in press: June 19, 2022 
Published online: July 21, 2022

Caitlyn Smith, Department of Pathology and Anatomical Sciences, University of Missouri 
School of Medicine, Columbia, MO 65212, United States

Wei Zheng, Department of Pathology, Emory University School of Medicine, Atlanta, GA 
30322, United States

Jixin Dong, Eppley Institute for Research in Cancer and Allied Diseases, Fred and Pamela 
Buffett Cancer Center, University of Nebraska Medical Center, Omaha, NE 68198, United 
States

Yaohong Wang, Department of Pathology, Microbiology and Immunology, Vanderbilt 
University Medical Center, Nashville, TN 37232, United States

Jinping Lai, Department of Pathology and Laboratory Medicine, Kaiser Permanente Sacramento 
Medical Center, Sacramento, CA 95825, United States

Xiuli Liu, Department of Pathology and Immunology, Washington University, St. Louis, MO 
63110, United States

Feng Yin, Department of Pathology and Anatomical Sciences, University of Missouri, 
Columbia, MO 65212, United States

Corresponding author: Feng Yin, MD, PhD, Assistant Professor, Department of Pathology and 
Anatomical Sciences, University of Missouri, One Hospital Drive, MSB M263, Columbia, MO 
65212, United States. fengyin@health.missouri.edu

Abstract
Pancreatic ductal adenocarcinoma is one of the most aggressive and lethal 
cancers. Surgical resection is the only curable treatment option, but it is available 
for only a small fraction of patients at the time of diagnosis. With current 
therapeutic regimens, the average 5-year survival rate is less than 10% in 
pancreatic cancer patients. Immunotherapy has emerged as one of the most 
promising treatment options for multiple solid tumors of advanced stage. 
However, its clinical efficacy is suboptimal in most clinical trials on pancreatic 
cancer. Current studies have suggested that the tumor microenvironment is likely 
the underlying barrier affecting immunotherapy drug efficacy in pancreatic 
cancer. In this review, we discuss the role of the tumor microenvironment in 
pancreatic cancer and the latest advances in immunotherapy on pancreatic cancer.
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Core Tip: Despite advances in basic and translational research, pancreatic cancer remains one of the most 
lethal cancers. Recent breakthroughs in immunotherapy have revolutionized cancer therapy and have 
shown great potential to transform pancreatic cancer treatment. However, due to the barrier related to the 
tumor microenvironment, pancreatic cancer has shown inferior treatment outcomes toward various 
immunotherapy regimens. Further efforts, such as combinatory immunotherapy or molecular tumor 
subtyping, are warranted to overcome immunotherapy resistance in pancreatic cancer.

Citation: Smith C, Zheng W, Dong J, Wang Y, Lai J, Liu X, Yin F. Tumor microenvironment in pancreatic ductal 
adenocarcinoma: Implications in immunotherapy. World J Gastroenterol 2022; 28(27): 3297-3313
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3297.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3297

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) develops in the exocrine compartment of the pancreas and 
accounts for approximately 90% of pancreatic malignancies, making it the most common pancreatic 
neoplasm. Due to the lack of early diagnosis and limited treatment response, PDAC remains a highly 
aggressive and lethal malignancy and is the fourth leading cause of cancer-related death worldwide[1]. 
Although there has been notable progress in understanding tumor biology and the development of 
novel therapeutic regimens, the average 5-year survival rate is still less than 5%-10% in PDAC patients
[1,2]. The clinical manifestations of pancreatic cancers are generally nonspecific, including weight loss, 
abdominal pain, thromboembolic disease, and type 2 diabetes[3,4]. In approximately 60%-70% of PDAC 
cases, the tumor arises from the head of the pancreas and could present as pancreatitis and obstructive 
jaundice[5]. Tumors of the pancreatic body and tail frequently have a poor prognosis due to their late 
presentation and associated advanced tumor stage[6].

The standard of care for resectable PDAC is surgical resection followed by adjuvant chemotherapy. 
Surgical resection remains the only curative therapy, but it is available for merely 10%-20% of patients at 
the time of diagnosis. Moreover, even with curative surgical resection, local recurrence and distal meta-
stasis of PDAC are still quite common[7]. Advanced-stage PDAC is routinely treated with neoadjuvant 
chemotherapy, and the current first-line therapy regimens include gemcitabine, gemcitabine plus nab-
paclitaxel, and FOLFIRINOX (the combination of oxaliplatin, leucovorin, fluorouracil, and irinotecan)
[8]. Recently, the poly(adenosine diphosphate-ribose) polymerase inhibitor (PARPi) olaparib (Lynparza) 
has been approved for patients with germline BRCA-mutated metastatic pancreatic cancer[9]. The 
development of these neoadjuvant chemotherapy regimens has greatly improved patient survival and 
quality of life. However, a significant portion of PDAC eventually relapses despite surgical resection 
and/or neoadjuvant chemotherapy and leads to patient death[10,11].

The difficulties in treating pancreatic cancer lie at the cellular and genetic levels[12]. Mutational 
changes in pancreatic tumors lead to gene instability, tumor growth, and resistance to treatments[13]. In 
addition to the characteristic molecular landmarks, including oncogenic KRAS mutation and 
inactivation of the tumor suppressor genes CDKN2A/P16, TP53, and SMAD4, PDAC also frequently 
harbors mutations involving diverse cell signaling pathways[14]. The molecular heterogeneity likely 
accounts for its drug resistance in chemotherapy[15]. In addition, pancreatic cancer stem cells, 
accounting for approximately 1% of all pancreatic cancer cells, have the capacity for self-renewal and 
exhibit chemoresistance properties[16].

Immunotherapy has emerged as one of the most promising treatment options for advanced solid 
tumors, including lung, kidney, bladder, liver, and colorectal cancers[17]. Unfortunately, PDAC is 
notoriously resistant to immunotherapy, and thus far, most phase I/II clinical trials on PDAC have 
failed to demonstrate the desirable clinical efficacy of immunotherapy[18]. Of note, microsatellite 
instability (MSI), one of the predictive biomarkers for immune checkpoint blockade therapy, is only 
detected in a rare small portion of PDAC patients (less than 1%)[19,20]. On the other hand, emerging 
evidence has pinpointed the tumor microenvironment (TME) in PDAC as a critical component of 
treatment resistance toward immunotherapy[21,22].

In this review, we discuss the role of the tumor microenvironment and the latest advances in 
immunotherapy on pancreatic cancer through the search of peer-reviewed clinical and basic research 
articles related to this topic on PubMed, as well as the publicly accessible information on relevant 
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clinical trials through ClinicalTrials.gov.

TUMOR MICROENVIRONMENT IN PANCREATIC CANCER
PDAC is a type of stromal-rich cancer that frequently presents with a prominent desmoplastic reaction 
and is characterized by fibrogenic connective stromal tissue surrounding invasive carcinoma[23] 
(Figure 1). Desmoplastic reaction, or desmoplasia, is considered as the morphological basis of the TME. 
In general, the TME in PDAC demonstrates extensive desmoplasia, decreased stromal vascularization, 
and altered immune cell infiltration that lead to reduced drug activity and advancement of tumor 
progression. This process is characterized by an increase in the deposition of noncellular components, 
such as extracellular matrix (ECM), as well as an increase in the proliferation of cellular components, 
such as cancer-associated fibroblasts (CAFs) and immune cells[24,25]. Various cytokines, including 
interferons, interleukins, tumor necrosis factor (TNF), and transforming growth factor β (TGF-β), also 
play essential roles linking the TME cellular and noncellular components to regulate tumor growth, 
metastases, and drug resistance. Of note, the overall stroma is responsible for most of the tumor mass, 
but the stromal cellular components make up a relatively small fraction, approximately 10%-30%, of the 
tumor mass[26].

Noncellular components of the tumor microenvironment
The ECM is a significant factor in the initiation and progression of PDAC, and its deposition is 
associated with tumor migration, invasion, and poor prognosis[27]. The ECM is predominantly 
produced by cancer-associated pancreatic stellate cells (PSCs), a subtype of CAFs[28]. In PDAC, the 
ECM comprises most of the tumor mass and various matrix proteins, including collagen, fibronectin, 
proteoglycans, hyaluronan, proteolytic matrix metalloproteinases (MMPs), and tissue inhibitors of MMP
[29]. Among ECM components of particular interest are hyaluronan and MMPs in tumor progression 
and prognosis in PDAC.

In general, ECM provides a rigid barrier leading to increased tumor pressure, decreased vascular-
ization, and reduced drug delivery. A significant cause of drug resistance is the inability of conventional 
chemotherapeutic drugs such as gemcitabine to penetrate the thick stromal layer[30]. Therefore, it is 
rational to propose a combinatory therapeutic strategy for PDAC by targeting the tumor ECM. 
Hyaluronan, or hyaluronic acid (HA), is a glycosaminoglycan polymer and a major component of the 
ECM. Increased deposition of HA is associated with tumor metastases, drug resistance, and poor 
prognosis in PDAC[27,31]. Since stromal HA levels are dynamically regulated by synthases (to produce 
HA) and hyaluronidases (to degrade HA), hyaluronidase-based drug development has been a 
promising field in targeted therapy against the TME. The enzymatic depletion of hyaluronan through 
recombinant hyaluronidase (PEGPH20) has led to significantly increased overall survival when 
combined with neoadjuvant chemotherapy[32]. This is attributed mainly to improved delivery of 
systemic therapy through degradation of HA and remodeling of the TME. However, a recent phase 
IB/II randomized study (NCT01959139) of FOLFIRINOX plus pegylated recombinant PEGPH20 
showed increased toxicity with this combination therapy and decreased overall survival (OS) (7.7 mo vs 
14.4 mo) compared with FOLFIRINOX monotherapy[33]. Moreover, despite promising results of 
PEGPH20 in phase I-II studies, in a recent phase III randomized study (HALO 109-301), the addition of 
PEGPH20 to nab-paclitaxel/gemcitabine did not improve OS and progression-free survival (PFS) in 
patients with hyaluronan-high metastatic PDAC, and additional development of PEHPH20 in 
metastatic PDAC was halted[34].

MMPs are calcium-dependent metalloproteinases responsible for ECM protein degradation and are 
implicated in cancer initiation, growth, and metastasis. Clinical trial results with broad-spectrum MMP 
inhibitors were discouraging due to lack of specificity, associated toxicity, and insufficient clinical 
benefit[35], warranting further basic and translational studies to classify the role of individual MMPs in 
PDAC. Among MMP family members, the expression levels of MMP-2, MMP-7, MMP-9, and MMP-11 
were significantly elevated in PDAC tumor tissues compared with normal pancreas samples[36,37]. 
Increased MMP-2 expression in PDAC leads to tumor invasion and progression[38-40]. MMP-7 
expression is also associated with PDAC initiation and progression[41] and has been shown to be an 
independent prognostic factor for PDAC in a multivariate analysis. MMP-9 is significantly associated 
with pancreatic cancer progression and poor prognosis[37] and has emerged as a prognostic biomarker 
and potential therapeutic target. Highly selective and potent MMP-9 inhibitory antibodies have been 
developed for ulcerative colitis and colorectal cancer[42]. However, in a preclinical study, systemic 
ablation of MMP-9 facilitated pancreatic cancer growth and metastasis by creating a tumor-promoting 
TME[43]. This study has suggested a controversial role for MMP-9 in pancreatic cancer progression.

Additional studies have also demonstrated conflicting results in drugs targeting the tumor stroma. 
Olive et al[44] demonstrated that depletion of ECM in PDAC, through inhibition of the Sonic Hedgehog 
signaling pathway, promoted gemcitabine efficacy and improved survival. However, the involvement 
of the Sonic Hedgehog-dependent tumor stroma in PDAC has been controversial, as evidence shows 
that some components of the tumor stroma could actually act to restrain, rather than support, tumor 
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Figure 1 Pancreatic ductal adenocarcinoma with an associated tumor microenvironment. Please note the desmoplastic stromal reaction 
surrounding the tumor glands, decreased stromal vascularization, and scattered infiltrating inflammatory cells (HE stain, 200 x).

growth[45]. All these failures indicate that targeting desmoplasia alone is insufficient for treating 
advanced PDAC. The tumor stroma has both tumor-promoting and tumor-suppressing functions, 
which are probably context dependent. The stromal heterogeneity should be considered for the 
development of targeted therapy.

Cellular components of the tumor microenvironment
PDAC displays unique immunologic hallmarks. The TME in PDAC consists of diverse cellular 
components, including CAFs, regulatory and cytotoxic lymphocytes, macrophages, and endothelial cells
[46]. CAFs are the major TME cellular component responsible for the production and deposition of ECM 
proteins. The involvement of CAFs in the progression of PDAC has been a hot and controversial topic. 
Similar to the observations made with tumor stroma, CAFs also play dual functions in regulating PDAC 
progression. On the one hand, CAFs promote cancer progression and drug resistance through the 
deposition of dense ECM, the release of exosomes (extracellular vesicles), and metabolic support[47-49]. 
On the other hand, depletion of CAFs leads to accelerated PDAC progression and reduced survival in 
multiple preclinical studies[50,51]. These discrepancies are likely associated with the heterogeneity of 
CAFs[52,53], a concept supported by recent studies demonstrating the existence of multiple distinct and 
mutually exclusive CAF subtypes in pancreatic cancer[54,55]. CAF subtypes with diverse biomarkers, 
including α-smooth muscle actin (αSMA), fibroblast activation protein (FAP), S100A4, and platelet-
derived growth factor receptor-β (PDGFRβ), have been identified[56]. Specifically, FAP-positive active 
CAFs have been linked to tumor-promoting functions by maintaining an immunosuppressive TME[57]. 
FAP is a type-II transmembrane serine protease, and its expression has been detected in both the tumor 
stroma and cancer cells in PDAC, with the highest expression in the tumor stroma at the tumor front
[58]. FAP-positive CAFs potently shape the immune landscape in the TME by secreting TGF-β, VEGF, 
and multiple matrix processing enzymes[59,60], recruiting circulating myeloid-derived suppressor cells 
(MDSCs) into the tumor stroma[57], and inhibiting natural killer cell (NK) cytotoxicity and cytokine 
production[61]. FAP has been suggested as an ideal target for the TME, and its specific therapeutic 
reagents are in development[62].

In addition to CAFs, the TME also consists of multiple types of immunosuppressive cells, including 
regulatory T cells (Tregs), MDSCs, and tumor-associated macrophages (TAMs)[63]. These cells correlate 
to provide an immunosuppressive TME and have been under extensive preclinical and clinical invest-
igation.

Tregs, defined as CD4+/CD25+/FOXP3+ T cells, are a subtype of repressive T cells that play an 
essential role in maintaining immune tolerance and preventing autoimmune disorders. Tregs can be 
found in PDAC and premalignant lesion intraductal papillary mucinous neoplasms (IPMNs). The 
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prevalence of Tregs in CD4+ T lymphocytes correlates significantly with the progression and invasion of 
IPMNs and is associated with poor prognosis in PDAC. The immunosuppressive function of Tregs has 
been attributed to the secretion of suppressive cytokines, including IL-10 and TGF-β1, and the induction 
of CD4+ T-cell death[64,65]. Preoperative chemoradiation therapy has been shown to decrease Tregs in 
PDAC[66]. However, in a recent study, depletion of Tregs in a mouse model caused accelerated tumor 
progression due to unexpected crosstalk between Tregs and CAFs in PDAC[67]. This study has 
challenged the current view and posed uncertainties in developing Treg-based targeted therapy.

MDSCs and TAMs have also been suggested as potential therapeutic targets against the TME. Even 
though these two cell types are considered as separate entities, they have no demarcated boundaries 
and share many common characteristics[68]. MDSCs are a group of heterogeneous immature myeloid 
cells and can potently suppress T-cell function in tumors[69]. The levels of MDSCs correlate with the 
progression of PDAC and have been proposed as a predictive biomarker of chemotherapy failure[70,
71]. TAMs are circulating monocyte-derived macrophages in the tumor stroma and represent a 
significant population of immune cells within the TME. TAMs can be further subclassified into the M1 
and M2 subtypes, with M1 being proinflammatory (antitumorigenic) and M2 being anti-inflammatory 
(protumorigenic)[72]. M2-polarized TAMs are associated with an unfavorable prognosis in PDAC[73]. 
Liu et al[74] revealed progressive accumulations of MDSCs and M2-polarized TAMs accompanied by 
dynamic reductions in cytotoxic T cells (CTLs) and helper T cells (Ths) in PDAC progression. 
Gemcitabine affects the TME by inhibiting the expansion of MDSCs and the induction of Th2 cells while 
promoting M2-polarized TAMs[74]. M2-polarized TAMs can also be induced by other chemothera-
peutic agents, such as carboplatin and cisplatin, leading to increased secretion of interleukin-6 (IL-6), IL-
10, and prostaglandin E2[75]. In addition, interferon-γ upregulates the expression of programmed 
death-ligand 1 (PD-L1) in MDSCs, resulting in an immunosuppressive environment[76]. Further invest-
igations and clinical trials are needed to test the efficacy of targeting MDSCs and TAMs in pancreatic 
cancer.

IMMUNOTHERAPY IN PANCREATIC CANCER
Current treatment options for PDAC have limited effects on patient survival. The recent development of 
immunotherapy has improved clinical outcomes for various types of solid tumors[17] and can revolu-
tionize cancer treatment in PDAC. Activating the patient's T cells is the principal basis for cancer 
immunotherapy. This is accomplished through multiple mechanisms, such as decreased tumor-specific 
antigen presentation, T-cell activation, T-cell infiltration into the pancreatic tumor, and elimination of 
cancer cells by T cells[77]. Multiple cancer immunotherapies have been introduced, including immune 
checkpoint inhibitors, cancer vaccines, and adoptive cell transfer.

Immune checkpoint inhibitors
Immune checkpoint molecules are a group of surface receptors expressed on various immune cells that 
transduce inhibitory signals to T cells upon ligand binding. These molecules play an important role in 
preventing an autoimmune attack against self-antigens. Due to strong immune selective pressure, 
cancer cells frequently adopt the power of immune checkpoint molecules to avoid immune destruction. 
Initially approved for the treatment of metastatic melanoma, immune checkpoint inhibitors (ICIs) have 
been cleared to treat various solid tumors, including advanced or metastatic urothelial carcinoma, non-
small-cell lung cancer, colorectal cancer, triple-negative breast cancer, and head and neck squamous cell 
carcinoma[78,79]. Currently, FDA-approved immune checkpoint inhibitors (ICIs) include anti-CTLA-4 
agents (ipilimumab), anti-PD-1 agents (nivolumab, pembrolizumab, cemiplimab) and anti-PD-L1 agents 
(atezolizumab, avelumab, durvalumab)[79].

ICIs have emerged as a new therapeutic option for pancreatic cancer. Unfortunately, most phase I and 
II clinical trials on ICI treatment have failed to show the desired beneficial effect in PDAC. Two 
independent phase II clinical trials have demonstrated unsatisfactory clinical outcomes on monotherapy 
with anti-CTLA-4 mAb (Table 1). Single-agent ipilimumab, an anti-CTLA-4 mAb, was ineffective for the 
treatment of advanced PDAC (NCT00112580) (https://clinicaltrials.gov/ct2/show/NCT00112580)[80,
81]. Monotherapy with tremelimumab, another anti-CTLA-4 mAb, also yielded poor clinical outcomes 
in PDAC, with 18 out of 20 patients demonstrating progressive disease and a poor median OS of 4 mo 
(95%CI: 2.83-5.42 mo) (NCT02527434) (https://clinicaltrials.gov/ct2/show/NCT02527434).

Combination therapy with ipilimumab and gemcitabine, on the other hand, has demonstrated 
promising results due to the increased immune response by enhancing naïve T-cell activation[82]. In a 
phase 1b clinical trial (NCT01473940) (https://clinicaltrials.gov/ct2/show/NCT01473940), initial 
results on combination therapy with ipilimumab and gemcitabine showed that the treatment was 
tolerable, with a median PFS of 2.5 mo (95%CI: 0.8-4.8 mo) and a median OS of 8.5 mo (95%CI: 2.2-10.3 
mo). In this study, five out of the 11 patients had stable disease, while two had a partial response. An 
ongoing clinical trial (NCT01928394) (https://clinicaltrials.gov/ct2/show/NCT01928394) is comparing 
nivolumab (anti-PD-1 mAb) monotherapy and combination therapy with nivolumab plus ipilimumab in 
patients with advanced or metastatic PDAC, and the results will be released in 2023.

https://clinicaltrials.gov/ct2/show/NCT00112580
https://clinicaltrials.gov/ct2/show/NCT02527434
https://clinicaltrials.gov/ct2/show/NCT01473940
https://clinicaltrials.gov/ct2/show/NCT01928394
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Table 1 Complete immune checkpoint inhibitor-based clinical trials in pancreatic ductal adenocarcinoma

Strategy Treatment Phase Number Cancer stage Outcomes

Tremelimumab (CTLA-4) II NCT02527434 Advanced/metastatic 
PDAC

Tremelimumab monotherapy is 
ineffective for metastatic PDAC.

Ipilimumab (CTLA-4) II NCT00112580 Advanced PDAC Ipilimumab monotherapy is 
ineffective for advanced PDAC.

Immune checkpoint inhibitor 
(target) monotherapy

Atezolizumab (PD-L1) I/II NCT03829501 Advanced PDAC No results reported yet

Tremelimumab (CTLA-4) + 
Durvalumab (PD-L1)

II NCT02558894 Metastatic PDAC ORR 3.1% for combination therapy. 
(ORR 0% for monotherapy).

Immune checkpoint inhibitor 
(target) + immune checkpoint 
inhibitor(target)

Nivolumab (PD-1) + 
Ipilimumab (CTLA-4)

I/II NCT01928394 Advanced/metastatic 
PDAC

No results reported yet

Tremelimumab (CTLA-4) + 
Gemcitabine

I NCT00556023 Advanced PDAC Median OS 7.4 mo (95%CI: 5.8-9.4 
mo)

Ipilimumab(CTLA-4) + 
Gemcitabine

Ib NCT01473940 Advanced/metastatic 
PDAC

Median OS 6.90 mo (95%CI: 
2.63–9.57 mo)

Immune checkpoint inhibitor 
(target) + chemotherapy

Pembrolizumab (PD-1) + 
Gemcitabine and Nab-
paclitaxel

Ib/II NCT02331251 Advanced/metastatic 
PDAC

Median OS 15.0 mo  (95%CI: 
6.8–22.6 mo)

Durvalumab (PD-L1) + 
Galunisertib

I NCT02734160 Metastatic PDAC Median PFS 1.9 mo (95%CI: 1.5-2.2 
mo); median OS was NR (95%CI: 
3.6 mo, NR)

Immune Checkpoint Inhibitor 
(Target) + Target therapy

Durvalumab (PD-L1) + 
Pexidartinib

I NCT02777710 Advanced/metastatic 
PDAC

No results reported yet

Immune Checkpoint Inhibitor 
(Target) + Radiation Therapy

Tremelimumab (CTLA-4) + 
Durvalumab (PD-1) + SBRT

I/II NCT02311361 Advanced/metastatic 
PDAC

ORR of 9.6% including 2 patients 
who achieved a durable partial 
response lasting over 12 mo

https://clinicaltrials.gov/. PDAC: Pancreatic ductal adenocarcinoma; CTLA-4: Cytotoxic T lymphocyte-associated antigen-4; PD-1: Programmed cell death 
protein 1; PD-L1: Programmed cell death ligand 1; OS: Overall survival; PFS: Progression-free survival; ORR: Overall response rate; NR: Not reached.

Notably, in a phase I clinical trial (NCT00556023) (https://clinicaltrials.gov/ct2/show/NCT00556023
), a tolerable and safe profile was demonstrated by combination therapy with tremelimumab plus 
gemcitabine, warranting further study in patients with metastatic PDAC. Thirty-four patients were 
enrolled in the study, and the median OS was 7.4 mo (95%CI: 5.8-9.4 mo). Two patients achieved a 
partial response at the end of treatment[83]. A phase Ib/II study (NCT02331251) (https://
clinicaltrials.gov/ct2/show/NCT02331251) was performed to evaluate the safety and efficacy of 
pembrolizumab, an anti-PD-1 mAb, in combination with gemcitabine plus nab-paclitaxel 
chemotherapy. The median PFS and OS were 9.1 and 15.0 mo for chemotherapy naïve-treated patients, 
respectively, and changes in tumor cell-free DNA copy number instability were considered to be a 
potential prognostic factor for OS[84].

A phase I study on atezolizumab, an engineered IgG1 mAb targeting PD-L1, showed tolerability at 
doses up to 20 mg/kg every three weeks in a Japanese cohort[85]. In a phase II randomized clinical trial 
(NCT02558894) (https://clinicaltrials.gov/ct2/show/NCT02558894), evaluation of durvalumab, an 
anti-PD-L1 agent, with or without tremelimumab in patients with metastatic PDAC was evaluated 
following the failure of 5-FU and gemcitabine-based chemotherapy[86]. No patients in the study 
responded to durvalumab monotherapy, and the efficacy analysis demonstrated an objective response 
rate (ORR) of 3.1% (95%CI: 0.08-16.22) with the combination therapy of durvalumab plus tremelimumab
[86].

A high tumor mutational burden (TMB) in cancer cells tends to produce more immunogenic 
neoantigens and may predict immunotherapy response[87]. A phase II clinical trial (NCT05093231) (
https://clinicaltrials.gov/ct2/show/NCT05093231) investigating the efficacy of pembrolizumab plus 
olaparib in metastatic pancreatic adenocarcinoma patients exhibiting high tumor mutation burden is 
ongoing, and the results will be released in 2026.

Based on the results from current clinical trials, further studies need to focus on the combined 
approaches using ICIs with different therapeutic approaches, including chemotherapy, radiotherapy, or 
additional innovative platforms of immunotherapy, such as cancer vaccine and adoptive cell transfer.

Therapeutic cancer vaccines
Therapeutic cancer vaccines include whole-cell vaccines, dendritic cells, DNA, and peptide vaccines that 
activate cancer antigen-specific cytotoxic T lymphocytes (CTLs), eliciting immunogenic antigen 
presentation and leading to an anticancer response[88]. One such pancreatic cancer vaccine is GVAX, 

https://clinicaltrials.gov/
https://clinicaltrials.gov/ct2/show/NCT00556023
https://clinicaltrials.gov/ct2/show/NCT02331251
https://clinicaltrials.gov/ct2/show/NCT02331251
https://clinicaltrials.gov/ct2/show/NCT02558894
https://clinicaltrials.gov/ct2/show/NCT05093231
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which is generated from irradiated pancreatic cancer cells expressing granulocyte-macrophage colony-
stimulating factor (GM-CSF)[89] (Table 2). Upon vaccination, GVAX secretes GM-CSF, induces 
subsequent activation of antigen-presenting cell and T-cell priming, and stimulates the patient’s 
immune system against pancreatic cancer cells[90]. GVAX was tolerable even at high doses, and the 
vaccination-induced increased delayed-type hypersensitivity response to autologous tumor cells[91]. In 
a phase II clinical trial on GVAX (NCT00084383) (https://clinicaltrials.gov/ct2/show/NCT00084383), 
sixty patients received GVAX 8-10 wk after surgical intervention, followed by adjuvant 5-FU-based 
chemoradiotherapy. The median PFS was 17.3 mo (95%CI: 14.6-22.8 mo), with a median OS of 24.8 mo 
(95%CI: 21.2-31.6 mo), which compares favorably with published data for resected PDAC[92]. 
Combinatory immunotherapy has aimed to induce a much more sustained antitumor T-cell response
[93]. In a phase Ib trial for locally advanced, unresectable or metastatic PDAC (NCT00836407) (
https://clinicaltrials.gov/ct2/show/NCT00836407), thirty patients received either ipilimumab 
monotherapy or ipilimumab plus GVAX cancer vaccine, and the median OS was 3.6 mo for the 
ipilimumab monotherapy group, compared to 5.7 mo in the group with combination therapy[94]. 
Although combinatory immunotherapy has shown its potential for advanced PDAC, more studies are 
needed to fully explore this novel therapeutic strategy’s capability.

Few human leukocyte antigen (HLA)-A(*)2402-restricted tumor-associated antigens, including the 
KIF20A-10-66 peptide, have been identified in PDAC[95]. A phase I/II clinical trial in Japan showed a 
better prognosis in patients with metastatic PDAC and HLA-A*2402-positive status who received 
KIF20A-10-66 peptide vaccination as second-line treatment after failure of gemcitabine chemotherapy
[96]. In two separate phase II clinical trials, KIF20A-derived peptide was evaluated in combination with 
two antiangiogenic cancer vaccines targeting vascular endothelial growth factor receptor 1 (VEGFR1) 
and VEGFR2. In the HLA-A*2402-matched group, patients with peptide-specific CTL induction had 
improved prognosis and increased OS[97,98]. Another HLA-A24-restricted antigenic peptide, SVN-2B, 
also functions as an immunogenic molecule. A vaccination protocol of SVN-2B in combination with 
interferon-α has demonstrated effective clinical and immunological responses for advanced PDAC[99].

Algenpantucel-L is a whole-cell pancreatic cancer vaccine with two irradiated allogenic human 
pancreatic cell lines (HAPa-1 and HAPa-2) expressing the murine enzyme (1,3)-galactosyltransferase (α
GT)[100]. Of note, the αGT enzyme is the critical barrier to xenotransplantation due to hyperacute 
rejection[101]. As a result, Algenpantucel-L will induce a hyperacute rejection of the allograft cells 
through rapid activation of antibody-dependent cell-mediated cytotoxicity (ADCC), leading to a 
response against the patient’s pancreatic cancer cells through epitope spreading[102]. A phase II, open-
label trial (NCT00569387) (https://clinicaltrials.gov/ct2/show/NCT00569387) evaluated the use of the 
Algenpantucel-L tumor vaccine in combination with gemcitabine plus 5-FU chemoradiotherapy in 
patients with resected PDAC. Seventy patients were recruited in the study, and the 12-mo disease-free 
survival (DFS) and OS were 63% and 86%, respectively, suggesting that the Algenpantucel-L tumor 
vaccine could be administered with standard chemotherapy following surgical resection of pancreatic 
cancer[101]. Unfortunately, in a recent phase 3, open-label, randomized clinical trial (NCT01836432) (
https://clinicaltrials.gov/ct2/show/NCT01836432), Algenpantucel-L failed to improve survival on 
borderline resectable or locally advanced PDAC receiving neoadjuvant chemoradiation therapy[103].

Overexpression of Mucin 1 (MUC-1), a type I transmembrane protein with O-linked glycosylation, 
plays a crucial role in oncogenic signaling to promote metastasis, angiogenesis, and invasion[104]. 
MUC-1 has served as a target for cancer vaccine immunotherapy[105]. Following surgical resection, a 
phase I/II study of a MUC1 peptide-loaded dendritic cell vaccine was conducted in 12 pancre-
aticobiliary cancer patients. Four out of twelve (33.3%) patients who received this MUC-1-based tumor 
vaccine were alive after four years without evidence of recurrence[106]. An optimized construct with 
MUC-1-variable number tandem repeats has been designed with much more potent immunogenicity
[107].

Dendritic cell vaccines have been introduced to enhance the antitumor immune response through the 
stimulation of naïve T cells[108]. In a study evaluating the effectiveness of a dendritic cell vaccine in 
patients with advanced PDAC (NCT01410968) (https://clinicaltrials.gov/ct2/show/NCT01410968), 
autologous dendritic cells were isolated in HLA-A2-positive patients, loaded with three A-2 restricted 
peptides, and readministered as a cellular vaccine. The results were promising with the generation of 
antigen-specific T cells in three patients, as well as tolerable adverse effects[109]. In a phase I study in 
Japan, a Wilms' tumor 1 (WT1)-pulsed dendritic cell vaccine combined with chemotherapy showed 
safety and potential acquisition of immunity in resected PDAC[110]. Multiple associated studies have 
further supported the clinical benefits of dendritic cell-based vaccines in PDAC[111-113].

Approximately 95% of PDAC patients have mutations in the KRAS oncogene. Despite an early study 
suggesting an unproven efficacy by targeting mutated KRAS in PDAC[114], multiple subsequent 
clinical studies have demonstrated the clinical potential for such a therapeutic approach. A phase I/II 
clinical trial (NCT02261714) (https://clinicaltrials.gov/ct2/show/NCT02261714) evaluated the efficacy 
of a synthetic mutant RAS peptide vaccine with GM-CSF in PDAC. TG01, a mixture of 7 synthetic RAS 
peptides representing the most common KRAS mutations, combined with GM-CSF and gemcitabine 
was well tolerated with a robust immune response and improved clinical outcome[115]. One study 
demonstrated a long-term immune response and improved survival in patients with resected PDAC 
after KRAS vaccination[116]. An alternative KRAS-based tumor vaccine is GI-4000, a recombinant heat-

https://clinicaltrials.gov/ct2/show/NCT00084383
https://clinicaltrials.gov/ct2/show/NCT00836407
https://clinicaltrials.gov/ct2/show/NCT00569387
https://clinicaltrials.gov/ct2/show/NCT01836432
https://clinicaltrials.gov/ct2/show/NCT01410968
https://clinicaltrials.gov/ct2/show/NCT02261714
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Table 2 Complete vaccine immunotherapy-based clinical trials in pancreatic ductal adenocarcinoma

Treatment Phase Number Cancer stage Outcomes

GVAX, 5-FU, chemora-
diation

II NCT00084383 Resected stage 
I/II PDAC 

Median OS 24.8 mo (95%CI: 21.2-31.6 mo)

GVAX, cyclophosphamide, 
CRS-207

II NCT01417000 Metastatic 
PDAC

Cy/GVAX and CRS-207 extended OS for PDAC patients, with minimal toxicity

GVAX, cyclophosphamide, 
CRS-207

II NCT02004262 Metastatic 
PDAC

Cy/GVAX and CRS-207 did not show survival benefit over chemotherapy in 
patients with previously treated metastatic PDAC

GVAX, Ipilimumab, 
FOLFIRINOX

II NCT01896869 Metastatic 
PDAC

Ipilimumab + GVAX group did not show survival benefit over chemotherapy 
[median OS 9.38 mo (95% CI, 5.0-12.2 mo) vs 14.7 mo (95%CI: 11.6-20.0 mo)]

Algenpantucel-L II NCT00569387 Surgically 
resected PDAC

The addition of algenpantucel-L to standard adjuvant therapy for resected 
pancreatic cancer may improve survival (12-mo DFS 62%, 12-mo OS 86%)

Gemcitabine, 5FU 
Chemoradiation, 
Algenpantucel-L

III NCT01072981 Surgically 
Resected 
PDAC

No results reported yet

Dendritic cells pulsed with 
MUC-1/WT-1

I/II NCT03114631 PDAC Dendritic cells immunotherapy provided a favorable outcome in PDAC patents 
(12-mo OS 78.2% vs 33.8%)

GI-4000 (KRAS), 
Gemcitabine

II NCT00300950 Non-
metastatic, 
Post-resection 
PDAC

Overall, GI-4000 group showed a similar pattern of recurrence-free survival and 
OS compared with the placebo group. For stratified R1 resection subgroup, there 
was a trend in 1 year OS (72% vs 56%), an improvement in OS (523.5 vs 443.5 d 
(hazard ratio: 1.06; 95%CI: 0.53–2.13, P = 0.872), and increased frequency of 
immune responders (40% vs 8%; P = 0.062) for GI-4000 vs placebo.

Ras-peptide vaccine, IL-2, 
GM-CSF

II NCT00019331 Metastatic 
PDAC

No results reported yet

GV1001 (telomerase 
peptide vaccine), 
Gemcitabine, Capecitabine

III NCT00425360 Locally 
Advanced or 
Metastatic 
PDAC

Adding GV1001 vaccination to chemotherapy did not improve OS.

https://clinicaltrials.gov/. PDAC: Pancreatic ductal adenocarcinoma; Cy: cyclophosphamide; DFS: Disease-free survival; OS: Overall survival.

inactivated Saccharomyces cerevisiae yeast-derived vaccine expressing mutated KRAS proteins. A 
phase I trial revealed a favorable safety profile and immunogenicity of the GI-4000 cancer vaccine[117]. 
A subsequent phase II trial (NCT00300950) (https://clinicaltrials.gov/ct2/show/NCT00300950) 
compared GI-4000 plus gemcitabine with placebo plus gemcitabine alone in patients with resected 
PDAC carrying KRAS mutation. GI-4000 was well tolerated. It led to a similar median OS compared 
with placebo. However, compared with the placebo group, the GI-4000 group had a trend of improved 
OS (523.5 vs 443.5 d) and an increased frequency of immune responders (40% vs 8%) in the stratified R1 
resection subgroup[118].

The GV1001 tumor vaccine consists of a fragment (16 amino acids) of human telomerase reverse 
transcriptase (hTERT) found in a high proportion in PDAC cancer cells and has been introduced as a 
novel therapeutic regimen[119]. In a phase I/II clinical trial evaluating the clinical outcomes in patients 
with unresectable PDAC, GV1001 plus GM-CSF elicited an immune response in 63% of patients, 
resulting in a median OS of 7.2 mo for immune responders compared to 2.9 mo for nonimmune 
responders[120]. However, in a randomized phase III study of patients with locally advanced and 
metastatic PDAC, combination therapy consisting of GV1001, gemcitabine, and capecitabine 
chemotherapy showed no improvement in OS compared to chemotherapy alone [6.9 mo (95%CI: 6.4–7.6 
mo) vs 7.9 mo (95%CI: 7.1–8.8 mo)] (NCT00425360) (https://clinicaltrials.gov/ct2/show/NCT00425360)
[121]. Another GV1001-based phase III clinical trial (NCT00358566) (https://clinicaltrials.
gov/ct2/show/NCT00358566) was terminated early because of a lack of survival advantage.

Adoptive cell transfer
Adoptive cell transfer, also known as cellular immunotherapy, includes chimeric antigen receptor T-cell 
(CAR T cell) therapy and tumor-infiltrating lymphocyte (TIL) therapy[122,123]. CAR T-cell therapy is 
the most common type of adoptive cell transfer. Generally, it involves harvesting the patient’s T cells, 
genetic modification to express surface chimeric antigen receptor, ex vivo expansion, and then 
transferring the cells back to enhance tumor immunity. In forty-three patients with PDAC who 
underwent radical pancreatectomy, gemcitabine plus adoptive cell transfer with T cells stimulated by 
the MUC1-expressing human pancreatic cancer cell line demonstrated a median OS of 14.7 mo[124]. 
Mesothelin is a tumor antigen highly expressed in PDAC[125]. In a preclinical study, CAR T-cell 
therapy targeting mesothelin demonstrated promising tumor-suppressive effects[126]. Amatuximab 
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Table 3 Complete adoptive cell transfer-based clinical trials in pancreatic ductal adenocarcinoma

Treatment Phase Number Cancer stage Outcomes

MORAb-009, Gemcitabine II NCT00570713 Advanced PDAC MORAb-009 did not show survival benefit over placebo 
group [median OS 6.5 mo, 95%CI: 4.5–8.10 mo vs 6.9 mo 
95%CI: 5.4–8.8 mo]

MORAb-009 I NCT00325494 PDAC No results reported yet

Radiolabeled Amatuximab 
(MORAb-009) 

I NCT01521325 PDAC No results reported yet

Autologous Redirected RNA 
Mesothelin CAR T cells

I NCT01897415 PDAC No results reported yet

CART-133 T cells I/II NCT02541370 Relapsed and/or Chemotherapy 
Refractory Advanced PDAC

No results reported yet

https://clinicaltrials.gov/. PDAC: Pancreatic ductal adenocarcinoma; OS: Overall survival.

(MORab-009), a chimeric mAb targeting mesothelin, also led to reduced growth of mesothelin-
expressing tumors, including PDAC[127]. In a phase I trial, the efficacy of MORAb-009 was tested in 
seven PDAC patients, and one patient had disease control for greater than six months[128]. However, in 
a phase II randomized placebo-controlled clinical trial (NCT00570713) (https://clinicaltrials.
gov/show/NCT00570713) evaluating the efficacy of MORAb-009 plus gemcitabine, no significantly 
improved clinical outcome was observed [median OS: 6.5 mo (95%CI: 4.5–8.10 mo) vs 6.9 mo (95%CI: 
5.4–8.8 mo)]. Compared with the development of ICIs and cancer vaccines, adoptive cell transfer 
therapy is still in the early development phase against pancreatic cancer (Table 3); more preclinical and 
clinical studies are needed to further explore its full clinical potential.

IMMUNOTHERAPY AND THE TUMOR MICROENVIRONMENT
Immunotherapy has thus far failed to fulfill its promise in PDAC. The underlying mechanisms appear 
to be complex and multifactorial primarily due to their unique genetic signatures, metabolic features, 
and immunosuppressive TME. Pancreatic cancers carry unique molecular genetic backgrounds. MSI in 
pancreatic cancer is extremely rare (approximately 1%). Oncogenic KRAS mutations, the most common 
mutation in PDAC, have also contributed to PDAC initiation and maintenance by producing an 
immunosuppressive TME[129].

Furthermore, altered metabolism of glucose, amino acids, and lipids and their crosstalk with the TME 
play essential roles in PDAC tumor progression[130]. Multiple lines of evidence have pinpointed the 
TME as one of the significant barriers to developing effective immunotherapy for PDAC. It is of great 
clinical interest to sensitize PDAC to immunotherapy through modification of the TME.

One such effort has been focused on CAFs in the TME. As an immunosuppressive component of the 
TME, FAP-positive CAFs potentially account for the ineffectiveness of immunotherapy in PDAC[131]. 
Another subtype of CAFs, characterized by the expression of the leucine-rich repeat-containing 15 
(LRRC15) protein, could only be detected in pancreatic cancer tissue and is associated with poor 
response to anti-PD-L1 therapy[132]. Notably, FAP-positive CAFs are the only CAF subtype that 
expresses CXC motif chemokine ligand 12 (CXCL12). Ablation of FAP-positive CAFs or inhibition of 
CXCL12 uncovers the antitumor activity of CTLA-4 and PD-L1-based immunotherapy[133]. A phase 
I/II clinical trial (NCT03168139) (https://clinicaltrials.gov/ct2/show/NCT03168139) was conducted to 
evaluate the treatment effect of pembrolizumab in patients receiving docetaxel (NOX-A12), an agent 
targeting CXCL12 and TME in metastatic PDAC. No results have been reported yet.

Cellular components in the TME, including MDSCs and TAMs, are also promising targets in the 
combinatory strategy for immunotherapy. MDSCs and TAMs induce an immunosuppressive TME, 
partially through colony-stimulating factor 1 receptor (CSF1R) and focal adhesion kinase (FAK)[134]. 
Small molecular inhibitors of CSF1R or FAK can reprogram the TME and improve T lymphocyte-
mediated pancreatic cancer destruction[135,136]. Multiple clinical trials with CSF1R or FAK inhibitors 
combined with immunotherapy are currently ongoing (Table 4).

CONCLUSION
Despite advances in translational research, PDAC remains a highly lethal malignancy. Recent 
breakthroughs in immunotherapy have revolutionized cancer therapy and have shown great potential 
to transform future PDAC treatment. However, PDAC has shown inferior treatment outcomes toward 

https://clinicaltrials.gov/
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Table 4 Ongoing clinical trials with immunotherapy plus agents targeting the tumor microenvironment in pancreatic ductal 
adenocarcinoma

Strategy Treatment Phase Number Cancer stage

Immune checkpoint inhibitor (target) 
+ CAFs/CXCL12 targeted agents

Pembrolizumab(PD-1) + Olaptesed 
pegol

I/II NCT03168139 Metastatic PDAC

Durvalumab (PD-L1) + Pexidartinib I NCT02777710 Metastatic/Advanced PDAC

Nivolumab (PD-1) + Cabiralizumab I NCT02526017 Advanced PDAC

Immune checkpoint inhibitor 
(target)+ CSF1R targeted agent

Nivolumab (PD-1) + Cabiralizumab 
+ Gemcitabine

II NCT03697564 Advanced PDAC (Stage IV)

Pembrolizumab(PD-1) + Defactinib I/IIa NCT02758587 Advanced PDAC

Pembrolizumab(PD-1) + Defactinib 
+ Gemcitabine

I NCT02546531 Advanced PDAC

Immune checkpoint inhibitor (target) 
+ FAK targeted agent

Pembrolizumab (PD-1) + Defactinib II NCT03727880 Resectable PDAC

https://clinicaltrials.gov/. PDAC: Pancreatic ductal adenocarcinoma; CTLA-4: Cytotoxic T lymphocyte-associated antigen-4; PD-1: Programmed cell death 
protein 1; PD-L1: Programmed cell death ligand 1; CAFs: Cancer-associated fibroblasts; CXCL12: CXC motif chemokine ligand 12; CSF1R: Colony-
stimulating factor 1 receptor; FAK: Focal adhesion kinase.

various immunotherapy regimens compared to other cancer types. The TME has been considered as the 
fundamental underlying barrier to therapy resistance. To overcome this therapeutic resistance, further 
investigations with innovative treatment strategies will be needed.
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Abstract
The prevalence of nonalcoholic fatty liver disease (NAFLD) is rising worldwide, 
paralleling the epidemic of obesity. The liver is a key organ for the metabolism of 
proteins, fats and carbohydrates. Various types of fats and carbohydrates in 
isocaloric diets differently influence fat accumulation in the liver parenchyma. 
Therefore, nutrition can manage hepatic and cardiometabolic complications of 
NAFLD. Even moderately reduced caloric intake, which leads to a weight loss of 
5%-10% of initial body weight, is effective in improving liver steatosis and 
surrogate markers of liver disease status. Among dietary patterns, the Mediter-
ranean diet mostly prevents the onset of NAFLD. Furthermore, this diet is also the 
most recommended for the treatment of NAFLD patients. However, clinical trials 
based on the dietary interventions in NAFLD patients are sparse. Since there are 
only a few studies examining dietary interventions in clinically advanced stages 
of NAFLD, such as active and fibrotic steatohepatitis, the optimal diet for patients 
in these stages of the disease must still be determined. In this narrative review, we 
aimed to critically summarize the associations between different dietary patterns, 
obesity and prevention/risk for NAFLD, to describe specific dietary inter-
ventions’ impacts on liver steatosis in adults with NAFLD and to provide an 
updated overview of dietary recommendations that clinicians potentially need to 
apply in their daily practice.

Key Words: Nonalcoholic fatty liver disease; Dietary patterns; Obesity; Diet; 
Mediterranean diet; Nutrition; Treatment; Clinical guidance
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Core Tip: In this review, we emphasize that based on the current evidence, there is no consensus on the 
ideal macronutrient composition of the diet for nonalcoholic fatty liver disease (NAFLD) patients. We 
have shown that dietary habits are the most important factor in NAFLD prevention. The Mediterranean 
and healthy dietary pattern, characterized by high consumption of vegetables, fruits, nuts, olive oil, low-fat 
dairy products and fish, were linked with a reduced NAFLD risk. The Dietary Approach to Stop 
Hypertension diet, intermittent fasting and ketogenic diet are other dietary regimes that have growing 
interest among specialists who advise patients with NAFLD. Nevertheless, new studies designed to assess 
the effects of these diets on liver-related outcomes and liver histology are needed. We also noted that 
dietary advice should be personalized in NAFLD patients.

Citation: Ristic-Medic D, Bajerska J, Vucic V. Crosstalk between dietary patterns, obesity and nonalcoholic fatty 
liver disease. World J Gastroenterol 2022; 28(27): 3314-3333
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3314.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3314

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the accumulation of excess fat (more than 5%) in the liver 
parenchyma in people with no significant alcohol consumption or secondary causes of hepatic steatosis
[1]. The prevalence of NAFLD is rising in many countries, paralleling the epidemic of obesity 
worldwide. The highest rates of NAFLD have been observed in North Africa (31%), the Middle East 
(32%) and Asia (27%)[2].

NAFLD represents a clinicopathological spectrum, ranging from benign hepatic steatosis to 
nonalcoholic steatohepatitis (NASH) and characterized by hepatocellular injury and inflammation, 
which leads to hepatic fibrosis[3,4]. Up to 20% of patients with fibrotic NASH progress to cirrhosis and 
associated complications[5,6]. Fibrotic NASH can lead to hepatocellular carcinoma, even at the pre-
cirrhotic stage (Figure 1). Approximately 90% of the obese population, 60% of patients with diabetes 
type 2 and 50% of patients with dyslipidemia have NAFLD[6-8]. Moreover, NAFLD is a risk factor for 
severe coronavirus disease 2019, and thus nutritional prevention of coronavirus disease 2019 complic-
ations has been highlighted in a recent review[8].

Nevertheless, obesity, overnutrition, dietary components and a sedentary lifestyle are modifiable risk 
factors for NAFLD. Central obesity is probably the most significant modifiable risk factor for this 
disorder, which arises from energy imbalance[9]. The relationship between excessive caloric intake and 
the NAFLD development has been shown in interventional studies. Weight loss as a primary 
therapeutic approach produced clinically meaningful outcomes in patients with NAFLD[10,11]. 
However, the success of such weight loss interventions depends on the intensity of diet counseling and 
the frequency of visits to dietitians. Two dietary patterns that seem to promote the improvement of 
NAFLD with incorporated recommendations are the Mediterranean and the Dietary Approach to Stop 
Hypertension (DASH) diets[12].

This review critically summarizes the associations between dietary patterns, obesity and 
prevention/risk for NAFLD as well as the impact of specific dietary interventions on hepatic steatosis in 
adults with NAFLD. It also provides an updated overview of dietary recommendations that clinicians 
potentially need to apply in their daily practice.

LITERATURE SEARCH 
This narrative review was based on PubMed electronic database search for relevant publications using 
the following terms (“fatty liver” OR “NAFLD” OR “non-alcoholic fatty liver disease” OR “steatosis of 
liver” OR “steatohepatitis” OR “steatosis”) AND “obesity” AND (“diet“ OR “dietary pattern” OR 
“dietary interventions“ OR “nutrition“) to identify the studies on the association between dietary 
patterns and NAFLD and specific clinical dietary intervention studies in adult patients with NAFLD. 
Also, we focused on systematic reviews with meta-analyses. Studies relevant to the topic, conducted in 
humans, published in English and preferably published in the last 10 years were included. All studies 
are checked in Reference Citation Analysis database (https://www.referencecitationanalysis.com/). 
The list of references was reduced because priority had been given to studies that are relevant to clinical 
practice. The final list of references was approved with the consent of the authors.

https://www.wjgnet.com/1007-9327/full/v28/i27/3314.htm
https://dx.doi.org/10.3748/wjg.v28.i27.3314
https://www.referencecitationanalysis.com/
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Figure 1 Progression of nonalcoholic fatty liver to cirrhosis and/or liver cancer and suggested dietary intervention in nonalcoholic fatty 
liver disease patients according to risk factors. DASH: Dietary Approach to Stop Hypertension; MUFA: Monounsaturated fatty acid; NAFL: Nonalcoholic 
fatty liver; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; PUFA: Polyunsaturated fatty acid; SFA: Saturated fatty acid. Blue fonts 
indicate evidence-based proven effect of the dietary component. Created in Biorender.com.

MECHANISMS OF LIVER INJURY IN PATIENTS WITH OBESITY
The pathophysiology of NAFLD involves multiple genetic and environmental factors. Genetic factors 
include specific polymorphisms and epigenetic modifications. As the most common genetic determinant 
of NAFLD, the I148M variant of patatin-like phospholipase domain-containing protein 3 gene has been 
recognized[13]. Environmental factors are related to diet and lifestyle, hormonal disturbances, insulin 
resistance (IR), obesity, oxidative stress, lipotoxicity, unfavorable gut microbiota and many others[9]. 
Despite well-established risk factors for NAFLD, the pathways leading to the disease are not elucidated, 
but the role of the diet is undeniable.

It is known that the liver utilizes fatty acids and sugars as primary metabolic substrates, but the 
overload of these substances results in the accumulation of toxic lipid products[14]. These products 
increase oxidative stress by overproduction of reactive oxygen species and inflammation in hepatocytes 
that leads to liver injury. Moreover, a higher intake of saturated fatty acids (SFAs) promotes hepatic 
liver accumulation and the development and progression of NAFLD[15]. On the contrary, intake of 
unsaturated fats has a protective role[16].

Recent studies revealed the underlying mechanism of this process, highlighting mitochondrial 
dysfunction as a key player (reviewed by Meex and Blank[17]). Hepatocytes are very rich in 
mitochondria, and intake of SFAs induces changes in their structure and function. The process starts 
with liver steatosis due to reduced oxidation and enhanced lipolysis of adipose tissues. Steatosis affects 
the efficacy of the respiratory transport chain[18]. Consequently, overproduction of reactive oxygen 
species and lipid peroxidation arise, eventually resulting in inflammation, apoptosis and damage of the 
liver. In addition, SFAs from food enter the mitochondrial membrane and alter its permeability and 
fluidity, contributing further to NAFLD progression[19].

Besides the diet itself, obesity is also associated with NAFLD pathophysiology. In obesity, the 
capacity of an expanded adipose tissue to store lipids is limited, and the excess of lipids is stored in 
hepatocytes. The main form of lipids stored in the liver are triglycerides (TGs). Namely, high levels of 
free fatty acids in circulation, derived from enhanced lipolysis or diminished absorption by 
subcutaneous adipose tissue, bring ectopic fat accumulation, mostly in the liver. The sources of free fatty 
acids that form in the liver TG are not only from the diet (around 15%) but from increased lipolysis of 
TGs in adipose tissue (approximately 60%) and de novo lipogenesis (DNL) in the liver (25%) from dietary 
sugars, glucose and fructose[20]. This is supported by a study using stable isotopes, which has shown 
that accumulated lipids in the liver of NAFLD patients are mainly attributable to DNL. This stage of fat 
accumulation in the liver is the beginning of NAFLD, and managing obesity at this stage is of crucial 
importance. The lack of successful obesity treatment leads to intrahepatic inflammation and infiltration 
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of immune cells, such as lymphocytes, monocytes and neutrophils, which release cytokines in the liver
[21]. This process not only intensifies inflammation but also promotes intrahepatic fibrogenesis, leading 
to progression of NAFLD to NASH.

Another relationship between obesity and NAFLD has been established through adipokines[22]. 
Adipokines are hormones derived from adipose tissue, and they are commonly represented by leptin 
and adiponectin. While their synthesis is balanced in people with normal weight, in obesity the dysreg-
ulation of pro- and anti-inflammatory adipokines is present. The enlarged, hypertrophic adipocytes 
produce proinflammatory adipokines and cytokines and promote IR. Adiponectin suppresses the 
secretion of proinflammatory cytokines (interleukin 6, tumor necrosis factor α), promotes the release of 
anti-inflammatory interleukin 10 and negatively correlates with visceral adipose tissue mass[23]. On the 
contrary, leptin is a product of white adipose tissue, and its level in circulation depends on the fat tissue 
mass and adipocyte size[24]. This is a satiety hormone with pleiotropic effects, and its concentration is a 
marker of obesity-related complications: Neuropathy and atherosclerosis[25,26]. Hyperleptinemia is 
considered crucial for NAFLD progression, although the exact mechanisms are still unclear. However, 
new findings pinpointed that leptin mediates pyroptotic-like cell death of macrophages and hepatocytes 
through infiltrated CD8+ T lymphocytes[27]. These results can provide a new strategy for future 
treatment of NAFLD.

Among the other risk factors, metabolic syndrome (MetS) has demonstrated the strongest association 
with NAFLD and its advanced stage, NASH. Since MetS is characterized by several features, including 
waist circumference, hypertension, hyperglycemia and dyslipidemia (low high-density lipoprotein 
cholesterol and/or high TG level), the clearest biological link with NAFLD development and 
progression was found for glucose level[28]. In line with this, 75% of patients with diabetes mellitus 
have NAFLD as well. This relation is bidirectional: Patients with NAFLD have a higher risk of 
developing diabetes[29]. Although IR is involved in NAFLD pathogenesis, improving IR is often 
insufficient to prevent further progression of NAFLD[30].

Furthermore, increased central adiposity, an important component of MetS, is considered a more 
significant marker of NAFLD than total body fat. This is expected, considering the role of visceral fats in 
the biosynthesis of adipokines. According to a recent study, there is a cross-talk between IR, adipose 
tissue inflammation and NAFLD, with dipeptidyl peptidase 4 as the key factor. This enzyme, secreted 
by the hepatocytes, has been shown to promote IR and inflammation of visceral adipose tissue[31]. In 
support of that, Barchetta et al[32] reported that levels and activity of dipeptidyl peptidase 4 in 
circulation are independently associated with NAFLD presence and severity in patients with or without 
other metabolic diseases and with various grades of obesity. The authors proposed dipeptidyl peptidase 
4 as a novel marker for NAFLD/NASH risk stratification and follow-up of NAFLD patients.

ASSOCIATIONS BETWEEN DIETARY PATTERNS AND RISK OF NAFLD
Since people do not consume nutrients in isolation, the best option to describe the relationship between 
nutrition and health outcomes is the analysis of dietary patterns. Dietary patterns are a combination of a 
variety of foods habitually consumed by an individual, which together create synergistic effects on our 
health[33]. Two main dietary patterns, such as a “Western dietary pattern” and “Mediterranean dietary 
pattern” have been significantly associated (although in the opposite direction) with NAFLD, 
independently of potential confounders[34]. However, there are more dietary patterns (e.g., healthy, 
traditional) identified for these associations.

Mediterranean dietary pattern and NAFLD
Mediterranean diet (MD) is a plant-based diet containing significant amounts of fiber, antioxidants, 
vegetable proteins, monounsaturated fat and polyunsaturated fatty acids (PUFAs), and with an 
appropriate n-6/n-3 PUFA ratio. This diet is known as a high-fat diet, with a fat intake of up to 45% of 
total daily calories[35]. The basic source of dietary fat in this diet is olive oil[33,36], where oleic acid, a 
monounsaturated fatty acid (MUFA), is a major component[37]. The MD is also characterized by high 
amounts of PUFAs. Dietary sources of the PUFAs, especially long-chain n-3 fatty acids, which include 
eicosapentaenoic acid and docosahexaenoic acid, in the MD are fish and nuts[38]. The MD is therefore 
rich in macronutrients that have been shown to have a beneficial effect on glucose and lipidic 
metabolism, and consequently on NAFLD[39]. The observational studies on the association between 
MD and NAFLD are summarized in Table 1. A reverse association between high adherence to MD and 
NAFLD odds, even after adjusting for some confounders such as age, sex, diabetes, physical activity, 
energy intake, smoking status and supplements use was seen in two case-control studies[40,41] and one 
cross-sectional study[42]. It should be highlighted that higher consumption of nuts, fruits and 
vegetables, legumes and fish as well as lower intake of meat were reported to be protective against 
NAFLD[43].

However, Entezari et al[40] observed that the reverse relationship between adherence to MD and 
odds of NAFLD disappeared after controlling for the anthropometric variables (body mass index and 
waist-to-hip ratio), which means that the MD may improve fatty liver by body weight modification, 
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Table 1 Association between the Mediterranean dietary patterns and nonalcoholic fatty liver disease

Ref. Country/Region
Assess 
adherence 
to the MD

Food groups 
associated with 
lower risk 
NAFLD

Study 
design

Number of patients 
and age range Main results Associations

Entezari et al
[40]

Iran MDS ↑ Intake nuts and 
fruits, vegetables, 
legumes, high 
MUFA/PUFA 
ratio, cereals and 
fish. ↓ EI, low-fat 
dairy and meats 

C-C 247 (43.7% male); 
18–55 yr

↑ Adherence to MD was 
associated with ↓ risk of 
NAFLD after 
controlling for age (OR: 
0.40, 95%CI: 0.17–0.95) 
and sex, diabetes, PA 
and supplement intake 
(OR: 0.36, 95%CI: 
0.15–0.89). This 
association disappeared 
after adjusting for BMI, 
WHR (OR: 0.70, 95%CI: 
0.25–1.97)

↓, After 
controlling for 
anthropometrical 
variables ↔

Giraldi et al
[41]

Italy MDS ↑ Legumes 
consumption ↓ 
risk of NAFLD 
(OR: 0.62; 95%CI: 
0.38-0.99) and ↑ 
fish intake ↓ risk 
of NAFLD (OR: 
0.38; 95%CI: 0.17-
0.85) 

C-C 815 (371 with 
NAFLD); 59 ± 16 yr; 
444 controls; 45 ± 14 
yr

↑ Adherence to the MD 
was associated with ↓ 
risk of NAFLD (OR: 
0.83; 95%CI: 0.71-0.98) 
after controlling for age, 
sex, EI, diabetes status, 
smoking status, BMI 
and PA

↓

Baratta et al
[42]

Italy MD 
questionnaire

↓ Meat intake C-S 584 patients (61.8% 
males) with 
cardiometabolic risk 
factors screened for 
the presence of liver 
steatosis; 56.2 ± 12.4 
yr

↑ Adherence to MD was 
associated with ↓ risk of 
NAFLD (intermediate 
vs low tertile OR: 0.12; 
P < 0.05; high vs low 
tertile OR: 0.09; P < 
0.05)

↓

Aller[45] Spain 14-item MD 
assessment 
tool

- C-S 82 NAFLD patients 
(42.7% low and 57.3% 
high steatosis grade, 
68.3% steatohepatitis 
and 51.2% liver 
fibrosis mean age 44 + 
11 yr

↑ Adherence to MD was 
associated with ↓ 
likelihood of having 
steatohepatitis OR: 0.43; 
95%CI: 0.29-0.64 and 
steatosis OR: 0.42; 
95%CI: 0.26- 0.70

↓

Park et al[46] United States; 5 
targeted 
racial/ethnic groups: 
African American, 
Native Hawaiian, 
Japanese American, 
Latino and White

Alternate 
MDS

- Nested 
C-C

2959 with NAFLD 
(509 with cirrhosis; 
2450 without 
cirrhosis) and 29292 
controls; mean age 
44.2 + 11.3 yr

↑ Adherence to MD was 
not associated with 
lower NAFLD risk

↔

Chan et al
[47]

Hong Kong of China MDS ↑ Vegetables and 
legumes, fruits 
and dried fruits, 
vitamin C 

C-S 797 (41.7% males) 
27.6% had a fatty liver 
aged ≥ 18 yr

MDS was not 
associated with the 
prevalence of NAFLD

↔

Kontogianni 
et al[44]

Greece MDS - C-S 73 overweight/obese 
patients with NAFLD 
(69% males) vs 58 age-
sex- and BMI matched 
controls; mean age 45 
yr

No difference in the 
MDS was observed 
between patients and 
controls. One unit 
increase in the MDS 
was associated with ↓ 
likelihood of having 
NASH (OR: 0.64; 
95%CI: 0.45-0.92), after 
controlling for sex and 
abdominal fat

↓

BMI: Body mass index; C-C: Case-control; C-S: Cross-sectional; CI: Confidence interval; EI: Energy intake; MD: Mediterranean diet; MDS: Mediterranean 
Diet Score; MUFA/PUFA: Monounsaturated fatty acids/Polyunsaturated fatty acids; NAFLD: Non-alcoholic fatty liver disease; OR: Odds ratio; WHR: 
Waist to hip ratio; PA: Physical activity.

modulation of lipid profile and inflammatory markers. Although Kontogianni et al[44] did not find a 
significant difference between NAFLD patients and controls in terms of adherence to the MD, higher 
adherence to this diet was inversely associated with alcoholic steatohepatitis. Similar results were seen 
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in the study by Aller et al[45].
On the other hand, in a nested and matched case-control study[46] as well as a cross-sectional study

[47] it was found that adherence to the MD in any models (crude or adjusted to some confounders) was 
not associated with the risk of NAFLD. It should be highlighted that the dietary indices that measure 
adherence to the MD vary among the included studies. Hence, the specific dietary components and/or 
food items included within each of these indices and the methods used to evaluate compliance should 
be taken into consideration when interpreting obtained results. Nevertheless, a recent meta-analysis has 
proven that MD reduced the risk of NAFLD by 23%[43]. Also, the European Association for the Study of 
the Liver, and the European Association for the Study of Diabetes-European Association for the Study 
of Obesity Clinical Practice Guidelines have encouraged the MD as a lifestyle choice for treating the 
disease[48].

Various mechanisms may be associated with the beneficial effects of the MD on metabolic health and 
NAFLD, but the most important for this association is an appropriate fatty acid composition due to high 
MUFA content and an appropriate n-6/n-3 PUFA ratio[49]. It has been proven that MUFA may prevent 
the development of NAFLD by improving blood lipid concentrations, lowering body fat contents and 
decreasing postprandial adiponectin expression[50]. MUFAs (oleic acid) from olive oil have numerous 
beneficial effects on NAFLD, including decreased oxidized low-density lipoprotein, low-density 
lipoprotein cholesterol (LDL-C) and TG concentration, without the concomitant decrease in high-
density lipoprotein cholesterol (HDL-C)[51], as well as lowering blood pressure and improving insulin 
sensitivity[37]. Additional effects of the MD relate to its polyphenol content. For example, polyphenols 
present in olive oil, such as oleuropein, hydroxytyrosol and tyrosol, have important antioxidant and 
anti-inflammatory effects[51]. The high content of dietary fiber both in soluble and insoluble forms in 
the MD is associated with a decrease in serum TGs and blood glucose[40]. The beneficial effect of the 
MD on NAFLD progression is also linked with an absence of added sugars and fructose in this diet.

Healthy dietary patterns and risk/prevalence of NAFLD 
A healthy dietary pattern is defined as an appropriate intake of fruits & vegetables, nuts, olive oil, low-
fat dairy products and fish. MD is one example of a healthy dietary pattern, but there are also other 
specific healthy diets. In Table 2, associations between healthy dietary patterns and the risk/prevalence 
of NAFLD are summarized.

In nine out of ten collected studies–in two prospective studies[52,53], four case-control studies[33,54-
56], and three cross-sectional studies[57-59], a healthy dietary pattern was associated with a decreased 
risk of NAFLD independent of several confounders added to the models. Moreover, in a study by 
Chung et al[60] “simple meal pattern” characterized by a high intake of root and yellow vegetables, 
fruits, dairy products, eggs and nuts also exhibited an inverse correlation with NAFLD. Kalafati et al[55] 
found that individuals in the second quartile of the unsaturated fatty acids pattern, a dietary pattern 
with strong antioxidant properties, had 55.7% reduced odds of developing NAFLD than those in the 
first quartile, after adjusting for several confounders. However, higher consumption of unsaturated fatty 
acids was not associated with further protection from NAFLD, which may be explained by the fact that 
a greater intake of this diet leads to higher energy intake. Moreover, the mentioned authors found that 
the score for the prudent pattern (recognized also as a healthy dietary pattern) based on oil-based 
cooked vegetables, legumes, potatoes, fruits, vegetables and fatty fish was negatively associated with 
TG and uric acid levels, mediators of the associations between obesity and the incidence of NAFLD[61]. 
Only one study, presented by Alferink et al[62], found that adherence to vegetable and fish patterns (a 
kind of healthy pattern) was not associated with the risk of NAFLD.

The protective effect of healthy diets on the risk of the NAFLD could be a consequence of high 
consumption of vegetables and moderate intake of fruits, which are sources of antioxidant vitamins, 
such as vitamins A, E and C (protective against oxidative stress)[43]. Moreover, fruits and vegetables are 
good sources of dietary fiber, which has an inverse association with IR and the risk of NAFLD 
progression. Fish are sources of long-chain n-3 PUFAs, which are capable of reducing TGs and have a 
protective role against NAFLD[38].

Western and traditional dietary patterns and risk/prevalence of NAFLD 
Although definitions of Western dietary patterns vary, this diet is often characterized by high 
consumption of soft drinks, red and processed meat and refined cereals, with concurrently low intake of 
fish, fruit and vegetables as well as whole grains[63]. Therefore, this diet is characterized by a high 
intake of animal and trans fats, sugar and fructose and a low intake of fiber and phytochemicals[52]. It 
was observed that when a western diet is provided in excess, even for a short period of 1 wk, it leads to 
increased hepatic steatosis[33]. In Table 2, associations between Western and traditional and healthy 
dietary patterns and the risk/prevalence of NAFLD are summarized.

Oddy et al[52], in their prospective cohort study, found that a higher score of the Western dietary 
pattern at 14 years of age was associated with a greater risk of NAFLD at 17 years. Similar results were 
obtained in other observational studies[34,56]. On the other hand, some studies report significant associ-
ations of this diet with the risk of NAFLD[58,60]. In the literature, the following dietary patterns familiar 
to the western patterns are also present: Fast food[54,55]; animal food/high protein[53,54]; red meat and 
alcohol[62]; high-salt[57]; high-fat dairy and refined grains[62]; high-carbohydrate/sweet/sugar/high 
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Table 2 Characteristics of the observational studies on the association between different dietary patterns and nonalcoholic fatty liver 
disease

Ref. Country/Region Dietary pattern Food items in dietary 
patterns

Type 
of 
study

N, age Main results Associations

Western Takeaway foods, confec-
tionery, red meat, refined 
grains, processed meats, 
chips, sauces, full-fat dairy 
products and soft drinks

Higher western pattern 
score at 14 yr was 
associated with ↑ risk of 
NAFLD at 17 yr (OR: 
1.59; 95%CI: 1.17–2.14; P 
< 0.05) before 
adjustment to BMI

↑Oddy et al[52] Australia

Healthy Whole grains, fruit, 
vegetables, legumes, fish

P 995. FFQ 
completed 
at 14 yr and 
liver 
ultrasound 
at 17 yr 

A healthy diet at 14 yr 
appeared protective 
against NAFLD at 17 yr 
in centrally obese 
adolescents (OR: 0.63; 
95%CI 0.41-0.96; P < 
0.05)

↓

Western Fast foods, soft drinks, 
processed meat, high-fat 
dairy products, 
hydrogenated fats, 
mayonnaise, salty snacks, 
sugar sweetened desserts, 
organ meats and refined 
grains

The western pattern 
was associated with ↑ 
risk for NAFLD after 
adjustment for age, sex, 
BMI, PA, SES and EI

↑

Healthy Fish, skinless poultry, low-
fat dairy, fresh fruits, 
natural juices, canned 
fruits, dried fruits, 
vegetables, nuts, olive and 
garlic

A healthy pattern was 
associated with ↓ risk 
for NAFLD, after 
controlling for 
mentioned variables

↓

Salehi-
Sahlabadi et al
[34]

Iran

Traditional Red meat, organ meats, 
skinless poultry, eggs, 
yogurt drink, tea, legumes, 
tomato sauce, sugar 
sweetened-desserts, potato, 
condiments, salt, pickles 
and broth

C-C 675 (450 
with 
NAFLD) 
NAFLD: 
38.6 ± 8.7 
yr; 
Controls: 
37.9 ± 8.9 yr

Lack of association 
between traditional 
pattern and risk of 
NAFLD adjusted for 
mentioned variables

↔

Western and high-
carbohydrate

Processed meats, bread, 
soft drinks, pork, noodles, 
beef, cakes, snacks, beef 
soup, sugar, coffee, 
chicken, processed fish and 
refined grains

Lack of association 
between Western/high-
carbohydrate pattern 
and risk of NAFLD 
after adjustment for age, 
sex, WC, smoking 
status, EI, diabetes and 
hypertension

↔

Traditional Vegetables; fermented 
vegetables such as kimchi 
and jjangajji; fish and 
seafood; mush-rooms; 
fermented, processed, 
natural soybeans

↑ Adherence to the 
traditional pattern was 
associated with ↑ risk of 
NAFLD (OR: 1.85; 
95%CI: 1.11-3.08; P < 
0.05) after controlling 
for mentioned variables

↑

Chung et al[60] Korea

Simple meal Fruits, root and yellow 
vegetables, eggs, dairy 
products and nuts

C-S 1190 (331 
with 
NAFLD) 
NAFLD: 53 
± 9 yr; 
Controls: 51 
± 10 yr

↑ Adherence to the 
simple meal pattern 
was associated with ↓ 
risk of NAFLD (OR: 
0.59; 95%CI: 0.34-1.00; P 
< 0.05), after controlling 
for mentioned variables

↓

Ordinary Sweets, oils, fruits, white 
meats, refined grains, tea 
and coffee, salt, biscuits, 
snacks as well as red and 
organ meats

↑ Adherence to the 
ordinary pattern was 
associated with ↑ risk of 
NAFLD; P < 0.001

↑

Red and organ meats, dairy 
products, condiments, salt, 
tea and coffee and low 

↑ Adherence to the 
traditional pattern was 
associated with ↑ risk of 

Dehghanseresht 
et al[54]

Iran

Traditional

C-C 244 (122 
with 
NAFLD) 
aged 19–70 
yr

↑
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intake of fruits NAFLD P < 0.001

Vegetables and 
dairy (healthy 
pattern) 

Vegetables, whole grains, 
legumes and nuts and 
dairy products

↑ Adherence to the 
vegetables and dairy 
pattern was ↓ 
association with 
NAFLD risk (OR: 0.23; 
95%CI: 0.09–0.58; P < 
0.05)

↓

Fast food Sauces, pickles, fast foods, 
soft drinks, snacks and 
biscuits

No association between 
Fast food patterns and 
the risk of NAFLD

↔

Traditional Chinese Staple food, coarse grains, 
fruits, eggs, fish and 
shrimp, milk and tea

No association between 
traditional pattern and 
the risk of NAFLD

↔

Animal food Kelp/seaweed and 
mushroom, pork, beef, 
mutton, poultry, cooked 
meat, eggs, fish and 
shrimp, beans and grease

After controlling for 
potential confounders, 
animal food patterns 
had ↑ prevalence rate 
for NAFLD (PR: 1.35; 
95%CI: 1.06–1.72; P < 
0.05 

↑

Grains-vegetables 
(healthy pattern)

Coarse grains, tubers, 
vegetables, mushroom and 
kelp/seaweed, cooked 
meat and beans

After adjustment for 
BMI, a vegetable 
pattern had ↓ 
prevalence rate for 
NAFLD (PR: 0.78; 
95%CI: 0.62–0.98, P < 
0.05).

↓

Yang et al[57] China

High-salt Rice, pickled vegetables, 
processed meat, bacon, 
salted duck egg, salted fish 
and tea

C-S 999 (345 
with 
NAFLD) 
aged 45–60 
yr

No association between 
high salt and the risk of 
NAFLD

↔

Jia et al[65] China High-
carbohydrate/sweet

Fruits, cakes and candied 
fruits

C-S 4365 (1339 
with 
NAFLD: 
adults

↑ Adherence to a high-
carbohydrate/sweet 
pattern was associated 
with ↑ the prevalence of 
NAFLD in females but 
not in males

↑ only in 
females not in 
males

Fast food Energy-dense foods rich in 
saturated fat and sugar and 
included fast foods, 
sweetened soft drinks, fried 
potatoes and savory and 
puff pastry snacks

↑ Adherence to a fast-
food pattern was 
associated with ↑ odds 
for NAFLD after 
adjustment for age, sex, 
EI, PA, pack-yr smoked, 
education, MS (P < 0.01)

↑

Prudent (healthy 
pattern)

Oil-based cooked 
vegetables, legumes, 
potatoes, fruits, vegetables 
and fatty fish

↑ Adherence to the 
prudent pattern was 
associated with ↓ TG 
and uric acid levels (β: -
5.96; P < 0.05; β: -0.15; P 
< 0.05, respectively)

↓

High-protein Red meat, poultry, eggs The high protein 
pattern was not 
associated with any 
NAFLD-related 
biomarker

↔

Kalafati et al[55] Greece

The unsaturated FA Nuts, chocolate and other 
foods rich in unsaturated 
FA

C-C 351 (134 
with 
NAFLD) 
Case: 50.0 ± 
10.5 yr; 
Control 44.0 
± 11.0 yr

Individuals in the 
second quartile of the 
unsaturated FA pattern 
had ↓ odds of 
developing NAFLD vs 
the first quartile after 
being adjusted for 
mentioned confounders 
(P < 0.05)

↓

A healthy pattern was 
associated with ↓ odds 
of NAFLD (OR: 0.34; 
95%CI: 0.16–0.81) after 
controlling for sex, 
education, PA, BMI, 

Tutunchi et al
[56]

Iran Healthy Vegetables, legumes, fruits 
and low-fat dairy products

C-C 210 (105 
with 
NAFLD) 
Cases 46 ± 9 
yr; Controls 
45 ± 9 yr

↓
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WC

Western Sweet, hydrogenated fat, 
red and processed meat 
and soft drink dietary 
patterns

↑ Adherence to the 
western pattern was 
related to ↑ risk of 
NAFLD (OR: 2.68; 
95%CI: 1.31–4.16), after 
controlling to 
mentioned confounders

↑

Sugar-rich Strawberry, kiwi fruit, 
persimmon, sweets, 
candied fruits, Chinese 
cakes

After adjusting for age, 
sex, BMI, smoking, 
alcohol, education, 
occupation, income, PA, 
EI, personal and family 
history of the disease, 
depressive symptoms, 
dietary supplement use, 
inflammation markers, 
WHR and each other 
dietary pattern score, 
the sugar-rich pattern 
was associated with ↑ 
risk of NAFLD (HR: 
1.11; 95%CI 1.01, 1.23)

↑

Vegetable (healthy 
pattern)

Cucumber, green leafy 
vegetables, Chinese 
cabbage, celery, pumpkin

After adjusting for 
mentioned 
confounders, vegetable 
diet was associated with 
↓ risk of NAFLD (HR 
0.96; 95%CI: 0.86, 1.07)

↓

Zhang et al[61] China

Animal food Animal organs, animal 
blood, preserved eggs, 
instant noodles, pork skin, 
sausage

P 17360 free 
from 
NAFLD at 
baseline; 
During a 
median 
follow-up 
of 4.2 yr, 
4034 with 
NAFLD, 
aged > 18 
yr

After adjusting for 
mentioned 
confounders, animal 
food diet was associated 
with ↑ risk of NAFLD 
(HR: 1.22; 95%CI: 1.10, 
1.36) 

↑

Vegetable and fish 
(healthy pattern)

Vegetables, poultry, fish 
and fruit

No associations 
between vegetable and 
fish diet and NAFLD

↔

Red meat and 
alcohol

Red, refined or organ meat, 
salty snacks and beer or 
spirits and low intake of 
fruit and tea

No associations 
between red meat and 
alcohol pattern and 
NAFLD

↔

Traditional Vegetable oils and stanols 
and margarine or butter, 
potatoes, whole grains and 
sweet snacks or desserts

↑ Adherence to the 
Traditional pattern was 
associated with ↓ risk of 
NAFLD (OR: 0.40; 
95%CI 0.15–1.00) 
adjustment for sex, age, 
baseline education 
level, PA, EI, alcohol 
intake and follow-up 
time, BMI, baseline type 
2 diabetes mellitus and 
baseline hypertension

↓

Salty snacks and 
sauces

Savory food groups such as 
nuts, legumes, salty snacks 
and sauces

No associations 
between salty snacks 
and sauces pattern and 
NAFLD

↔

Alferink et al
[62]

The Netherlands

High-fat dairy and 
refined grain

Fruit juice, refined grains, 
high-fat dairy products and 
sweet snacks or desserts

P 963 (343 
with 
NAFLD) 
Baseline: 
71.0 yr; 
Follow-up: 
75 yr

No associations 
between high-fat dairy 
and refined grain 
pattern and NAFLD

↔

Traditional Vegetables, chickpeas, red 
beans, lentils, peas, 
vegetable oil/olives

↑ Adherence to 
traditional pattern ↓ the 
odds of NAFLD (OR: 
0.30; CI 95%: 0.11–0.86; 
P < 0.05) adjusted for 
MS, EI, education, PA, 
family history, smoking, 
place of residence and 
profession

↓Fakhoury-
Sayegh et al[64]

Lebanon C-C 222 (112 
with 
NAFLD) 
Cases: 40 ± 
6 yr; 
Controls: 39 
± 13 yr 
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High fruits Fruits and fruit juices ↑ Adherence to high 
fruits pattern ↑ the odds 
of NAFLD (OR: 4.061; 
95%CI: 1.320–12.100, P 
< 0.05, adjusted for 
mentioned confounders

↑

The high meat and 
fast food diet: 
(Western-like 
dietary pattern)

Meat such as pork, chicken, 
beef meat and hotdog

↑ Adherence to Western 
pattern ↑ the odds of 
NAFLD (OR: 4.081; 
95%CI: 1.36–12.28, P < 
0.05) adjusted for 
mentioned confounders

↑

Healthy Seaweeds, vegetables, 
mushrooms, pulses, 
potatoes and starches

A healthy pattern was 
correlated with the ↓ 
risk of NAFLD

↓

Western Fats and oils, meat, 
seasonings, spices

No correlation between 
western pattern and 
NAFLD

↔

Nakashita et al
[58]

Japan

Snacks Sugars and starches, 
beverages (tea, coffee, fruit 
juice, soft drinks), fruits

C-S 281 men (89 
with 
NAFLD) 
NAFLD: 62 
(57–67) yr; 
Controls: 61 
(56–67) yr

No correlation between 
snacks pattern and 
NAFLD

↔

Healthy Fruits, vegetables/legumes, 
white meat, olive oil, 
margarine, bread/toast 
(with significant negative 
loading for beef)

↑ Adherence to the 
healthy pattern was 
associated with ↓ 
prevalence of NAFLD 
(PR: 0.70; 95%CI: 0.50, 
0.98, P < 0.05) after 
adjustment for sex, age, 
EI, BMI, smoking status, 
PA, family income and 
use of hypoglycemic 
drugs

↓

Regional snacks 
(Northeast of Brazil)

Tea/coffee, dairy products, 
cassava 
flour/tapioca/cuscus, 
butter and olive oil

↑ Adherence to the 
regional snacks pattern 
was associated with the 
↑ prevalence of NAFLD 
(PR: 1.42; 95%CI: 1.02, 
1.92, P < 0.05) after 
adjustment for 
mentioned confounders

↑

Energy-dense Processed cold meats, beef, 
viscera, sweet 
products/desserts/sugar, 
soft drinks, 
tubers/spaghetti/pastries

No association between 
energy density pattern 
and NAFLD

↔

Adriano et al
[59]

Brazil

Traditional Rice, beans, bread/toast, 
tea/coffee, sweet 
products/desserts/sugar

C-S 229 older 
adults 
(74.7% 
women) 
NAFLD: 
67.0 ± 5.0 
yr; 
Controls: 
70.1 ± 7.0 yr

No association between 
traditional pattern and 
NAFLD

↔

BMI: Body mass index; C-C: Case-control; C-S: Cross-sectional; CI: Confidence interval; EI: Energy intake; FA: Fatty acid; FFQ: Food frequency 
questionnaire; HR: Hazard ratio; NAFLD: Nonalcoholic fatty liver disease; MS: Metabolic syndrome; OR: Odds ratio; P: Prospective; PA: Physical activity; 
PR: Prevalence ratio; SES: Socioeconomic status; TG: Triglyceride; WC: Waist circumference; WHR: Waist-to-hip ratio.

fruits[53,64,65]; as well as, snacks and energy-dense dietary pattern[58,59,62]. The majority of these 
dietary patterns increased the risk of NAFLD. Although high-carbohydrate/sweet/sugar/high fruits 
dietary pattern was associated with a significantly higher risk of NAFLD, Jia et al[65] found that this diet 
was positively associated with the prevalence of NAFLD only in females but not in males. Overall, 
Hassani Zadeh et al[43], in their meta-analysis, found that Western dietary patterns increased the risk of 
NAFLD by 56%.

The Western dietary pattern rich in saturated and trans-fatty acids may affect the hepatic cell steatosis 
via chylomicron uptake[34]. This dietary pattern, due to high amounts of refined grains, white bread 
and sugar-sweetened beverages has been also strongly associated with IR, diabetes and obesity. Soft 
drinks, the main constituents of the Western diet, contain substantial amounts of added sugars and 
fructose[66]. It was indicated that a higher intake of fructose induces hepatic IR and inflammation, 
thereby fueling the development of NAFLD. In addition, fructose metabolism could promote hepatic 
lipogenesis by inhibiting the DNL pathway and regulating lipogenic gene expression in the liver[67]. It 
should be noted that moderate consumption of fruits due to the presence of other dietary components 
such as dietary fiber and antioxidant vitamins can have a protective effect against NAFLD. On the other 
hand, excessive fruit consumption, as was seen in a study by Fakhoury-Sayegh et al[64], may increase 
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the risk for NAFLD, due to the high content of simple sugars (especially fructose).
The traditional diet may differ depending on the region or country and encompasses the common 

foods eaten there. Since this pattern comprises both healthy and unhealthy food items in different 
proportions, in collected studies we can observe the different influences of this pattern on the risk of 
NAFLD. For example, in a Korean study[60] the traditional diet was characterized by high intake of 
vegetables, fermented vegetables, such as kimchi, fish and seafood, mushrooms and fermented, 
processed and natural soybeans and was associated with a higher risk of NAFLD independent of 
several confounders added to this model. A traditional Iranian dietary pattern characterized by intake 
of red and organ meats, dairy products, condiments, salt, tea and coffee and low fruits consumption was 
related to an increased risk of NAFLD[54]. However, in another Iranian study[34], a traditional diet, 
represented by a high intake of red meat organ meats, skinless poultry, eggs, yogurt drink, tea, legumes, 
tomato sauce, sugars sweets-desserts, potato, condiments, salt, pickles and broth, was not associated 
with risk of NAFLD. Similar observations were reported by Yang et al[57] and Adriano et al[59] where 
traditional Chinese food items (staple food, coarse grains, fruits, eggs, fish and shrimp, milk and tea) 
and traditional Brazilian foods (rice, beans, bread/toast, tea/coffee, and sweet products/ 
desserts/sugar) were not associated with a risk of NAFLD. In turn, Alferink et al[62] found that 
traditional Dutch dietary patterns consisting of vegetable oils, stanols and margarine or butter, potatoes, 
whole grains, and sweet snacks or desserts were associated with regression of NAFLD. Similar 
observations revealed that the traditional Lebanon diet (characterized by high intake of vegetables, 
chickpeas, red beans, lentils, peas, and vegetable oil/olives) was also related to a lower risk of NAFLD
[64].

DIETARY INTERVENTION STUDIES IN NAFLD PATIENTS 
Lifestyle modification, including a change in diet, weight loss target and structured exercise/physical 
intervention is the first-line and a cornerstone therapy for the NAFLD condition. It is implemented to 
reduce the cardiometabolic risk factors and cardiovascular disease events and to resolve NAFLD. 
Table 3 displays the NAFLD diet treatment recommendations/guidelines of The European Association 
for the Study of the Liver[48] and the European Society for Clinical Nutrition and Metabolism[68], in 
addition to the American Association for the Study of Liver Diseases[69,70], the Asian Pacific 
Association for the Study of the Liver[71], the American Gastroenterological Association[7] and the 
World Gastroenterology Organization[72].

The primary dietary goal for patients with NAFLD is to implement a hypocaloric diet due to a caloric 
deficit. Most often, low-calorie diets lead to an energy deficit of 500-1000 calories. Ordinarily, 
overweight NAFLD patients are advised to have a deficit of at least 500 calories/d for weight loss[10,48,
73,74]. A weight loss of 3%-5% of body weight is necessary to improve liver steatosis[10]. To improve 
most of the histopathological characteristics in NAFLD, hepatocyte ballooning, lobular inflammation 
and fibrosis, a greater loss of body weight of 7%-10% is required[75]. Meta-analysis of 8 randomized 
controlled trials confirm that a 7% reduction in body weight was associated with improvement of the 
NAFLD Activity Score[76]. But, it should be noted that 94% of patients who lost 5% of initial body 
weight stabilized/or improved liver fibrosis[77]. Meta-analyses of 22 randomized controlled trials with 
2588 participants reported that weight-loss interventions were significantly associated with 
improvements in alanine aminotransferase (ALT), ultrasonography pronounced liver steatosis, NAFLD 
Activity Score and presence of steatohepatitis[11]. Caloric restriction alone or in combination with 
physical activity encourages the loss of body weight and reduces hepatic steatosis and subsequently 
promotes fat mobilization from the liver[70]. In adults with NAFLD, exercise alone may prevent, reduce 
and cured liver steatosis. However, the ability of physical activity to improve other NAFLD spectrum 
histological parameters remains unknown.

Based on the current evidence, there is no consensus on the ideal macronutrient composition of the 
diet for NAFLD patients. The best nutrition recommendation is a traceable diet, based on individual 
preferences, eating habits and behaviors[74]. Also, there is no solid evidence to support a particular 
macronutrient composition of a hypocaloric diet unique for use in NAFLD patients. Independent of 
weight loss, a diet low in carbohydrates and higher in protein intake is associated with improvements of 
metabolic parameters in NAFLD patients[73,78]. A recent meta-analysis 32 controlled isocaloric feeding 
studies with a constant proportion of protein in the diet and varying ratios of carbohydrate and fat 
indicates that diet differences are too small, which implies the importance of caloric intake in NAFLD 
patients[79]. Overall, more future studies on macronutrient composition in diet are needed.

As previously stated, Mediterranean dietary patterns prevent the onset of NAFLD. The MD is also the 
most recommended diet for the treatment of NAFLD patients[12]. It improves liver steatosis, as 
indicated by the results of several studies, regardless of whether there is a calorie restriction in the diet. 
Independent of weight loss, patients have greater reductions in intrahepatic lipid content and insulin 
sensitivity after following the MD compared to a low-fat/high-carbohydrate diet. Consumption of a MD 
with calories less than the required daily energy allowed male NAFLD patients to reduce body weight, 
lipid accumulation, visceral adiposity index, fatty liver index, hepatic steatosis index and IR, as well as a 
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Table 3 Summary of international guidelines on diet for nonalcoholic fatty liver disease patients

EASL/EASD/EASO 
clinical practice 
guidelines for the 
management of NAFLD
[48]

ESPEN guideline 
on clinical 
nutrition in liver 
disease[68]

AASLD practice 
guidance: The 
diagnosis and 
management of 
NAFLD[69,70]

APASL clinical 
practice 
guidelines for the 
management of 
MAFLD[71]

AGA clinical 
practice 
guidelines for 
diagnosis and 
management of 
NAFLD[7]

WGO guidance 
for 
NAFLD/NASH
[72]

Target for 
weight loss

7%-10% 7%-10% (in obese 
patient); > 10% to 
improve fibrosis

3%-5% (to improve 
steatosis); 7%-10% 
for histological 
improvement

7%-10% ≥ 5% if steatosis; ≥ 
7% if NASH; ≥ 10% 
if fibrosis

5%-10%

Macronutrient 
composition 

Low to moderate fat and 
moderate to higher 
carbohydrate; low 
carbohydrate, ketogenic 
diets or high protein 

Irrespective of 
macronutrient 
composition, MD 
to improve 
steatosis and IR

Less relevant Low-carbohydrate, 
low-fat and 
Mediterranean-type 
diets

Minimize SFA, ↓ 
red and processed 
meat

Avoid trans-fats; 
↑ omega 3/omega 
6 PUFA

Energy 
restriction 

Hypocaloric: Reduction of 
500-1000 kcal/d target 
weight loss of 0.5-1.0 
kg/wk 

Hypocaloric diet 
according to 
obesity guidance 

Hypocaloric diet 
reduction of 500-
1000 kcal/d

Hypocaloric diet 
reduction of 500-
1000 kcal/d

Hypocaloric: 1200-
1500 kcal/d or ↓ 
from baseline 500-
1000 kcal/d

Hypocaloric: ↓ 
calories intake 
25%

Fructose intake Avoid fructose-containing 
beverages and foods

Avoid fructose 
commercially 
produced

Avoid fructose 
and soft drinks

Coffee intake No liver-related limitations “More likely to 
benefit health than 
harm”

“More likely to 
benefit health than 
harm”

Alcohol intake Risk below (< 30 g men, < 
20 g women)

Abstain Not consume heavy 
amounts

Restrict

AGA: American Gastroenterological Association; AASLD: American Association for the Study of the Liver; APASL: Asian Pacific Association for the Study 
of the Liver; EASL: European Association for the Study of the Liver; EASD: European Association for the Study of Diabetes; EASO: European Association 
for the Study of Obesity; ESPEN: European Society for Clinical Nutrition and Metabolism; IR: Insulin resistance; MAFLD: Metabolic associated fatty liver 
disease; MD: Mediterranean diet; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; PUFA: Polyunsaturated fatty acid; SFA: 
Saturated fatty acid; WGO: World Gastroenterology Organization.

reduced share of SFA in the serum fatty acid profile decreased serum levels of SFAs and increased 
serum levels of MUFAs and n-3 PUFA[80]. The MD has well-documented metabolic benefits to reduce 
cardiovascular risk and thus is well valued in the medical community[81]. This observation is important 
because NAFLD patients have an increased risk of cardiovascular disease.

A systematic review and meta-analysis of randomized controlled trials presented that Mediterranean 
and hypocaloric dietary interventions favoring unsaturated fatty acids led to improved intrahepatic 
lipid content and transaminases levels (ALT, aspartate aminotransferase) in NAFLD patients[82]. The 
gamma-glutamyl transferase level does not change significantly during the Mediterranean dietary 
interventions[82]. Diet compositions in randomized controlled trials used in these meta-analyses can be 
considered comparable. Based on the calculated NAFLD fibrosis score, the composite score of age, 
glucose levels, platelet count, albumin and aspartate aminotransferase/ALT ratio, indicated that risk for 
advanced hepatic fibrosis was 11% among NAFLD patients with incidentally discovered hepatic 
steatosis[76]. In patients with NAFLD, gamma-glutamyl transferase levels decreased only after low 
glycemic index-MD intervention[83]. Hence, it is confirmed that MD without caloric restriction reduced 
the liver fat. Since there are only a few studies examining dietary interventions in clinically advanced 
stages of NAFLD (active and fibrotic NASH), the optimal dietary recommendation for nutrition 
intervention in NAFLD remains to be defined.

Well-discussed risk factors for hepatic steatosis are high SFA intake and overconsumption of 
carbohydrates, such as fructose. This type of diet leads to obesity. Intervention studies provide clear and 
strong evidence of a link between excessive calorie intake and NAFLD development as well as being 
linked to excess energy intake with increased lipolysis, induced IR and increased harmful ceramides in 
plasma[15,16]. Excessive intake of SFA (1000 extra kcal/d) conducted in obese patients for 3 wk 
increased intrahepatic TG content more than the intake of unsaturated fats (+ 55% vs + 15%, 
respectively)[16]. Also, overconsumption of simple sugars increased the intrahepatic TG content (+ 33%) 
by stimulating DNL (+ 98%). In a review by Stokes et al[84], short-term hypocaloric diets (up to 16 wk) 
have shown beneficial effects in reducing intrahepatic lipid content. Also, research supports that 
carbohydrate restriction and consumption of unsaturated fatty acids have efficacious metabolic effects 
in NAFLD[12,81,84]. Obesity is closely related to low levels of n-3 PUFA in plasma phospholipids[85]. 
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Dietary modifications including n-3 PUFA supplementation are considered to be suitable therapeutic 
strategies for obese NAFLD patients, though further clinical trials are required.

However, among NAFLD patients, weight loss is largely unsuccessful in the real world in the 
ambulatory and clinical settings[86]. However, more frequent clinical encounters and controls are 
associated with an increased likelihood of weight loss (enhanced probability of weight reduction). 
Therefore, national strategies are needed for targeted success in weight loss success in high-risk 
populations.

Time-restricted feeding and intermittent fasting 
The newest popular dietary intervention in the past few years is time-restricted feeding as a form of 
daily intermittent fasting (IF). This dietary approach restricts the time between the first and last food 
intake, without emphasizing calorie restriction. IF implies a > 60% energy restriction on > 2 d/wk. In 
time-restricted eating, daily food intake is limited to 8-10 h. These diets with a limited eating window 
appear to be safe in the NAFLD population. Patients tolerate this diet well. The key feature of this 
dietetic approach is the so-called ”metabolic switch” that occurs 12 h after the cessation of food intake, 
where glycogen stores in the liver are depleted, and adipose tissue lipolysis increases[87]. This type of 
diet seems to be effective for weight loss, whereas many authors denied that the effect is still the result 
of a real calorie restriction. Patients with NAFLD follow the IF diet based on metabolic changes that are 
presented among overweight/obese individuals. A recent meta-analysis, involving patients with 
NAFLD, has shown that IF is beneficial in weight loss and liver enzyme levels[88]. However, no 
additional metabolic benefit has been shown compared to calorie-restricted diets[89]. In patients with 
NAFLD improvement in fatty liver index correlates with the number of fasting days and with the 
degree reduction in body mass index[90].

In a study performed by Cai et al[91], 271 NAFLD patients were randomized to time-restricted 
feeding, alternate-day fasting and control groups and were followed for 12 wk[91]. Findings from this 
study indicated that alternate-day fasting could be an effective diet method for weight loss and 
amelioration of lipid metabolism, with no direct effect in steatosis regression. In one Malaysian 
randomized controlled trial, 8 wk of IF with alternate-day calorie restriction resulted in the reduction of 
body weight and liver enzymes as well as hepatic steatosis compared to a habitual diet[92]. 8 wk of IF 
with limited caloric intake on alternating days led to a decrease in body weight and liver enzymes, as 
well as hepatic steatosis compared to the usual diet. Additional evidence for the benefit of IF to diminish 
hepatic steatosis and body weight compared to common lifestyle modification has been reported by 5:2 
diet (intermittent calorie restriction: 600 kcal/d for men and 500 kcal/d for women for 2 non-
consecutive days per week). But, the same effect was obtained in another group of participants on a 
low-carbohydrate high-fat diet (daily caloric intake: 1900 kcal/d for men and 1600 kcal/d for women)
[89]. Data regarding IF efficacy in the steatosis/fibrosis regression are lacking. For now, it is important 
for medical practitioners not to advise this diet to patients with cirrhosis caused by NAFLD due to the 
well-known effect of starvation on the development of sarcopenia.

DASH diet
Evidence from two observational studies revealed that high adherence to the DASH-style diet is 
inversely associated with the risk of developing NAFLD[93,94]. It is indicated that subjects who fully 
adhered to the DASH diet were 30% less likely to have NAFLD. DASH is a low-glycemic index and low 
energy-dense diet, emphasizing low sodium intake and minimal consumption of processed foods. It is 
well known that the DASH diet is associated with a reduction in cardiovascular risk, as originally 
intended for hypertension patients. A randomized controlled trial including 60 overweight/obese 
adults, with ultrasonography proven NAFLD showed that the DASH diet over 8 wk led to more 
effective weight loss, improvement of aminotransferases and markers of IR, TG and total-C/HDL-C 
ratio compared to a contemporary control diet[95]. The DASH diet may be a promising dietary option 
for NAFLD patients, as weight loss, improved cardiometabolic factors and regression of steatosis are 
surrogate markers of liver disease status and the main goals of NAFLD treatment. This diet has aroused 
interest among specialists who care for patients with NAFLD. Further studies are essential to assess the 
effects of the DASH diet on liver histology and the clinical outcome of patients with NAFLD.

Ketogenic diet 
Ketogenic diet (KD) is the most popular low-carbohydrate eating plan based on a strict restriction in 
carbohydrates (less than 20-50 g/d) consumption. The KD became a popular weight loss intervention 
among obese patients due to its effectiveness despite safety concerns of this diet plan if dyslipidemia is 
present[96]. Therefore, KD could have a positive impact on NAFLD, due to very low content of 
carbohydrates in the diet. However, it is not known if ketosis plays an additional role. Several 
mechanisms may be proposed links between ketosis and improvement of NAFLD. First, a ketogenic 
diet decreases insulin levels that lead to increased rate of fatty acid oxidation and decreased lipogenesis
[97]. Then, restriction of carbohydrates encourages the formation of ketone bodies, which cause satiety 
by a still-unknown mechanism[98]. In turn, reduced calorie intake leads to weight loss.
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Few studies have tested KD as a treatment strategy for NAFLD patients. Based on fat content, KD can 
be a normocaloric, hypocaloric or non-restricted caloric diet. Pérez-Guisado et al[99] conducted a pilot 
study on 14 overweight male patients with MetS and with ultrasonography-proven NAFLD. Patients 
fed unrestricted Mediterranean high-fat KD, high in unsaturated fats (i.e. olive oil and fish oil rich with 
omega-3 fatty acids). Adherence to Mediterranean high-fat KD showed a significant improvement in 
body weight, aminotransferases and LDL-C levels, and steatosis degree (21% of the patients had 
complete fatty liver regression)[99].

Mardinoglu et al[100] reported a 2-wk KD intervention (carbohydrate 20–30 g/d, fat 241 g/d, 3115 
kcal/d) in 17 obese patients with NAFLD. Despite a slight weight loss, liver fat content (assessed by 
magnetic resonance spectroscopy) was reduced by 43.8% in obese patients in this study. At the same 
time, a concomitant decrease in de novo gene for liver lipogenesis was obtained[100]. Moreover, 
literature data indicated that normocaloric high-fat KD inhibits DNL and induces fatty acid oxidation, 
caused sustained weight loss and reduced hepatic fat accumulation[16,101]. Based on the above findings 
KD could be a potential therapeutic dietary intervention for addressing steatosis regression and weight 
loss. Future studies are needed on the KD effect on fibrosis regression and resolution of inflammation. 
Because ketosis may have beneficial effects independently of the diet composition, studies aiming to 
identify the specific role that ketone bodies play in the pathophysiology of NAFLD are warranted.

Added sugars
Study evidence from cross-sectional trials pronounced a directly proportional association between the 
intake of refined sugar (especially high fructose corn syrup) due to the consumption of sweet sugar 
beverages with the risk of developing NAFLD[81,102]. Patients with NAFLD consume 2-3 times more 
fructose. Higher fructose consumption is also related to an increased risk of having steatohepatitis and 
advanced fibrosis in NAFLD patients. Based on current evidence, fructose supplementation was linked 
with higher adiposity and enhanced visceral fat, hypertriglyceridemia and IR, occurs due to increase 
DNL in liver, in spite of similar weight gain when compared to glucose[103]. Increasing the frequency of 
the snacks with added sugar consumption led to a prominent increase in the hepatic fat content. The 
augmented hepatic steatosis was proportional to visceral fat accumulation and to the rise in DNL.

Fructose-rich diets, based on sugar-sweetened beverages increase hepatic synthesis of TG and are 
recognized as a major mediator of NAFLD[73]. It was observed that carbohydrate overfeeding in 
overweight persons consumed 1000 kcal/d from simple carbohydrates (sugar-sweetened soft drinks, 
candy, pineapple juice) for 3 wk caused a 10-times greater relative increase in fat content in the liver 
than in body weight (27% vs 2%, respectively)[104]. The recommendation to avoid sweet sugar 
beverages reduced the intake of extra empty calories and supported a caloric deficit for weight loss. 
Notably, high fructose consumption in NAFLD patients was compiled, with an increase in hepatic 
fructokinase and fatty acid synthase mRNA when compared to healthy persons[105]. Fructose can 
advance hepatic steatosis both directly via DNL and indirectly via DNL feedback inhibition of fatty 
acids. Overconsumption of fructose may increase the risk of developing NASH and advanced fibrosis, 
although the relationship may be confounded by excess energy intake or by unhealthy dietary patterns 
and sedentary lifestyle, which are common in NAFLD patients[106].

Current literature evidence suggests that higher fructose intake (> 20E% or 100–220 g/d) may 
adversely affect disease onset and progression[81]. Meta-analyses reported that moderate fructose 
consumption lower than 10% of energy (< 50 g/d for a 2000 kcal diet) does not induce weight gain or 
dyslipidemia. Sugar-sweetened beverage intake of ≥ 1 serving/d rises the risk of having NAFLD by 50%
[33] and liver fibrosis by 250%[107]. It seems that artificially sweetened beverages and defined 100% 
fruit juices have similar effects as sugar-sweetened beverages. The results of a systematic review 
indicated that fructose in the diet isocalorically replaced with other carbohydrate sources for 1-10 wk 
did not affect NAFLD biomarkers[108]. Fructose overconsumption increases intrahepatic lipids and 
ALT levels. This effect results from excess energy intake rather than fructose consumption[108]. In the 
future, long-term prospective clinical trials are essential to understand and confirm a link between 
NAFLD progression and fructose consumption.

Coffee consumption 
NAFLD patients who drink three to four cups of coffee per day will have more health benefits than 
harm, with the reduction in risk for various health outcome[109]. Nevertheless, a recent meta-analysis of 
11 epidemiological studies confirmed association with regular coffee consumption and decreased risk of 
NAFLD[110]. Moreover in patients already diagnosed with NAFLD, coffee consumption reduced risk 
for the development of liver fibrosis[97,110]. A case-control study showed involvement of coffee in the 
fatty liver score, pronounced by ultrasound in all coffee consumers[111]. A systematic review deter-
mined that coffee consumption was inversely related to the severity of steatohepatitis in NAFLD 
patients[112]. Prohibitive effects on fibrosis progression were determined by the FibroTest based on 
fasting biochemical markers presented in a prospective study in the general population[113]. It was 
noted that decaffeinated coffee has the same helpful effect on NAFLD[114]. It was considered that two 
cups of coffee/day helped in the prevention of hepatocellular carcinoma[115], while three cups of 
coffee/day prevented steatohepatitis and fibrosis[109]. As observations have so far been based on 
epidemiological studies, future clinical studies need to confirm whether coffee consumption can be 
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considered a preventative factor for NAFLD. Until then, routine prescription of coffee for NAFLD 
prevention/treatment is not recommended.

CONCLUSION
In conclusion, the Western dietary pattern characterized by high intake of soft drinks, red and processed 
meat and refined cereals with coincidentally low intake of fish, fruit and vegetables as well as whole 
grains tended to increase the risk of NAFLD. The healthy and Mediterranean dietary patterns charac-
terized by high consumption of vegetables, fruits, nuts, olive oil, low-fat dairy products and fish were 
linked with a reduced NAFLD risk. More prospective cohort studies are needed to confirm the 
association between dietary patterns and NAFLD risk. Macronutrient composition and excessive caloric 
intake are critical determinates of obesity and liver health. DASH, IF and KD have aroused interest 
among specialists who care for patients with NAFLD. Further well-designed studies are needed to 
assess the effects of these diets on liver-related outcomes and liver histology. Dietary advice should be 
provided by a multidisciplinary team with a specialized dietitian as an individual approach, as we 
already know that our genetics and gut microbiota cause differences in the effects of the diet to our 
metabolism. Future research in field interaction overfeeding and genomics are warranted, as are of the 
inter-individual difference of liver steatoses.
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Abstract
The morbidity and mortality of hepatocellular carcinoma (HCC) rank 6th and 4th, 
respectively, among malignant tumors worldwide. Traditional diffusion-weighted 
imaging (DWI) uses the apparent diffusion coefficient (ADC) obtained by 
applying the monoexponential model to reflect water molecule diffusion in active 
tissue; however, the value of ADC is affected by microcirculation perfusion. Using 
a biexponential model, intravoxel incoherent motion (IVIM)-DWI quantitatively 
measures information related to pure water molecule diffusion and microcircu-
lation perfusion, thus compensating for the shortcomings of DWI. The number of 
studies examining the application of IVIM-DWI in patients with HCC has 
gradually increased over the last few years, and many results show that IVIM-
DWI has vital value for HCC differentiation, pathological grading, and predicting 
and evaluating the treatment response. The present study principally reviews the 
principle of IVIM-DWI and its research progress in HCC differentiation, patho-
logical grading, predicting and evaluating the treatment response, predicting 
postoperative recurrence and predicting gene expression prediction.

Key Words: Hepatocellular carcinoma; Intravoxel incoherent motion; Differentiation; 
Pathological grading; Treatment response; Gene expression
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Core Tip: Intravoxel incoherent motion (IVIM) diffusion-weighted imaging (DWI) quantitatively measures 
information related to pure water molecule diffusion and microcirculation perfusion using a biexponential 
model, thus compensating for the shortcomings of traditional DWI. The number of studies assessing 
IVIM-DWI in patients with hepatocellular carcinoma (HCC) has gradually increased over the last few 
years. This review, which is based on the literature, identified an imaging biomarker for HCC differen-
tiation, pathological grading, predicting and evaluating the treatment response, predicting postoperative 
recurrence and predicting gene expression prediction. The results of this analysis show that IVIM-DWI 
has important value in the treatment and diagnosis of HCC.

Citation: Zhou Y, Zheng J, Yang C, Peng J, Liu N, Yang L, Zhang XM. Application of intravoxel incoherent 
motion diffusion-weighted imaging in hepatocellular carcinoma. World J Gastroenterol 2022; 28(27): 3334-3345
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INTRODUCTION
The morbidity and mortality of hepatocellular carcinoma (HCC) rank 6th and 4th, respectively, among 
malignant tumors worldwide[1,2]. The apparent diffusion coefficient (ADC) obtained using traditional 
diffusion-weighted imaging (DWI) reflects water molecule diffusion in tissue[3]. However, many 
studies have shown that a voxel contains other diffusion information in addition to the diffusion 
movement of pure water molecules, namely, the microcirculation perfusion of the capillary network in 
tissue[3-6]. One limitation of traditional DWI is that it is unable to distinguish water molecule diffusion 
and microcirculation perfusion information. Le Bihan et al[6,7] proposed that intravoxel incoherent 
motion (IVIM) quantitatively obtains information on both pure water molecule diffusion and diffusion 
related to microcirculation perfusion, thus compensating for the shortcoming of traditional DWI. 
Therefore, IVIM has become a research hotspot in recent years. The liver is suitable for IVIM research 
because of its relatively large blood supply. Since the first application of IVIM-DWI for the study of liver 
disease by Yamada et al[8], the number of studies assessing IVIM-DWI in patients with HCC has 
progressively increased, and significant progress has been achieved. This study mainly reviews IVIM-
DWI research progress in the diagnosis and treatment of HCC.

THE BASIC PRINCIPLES OF IVIM-DWI
DWI is currently the only functional magnetic resonance imaging (MRI) technology that noninvasively 
measures water molecule diffusion in living tissue[3]. According to the theory of traditional DWI, the 
movement of free water molecules is considered to conform to a Gaussian distribution. However, due to 
the presence of complex cell structures and multiple diffusion barriers, such as cell membranes, in 
biological tissues, the diffusion behavior of water in biological tissues is more complicated. Therefore, 
the displacement of water in tissue may substantially deviate from a Gaussian distribution, challenging 
the validity of the monoexponential model to varying degrees. Additionally, the ADC, which reflects 
the water molecule diffusion, is affected simultaneously by microcirculation perfusion[3,5,7]. IVIM-DWI 
uses sufficient b values and biexponential models for the acquisition and analysis of images and distin-
guishes information regarding the pure tissue diffusion of water molecules and diffusion related to 
microcirculation perfusion. Among IVIM-DWI parameters, the simple diffusion coefficient, which is 
also referred to as the slow apparent diffusion coefficient (D), reflects the diffusion movement of pure 
water molecules in the tissue in a region of interest (ROI). The false diffusion coefficient, which is also 
called the fast apparent diffusion coefficient (D*), reflects diffusion movement related to microcircu-
lation perfusion in the capillary network in an ROI. The fraction of the fast apparent diffusion coefficient 
(f) represents the volume ratio of the local microcirculation perfusion-related effect to the total diffusion 
effect, which may reflect the blood volume in an ROI. The formula for determining the relationship 
between IVIM-DWI signal attenuation and b values in tissue is as follows:

Sb/S0 = (1 - f) × exp (-bD) + f × exp [-b (D + D*)]
Where b is the diffusion sensitivity coefficient with units of s/mm2, while the unit for both D and D* 

is mm2/s, and S represents intravoxel signal intensity, with S0 and Sb representing the signal intensities 
when b = 0 and b has other values, respectively. The b value determines the effect of microcirculation 
perfusion on DWI signal attenuation[6]. When the b value is low (b < 200 s/mm2), the effect of microcir-
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culation perfusion accounts for a large proportion of the total diffusion effect, whereas when the b value 
is high (b ≥ 200 s/mm2), signal attenuation basically reflects only the pure water molecule diffusion in a 
voxel.

HCC DIFFERENTIATION
To date, many studies have shown that IVIM-DWI has important value in differentiating HCC from 
other liver lesions[8-22]. In theory, malignant tumors restrict the movement of water molecules to a 
significantly greater extent than benign tumors; thus, the ADC and D values of malignant tumors are 
lower than those of benign tumors[23]. Studies have confirmed that the ADC and D values of malignant 
liver lesions are remarkably lower than those of benign liver lesions and are useful to distinguish benign 
from malignant liver lesions, with the D value showing higher differentiation efficiency[8,10-15,17]. 
Yoon et al[14] conducted an IVIM study on 169 lesions in 142 patients. The values of ADC and D in 
malignant liver lesions [1.14 ± 0.24, 0.95 ± 0.21, (× 10-3 mm2/s), respectively] were significantly lower 
than those in benign liver lesions (1.72 ± 0.37, 1.61 ± 0.34, (× 10-3 mm2/s), respectively). The area under 
the receiver operating characteristic (ROC) curve (AUC) values for the ADC value and D value in differ-
entiating liver malignancies and hypervascular malignancies were 0.933 and 0.971, respectively, and 
0.919 and 0.961, respectively (all P < 0.0005).

However, research results for D* values and f values in differentiating benign and malignant liver 
nodules are inconsistent. A study by Ichikawa et al[16] showed that the D* value of malignant liver 
lesions was significantly lower than that of benign lesions, but no difference in f values was observed 
between benign and malignant lesions. A study by Luo et al[10] also revealed that the D* values of HCC 
were obviously lower than those of focal nodular hyperplasia, with no significant difference in the f 
value between the two groups. However, another study[11] by the same group showed that the f value 
in the malignant group was significantly lower than that in the benign group, and the D* value did not 
differ significantly between the two groups. The studies by Klauss et al[12] and Doblas et al[18] both 
showed no significant differences in the D* and f values between benign and malignant liver lesions 
and no significance in the values of D* and f in differentiating those two types of liver lesions. Recently, 
Podgórska et al[24] reported that the perfusion-diffusion ratio was more effective than IVIM-DWI 
parameters in differentiating solid benign and malignant primary liver lesions.

The inconsistencies in the results described above may be related to the following factors: (1) D* and f 
values not only reflect blood perfusion information but may also reflect other information, such as 
particle or gland excretion[10,15,25]; (2) the D* values of hepatic hemangioma with different blood 
supply types exhibit a range of fluctuation range[13]; and (3) interference from other factors, such as the 
b value distribution, ROI settings, and differences in tumor composition, may occur[16,23,26] (Figures 1 
and 2).

Relatively few studies assessing the differentiation of malignant nodules with different pathological 
characteristics in the liver have been published. The few available studies have involved differentiating 
HCC from intrahepatic cholangiocarcinoma (ICC) and/or metastasis[9,27-29]. Our previous study[27] 
showed significantly lower ADC and D values for HCC than for ICC, a significantly higher D* value for 
HCC than for ICC, higher diagnostic efficiency for D* [AUC = 0.896], and no significant difference in f 
values between the two groups. According to other studies, ADC and D for HCC are obviously lower 
than those for ICC. However, the results for the IVIM-DWI parameters D* and f are not consistent. Choi 
et al[9] and Shao et al[28] reported that the f values of HCC were higher than those of ICC, while the D* 
values did not differ significantly between the two studied groups. Wei et al[29] did not document 
significant differences in either D* or f values between HCC and ICC groups.

The results of studies analyzing the differentiation between HCC and liver metastases differ substan-
tially. Choi et al[9] found that the f value of HCC was significantly higher than that of liver metastases, 
but no significant differences were detected in other IVIM-DWI parameters. The study by Wu et al[30] 
indicated no obvious differences in the values of ADC, D, D*, and f for HCC from those for hepatic 
metastases, which may be due to changes in microcirculation and cell density caused by metastatic 
tumors of different origins. Dividing liver metastases into different subgroups according to different 
origins may be a more reasonable approach.

PREDICTION OF PATHOLOGICAL GRADING
Preoperative prediction of the pathological grade of HCC has important value in formulating guidelines 
for individualized treatments. Studies have shown that IVIM helps predict the pathological grade of 
HCC before surgery[23,26,31-44]. A meta-analysis by Yang et al[32] included 16 studies (1428 cases of 
HCC) using IVIM-DWI for pathological grading and found that ADC and D values showed high 
accuracy for the pathological grading of noninvasive HCC and better differentiation efficiency for D 
values than for ADC values. The explanation for this result may be that a higher tumor pathological 
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Figure 1 Moderately differentiated hepatocellular carcinoma in an 85-year-old male. A 6.1-cm-sized mass in the right hepatic section shows 
hypointensity on unenhanced T1-weighted image, hyperintensity on unenhanced T2-weighted image, hyperenhancement in the image of the arterial phase, and 
wash-out in the image of the portal venous phase. A: Unenhanced T1-weighted image; B: Unenhanced T2-weighted image; C: Image of the arterial phase; D: Image 
of the portal venous phase; E: Image showing the apparent diffusion coefficient; F: Image showing D; G: Image showing D*; H: Image showing f.

grade indicates greater cellularity, a higher nuclear-to-cytoplasmic ratio, and a smaller extracellular 
space, resulting in more restricted water diffusion, which ultimately leads to lower ADC and D values
[23,33,35]. A potential explanation for the superiority of D values compared to ADC values may be that 
D values theoretically avoid the effect of microcirculation perfusion information. The results for the 
correlation between D* and f values and pathological grading are inconsistent. In addition to reporting 
results for ADC and D values and tumor tissue grading consistent with those of previous studies, Li et al
[36] used rat models and showed that the D* and f values of higher-grade lesions were higher than 
those of lower-grade lesions and that D* and f values were positively correlated with the tumor tissue 
grade. Sokmen et al[26] and Granata et al[38] found that f values were significantly correlated with the 
HCC pathological grade, while a significant correlation was not identified between D* values and the 
pathological grade. On the other hand, multiple studies by Zhu et al[23,33,35] showed that neither D* 
values nor f values were significantly correlated with the HCC pathological grade.
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Figure 2 Hepatic hemangiomas in a 35-year-old male. A 3.0-cm-sized mass in the right hepatic section shows hypointensity on the unenhanced T1-
weighted image, hyperintensity on the unenhanced T2-weighted image, peripheral globular enhancement in the image of the arterial phase and centripetal fill-in in the 
image of the portal venous phase. A: Unenhanced T1-weighted image; B: Unenhanced T2-weighted image; C: Image of the arterial phase; D: Image of the portal 
venous phase; E: Image showing the apparent diffusion coefficient; F: Image showing the D; G: Image showing the D*; H: Image showing the f.

PREDICTION AND EVALUATION OF TREATMENT RESPONSES
Locoregional therapy
IVIM-DWI accurately reflects microstructures and blood perfusion changes before and after tumor 
treatment and is particularly suitable for the prediction and evaluation of the responses to and efficacy 
of tumor locoregional therapy (LRT)[45]. Many researchers have investigated the value of IVIM-DWI in 
the prediction and evaluation of transarterial chemoembolization (TACE) efficacy in patients with HCC
[46-52]. Park et al[50] reported that the preoperative D* value of HCC with better lipiodol deposition 
was markedly higher than that of HCC with poor lipiodol deposition, suggesting that the D* value may 
predict lipiodol deposition after TACE for patients with HCC. As shown in our previous study[46], the 
ADC and D values of HCC were obviously elevated four weeks after TACE treatment, the D* value was 
significantly reduced, and the f value did not change significantly.

Hectors et al[53] investigated the effect of yttrium 90 radioembolization on diffusion and perfusion in 
HCC. The authors performed multiparametric MRI including IVIM-DWI on 24 patients with HCC 
before (n = 24) and six weeks (n = 21) after radioembolization. The ADC and D values of HCC were 
significantly increased at six weeks after radioembolization (P < 0.0004), while the D* values were 
significantly reduced (P = 0.014), and no significant change was detected in f values (P = 0.765).

Server et al[54] administered LRT to 15 patients with HCC (11 patients underwent transarterial 
radioembolization, and four patients underwent TACE, and IVIM-DWI was performed before and eight 
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weeks after LRT). Their results indicated that the ADC and D values obtained after LRT were 
significantly higher than those recorded before treatment, but the f values were significantly lower than 
those recorded before LRT. In the responder group, the ADC and D values were significantly increased, 
and the f values were significantly reduced after LRT. No significant differences were detected in the 
nonresponder group. Based on these findings, IVIM effectively predicts and evaluates the response to 
and efficacy of LRT. In these studies, the potential explanation for the inconsistency in the blood 
perfusion parameters D* and f may be that they represent different types of perfusion in various 
aspects, with the former usually reflecting the blood flow rate in capillaries and the latter mainly 
reflecting blood volume (Table 1).

Systemic therapy
Changes in volume are often not obvious in the early stage of targeted therapy for HCC. Compared to 
traditional imaging methods, IVIM-DWI has more advantages in the early evaluation of the HCC 
response to targeted therapy[55-59]. Wagner et al[56] revealed that the D value of viable tumor regions 
in malignant liver tumors was significantly lower than that of necrotic tumor tissue but higher than that 
of fibrotic tumor regions. Joo et al[55] used IVIM-DWI to evaluate the efficacy of the vascular blocker 
CKD-516 against rabbit VX2 liver tumors and found that the D* and f values of the treatment group 
were noticeably reduced at four hours. Based on these studies, IVIM-DWI is useful to assess early 
responses to tumor vascular blockers[56]. Yang et al[57] investigated the values of IVIM-DWI in 
evaluating the response of 35 nude mice with HCC to sorafenib. Compared to the values recorded at 
baseline and in the control group, the ADC and D values of the treatment group at each time point were 
significantly higher, while the f value was significantly decreased at 7 d and increased at 21 d. The 
values of ADC, D, and f were significantly correlated with the necrotic fraction. Lewin et al[58] used 
IVIM parameters to evaluate the efficacy of sorafenib treatment in patients with advanced HCC. The f 
values of responder patients were obviously increased at two weeks and two months after treatment, 
while these values decreased in nonresponder patients. Therefore, the authors propose that the f value is 
useful as a reliable marker to evaluate sorafenib treatment efficacy in patients with advanced HCC. 
Shirota et al[59] used IVIM-DWI to evaluate the responses of patients with HCC undergoing sorafenib 
treatment and found that the D value at baseline was significantly higher in the responder group than in 
the nonresponder group. The sensitivity and specificity of the D value for evaluating the treatment 
response were 100% and 67%, respectively (Table 2).

Immunotherapy for HCC is an emerging method with promising results; it exerts an antitumor effect 
without affecting tumor size. Functional imaging methods will play an important role in evaluating the 
response to immunotherapy. Andersson et al[60] evaluated the response of patients with HCC to intrat-
umoral injections of the immune primer ilixadencel using IVIM-DWI and a histogram analysis. 
Seventeen patients with HCC were enrolled in this study. Their results showed that the 10th percentile of 
D* decreased significantly after treatment to baseline, and significant correlations were identified 
between the 10th percentile and median D value. Chen et al[61] reported that both pretreatment IVIM-
DWI and DCE-MRI parameters, especially ADC and slope, may predict progression-free survival and 
overall survival in patients with HCC receiving lenalidomide (a dual antiangiogenic and immunomodu-
latory agent) as second-line therapy. Recently, the application of immune checkpoint inhibitors in 
tumors has become a new research hotspot. Subsequently, IVIM-DWI will inevitably play a valuable 
role in predicting the response to and evaluating the efficacy of tumor immunotherapy.

PREDICTION OF POSTOPERATIVE RECURRENCE
Some researchers have reported the value of IVIM-DWI in predicting recurrence and prognosis after the 
surgical resection of HCC. Microvascular invasion (MVI) is one of the main factors affecting 
postoperative recurrence or survival among patients with HCC. IVIM-DWI predicts HCC MVI prior to 
surgery[62]. Wei et al[63] prospectively studied the predictive value of preoperative IVIM-DWI and 
conventional imaging characteristics for MVI. The results of the univariate analysis showed that the 
characteristics that were significantly correlated with HCC MVI were decreased ADC values, decreased 
D values, and irregular circumferential enhancement. In the multivariate analysis, only the D value was 
an independent risk factor for HCC MVI (the AUC was 0.815). Zhao et al[64] and Li et al[65] reported 
similar results. Zhang et al[66] studied 157 patients undergoing HCC resection and found that D values 
might serve as a marker for predicting HCC recurrence after hepatectomy and that the predictive 
capability would be improved if it was combined with age and the alpha-fetoprotein level.

PREDICTING GENE EXPRESSION
Recently, some studies have indicated that IVIM-DWI predicts gene expression in patients with HCC
[67-69]. We recently investigated the correlations of HCC IVIM-DWI parameters with angiopoietin-2 
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Table 1 Summary of locoregional therapy studies

Ref. Country Subject 
number Key findings

Juan et al
[46], 2019

China 20 After TACE, the ADC and Dslow values of HCC increased significantly, and the value of Dfast decreased 
significantly; the f value did not change markedly.

Wu et al
[47], 2019

China 55 Compared with nonresponders, the mean, median, and 25th percentile of the PF, ADC, and ADCtotal were higher 
in responders, while the skewness and kurtosis of PF, kurtosis of ADC and ADCtotal were lower

Lin et al
[48], 2016

China 118 Before TACE, significant differences in ADC, Dslow and Dfast were observed between the effective and ineffective 
groups. After TACE, the effective group exhibited lower Dfast and higher ADC and Dslow values than the 
ineffective group. The tumor regression rate was negatively correlated with Dfast but positively correlated with 
ADC and Dslow

Park et al
[50], 2014

Korea 44 The preoperative D* value was significantly increased in the good lipiodol uptake group compared with the poor 
uptake group after TACE, while the ADC, D, and f values were not significantly different between these two 
groups

Jia F et al
[51], 2020

China 56 ROC curve analyses revealed that the combined model including APT SIs and D values was better able to predict 
the tumor response to TACE than the individual parameters

Wu L et al
[52], 2017

China 30 The ADCtotal ratio and D ratio measured 24-48 h after TACE were independent predictors of the response to 
TACE of patients with HCC and showed stronger associations with PFS than mRECIST criteria

Hectors et 
al[53], 2020

United 
States 

24 The ADC and D values of HCC were significantly increased at six weeks after radioembolization, while the D* 
values were significantly reduced, with no significant change in f values

Server et al
[54], 2019

Turkey 15 The ADC and D values after LRT were significantly higher than those measured before treatment, while the f 
values were significantly lower than those recorded before LRT. In the responder group, the ADC and D values 
were significantly increased after LRT, whereas the f values were significantly reduced

TACE: Transarterial chemoembolization; ADC: Apparent diffusion coefficient; HCC: Hepatocellular carcinoma; PF: Perfusion fraction; ROC: Receiver 
operating characteristic; APT: Amide proton transfer; SIs: Signal intensities; PFS: Progression-free survival; LRT: Locoregional therapy.

Table 2 Summary of systemic therapy studies

Ref. Country Subject 
number Key findings

Joo et al[55], 
2014

Korea 21 The D* and f values of the treatment group were significantly decreased at four hours. The sizes of the decreases 
in f and fD* at four hours were negatively correlated with the tumor size at 7 d of follow-up

Wagner et al
[56], 2012

France 48 The D values of viable tumor regions in malignant liver tumors were significantly lower than those of necrotic 
tumor tissue but higher than those of fibrotic tumor regions

Yang et al
[57], 2017

China 35 Compared with the values at baseline and those recorded in the control group, the ADC and D values in the 
treatment group were significantly higher at each time point, whereas the f values decreased significantly at 7 d 
and increased at 21 d

Lewin et al
[58], 2011

France 12 The f values increased significantly in responder patients at two weeks and two months after treatment but 
decreased in nonresponder patients. The f value was useful as a reliable marker to evaluate sorafenib treatment 
efficacy in patients with advanced HCC

Shirota et al
[59], 2016

Japan 9 The D values at baseline were significantly higher in the responder group than in the nonresponder group. The 
sensitivity and specificity of the D values for evaluating treatment response were 100% and 67%, respectively

ADC: Apparent diffusion coefficient; HCC: Hepatocellular carcinoma.

(Ang-2) and transketolase (TKT) expression[67]. We observed significantly higher D* and f values in the 
high Ang-2 expression group than in the low Ang-2 expression group, and the values of D* and f were 
positively correlated with the Ang-2 expression levels . On the other hand, the ADC and D values of the 
TKT high expression group were significantly lower than those of the TKT low expression group, and 
the ADC and D values were negatively correlated with TKT expression. Based on this result, IVIM-DWI 
noninvasively predicts Ang-2 and TKT expression in HCC before surgery. Shi et al[68] performed IVIM-
DWI of 52 patients with HCC and identified four IVIM-derived histogram metrics with the capability 
for differentiating Ki67 expression, with P values less than 0.05. By establishing a diagnostic model 
based on a logistic regression model, the AUC value for diagnosing high Ki67 expression was 0.861. The 
results of this study suggest that the histogram indicators obtained from IVIM-DWI scanning can 
accurately predict the Ki67 expression status.
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CONCLUSION
IVIM-DWI accurately and precisely reflects tissue structures and pathophysiological changes and has 
important application value for HCC differentiation, pathological grading, and predicting and 
evaluating the treatment response. However, the factors affecting IVIM-DWI measurement results are 
complicated and diverse[8,20,25,70-76]. Factors including the number, distribution, and fitting methods 
of b values, other physiological activities (such as gland secretion and flow), ROI settings, scanning 
devices and field strength, imaging acquisition methods, and motion artifacts all affect data quality[23,
25,34,41]. Increased standardization of data acquisition and analysis is imperative to facilitate the 
generation of reliable IVIM-DWI biomarker measures that are broadly applicable[74,77,78]. In addition, 
recent studies have shown that IVIM-DWI modeling of the perfusion component is constrained by the 
diffusion component, and a reduced D slow measure leads to artificially higher PF and D fast measures
[75,76]. These results should also be considered in the design of future IVIM-DWI studies. We postulate 
that with advances in imaging technology and further in-depth research, IVIM-DWI will certainly play a 
more prominent role in the diagnosis and treatment of HCC.
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Abstract
Liver cancer is the third leading cause of cancer-related death worldwide with 
primary type hepatocellular carcinoma (HCC). Factors, including carcinogens, 
infection of hepatitis viruses, alcohol abuse, and non-alcoholic fatty liver disease 
(NAFLD), can induce HCC initiation and promote HCC progression. The 
prevalence of NAFLD accompanying the increased incidence of obesity and type 
2 diabetes becomes the most increasing factor causing HCC worldwide. However, 
the benefit of current therapeutic options is still limited. Intrahepatic immunity 
plays critically important roles in HCC initiation, development, and progression. 
Regulatory T cells (Tregs) and their associated factors such as metabolites and 
secreting cytokines mediate the immune tolerance of the tumor microenvironment 
in HCC. Therefore, targeting Tregs and blocking their mediated factors may 
prevent HCC progression. This review summarizes the functions of Tregs in 
HCC-inducing factors including alcoholic and NAFLD, liver fibrosis, cirrhosis, 
and viral infections. Overall, a better understanding of the role of Tregs in the 
development and progression of HCC provides treatment strategies for liver 
cancer treatment.
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Non-alcoholic fatty liver disease; Treatment; Clinical trials

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i27.3346
mailto:yangmin@health.missouri.edu


Zhang CY et al. Role of Tregs in HCC

WJG https://www.wjgnet.com 3347 July 21, 2022 Volume 28 Issue 27

Core Tip: Liver cancer is the third leading cause of cancer-related death worldwide. Hepatocellular 
carcinoma (HCC) is the primary type of liver cancer. Factors, including carcinogenic infection of hepatitis 
viruses, alcohol abuse, and non-alcoholic fatty liver disease (NAFLD), can induce HCC initiation and 
promote HCC progression. The prevalence of NAFLD accompanying the increased incidence of obesity 
and type 2 diabetes becomes the most increasing factor causing HCC worldwide. However, the benefit of 
current therapeutic options is still limited. Intrahepatic immunity plays critically important roles in HCC 
initiation, development, and progression. Regulatory T cells (Tregs) and their associated factors such as 
metabolites and secreting cytokines mediate the immune tolerance of the tumor microenvironment in 
HCC. Therefore, targeting Tregs and blocking their mediated factors may prevent HCC progression. A 
better understanding of the role of Tregs in intrahepatic immunity is helpful to develop novel HCC 
treatment options.

Citation: Zhang CY, Liu S, Yang M. Regulatory T cells and their associated factors in hepatocellular carcinoma 
development and therapy. World J Gastroenterol 2022; 28(27): 3346-3358
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3346.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3346

INTRODUCTION
Liver cancer is the third leading cause of cancer-related death worldwide with 8.3% of death ratio, 
following lung and colorectal cancers[1]. The most common type of primary liver cancer is hepato-
cellular carcinoma (HCC) and the second type is cholangiocarcinoma[2]. Factors, including carcinogens 
(e.g., aflatoxin B1), infection of hepatitis viruses, alcohol abuse, and non-alcoholic fatty liver disease 
(NAFLD), can induce HCC and promote HCC progression[3-5]. In addition, accompanying the 
increasing incidence of obesity and type 2 diabetes (T2D), NAFLD becomes an increasing factor that 
causes HCC worldwide[6,7].

Surgical resection is a curative treatment option for the early stage of HCC. However, most cases in 
HCC were found in the late stage. In addition, other minimally invasive local therapies, such as 
radiofrequency ablation and microwave ablation, and systemic therapy, such as tyrosine kinase 
inhibitors, are treatment options for patients who are not suitable for surgery[8]. Furthermore, immuno-
therapy by targeting checkpoint inhibitors [e.g., anti-programmed cell death protein 1 (PD-
1)/programmed death-ligand 1 (PD-L1) antibodies] shows benefits against advanced HCC in the clinic. 
A combination treatment by blocking both PD-L1 (e.g., atezolizumab) and vascular endothelial growth 
factor (VEGF) (e.g., bevacizumab) is one of the best first-line treatments for advanced HCC[9]. Other 
potential immunotherapy options including T cell-mediated therapy such as chimeric antigen receptor-
engineered T cells[10-12], peptide-based vaccines[13-15], and micro ribonucleic acids (miRNAs)-
mediated therapies[16], are undergoing investigations for HCC treatment.

Intrahepatic immunity including both innate and adaptive immune responses plays pivotal roles in 
the development and progression of HCC, especially for T cells[17]. Among them, the imbalance 
between effector CD4 and/or CD8 T cells and regulatory T cells (Tregs) induces immunotolerance and 
promotes HCC progression[18,19]. Factors impacting the balance of effector T cells and Tregs include 
gut microbiota, transforming growth factor-beta (TGF-β), and treatments such as trans-arterial 
chemoembolization[18-20], etc. The expression of cytokines such as interleukin (IL)-2, IL-5, interferon 
(IFN)-γ was increased with an increased ratio of cytotoxic T lymphocytes (CTLs)/Tregs with the 
treatment of Lenvatinib, a multiple kinase inhibitor, while the expression of T-cell immunoglobulin 
mucin-3 (Tim-3) and CTL-associated antigen-4 (CTLA-4) was decreased on Treg cells[21]. Therefore, 
modulating the Treg frequency and the expression of related cytokines are critically important for anti-
tumor immunotherapy.

In this review, functions of Tregs on HCC causing factors such as alcoholic liver disease (ALD), 
NAFLD, liver fibrosis, and cirrhosis are discussed. In addition, molecules mediated Treg functions and 
therapeutic options by targeting Tregs are summarized. Moreover, clinical trials by targeting Tregs to 
modulate immune response were analyzed.

TREGS IN CHRONIC LIVER DISEASE
Tregs in ALD
As immunosuppressive cells, Tregs play a pivotal role in chronic liver diseases, including ALD. For 
example, chronic-binge alcohol exposure in C57BL/6 mice induced the reduction of Treg cells, but 
increased T helper 17 cells (Th17) cells and the production of IL-17[22]. Treatment with ginsenoside F2 

https://www.wjgnet.com/1007-9327/full/v28/i27/3346.htm
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can ameliorate ALD by increasing the frequency of Foxp3+ Tregs and decreasing IL-17-producing Th17 
cells compared to control groups[23]. However, the molecular mechanism of how Tregs impact the 
progression of ALD except for modulation of liver inflammation remains unclear.

Tregs in NAFLD and nonalcoholic steatohepatitis
The balance Th17 cells/Tregs plays an essential role in metabolic diseases by regulating immune 
response and glucose and lipid metabolism[8]. The lower Treg (forkhead box P3+/FOXP3+) and higher 
Th17 cell (IL-17-producing cells) numbers were found in portal or periportal tract in livers of adult 
NAFLD patients, whereas more Tregs were shown in pediatric NAFLD patients[24]. In addition, severe 
liver inflammation was positively associated with intralobular expression of FOXP3 in pediatric patients 
but was positively associated with higher expression of IL-17 and lower expression of FOXP3 in adult 
patients, indicating the role of Tregs in NAFLD is age-dependent. Intrahepatic imbalance of Th17/Treg 
cells promotes the progression of NAFLD, accompanying higher expression of inflammatory cytokines 
such as IL-6, IL-17, and IL-23 in both serum and liver[25]. Feeding a high-fat diet (HFD) can impact the 
balance of Th17/Treg cells and Th1/Th2 cells of CD4 T cells in mesenteric lymph nodes (MLN). In 
addition, those CD4 T cells can potentially migrate into the liver to promote liver inflammation to result 
in NAFLD progression[26]. The effects of CD4 T cells in MLN on liver inflammation and fat accumu-
lation can be ameliorated by administration of antibiotics and probiotics, indicating an important role of 
gut microbiota in NAFLD pathogenesis[26].

Dywicki et al[27] showed intrahepatic Tregs were increased in high-fat high-carbohydrate (HF-HC) 
diet-induced nonalcoholic steatohepatitis (NASH) in BALB/c mice. In addition, depletion of adaptive 
immunity aggregated HF-HC diet-induced NASH in recombination activating 1-knockout BALB/c 
mice. Although Tregs showed an anti-inflammation effect in ALD[23], adoptive transfer of Tregs 
increased steatosis and serum level of alanine aminotransferase (ALT), indicating that Tregs enhance the 
progression of NAFLD[27]. Another study also showed that increasing Tregs in subcutaneous adipose 
tissue induced by adoptive transfer of Tregs from healthy C57BL/6J mice to high-fat HFD (HFHFD)-fed 
mice increased hepatic steatosis during NAFLD development[28].

Mechanistically, the formation of neutrophil extracellular traps during NASH progression can induce 
Treg differentiation from naïve CD4 T cells, which is dependent on Toll-like receptor 4 (TLR-4) and 
involved in NASH-HCC progression[29].

Tregs in liver fibrosis and cirrhosis
Progression of chronic liver disease, including ALD and NAFLD, can promote the development of liver 
fibrosis and its advanced stage liver cirrhosis. However, there are no currently available therapies that 
can treat or reverse liver cirrhosis. Deng et al[30] reported that co-infusion with human amniotic 
mesenchymal stromal cells (hAMSCs) and Tregs can prevent mild liver fibrosis. Tregs play a critical role 
in the secretion of hepatocyte growth factor (HGF) and cell differentiation of hAMSCs.

Furthermore, an imbalance of Th17 cells/Tregs was also shown in cirrhotic patients with hepatitis B 
virus (HBV) infection. The frequency of Tregs was reduced in peripheral blood, while the frequency of 
Th17 cells was increased, resulting in a decreased Treg/Th17 ratio as a potential diagnostic marker for 
decompensated liver cirrhosis[31]. Another study also showed that the frequencies of both Tregs and 
Th17 cells were increased in the blood of patients with HBV infection and cirrhotic livers but with a 
higher extent in Th17 cells, resulting in an increased ratio of Th17/Treg, compared to the control group
[32]. In addition, the mRNA levels of proinflammatory cytokines IL-1β, IL-6, and tumor necrosis factor 
(TNF)-α, as well as the protein expression of nuclear factor κB in the liver were significantly increased in 
HBV-infected liver and cirrhotic liver compared to healthy controls. Another study also showed that 
HBV infection can induce IL-8/C-X-C motif chemokine receptor 1/TGF-β signaling to provoke Treg 
polarization, resulting in suppression of anti-tumor immunity and enhance of HCC metastasis[33]. 
Moreover, the frequency of Tregs in blood and plasma levels of IL-35 were increased and positively 
related to viral load in HCV infected patients with cirrhosis and HCC[34].

Tregs in HCC
A meta-analysis showed that a higher infiltration of CD3 T cells, CD8 T cells, and natural killer cells was 
associated with better overall survival (OS), disease-free survival (DFS), and recurrence-free survival 
(RFS). In contrast, a higher infiltration of Tregs and neutrophils indicated lower OS and DFS[35]. 
Another report also showed that an increase of Tregs or a decrease of M1 macrophages (proinflam-
matory phenotype) were associated with a poor prognosis of HCC patients[36]. C-C chemokine receptor 
type 4 (CCR4)+Tregs are predominant Tregs that are recruited in tumor tissue of HCC associated 
infection of hepatitis viruses, which is associated with HCC resistance to sorafenib treatment[37]. The 
frequency of CD127low, CD25+, CD4+, Tregs was increased significantly in the peripheral venous blood of 
HCC patients compared to healthy controls[38]. In addition, the serum levels of TGF-β1 and IL-10 in 
HCC patients were positively associated with the Treg population in the blood, which were decreased 
post-operation and chemotherapy treatments. C-C motif chemokine ligand (CCL) 5 expression on 
circulating tumor cells in HCC patients can attract Tregs to induce an immunosuppressive environment, 
one of the mechanisms for CTC escaping immune surveillance[39].
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The expression of immune checkpoint proteins in the HCC microenvironment impacts Tregs and 
antitumor immunity. PD-L1+neutrophils, Tregs, and neutrophil to lymphocyte ratio were significantly 
increased in peripheral blood of patients with poorly differentiated HCC with a worse prognosis 
compared to that in patients with highly-moderately differentiated HCC[40]. Zhou et al[41] reported 
that tumor-associated neutrophils can induce the infiltration of the macrophages and Tregs from HCC 
mice or patients via producing CCL2 and CCL17, resulting in HCC progression and resistance to 
sorafenib. CTLA-4 on Tregs in HCC impacts dendritic cell function by downregulating CD80/CD86 on 
dendritic cells (DCs)[42]. Therefore, blockade of CTLA-4 in HCC can improve DC-mediated anti-tumor 
immunity.

Treatment with tivozanib, a tyrosine kinase inhibitor, can suppress Tregs by inhibiting receptor 
tyrosine kinase c-Kit (CD117)/stem cell factor (SCF) axis and increased CD4+PD-1+T cells, resulting in a 
significant improvement in OS of HCC patients[43]. Treatment with Lenvatinib also can inhibit IL-2 
mediated Treg differentiation except for decreasing PD-L1 expression in HCC cells[44]. Overall, the 
balance between Tregs with other T cells plays a vital in liver diseases, including the initiation and 
progression of HCC (Figure 1).

Furthermore, alteration of intrahepatic immunity is associated with HCC prognosis and treatment 
(Figure 2). An increase of Tregs, Th2, and Th17 T cells, as well as M2 macrophages, is usually and 
positively associated with HCC progression in patients, whereas an abundance of CD8 T cells, Th1 T 
cells, and M1 macrophages is associated with HCC therapy and good prognosis for HCC patients[45]. 
Single-cell RNA sequencing technologies have been applied to investigate the immune landscape of 
HCC samples to illustrate the subtypes of immune cells in HCC and their gene expressing profiles, as 
well as immune cell interactions, such as DCs with Tregs or CD8 T cells[46].

IMPORTANT MOLECULES MEDIATED TREG FUNCTION AND METABOLISM
HIF-1α
Hypoxia-inducible transcription factors (HIFs) regulate cell metabolism, proliferation, and migration in 
low oxygen or hypoxic environment, as well as angiogenesis[47]. It has been reported that the 
expression of HIF-1 alpha (HIF-1α) was higher in HCC tissues compared to that in corresponding 
adjacent tissues. In addition, overexpression of HIF-1α was associated with poor outcomes of HCC in 
human patients[48]. Chronic intermittent hypoxia can promote NASH progression via regulating the 
balance of Th17/Treg by inducing the expression of HIF-1α[49].

Gal-9
Tregs can be subclassified into inflamed-tissue related memory Tregs (mTregs) and non-related resting 
Treg (rTregs). During HBV infection, mTregs were increased accompanying liver inflammation and 
liver injury evidenced by an increase of serum ALT level, but not rTregs[50]. The S-type lectin galectin-9 
(Gal-9) was increased in the HBV-infected liver, contributing to T cell depletion and exhaustion by 
binding Tim-3[51]. For example, activation of Gal-9/Tim-3 signaling in concanavalin A-induced mouse 
hepatitis suppressed the induction of effector T (Teff) cells and the production of IFN-γ[52]. In addition, 
the Gal-9/Tim-3 signaling pathway plays an important role in the expansion of mTregs[50].

GDF15
The expression of growth differentiation factor 15 (GDF15) was positively related to the frequency of 
Tregs in HCC. GDF15 can promote the suppressive effect of natural Tregs via binding with its 
unrecognized receptor CD48 on T cells to inhibit the function of homology and U-box containing 
protein 1, which can degrade FOXP3[53]. Thus, neutralizing GDF15 by an antibody can eradicate HCC 
and enhance anti-tumor immunity.

microRNAs
Hepatic expression of microRNA-195 (miR-195) was reduced in NAFLD development, accompanying 
an increased ratio of Th17/Treg ratio in the blood, as well as the expression IL-17, CD40, and TNF-α in 
rat liver[54]. Overexpression of miR-195 can maintain the balance of Th17/Treg to ameliorate NAFLD 
and liver inflammation. Many miRNAs can regulate Th17/Treg cell balance in NAFLD such as miR-29c 
via interacting with insulin-like growth factor binding protein 1/IGFBP1)[55]. In addition, other 
microRNAs such as miR-155[56,57], miR-423-5p[58], and miR-1246[59] play important roles in 
modulating the balance of Tregs with Th17 cells and their functions in liver disease.

TLRs
Activation of TLR signaling pathway can suppress the effect of Tregs on adaptive immune response, 
which is in part dependent on microbial production-induced expression of IL-6[60]. TLR9-deficiency 
increased the frequency of Treg cells in the intestine, resulting in a decrease of IL-17 and IFN-γ 
producing Teff cells[61]. The imbalance of Treg/Teff cells compromised immune response to oral 
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Figure 1 The imbalance of regulatory T cells and effector T cells promotes the progression of chronic liver diseases and hepatocellular 
carcinoma. Chronic liver diseases such as alcoholic liver disease and non-alcoholic fatty liver disease induced by factors such as alcohol abuse and high-fat diet, 
respectively, can induce liver fibrosis, cirrhosis, and even hepatocellular carcinoma. The imbalance of regulatory T cells with T helper 17 cells or CD8 T cells is 
involved in the pathogenesis of liver inflammation, fibrosis, and cancer progression. ALD: Alcoholic liver disease; HCC: Hepatocellular carcinoma; NAFLD: Non-
alcoholic fatty liver disease; Treg: Regulatory T cells; Th: T helper.

infection, which can be reversed by reconstitution of gut flora deoxyribonucleic acid (DNA)[61]. In 
addition, the antibiotic treatment caused gut microbiota dysbiosis and recapitulated TLR9 deficiency-
induced impaired immune response.

Yes-associated protein (YAP)
Yes-associated protein (YAP), a coactivator and a corepressor of the Hippo signaling pathway, plays a 
vital role in Tregs in vivo and in vitro[62]. Blocking YAP-mediated activation of activin can improve anti-
tumor immunity via regulating TGF-β/mothers against decapentaplegic homolog (SMAD)[62]. 
Similarly, blockage of TGF-β signaling can compromise Treg function to improve anti-tumor immune 
response[63], which may expand the population of quiescent Tregs, CD4+CD25-Foxp3+.

The above-mentioned molecules can modulate Treg metabolism and function as potential molecular 
targets for HCC treatment. In addition, modulation of these molecules can potentially recover the 
balance of Tregs with other tumor-infiltrating immune cells to activate anti-tumor immunity (Figure 3).

TREATMENT OPTIONS
Modulation of microRNAs
Administration of miR-26a can reduce the frequency of Tregs and the concentrations of alpha-
fetoprotein, des-gamma carboxyprothrombin, and VEGF in Balb/c mice with diethylnitrosamine-
induced HCC[64]. The suppressive effects of miR-26a on HCC growth and angiogenesis are mediated 
by targeting IL-6/signal transducer and activator of transcription 3 (Stat3) signaling[65] and HGF/HGF 
receptor (HGFR/c-Met) signaling[66], respectively. In addition, miR-26a inversely regulated the 
expression of F-box protein 11 (FBXO11), which was upregulated and played an oncogenic role in HCC
[67].

Adoptive transfer of cells
Adoptive transfer of Tregs attenuated triptolide-induced liver injury, while depletion of Tregs showed 
the opposite effect, indicating that Tregs contribute to the progression of liver injury[68]. Another study 
showed that adoptive transfer of hepatic stellate cell (HSC)-stimulated Tregs can significantly decrease 
liver injury in mice with autoimmune hepatitis by inducing the balance of Treg/Th17 ratio[69]. In 
addition, the adoptive transfer of HSCs promoted the differentiation of Tregs and decreased Th17 cells, 
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Figure 2 The alteration of intrahepatic immunity predicts the prognosis of hepatocellular carcinoma patients. Usually, an increase of regulatory 
T cells, T helper (Th) 2 cells, and Th17 cells, as well as M2 macrophages is positively associated with hepatocellular carcinoma (HCC) progression in patients, 
whereas an abundance of CD8 T cells, Th1 T cells, and M1 macrophages is associated with HCC therapy and good prognosis for HCC patients. HCC: Hepatocellular 
carcinoma; Treg: Regulatory T cells; Th: T helper.

Figure 3 Factors mediated the imbalance of regulatory T cells/effector T cells. Factor such as Hepatitis B virus, gut microbiota, and non-alcoholic fatty 
liver disease, as well as hepatocellular carcinoma tumor cells, can modulate several important molecules produced in the liver. Alteration of these molecules has 
been associated with the change of frequency and/or function of regulatory T cells in chronic liver disease, resulting in an imbalance of regulatory T cells/effector T 
cells. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; NAFLD: Non-alcoholic fatty liver disease; Teff: Effector T cells; Treg: Regulatory T cells; GDF: Growth 
differentiation factor; HIF: Hypoxia-inducible transcription factors; Gal: Galectin; miR: micro ribonucleic acid; TLR: Toll-like receptor; YAP: Yes-associated protein; 
TGF-β: Transforming growth factor-beta.

resulting in amelioration of liver injury[70]. Deng et al[30] reported that co-infusion with hAMSCs and 
Tregs can prevent mild liver fibrosis. Tregs play a critical role in the secretion of HGF and cell differen-
tiation of hAMSCs.
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Table 1 Treatment options for hepatocellular carcinoma by targeting regulatory T cells and relative signaling pathways

Treatment Targets Functions Ref.

CCR4 antagonist CCR4 Administration of a CCR4 antagonist or N-CCR4-Fc, a neutralizing 
pseudo-receptor that can block Tregs accumulation in HCC, can 
enhance therapeutic efficacy to PD-1 blockade and sorafenib

Gao et al[37], 2022

miR-26a IL6/Stat3 and HGF/c-Met The suppressive effects of miR-26a on HCC growth and angiogenesis 
are mediated by targeting IL-6/signal transducer and activator of 
transcription 3 signaling and HGF/HGFR/c-Met signaling, 
respectively

Yang et al[65], 2013; 
Yang et al[66], 2014

GDF15 neutralizing 
antibody

GDF15/CD48 Inhibiting GDF15 function by a neutralizing antibody can effectively 
eradicate HCC and promote a tumoricidal immune response in mice

Wang et al[53], 
2021

Supplementation of 
Lactobacillus rhamnosus GG 
or its culture supernatant

The ratio of Treg and Th17 
cells

Supplementation of Lactobacillus rhamnosus GG or its culture 
supernatant can ameliorate chronic alcohol-induced liver injury by 
reducing hepatic inflammation, enhancing intestinal barrier integrity, 
and inducing balance in the ratio of Treg and Th17 cells to reduce 
alcoholic-induced liver injury

Chen et al[22], 2016; 
Wang et al[72], 
2013; Wang et al
[73], 2012

Prohep, a novel probiotic 
mixture

Gut microbiota and Treg 
differentiation

Probiotic treatment regulated T-cell differentiation in the gut by 
reducing Th17 polarization and increasing the differentiation of anti-
inflammatory Treg cells, by increasing the abundance of beneficial 
bacteria, such as Prevotella and Oscillibacter

Li et al[74], 2016

Anti-PD-1 and anti-PD-L1 
antibodies

PD-1 and PD-L1 Another study also showed that Treg-mediated inhibition of IFN-γ 
production and cytotoxicity of CD8 T cells can be partially reduced by 
anti-PD-1 and anti-PD-L1 antibodies in HCC

Langhans et al[76], 
2019

Dual anti-PD-1/VEGFR-2 
therapy

VEGFR-2 and PD-1 Dual therapies increased CD8 T cell infiltration and activation, 
reduced Tregs and infiltration of CCR2+monocytes, as well as the 
phenotype of tumor-associated macrophages (the M1/M2 ratio) in 
HCC tissue

Shigeta et al[75], 
2020

Anti-CTLA-4 monoclonal 
antibody

Tregs Treg depletion-mediated by anti-CTLA-4 monoclonal antibody (clone 
9H10) restored the function of tumor antigen-specific CD8 T cells, with 
a synergistic effect with anti-PD-1 treatment

Lee et al[77], 2020

Resveratrol Tregs and immunosup-
pressive cytokines including 
TGF-β1 and IL-10

Treatment with resveratrol, a natural phenol, can inhibit H22 (a mouse 
HCC cell line)-induced orthotopic HCC tumor growth via decreasing 
the frequency of CD8+CD122+Tregs and M2-like macrophages in mice

Zhang et al[79], 
2020

CCR: C-C chemokine receptor; HGF: Hepatocyte growth factor; HGFR: Hepatocyte growth factor receptor; HCC: Hepatocellular carcinoma; PD-1: 
Programmed cell death protein 1; miR: micro ribonucleic acid; IL: Interleukin; GDF: Growth differentiation factor; Treg: Regulatory T cells; Th: T helper; 
IFN: Interferon; VEGFR: Vascular endothelial growth factor receptor; CTLA: Cytotoxic T lymphocyte-associated antigen; TGF-β: Transforming growth 
factor-beta.

Modulation of gut microbiota
Depletion of Tregs in the intestine caused an increase in the abundance of Firmicutes and intestinal 
inflammation[71]. Supplementation of Lactobacillus rhamnosus GG or its culture supernatant can 
ameliorate chronic alcohol-induced liver injury by reducing TNF-α expression via inhibition of TLR4- 
and TLR5-mediated hepatic inflammation[72], as well as amelioration of intestinal barrier integrity and 
suppression of alcohol-induced endotoxemia[73]. In addition, the culture supernatant can balance the 
ratio of Treg and Th17 cells to reduce alcoholic-induced liver injury[22].

Treatment with Prohep, a novel probiotic mixture, significantly inhibited the HCC growth compared 
to the control group, resulting in an abundance of beneficial bacteria, such as Prevotella and Oscillibacter
[74]. This study also showed that probiotic treatment regulated T-cell differentiation in the gut by 
reducing Th17 polarization and increasing the differentiation of anti-inflammatory Treg cells.

Blockade of immune checkpoints
Dual anti-PD-1/VEGF receptor-2 therapy increased CD8 T cell infiltration and activation, reduced Tregs 
and infiltration of CCR2+monocytes, as well as the phenotype of tumor-associated macrophages (the 
M1/M2 ratio) in HCC tissue[75]. Another study also showed that Treg-mediated inhibition of IFN-γ 
production and cytotoxicity of CD8 T cells can be partially reduced by anti-PD-1 and anti-PD-L1 
antibodies in HCC[76].

Treg depletion-mediated by anti-CTLA-4 monoclonal antibody (clone 9H10) restored the function of 
tumor antigen-specific CD8 T cells, with a synergetic effect with anti-PD-1 treatment[77].

Other treatments
CCR4 expression in Tregs accompanied with an increased expression IL-10 and IL-35, resulting in 
suppression of CD8 T cells and HCC progression. Administration of a CCR4 antagonist or N-CCR4-Fc, a 



Zhang CY et al. Role of Tregs in HCC

WJG https://www.wjgnet.com 3353 July 21, 2022 Volume 28 Issue 27

Table 2 Clinical trials by targeting regulatory T cells to modulate the immune response

Trial Phase Treatment Results Ref.

NCT02476123 I Anti-CCR4 antibody 
mogamulizumab

Treg depletion induced by anti-CCR4 antibody (mogamulizumab), in 
combination with anti-PD-1 antibody (nivolumab) showed antitumor 
activity and increased CD8+ T cell infiltration

Doi et al[78], 
2019;  
Sánchez-Fueyo 
et al[83], 2020

NCT02166177 I Intravenous infusion of ex vivo 
expanded Tregs

Treg transfer can transiently increase circulating Tregs and inhibit anti-
donor T cell responses in patients with liver transplants

Fueyo et al[83], 
2020

NCT02166177 I Autologous Treg therapy To defect safety and efficacy study of regulatory T cell therapy in liver 
transplant patients

Whitehouse et al
[84], 2017

NCT01624077 I Injection of Tregs To defect safety and efficacy study of regulatory T cell therapy in liver 
transplant patients

Whitehouse et al
[84], 2017

NCT03654040 A single dose of alloantigen-
reactive Tregs (arTreg) (≥ 90 × 106 
total cells)

NCT03577431

I

arTreg-CSB (2.5 × 106 cells)

It is a single-center, prospective, open-label, non-randomized clinical trial 
exploring cellular therapy to facilitate immunosuppression withdrawal in 
liver transplant recipients

Cvetkovski et al
[85], 2021

NCT02260375 I Infusion of mesenchymal stromal 
cells

MSC infusion in liver transplant recipients slightly increased circulating 
Treg/memory Treg over baseline, without a statistically significant, but 
not in the control group

Casiraghi et al
[86], 2021

NCT02027116 I DNA vaccine GLS-6150 GLS-6150 decreases Treg cell frequency and enhances HCV-specific T cell 
responses without significant side effects

Han et al[87], 
2020

NCT02174276 II GS-4774, a yeast-based 
therapeutic vaccine

Treatment with GS-4774 increased T-cell functions by increasing the 
production of IFN-γ and TNF and reducing the cell number of Tregs

Boni et al[88], 
2019

NCT02360592 IV Combined therapy with 
interferon plus IL-1 and hepatitis 
B Vaccine

Combination therapy increased the level of hepatitis B surface antigen 
with partial restoration of Tregs and NK cells

Wu et al[89], 
2019

NCT02072486 None Sorafenib, a multiple kinase 
inhibitor

Treatment with sorafenib can significantly suppress extracellular signal-
regulated kinases+ FMS-like tyrosine kinase 3+ Tregs and myeloid-derived 
suppressor cells to benefit the survival of HCC patients

Kalathil et al
[90], 2019

CCR: C-C chemokine receptor; CSB: Co-stimulatory blockade; PD-1: Programmed cell death protein 1; Treg: Regulatory T cells; MSC: Mesenchymal 
stromal cells; DNA: Deoxyribonucleic acid; GLS: Glutaminase; IFN: Interferon; TNF: Tumor necrosis factor; IL: Interleukin; NK: Natural killer; FMS: Feline 
McDonough sarcoma.

neutralizing pseudo-receptor that can block Tregs accumulation in HCC, can enhance therapeutic 
efficacy to PD-1 blockade and sorafenib[37]. Treg depletion induced by anti-CCR4 antibody 
(mogamulizumab), in combination with anti-PD-1 antibody (nivolumab) showed antitumor activity and 
increased CD8+ T cell infiltration[78].

Treatment with resveratrol, a natural phenol, can inhibit H22 (a mouse HCC cell line)-induced 
orthotopic HCC tumor growth via decreasing the frequency of CD8+CD122+Tregs and M2-like 
macrophages in mice[79].

Ren et al[80] reported that Tregs were further increased in HCC patients compared to healthy and 
cirrhosis controls, as well as in HCC patients with Barcelona clinic liver cancer (BCLC) stage C 
compared to that in HCC patients with BCLC stage B. The authors also showed that treatment with 
microparticles-transarterial chemoembolization dramatically decreased Treg cell proportion at 1-2 wk 
post-treatment. Overall, the treatment options for HCC associated with Treg regulation were 
summarized in Table 1.

CLINICAL TRIALS
Tregs display multiple roles in the development and progression of HCC. The ratio of Treg/Th17 cells 
in peripheral blood can be applied to monitor immune tolerance as immune markers in liver 
transplantation[81]. The balance of Treg/Th17 cells or other effector T cells is essential for suppressing 
autoimmune diseases and cancers[82]. Therefore, treatments including diverse immunomodulatory 
therapies can regulate Tregs to enhance the antitumor immune response. In Table 2, potential therapies 
in clinical trials were summarized. Treatments including infusion of Tregs[83-85] and mesenchymal 
stromal cells (MSCs)[86], vaccines[87-89], and kinase inhibitors[90].
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CONCLUSION
Tregs modulate the intestinal and intrahepatic immune response, contributing critically important roles 
in the gut-liver axis. Functional changes of Tregs are involved in the pathogenesis of chronic liver 
diseases, such as ALD and NAFLD, causing factors for HCC. Several important molecules investigated 
in recent studies are summarized and targeting them may potentially treat HCC by modulating Treg 
function and/or frequency. Clinical trials are undergoing to further explore the new treatments for 
HCC, which modulate the function of the frequency of Tregs. In the future, multi-omic analysis 
including metabolic and proteomic data for Treg metabolism and function during the progression of 
HCC is critical to illustrate the underlying mechanisms of Tregs in HCC pathogenesis and find out new 
therapeutic targets.
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Abstract
Single-incision laparoscopic surgery (SILS), or laparoendoscopic single-site 
surgery, was launched to minimize incisional traumatic effects in the 1990s. Minor 
SILS, such as cholecystectomies, have been gaining in popularity over the past 
few decades. Its application in complicated hepatopancreatobiliary (HPB) 
surgeries, however, has made slow progress due to instrumental and technical 
limitations, costs, and safety concerns. While minimally invasive abdominal 
surgery is pushing the boundaries, advanced laparoscopic HPB surgeries have 
been shown to be comparable to open operations in terms of patient and onco-
logic safety, including hepatectomies, distal pancreatectomies (DP), and pancre-
aticoduodenectomies (PD). In contrast, advanced SILS for HPB malignancy has 
only been reported in a few small case series. Most of the procedures involved 
minor liver resections and DP; major hepatectomies were rarely described. Single-
incision laparoscopic PD has not yet been reported. We herein review the 
published SILS for HPB cancer in the literature and our three-year experience 
focusing on the technical aspects.

Key Words: Hepatectomy; Hepatopancreatobiliary cancer; Laparoendoscopic single-site 
surgery; Pancreatectomy; Pancreaticoduodenectomy; Single-incision laparoscopic surgery
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Core Tip: Single-incision laparoscopic surgery (SILS), or laparoendoscopic single-site surgery, has been 
introduced to minimize incisional traumatic effects over the past few decades. As minor SILS, such as 
cholecystectomies, have been gaining in popularity, major SILS for complicated hepatopancreatobiliary 
(HPB) surgeries have made slow progress due to instrumental and technical limitations, costs, and safety 
concerns. We herein review the published SILS for HPB cancer in the literature and our three-year 
experience focusing on the technical aspects.

Citation: Chuang SH, Chuang SC. Single-incision laparoscopic surgery to treat hepatopancreatobiliary cancer: A 
technical review. World J Gastroenterol 2022; 28(27): 3359-3369
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3359.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3359

INTRODUCTION
Single-incision laparoscopic surgery (SILS), also known as laparoendoscopic single-site surgery, is an 
advanced minimally invasive procedure that leaves a single small incision after surgery. Since it was 
introduced in the 1990s, numerous studies regarding SILS for minor procedures have been published, 
such as for cholecystectomy[1]. In contrast, its application in advanced hepatopancreatobiliary (HPB) 
surgeries is rarely reported[2-8].

By minimizing the incision number, SILS has the potential advantages of less pain, fewer wound 
complications, faster recovery, and favorable cosmesis. Nevertheless, the existing literature regarding 
minor SILS fails to reach a conclusion. For example, single-incision laparoscopic cholecystectomies 
(SILC), the most published SILS to date, have been shown to be superior in marginal benefits such as 
less pain and shorter hospital stays, while incisional hernia and bile duct injury are considerable 
drawbacks[9-11]. Nevertheless, it is always necessary to remove a sizable specimen during advanced 
HPB surgeries. One of the small incisions in standard multi-incision laparoscopic surgeries (MILS) has 
to be enlarged to fit the specimen size as well as the only incision in SILS. Since incisional hernia has 
become a minor issue, patient and oncologic safety has attracted more concern in advanced single-
incision laparoscopic HPB surgeries. MILS has been shown to be comparable to open operations for 
HPB malignancy, including hepatectomies, distal pancreatectomies (DP), and pancreaticoduodenec-
tomies (PD), in recent years[12-24]. The fact that only a few case series of SILS for HPB cancer have been 
reported reflects the limitations of surgical techniques, instrumental technology, and adequate training. 
Although our previous study showed that practicing minor SILS helps to achieve competence in this 
technique for complicated diseases[25], there is still a long way to go. In this review, we conducted an 
updated literature search for SILS to treat malignant HPB diseases that were reported in English. 
Studies involving robotic technology were excluded. Meanwhile, a summary of our three-year 
experience focusing on the technical aspects was described.

SINGLE-INCISION LAPAROSCOPIC HEPATECTOMY (SILH) FOR MALIGNANCY
Literature review
Eight original studies[26-33] and 20 case reports[34-47] were identified with a cutoff value of 10 
malignant cases. The outdated reports of sequential studies from the same groups were excluded. 
Nearly all the case reports involved minor liver resections [partial hepatectomies, monosegmentec-
tomies, and left lateral sectionectomies (LLS)]. Three of the eight original articles described major 
hepatectomies (resection of over two segments), including nine right hemihepatectomies (RHs), 34 left 
hemihepatectomies, and seven right posterior sectionectomies (RPSs)[27,29,32] (Table 1). Most 
procedures were performed for malignant diseases. Five nonrandomized comparative studies between 
SILH and multi-incision laparoscopic hepatectomies (MILHs) were conducted[26-28,30,32]. Hyun et al
[26] reported a shorter postoperative hospital stay and comparable pathologic features for minor SILH 
compared with minor MILH; long-term survival outcomes were absent. Mittermair et al[27] showed less 
blood loss, a lower number of patients with blood loss > 25 mL, and more blood transfusions in the 
major SILH group; no local tumor recurrence occurred during a median follow-up of 61 mo. Tsai et al
[28] reported a shorter operative time and shorter postoperative hospital stays in the SILH group for 
LLS but not partial hepatectomies of segment 5-6; the 1-, 3-, and 5-year overall and recurrence-free 
survival rates for hepatocellular carcinoma were similar in both the SILH and MILH groups. Wang et al
[30] showed shorter postoperative hospital stays for patients without cirrhosis undergoing LLS in the 
SILH group; the 1-year recurrence-free survival rates for hepatocellular carcinoma were similar in both 
the SILH and MILH groups. Han et al[32] reported a shorter operative time, less blood loss, and earlier 
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Table 1 English original researches of single-incision laparoscopic hepatectomies for malignancy retrieved online till December 2021

Ref. Journal (year of 
publication) SILH Control group RH LH RAS RPS LLS + MR

Hyun et al[26] J Gastrointest Surg (2021) 15 MILH 0 0 0 0 15

Mittermair et al[27] J Clin Med (2021) 34 MILH 4 6 0 7 17

Tsai et al[28] Surg Endosc (2020) 54 MILH 0 0 0 0 54

Saad et al[29] ANZ J Surg (2020) 54 No 0 11 0 0 43

Wang et al[30] Int J Surg (2020) 33 MILH 0 0 0 0 33

Pan et al[31] Surg Laparosc Endosc 
Percutan Tech (2019)

37 No 0 0 0 0 37

Han et al[32] World J Gastroenterol (2018) 155 MILH 5 17 0 0 133

Weiss et al[33] J Hepatobiliary Pancreat Sci 
(2015)

21 No 0 0 0 0 21

Our study Under submission 31 No 3 2 3 3 20

SILH: Single-incision laparoscopic hepatectomies; MILH: Multi-incision laparoscopic hepatectomies; RH: Right hemihepatectomies; LH: Left 
hemihepatectomies; RAS: Right anterior sectionectomies; RPS: Right posterior sectionectomies; LLS: Left lateral sectionectomies; MR: Minor resections 
including monosegmentectomies and partial hepatectomies.

enteral feeding in the SILH group; the safety resection margins were similar in both the SILH and MILH 
groups. However, long-term survival outcomes were not presented.

In summary, SILH was superior to MILH in terms of shorter postoperative hospital stays in three 
comparative studies of minor liver resections[26,28,30]. For major hepatectomies, the two related studies 
came to a different conclusion. While Mittermair C et al[27] declared more substantial blood loss 
requiring transfusion in SILH, Han et al[32] reported a shorter operative time, less blood loss, and earlier 
enteral feeding for the single port technique.

Our experience and technical review
While SILC[25] and single-incision laparoscopic common bile duct exploration (SILCBD)[48] have 
become our standard of care for cholelithiasis over the past decade, we have developed more advanced 
SILS for malignant HPB diseases since 2016. The principles of standard MILS and surgical oncology 
were strictly followed to maintain a high standard of patient safety and prognosis. From July 2018 to 
July 2021, 31 SILH procedures were performed by the first author to treat malignant diseases (Table 1). 
Eleven (35.5%) major liver resections involved three RHs, two left hemohepatectomies (LHs), three right 
anterior sectionectomies (RASs), and three RPSs. The others were 20 (64.5%) minor resections. An 
additional port was needed in five (16.1%) procedures, and no open conversion occurred. There was one 
case of surgery-related 90-d mortality due to pulmonary infection.

Patient position
During formal hepatic surgery, the patient was placed in a reverse Trendelenburg position with arms 
abducted and legs split. The surgeon stood between the patient’s legs to facilitate hepatic hilar 
management. The assistant held the laparoscope at the patient’s left/right side (between the left/right 
limbs) during right/Left hepatic resections. For LLS, the operative table could be tilted toward the 
patient’s right side. In contrast, it should be tilted toward the patient’s left side during RPS. Lateral 
decubitus positions were not favored because of impaired access to the hepatic hilum.

Port and instrument
By using conventional laparoscopic ports and straight instruments through a 1.5-2.5 cm skin incision 
and multiple nearby punctures on the deep fascia, the costs can be reduced to a minimum. This single-
incision multipuncture approach is only suitable for short-duration procedures such as SILC[25], 
SILCBDE[48], and minor SILH because of its inherent problem of air leakage. Otherwise, a 3-6 cm single 
skin and deep fascia incision with a homemade (surgical glove) or commercial multichannel port is 
recommended for major liver resections to remove a sizable specimen at the end of surgery.

We recommended 30° rigid laparoscopes and conventional straight instruments, as the latter could be 
manipulated more intuitively than curved or articulated instruments. A 5-mm 30° bariatric laparoscope 
can effectively prevent “sword fighting” between the light cable of the laparoscope and the instrument 
handles (Figure 1). The port configuration was arranged in a reverse triangular pattern (Figure 2). The 
30° laparoscope passed through the lower port and the fulcrum to the upper part of the operative field 
to provide an overlooking view, and the two working instruments reached the lower part of the 
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Figure 1 The 5-mm 30° bariatric laparoscope effectively prevented “sword fighting” between the light cable (yellow arrow) of the 
laparoscope and the instrument handles (red arrows) in single-incision laparoscopic surgery.

Figure 2 The port configuration was arranged in a reverse triangular pattern on a commercial multichannel port in a single-incision 
laparoscopic surgery. The upper port served as an assistant port for additional traction or suction/irrigation.

operative field to perform the procedure. This configuration decreased collisions between the 
laparoscope and the working instruments. Finally, a fourth port could be used to perform traction or 
suction.

Abdominal incision
Considering that upper abdominal incisions induce more pain, we avoided making incisions above the 
umbilical level. A praumbilical incision with downward extension is good for performing single-
incision laparoscopic LH or RH. Otherwise, a transverse incision at the same level of the umbilicus is 
suitable to perform single-incision laparoscopic RAS or RPS. The incision should be tailored to the 
specimen size for its removal.

Hepatic inflow control
For temporary hepatic inflow control (Pringle maneuver), we favored the use of a 14-French Foley 
catheter (Figure 3), which was introduced by Huang et al[49] in 2018. During selective inflow control for 
major SILH, such as the extra Glissonian approach or individual dissection, a laparoscopic right angle 
dissector or a goldfinger retractor is useful. As the working instruments were kept aligned with the 
laparoscope in SILH, it was difficult to see the distal ends of the instruments. Laparoscopic working 
instruments with curved or flexible ends were easier to manipulate under limited vision.

Parenchymal transection
To avoid interinstrumental collisions, auxiliary traction devices substituted for assistant tractions. We 
preferred EndoGrabTM (Virtual Ports Ltd., Hod Hasharon, Israel), while gravity would provide counter-
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Figure 3 The hepatoduodenal ligament was encircled by a 14-French Foley catheter (blue arrows) for temporary hepatic inflow control 
(Pringle maneuver) in a single-incision laparoscopic right posterior sectionectomy. An EndoGrabTM (Virtual Ports Ltd., Hod Hasharon, Israel) 
provided traction in the direction of the yellow arrow, while gravity created countertraction (green arrow).

traction in some instances (Figure 3). The transection line should be kept aligned with the laparoscopic 
view at all times.

Single-incision laparoscopic suturing technique
Suturing is the last line of defense in patient safety for not only open but also laparoscopic surgeries. It 
can be applied in various difficult situations to stop bleeding or biliary leakage. While performing 
single-incision laparoscopic suturing technique (SILST), forward-backward, vertical, and rotational 
movements are frequently used rather than transverse movements. The curved tip of a Maryland 
dissector helps to form a loop made by two instruments nearly parallel to each other (Figure 4). In 
addition, monofilament threads make loops more easily in SILST due to their high elasticity.

SINGLE-INCISION LAPAROSCOPIC PANCREATECTOMY FOR MALIGNANCY
Literature review
While most reported single-incision laparoscopic DP (SILDP) was used to treat benign lesions, only 
three original studies[50-52] (Table 2) and three case reports[53-55] of SILDP for cancer were identified 
with a cutoff value of 10 cases. Series containing neoplasms with uncertain behavior were excluded, as 
well as outdated reports of sequential studies from the same groups. All three original studies were 
nonrandomized comparative studies. SILDP was compared with multi-incision laparoscopic DP 
(MILDP) in two studies and the robotic approach in the remaining study. SILDP was associated with a 
longer operative time, reduced postoperative pain, and lower spleen/splenic vessel preservation rates 
than MILDP[50,51]. Robotic DP and splenectomies required a longer operating room time than SILDP 
and splenectomies, but the operative durations were similar[52]. All the patients except one undergoing 
DP for neoplasms had R0 resections, and six (7 ± 6.6) lymph nodes were noted according to the 
pathologic reports. However, long-term survival outcomes were not provided.

For PD, one of the most complicated abdominal surgeries, we could not find any report of applying a 
single-incision laparoscopic technique.

Our experience and technical review
We have no experience in performing SILDP for malignancy. Two patients with benign lesions (serous 
cystadenoma) underwent this procedure in the last two years. However, we have performed single-
incision laparoscopic PD (SILPD) on three patients since May 2020. All procedures were accomplished 
successfully without conversion to MILS or open operations. No major complications, such as 
postoperative pancreatic fistula, occurred, and there was no 90-day mortality. The pathology report was 
distal cholangiocarcinoma in the first patient and pancreatic ductal adenocarcinoma in the other two. 
Routine D2 Lymph node dissections and intraoperative frozen sections for checking resection margins 
were carried out for oncologic safety. To the best of our knowledge, this report is the first experience of 
SILPD in the world and is now under submission.
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Table 2 English original researches of single-incision laparoscopic pancreatectomies for malignancy retrieved online till December 
2021

Ref. Journal (year of 
publication) Procedure Case number Control group Spleen preservation

Park et al[50] Hepatobiliary Pancreat Sci 
(2019)

SILDP 26 MILDP 01

Ağcaoğlu et al[51] Sisli Etfal Hastan Tip Bul (2019) SILDP 10 MILDP 1

Ryan et al[52] JSLS (2015) SILDPS 16 RDPS N/A

1Splenic vessel preservation.
SILDP: Single-incision laparoscopic distal pancreatectomies; MILDP: Multi-incision laparoscopic distal pancreatectomies; SILDPS: Single-incision 
laparoscopic distal pancreatectomies and splenectomies; RDPS: Robotic distal pancreatectomies and splenectomies; N/A: Not applicable.

Figure 4 The curved tip of a Maryland dissector (yellow arrow) helped to form a loop made by two instruments nearly parallel to each 
other in a single-incision laparoscopic surgery. A monofilament thread was used in this case.

Patient position
During a single-incision laparoscopic pancreatectomy, the patient was placed in a reverse 
Trendelenburg position with the surgeon standing between their legs. The operative table could be 
tilted toward the patient’s right side for SILDP. The assistant held the laparoscope at the patient’s left 
side (between the left limbs) during the resection phase and hepaticojejunostomy during SILPD. In 
contrast, the assistant held the laparoscope at the patient’s right side (between the right limbs) during 
SILDP and pancreaticojejunostomy/gastrojejunostomy in SILPD.

Port and instrument
Major pancreatic and hepatic resections shared the same port configuration and instrument selection. 
Sometimes the surgeon had to cross the instruments to achieve an adequate approaching angle (the 
angle between the two working instruments) or solve a handedness problem, such as suturing a left 
target with a right-handed instrument.

Abdominal incision
In order to achieve less pain and better cosmesis, a several centimeter praumbilical incision with 
downward extension is good for performing a SILDP or a SILPD. The incision should be enlarged to 
facilitate specimen removal in a retrieval bag at the end of surgery if necessary.

Auxiliary traction
EndoGrabTM (Virtual Ports Ltd., Hod Hasharon, Israel) could be applied on the duodenum to be 
resected during the uncinate process dissection in a SILPD (Figure 5A). It was very useful for liver 
retraction during SILDP or SILPD (Figure 5B).
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Figure 5 EndoGrabTM (Virtual Ports Ltd., Hod Hasharon, Israel) provided auxiliary traction during single-incision laparoscopic 
pancreatectomies. A: EndoGrabTM (green arrows) was applied on the duodenal 3rd portion to provide lateral traction (yellow arrow) during the uncinate process 
dissection in a single-incision laparoscopic pancreaticoduodenectomy (SILPD); B: Two EndoGrabsTM (green arrows) facilitated upward traction (yellow arrows) of the 
liver edges during the reconstruction phase in a SILPD. Two pieces of gauze served as cushions to minimize the traumatic effect of EndoGrabsTM (green arrows) on 
the liver.

SILST
Unlike hepatectomies, suturing constituted a major component in pancreatic resections, such as 
hemostasis (Video 1), closure of the pancreatic stump in a DP and creation of the three anastomoses 
(pancreaticojejunostomy, hepaticojejunostomy, and gastrojejunostomy) in a PD. During critical duct-to-
mucosa pancreaticojejunostomy, we recommend interrupted suturing for the inner layer to prevent 
anastomotic stricture caused by a “purse-string effect”. Holding the interrupted stitches with metallic 
clips before tying them helped to gain adequate space for the anastomosis. In our experience, up to three 
metallic clips could be used simultaneously during anastomosis without confusing the surgeon 
(Figure 6). While performing SILST, all the principles of suturing in open surgery and MILS should be 
followed on the basis of high quality. Otherwise, additional port(s) should be utilized to minimize 
anastomotic leakage.

Step-by-step procedures in SILPD
While the laparoscopic view was unchanged during SILPD, the procedural steps were standardized to 
shorten the operative time as well as the learning curve. These steps include division of the gastrocolic 
ligament, release of the hepatic flexure of the transverse colon, Kocher maneuver (Station 13 Lymph 
nodes harvest), division of Treitz’s ligament, pulling of the proximal jejunum to the patient’s right side, 
creation of the tunnel under the pancreatic neck, division of the proximal jejunum and its mesentery, 
division of the lesser omentum and distal stomach (Station 5 and 6 Lymph node harvest), division of the 
pancreatic neck, dissection of the uncinate process (Station 14 Lymph nodes harvest), Station 8 and 12 
Lymph node harvest, division of the common hepatic duct, removal of the gallbladder from the liver 
bed, specimen extraction, pancreaticojejunostomy, hepaticojejunostomy, gastrojejunostomy, and 
peritoneal irrigation with drainage.

SINGLE-INCISION LAPAROSCOPIC BILE DUCT RESECTION (SILBDR) FOR MALIGNAN-
CY
Literature review
We only found one case report of SILBDR in the literature[56]. Two patients with Bismuth–Corlette type 
I perihilar cholangiocarcinoma underwent the procedure, including hepatoduodenal ligament 
lymphadenectomy, successfully with good recovery. The resection margins of the proximal and distal 
bile ducts were free from tumor invasion, but long-term follow-up was pending. The authors concluded 
that SILBDR can be optional in strictly selected patients with Bismuth–Corlette type I perihilar cholan-
giocarcinoma.

As perihilar cholangiocarcinoma is relatively rare to diagnose in an early stage, more advanced 
procedures, such as hemihepatectomies, caudate lobectomies, or PD, are usually performed in addition 
to bile duct resections for a better prognosis. The feasibility of SILS for resecting advanced-stage 
perihilar cholangiocarcinoma, an extremely complicated, demanding, and time-consuming procedure, 
should be considered with caution.

https://f6publishing.blob.core.windows.net/0efdba9e-4232-4828-80ef-62171dbf468f/WJG-28-3359-video%201.mp4
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Figure 6 Single-incision laparoscopic suturing technique was applied to a pancreatiojejunostomy. A: Three metallic clips (yellow arrows) were 
used at the same time during the inner duct-to-mucosa anastomosis of the pancreatiojejunostomy (PJ) in a single-incision laparoscopic pancreaticoduodenectomy; B: 
Completed inner duct-to-mucosa anastomosis (green arrows) of the PJ.

CONCLUSION
Minor SILH, such as LLS, monosegmentectomies, and partial liver resections, are feasible and safe to 
treat selected patients with cancer by experienced laparoscopic surgeons. Although the evidence level is 
low, minor SILH seems to be superior to minor MILH in terms of shorter postoperative hospital stay. 
The oncologic outcome is comparable for both procedures. Large-scale randomized controlled clinical 
trials are necessary to address this issue.

Major SILH might be feasible for highly selected patients by experienced laparoscopic surgeons in 
high-volume centers. The current evidence is limited and fails to determine its position compared with 
major MILH. Surgical skill refinement and technology advancement are anticipated to overcome this 
demanding procedure.

Although technically feasible, SILDP has been shown to be associated with longer operative time and 
lower spleen/splenic vessel preservation rates. Strict patient selection is mandatory for the possible 
accompanying splenectomy. Well-designed randomized controlled studies are needed to compare this 
procedure with MILDP. Robotic technology may have a positive effect on minimally invasive DP.

SILPD is just in its infancy, and this is also true for SILBDR. While developing these techniques, 
patient and oncologic safety should be prioritized. A low threshold to convert the procedures should 
always be kept in mind.
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Abstract
Colorectal cancer (CRC) is a leading cause of human mortality worldwide. As 
conventional anticancer therapy not always being effective, there is growing 
interest in innovative “drug-free” cancer treatments or interventions that improve 
the efficacy of established therapy. CRC is associated with microbiome alterations, 
a process known as dysbiosis that involves depletion and/or enrichment of 
particular gut bacterial species and their metabolic functions. Supplementing 
patient treatment with traditional probiotics (with or without prebiotics), next-
generation probiotics (NGP), or postbiotics represents a potentially effective and 
accessible complementary anticancer strategy by restoring gut microbiota 
composition and/or by signaling to the host. In this capacity, restoration of the 
gut microbiota in cancer patients can stabilize and enhance intestinal barrier 
function, as well as promote anticarcinogenic, anti-inflammatory, antimutagenic 
or other biologically important biochemical pathways that show high specificity 
towards tumor cells. Potential benefits of traditional probiotics, NGP, and 
postbiotics include modulating gut microbiota composition and function, as well 
as the host inflammatory response. Their application in CRC prevention is 
highlighted in this review, where we consider supportive in vitro, animal, and 
clinical studies. Based on emerging research, NGP and postbiotics hold promise in 
establishing innovative treatments for CRC by conferring physiological functions 
via the production of dominant natural products and metabolites that provide 
new host-microbiota signals to combat CRC. Although favorable results have 
been reported, further investigations focusing on strain and dose specificity are 
required to ensure the efficacy and safety of traditional probiotics, NGP, and 
postbiotics in CRC prevention and treatment.

Key Words: Colorectal cancer; Traditional probiotics; Next-generation probiotics; 
Postbiotics; Gut microbiota

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i27.3370
mailto:monika.kvakova@upjs.sk


Kvakova M et al. Pro/postbiotics in CRC prevention and therapy

WJG https://www.wjgnet.com 3371 July 21, 2022 Volume 28 Issue 27

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The effects of traditional probiotics, next-generation probiotics (NGP), or postbiotics in 
colorectal cancer (CRC) prevention and complementary therapy can be associated independently or in 
mutual cooperation with several mechanisms, including suppression of inflammation, enhancing apoptosis 
of tumor cells, restoring intestinal barrier function, competition with pathogens and by promoting healthy 
gut microbiota composition and function. Traditional probiotics, NGP, or postbiotics supplementation is 
also a potential strategy to boost the effectiveness of chemotherapy and immunotherapy, reduce the rate of 
postoperative complications, and improve the quality of lives of CRC patients.
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INTRODUCTION
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in males and the second in 
females worldwide; thus a significant change in lifestyle is required to facilitate effective CRC preven-
tion[1]. CRC is a heterogeneous disease of the intestinal epithelium, comprising the colon, rectum, and 
anus. It is characterized by a dysregulated immune response, accumulation of stem cell mutations, 
intestinal barrier disruption, and dysbiosis, which is often regarded as an unfavorable alteration in gut 
microbiota composition and function. Up to 90% of CRC risk is thought to be lifestyle-dependent, 
primarily due to dietary or environmental factors including feeding patterns that modulate 
consumption of fiber, red and processed meat or alcohol consumption, and low omega-3 fatty acids and 
vitamin D intake. Obesity, lack of physical activity, and smoking are also significant risk factors that 
promote CRC-associated microbiota changes[2]. CRC is linked with microbiome alterations, which 
include depletion and/or enrichment in particular bacterial species that are present in CRC patients 
(extensively reviewed by Torres-Maravilla et al[3], Ternes et al[4], Janney et al[2], Fong et al[5], and 
Wirbel et al[6]).

The human microbiota is a complex ecosystem of bacteria, viruses, eukaryotes, and archea, which can 
regulate a variety of host physiological functions including digestion, immune response, metabolism, 
disease pathogenesis, elimination of toxins, and biosynthesis of key compounds such as essential 
vitamins and cofactors. Microbiota can even modulate gut-brain axis function to alter, for example, 
anxiety and mood. Symbiotic bacteria that colonize the human gut can be classified into several phyla 
comprising Bacteroidetes and Firmicutes, followed by Proteobacteria, Fusobacteria, Actinobacteria, 
Verrucomicrobia, and Spirochaetes. Microbiome composition varies between healthy individuals, as 
well as in CRC patients[7]. CRC-associated bacteria that have been identified to date include enrichment 
of Fusobacterium nucleatum, Enterococcus faecalis, Streptococcus gallolyticus, entero-toxigenic Bacteroides 
fragilis, Escherichia coli, Peptostreptococcus spp., and Ruminococcus spp. By contrast, Lactobacillus spp., 
Bifidobacterium spp., Faecalibacterium spp., Roseburia spp., Clostridium spp., Granulicatella spp., Strepto-
coccus thermophilus, and other species of Lachnospiraceae family are depleted in CRC (Table 1)[2-5]. These 
altered microbiota signatures can potentially be used to provide future diagnostics, and their 
presence/absence may contribute to the pathogenesis or prevention/treatment of CRC. However, the 
pathophysiological role of dysbiosis in CRC still remains unclear, since microbiota changes may reflect 
changes in host health status and some bacteria may even confer protection as a compensatory response 
to disease progression. This complexity is clearly evident by the report of specific bacteria associated 
with tumor initiation phase (driver bacteria) whereas other bacteria are associated with tumor 
development during progressive stages of CRC (passenger bacteria). Driver bacteria reportedly 
contribute to the formation of a tumor microenvironment that is comprised of normal epithelial cells 
and cancer cells. In this milieu, secreted microbial metabolites trigger damage to normal host cells, thus 
reprograming their metabolism to change the intestinal microenvironment and microbiome profile 
towards a more “CRC supportive” composition[8-10]. Potential driver bacteria include Bacteroides 
fragilis, Escherichia coli, Enterococcus Faecalis, Bacillus, Bradyrhizobium, Methylobacterium, Streptomyces, 
Shigella, Citrobacter, Salmonella, Intrasporangiaceae, and Sinobacteraceae. On the other hand, passenger 
bacteria occupy an existing tumor microenvironment where they are thought to either promote or 
inhibit CRC progression. Reported passenger bacteria include species Fusobacterium, Parvimonas, 
Peptostreptococcus, Campylobacter, Streptococcus, Schwartzia, Burkholderiales, Caulobacteraceae, Delftia, 
Oxalobacteraceae, Faecalibacterium, and Sutterella[8-11]. The host gut microbiota and immune system play 
important roles in CRC prevention and development. Therefore, probiotics, next-generation probiotics 
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Table 1 Overview of the most relevant bacteria related to colorectal cancer

Enriched bacteria Depleted bacteria Ref.

Fusobacterium nucleatum, Peptostreptococcus spp., Porphyromonas asaccharolytica, Prevotella spp., 
Parvimonas micra, Bacteroides fragilis, Streptococcus gallolyticus, Escherichia coli, Campylobacter spp., 
Shigella spp., Enterococcus faecalis

Blautia spp., Faecalibacterium prausnitzii, 
Clostridium butyricum, Streptococcus thermophilus, 
Roseburia spp. 

[4,55-
57]

(NGP), or postbiotics could be used as weapons to prevent CRC, to support the treatment and to 
improve the clinical outcomes in CRC patients.

This minireview summarizes recent CRC findings from clinical, animal and in vitro studies, and 
discusses the efficiency of probiotics, NGP, and postbiotics in CRC prevention and therapy.

TRADITIONAL PROBIOTICS
Probiotics are defined as “live, non-pathogenic microorganisms that, when administered in adequate 
amounts, may confer a health benefit on the host”[12]. Probiotics have a centuries-long history of safe 
use as prevention and adjuvant therapy in combating human diseases. They are also promising 
candidates in modulating human gut microbiota composition and function in CRC patients. Traditional 
widely used probiotics mainly belong to Bifidobacterium spp., Lactobacillus spp. and other lactic-acid-
producing bacteria, including species belonging to Streptococcus, Enterococcus, and Lactococcus, comple-
mented by yeasts of the genus Saccharomyces. The beneficial effects of probiotics, functioning in a species 
and/or strain-specific manner, include sustaining a healthy microbiome, reversing dysbiosis, 
preventing pathogenic infections and mucosal adhesion of pathogens, stabilizing and enhancing 
intestinal barrier function. Probiotic bacteria may achieve these beneficial functions in part by producing 
anti-carcinogenic, anti-inflammatory, anti-mutagenic and other biologically important compounds such 
as short-chain fatty acids (SCFAs), vitamin K, or B-group vitamins[5,7,13,14].

Current research builds on a foundation of work demonstrating that gut microbiota modulation 
through administration of probiotics and/or prebiotics plays an important role in CRC prevention and 
therapy. In a randomized, double-blinded, placebo-controlled trial, 60 patients underwent surgical CRC 
resection, of whom 29 received the probiotic powder (Bifidobacterium animalis subsp. lactis HY8002 [1 × 
108 CFU], Lactobacillus casei HY2782 [5 × 107 CFU], and Lactobacillus plantarum HY7712 [5 × 107 CFU]) and 
31 placebo, for 4 wk, starting at 1 wk preoperatively. The treatment group receiving probiotic powder 
showed an increase in abundance of Bifidobacterium, Akkermansia, Parabacteroides, Veillonella, Lactobacillus, 
Erysipelatoclostridium and a reduction in bacteria associated with CRC, such as Prevotella, Alloprevotella, 
Fusobacterium, and Porphyromonas. Lower serum zonulin, improved postoperative bowel function, and 
postoperative recovery were evident in the probiotic group compared with placebo[15]. In another 
randomized clinical trial, a group of 31 CRC patients received probiotic supplement Bifidobacterium 
longum BB536 (5 × 1010 CFU/2 g/daily) preoperatively for 7–14 d and postoperatively for 2 wk. 
Attenuated postoperative inflammatory responses (high-sensitivity C-Reactive protein), reduced risk of 
postoperative infectious complications, and accelerated health recovery after colorectal resection were 
evident in the treatment group. Hospital stay was significantly shortened and correlated significantly 
with increased Actinobacteria and decreased Firmicutes after probiotic intervention[16]. Aisu et al[17] 
administered BIO THREE® 2 mg Enterococcus faecalis T110, 10 mg Clostridium butyricum TO-A, and 10 mg 
Bacillus mesentericus TO-A to 75 CRC patients 15 d prior to the surgery. Incidence of postoperative 
complications and superficial incisional infections were lower, and these health effects were as shown to 
associate with an increased mean proportion of beneficial Bifidobacterium, postoperatively, even though 
this organism was not administered as part of the probiotic regime. The change in microbial diversity 
and improved integrity of the mucosal barrier were also observed by Liu et al[18] after Lactobacillus 
plantarum CGMCC 1258, Lactobacillus acidophilus LA-11, Bifidobacterium longum BL-88 (2.6 × 1014 CFU/2 
g/daily) administration 6 d preoperatively and 10 d postoperatively to CRC patients. The numbers of 
beneficial bacteria, including Bifidobacteria and Lactobacilli, increased in the probiotic group after surgery, 
whereas they decreased in the placebo group. By contrast, Enterobacteriales and Pseudomonas, were 
decreased in the probiotic group whereas they increased in the placebo group. Based on a number of 
clinical trials, the preoperative oral intake of probiotics combined with the postoperative treatment in 
patients who need gastrointestinal surgery is potentially recommended. Larger rigorously controlled 
clinical trials are required to endorse these preliminary positive outcome studies since avoidance of 
probiotic use has also been recommended in patients with immunodeficiency and dysbiosis. More 
studies and the key outcomes are listed in Table 2.
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Table 2 Efficiency of probiotics in colorectal cancer prevention and therapy-clinical trials

Probiotic strain/synbiotics Dose/length of the 
study Trial type/sample size Microbial changes/key 

outcomes Ref.

Lactobacillus rhamnosus GG, Bifidobacterium lactis 
Bb12 + inulin enriched with oligofructose 

1010 CFU and 10 g of 
prebiotic, 12 wk

Human prevention 
study-CRC patients (n = 
15 placebo, n = 19 
synbiotics), polypec-
tomized patients (n =19 
placebo, n = 21 
synbiotics)

↑Bifidobacterium, ↑Lactobacillus, ↓
Clostridium perfringens; ↓prolif-
eration rate of colorectal cells 
and stimulation of peripheral 
blood mononuclear cells (↑IFNg, 
↓IL-2)

Rafter et al[58]

Bifidobacterium longum BB536, Lactobacillus 
johnsonii La1 

2 × 107 CFU or 2 × 109 

CFU, 3 d preoper-
atively and 3 d 
postoperatively

CRC patients undergoing 
elective colorectal 
resection- Randomized 
double blind, placebo-
controlled study (n = 10 
placebo, n = 21 
probiotics)

B. longum BB536 did not adhere 
to colonic mucosa only La1, ↓
Enterobacteriaceae ↓Enterococcus, 
modulation of local immunity (↑
CD3+, CD4+, CD8+, activity of 
dendritic cells); no clinical effect 

Gianotti et al[59]

Bifidobacterium longum, Lactobacillus acidophilus, 
Enterococcus faecalis

3 × 108 CFU, 3 d (from 
-5 to -3 d) preoper-
atively

Single-center prospective 
randomized control 
study (n = 30 placebo, n = 
30 probiotics) 

↑Bifidobacterium and ↓Escherichia; 
↓endotoxins, D-lactic acid, 
serum IL-6 and C-reactive 
protein; ↑serum IgG and IgA; ↓
postoperative occurrence of 
infectious complications of CRC

Zhang et al[60]

Bifidobacterium longum, Lactobacillus acidophilus 
and Enterococcus faecalis

1:1:1 daily 6 × 107 
CFU, 5 d

Perioperative intake of 
probiotics in CRC 
patients (n = 11 placebo, 
n = 11 probiotics)

↑richness and diversity of 
mucosal microbes, ↓Peptostrepto-
coccus, ↓Comamonas, ↓Fusobac-
terium, ↑Enterococcus, ↑Proteo-
bacteria; no clinical effect

Gao et al[61]

LactoLevure (Lactobacillus acidophilus LA-5, 
Lacobacillus plantarum, Bifidobacterium lactis BB-
12, Saccharomyces boulardii)

1.75 × 109 CFU, 0.5 × 
109 CFU, 1.75 × 109 
CFU, 1.5 × 109 CFU, 
respectively, 1 d 
preoperatively and 15 
d postoperatively

CRC patients undergoing 
surgery- Randomized, 
double-blind, placebo-
controlled study (n = 80 
placebo, n = 84 
probiotics)

Reduction of the postoperative 
pneumonia rate, anastomotic 
leakage and surgical site 
infections; ↑gene expression of 
SOCS3; ↑circulating IL-6, TNF-α

Kotzampassi et 
al[62] 
(NCT02313519)

Colon DophilusTM [Bifidobacterium breve HA-129 
(25%), Bifidobacterium bifidum HA-132 HA (20%), 
Bifidobacterium longum HA-135 (14.5%), Lactoba-
cillus rhamnosus HA-111 (8%), Lactobacillus 
acidophilus HA-122 (8%), Lactobacillus casei HA-
108 (8%), Lactobacillus plantarum HA-119 (8%), 
Streptococcus thermopilus HA-110 (6%), Lactoba-
cillus brevis HA-112 (2%), Bifidobacterium infantis 
HA-116 (0.5%)]

10 × 109CFU/ daily, 12 
wk

Patients with CRC, 
concomitantly with 
irinotecan 
chemotherapy- 
Randomized, placebo-
controlled study (n = 23 
placebo, n = 23 
probiotics)

Reduction in the incidence and 
severity of chemotherapy 
induced diarrhea and incidence 
of enterocolitis.

Mego et al[63] 
(NCT01410955)

Saccharomyces boulardii 7 d preoperatively Randomized study (n = 
18 conventional 
treatment, n = 15 
probiotics)

↓mucosal IL-1β, IL-10, and IL-
23A mRNA levels; no statistical 
impact on postoperative 
infection rates

Consoli et al[64]

ProBion Clinica (Bifidobacterium lactis Bl-04 and 
Lactobacillus acidophilus NCFM + inulin)

1.4 × 1010 CFU, 7 × 109 
CFU and 0.63 g of 
prebiotic, 8-78 d

Prospective randomized 
intervention (n = 7 
placebo, n = 8 probiotics)

Increased abundance of butyrate 
producing bacteria ↑Firmicutes, 
↑Faecalibacterium, ↑Eubacterium, ↑
Roseburia ↑Lachnospira; ↓CRC 
associated bacteria- Fusobac-
terium and Peptostreptococcus

Hibberd et al[65]
(NCT03072641)

Simbio-flora (Lactobacillus acidophilus NCFM, 
Lactobacillus rhamnosus HN001, Lactobacillus casei 
LPC-37, Bifidobacterium lactis HN019 and 
fructooligosaccharide)

109 CFU and 6 g of 
prebiotic, 7 d preoper-
atively

Patients with CRC 
subjected to colorectal 
resection- Prospective, 
randomized, double-
blind, placebo-controlled 
study (n = 37 placebo, n = 
36 synbiotic)

Reduced inflammatory state (C-
reactive protein, IL-6), 
reductions in morbidity, hospital 
length of stay, and use of 
antibiotics. Stimulated bowel 
function, decreased complic-
ations and reduced cumulative 
duration of antibiotic usage

Polakowski et al
[66]

Lactobacillus acidophilus BCMC® 12,130, Lactoba-
cillus lactis BCMC® 12,451, Lactobacillus casei 
subsp BCMC® 12,313, Bifidobacterium longum 
BCMC® 02120, Bifidobacterium bifidum BCMC® 
02290 and Bifidobacterium infantis BCMC® 02129

30 billion CFU, twice 
daily for 6 mo

Randomized double-
blind placebo-controlled 
trial (n = 25 placebo, n = 
27 probiotics)

Reduction in the levels of pro-
inflammatory cytokines, TNF-α, 
IL-6, IL-10, IL-12, IL-17A, IL-17C 
and IL-22.

Zaharuddin et al
[32] 
(NCT03782428)

CRC: Colorectal cancer; IFNg: Interferon-gamma; Ig: Immunoglobulin; IL: Interleukin; TNF-α: Tumor necrosis factor-alpha.
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NGP
One potential approach to achieve CRC prevention and treatment is through NGP administration. As 
described above, the most frequently used probiotics belong to Bifidobacterium spp. and Lactobacillus spp. 
However, recent studies using metagenomic approaches have revealed the importance of further identi-
fication and characterization of commensal species, mainly anaerobic ones, residing in the 
gastrointestinal tract that play an important role in regulating the immune system and maintaining 
overall gut health. Growing evidence suggests that dysbiosis may contribute to CRC progression as well 
as several other diseases[19-22]. Although there is no official definition of NGP, it is generally defined as 
live microorganisms identified on the basis of comparative microbiota analyses between healthy and 
sick individuals/animals that, when administered with strain-specificity and in dose dependent 
manner, confer health benefits on the host[23,24]. Compared with healthy individuals, patients with 
CRC possess a different compositional structure and physiological activity of the gut microbiota with 
SCFAs-producing bacteria being depleted. This suggests that SCFAs-producing bacteria might 
potentially exhibit anti-inflammatory and anticarcinogenic properties, as well as being NGP candidates 
in CRC prevention and therapy. SCFAs, primarily acetate, propionate, and butyrate, are key 
physiological metabolites of the microbial fermentation of dietary fiber in the colon. Butyrate is the 
major energy source for colonocyte homeostasis, promoting growth stimulation and production of 
protective cytokines that maintain gut barrier integrity and function[14,25-27]. Furthermore, increasing 
levels of SCFAs in the gut helps to create a favorable microenvironment for beneficial bacteria by 
inhibiting the growth and adhesion of pathogens, and by enhancing vitamin bioavailability, mineral 
absorption and promoting mucosal integrity. Most butyrate-producing bacteria in the human colon 
belong to the Firmicutes phylum, clostridial clusters IV and XIVa, the most dominant species being 
Faecalibacterium prausnitzii and Eubacterium rectale, followed by Eubacterium spp. as well as Anaerostipes 
spp. and Roseburia spp. In addition to butyrate-producing bacteria, other NGP candidates with 
important regulatory effects on gut homeostasis include Akkermansia muciniphila, non-toxigenic 
Bacteroides fragilis, Propionibacterium freudenreichii, and some strains of Bacillus spp. and Clostridium spp., 
which belong to Generally Recognized As Safe microorganisms[7,28,29].

Chronic oral administration of Butyricicoccus pullicaecorum BCRC 81109 (butyrate producing bacteria) 
to BALB/cByJNarl male mice decreased colon tumor progression over 9 wk. This protection against 
CRC clinical outcomes was linked to activation of the SCFAs transporter solute carrier family 5 member 
8 and/or G-protein-coupled receptor (GPR) 43[30]. Chen et al[25] also observed in an in vivo animal 
study that application of butyrate producing bacteria Clostridium butyricum ATCC 19398 (2 × 109 
CFU/0.2 mL 3 times a week for 12 wk) inhibited intestinal tumor development by an increasing 
apoptosis of CRC cells, by modulating the Wnt/β-catenin signaling pathway. There was also a 
reduction in pathogenic bacteria and bile acid-biotransforming bacteria, whereas an increase in 
beneficial Lactobacillus spp. and SCFAs-producing Rumincoccaceae and Eubacterium spp. was evident. 
Thus, reduction in colonic secondary bile acids increased cecal SCFAs levels and activated G-protein 
coupled receptors, GPR43 and GPR109A, which were mechanistically implicated. Growth of CRC cell 
lines (HCT-116 and SW1116) was significantly inhibited by strains Bacillus subtilis ATCC 23857 and 
Clostridium butyricum ATCC 19398, and by their main metabolites bacitracin and butyrate. mRNA levels 
of important receptors and transcriptional factors related to inflammation for example, TLR4, MYD88, 
nuclear factor-kappa B (NF-κB), interleukin 22 (IL-22), and survivin were decreased and expression of 
p21WAF1 was increased after treatment of SW1116 cells with Bacillus subtilis and Clostridium butyricum 
NGP[31]. Purified components produced by NGP cells were also studied and inhibition of human 
cancer cell proliferation by controlling the cell cycle was detected. Polysaccharide A purified from 
Bacteroides fragilis NCTC9343 (non-toxigenic) induced the production of the pro-inflammatory cytokine 
IL-8[32] and aspartic protease Amuc_1434 (recombinant enzyme) from Akkermansia muciniphila 
upregulated the expression of tumor protein 53, increased mitochondrial reactive oxygen species (ROS) 
levels and promoted apoptosis of LS174T cells[33]. Pahle et al[34] employed Clostridium perfringens 
enterotoxin (CPE) in CPE gene therapy to selectively target claudin-3 and claudin-4 expressing colon 
carcinomas in vitro and in vivo by using a translation optimized CPE expressing vector. Elevated toxicity 
of the optimized CPE expressing vector was evident in claudin-positive cells 48 h after the transfection, 
with toxicity rates of 76%–92% and rapid cytotoxic effects such as membrane disruption and necrosis. 
Further in vivo studies focused on the efficiency of NGP application in CRC are listed in Table 3 and 
postbiotics derived from NGP are considered below.

POSTBIOTICS
Postbiotics is an extensively researched subject that remains a largely understudied topic in CRC. Due to 
the phenomenal number and variety of metabolites produced by bacteria, it has been an enormous 
challenge to isolate and characterize the specific compound/s responsible for the therapeutic efficacy. 
Moreover, defining safety profiles and appropriate application doses of particular postbiotics in the 
preclinical and clinical settings may require regulatory guidelines and approvals[5]. The International 
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Table 3 Efficiency of next-generation probiotics in colorectal cancer in vivo

NGP strain Application Study/ cohort Mechanism/effect(s) Ref.
Akkermansia 
muciniphila 
MucT ATCC 
BAA-835

pasteurized culture 1.5 × 108 
CFU/100 μL or 
recombinant Amuc_1100 3 
μg (specific outer 
membrane protein)/2 wk 
before AOM injection until 
sacrifice

23-wk in vivo animal study, 
acute colitis was induced by 
AOM (10 mg/kg) (intraperi-
toneally) + 2% DSS (in water)-
male C57BL/6J mice

Prevention of AOM/DSS-induced tumorigenesis by DNA 
damage attenuation, cell apoptosis and abnormal proliferation. 
Significant amelioration of acute colitis, relieved colon 
shortening and splenomegaly, delayed tumor formation and 
reduced expression of γH2AX, cleaved caspase 3 and Ki67. 
Blunted CAC through the expansion and activation of cytotoxic 
T lymphocytes, indicated by TNF-α induction and PD-1 
downregulation

Wang 
et al
[67]

Akkermansia 
muciniphila 
ATCC BAA-835

1 × 108 CFU/mouse every 
other day (day 7-12), gavage 
administration

4-wk in vivo animal study, 
CRC induced by mice colon 
cancer cells CT-26 (1 × 106) 
(subcutaneously)-n = 70, male 
BALB/c mice

A. muciniphila colonization significantly increased inhibition 
rate/anti-cancer effect of FOLFOX (from 48% to 76%) and 
significantly decreased marker of proliferation-Ki67 (% of 
positively stained cells)

Hou et 
al[68]

Clostridium 
butyricum 
(powder by 
Kexing 
Biopharm CO., 
LTD)

2 × 108 CFU/0.2 mL/3 
times per week, gavage 
administration

78 d in vivo animal study, 
CAC induced by intraperi-
toneal AOM (12.5 mg/kg) + 
2.5% DSS (in water)-n = 30, 
C57BL/6 mice

Inhibition of NF-κB pathway and apoptosis promotion. Change 
in the microbiome composition-reduction of Firmicutes to 
Bacteroidetes ratio. Reduction of incidence and size of CRC and 
increase of tumor cells apoptosis. Reduction in cytokines 
including TNF-α, IL-6 and level of COX-2. Decrease in 
phosphorylation of NF-κB and level of Bcl-2. Increase in Bax 
expression

Liu et 
al[69]

Clostridium 
butyricum ATCC 
19398 or Bacillus 
subtilis ATCC 
23857

2.5 × 108 CFU/0.3 mL/3 
times per week for 28 wk, 
oral administration

28 wk in vivo animal study. 
CRC induced with DMH (20 
mg/kg body weight)/weekly 
(intraperitoneally)-n = 72, 
male C57BL/6 mice

Inhibition of intestinal tumorigenesis and modulation of 
immunity and inflammation. Reduction in tumor size and 
incidence. After supplementation with probiotics, mice showed 
decreased Th2 and Th17 expression and increased CD4/CD8 
expression compared to DMH-treated mice. Reduced gene 
expression of TLR4–MYD88–NF-κB, IL-22 and increase of P21
waf1 and Tlr3 mRNA levels in intestinal mucosa

Chen 
et al
[31]

AOM: Azoxymethane; CAC: Colitis-associated cancer; CRC: Colorectal cancer; DMH: 1,2-dimethylhydrazine; DSS: Dextran sulfate sodium; FOLFOX: 
Oxaliplatin, fluorouracil and calcium folinate; IL: Interleukin; NF-κB: Nuclear factor-kappa B; TNF-α: Tumor necrosis factor-alpha.

Scientific Association for Probiotics and Prebiotics (ISAPP) offers expertise in microbiology, microbial 
physiology, gastroenterology, nutrition, food science and pediatrics. ISAPP recently provided the clear 
definition and scope of postbiotics to include “preparation of inanimate microorganisms and/or their 
components that confer a health benefit on the host”[35]. Postbiotics, which exert desired physiological 
effects to the host, include inactivated microbial cells or cell components (cell surface proteins, endo- or 
exo-polysaccharides, peptidoglycan-derived muropeptides and teichoic acids) or important metabolites 
secreted by gut microbiota through a fermentation process or released under certain conditions such as 
a change in intestinal environment or after lysis (SCFAs including acetate, propionate and butyrate; 
enzymes; bacteriocins; reuterin; acetoin; organic acids, etc)[5,35,36]. Therefore, the isolation and charac-
terization of new postbiotics is a growing field and requires careful biochemical characterization of 
beneficial mechanisms. Supplementation with postbiotics, can in some cases be an effective and safer 
strategy to prevent and/or treat diseases, compared with ingestion of viable probiotic bacteria[5].

Microbial metabolites undoubtedly play an important role in CRC pathogenesis. Certain postbiotics 
exert antitumor activity, including selective cytotoxicity against tumor cells suggesting their therapeutic 
potential (Figure 1)[5]. For example, SCFAs are well-known inhibitors of epigenetic enzymes histone 
deacetylases, which play a central role in gene regulation; thus, SCFAs have the ability to induce cell 
cycle arrest, and/or apoptosis in many cancer cell lines[37]. Cell-free supernatants (CFS) of different 
Lactobacillus and Bifidobacterium strains have been shown to induce apoptosis or inhibit proliferation of 
CRC cell lines[38-40]. Chen et al[41] demonstrated that supernatants of Lactobacillus johnsonii BCRC17010 
and Lactobacillus reuteri BCRC14625 strains in high concentrations were able to damage HT-29 cell 
membranes causing elevated lactate dehydrogenase release. A recent study has reported a potent 
selective cytotoxicity effect of postbiotic metabolites from Lactobacillus plantarum strains via anti-prolif-
erative effects and induction of apoptosis in HT-29 cells whilst sparing the normal cells[42]. Cousin et al
[43] showed that metabolites from Propionibacterium freudenreichii ITG-P9, namely propionate and 
acetate, had induced intrinsic apoptosis of CRC cells, via the production and release of SCFAs acting on 
mitochondria. Moreover, CFS or SCFAs in combination with Tumor Necrosis Factor-Related Apoptosis-
Inducing Ligand (TRAIL), increased the pro-apoptotic gene expression (TRAIL-R2/DR5), decreased the 
anti-apoptotic gene expression of FLIP and XIAP in HT-29 cancer cells and enhanced the cytotoxicity in 
CRC cells compared to human healthy intestinal epithelial cells. Further control studies are required to 
delineate specific molecular targets in these models since enhanced toxicity to fermentation induced 
acidic pH shifts remains a potential protective mechanism.

As inflammation is undeniably linked to carcinogenesis, any postbiotic that inhibits inflammation is 
also an important candidate acting as anti-tumor agent. It was shown that Lactobacillus rhamnosus GG- 
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Figure 1 Examples of postbiotics and their proposed activity in patients with colorectal cancer. SCFAs: Short-chain fatty acids.

derived protein p40 can play a role in the prevention of CRC by suppressing intestinal epithelial inflam-
mation, inhibiting epithelial cells apoptosis and by promoting IgA production[44-46]. CFS derived from 
several other probiotic strains, such as, Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus rhamnosus 
GG and Bifidobacterium breve, were able to downregulate inflammation, exhibit antioxidant activity or 
maintained intestinal barrier integrity[47-49].

To date, only a few animal studies have been performed to evaluate the effectiveness of postbiotics in 
CRC prevention and therapy in vivo. The stage is now set to expand this work with the use of transla-
tional in vivo models and clinical trials, which are essential to demonstrate efficacy. Sharma and Shukla
[50] observed that CFS from Lactobacillus rhamnosus MD 14 MH656799 containing acetamide, acetate, 
propionate, butyrate, thiocyanic acid and oxalic acid attenuated early colon carcinogenesis in 
Sprague–Dawley rats (n = 36). The protective mechanism was linked to reduced fecal procarcinogenic 
enzymes, oxidants, aberrant crypt foci, vis-à-vis downregulating oncogenes (β-catenin, K-ras, Cox-2, NF-
κB) and upregulating tumor suppressor p53 gene leading to an almost healthy colon histology. De 
Moreno de LeBlanc et al[51] evaluated the effect of the enzyme catalase as a postbiotic from catalase-
producing Lactococcus lactis htrA-NZ9000 on the prevention/regression of 1,2-dimethylhydrazine 
(DMH) induced CRC in BALB/c mice (n = 180-210). Catalase-producing Lactococcus lactis increased 
catalase activity in DMH-treated mice and reduced H2O2 levels compared with the control group. Using 
the histopathological grading scale of chemically induced CRC, mice that received catalase-producing 
Lactococcus lactis had significantly less colonic damage and inflammation (2.0 ± 0.4) compared to control 
animals that received non-catalase-producing Lactococcus lactis (4.0 ± 0.3) or placebo-treated animals (4.7 
± 0.5). Increased antioxidant activity reduced levels of H2O2 and ROS involved in CRC onset and 
progression.

There are also promising results from studies of postbiotics derived from NGP. Recently, numerous 
in vitro studies showed that supernatant from SCFAs-producing bacteria, such as Butyricicoccus 
pullicaecorum BCRC 81109[30], Clostridium butyricum ATCC 19398[25], Propionibacterium freudenreichii 
TL142[52], Propionibacterium acidipropionici CNRZ80, Propionibacterium freudenreichii subsp. freudenreichii 
ITG18, Propionibacterium freudenreichii subsp. shermanii SI41[53] suppressed CRC cells proliferation and 
induced apoptosis. The same results were documented by Zhao et al[54], where single strain CFS from 
human Bacillus strains BY38, BY40, BY43, BY45 exhibited inhibitory effects on the proliferation of CRC 
cells in a dose-dependent manner through the induction of cell apoptosis. These results suggest that 
NGP could represent novel and promising anti-tumor agents against CRC. Further in vitro studies 
focused on the activity of postbiotics derived from different probiotic strains in CRC cell lines are listed 
in Table 4.

CONCLUSION
Traditional probiotics have utility in the management of CRC as adjuvant treatment, mainly to reduce 
postoperative complications and to alleviate the side effects of chemotherapy. Antitumorigenic 
mechanisms of probiotics include the modification of intestinal microbiome, improvement of intestinal 
barrier integrity, immune potentiation and maintaining gut homeostasis. However, it is well known that 
the efficiency of probiotics is strain specific. The available clinical data indicate that CRC patients most 
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Table 4 Efficiency of postbiotics on cancer cells in vitro

Probiotic strain Derived postbiotic Cell line Mechanism/effect(s) Ref.

Lactobacilus casei ATCC334 CFS (ferrichrome) Caco-
2/bbe, 
SKCO-1, 
SW620

In CFS, ferrichrome subsequently identified as the 
responsible molecule that induced apoptosis via JNK-
DDTI3 signaling axis, thus having tumor-suppressive 
effect and exerted minimal effect on normal intestinal 
epithelial cells

Konishi et al[70]

Lactobacillus rhamnosus MD 14 MH 
656799

CFS (acetate, 
butyrate, propionate, 
acetamide, thiocyanic 
acid, and oxalic acid)

Caco-2, 
HT-29 

CFS with metabolites exhibited both anti-genotoxic and 
cytotoxic potential against CRC cells

Sharma et al[71]

Bifidobacterium adolescentis 
SPM0212

CFS Caco-2, 
HT-29, 
SW480

CFS significantly inhibited the proliferation of cancer 
cells

Kim et al[39]

Lactobacillus fermentum KCTC 3112 CFS CCD18-
Co, HCT-
116, HT-
29

Induction of cancer cells apoptosis by CFS up-regulating 
Caspase-3, Bax, Bak, Noxa, and Bid mRNA expressions

Lee et al[38]

Lactobacillus casei (ATCC 334), 
Lactobacillus rhamnosus (GG ATCC 
53103)

CFS HCT-116 Anti-metastatic effects of high molecular weight fractions Escamilla et al[40]

Lactobacillus acidophilus ATCC 
4356, Lactococcus lactis ATCC 
11454, Lactobacillus casei ATCC 334, 
Lactobacillus reuteri ATCC 55148, 
Saccharomyces boulardii ATCC 
MYA-796

CFS HT-29 Downregulation of the expression of PGE-2 and IL-8 in 
cancer cells by metabolites of probiotics. CFS differently 
modulated IL-1β, IL-6, TNF-α, and IL-10 production by 
human macrophages, suggesting a peculiar anti-inflam-
matory activity

De Marco et al[48]

Lactobacillus casei ATCC 393 Sonicated-cell 
suspension

CT26, HT-
29 

Inhibition of cancer cells proliferation and induction of 
apoptosis

Tiptiri-Kourpeti et al
[72]

Lactobacillus reuteri PTCC 1655 Sonicated-cell 
suspension

HT-29-
ShE 

Anti-metastatic and anti-proliferative effects Maghsood et al[73]

Lactococcus lactis PTCC 1336 Nisin, cell wall, 
cytoplasmic extract of 
nisin

SW480 Anti-proliferative effects, associated with the decreased 
expression of cyclin D1 in SW480 cell line

Hosseini et al[74]

Pediococcus pentosaceus FP3, 
Lactobacillus salivarius FP25/FP35, 
Enterococcus faecium FP51

SCFAs (butyrate and 
propionate)

Caco-2 Significant proliferation inhibition of Caco-2 cells and 
activation of apoptosis

Thirabunyanon and 
Hongwittayakorn
[75]

Streptomyces levis ABRIINW111 Extracted metabolites SW480 SW480 growth inhibition, increased Caspase-3 and 
reduced Ki67 expression in a concentration/time-
dependent manner; subG1 phase (apoptosis) increased by 
metabolites and cell cycle arrest in G1, G2/M and S phase; 
p53 gene expression followed SW480 cells treatment 
significantly

Faramarzian Azimi 
Maragheh et al[76]

Streptomyces sp. MUM256 MUM256 extract HT-29, 
Caco-2 

Antioxidant properties, cytotoxicity against CRC cells by 
reduction in viability and induction of apoptosis 
(depolarization of mitochondrial membrane potential 
and arrest in subG1 phase)

Tan et al[77]

Clostridium butyricum ATCC 19398 SCFAs HCT-116, 
HCT-8, 
Caco-2

Suppression of the Wnt/b-catenin signaling pathway and 
modulation of the gut microbiota composition.

Chen et al[25]

CFS: Cell-free supernatant; CRC: Colorectal cancer; IL: Interleukin; SCFAs: Short-chain fatty acids; TNF-α: Tumor necrosis factor-alpha.

often benefit from combined administration of strains Lactobacillus acidophilus, Lactobacillus casei, 
Bifidobacterium lactis, and Bifidobacterium longum. Use of their combination or in combination with other 
species is more effective than individual supplementation. Nevertheless, consideration of each CRC 
patient’s health status is still strictly recommended before administering viable probiotics. The gut 
microbiota is emerging as a contributing factor in the etiopathology of CRC. It is necessary to consider 
gut microbiota-drug interactions, including composition and metabolic activity of gut microbiota, which 
can both positively and negatively affect the outcome of CRC therapy. And even though research in this 
area is still in its infancy, it can be assumed that future clinical treatment and prevention of CRC will 
focus on supplementing the microbiome with commensal species (NGP candidates) that are predom-
inantly anaerobic. Recent studies indicate that SCFAs-producing bacteria, especially butyrate producers, 
such as Akkermansia muciniphila, Propionibacterium freudenreichi, and Butyricicoccus pullicaecorum belong to 
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beneficial NGP that may have applicability in CRC therapy. Furthermore, it was discovered that strains 
previously defined as potential pathogens appear to possess probiotic properties when these lack key 
virulence factors, for example non-toxigenic Bacteroides fragilis NCTC9343 has positive effects on 
patient's health. A significant disadvantage of NGP is, above all, their safety as this has not yet been 
sufficiently confirmed in animal and clinical studies. Safety validation is of particular importance before 
administering NGP to oncology patients. Although NGP research is experimentally demanding, 
emerging data shows great potential. Therefore, it is necessary to continue and explore new possibilities 
of NGP use in the therapy or prevention of diseases, including CRC, especially through clinical trials. 
Supplementation with postbiotics should be favorable in CRC therapy, because postbiotics have the 
ability to stimulate immune responses, inhibit cancer cell proliferation, induce apoptosis and necrosis, 
and they can shape microbiome composition in CRC patients. The advantage of postbiotics is that they 
do not pose a risk of unwanted infection to the patient, although screening for product contamination 
will be important. Moreover, it is possible to accurately determine and verify administered doses of a 
particular postbiotic. However, this emerging research area currently lack in vivo or clinical data to 
assess feasibility. In conclusion, the administration of traditional probiotics, NGP or postbiotics, 
supported by various experimental studies, is an efficient complementary therapeutic approach to 
combat CRC. A protective effect of probiotics and postbiotics against CRC onset is also indicated, 
however, lifestyle changes are recommended as a first line of defense in CRC prevention.

ACKNOWLEDGEMENTS
We are thankful to Tor C Savidge, PhD for the editorial assistance.

FOOTNOTES
Author contributions: All authors contributed equally to the conceptualization and design of the manuscript; 
Kvakova M prepared and finalized the manuscript; Kamlarova A, Stofilova J, and Benetinova V reviewed the 
literature, and prepared the tables and figure; Bertkova I as senior author revised the manuscript; all authors 
approved the final manuscript.

Supported by Scientific Grant Agency of the Ministry of Education of Slovak Republic and Academy of Sciences 
VEGA, No. 1/0393/20; and the Operational Program Integrated Infrastructure Within the Project: Demand-Driven 
Research for the Sustainable and Innovative Food, Co-financed by the European Regional Development Fund, No. 
Drive4SIFood 313011V336.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: Slovakia

ORCID number: Monika Kvakova 0000-0002-9659-5584; Anna Kamlarova 0000-0001-7871-5338; Jana Stofilova 0000-0002-
9409-4153; Veronika Benetinova 0000-0001-9523-8203; Izabela Bertkova 0000-0003-3076-2711.

S-Editor: Fan JR 
L-Editor: Filipodia 
P-Editor: Fan JR

REFERENCES
Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020: 
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 2021; 
71: 209-249 [PMID: 33538338 DOI: 10.3322/caac.21660]

1     

Janney A, Powrie F, Mann EH. Host-microbiota maladaptation in colorectal cancer. Nature 2020; 585: 509-517 [PMID: 
32968260 DOI: 10.1038/s41586-020-2729-3]

2     

Torres-Maravilla E, Boucard AS, Mohseni AH, Taghinezhad-S S, Cortes-Perez NG, Bermúdez-Humarán LG. Role of Gut 
Microbiota and Probiotics in Colorectal Cancer: Onset and Progression. Microorganisms 2021; 9 [PMID: 34068653 DOI: 
10.3390/microorganisms9051021]

3     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-9659-5584
http://orcid.org/0000-0002-9659-5584
http://orcid.org/0000-0001-7871-5338
http://orcid.org/0000-0001-7871-5338
http://orcid.org/0000-0002-9409-4153
http://orcid.org/0000-0002-9409-4153
http://orcid.org/0000-0002-9409-4153
http://orcid.org/0000-0001-9523-8203
http://orcid.org/0000-0001-9523-8203
http://orcid.org/0000-0003-3076-2711
http://orcid.org/0000-0003-3076-2711
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/32968260
https://dx.doi.org/10.1038/s41586-020-2729-3
http://www.ncbi.nlm.nih.gov/pubmed/34068653
https://dx.doi.org/10.3390/microorganisms9051021


Kvakova M et al. Pro/postbiotics in CRC prevention and therapy

WJG https://www.wjgnet.com 3379 July 21, 2022 Volume 28 Issue 27

Ternes D, Karta J, Tsenkova M, Wilmes P, Haan S, Letellier E. Microbiome in Colorectal Cancer: How to Get from Meta-
omics to Mechanism? Trends Microbiol 2020; 28: 401-423 [PMID: 32298617 DOI: 10.1016/j.tim.2020.01.001]

4     

Fong W, Li Q, Yu J. Gut microbiota modulation: a novel strategy for prevention and treatment of colorectal cancer. 
Oncogene 2020; 39: 4925-4943 [PMID: 32514151 DOI: 10.1038/s41388-020-1341-1]

5     

Wirbel J, Pyl PT, Kartal E, Zych K, Kashani A, Milanese A, Fleck JS, Voigt AY, Palleja A, Ponnudurai R, Sunagawa S, 
Coelho LP, Schrotz-King P, Vogtmann E, Habermann N, Niméus E, Thomas AM, Manghi P, Gandini S, Serrano D, 
Mizutani S, Shiroma H, Shiba S, Shibata T, Yachida S, Yamada T, Waldron L, Naccarati A, Segata N, Sinha R, Ulrich CM, 
Brenner H, Arumugam M, Bork P, Zeller G. Meta-analysis of fecal metagenomes reveals global microbial signatures that 
are specific for colorectal cancer. Nat Med 2019; 25: 679-689 [PMID: 30936547 DOI: 10.1038/s41591-019-0406-6]

6     

Kvakova M, Bertkova I, Stofilova J, Savidge TC. Co-Encapsulated Synbiotics and Immobilized Probiotics in Human 
Health and Gut Microbiota Modulation. Foods 2021; 10 [PMID: 34200108 DOI: 10.3390/foods10061297]

7     

Zhang M, Lv Y, Hou S, Liu Y, Wang Y, Wan X. Differential Mucosal Microbiome Profiles across Stages of Human 
Colorectal Cancer. Life (Basel) 2021; 11 [PMID: 34440574 DOI: 10.3390/Life11080831]

8     

Wang Y, Zhang C, Hou S, Wu X, Liu J, Wan X. Analyses of Potential Driver and Passenger Bacteria in Human Colorectal 
Cancer. Cancer Manag Res 2020; 12: 11553-11561 [PMID: 33209059 DOI: 10.2147/CMAR.S275316]

9     

Xu S, Yin W, Zhang Y, Lv Q, Yang Y, He J. Foes or Friends? Cancers (Basel) 2020; 12 [PMID: 32041122 DOI: 
10.3390/cancers12020372]

10     

Tjalsma H, Boleij A, Marchesi JR, Dutilh BE. A bacterial driver-passenger model for colorectal cancer: beyond the usual 
suspects. Nat Rev Microbiol 2012; 10: 575-582 [PMID: 22728587 DOI: 10.1038/nrmicro2819]

11     

FAO/WHO.   Health and Nutritional Properties of Probiotics in Food Including Powder Milk with Live Lactic Acid 
Bacteria. 2006. [cited 20 December 2021]. Available from: www.fao.org

12     

Tripathy A, Dash J, Kancharla S, Kolli P, Mahajan D, Senapati S, Jena MK. Probiotics: A Promising Candidate for 
Management of Colorectal Cancer. Cancers (Basel) 2021; 13 [PMID: 34202265 DOI: 10.3390/cancers13133178]

13     

Zhao Y, Wang C, Goel A. Role of gut microbiota in epigenetic regulation of colorectal Cancer. Biochim Biophys Acta Rev 
Cancer 2021; 1875: 188490 [PMID: 33321173 DOI: 10.1016/j.bbcan.2020.188490]

14     

Park IJ, Lee JH, Kye BH, Oh HK, Cho YB, Kim YT, Kim JY, Sung NY, Kang SB, Seo JM, Sim JH, Lee JL, Lee IK. 
Effects of PrObiotics on the Symptoms and Surgical ouTComes after Anterior REsection of Colon Cancer (POSTCARE): 
A Randomized, Double-Blind, Placebo-Controlled Trial. J Clin Med 2020; 9 [PMID: 32664289 DOI: 
10.3390/jcm9072181]

15     

Mizuta M, Endo I, Yamamoto S, Inokawa H, Kubo M, Udaka T, Sogabe O, Maeda H, Shirakawa K, Okazaki E, Odamaki 
T, Abe F, Xiao JZ. Perioperative supplementation with bifidobacteria improves postoperative nutritional recovery, 
inflammatory response, and fecal microbiota in patients undergoing colorectal surgery: a prospective, randomized clinical 
trial. Biosci Microbiota Food Health 2016; 35: 77-87 [PMID: 27200261 DOI: 10.12938/bmfh.2015-017]

16     

Aisu N, Tanimura S, Yamashita Y, Yamashita K, Maki K, Yoshida Y, Sasaki T, Takeno S, Hoshino S. Impact of 
perioperative probiotic treatment for surgical site infections in patients with colorectal cancer. Exp Ther Med 2015; 10: 966-
972 [PMID: 26622423 DOI: 10.3892/etm.2015.2640]

17     

Liu Z, Qin H, Yang Z, Xia Y, Liu W, Yang J, Jiang Y, Zhang H, Wang Y, Zheng Q. Randomised clinical trial: the effects 
of perioperative probiotic treatment on barrier function and post-operative infectious complications in colorectal cancer 
surgery - a double-blind study. Aliment Pharmacol Ther 2011; 33: 50-63 [PMID: 21083585 DOI: 
10.1111/j.1365-2036.2010.04492.x]

18     

Gautier T, David-Le Gall S, Sweidan A, Tamanai-Shacoori Z, Jolivet-Gougeon A, Loréal O, Bousarghin L. Next-
Generation Probiotics and Their Metabolites in COVID-19. Microorganisms 2021; 9 [PMID: 33925715 DOI: 
10.3390/microorganisms9050941]

19     

Osman MA, Neoh HM, Ab Mutalib NS, Chin SF, Mazlan L, Raja Ali RA, Zakaria AD, Ngiu CS, Ang MY, Jamal R. 
Parvimonas micra, Peptostreptococcus stomatis, Fusobacterium nucleatum and Akkermansia muciniphila as a four-bacteria 
biomarker panel of colorectal cancer. Sci Rep 2021; 11: 2925 [PMID: 33536501 DOI: 10.1038/s41598-021-82465-0]

20     

Lv Y, Ye T, Wang HP, Zhao JY, Chen WJ, Wang X, Shen CX, Wu YB, Cai YK. Suppression of colorectal tumorigenesis 
by recombinant Bacteroides fragilis enterotoxin-2 in vivo. World J Gastroenterol 2017; 23: 603-613 [PMID: 28216966 
DOI: 10.3748/wjg.v23.i4.603]

21     

Dai Z, Coker OO, Nakatsu G, Wu WKK, Zhao L, Chen Z, Chan FKL, Kristiansen K, Sung JJY, Wong SH, Yu J. Multi-
cohort analysis of colorectal cancer metagenome identified altered bacteria across populations and universal bacterial 
markers. Microbiome 2018; 6: 70 [PMID: 29642940 DOI: 10.1186/s40168-018-0451-2]

22     

Martín R, Langella P. Emerging Health Concepts in the Probiotics Field: Streamlining the Definitions. Front Microbiol 
2019; 10: 1047 [PMID: 31164874 DOI: 10.3389/fmicb.2019.01047]

23     

Lin TL, Shu CC, Lai WF, Tzeng CM, Lai HC, Lu CC. Investiture of next generation probiotics on amelioration of diseases 
– Strains do matter. Med Microecol 2019; 1-2: 100002 [DOI: 10.1016/j.medmic.2019.100002]

24     

Chen D, Jin D, Huang S, Wu J, Xu M, Liu T, Dong W, Liu X, Wang S, Zhong W, Liu Y, Jiang R, Piao M, Wang B, Cao 
H. Clostridium butyricum, a butyrate-producing probiotic, inhibits intestinal tumor development through modulating Wnt 
signaling and gut microbiota. Cancer Lett 2020; 469: 456-467 [PMID: 31734354 DOI: 10.1016/j.canlet.2019.11.019]

25     

Hu S, Liu L, Chang EB, Wang JY, Raufman JP. Butyrate inhibits pro-proliferative miR-92a by diminishing c-Myc-induced 
miR-17-92a cluster transcription in human colon cancer cells. Mol Cancer 2015; 14: 180 [PMID: 26463716 DOI: 
10.1186/s12943-015-0450-x]

26     

Chen HM, Yu YN, Wang JL, Lin YW, Kong X, Yang CQ, Yang L, Liu ZJ, Yuan YZ, Liu F, Wu JX, Zhong L, Fang DC, 
Zou W, Fang JY. Decreased dietary fiber intake and structural alteration of gut microbiota in patients with advanced 
colorectal adenoma. Am J Clin Nutr 2013; 97: 1044-1052 [PMID: 23553152 DOI: 10.3945/ajcn.112.046607]

27     

Gu ZY, Pei WL, Zhang Y, Zhu J, Li L, Zhang Z. Akkermansia muciniphila in inflammatory bowel disease and colorectal 
cancer. Chin Med J (Engl) 2021; 134: 2841-2843 [PMID: 34711719 DOI: 10.1097/CM9.0000000000001829]

28     

Rivière A, Selak M, Lantin D, Leroy F, De Vuyst L. Bifidobacteria and Butyrate-Producing Colon Bacteria: Importance 
and Strategies for Their Stimulation in the Human Gut. Front Microbiol 2016; 7: 979 [PMID: 27446020 DOI: 

29     

http://www.ncbi.nlm.nih.gov/pubmed/32298617
https://dx.doi.org/10.1016/j.tim.2020.01.001
http://www.ncbi.nlm.nih.gov/pubmed/32514151
https://dx.doi.org/10.1038/s41388-020-1341-1
http://www.ncbi.nlm.nih.gov/pubmed/30936547
https://dx.doi.org/10.1038/s41591-019-0406-6
http://www.ncbi.nlm.nih.gov/pubmed/34200108
https://dx.doi.org/10.3390/foods10061297
http://www.ncbi.nlm.nih.gov/pubmed/34440574
https://dx.doi.org/10.3390/Life11080831
http://www.ncbi.nlm.nih.gov/pubmed/33209059
https://dx.doi.org/10.2147/CMAR.S275316
http://www.ncbi.nlm.nih.gov/pubmed/32041122
https://dx.doi.org/10.3390/cancers12020372
http://www.ncbi.nlm.nih.gov/pubmed/22728587
https://dx.doi.org/10.1038/nrmicro2819
http://www.fao.org
http://www.ncbi.nlm.nih.gov/pubmed/34202265
https://dx.doi.org/10.3390/cancers13133178
http://www.ncbi.nlm.nih.gov/pubmed/33321173
https://dx.doi.org/10.1016/j.bbcan.2020.188490
http://www.ncbi.nlm.nih.gov/pubmed/32664289
https://dx.doi.org/10.3390/jcm9072181
http://www.ncbi.nlm.nih.gov/pubmed/27200261
https://dx.doi.org/10.12938/bmfh.2015-017
http://www.ncbi.nlm.nih.gov/pubmed/26622423
https://dx.doi.org/10.3892/etm.2015.2640
http://www.ncbi.nlm.nih.gov/pubmed/21083585
https://dx.doi.org/10.1111/j.1365-2036.2010.04492.x
http://www.ncbi.nlm.nih.gov/pubmed/33925715
https://dx.doi.org/10.3390/microorganisms9050941
http://www.ncbi.nlm.nih.gov/pubmed/33536501
https://dx.doi.org/10.1038/s41598-021-82465-0
http://www.ncbi.nlm.nih.gov/pubmed/28216966
https://dx.doi.org/10.3748/wjg.v23.i4.603
http://www.ncbi.nlm.nih.gov/pubmed/29642940
https://dx.doi.org/10.1186/s40168-018-0451-2
http://www.ncbi.nlm.nih.gov/pubmed/31164874
https://dx.doi.org/10.3389/fmicb.2019.01047
https://dx.doi.org/10.1016/j.medmic.2019.100002
http://www.ncbi.nlm.nih.gov/pubmed/31734354
https://dx.doi.org/10.1016/j.canlet.2019.11.019
http://www.ncbi.nlm.nih.gov/pubmed/26463716
https://dx.doi.org/10.1186/s12943-015-0450-x
http://www.ncbi.nlm.nih.gov/pubmed/23553152
https://dx.doi.org/10.3945/ajcn.112.046607
http://www.ncbi.nlm.nih.gov/pubmed/34711719
https://dx.doi.org/10.1097/CM9.0000000000001829
http://www.ncbi.nlm.nih.gov/pubmed/27446020


Kvakova M et al. Pro/postbiotics in CRC prevention and therapy

WJG https://www.wjgnet.com 3380 July 21, 2022 Volume 28 Issue 27

10.3389/fmicb.2016.00979]
Chang SC, Shen MH, Liu CY, Pu CM, Hu JM, Huang CJ. A gut butyrate-producing bacterium Butyricicoccus 
pullicaecorum regulates short-chain fatty acid transporter and receptor to reduce the progression of 1,2-dimethylhydrazine-
associated colorectal cancer. Oncol Lett 2020; 20: 327 [PMID: 33101496 DOI: 10.3892/ol.2020.12190]

30     

Chen ZF, Ai LY, Wang JL, Ren LL, Yu YN, Xu J, Chen HY, Yu J, Li M, Qin WX, Ma X, Shen N, Chen YX, Hong J, 
Fang JY. Probiotics Clostridium butyricum and Bacillus subtilis ameliorate intestinal tumorigenesis. Future Microbiol 
2015; 10: 1433-1445 [PMID: 26346930 DOI: 10.2217/fmb.15.66]

31     

Zaharuddin L, Mokhtar NM, Muhammad Nawawi KN, Raja Ali RA. A randomized double-blind placebo-controlled trial 
of probiotics in post-surgical colorectal cancer. BMC Gastroenterol 2019; 19: 131 [PMID: 31340751 DOI: 
10.1186/s12876-019-1047-4]

32     

Meng X, Zhang J, Wu H, Yu D, Fang X. Akkermansia muciniphila Aspartic Protease Amuc_1434* Inhibits Human 
Colorectal Cancer LS174T Cell Viability via TRAIL-Mediated Apoptosis Pathway. Int J Mol Sci 2020; 21 [PMID: 
32403433 DOI: 10.3390/ijms21093385]

33     

Pahle J, Menzel L, Niesler N, Kobelt D, Aumann J, Rivera M, Walther W. Rapid eradication of colon carcinoma by 
Clostridium perfringens Enterotoxin suicidal gene therapy. BMC Cancer 2017; 17: 129 [PMID: 28193196 DOI: 
10.1186/s12885-017-3123-x]

34     

Salminen S, Collado MC, Endo A, Hill C, Lebeer S, Quigley EMM, Sanders ME, Shamir R, Swann JR, Szajewska H, 
Vinderola G. The International Scientific Association of Probiotics and Prebiotics (ISAPP) consensus statement on the 
definition and scope of postbiotics. Nat Rev Gastroenterol Hepatol 2021; 18: 649-667 [PMID: 33948025 DOI: 
10.1038/s41575-021-00440-6]

35     

Wegh CAM, Geerlings SY, Knol J, Roeselers G, Belzer C. Postbiotics and Their Potential Applications in Early Life 
Nutrition and Beyond. Int J Mol Sci 2019; 20 [PMID: 31547172 DOI: 10.3390/ijms20194673]

36     

King J, Patel M, Chandrasekaran S. Metabolism, HDACs, and HDAC Inhibitors: A Systems Biology Perspective. 
Metabolites 2021; 11 [PMID: 34822450 DOI: 10.3390/metabo11110792]

37     

Lee YP, Chiu CC, Lin TJ, Hung SW, Huang WC, Chiu CF, Huang YT, Chen YH, Chen TH, Chuang HL. The germ-free 
mice monocolonization with Bacteroides fragilis improves azoxymethane/dextran sulfate sodium induced colitis-associated 
colorectal cancer. Immunopharmacol Immunotoxicol 2019; 41: 207-213 [PMID: 30706742 DOI: 
10.1080/08923973.2019.1569047]

38     

Kim Y, Lee D, Kim D, Cho J, Yang J, Chung M, Kim K, Ha N. Inhibition of proliferation in colon cancer cell lines and 
harmful enzyme activity of colon bacteria by Bifidobacterium adolescentis SPM0212. Arch Pharm Res 2008; 31: 468-473 
[PMID: 18449504 DOI: 10.1007/s12272-001-1180-y]

39     

Escamilla J, Lane MA, Maitin V. Cell-free supernatants from probiotic Lactobacillus casei and Lactobacillus rhamnosus 
GG decrease colon cancer cell invasion in vitro. Nutr Cancer 2012; 64: 871-878 [PMID: 22830611 DOI: 
10.1080/01635581.2012.700758]

40     

Chen ZY, Hsieh YM, Huang CC, Tsai CC. Inhibitory Effects of Probiotic Lactobacillus on the Growth of Human Colonic 
Carcinoma Cell Line HT-29. Molecules 2017; 22 [PMID: 28075415 DOI: 10.3390/molecules22010107]

41     

Chuah LO, Foo HL, Loh TC, Mohammed Alitheen NB, Yeap SK, Abdul Mutalib NE, Abdul Rahim R, Yusoff K. 
Postbiotic metabolites produced by Lactobacillus plantarum strains exert selective cytotoxicity effects on cancer cells. BMC 
Complement Altern Med 2019; 19: 114 [PMID: 31159791 DOI: 10.1186/s12906-019-2528-2]

42     

Cousin FJ, Jouan-Lanhouet S, Théret N, Brenner C, Jouan E, Le Moigne-Muller G, Dimanche-Boitrel MT, Jan G. The 
probiotic Propionibacterium freudenreichii as a new adjuvant for TRAIL-based therapy in colorectal cancer. Oncotarget 
2016; 7: 7161-7178 [PMID: 26771233 DOI: 10.18632/oncotarget.6881]

43     

Wang Y, Liu L, Moore DJ, Shen X, Peek RM, Acra SA, Li H, Ren X, Polk DB, Yan F. An LGG-derived protein promotes 
IgA production through upregulation of APRIL expression in intestinal epithelial cells. Mucosal Immunol 2017; 10: 373-
384 [PMID: 27353252 DOI: 10.1038/mi.2016.57]

44     

Wang L, Cao H, Liu L, Wang B, Walker WA, Acra SA, Yan F. Activation of epidermal growth factor receptor mediates 
mucin production stimulated by p40, a Lactobacillus rhamnosus GG-derived protein. J Biol Chem 2014; 289: 20234-20244 
[PMID: 24895124 DOI: 10.1074/jbc.M114.553800]

45     

Yan F, Polk DB. Characterization of a probiotic-derived soluble protein which reveals a mechanism of preventive and 
treatment effects of probiotics on intestinal inflammatory diseases. Gut Microbes 2012; 3: 25-28 [PMID: 22356855 DOI: 
10.4161/gmic.19245]

46     

Gao J, Li Y, Wan Y, Hu T, Liu L, Yang S, Gong Z, Zeng Q, Wei Y, Yang W, Zeng Z, He X, Huang SH, Cao H. A Novel 
Postbiotic From Lactobacillus rhamnosus GG With a Beneficial Effect on Intestinal Barrier Function. Front Microbiol 
2019; 10: 477 [PMID: 30923519 DOI: 10.3389/fmicb.2019.00477]

47     

De Marco S, Sichetti M, Muradyan D, Piccioni M, Traina G, Pagiotti R, Pietrella D. Probiotic Cell-Free Supernatants 
Exhibited Anti-Inflammatory and Antioxidant Activity on Human Gut Epithelial Cells and Macrophages Stimulated with 
LPS. Evid Based Complement Alternat Med 2018; 2018: 1756308 [PMID: 30069221 DOI: 10.1155/2018/1756308]

48     

Bermudez-Brito M, Muñoz-Quezada S, Gomez-Llorente C, Matencio E, Bernal MJ, Romero F, Gil A. Cell-free culture 
supernatant of Bifidobacterium breve CNCM I-4035 decreases pro-inflammatory cytokines in human dendritic cells 
challenged with Salmonella typhi through TLR activation. PLoS One 2013; 8: e59370 [PMID: 23555025 DOI: 
10.1371/journal.pone.0059370]

49     

Sharma M, Shukla G. Administration of Metabiotics Extracted From Probiotic Lactobacillus rhamnosus MD 14 Inhibit 
Experimental Colorectal Carcinogenesis by Targeting Wnt/β-Catenin Pathway. Front Oncol 2020; 10: 746 [PMID: 
32670864 DOI: 10.3389/fonc.2020.00746]

50     

de Moreno de LeBlanc A, LeBlanc JG, Perdigón G, Miyoshi A, Langella P, Azevedo V, Sesma F. Oral administration of a 
catalase-producing Lactococcus lactis can prevent a chemically induced colon cancer in mice. J Med Microbiol 2008; 57: 
100-105 [PMID: 18065674 DOI: 10.1099/jmm.0.47403-0]

51     

Lan A, Lagadic-Gossmann D, Lemaire C, Brenner C, Jan G. Acidic extracellular pH shifts colorectal cancer cell death 
from apoptosis to necrosis upon exposure to propionate and acetate, major end-products of the human probiotic 

52     

https://dx.doi.org/10.3389/fmicb.2016.00979
http://www.ncbi.nlm.nih.gov/pubmed/33101496
https://dx.doi.org/10.3892/ol.2020.12190
http://www.ncbi.nlm.nih.gov/pubmed/26346930
https://dx.doi.org/10.2217/fmb.15.66
http://www.ncbi.nlm.nih.gov/pubmed/31340751
https://dx.doi.org/10.1186/s12876-019-1047-4
http://www.ncbi.nlm.nih.gov/pubmed/32403433
https://dx.doi.org/10.3390/ijms21093385
http://www.ncbi.nlm.nih.gov/pubmed/28193196
https://dx.doi.org/10.1186/s12885-017-3123-x
http://www.ncbi.nlm.nih.gov/pubmed/33948025
https://dx.doi.org/10.1038/s41575-021-00440-6
http://www.ncbi.nlm.nih.gov/pubmed/31547172
https://dx.doi.org/10.3390/ijms20194673
http://www.ncbi.nlm.nih.gov/pubmed/34822450
https://dx.doi.org/10.3390/metabo11110792
http://www.ncbi.nlm.nih.gov/pubmed/30706742
https://dx.doi.org/10.1080/08923973.2019.1569047
http://www.ncbi.nlm.nih.gov/pubmed/18449504
https://dx.doi.org/10.1007/s12272-001-1180-y
http://www.ncbi.nlm.nih.gov/pubmed/22830611
https://dx.doi.org/10.1080/01635581.2012.700758
http://www.ncbi.nlm.nih.gov/pubmed/28075415
https://dx.doi.org/10.3390/molecules22010107
http://www.ncbi.nlm.nih.gov/pubmed/31159791
https://dx.doi.org/10.1186/s12906-019-2528-2
http://www.ncbi.nlm.nih.gov/pubmed/26771233
https://dx.doi.org/10.18632/oncotarget.6881
http://www.ncbi.nlm.nih.gov/pubmed/27353252
https://dx.doi.org/10.1038/mi.2016.57
http://www.ncbi.nlm.nih.gov/pubmed/24895124
https://dx.doi.org/10.1074/jbc.M114.553800
http://www.ncbi.nlm.nih.gov/pubmed/22356855
https://dx.doi.org/10.4161/gmic.19245
http://www.ncbi.nlm.nih.gov/pubmed/30923519
https://dx.doi.org/10.3389/fmicb.2019.00477
http://www.ncbi.nlm.nih.gov/pubmed/30069221
https://dx.doi.org/10.1155/2018/1756308
http://www.ncbi.nlm.nih.gov/pubmed/23555025
https://dx.doi.org/10.1371/journal.pone.0059370
http://www.ncbi.nlm.nih.gov/pubmed/32670864
https://dx.doi.org/10.3389/fonc.2020.00746
http://www.ncbi.nlm.nih.gov/pubmed/18065674
https://dx.doi.org/10.1099/jmm.0.47403-0


Kvakova M et al. Pro/postbiotics in CRC prevention and therapy

WJG https://www.wjgnet.com 3381 July 21, 2022 Volume 28 Issue 27

propionibacteria. Apoptosis 2007; 12: 573-591 [PMID: 17195096 DOI: 10.1007/s10495-006-0010-3]
Jan G, Belzacq AS, Haouzi D, Rouault A, Métivier D, Kroemer G, Brenner C. Propionibacteria induce apoptosis of 
colorectal carcinoma cells via short-chain fatty acids acting on mitochondria. Cell Death Differ 2002; 9: 179-188 [PMID: 
11840168 DOI: 10.1038/sj.cdd.4400935]

53     

Zhao MF, Liang GD, Zhou YJ, Chi ZP, Zhuang H, Zhu SL, Wang Y, Liu GR, Zhao JB, Liu SL. Novel Bacillus strains 
from the human gut exert anticancer effects on a broad range of malignancy types. Invest New Drugs 2020; 38: 1373-1382 
[PMID: 32734371 DOI: 10.1007/s10637-020-00906-5]

54     

Cheng Y, Ling Z, Li L. The Intestinal Microbiota and Colorectal Cancer. Front Immunol 2020; 11: 615056 [PMID: 
33329610 DOI: 10.3389/fimmu.2020.615056]

55     

Zhao L, Cho WC, Nicolls MR. Colorectal Cancer-Associated Microbiome Patterns and Signatures. Front Genet 2021; 12: 
787176 [PMID: 35003221 DOI: 10.3389/fgene.2021.787176]

56     

Rebersek M. Gut microbiome and its role in colorectal cancer. BMC Cancer 2021; 21: 1325 [PMID: 34895176 DOI: 
10.1186/s12885-021-09054-2]

57     

Rafter J, Bennett M, Caderni G, Clune Y, Hughes R, Karlsson PC, Klinder A, O'Riordan M, O'Sullivan GC, Pool-Zobel B, 
Rechkemmer G, Roller M, Rowland I, Salvadori M, Thijs H, Van Loo J, Watzl B, Collins JK. Dietary synbiotics reduce 
cancer risk factors in polypectomized and colon cancer patients. Am J Clin Nutr 2007; 85: 488-496 [PMID: 17284748 DOI: 
10.1093/ajcn/85.2.488]

58     

Gianotti L, Morelli L, Galbiati F, Rocchetti S, Coppola S, Beneduce A, Gilardini C, Zonenschain D, Nespoli A, Braga M. 
A randomized double-blind trial on perioperative administration of probiotics in colorectal cancer patients. World J 
Gastroenterol 2010; 16: 167-175 [PMID: 20066735 DOI: 10.3748/wjg.v16.i2.167]

59     

Zhang JW, Du P, Gao J, Yang BR, Fang WJ, Ying CM. Preoperative probiotics decrease postoperative infectious 
complications of colorectal cancer. Am J Med Sci 2012; 343: 199-205 [PMID: 22197980 DOI: 
10.1097/MAJ.0b013e31823aace6]

60     

Gao Z, Guo B, Gao R, Zhu Q, Wu W, Qin H. Probiotics modify human intestinal mucosa-associated microbiota in patients 
with colorectal cancer. Mol Med Rep 2015; 12: 6119-6127 [PMID: 26238090 DOI: 10.3892/mmr.2015.4124]

61     

Kotzampassi K, Stavrou G, Damoraki G, Georgitsi M, Basdanis G, Tsaousi G, Giamarellos-Bourboulis EJ. A Four-
Probiotics Regimen Reduces Postoperative Complications After Colorectal Surgery: A Randomized, Double-Blind, 
Placebo-Controlled Study. World J Surg 2015; 39: 2776-2783 [PMID: 25894405 DOI: 10.1007/s00268-015-3071-z]

62     

Mego M, Chovanec J, Vochyanova-Andrezalova I, Konkolovsky P, Mikulova M, Reckova M, Miskovska V, Bystricky B, 
Beniak J, Medvecova L, Lagin A, Svetlovska D, Spanik S, Zajac V, Mardiak J, Drgona L. Prevention of irinotecan induced 
diarrhea by probiotics: A randomized double blind, placebo controlled pilot study. Complement Ther Med 2015; 23: 356-
362 [PMID: 26051570 DOI: 10.1016/j.ctim.2015.03.008]

63     

Consoli ML, da Silva RS, Nicoli JR, Bruña-Romero O, da Silva RG, de Vasconcelos Generoso S, Correia MI. Randomized 
Clinical Trial: Impact of Oral Administration of Saccharomyces boulardii on Gene Expression of Intestinal Cytokines in 
Patients Undergoing Colon Resection. JPEN J Parenter Enteral Nutr 2016; 40: 1114-1121 [PMID: 25917895 DOI: 
10.1177/0148607115584387]

64     

Hibberd AA, Lyra A, Ouwehand AC, Rolny P, Lindegren H, Cedgård L, Wettergren Y. Intestinal microbiota is altered in 
patients with colon cancer and modified by probiotic intervention. BMJ Open Gastroenterol 2017; 4: e000145 [PMID: 
28944067 DOI: 10.1136/bmjgast-2017-000145]

65     

Polakowski CB, Kato M, Preti VB, Schieferdecker MEM, Ligocki Campos AC. Impact of the preoperative use of 
synbiotics in colorectal cancer patients: A prospective, randomized, double-blind, placebo-controlled study. Nutrition 2019; 
58: 40-46 [PMID: 30278428 DOI: 10.1016/j.nut.2018.06.004]

66     

Wang L, Tang L, Feng Y, Zhao S, Han M, Zhang C, Yuan G, Zhu J, Cao S, Wu Q, Li L, Zhang Z. A purified membrane 
protein from Akkermansia muciniphila or the pasteurised bacterium blunts colitis associated tumourigenesis by modulation 
of CD8+ T cells in mice. Gut 2020; 69: 1988-1997 [PMID: 32169907 DOI: 10.1136/gutjnl-2019-320105]

67     

Hou X, Zhang P, Du H, Chu W, Sun R, Qin S, Tian Y, Zhang Z, Xu F. Akkermansia Muciniphila Potentiates the Antitumor 
Efficacy of FOLFOX in Colon Cancer. Front Pharmacol 2021; 12: 725583 [PMID: 34603035 DOI: 
10.3389/fphar.2021.725583]

68     

Liu M, Xie W, Wan X, Deng T. Clostridium butyricum modulates gut microbiota and reduces colitis associated colon 
cancer in mice. Int Immunopharmacol 2020; 88: 106862 [PMID: 32771947 DOI: 10.1016/j.intimp.2020.106862]

69     

Konishi H, Fujiya M, Tanaka H, Ueno N, Moriichi K, Sasajima J, Ikuta K, Akutsu H, Tanabe H, Kohgo Y. Probiotic-
derived ferrichrome inhibits colon cancer progression via JNK-mediated apoptosis. Nat Commun 2016; 7: 12365 [PMID: 
27507542 DOI: 10.1038/ncomms12365]

70     

Sharma M, Chandel D, Shukla G. Antigenotoxicity and Cytotoxic Potentials of Metabiotics Extracted from Isolated 
Probiotic, Lactobacillus rhamnosus MD 14 on Caco-2 and HT-29 Human Colon Cancer Cells. Nutr Cancer 2020; 72: 110-
119 [PMID: 31266374 DOI: 10.1080/01635581.2019.1615514]

71     

Tiptiri-Kourpeti A, Spyridopoulou K, Santarmaki V, Aindelis G, Tompoulidou E, Lamprianidou EE, Saxami G, 
Ypsilantis P, Lampri ES, Simopoulos C, Kotsianidis I, Galanis A, Kourkoutas Y, Dimitrellou D, Chlichlia K. Lactobacillus 
casei Exerts Anti-Proliferative Effects Accompanied by Apoptotic Cell Death and Up-Regulation of TRAIL in Colon 
Carcinoma Cells. PLoS One 2016; 11: e0147960 [PMID: 26849051 DOI: 10.1371/journal.pone.0147960]

72     

Maghsood F, Johari B, Rohani M, Madanchi H, Saltanatpour Z, Kadivar M. Anti-proliferative and Anti-metastatic 
Potential of High Molecular Weight Secretory Molecules from Probiotic Lactobacillus Reuteri Cell-Free Supernatant 
Against Human Colon Cancer Stem-Like Cells (HT29-ShE). Int J Pept Res Ther 2020; 26: 2619-2631 [DOI: 
10.1007/s10989-020-10049-z]

73     

Hosseini SS, Goudarzi H, Ghalavand Z, Hajikhani B, Rafeieiatani Z, Hakemi-Vala M. Anti-proliferative effects of cell 
wall, cytoplasmic extract of Lactococcus lactis and nisin through down-regulation of cyclin D1 on SW480 colorectal cancer 
cell line. Iran J Microbiol 2020; 12: 424-430 [PMID: 33603997 DOI: 10.18502/ijm.v12i5.4603]

74     

Thirabunyanon M, Hongwittayakorn P. Potential probiotic lactic acid bacteria of human origin induce antiproliferation of 
colon cancer cells via synergic actions in adhesion to cancer cells and short-chain fatty acid bioproduction. Appl Biochem 

75     

http://www.ncbi.nlm.nih.gov/pubmed/17195096
https://dx.doi.org/10.1007/s10495-006-0010-3
http://www.ncbi.nlm.nih.gov/pubmed/11840168
https://dx.doi.org/10.1038/sj.cdd.4400935
http://www.ncbi.nlm.nih.gov/pubmed/32734371
https://dx.doi.org/10.1007/s10637-020-00906-5
http://www.ncbi.nlm.nih.gov/pubmed/33329610
https://dx.doi.org/10.3389/fimmu.2020.615056
http://www.ncbi.nlm.nih.gov/pubmed/35003221
https://dx.doi.org/10.3389/fgene.2021.787176
http://www.ncbi.nlm.nih.gov/pubmed/34895176
https://dx.doi.org/10.1186/s12885-021-09054-2
http://www.ncbi.nlm.nih.gov/pubmed/17284748
https://dx.doi.org/10.1093/ajcn/85.2.488
http://www.ncbi.nlm.nih.gov/pubmed/20066735
https://dx.doi.org/10.3748/wjg.v16.i2.167
http://www.ncbi.nlm.nih.gov/pubmed/22197980
https://dx.doi.org/10.1097/MAJ.0b013e31823aace6
http://www.ncbi.nlm.nih.gov/pubmed/26238090
https://dx.doi.org/10.3892/mmr.2015.4124
http://www.ncbi.nlm.nih.gov/pubmed/25894405
https://dx.doi.org/10.1007/s00268-015-3071-z
http://www.ncbi.nlm.nih.gov/pubmed/26051570
https://dx.doi.org/10.1016/j.ctim.2015.03.008
http://www.ncbi.nlm.nih.gov/pubmed/25917895
https://dx.doi.org/10.1177/0148607115584387
http://www.ncbi.nlm.nih.gov/pubmed/28944067
https://dx.doi.org/10.1136/bmjgast-2017-000145
http://www.ncbi.nlm.nih.gov/pubmed/30278428
https://dx.doi.org/10.1016/j.nut.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/32169907
https://dx.doi.org/10.1136/gutjnl-2019-320105
http://www.ncbi.nlm.nih.gov/pubmed/34603035
https://dx.doi.org/10.3389/fphar.2021.725583
http://www.ncbi.nlm.nih.gov/pubmed/32771947
https://dx.doi.org/10.1016/j.intimp.2020.106862
http://www.ncbi.nlm.nih.gov/pubmed/27507542
https://dx.doi.org/10.1038/ncomms12365
http://www.ncbi.nlm.nih.gov/pubmed/31266374
https://dx.doi.org/10.1080/01635581.2019.1615514
http://www.ncbi.nlm.nih.gov/pubmed/26849051
https://dx.doi.org/10.1371/journal.pone.0147960
https://dx.doi.org/10.1007/s10989-020-10049-z
http://www.ncbi.nlm.nih.gov/pubmed/33603997
https://dx.doi.org/10.18502/ijm.v12i5.4603


Kvakova M et al. Pro/postbiotics in CRC prevention and therapy

WJG https://www.wjgnet.com 3382 July 21, 2022 Volume 28 Issue 27

Biotechnol 2013; 169: 511-525 [PMID: 23239414 DOI: 10.1007/s12010-012-9995-y]
Faramarzian Azimi Maragheh B, Fatourachi P, Mohammadi SM, Valipour B, Behtari M, Dehnad A, Nozad Charoudeh 
H. Streptomyces Levis ABRIINW111 Inhibits SW480 Cells Growth by Apoptosis Induction. Adv Pharm Bull 2018; 8: 675-
682 [PMID: 30607340 DOI: 10.15171/apb.2018.076]

76     

Tan LT, Chan KG, Pusparajah P, Yin WF, Khan TM, Lee LH, Goh BH. Mangrove derived Streptomyces sp. MUM265 as 
a potential source of antioxidant and anticolon-cancer agents. BMC Microbiol 2019; 19: 38 [PMID: 30760201 DOI: 
10.1186/s12866-019-1409-7]

77     

http://www.ncbi.nlm.nih.gov/pubmed/23239414
https://dx.doi.org/10.1007/s12010-012-9995-y
http://www.ncbi.nlm.nih.gov/pubmed/30607340
https://dx.doi.org/10.15171/apb.2018.076
http://www.ncbi.nlm.nih.gov/pubmed/30760201
https://dx.doi.org/10.1186/s12866-019-1409-7


WJG https://www.wjgnet.com 3383 July 21, 2022 Volume 28 Issue 27

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2022 July 21; 28(27): 3383-3397

DOI: 10.3748/wjg.v28.i27.3383 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS

Interventional strategies in infected necrotizing pancreatitis: 
Indications, timing, and outcomes

Birte Purschke, Louisa Bolm, Max Nikolaus Meyer, Hiroki Sato

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Jiang M, China; Shalli 
K, United Kingdom

Received: January 20, 2022 
Peer-review started: January 20, 
2022 
First decision: February 24, 2022 
Revised: March 7, 2022 
Accepted: June 15, 2022 
Article in press: June 15, 2022 
Published online: July 21, 2022

Birte Purschke, Louisa Bolm, Department of Gastrointestinal Surgery, Massachusetts General 
Hospital, Boston, MA 02114, United States

Max Nikolaus Meyer, Department of Radiation Oncology, Massachusetts General Hospital, 
Boston, MA 02114, United States

Hiroki Sato, Department of Medicine, Asahikawa Medical University, Asahikawa 0788510, 
Hokkaido, Japan

Hiroki Sato, Department of Gastroenterology, Asahikawa Kosei Hospital, Asahikawa 0788211, 
Hokkaido, Japan

Corresponding author: Hiroki Sato, MD, PhD, Academic Fellow, Chief Doctor, Research 
Fellow, Department of Medicine, Asahikawa Medical University, 1-1, Midorigaoka Higashi 2 
Jyo 1 Chome, Asahikawa 0788510, Hokkaido, Japan. hirokisato@asahikawa-med.ac.jp

Abstract
Acute pancreatitis (AP) is one of the most common gastrointestinal diseases and 
remains a life-threatening condition. Although AP resolves to restitutio ad 
integrum in approximately 80% of patients, it can progress to necrotizing pancre-
atitis (NP). NP is associated with superinfection in a third of patients, leading to 
an increase in mortality rate of up to 40%. Accurate and early diagnosis of NP and 
associated complications, as well as state-of-the-art therapy are essential to 
improve patient prognoses. The emerging role of endoscopy and recent trials on 
multidisciplinary management of NP established the “step-up approach”. This 
approach starts with endoscopic interventions and can be escalated to other 
interventional and ultimately surgical procedures if required. Studies showed that 
this approach decreases the incidence of new multiple-organ failure as well as the 
risk of interventional complications. However, the optimal interventional 
sequence and timing of interventional procedures remain controversial. This 
review aims to summarize the indications, timing, and treatment outcomes for 
infected NP and to provide guidance on multidisciplinary decision-making.

Key Words: Pancreatitis; Acute necrotizing pancreatitis; Necrosis; Superinfection; 
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Core Tip: Acute pancreatitis remains a potentially life-threatening disease. Necrotizing pancreatitis (NP) is 
associated with superinfection and increases the mortality rate. We summarized the current evidence and 
clinical recommendations of multidisciplinary approaches focusing on conservative, interventional, and 
surgical treatment. The interventional approach is often required as a first step in treating infected NP, 
while further options include minimal invasive or an escalation to open surgical treatment. Although this 
“step-up approach” is well-established, the exact timing, sequence, and procedure choice remain contro-
versial; this review aims to summarize current evidence and to provide guidance for decision making in 
clinical practice.

Citation: Purschke B, Bolm L, Meyer MN, Sato H. Interventional strategies in infected necrotizing pancreatitis: 
Indications, timing, and outcomes. World J Gastroenterol 2022; 28(27): 3383-3397
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3383.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3383

INTRODUCTION
Acute pancreatitis (AP) is one of the most common and severe gastrointestinal diseases[1]. The rate of 
AP-related hospitalization in the United States increased from 65.38 to 81.88 per 100000 United States 
adults per year from 2001 to 2014[2].

The pathophysiology of AP is characterized by acinar cell injury leading to premature intrapancreatic 
activation of digestive proteases. ATP depletion and mixed lineage kinase domain-like protein 
phosphorylation lead to acinar cell necroptosis and necrosis[3]. This results in a cascade effect leading to 
autodigestion of the pancreatic parenchyma. The acinar cell injury and autodigestion can be induced by 
different mechanisms; recent publications discuss, for example, the role of hypercalcemia and organelle 
dysfunction. Cholecystokinin, biliary acids, and alcohol consumption can lead to increased Ca2+ efflux 
by the endoplasmic reticulum (ER). In turn, hypercalcemia can damage the mitochondrial membrane, 
reducing ATP production and hence the function of the Ca2+ efflux mechanisms of the cell itself, which 
increases the intracellular Ca2+ levels even further. This intracellular Ca2+ overload ultimately leads to the 
release and activation of digestive enzymes, which results in premature activation of trypsin. In 
addition, bile acids, alcohol, and other pancreatic toxic substances can trigger the acinar cells 
themselves, leading to higher secretion of trypsin[4-6].

AP can be classified as either interstitial edematous or necrotizing pancreatitis (NP). While inflam-
mation and edema of the pancreatic parenchyma and peripancreatic tissues characterize intestinal 
edematous pancreatitis, further pancreatic or peripancreatic necrosis is known as NP[6], which is a 
potentially life-threatening disease associated with a 15% mortality rate. In approximately a third of 
patients with NP, superinfection (fungal or bacterial infection) of necrosis occurs during the clinical 
course, mostly within 2 to 4 wk after disease onset. Infected NP (INP) results in an even higher mortality 
rate of up to 30% to 39% (Figure 1)[7-9]. The major causes of INP are obstructing gallstones (up to 50%) 
and alcohol abuse (20%)[10].

Several scores were introduced in order to predict the severity of AP and its mortality. A 
retrospective study from 2013 comparing some of these scores revealed that especially the Bedside 
Index for Severity in Acute Pancreatitis (BISAP) and Acute Physiology and Chronic Health Evaluation 
(APACHE-II) score stand out compared to scores like the computed tomography (CT) severity index, 
Ranson Score, body mass index, or hematocrit in terms of predicting severity, organ failure, and death. 
The BISAP score is a combination of the following five parameters, each worth one point: Altered 
mental state, blood urea nitrogen > 25.2 mg/dL or more, positive systemic inflammatory response 
syndrome criteria, age over 60 years, and pleural effusion on CT scan. In comparison, the APACHE-II 
score uses 14 different parameters, ranging from age to the Glasgow Coma Scale[11].

Another applicable score in INP is the Marshall Score, which determines the presence of organ 
failure, which, according to the 2012 revised Atlanta Classification of AP, is a criterion that differentiates 
between mild (no organ failure), moderate (organ failure after less than 48 h), and severe (organ failure 
after more than 48 h) pancreatitis. The Marshall Score assesses the respiratory system on a scale from 0 
to 4 using PaO2/FIO2, the renal system using serum creatinine in mg/dL, and the cardiovascular system 
using the systolic blood pressure in mmHg. A score of 2 or higher for any of the systems indicates organ 
failure[12].

The clinical management of INP is complex and involves a multidisciplinary team of intensive care 
specialists, gastroenterologists, and surgeons. Recent trials have provided important insight into the 
disease mechanisms and have optimized the treatment strategies. However, the indications, timing, and 
outcomes of different interventional strategies remain controversial.

https://www.wjgnet.com/1007-9327/full/v28/i27/3383.htm
https://dx.doi.org/10.3748/wjg.v28.i27.3383
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Figure 1 Mortality rates of acute pancreatitis and pathomechanisms. The mortality rate of all patients with acute pancreatitis (AP) is less than 10%. 
One-fifth of the patients developed necrotizing AP by ATP depletion, MLKL phosphorylation, acinar cell necroptosis, and/or acinar cell necrosis. One-third of the 
patients with necrotizing AP developed bacterial or fungal infection. The mortality rate of the infected necrotizing pancreatitis is up to 39%.

PHASES OF AP
According to the 2012 revised Atlanta classification of pancreatitis, two AP phases can be differentiated: 
the early (< 1 wk after onset) and late (> 1 wk after onset) phases. The early phase is characterized by the 
first clinical signs of pancreatitis: Abdominal pain, biochemical findings, and imaging findings 
consistent with pancreatitis. During this time, a pro-inflammatory sterile response occurs, which can 
lead to systemic inflammatory response syndrome (SIRS)[13]. Nevertheless, AP is self-limited in more 
than 80% of patients, and treatment in the early phase consists of supportive care instead of a curative 
intervention[14]. However, necrosis and acute necrotic collection (ANC) can occur in the late phase. 
ANC is considered a local complication of AP and is characterized by a collection of both fluid and 
necrosis without a defined wall[8]. ANC can resolve spontaneously or eventually become encapsu-
lating, which allows the collection to become more organized within a well-defined inflammatory wall
[15,16]. This process takes approximately 4-6 wk and the end-product is called a walled-off necrosis 
(WON)[17]. Once WON is diagnosed, whether the pancreatic or peripancreatic necrotic tissue and 
ANCs are sterile or infected must be determined to plan the subsequent treatment course. Superin-
fection of acute NP increases the mortality rate (24% vs 3.5%)[18,19]. In order to prevent SIRS, sepsis, 
and multiple (respiratory, cardiovascular, hepatic, and renal) organ failure, the treatment goal is to 
remove the infected non-vital tissue[13,18,20].

DIAGNOSIS OF ACUTE INP
The diagnosis of AP is mostly based on clinical symptoms; the major ones being abdominal pain, fever, 
nausea, and vomiting. The diagnosis is further narrowed by measuring the levels of serum amylase 
and/or lipase. As a diagnostic criterion for pancreatitis, these markers exceed the physiological range by 
approximately three times. Characteristic imaging findings, such as enlargement of the pancreas and 
hypodense areas within the parenchyma and/or the peripancreatic tissue, are radiological imaging 
criteria[8,17,21].

The primary imaging modality within the first 48 h is a transabdominal ultrasound, primarily to 
determine the need for cholecystectomy for biliary pancreatitis. If the diagnosis of AP remains 
uncertain, a CT scan can be performed. However, changes on CT are most evident approximately 72 h 
after AP onset[21].

To diagnose NP, contrast-enhanced CT (CECT) is the preferred imaging modality, as it can identify 
the presence of gas in the necrotic collection. Magnetic resonance imaging can also be used but is less 
sensitive than CECT[22]. The diagnosis of infected necrosis is based on clinical criteria including fever 
and rising serum inflammatory markers[23].
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INP REQUIRES A MULTIDISCIPLINARY APPROACH 
INP requires both closely monitored intensive care and interventional approaches to remove infected 
necrotic areas. Endoscopic interventional options involve endoscopic drainage and/or endoscopic 
necrosectomy. Further interventions are percutaneous transgastric drainage, minimally invasive or open 
necrosectomy. Using the acronym “PANCREAS”, Gomes et al[24] summarized eight important steps in 
the management of severe AP: Perfusion, analgesia, nutrition, clinical and radiological assessment, 
endoscopy, antibiotics, and surgery.

Historically, INP patients have undergone early open debridement of necrotic tissue (median timing 
of the operation 21[25] to 28[26] d), mostly followed by local continuous lavage[26]. Recently, interven-
tional strategies have shifted towards a so-called “step-up approach,” which involves endoscopic or 
surgical interventions that comprise open and minimally invasive procedures. The approach starts with 
simple, less invasive interventions like endoscopic drainage, and escalates to more invasive and finally 
surgical procedures if these approaches fail.

CONSERVATIVE TREATMENT
INP patients require close monitoring and may need to be admitted to intensive care treatment due to 
the risk of sepsis and consequent organ failure[27]. The major components of conservative therapy are 
fluid administration, nutrition, and antibiotics.

FLUID ADMINISTRATION
Hypovolemia is a constant risk in AP patients; moreover, installing fluid infusions and closely 
monitoring patient circulation parameters is therefore essential. The duration of intravenous infusions 
as well as the total volume of fluids per day, are subject to ongoing debate[24].

A recent meta-analysis analyzed the impact of early aggressive fluid therapy (infusion rate of 3-5 
mL/kg/h in the first 24 h) as compared to non-aggressive hydration. Eleven trials were included, and 
the authors could not detect a difference in mortality rate; however, aggressive fluid therapy increased 
the risk of acute kidney injury and pulmonary edema. Furthermore, there was no difference in overall 
outcomes such as incidence of SIRS, organ failure, or pancreatic necrosis for both therapeutic strategies
[28]. Another study demonstrated that early rapid fluid therapy is associated with persistent organ 
failure, primarily of the respiratory system[29].

Recent studies have favored Ringer’s lactate solution as the fluid of choice as opposed to saline 
solution, as the former reduced systemic inflammation[30]. Recent studies have concluded that the 
optimal AP regimen involves 3-4 L of Ringer’s lactate solution every 24 h and predefined checkpoints at 
6-8 h in order to tailor the fluid management to the condition of the patient. Furthermore, measuring 
urine output, intraabdominal pressure, and vital signs can help adjust the regimen of fluid therapy[31].

NUTRITION
While fasting was considered helpful in AP in the past, current evidence supports early oral or enteral 
nutrition even if patients experience AP-related complications. As patients with acute NP have 
increased energy requirements and sustained protein catabolism, an early start of enteral nutrition 
within the first 48 h of symptom onset is the current standard of care[32]. Regarding nutrition protocol, 
25 kcal/kg/d up to a maximum of 30 kcal/kg/d with 1.2-1.5 g/kg of protein per day is recommended
[24]. As compared to parenteral nutrition, enteral nutrition is associated with a lower rate of infectious 
complications and organ failure, shorter hospital stay, and reduced mortality rate[33,34].

ANTIBIOTICS AND PANCREATIC FUNGAL INFECTION
In contrast to patients with general AP, INP patients require immediate antibiotic therapy starting as 
soon as the diagnosis of INP is confirmed. INP should be initially treated with empirical antibiotics 
covering both aerobic and anaerobic Gram-negative and Gram-positive microorganisms, such as 
Imipenem or Ciprofloxacin[35]. A CT-guided fine-needle aspiration (FNA) can help design a more 
targeted treatment plan. The bacteria most frequently identified in IPN are Escherichia coli, Enterococcus, 
Staphylococcus aureus, Staphylococcus epidermidis, Klebsiella pneumoniae, Pseudomonas spp., and Streptococcus 
spp.[36].
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Although antibiotic therapy is an essential tool in the treatment of INP patients, there is insufficient 
evidence to support the role of antibiotic prophylaxis after the diagnosis of sterile pancreatitis in order 
to prevent superinfection[36-38].

The use of prophylactic antibacterial therapy and duration of antibacterial therapy have been 
observed to increase the incidence of pancreatic fungal infection, which is a condition in patients with 
NP that is associated with increased mortality, intensive care unit admission rate, and length of stay. Its 
incidence was 26.6% in a study including 2151 patients with NP[39].

INVASIVE TREATMENT
Treatment planning and determining therapy concepts in INP patients should be performed within a 
multidisciplinary team of surgeons, interventional radiologists, and gastrointestinal endoscopists at 
experienced centers. Specialists should assess the feasibility of different access routes (transgastric, 
transduodenal, percutaneous, retroperitoneal, laparoscopic, or laparotomic) and weigh the treatment 
options, while considering the individual clinical condition of each patient (Table 1).

ENDOSCOPY
Endoscopy plays an emerging role in the treatment of INP[40]. Interventional approaches such as the 
placement of plastic or metal stents for endoscopic transluminal drainage (ETD) or direct necrosectomy 
are endoscopically feasible[41].

ETD AND STENT CHOICE
ETD is performed as the standard first step of endoscopic INP treatment. The aim of this procedure is to 
establish a temporary connection between the gastric cavity and necrotic cavity in the adjacent pancreas 
in order to drain necrotic collections.

ETD is performed with the assistance of endoscopic ultrasound, which helps avoid puncturing of 
vessels (via color doppler) or targets other than the necrotic collections[42]. The endoscopist then places 
either a plastic, double pigtail stent; a self-expandable metal stent (SEMS); or a lumen-apposing metal 
stent (LAMS). The metal stents are larger in diameter (15-20 mm) than the plastic stents (2.33–3.33 mm) 
and provide access for potential subsequent debridement (Figure 2). SEMS are not commonly used, as 
they have been reported to migrate into the collapsed fluid collection, posing a risk of major bleeding
[43]. LAMS are designed to prevent migration and minimize the risk of leakage with their apposing 
features[44,45]. Another advantage of LAMS over plastic stents is the delivery system via a single-step 
platform, resulting in a shorter intervention time[46]. Retrospective studies comparing drainage with 
either LAMS or plastic stents found that the procedure time is significantly shorter for LAMS drainage
[47,48]. One of these studies also shows that LAMS drainage results in increased clinical success, 
reduced need for surgery, and a lower recurrence rate[47].

A more recent randomized clinical trial, however, compared both stent types in a total of 60 patients 
(31 undergoing LAMS placement and 29 undergoing plastic stent placement) and found that LAMS was 
not superior to plastic stents. The authors detected no difference in treatment success, the number of 
procedures required, length of stay, adverse events (within < 3 wk of LAMS removal), readmissions, or 
overall treatment costs[49,50]. Moreover, the study showed significant stent-related adverse events if 
LAMS were left in place for more than 3 wk. Given these heterogeneous results, future studies are 
needed to further evaluate the outcomes of different ETD strategies. Nevertheless, the treating medical 
team should consider the different procedure duration, since the average time to place the LAMS is 
shorter compared to plastic stents (15 vs 40 min, P < 0.001)[51].

ENDOSCOPIC NECROSECTOMY
If the clinical condition of INP patients fails to improve 72 h after ETD, necrosectomy should be 
considered. Endoscopic transluminal necrosectomy (ETN) can be performed, using a LAMS as access 
route to the necrotic cavity. With help of forceps, nets, and lavage techniques with saline or hydrogen 
peroxide, the necrotic tissues are removed endoscopically. ETN can be performed several times if 
necroses cannot be removed in one procedure[52,53]. It is important to consider that multiple ETN 
attempts also cause an increased risk of procedure-related complications such as bleeding or perforation
[42].
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Table 1 Overview of possible interventions in infected necrotizing pancreatitis

Indications Contraindications Most common 
complications Ref.

Endoscopic 
transluminal 
drainage

Standard first step for INP, standard for PFC 
treatment

Unencapsulated collections, 
distance from gastroduodenal 
duct (> 1 cm), vascular pseudoan-
euryms

Major bleedings, 
perforation, post-procedure 
infection, recurrence, 
migration of the stent

[37,
38,
40]

Endoscopic 
necrosectomy

No improvement in clinical condition within 
< 72 h after ETD, follow-up treatment

Large necrotic areas, dense 
necrosis, disconnected duct

Bleeding, perforation, 
pancreatic fistula, infections

[37,
48,
50]

Percutaneous 
catheter 
drainage

Hardly accessible ANC, ETD not feasible, as 
combination with ETD

Intracystic haemorrhagia, 
pancreatic ascites 

Intestinal fistula, infection [36,
51]

Open surgery Infected necrosis, suspected perforation, 
abdominal compartment syndrome, ischemia, 
intrabadominal haemorrhagia, poorly walled 
off necrosis, final treatment option if other 
interventions fail

No clear contraindications 
reported

Bleeding, infection, 
perforation, multi-organ 
failure

[52,
53]

Interventions

Minimally 
invasive surgery

Infected necrosis Extensive or hardly accessible 
collections

Bleeding, infection, 
perforation

[44,
57,
58]

INP: Infected necrotizing pancreatitis; ANC: Acute necrotic collection; ETD: Endoscopic transluminal drainage.

If a transgastric access is not possible or WONs are located in an inaccessible lateral position, a sinus 
tract endoscopy (STE) may be an option. In order to perform STE, a CT-guided percutaneous drainage 
catheter is placed 10 d prior to the procedure. The catheter causes the tract wall to mature, so the 
insertion of an adult gastroscope under fluoroscopic control can be performed safely. The necrotic cavity 
is lavaged and necrotic tissue is removed, as is done in the ETN procedure (Figure 3)[54].

Endoscopic necrosectomy reduces the rate of surgical interventions[55]. However, these interventions 
are limited to small necrotic areas and can be very time consuming (60-120 min)[56].

PERCUTANEOUS CATHETER DRAINAGE
Percutaneous catheter drainage (PCD) is often used prior to endoscopic necrosectomy if the ANC is 
located in the flank or pelvic region and access via ETD is not possible. An interventional radiologist 
places a general-purpose pigtail drainage catheter into the necrotic collection using the Seldinger 
technique via the most direct transperitoneal route. The preferred route for PCD is through the 
retroperitoneum. In this case, the drain can be used to guide potential further minimally invasive 
retroperitoneal necrosectomy (i.e., video-assisted retroperitoneal debridement or STE). A combination of 
endoscopic transluminal and PCD (also known as dual-modality drainage) is a further option in 
patients with large collections extending into the paracolic gutters or pelvic region[57]. PCD is the least 
invasive intervention and was the only intervention needed for patients with INP in 35% (15 out of 43) 
patients in the randomized PANTER trial[40].

SURGERY
Larger, more complex, and endoscopically not accessible necrotic areas may require minimally invasive 
or open surgical approaches[16].

OPEN SURGERY
AP can lead to severe complications, such as hemorrhage, perforation, or ischemia. These complications 
may require immediate open surgical treatment. Abdominal compartment syndrome is a further severe 
potential complication of AP that must be managed via laparotomy. The drainage or debridement of 
ANCs and contacting the omental bursa should be avoided during these surgical emergency procedures
[58]. Beside emergency indications, INP itself is a well-accepted indication for surgical treatment[59].
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Figure 2 Endoscopic transluminal drainage with plastic stenting. A: A typical computed tomography (CT) scan with walled-off necrosis (WON) formed 
by necrotizing pancreatitis (white arrow shows stomach and yellow dotted line is the demarcation line of the WON); B: Endoscopic ultrasonography (EUS)-guided 
drainage for WON was performed (orange arrow shows the needle of 22-gauge EUS needle); C: Two plastic stents and nasobiliary drainage tube was placed into the 
WON; D: The size of the WON was reduced in the CT scan one month after the procedure. WON: Walled-off necrosis.

Open surgical necrosectomy follows the main principle of exposing the necrotic area and bluntly 
debriding necrotic tissue: Necrosectomy can be performed with: (1) Open packing; (2) Closed packing; 
(3) Closed continuous lavage; and (4) Planned re-laparotomies. Open packing involves packing the 
necrotic cavity with non-adherent dressing after surgical necrosectomy. Readmissions follow every 48 h 
until the abdomen can be closed after inserting drains. Closed packing is performed when multiple, 
large, gauze-filled Penrose drains are placed in the residual cavity after necrosectomy and the abdomen 
is subsequently closed. Closed continuous lavage is performed with the help of two or more double-
lumen Salem sump tubes and single-lumen silicone rubber tubes, which are inserted from each flank 
side and have an in- and outflow of the lavage. Up to 40 L of lavage fluids are used. Planned re-laparo-
tomies provide continuous removal of necrotic tissue over several following days. Surgeons often 
incorporate zippers into the abdominal wall facilitating repetitive surgical intervention[59].

The standard surgical access is performed either as a transperitoneal or retroperitoneal access. 
Transgastric access has been added more recently and is considered a fast single-stage option for the 
treatment of symptomatic WON in severely ill patients[60]. A recent study suggested choosing surgical 
transgastric necrosectomy whenever feasible in the case of a disconnected pancreatic duct, for dense and 
large necrosis, and if cholecystectomy must be performed. If the transgastric access is not possible, the 
authors suggested video-assisted retroperitoneal debridement (VARD) as an alternative procedure[61].

MINIMALLY INVASIVE SURGERY
The main procedures of minimal invasive management of INP are minimal access retroperitoneal 
pancreatic necrosectomy (MARPN) and VARD. MARPN involves the placement of a 12-French catheter 
under CT guidance by an interventional radiologist prior to surgery. The preformed access tract is then 
dilated up to 30-French during the minimal invasive procedure, so that a rigid nephroscope can be 
entered. The nephroscope serves as visualization instrument and working channel for necrosectomy at 
the same time. An irrigation drainage system for continuous lavage is installed at the end of the 
procedure. MARPN can be done multiple times until the patient’s condition improves.
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Figure 3 A case with endoscopic transluminal drainage with lumen-apposing metal stent. A: Computed tomography (CT) scan before performing 
the endoscopic ultrasonography (EUS)-guided drainage (White arrow shows the stomach and the yellow arrow shows the walled-off necrosis (WON); the yellow 
dotted line is the demarcation line of the WON); B: EUS (with color doppler) picture shows marked echoic lesion without vessels; C: Lumen-apposing metal stent 
(LAMS) and nasobiliary drainage tube were placed (white arrow shows LAMS: Hot AXIOSTM 15 mm × 10 mm, Boston Scientific, Marlborough, MA, United States; 
Boston Scientific Japan, Tokyo, Japan); D: Esophagogastroduodenoscopy was inserted into necrotic cavity through LAMS; E: Necrosectomy was performed using 
endoscopic retrieval net; F: Endoscopic findings of the WON one month after the multiple necrosectomy sessions (2-3 times/wk); G: CT scan shows marked reduction 
of WON cavity one month after multiple necrosectomy sessions. WON: Walled-off necrosis; LAMS: Lumen-apposing metal stent.

VARD consists of combined manual and laparoscopical necrosectomy. It was first reported in 2007 by 
van Santvoort et al[62], who described it as “a hybrid between pure endoscopic retroperitoneal 
necrosectomy and the open translumbar approach.” The procedure starts with a left flank subcostal 
incision facilitating direct manual debridement followed by a laparoscopic deeper inspection and 
debridement by laparoscopic instruments. The intervention ends with a continuous lavage.

COMPARISON BETWEEN OPEN AND MINIMALLY INVASIVE SURGERY
Open surgical necrosectomy in AP was historically associated with a mortality rate of 50% or higher[63,
64]. Improved intensive care management, as well as advances in surgical techniques, including 
minimally invasive options, and the availability of first line endoscopic and minimally invasive 
procedures have improved patient outcomes over the past decades[65].

A retrospective study compared outcomes of INP patients between 1997-2008 and 2009-2013 and 
revealed decreased mortality (23.8% vs 11.2%, P = 0.001) and overall complication rates (73.3% vs 64.4%, 
P = 0.80) in the more recent cohort. Minimal invasive approaches contribute to better treatment success 
rates and improved outcomes in INP as compared to open surgery. MARPN also reportedly results in 
decreased postoperative multiorgan failure compared to open pancreatic necrosectomy (35% vs 20.4%, P 
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= 0.001)[66].
A recent retrospective cohort study comparing 88 patients with open surgical necrosectomy to 91 

patients who were treated with minimal invasive surgery (MIS) showed that MIS results in a fivefold 
decrease in mortality[49]. A meta-analysis published in 2018 reported lower risk of death rates in the 
very high-risk group when comparing minimally invasive necrosectomy to open surgery[67].

STEP-UP APPROACH
The therapeutic approach in INP patients has shifted from open surgical treatment to a less invasive 
management that can be summarized by “three Ds”: Delay – drain – debride. This approach leads to the 
introduction of the so-called “step-up approach”, which was first described in 2006 by the Dutch 
Pancreatitis Study group in their PANTER trial[40].

Delay refers to the solidification and complete encapsulation of the pancreatic collection when WON 
occurs. This is presumed to optimize conditions for intervention, with a lower risk of bleeding and less 
reinterventions. Drain alludes to using a percutaneous or endoscopic transgastric catheter drainage to 
mitigate sepsis. Finally, when patients fail to show clinical improvement, debridement is required; in 
such cases, performing endoscopic or surgical necrosectomy is the next step[40]. A multidisciplinary 
team of INP experts can choose from different treatment options for each step and decides on the most 
suitable approach for each individual patient. Re-evaluation periods of 72 h between steps should be 
maintained[49]. This therapeutic management is also referred to as the “step-up approach”, which 
comprises both an endoscopic and a surgical approach. The overall paradigm is to start with the least 
invasive and harmful intervention with an option to escalate to more radical approaches with 
continuous evaluation. The step-up approach decreased the incidence of new multiple-organ failure 
from 40% to 12% when compared to primary laparotomy[40]. It is the current state-of-the-art approach 
and has been implemented in all major guidelines (Figure 4)[23,68].

ENDOSCOPIC OR SURGICAL STEP-UP APPROACH
The step-up approach can be performed using endoscopic or surgical necrosectomy. Comparing both 
approaches has been subject of several randomized trials. From 2008 to 2010, the first prospective, 
multicentric randomized controlled trial comparing the surgical and endoscopic step-up approaches 
was performed in the Netherlands. The so-called PENGUIN trial compared endoscopic transgastric 
necrosectomy with prior retroperitoneal drainage and different techniques of surgical necrosectomy 
(VARD or, if not feasible, laparotomy) in 10 INP patients per group. The results demonstrated reduced 
inflammatory response as measured by serum interleukin 6 Levels, reduced rates of pancreatic fistulas 
(10% vs 70%, P = 0.020), and no occurrence of new-onset multiorgan failure (0% vs 50%, P = 0.030) in 
patients in the endoscopic arm[69]. The authors concluded that the endoscopic approach was associated 
with reduced physiological stress, while surgical access was more invasive.

The multicentric TENSION trial was conducted during 2011-2015 in the Netherlands and compared 
the outcomes of 51 patients following the endoscopic step-up approach to 47 following the surgical step-
up approach. The findings showed no significant difference in mortality and major morbidity between 
both groups (43% in the endoscopic step-up approach vs. 45% in the surgical step-up approach, P = 
0.880). However, the mean hospital stay was shorter (53 vs 69 d, P = 0.014), fewer pancreatic fistulas 
occurred (5% vs 32%, P = 0.001), and there was a lower overall mean cost (60228 € vs 73883 € in the 
endoscopic step-up approach group[70]).

From 2014 to 2017, the monocentric MISER trial was performed in the United States, comparing 
minimally invasive surgery (laparoscopic debridement or VARD) to the endoscopic step-up approach in 
a total of 66 patients. They included severely ill patient cohorts and excluded patients who had 
improved clinically with only percutaneous drainage as treatment. Consistent with the findings of the 
TENSION trial, MISER showed no difference in mortality rates (8.8% with the endoscopic step-up 
approach vs. 6.3% with minimally invasive surgery, P = 0.999). However, patients assigned to the 
endoscopic approach were less likely to develop enteral and pancreatic-cutaneous fistulas (0% vs 28.1%, 
P = 0.001), experienced a lower rate of major complications (12% vs. 41%, P = 0.007), and had lower rates 
of SIRS (20.6% vs 65.6 %, P < 0.001). Six months after treatment, patients in the surgical group had 
significantly more disease-related adverse events than did those in the endoscopic group (43.8 % vs 5.9 
%, P < 0.001). Finally, the physical health scores for quality of life at 3 mo were better with the 
endoscopic approach (P = 0.039) and the mean total cost were lower ($75830) compared with the 
surgical approach ($117492)[49].

The currently available randomized controlled trials point to the endoscopic step-up approach as the 
preferred treatment for INP patients. However, if the endoscopic treatment is unfeasible, or the necrotic 
collection extends to the flank or pelvic region (which is difficult to access endoscopically), surgical 
interventions constitute the alternative when performed as a step-up approach. Each INP patient should 
be assessed and treated by a multidisciplinary team with sufficient experience in both approaches.
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Figure 4 Overview of the step-up approaches of infected necrotizing pancreatitis patients. In the acute phase, multidisciplinary treatment for acute 
pancreatitis is recommended. Endoscopic necrosectomy or surgical step-up should be considered if there no clinical improvement is observed within 72 h. Open 
necrosectomy should be considered after video-assisted retroperitoneal debridement or minimal access retroperitoneal pancreatic necrosectomy. ETN: Endoscopic 
transluminal necrosectomy; STE: Sinus tract endoscopy; ETD: Endoscopic transluminal drainage; PCD: Percutaneous catheter drainage; VARD: Video-assisted 
retroperitoneal debridement; MARPN: Minimal access retroperitoneal pancreatic necrosectomy.

TIMING OF INTERVENTIONS
The optimal timing of interventions remains a controversial topic and is subject to ongoing debate. An 
international survey performed in 2016 among 87 pancreatologists revealed that 55% of experts 
routinely postponed invasive interventions after diagnosing infected necrosis in AP and awaited the 
effect of antibiotics. However, 33% of pancreatologists preferred surgical necrosectomy as early as 
possible in infected necrosis, while the remaining 67% would select that route only in the case of WON
[71].

A 2014 prospective study including 223 patients revealed that a postponed surgical intervention after 
30 d was associated with a lower mortality rate compared to that associated with surgical intervention 
before day 30 [10% (9/87) vs 21% (28/136), P = 0.040][72]. This study followed up on a retrospective 
study from 2007 that also revealed that patients receiving a postponed surgical necrosectomy exhibited 
lower mortality rates as compared to those receiving surgical treatment after 15-29 d and 1-14 d (8% vs 
45% vs 75%, P < 0.001)[26].

A recent study of the Dutch Pancreatic Study Group, the POINTER trial, determined whether the 
outcomes in INP patients could be improved by early catheter drainage. In the study, catheter drainage 
was performed immediately in 55 patients, while 49 received the treatment after waiting until WON 
occurred. Patients were included when there was gas reported on CECT, positive gram/culture FNA, 
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and clinical suspicion for INP. The rate of organ failure was comparable in both groups and there was 
no difference in mortality rates. The total number of interventions was 4:1 in the early intervention 
group compared to the group with delayed intervention, and the total number of necrosectomies in the 
whole number of patients was 28 (51%) in the immediate as compared to 11 (22%) in the postponed 
drainage group. Postponing the intervention led to conservative treatment in nearly 40% of patients. 
This trial could not detect a benefit of immediate drainage over postponed drainage. Conversely, 
postponing intervention may ultimately avoid necrosectomy and its potential complications[73].

CONCLUSION
Recent advances in endoscopic and minimally invasive therapy have led to a shift in the interventional 
strategy for INP. Although no standardized approach suits every patient, the “step-up approach” has 
emerged as a paradigm to treat this severe disease. The key is to start with the least invasive procedure 
and potentially escalate to more invasive interventions after continuous evaluation, if necessary. This 
approach highlights the importance of a multidisciplinary team to guide therapeutic approaches in INP 
patients. The strategy should be based on the individual patient and should allow for dynamic changes 
in regard to the patient’s clinical condition. This claim is also backed by the studies presented in this 
review that demonstrate lower rates of new multiorgan failure and reduction of hospitalization days, 
among other preferred outcomes. Even with these recent advances, INP continues to elicit a high 
mortality rate and further research is required to optimize strategic approaches.
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Abstract
Artificial intelligence (AI) is playing an increasingly important role in medicine, 
especially in the field of medical imaging. It can be used to diagnose diseases and 
predict certain statuses and possible events that may happen. Recently, more and 
more studies have confirmed the value of AI based on ultrasound in the evalua-
tion of diffuse liver diseases and focal liver lesions. It can assess the severity of 
liver fibrosis and nonalcoholic fatty liver, differentially diagnose benign and 
malignant liver lesions, distinguish primary from secondary liver cancers, predict 
the curative effect of liver cancer treatment and recurrence after treatment, and 
predict microvascular invasion in hepatocellular carcinoma. The findings from 
these studies have great clinical application potential in the near future. The 
purpose of this review is to comprehensively introduce the current status and 
future perspectives of AI in liver ultrasound.

Key Words: Machine learning; Deep learning; Radiomics; Diffuse liver diseases; Focal 
liver diseases; Ultrasound

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i27.3398
mailto:ahultrasound2005@126.com


Cao LL et al. AI in liver ultrasound

WJG https://www.wjgnet.com 3399 July 21, 2022 Volume 28 Issue 27

Core Tip: Artificial intelligence (AI) is playing an increasingly important role in medicine, especially in the 
field of medical imaging. Currently, there is a need of a comprehensive review to introduce the application 
of AI based on ultrasound in diffuse and focal liver lesions. In this article, we introduce the application of 
AI in the assessment of liver fibrosis and nonalcoholic fatty liver and the differentiation of focal liver 
lesions. In addition, we discuss the performance of AI based on ultrasound in predicting curative effect, 
prognosis and microvascular invasion in hepatocellular carcinoma. Lastly, we illustrate the future prospect 
of AI in liver ultrasound.

Citation: Cao LL, Peng M, Xie X, Chen GQ, Huang SY, Wang JY, Jiang F, Cui XW, Dietrich CF. Artificial 
intelligence in liver ultrasound. World J Gastroenterol 2022; 28(27): 3398-3409
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3398.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3398

INTRODUCTION
In the past several years, liver diseases have affected millions of lives and became one of the main 
causes of illness and death in the world[1]. It is reported that more than one-fifth of the Chinese 
population are affected by liver diseases, such as liver fibrosis, liver cancer and nonalcoholic fatty liver 
disease (NAFLD), contributing unambiguously to health loss. Therefore, paying more attention to liver 
diseases is of great significance.

Artificial intelligence (AI) is defined as the research of algorithms that enable machines to have the 
ability of reasoning and performing functions such as solving problems, recognizing object and word, 
inferring world states, and making decisions[2]. AI is a precise prediction technique that automates 
learning and recognizes patterns in data. Apart from this, AI has been extensively applied to medical 
diagnosis, especially in medical image analysis. This application mainly relies on deep learning, a 
subfield of machine learning. Deep learning is on the frontier of AI, which is based on deep neural 
networks (DNNs) with more than one hidden layer. Convolutional neural networks (CNNs) are a 
branch of DNNs that are particularly useful for recognizing images and have stimulated a large amount 
of interest from industry, academia and clinicians[3].

Compared to other medical imaging techniques, ultrasound is noninvasive, portable and can provide 
real-time imaging. In recent years, AI-powered ultrasound has become more developed and been 
implemented in clinical applications in order to reduce the subjectivity and improve the efficiency of 
ultrasound diagnosis[4]. Many studies have confirmed the value of AI in the evaluation of thyroid 
nodule, breast lesion and liver lesion classification by ultrasound. In addition to these applications, 
other AI applications in ultrasound have also been explored and achieved great progress.

In liver medical imaging, AI can make a quantitative assessment by recognizing imaging information 
automatically to aid physicians in making more precise and comprehensive imaging diagnoses[5]. This 
technique has been extensively applied to computed tomography (CT), positron emission tomography-
CT, magnetic resonance imaging and ultrasound to diagnose liver lesions. For instance, deep learning 
based on CT and positron emission tomography-CT can be used to detect new liver tumors and 
metastatic liver malignancy, and to predict the primary origin of liver metastasis[6-8].

There are also many studies that have illustrated the application of AI in liver ultrasound, while a 
comprehensive review of AI in this field is lacking. In this review, we will introduce the application of 
AI based on ultrasound in diffuse liver diseases, including liver fibrosis and steatosis, and focal liver 
lesions (FLLs), including their differential diagnosis, prediction of a curative effect and prognosis and 
microvascular invasion (MVI) of hepatocellular carcinoma (HCC). The main structure of this review was 
illustrated in Figure 1.

APPLICATION OF AI IN DIFFUSE LIVER DISEASE 
There are a variety of diffuse liver diseases that can be asymptomatic or cause severe liver dysfunction, 
and many of them may lead to cirrhosis, hepatic carcinoma, and death. We will introduce the applic-
ations of AI based on ultrasound in two common diffuse liver diseases, i.e. liver fibrosis and steatosis.

Liver fibrosis
Liver fibrosis is the early step of cirrhosis and an important pathological basis of HCC[9]. Therefore, the 
early detection and prevention of liver fibrosis is essential in the clinical setting. However, although 
liver biopsy is the gold standard for classifying liver fibrosis using the Metavir score[10] or New 
Inuyama classification[11] to distribute the score ranging from F0 (no fibrosis) to F4 (cirrhosis). The use 
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Figure 1 Main structure of this review. AI: Artificial intelligence; FLLs: Focal liver lesions; HCC: Hepatocellular carcinoma.

of tissue examination for the assessment of liver fibrosis is controversial because liver biopsy is invasive 
and liver fibrosis is not equably distributed throughout the liver. There are an increasing number of 
credible, noninvasive and available approaches being widely applied in clinical practice. Recently, a 
large number of noninvasive techniques have been used to prevent adverse outcomes through the 
application of AI based on ultrasound.

AI based on B-mode ultrasound: As early as 20 years ago, AI was used to assist the diagnosis of liver 
fibrosis. Badawi et al[12] creatively proposed an approach that employed fuzzy reasoning techniques to 
identify diffuse liver diseases automatically by using digital quantitative features measured from the 
ultrasound images. They extracted parameters only from B-mode images, and the results revealed that 
this approach had higher specificity and sensitivity for the diagnosis of liver fibrosis than the statistical 
classification techniques, which had a certain effect but could not help much.

Apart from this, a novel deep multi-scale texture network based entirely on B-mode ultrasound 
images that was proposed recently seems to be more convenient[13]. The area under the receiver 
operating characteristic curve of this approach was 0.92 for significant fibrosis (≥ F2) and 0.89 for 
cirrhosis (F4) in the validation group, which outperformed the ultrasonographers and three serum 
biomarkers during diagnosis. Although it cannot be used for liver fibrosis staging now, it has excellent 
potential in the future workflow.

AI based on Doppler ultrasound: On the basis of grey-scale parameters from B-mode images, Doppler 
parameters of intrahepatic blood vasculature were added as essential parameters. Eventually, five 
ultrasonographic variables, including the liver parenchyma, thickness of the spleen, the hepatic vein 
waveform, hepatic artery pulsatile index and damping index, were selected as the input neurons. A data 
optimization procedure was used in an artificial neural network for the diagnosis of liver fibrosis, which 
achieved an area under the curve of 0.92[14]. Although this model proved to predict liver cirrhosis 
accurately, it still could not provide a specific grading.

AI based on elastography: In recent years, with the development of ultrasound, studies have proposed 
computer-aided techniques based on elastography that is of great importance in ultrasound images to 
identify and stage liver fibrosis. Real-time tissue elastography (RTE) is one of the recently developed 
elastography techniques. In a study, 11 image features were extracted directly from the RTE software 
that was installed in the ultrasound system to quantify the patterns of the RTE images[15]. Then, the 
data were processed and divided among four classical classifiers. The results showed that the 
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performance of the adopted classifiers was much better than the previous liver fibrosis index method, 
which predicted the stage of fibrosis using RTE images and multiple regression analyses. The good 
performance in this study demonstrated that machine learning had the potential to perform as powerful 
tools for staging liver fibrosis.

Nowadays, most applications of AI in evaluating the stage of liver fibrosis are based on shear wave 
elastography. An automated approach including the image quality check, region of interest (ROI) 
selection and CNN classification based on shear wave elastography showed a more accurate detection 
of ≥ F2 fibrosis levels than a previously published baseline approach, with an area under curve of 0.89 vs 
0.74[16]. The deep learning radiomics also presented the potential diagnostic performance in chronic 
hepatitis B patients compared with two-dimensional shear wave elastography[17]. AI could help stage 
liver fibrosis more accurately with the assistance of elastography.

Liver steatosis
Hepatic steatosis, characterized by the accumulation of fat droplets in hepatocytes, can develop into 
nonalcoholic fibrosis, steatohepatitis, cirrhosis, and even HCC[18,19]. Early detection and treatment may 
halt or reverse NAFLD progression[19]. As a consequence, there is a critical need to develop 
noninvasive imaging methods to assess hepatic steatosis. Noninvasive liver imaging methods including 
CT, magnetic resonance imaging and ultrasound have been extensively investigated[20].

Ultrasound is the first-line examination for identifying liver steatosis. It shows an enlarged liver with 
a greater number of echoes caused by fat droplets, and the liver is brighter and more hyperechoic 
compared with the right kidney. The image is qualitative and relies on the subjective judgement of the 
operator, which definitely leads to variable results and low reproducibility[21]. To overcome the 
observer bias, a series of quantitative and semi-quantitative parameters, including attenuation and 
backscatter coefficients, the hepato-renal index (HRI) and ultrasound envelope statistic parametric 
imaging (known as speckle statistics), have been implemented, some of which represent excellent 
reproducibility and reliability[21-24]. At present, almost all the studies published have concentrated on 
NAFLD.

It was reported that the detection of moderate and severe steatosis based on ultrasound has an 84.8% 
sensitivity and a 93.6% specificity, while mild steatosis has an even lower sensitivity[25]. Recently, some 
researchers applied AI to improve the ultrasound detection rate of NAFLD, and the results were 
promising. Table 1 shows the studies using AI based on ultrasound to identify steatosis. The studies 
showed that AI had tremendous potential in helping diagnose liver steatosis. Some studies attempted to 
optimize CNN models. In the future, classifying the degree of liver steatosis with the assistance of the 
AI could be a trend.

Qualitative evaluation: Deep learning has been applied to qualitatively evaluate NAFLD. An approach 
of assessing fatty liver disease by utilizing deep learning based on CNNs with B-mode images was 
proposed[26]. The study recruited 135 participants with known or suspected NAFLD to investigate the 
function of four liver views (three views in the transverse plane, including hepatic veins at the 
confluence with the inferior vena cava, right portal vein and right posterior portal vein, and one view in 
the sagittal plane, i.e. the liver and kidney view) in the assessment[27]. The study assessed attention 
maps for liver assessment based on CNNs, which illustrated that the available image features provided 
by each view could assess liver fat. Unlike the previous study, magnetic resonance imaging proton 
density fat fraction was used as a reference standard, which was not precise enough compared with 
liver biopsy.

A novel framework combining transfer learning with fine-tuning was proposed[28]. Although this 
study revealed that the new framework outperformed CNN, this conclusion was not entirely convincing 
because the radiologists’ qualitative scores were the reference standard. This framework was also 
utilized in other studies and achieved a good performance.

With the development of deep learning, Chou et al[29] established two-class, three-class and four-
class prediction models to classify the severity of steatosis by using B-mode ultrasound images from 
2070 patients. Although liver biopsy is the gold standard, the deep learning model could select eligible 
patients for a liver biopsy by evaluating the severity of fatty liver preliminarily, which would reduce 
unnecessary tests.

Different deep learning algorithms tend to have different performances. The combined deep learning 
algorithm based on B-mode images had an area under the receiver operating characteristic curve of 
0.9999 and accuracy of 0.9864 compared with other algorithms[30]. Therefore, in future studies selecting 
an optimal algorithm is important.

Quantitative evaluation: AI has also been applied to quantitatively evaluate NAFLD. Radiofrequency 
signals may negate the loss or change of data during translation to B-mode ultrasound images. A study 
acquired the diagnosis and fat fraction of NAFLD by inputting the original data based on one-
dimensional algorithms[31]. The investigators obtained a 97% sensitivity and 94% specificity, and the 
positive predictive value was up to 97%, which demonstrated that the utilization of original ultrasound 
radiofrequency could be applied in diagnosing NAFLD and to quantifying liver fat fraction. Similarly, 
in an animal experiment, a CNN model based on radiofrequency signals was shown to have a better 
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Table 1 Studies using artificial intelligence based on ultrasound for fatty liver disease diagnosis

Task Reference 
standard Sample size Method Results Ref.

Fatty liver 
disease 
diagnosis

Liver biopsy 55 patients with severe 
obesity, 38 of whom had 
fatty liver disease

Deep learning with B-mode 
image ultrasound

Sensitivity: 100%; specificity: 88%; accuracy: 96%; AUC: 
0.98

[26]

Fatty liver 
disease 
diagnosis

Radiologist 
qualitative 
score

157 ultrasound liver 
images from unknown 
number of participants

Deep learning with B-mode 
image ultrasound 

Sensitivity: 95%; specificity: 85%; accuracy: 90.6%; AUC: 
0.96

[28]

NAFLD 
assessment

MRI proton 
density fat 
fraction

204 participants, 140 of 
whom had NAFLD, 64 
control participants 

One-dimensional CNNs Sensitivity: 97%; specificity: 94%; accuracy: 96%; AUC: 
0.98

[31]

NAFLD 
assessment

MRI proton 
density fat 
fraction

135 adult participants 
with known or suspected 
NAFLD 

Transfer learning with a 
pretrained CNN by four 
ultrasound views of liver 
routinely obtained

SCC: 0.81; AUC: 0.91 (PDFF ≥ 5%) [27]

NAFLD 
assessment

Liver biopsy 295 subjects, 198 mild 
fatty liver, one moderate 
degree of fatty liver

DCNN-based organ 
segmentation with 
Gaussian mixture modeling 
for automated quanti-
fication of the HRI

ICC of two radiologists and DCNN were 0.919, 0.916, 
0.734

[33]

The severity 
of fatty liver

Abdominal 
ultrasound

21855 B-mode ultrasound 
images, 2070 patients 
with different severities 
from none to severe fatty 
liver

Pretrained CNN models 
with B-mode ultrasound 
images

The areas under the receiver operating characteristic 
curves were 0.974 (mild steatosis vs others), 0.971 
(moderate steatosis vs others), 0.981 (severe steatosis vs 
others), 0.985 (any severity vs normal) and 0.996 
(moderate-to-severe steatosis clinically abnormal vs 
normal-to-mild steatosis clinically normal)

[29]

AUC: Area under curve; CNN: Convolutional neural network; DCNN: Deep convolutional neural network; HRI: Hepato-renal index; ICC: Intraclass 
correlation; MRI: Magnetic resonance image; NAFLD: Nonalcoholic fatty liver disease; PDFF: Proton density fat fraction; SCC: Spearman correlation 
coefficient.

performance than the traditional quantitative ultrasound when classifying steatosis[32].
An HRI model based on CNNs was also tested for NAFLD evaluation. Cha et al[33] reported that an 

automated approach had no significant difference in hepatic measurements and HRI calculations 
compared with experienced radiologists, which indicated that the aid of deep learning could reduce a 
radiologist’s workload and improve the residents’ diagnostic accuracy. In this study, an automated HRI 
calculation algorithm was used, including liver and kidney segmentation, kidney ROI extraction, liver 
ROI extraction, and calculation of the HRI.

APPLICATION OF AI IN FLLS
HCC is the most conventional original malignant FLL, which is the sixth most common cancer in human 
beings as well as the fourth cause of cancer-related deaths in the world[1]. Hence, early accurate differ-
ential diagnosis of malignant and benign FLL is important for the management and prognosis of 
patients[34].

Ultrasound is the first-line imaging modality to identify FLLs in the clinical workflow. The 
development of AI provides a new method to improve the accuracy of ultrasound in diagnosing FLLs. 
Compared with radiologists viewing anatomical images, AI can better reflect monolithic tumor 
morphology as well as capture both granular and radiological patterns in a specific task, which is 
difficult by normal human vision[35]. Figure 2 illustrates the flowchart of the application of deep 
learning and radiomics in FLLs. Studies have confirmed that the application of AI can improve the 
diagnostic performance of ultrasound for FLLs (Table 2).

Differential diagnosis of FLLs
AI based on B-mode ultrasound: AI has been widely used in differentiating malignant and benign FLLs 
based on B-mode ultrasound. Gray level co-occurrence matrix could be used in extracting features from 
B-mode images, which has been used in differentiating malignant and benign FLLs combined with a 
fuzzy support vector machine[36]. This study achieved an area under the curve of 0.984 and 0.971 in 
database 1 and database 2, respectively, which confirmed the feasibility of AI in this field.
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Table 2 Studies using artificial intelligence based on ultrasound for focal liver lesion diagnosis

Modality and task Approach Target disease: number of the case Performance Ref.

Classifying different 
FLLs based on B-mode

ANN Cyst: 29; hemangioma: 37; malignant tumor: 33 Cyst vs hemangioma accuracy: 99.7%; cyst vs 
malignant tumor accuracy: 98.7%; 
hemangioma vs malignant tumor accuracy: 
96.1%

[40] 

Differentiating benign 
and malignant lesions 
based on B-mode

CNN Benign lesions: 300; malignant lesions: 296 All lesion accuracy: 84%; uncertain set of 
lesion accuracy: 79%

[37]

Classifying different 
FLLs based on B-mode

ANN (sparse 
autoencoder)

Normal liver: 16; cyst: 44; hemangioma: 18; HCC: 
30

overall accuracy: 97.2%; overall sensitivity: 
98%; overall specificity: 95.7%

[41]

Differentiating benign 
and malignant lesions 
based on B-mode

FSVM training set; DS1: benign lesions: 132, malignant 
lesions: 68; DS2: malignant liver cancer: 50, 
hepatocellular adenoma: 150, hemangioma: 35, 
focal nodular hyperplasia: 145, lipoma: 70

DS1: accuracy: 97%, sensitivity: 100%, 
specificity: 95.5%, AUC: 0.984; DS2: accuracy: 
95.1%, sensitivity: 92.0%, specificity: 95.5%, 
AUC: 0.971

[36]

Classifying different 
FLLs based on B-mode

CNN Non-tumorous liver: 258, hemangioma: 17, HCC: 
6, cyst: 30, focal nodular hyperplasia: 8

AUC for tumor detection: 0.935; AUC for 
tumor discrimination (mean): 0.916

[42]

Diagnosing HCC based 
on B-mode 

CNN Malignant tumor: 1786; benign tumor: 427 AUC for EV: 0.924 [38]

Differentiating benign 
and malignant lesions 
based on B-mode

CNN HCC: 6; cyst: 6600; hemangioma: 5374; focal fatty 
sparing: 5110; focal fatty infiltration: 934

IV: overall sensitivity: 83.9%; overall 
specificity: 97.1%; HCC detection rate: 85.3%; 
EV: overall sensitivity: 84.9%; overall 
specificity: 97.1%; HCC detection rate: 78.3%

[39]

Classifying different 
FLLs based on CEUS

ANN hemangioma: 16; focal fatty liver: 23; HCC: 41; 
metastatic tumor: 32 (hypervascular: 20 
hypovascular: 12)

Accuracy: 94.5%; sensitivity: 93.2%; 
specificity: 89.7%

[47]

Differentiating benign 
and malignant lesions 
based on CEUS

Deep belief networks HCC: 6; hemangioma: 10; liver abscess: 4; 
metastases: 3; focal fatty sparing: 3

Accuracy: 83.4%; sensitivity: 83.3%; 
specificity: 87.5%

[59]

Differentiating benign 
and malignant lesions 
based on CEUS

SVM Benign tumor: 30; malignant tumor: 22 Accuracy: 90.3%; sensitivity: 93.1%; 
specificity: 86.9%

[45]

Differentiating benign 
and malignant lesions 
based on CEUS

SVM Benign tumor, HCC or metastatic tumor: 98 Benign vs malignant accuracy: 91.8%, 
sensitivity: 93.1%, specificity: 86.9%; benign 
vs HCC vs metastatic carcinoma: accuracy: 
85.7%; sensitivity: 84.4%; specificity: 87.7%

[46]

Differentiating benign 
and malignant lesions 
based on CEUS

Deep canonical 
correlation analysis + 
multiple kernel 
learning

Benign tumor: 46; malignant tumor: 47 Accuracy: 90.4%; sensitivity: 93.6%; 
specificity: 86.9%

[43]

Differentiating benign 
and malignant lesions 
based on CEUS

3D-CNN HCC: 2110; focal nodular hyperplasia: 2310 Accuracy: 93.1%; sensitivity: 94.5%; 
specificity: 93.6%

[44]

Differentiating benign 
and malignant lesions 
based on CEUS

Deep neural network Focal nodular hyperplasia: 16; HCC: 30; 
hemangioma: 23; hypervascular metastasis: 11; 
hypovascular metastasis: 11

Top accuracy: 88% [48]

Differentiating benign 
and malignant lesions 
based on CEUS

CNN Development set: malignant tumor: 281, benign 
tumor: 82; testing set: malignant tumor: 164, 
benign tumor: 47

Accuracy: 91.0%; sensitivity: 92.7%; 
specificity: 85.1%; AUC: 0.934

[49]

ANN: Artificial neural network; AUC: Area under curve; CEUS: Contrast-enhanced ultrasound; CNN: Convolutional neural network; DS1: Database 1; 
DS2: Database 2; EV: External validation; FLL: Focal liver lesion; FSVM: Fuzzy support vector machine; HCC: Hepatocellular carcinoma; IV: Internal 
validation; SVM: Support vector machine; 3D: Three-dimensional.

With the development of AI, deep learning plays a more vital role in the differential diagnosis of 
FLLs. A CNN with ResNet50 was utilized to recognize benign from malignant solid liver lesions 
through ultrasonography. The performance was comparable to that of expert radiologists[37]. However, 
this study did not involve other information such as clinical factors. In another (multicenter) study, after 
adding seven clinical factors, a higher accuracy, sensitivity and specificity was obtained, compared with 
those from radiologists with 15 years of experience. The area under the curve for recognizing malignant 
from benign lesions reached up to 0.924 in the external validation cohort[38].
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Figure 2 Illustration of the flowchart of the application of deep learning and radiomics in focal liver lesions. These two methods were based on 
big data, which contained image preprocessing, feature extraction and model construction.

However, the aforementioned studies only included common FLLs. Increasing the types of FLLs may 
confuse the diagnosis and reduce the accuracy. Similar to the previous study, a multicenter study 
estimating internal validation and external validation cohorts had a larger volume of training data and 
involved more varieties of FLLs, including cysts, HCC, hemangiomas, focal fatty infiltration and focal 
fatty sparing[39]. Although they obtained a lower sensitivity due to more types of diseases, the 
performance in the external validation cohorts was still satisfactory. In addition, they utilized videos as 
training materials to achieve real-time analysis in the future workflow. This novel approach would offer 
great convenience to radiologists in helping differentiate FLLs.

AI could also be used in the classification of FLLs. In order to optimize feature sets, a hybrid textural 
feature extraction system was proposed by Hwang et al[40]. In their preliminary study, a high accuracy 
was observed in classifying cysts vs hemangiomas and cysts vs malignant lesions. However, when 
classifying hemangiomas vs malignant lesions by extracting multiple ROI, the accuracy was only 80%. 
The proposed approach exhibited a better accuracy in all classification groups by quantifying the key 
features in ultrasound images, especially in classifying hemangioma vs malignant, with an accuracy of 
96.13%.

Later, a sparse autoencoder system based on deep learning was proposed in diagnosing cysts, 
hemangiomas and malignant lesions, and it outperformed the three progressive techniques, including 
K-enarest neighbor, multi-support vector machine and naive Bayes, with an overall accuracy of 97.2%
[41].

These two studies[40,41] focused on three kinds of FLLs. An algorithm that could simultaneously 
detect and characterize FLLs based on deep learning was proposed in diagnosing HCC, focal nodular 
hyperplasia, cysts, hemangiomas and metastasis, and it achieved an average area under the curve of 
0.916[42]. That study yielded promising results by using a small amount of data. Larger databases 
would increase the accuracy of this model.

AI based on contrast-enhanced ultrasound: It is reported that contrast-enhanced ultrasound (CEUS) 
images had better sensitivity and specificity for differentiating between malignant and benign tumors 
compared with B-mode images, which indicated CEUS had a superior diagnostic performance. 
Combining AI with CEUS could differentiate benign and malignant FLLs and classify different kinds of 
malignant lesions.

AI could be used to differentiate malignant and benign FLLs based on three-phase CEUS images. A 
two-stage multiple view learning that represented the integration of deep canonical correlation analysis 
and multiple kernel learning was used to fuse the characteristics of three-phase patterns in CEUS, 
presenting an accuracy of 90.41%[43]. The proposed algorithm had both a low computational complex 
and a high predictive accuracy. For multiview CEUS images, utilizing a multimodal feature fusion 
algorithm is necessary.

Compared with deep canonical correlation analysis-multiple kernel learning, the use of a three-
dimensioned CNN, which integrated the relationship between two temporally adjacent frames to 
extract features spatially and temporally, achieved a higher accuracy of 93.1%, sensitivity of 94.5% and 
specificity of 93.6%[44]. However, this algorithm still needs to be validated.

These two studies above[43,44] exploited heterogeneous visual morphology to describe the difference 
between liver masses. Apart from this method, time-intensity curve (TIC), which represents the contrast 
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intensity constantly and generates the fitted curve of enhanced intensity during the process, was used in 
many studies.

Support vector machine[45,46] and deep learning[47,48] based on TICs have presented good 
performances in differentiating FLLs. A support vector machine-based image analysis system was used 
for FLL classification and presented an area under the curve of 0.89[45]. An artificial neural network 
diagnostic system based on TICs was shown to have a similar accuracy and specificity in classifying five 
different liver tumors 10 years ago[47]. Later, deep learning became more mature, and TICs of the 
arterial and the portal vein phases of CEUS videos were extracted on the basis of the deep belief 
networks, a kind of neural network that was composed of layers of Boltzmann machines, to analyze the 
extracted TICs[48]. The accuracy of this deep learning method for classifying benign from malignant 
lesions was 83.36%. A novel evaluation procedure named ‘leave-one-patient-out’ and custom DNNs 
were creatively presented. That study involved various types of liver lesions and compared the custom 
DNN designs with the state-of-the-art architectures and obtained a maximal accuracy of 88% by 
utilizing the proposed evaluation procedure in both pretrained and trained-from-scratch models. This 
novel approach has a magnificent prospect for development, and it is worth further investigation.

AI based on CEUS was shown to assist in clinical settings as the reference and improve the 
performance of residents in the differentiation of benign and malignant FLLs[49]. In the future, it will 
likely play a supporting role in clinical work. However, AI based on TICs tends to complicate the 
calculation because generating TICs is a time-consuming process. Therefore, developing new 
approaches to extract features from CEUS images is important.

Application of AI in predicting curative effect and prognosis of HCC
It was reported that the Edmondson-Steiner grade is a vital preoperation predictor of tumor survival 
and recurrence after undergoing surgical resection[50,51]. Because preoperative pathological differen-
tiation grade can only be obtained by an invasive biopsy[52], it is necessary to explore a noninvasive 
method to predict therapeutic effect, recurrence and metastasis to achieve personalized treatment.

Some studies[53-55] demonstrated the superiority of AI based on CEUS in predicting a curative effect 
and prognosis in HCC. Although the results revealed a better performance of AI models compared with 
a single clinical or ultrasound model, a better performance may be obtained by adding clinical factors in 
the future studies.

Predicting curative effect of HCC: Transarterial chemoembolization (TACE) is the first-line therapy in 
patients who are diagnosed with mid-stage HCC, and the response to the first TACE treatment is 
related to the subsequent curative effect and survival. Therefore, it is necessary to predict the person-
alized responses to the first TACE treatment. A deep learning radiomics-based CEUS model, machine 
learning radiomics-based B-mode image model and machine learning radiomics-based TIC of the CEUS 
model were established to achieve this function[53]. These models presented a better performance 
compared with the hepatoma arterial embolization prognostic score based on three indexes concerning 
liver function and tumor load, which will be of great benefit in selecting both first treatment and 
subsequent therapies after the first TACE treatment.

Predicting prognosis of patients with HCC: Radiofrequency ablation and surgical resection are 
recommended for early-stage HCC. Deep learning could also be used to predict the progression-free 
survival of these two therapies in HCC patients[54]. Two models based on these two kinds of therapies 
provided a satisfactory prediction accuracy and calibration of 2-year progression-free survival. In 
another study[55], a three dimensional-CNN model, which avoided missing information from CEUS 
images compared with extracting features from four-phase images, was used. It was observed that 
predicting prognosis of different treatments in advance and timely swapping of treatment would 
increase the 2-year progression-free survival, which could contribute to a better prognosis.

Application of AI in predicting MVI of HCC
MVI has shown to be the independent predictor of recurrence and poor outcomes of HCC. Therefore, 
making a noninvasive and accurate preoperative identification of MVI would be of great significance for 
HCC patients. The application of AI in predicting MVI achieved good performance based on gray-scale 
ultrasound images and CEUS.

The radiomics score based on ultrasound of HCC was established and shown to be an independent 
predictor of MVI[56]. The performance of the clinical nomogram improved significantly with the aid of 
a radiomics score, which demonstrated the important role of this technique.

Features of the peritumoral area have been shown to be more accurate recently[56]. The radiomic 
signatures from the gross and peritumoral region showed the best performance compared with the 
gross-tumoral region and the peritumoral region[57]. The area under the curves were 0.726 based on 
features of the gross and peritumoral region and 0.744 after the incorporation of essential clinical 
information.

These studies[56,57] mentioned above have confirmed the application of AI based on gray-scale 
ultrasound, and AI could be applied to CEUS in predicting MVI as well. Zhang et al[58] extracted 
radiomics features from the B-mode, artery phase, portal venous phase and delay phase images of 
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preoperative CEUS to construct four radiomics scores based on the primary dataset. Then, they used 
four radiomic scores and clinical factors for multivariate logistic regression analysis, which 
demonstrated that the portal venous phase and delay phase radiomics score, tumor size and alpha-
fetoprotein level were independent risk factors in predicting MVI. The radiomics nomogram based on 
these four predictors indicated a better discrimination and a good calibration compared with the clinical 
model (based on tumor size and alpha-fetoprotein level) in both the primary dataset (area under the 
curve: 0.849 vs 0.690) and the validation dataset (area under the curve: 0.788 vs 0.661). This study 
developed a new noninvasive predictive nomogram based on CEUS that could provide useful 
information in predicting MVI preoperatively, thus facilitating the choice of a more appropriate surgical 
option.

CONCLUSION
In conclusion, AI can provide great assistance in the evaluation of diffuse liver diseases (including liver 
fibrosis and liver steatosis) and FLLs. First, it could be applied to identify and stage liver fibrosis on the 
basis of B-mode ultrasound, Doppler ultrasound, and elastography. Second, the application of deep 
learning could be used to make qualitative evaluation based entirely on B-mode images and 
quantitative evaluation based on radiofrequency signals and HRI, which would improve the ultrasound 
detection rate of NAFLD. Third, AI has the ability to differentiate malignant FLLs from benign FLLs as 
well as classify different kinds of FLLs with a better performance compared with clinical indexes. 
Fourth, the curative effect and prognosis of HCC treatment can be predicted, and an optimal person-
alized treatment can be chosen. Last, AI based on B-mode ultrasound and CEUS could predict MVI of 
HCC preoperatively, which could be helpful for more appropriate surgical planning. These applications 
had good specificity, accuracy and a comparable or even better performance compared with experts in 
the diagnosis and differentiation of diffuse and focal liver lesions.

There are also some limitations in the applications of AI using ultrasound. First, it is difficult to 
prepare a large-scale dataset, especially for medical images. Second, although deep learning is the 
widest used algorithm and has good performance in various studies, its interpretability and general-
ization is low. Third, the input data may vary from different equipment and operators, which would 
influence the performance of AI. Last, because a large amount of data is needed to train and validate the 
established algorithms, the conclusions of many single-center studies are not convincing. Therefore, 
researchers are expected to conduct more multicenter studies and incorporate more samples, as much as 
possible. At the same time, optimizing algorithms and creating standards for medical images are also 
necessary. Despite medical images, researchers could also build the database containing important 
clinical factors to establish a more comprehensive AI model for future work.

FOOTNOTES
Author contributions: Jiang F, Cui XW and Dietrich CF conceived and established the design of the paper; Cao LL, 
Peng M, Xie X, Chen GQ, Huang SY, Wang JY, Dietrich CF, Jiang F and Cui XW explored the literature data; Cao LL 
provided the first draft of the manuscript, which was discussed and revised critically for intellectual content by Peng 
M, Xie X, Dietrich CF, Jiang F and Cui XW; all authors discussed the statements and conclusions, and approved the 
final version to be published.

Supported by National Natural Science Foundation of China, No. 82071953; and 2020 Hunan Province Clinical 
Medical Technology Innovation Guidance Project.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Liu-Liu Cao 0000-0001-8078-5634; Mei Peng 0000-0001-7809-9440; Xiang Xie 0000-0001-5514-2362; 
Gong-Quan Chen 0000-0002-4204-6133; Shu-Yan Huang 0000-0002-7050-9553; Jia-Yu Wang 0000-0001-9902-0666; Fan 
Jiang 0000-0001-8896-2009; Xin-Wu Cui 0000-0003-3890-6660; Christoph F Dietrich 0000-0001-6015-6347.

S-Editor: Fan JR 
L-Editor: A 
P-Editor: Fan JR

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-8078-5634
http://orcid.org/0000-0001-8078-5634
http://orcid.org/0000-0001-7809-9440
http://orcid.org/0000-0001-7809-9440
http://orcid.org/0000-0001-5514-2362
http://orcid.org/0000-0001-5514-2362
http://orcid.org/0000-0002-4204-6133
http://orcid.org/0000-0002-4204-6133
http://orcid.org/0000-0002-7050-9553
http://orcid.org/0000-0002-7050-9553
http://orcid.org/0000-0001-9902-0666
http://orcid.org/0000-0001-9902-0666
http://orcid.org/0000-0001-8896-2009
http://orcid.org/0000-0001-8896-2009
http://orcid.org/0000-0003-3890-6660
http://orcid.org/0000-0003-3890-6660
http://orcid.org/0000-0001-6015-6347
http://orcid.org/0000-0001-6015-6347


Cao LL et al. AI in liver ultrasound

WJG https://www.wjgnet.com 3407 July 21, 2022 Volume 28 Issue 27

REFERENCES
Xiao J, Wang F, Wong NK, He J, Zhang R, Sun R, Xu Y, Liu Y, Li W, Koike K, He W, You H, Miao Y, Liu X, Meng M, 
Gao B, Wang H, Li C. Global liver disease burdens and research trends: Analysis from a Chinese perspective. J Hepatol 
2019; 71: 212-221 [PMID: 30871980 DOI: 10.1016/j.jhep.2019.03.004]

1     

Bellman RE.   An Introduction to Artificial Intelligence: Can Computers Think? Spring: 19782     
Chan HP, Samala RK, Hadjiiski LM, Zhou C. Deep Learning in Medical Image Analysis. Adv Exp Med Biol 2020; 1213: 
3-21 [PMID: 32030660 DOI: 10.1007/978-3-030-33128-3_1]

3     

Akkus Z, Cai J, Boonrod A, Zeinoddini A, Weston AD, Philbrick KA, Erickson BJ. A Survey of Deep-Learning 
Applications in Ultrasound: Artificial Intelligence-Powered Ultrasound for Improving Clinical Workflow. J Am Coll Radiol 
2019; 16: 1318-1328 [PMID: 31492410 DOI: 10.1016/j.jacr.2019.06.004]

4     

Ambinder EP. A history of the shift toward full computerization of medicine. J Oncol Pract 2005; 1: 54-56 [PMID: 
20871680 DOI: 10.1200/jop.2005.1.2.54]

5     

Vivanti R, Szeskin A, Lev-Cohain N, Sosna J, Joskowicz L. Automatic detection of new tumors and tumor burden 
evaluation in longitudinal liver CT scan studies. Int J Comput Assist Radiol Surg 2017; 12: 1945-1957 [PMID: 28856515 
DOI: 10.1007/s11548-017-1660-z]

6     

Preis O, Blake MA, Scott JA. Neural network evaluation of PET scans of the liver: a potentially useful adjunct in clinical 
interpretation. Radiology 2011; 258: 714-721 [PMID: 21339347 DOI: 10.1148/radiol.10100547]

7     

Ben-Cohen A, Klang E, Diamant I, Rozendorn N, Raskin SP, Konen E, Amitai MM, Greenspan H. CT Image-based 
Decision Support System for Categorization of Liver Metastases Into Primary Cancer Sites: Initial Results. Acad Radiol 
2017; 24: 1501-1509 [PMID: 28778512 DOI: 10.1016/j.acra.2017.06.008]

8     

Yoo S, Wang W, Wang Q, Fiel MI, Lee E, Hiotis SP, Zhu J. A pilot systematic genomic comparison of recurrence risks of 
hepatitis B virus-associated hepatocellular carcinoma with low- and high-degree liver fibrosis. BMC Med 2017; 15: 214 
[PMID: 29212479 DOI: 10.1186/s12916-017-0973-7]

9     

Bedossa P, Poynard T. An algorithm for the grading of activity in chronic hepatitis C. The METAVIR Cooperative Study 
Group. Hepatology 1996; 24: 289-293 [PMID: 8690394 DOI: 10.1002/hep.510240201]

10     

Yamada G. [Histopathological characteristics and clinical significance of New Inuyama Classification in chronic hepatitis 
B]. Nihon Rinsho 2004; 62 Suppl 8: 290-292 [PMID: 15453332]

11     

Badawi AM, Derbala AS, Youssef AM. Fuzzy logic algorithm for quantitative tissue characterization of diffuse liver 
diseases from ultrasound images. Int J Med Inform 1999; 55: 135-147 [PMID: 10530829 DOI: 
10.1016/s1386-5056(99)00010-6]

12     

Ruan D, Shi Y, Jin L, Yang Q, Yu W, Ren H, Zheng W, Chen Y, Zheng N, Zheng M. An ultrasound image-based deep 
multi-scale texture network for liver fibrosis grading in patients with chronic HBV infection. Liver Int 2021; 41: 2440-2454 
[PMID: 34219353 DOI: 10.1111/liv.14999]

13     

Zhang L, Li QY, Duan YY, Yan GZ, Yang YL, Yang RJ. Artificial neural network aided non-invasive grading evaluation 
of hepatic fibrosis by duplex ultrasonography. BMC Med Inform Decis Mak 2012; 12: 55 [PMID: 22716936 DOI: 
10.1186/1472-6947-12-55]

14     

Chen Y, Luo Y, Huang W, Hu D, Zheng RQ, Cong SZ, Meng FK, Yang H, Lin HJ, Sun Y, Wang XY, Wu T, Ren J, Pei 
SF, Zheng Y, He Y, Hu Y, Yang N, Yan H. Machine-learning-based classification of real-time tissue elastography for 
hepatic fibrosis in patients with chronic hepatitis B. Comput Biol Med 2017; 89: 18-23 [PMID: 28779596 DOI: 
10.1016/j.compbiomed.2017.07.012]

15     

Brattain LJ, Telfer BA, Dhyani M, Grajo JR, Samir AE. Objective Liver Fibrosis Estimation from Shear Wave 
Elastography. Annu Int Conf IEEE Eng Med Biol Soc 2018; 2018: 1-5 [PMID: 30440285 DOI: 
10.1109/EMBC.2018.8513011]

16     

Wang K, Lu X, Zhou H, Gao Y, Zheng J, Tong M, Wu C, Liu C, Huang L, Jiang T, Meng F, Lu Y, Ai H, Xie XY, Yin LP, 
Liang P, Tian J, Zheng R. Deep learning Radiomics of shear wave elastography significantly improved diagnostic 
performance for assessing liver fibrosis in chronic hepatitis B: a prospective multicentre study. Gut 2019; 68: 729-741 
[PMID: 29730602 DOI: 10.1136/gutjnl-2018-316204]

17     

Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev Gastroenterol Hepatol 2013; 10: 686-690 [PMID: 24042449 
DOI: 10.1038/nrgastro.2013.171]

18     

Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of NAFLD development and therapeutic 
strategies. Nat Med 2018; 24: 908-922 [PMID: 29967350 DOI: 10.1038/s41591-018-0104-9]

19     

Lăpădat AM, Jianu IR, Ungureanu BS, Florescu LM, Gheonea DI, Sovaila S, Gheonea IA. Non-invasive imaging 
techniques in assessing non-alcoholic fatty liver disease: a current status of available methods. J Med Life 2017; 10: 19-26 
[PMID: 28255371]

20     

Lee DH. Imaging evaluation of non-alcoholic fatty liver disease: focused on quantification. Clin Mol Hepatol 2017; 23: 
290-301 [PMID: 28994271 DOI: 10.3350/cmh.2017.0042]

21     

Ballestri S, Nascimbeni F, Lugari S, Lonardo A, Francica G. A critical appraisal of the use of ultrasound in hepatic 
steatosis. Expert Rev Gastroenterol Hepatol 2019; 13: 667-681 [PMID: 31104523 DOI: 10.1080/17474124.2019.1621164]

22     

Pirmoazen AM, Khurana A, El Kaffas A, Kamaya A. Quantitative ultrasound approaches for diagnosis and monitoring 
hepatic steatosis in nonalcoholic fatty liver disease. Theranostics 2020; 10: 4277-4289 [PMID: 32226553 DOI: 
10.7150/thno.40249]

23     

Xia MF, Yan HM, He WY, Li XM, Li CL, Yao XZ, Li RK, Zeng MS, Gao X. Standardized ultrasound hepatic/renal ratio 
and hepatic attenuation rate to quantify liver fat content: an improvement method. Obesity (Silver Spring) 2012; 20: 444-
452 [PMID: 22016092 DOI: 10.1038/oby.2011.302]

24     

Kotronen A, Peltonen M, Hakkarainen A, Sevastianova K, Bergholm R, Johansson LM, Lundbom N, Rissanen A, 
Ridderstråle M, Groop L, Orho-Melander M, Yki-Järvinen H. Prediction of non-alcoholic fatty liver disease and liver fat 
using metabolic and genetic factors. Gastroenterology 2009; 137: 865-872 [PMID: 19524579 DOI: 
10.1053/j.gastro.2009.06.005]

25     

http://www.ncbi.nlm.nih.gov/pubmed/30871980
https://dx.doi.org/10.1016/j.jhep.2019.03.004
http://www.ncbi.nlm.nih.gov/pubmed/32030660
https://dx.doi.org/10.1007/978-3-030-33128-3_1
http://www.ncbi.nlm.nih.gov/pubmed/31492410
https://dx.doi.org/10.1016/j.jacr.2019.06.004
http://www.ncbi.nlm.nih.gov/pubmed/20871680
https://dx.doi.org/10.1200/jop.2005.1.2.54
http://www.ncbi.nlm.nih.gov/pubmed/28856515
https://dx.doi.org/10.1007/s11548-017-1660-z
http://www.ncbi.nlm.nih.gov/pubmed/21339347
https://dx.doi.org/10.1148/radiol.10100547
http://www.ncbi.nlm.nih.gov/pubmed/28778512
https://dx.doi.org/10.1016/j.acra.2017.06.008
http://www.ncbi.nlm.nih.gov/pubmed/29212479
https://dx.doi.org/10.1186/s12916-017-0973-7
http://www.ncbi.nlm.nih.gov/pubmed/8690394
https://dx.doi.org/10.1002/hep.510240201
http://www.ncbi.nlm.nih.gov/pubmed/15453332
http://www.ncbi.nlm.nih.gov/pubmed/10530829
https://dx.doi.org/10.1016/s1386-5056(99)00010-6
http://www.ncbi.nlm.nih.gov/pubmed/34219353
https://dx.doi.org/10.1111/liv.14999
http://www.ncbi.nlm.nih.gov/pubmed/22716936
https://dx.doi.org/10.1186/1472-6947-12-55
http://www.ncbi.nlm.nih.gov/pubmed/28779596
https://dx.doi.org/10.1016/j.compbiomed.2017.07.012
http://www.ncbi.nlm.nih.gov/pubmed/30440285
https://dx.doi.org/10.1109/EMBC.2018.8513011
http://www.ncbi.nlm.nih.gov/pubmed/29730602
https://dx.doi.org/10.1136/gutjnl-2018-316204
http://www.ncbi.nlm.nih.gov/pubmed/24042449
https://dx.doi.org/10.1038/nrgastro.2013.171
http://www.ncbi.nlm.nih.gov/pubmed/29967350
https://dx.doi.org/10.1038/s41591-018-0104-9
http://www.ncbi.nlm.nih.gov/pubmed/28255371
http://www.ncbi.nlm.nih.gov/pubmed/28994271
https://dx.doi.org/10.3350/cmh.2017.0042
http://www.ncbi.nlm.nih.gov/pubmed/31104523
https://dx.doi.org/10.1080/17474124.2019.1621164
http://www.ncbi.nlm.nih.gov/pubmed/32226553
https://dx.doi.org/10.7150/thno.40249
http://www.ncbi.nlm.nih.gov/pubmed/22016092
https://dx.doi.org/10.1038/oby.2011.302
http://www.ncbi.nlm.nih.gov/pubmed/19524579
https://dx.doi.org/10.1053/j.gastro.2009.06.005


Cao LL et al. AI in liver ultrasound

WJG https://www.wjgnet.com 3408 July 21, 2022 Volume 28 Issue 27

Byra M, Styczynski G, Szmigielski C, Kalinowski P, Michałowski Ł, Paluszkiewicz R, Ziarkiewicz-Wróblewska B, 
Zieniewicz K, Sobieraj P, Nowicki A. Transfer learning with deep convolutional neural network for liver steatosis 
assessment in ultrasound images. Int J Comput Assist Radiol Surg 2018; 13: 1895-1903 [PMID: 30094778 DOI: 
10.1007/s11548-018-1843-2]

26     

Byra M, Han A, Boehringer AS, Zhang YN, O'Brien WD Jr, Erdman JW Jr, Loomba R, Sirlin CB, Andre M. Liver Fat 
Assessment in Multiview Sonography Using Transfer Learning With Convolutional Neural Networks. J Ultrasound Med 
2022; 41: 175-184 [PMID: 33749862 DOI: 10.1002/jum.15693]

27     

Reddy DS, Bharath R, Rajalakshmi P. A Novel Computer-Aided Diagnosis Framework Using Deep Learning for 
Classification of Fatty Liver Disease in Ultrasound Imaging. Int Confer e-Health Network App Ser 2018; 1-5

28     

Chou TH, Yeh HJ, Chang CC, Tang JH, Kao WY, Su IC, Li CH, Chang WH, Huang CK, Sufriyana H, Su EC. Deep 
learning for abdominal ultrasound: A computer-aided diagnostic system for the severity of fatty liver. J Chin Med Assoc 
2021; 84: 842-850 [PMID: 34282076 DOI: 10.1097/JCMA.0000000000000585]

29     

Zamanian H, Mostaar A, Azadeh P, Ahmadi M. Implementation of Combinational Deep Learning Algorithm for Non-
alcoholic Fatty Liver Classification in Ultrasound Images. J Biomed Phys Eng 2021; 11: 73-84 [PMID: 33564642 DOI: 
10.31661/jbpe.v0i0.2009-1180]

30     

Han A, Byra M, Heba E, Andre MP, Erdman JW Jr, Loomba R, Sirlin CB, O'Brien WD Jr. Noninvasive Diagnosis of 
Nonalcoholic Fatty Liver Disease and Quantification of Liver Fat with Radiofrequency Ultrasound Data Using One-
dimensional Convolutional Neural Networks. Radiology 2020; 295: 342-350 [PMID: 32096706 DOI: 
10.1148/radiol.2020191160]

31     

Nguyen TN, Podkowa AS, Park TH, Miller RJ, Do MN, Oelze ML. Use of a convolutional neural network and quantitative 
ultrasound for diagnosis of fatty liver. Ultrasound Med Biol 2021; 47: 556-568 [PMID: 33358553 DOI: 
10.1016/j.ultrasmedbio.2020.10.025]

32     

Cha DI, Kang TW, Min JH, Joo I, Sinn DH, Ha SY, Kim K, Lee G, Yi J. Deep learning-based automated quantification of 
the hepatorenal index for evaluation of fatty liver by ultrasonography. Ultrasonography 2021; 40: 565-574 [PMID: 
33966363 DOI: 10.14366/usg.20179]

33     

Amarapurkar D, Han KH, Chan HL, Ueno Y; Asia-Pacific Working Party on Prevention of Hepatocellular Carcinoma. 
Application of surveillance programs for hepatocellular carcinoma in the Asia-Pacific Region. J Gastroenterol Hepatol 
2009; 24: 955-961 [PMID: 19383082 DOI: 10.1111/j.1440-1746.2009.05805.x]

34     

Kumar V, Gu Y, Basu S, Berglund A, Eschrich SA, Schabath MB, Forster K, Aerts HJ, Dekker A, Fenstermacher D, 
Goldgof DB, Hall LO, Lambin P, Balagurunathan Y, Gatenby RA, Gillies RJ. Radiomics: the process and the challenges. 
Magn Reson Imaging 2012; 30: 1234-1248 [PMID: 22898692 DOI: 10.1016/j.mri.2012.06.010]

35     

Xian GM. An identification method of malignant and benign liver tumors from ultrasonography based on GLCM texture 
features and fuzzy SVM. Expert System App  2010; 37: 6737-6741 [DOI: 10.1016/J.ESWA.2010.02.067]

36     

Xi IL, Wu J, Guan J, Zhang PJ, Horii SC, Soulen MC, Zhang Z, Bai HX. Deep learning for differentiation of benign and 
malignant solid liver lesions on ultrasonography. Abdom Radiol (NY) 2021; 46: 534-543 [PMID: 32681268 DOI: 
10.1007/s00261-020-02564-w]

37     

Yang Q, Wei J, Hao X, Kong D, Yu X, Jiang T, Xi J, Cai W, Luo Y, Jing X, Yang Y, Cheng Z, Wu J, Zhang H, Liao J, 
Zhou P, Song Y, Zhang Y, Han Z, Cheng W, Tang L, Liu F, Dou J, Zheng R, Yu J, Tian J, Liang P. Improving B-mode 
ultrasound diagnostic performance for focal liver lesions using deep learning: A multicentre study. EBioMedicine 2020; 56: 
102777 [PMID: 32485640 DOI: 10.1016/j.ebiom.2020.102777]

38     

Tiyarattanachai T, Apiparakoon T, Marukatat S, Sukcharoen S, Geratikornsupuk N, Anukulkarnkusol N, Mekaroonkamol 
P, Tanpowpong N, Sarakul P, Rerknimitr R, Chaiteerakij R. Development and validation of artificial intelligence to detect 
and diagnose liver lesions from ultrasound images. PLoS One 2021; 16: e0252882 [PMID: 34101764 DOI: 
10.1371/journal.pone.0252882]

39     

Hwang YN, Lee JH, Kim GY, Jiang YY, Kim SM. Classification of focal liver lesions on ultrasound images by extracting 
hybrid textural features and using an artificial neural network. Biomed Mater Eng 2015; 26 Suppl 1: S1599-S1611 [PMID: 
26405925 DOI: 10.3233/BME-151459]

40     

Hassan TM, Elmogy M, Sallam ES. Diagnosis of Focal Liver Diseases Based on Deep Learning Technique for Ultrasound 
Images. J Sci Engi  2017; 42: 3127-3140 [DOI: 10.1007/S13369-016-2387-9]

41     

Schmauch B, Herent P, Jehanno P, Dehaene O, Saillard C, Aubé C, Luciani A, Lassau N, Jégou S. Diagnosis of focal liver 
lesions from ultrasound using deep learning. Diagn Interv Imaging 2019; 100: 227-233 [PMID: 30926443 DOI: 
10.1016/j.diii.2019.02.009]

42     

Guo LH, Wang D, Qian YY, Zheng X, Zhao CK, Li XL, Bo XW, Yue WW, Zhang Q, Shi J, Xu HX. A two-stage multi-
view learning framework based computer-aided diagnosis of liver tumors with contrast enhanced ultrasound images. Clin 
Hemorheol Microcirc 2018; 69: 343-354 [PMID: 29630528 DOI: 10.3233/CH-170275]

43     

Pan F, Huang Q, Li X. Classification of liver tumors with CEUS based on 3D-CNN. Int Confer Adv Rob Mechat 2019; 
845-849

44     

Gatos I, Tsantis S, Spiliopoulos S, Skouroliakou A, Theotokas I, Zoumpoulis P, Hazle JD, Kagadis GC. A new automated 
quantification algorithm for the detection and evaluation of focal liver lesions with contrast-enhanced ultrasound. Med Phys 
2015; 42: 3948-3959 [PMID: 26133595 DOI: 10.1118/1.4921753]

45     

Kondo S, Takagi K, Nishida M, Iwai T, Kudo Y, Ogawa K, Kamiyama T, Shibuya H, Kahata K, Shimizu C. Computer-
Aided Diagnosis of Focal Liver Lesions Using Contrast-Enhanced Ultrasonography With Perflubutane Microbubbles. IEEE 
Trans Med Imaging 2017; 36: 1427-1437 [PMID: 28141517 DOI: 10.1109/TMI.2017.2659734]

46     

Streba CT, Ionescu M, Gheonea DI, Sandulescu L, Ciurea T, Saftoiu A, Vere CC, Rogoveanu I. Contrast-enhanced 
ultrasonography parameters in neural network diagnosis of liver tumors. World J Gastroenterol 2012; 18: 4427-4434 
[PMID: 22969209 DOI: 10.3748/wjg.v18.i32.4427]

47     

Căleanu CD, Sîrbu CL, Simion G. Deep Neural Architectures for Contrast Enhanced Ultrasound (CEUS) Focal Liver 
Lesions Automated Diagnosis. Sensors (Basel) 2021; 21 [PMID: 34208548 DOI: 10.3390/s21124126]

48     

Hu HT, Wang W, Chen LD, Ruan SM, Chen SL, Li X, Lu MD, Xie XY, Kuang M. Artificial intelligence assists 49     

http://www.ncbi.nlm.nih.gov/pubmed/30094778
https://dx.doi.org/10.1007/s11548-018-1843-2
http://www.ncbi.nlm.nih.gov/pubmed/33749862
https://dx.doi.org/10.1002/jum.15693
http://www.ncbi.nlm.nih.gov/pubmed/34282076
https://dx.doi.org/10.1097/JCMA.0000000000000585
http://www.ncbi.nlm.nih.gov/pubmed/33564642
https://dx.doi.org/10.31661/jbpe.v0i0.2009-1180
http://www.ncbi.nlm.nih.gov/pubmed/32096706
https://dx.doi.org/10.1148/radiol.2020191160
http://www.ncbi.nlm.nih.gov/pubmed/33358553
https://dx.doi.org/10.1016/j.ultrasmedbio.2020.10.025
http://www.ncbi.nlm.nih.gov/pubmed/33966363
https://dx.doi.org/10.14366/usg.20179
http://www.ncbi.nlm.nih.gov/pubmed/19383082
https://dx.doi.org/10.1111/j.1440-1746.2009.05805.x
http://www.ncbi.nlm.nih.gov/pubmed/22898692
https://dx.doi.org/10.1016/j.mri.2012.06.010
https://dx.doi.org/10.1016/J.ESWA.2010.02.067
http://www.ncbi.nlm.nih.gov/pubmed/32681268
https://dx.doi.org/10.1007/s00261-020-02564-w
http://www.ncbi.nlm.nih.gov/pubmed/32485640
https://dx.doi.org/10.1016/j.ebiom.2020.102777
http://www.ncbi.nlm.nih.gov/pubmed/34101764
https://dx.doi.org/10.1371/journal.pone.0252882
http://www.ncbi.nlm.nih.gov/pubmed/26405925
https://dx.doi.org/10.3233/BME-151459
https://dx.doi.org/10.1007/S13369-016-2387-9
http://www.ncbi.nlm.nih.gov/pubmed/30926443
https://dx.doi.org/10.1016/j.diii.2019.02.009
http://www.ncbi.nlm.nih.gov/pubmed/29630528
https://dx.doi.org/10.3233/CH-170275
http://www.ncbi.nlm.nih.gov/pubmed/26133595
https://dx.doi.org/10.1118/1.4921753
http://www.ncbi.nlm.nih.gov/pubmed/28141517
https://dx.doi.org/10.1109/TMI.2017.2659734
http://www.ncbi.nlm.nih.gov/pubmed/22969209
https://dx.doi.org/10.3748/wjg.v18.i32.4427
http://www.ncbi.nlm.nih.gov/pubmed/34208548
https://dx.doi.org/10.3390/s21124126


Cao LL et al. AI in liver ultrasound

WJG https://www.wjgnet.com 3409 July 21, 2022 Volume 28 Issue 27

identifying malignant vs benign liver lesions using contrast-enhanced ultrasound. J Gastroenterol Hepatol 2021; 36: 2875-
2883 [PMID: 33880797 DOI: 10.1111/jgh.15522]
Zhou L, Rui JA, Zhou WX, Wang SB, Chen SG, Qu Q. Edmondson-Steiner grade: A crucial predictor of recurrence and 
survival in hepatocellular carcinoma without microvascular invasio. Pathol Res Pract 2017; 213: 824-830 [PMID: 
28554743 DOI: 10.1016/j.prp.2017.03.002]

50     

Zhou L, Rui JA, Wang SB, Chen SG, Qu Q, Chi TY, Wei X, Han K, Zhang N, Zhao HT. Factors predictive for long-term 
survival of male patients with hepatocellular carcinoma after curative resection. J Surg Oncol 2007; 95: 298-303 [PMID: 
17326130 DOI: 10.1002/jso.20678]

51     

Court CM, Harlander-Locke MP, Markovic D, French SW, Naini BV, Lu DS, Raman SS, Kaldas FM, Zarrinpar A, Farmer 
DG, Finn RS, Sadeghi S, Tomlinson JS, Busuttil RW, Agopian VG. Determination of hepatocellular carcinoma grade by 
needle biopsy is unreliable for liver transplant candidate selection. Liver Transpl 2017; 23: 1123-1132 [PMID: 28688158 
DOI: 10.1002/lt.24811]

52     

Liu D, Liu F, Xie X, Su L, Liu M, Kuang M, Huang G, Wang Y, Zhou H, Wang K, Lin M, Tian J. Accurate prediction of 
responses to transarterial chemoembolization for patients with hepatocellular carcinoma by using artificial intelligence in 
contrast-enhanced ultrasound. Eur Radiol 2020; 30: 2365-2376 [PMID: 31900703 DOI: 10.1007/s00330-019-06553-6]

53     

Liu F, Liu D, Wang K, Xie X, Su L, Kuang M, Huang G, Peng B, Wang Y, Lin M, Tian J. Deep Learning Radiomics 
Based on Contrast-Enhanced Ultrasound Might Optimize Curative Treatments for Very-Early or Early-Stage 
Hepatocellular Carcinoma Patients. Liver Cancer 2020; 9: 397-413 [PMID: 32999867 DOI: 10.1159/000505694]

54     

Wang W, Wu SS, Zhang JC, Xian MF, Huang H, Li W, Zhou ZM, Zhang CQ, Wu TF, Li X, Xu M, Xie XY, Kuang M, Lu 
MD, Hu HT. Preoperative Pathological Grading of Hepatocellular Carcinoma Using Ultrasomics of Contrast-Enhanced 
Ultrasound. Acad Radiol 2021; 28: 1094-1101 [PMID: 32622746 DOI: 10.1016/j.acra.2020.05.033]

55     

Hu HT, Wang Z, Huang XW, Chen SL, Zheng X, Ruan SM, Xie XY, Lu MD, Yu J, Tian J, Liang P, Wang W, Kuang M. 
Ultrasound-based radiomics score: a potential biomarker for the prediction of microvascular invasion in hepatocellular 
carcinoma. Eur Radiol 2019; 29: 2890-2901 [PMID: 30421015 DOI: 10.1007/s00330-018-5797-0]

56     

Dong Y, Zhou L, Xia W, Zhao XY, Zhang Q, Jian JM, Gao X, Wang WP. Preoperative Prediction of Microvascular 
Invasion in Hepatocellular Carcinoma: Initial Application of a Radiomic Algorithm Based on Grayscale Ultrasound Images. 
Front Oncol 2020; 10: 353 [PMID: 32266138 DOI: 10.3389/fonc.2020.00353]

57     

Zhang D, Wei Q, Wu GG, Zhang XY, Lu WW, Lv WZ, Liao JT, Cui XW, Ni XJ, Dietrich CF. Preoperative Prediction of 
Microvascular Invasion in Patients With Hepatocellular Carcinoma Based on Radiomics Nomogram Using Contrast-
Enhanced Ultrasound. Front Oncol 2021; 11: 709339 [PMID: 34557410 DOI: 10.3389/fonc.2021.709339]

58     

Wu K, Chen X, Ding M. Deep learning based classification of focal liver lesions with contrast-enhanced ultrasound. Optik 
2014; 125: 4057-4063 [DOI: 10.1016/J.IJLEO.2014.01.114]

59     

http://www.ncbi.nlm.nih.gov/pubmed/33880797
https://dx.doi.org/10.1111/jgh.15522
http://www.ncbi.nlm.nih.gov/pubmed/28554743
https://dx.doi.org/10.1016/j.prp.2017.03.002
http://www.ncbi.nlm.nih.gov/pubmed/17326130
https://dx.doi.org/10.1002/jso.20678
http://www.ncbi.nlm.nih.gov/pubmed/28688158
https://dx.doi.org/10.1002/lt.24811
http://www.ncbi.nlm.nih.gov/pubmed/31900703
https://dx.doi.org/10.1007/s00330-019-06553-6
http://www.ncbi.nlm.nih.gov/pubmed/32999867
https://dx.doi.org/10.1159/000505694
http://www.ncbi.nlm.nih.gov/pubmed/32622746
https://dx.doi.org/10.1016/j.acra.2020.05.033
http://www.ncbi.nlm.nih.gov/pubmed/30421015
https://dx.doi.org/10.1007/s00330-018-5797-0
http://www.ncbi.nlm.nih.gov/pubmed/32266138
https://dx.doi.org/10.3389/fonc.2020.00353
http://www.ncbi.nlm.nih.gov/pubmed/34557410
https://dx.doi.org/10.3389/fonc.2021.709339
https://dx.doi.org/10.1016/J.IJLEO.2014.01.114


WJG https://www.wjgnet.com 3410 July 21, 2022 Volume 28 Issue 27

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2022 July 21; 28(27): 3410-3421

DOI: 10.3748/wjg.v28.i27.3410 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS

Risk factors and diagnostic biomarkers for nonalcoholic fatty liver 
disease-associated hepatocellular carcinoma: Current evidence and 
future perspectives

Masayuki Ueno, Haruhiko Takeda, Atsushi Takai, Hiroshi Seno

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Ulasoglu C, Turkey; 
Wang YL, China

Received: February 2, 2022 
Peer-review started: February 2, 
2022 
First decision: April 10, 2022 
Revised: April 24, 2022 
Accepted: June 15, 2022 
Article in press: June 15, 2022 
Published online: July 21, 2022

Masayuki Ueno, Haruhiko Takeda, Atsushi Takai, Hiroshi Seno, Department of Gastroenterology 
and Hepatology, Kyoto University Graduate School of Medicine, Kyoto 6068507, Japan

Corresponding author: Atsushi Takai, MD, PhD, Assistant Professor, Department of 
Gastroenterology and Hepatology, Kyoto University Graduate School of Medicine, 54 
Shogoin-Kawahara-cho, Sakyo-ku, Kyoto 6068507, Japan. atsushit@kuhp.kyoto-u.ac.jp

Abstract
High rates of excessive calorie intake diets and sedentary lifestyles have led to a 
global increase in nonalcoholic fatty liver disease (NAFLD). As a result, this 
condition has recently become one of the leading causes of hepatocellular 
carcinoma (HCC). Furthermore, the incidence of NAFLD-associated HCC 
(NAFLD-HCC) is expected to increase in the near future. Advanced liver fibrosis 
is the most common risk factor for NAFLD-HCC. However, up to 50% of NAFLD-
HCC cases develop without underlying liver cirrhosis. Epidemiological studies 
have revealed many other risk factors for this condition; including diabetes, other 
metabolic traits, obesity, old age, male sex, Hispanic ethnicity, mild alcohol intake, 
and elevated liver enzymes. Specific gene variants, such as single-nucleotide 
polymorphisms of patatin-like phospholipase domain 3, transmembrane 6 
superfamily member 2, and membrane-bound O-acyl-transferase domain-
containing 7, are also associated with an increased risk of HCC in patients with 
NAFLD. This clinical and genetic information should be interpreted together for 
accurate risk prediction. Alpha-fetoprotein (AFP) is the only biomarker currently 
recommended for HCC screening. However, it is not sufficiently sensitive in 
addressing this diagnostic challenge. The GALAD score can be calculated based 
on sex, age, lectin-bound AFP, AFP, and des-carboxyprothrombin and is reported 
to show better diagnostic performance for HCC. In addition, emerging studies on 
genetic and epigenetic biomarkers have also yielded promising diagnostic 
potential. However, further research is needed to establish an effective 
surveillance program for the early diagnosis of NAFLD-HCC.
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Core Tip: This review summarizes the risk factors and diagnostic biomarkers for nonalcoholic fatty liver 
disease (NAFLD)-associated hepatocellular carcinoma (HCC). The highlighted risk factors include liver 
fibrosis, diabetes, age, sex, race, alcohol intake, elevated liver enzymes, and specific genetic variants. 
Currently available diagnostic biomarkers include alpha-fetoprotein (AFP), des-carboxyprothrombin, and 
the AFP isoform L3. The combined use of these biomarkers may increase the diagnostic sensitivity of 
NAFLD-HCC detection. However, more discussion will be necessary on the cost-effectiveness of these 
approaches. This review also summarizes emerging means of discovering novel biomarkers using omics 
techniques. A better understanding of these risk factors and diagnostic biomarkers will facilitate the 
effective surveillance of NAFLD-HCC.

Citation: Ueno M, Takeda H, Takai A, Seno H. Risk factors and diagnostic biomarkers for nonalcoholic fatty liver 
disease-associated hepatocellular carcinoma: Current evidence and future perspectives. World J Gastroenterol 
2022; 28(27): 3410-3421
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3410.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3410

INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for the majority of primary liver cancers[1]. It is the sixth 
most common form of cancer and the fourth leading cause of worldwide cancer-related deaths[2]. By 
contrast to the declining trends for other major cancers, mortality rates from liver cancer have increased 
by almost 3% per year[3]. Chronic liver infection from hepatitis B or C virus (HBV or HCV, respectively) 
and alcohol abuse are the most common causes of HCC[1,4]. However, there is a growing concern about 
the rapid increase in nonalcoholic fatty liver disease (NAFLD) as another cause of HCC.

NAFLD is a spectrum of chronic liver diseases characterized by excess fat accumulation in hepa-
tocytes[5]. The prevalence of NAFLD is rapidly increasing worldwide, with recent studies reporting a 
global percentage of approximately 25%[6]. Unsurprisingly, the incidence of NAFLD-associated HCC 
(NAFLD-HCC) is also increasing in many areas of the world. In the United States, the proportion of 
NAFLD-HCC among all HCC patients has significantly increased from 9.3% to 13.6% over the past 
decade[7]. In a French cohort of patients who underwent liver resection, the prevalence of NAFLD-HCC 
increased from 2.6% (1995-1999) to 19.5% (2010-2014)[8]. Similar trends are also seen in Asian countries. 
According to a nationwide survey conducted in Japan, the proportion of nonalcoholic steatohepatitis 
(NASH)-related HCC has increased from 1.5% (2007 or before) to 7.2% (2014–2016)[9]. Universal HBV 
vaccination and widespread use of direct-acting antiviral agents for HCV are expected to decrease the 
number of virus-related HCC cases. Nonetheless, NAFLD-HCC is expected to continue to rise in the 
future[10,11].

NAFLD-HCC is often diagnosed at an advanced stage due to a lack of efficient surveillance policies
[11]. In the Veteran Affairs population, only 40% of NAFLD-HCC patients underwent HCC surveillance 
compared to more than 80% of patients with HCV-related HCC[12]. From the perspective of cost-effect-
iveness, HCC screening should be considered when the annual risk of HCC exceeds 0.4–2.0%[13,14]. 
However, in a large-scale retrospective cohort study, out of 2382289 person-years of follow-up, only 490 
patients with NAFLD were diagnosed with HCC (0.21/1000 person-years)[15]. Thus, it is necessary to 
more effectively identify high-risk patients who will benefit from HCC surveillance. Additionally, the 
diagnostic performance of the implemented examination is important for effective surveillance. 
Although ultrasonography with or without alpha-fetoprotein (AFP) is recommended for HCC screening
[16], the sensitivity and specificity of these examinations are insufficient in patients with NAFLD. The 
high prevalence of obesity in patients with NAFLD impairs ultrasonography performance[17]. 
Therefore, many researchers have been searching for alternative NAFLD-HCC surveillance tools to 
increase the chances of early diagnosis. Recent advances in omics technology have enabled easier 
genetic and epigenetic benchmark analysis. Thus, many potential biomarkers are currently under 
investigation.

In this review, we discuss the current evidence for clinical and genetic HCC risk factors. We also 
summarize previous reports on the diagnostic biomarkers of NAFLD-HCC, including those under 
development. Finally, we briefly address future perspectives on HCC surveillance for NAFLD patients.

CLINICAL RISK FACTORS
Liver fibrosis
Liver fibrosis is the most important risk factor for the development of HCC in patients with NAFLD[18,

https://www.wjgnet.com/1007-9327/full/v28/i27/3410.htm
https://dx.doi.org/10.3748/wjg.v28.i27.3410
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19]. In a large retrospective cohort study, the annual HCC incidence rates amongst NAFLD patients 
with and without cirrhosis were 10.6 and 0.08 per 1000 person-years, respectively[15]. This indicates that 
the presence of liver cirrhosis increases the risk of NAFLD-HCC by more than 10-fold (Table 1).

Liver biopsy is the gold standard for evaluating the fibrotic stage of the liver[20]. However, 
noninvasive examinations are more widely used in clinical practice. Available serum biomarkers for 
assessing fibrosis include the aspartate transaminase (AST)-to-platelet ratio index, Fibrosis-4 (FIB-4) 
index, and enhanced liver fibrosis score[21]. The FIB-4 index is calculated using various factors; 
including age, AST, alanine aminotransferase (ALT), and platelet count. Furthermore, a significant 
association between the FIB-4 index and HCC risk in NAFLD patients has been reported[15,22]. The 
Mac-2-binding protein glycosylation isomer is a novel serum biomarker that shows relatively high 
efficacy at assessing liver fibrosis[23]. It may also be useful in predicting the risk of hepatocarcino-
genesis among NAFLD patients[24].

Additionally, elastography techniques using ultrasound or magnetic resonance imaging are useful 
tools for noninvasive evaluation of degree of fibrosis[21]. A retrospective study from Japan suggested 
that shear wave velocity measurements can be used for HCC risk assessment in NAFLD patients[25].

Diabetes mellitus and other metabolic traits
Several studies have demonstrated that (mostly type 2) diabetes mellitus is associated with an increased 
risk of HCC development in NAFLD patients. The hazard ratio for HCC in diabetic patients has been 
reported to be around 2.2–4.2[22,26,27] (Table 1). In a nationwide Japanese study, the annual incidence 
of HCC was only 0.11% in diabetes patients overall. However, it increased to 1.0% when they had an 
FIB-4 index of 3.5 or more[14]. Therefore, the degree of liver fibrosis, together with presence or absence 
of diabetes, should be assessed to predict the risk of NAFLD-HCC.

There have been conflicting reports regarding the association between other metabolic traits such as 
hypertension, dyslipidemia, with NAFLD-HCC[28]. However, a recent study showed that these 
conditions were also risk factors for NAFLD-HCC (Table 1). Furthermore, the hazard ratio for HCC was 
5.6 in patients with diabetes, hypertension, and dyslipidemia[27,29].

Obesity
Regardless of underlying liver diseases, obesity is associated with an increased risk of HCC[30]. This 
relationship has also been confirmed in patients with NAFLD[29,31]. In a cohort of NAFLD-HCC 
patients treated with curative radiofrequency ablation, the degree of visceral fat accumulation, but not 
body mass index (BMI), was independently associated with an increased risk of HCC recurrence[32]. A 
propensity score-matched study showed that the incidence of both NASH and HCC were significantly 
lower in patients who underwent bariatric surgery, indicating a protective role of sustained weight loss 
by bariatric surgery[33].

Age, sex, and race
Old age, male sex, and Hispanic ethnicity are also known risk factors for NAFLD-HCC (Table 1); the 
details are described in another review article[31]. In the United States, a multicenter case-control study 
showed that old age (per year) and male sex were independently associated with a higher NAFLD-HCC 
risk [odds ratios (OR), 1.08 and 4.34, respectively][34]. In another study, age ≥ 65 years was associated 
with a 1.83 times higher NAFLD-HCC risk compared to age < 65 years[15]. Regarding ethnicity, a 
previous study showed that Hispanic patients had a lower NAFLD-HCC risk (OR, 0.3). By contrast, 
another study showed the opposite result (hazard ratio, 1.59)[15,34]. Several other studies have shown 
that Hispanic ethnicity is, in itself, a risk factor for NAFLD, partly because of the high prevalence of 
patatin-like phospholipase domain 3 (PNPLA3) variants among Hispanic people[35,36].

Alcohol intake and smoking
NAFLD is defined as hepatic steatosis without harmful alcohol intake (more than 30 g/day for men and 
20 g/day for women). However, mild alcohol intake can also be a risk factor for NAFLD-HCC[37]. 
Previous studies have shown that mild drinking habits were associated with 3.6–4.8 times higher risk of 
HCC in NAFLD patients compared to no habits of drinking[38,39] (Table 1). No study has specifically 
investigated the association between smoking and NAFLD-HCC. However, smoking is associated with 
an increased risk of HCC. Additionally, it has been reported to be associated with advanced liver 
fibrosis in NAFLD patients[31,40]. Because these factors are modifiable, NAFLD patients should be 
informed that cessation of alcohol intake and smoking may reduce the risk of future HCC development.

Elevated liver enzymes
Patients with NASH are thought to have a higher risk of HCC than those with NAFLD[18]. However, 
liver biopsy is required to accurately distinguish these conditions. Therefore, elevated liver enzyme 
levels are often used as surrogate markers for NASH in clinical practice. Several studies have shown 
that elevated liver enzymes in NAFLD patients are significantly associated with an increased risk of 
HCC (hazard ratio, 2.07–8.20)[41-43] (Table 1). At the same time, however, normal transaminase levels 
do not exclude the possibility of advanced liver fibrosis[44].
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Table 1 Clinical risk factors for nonalcoholic fatty liver disease-associated hepatocellular carcinoma

Risk factors Reported evidence Ref.

The annual incidence rate of HCC in NAFLD patients with cirrhosis was more than 10 times higher than in those 
without

Liver fibrosis

Non-invasive fibrosis markers (e.g., FIB-4 index, M2BPGi, and shear wave velocity in VTQ) also had significant 
associations with the risk of NAFLD-HCC

[15,22,24,25]

Diabetes Associated with increased risk of HCC in NAFLD patients (hazard ratio: 2.2–4.2) [22,26,27]

Hypertension May be an independent risk factor for NAFLD-HCC [29]

Dyslipidemia May be an independent risk factor for NAFLD-HCC [29]

Increased age was an independent risk factor for HCC in patients with NASH-related cirrhosisAge

NAFLD patients aged ≥ 65 had 1.83 times higher risk of HCC than those aged < 65

[15,34]

Male sex Male patients with NASH-related cirrhosis had 4.34 times higher risk of HCC than female patients [34]

Ethnicity Hispanic ethnicity was associated with 1.59 times higher risk of HCC in NAFLD patients compared to white 
ethnicity (however, there have been conflicting results)

[15]

Mild alcohol intake Associated with increased risk of HCC in NAFLD patients (hazard ratio: 3.6–4.8) [38,39]

Elevated liver 
enzymes

Associated with increased risk of HCC in NAFLD patients (hazard ratio: 2.1–8.2) [41-43]

HCC: Hepatocellular carcinoma; NAFLD: Nonalcoholic fatty liver disease; FIB-4: Fibrosis-4; M2BPGi: Mac-2-binding protein glycosylation isomer; VTQ: 
Virtual touch quantification; NASH: Nonalcoholic steatohepatitis.

Combined risk assessment
As we described above, many factors influence the risk of HCC in NAFLD patients. Therefore, 
integrating multiple factors will improve the accuracy of risk assessment. Lee et al[45] proposed a risk 
prediction model consisting of age, platelet count, and liver stiffness. This showed relatively good 
prediction performance in the validation cohort (i.e., area under the receiver operating characteristic 
curve (AUROC), 0.78)[45]. Ioannou et al[46] reported another prediction model with a similar predictive 
value (AUROC, 0.75), consisting of age, sex, diabetes, BMI, platelet count, serum albumin, and AST/√
ALT ratio[46].

GENETIC RISK FACTORS
Although NAFLD development and progression is largely determined by environmental factors, 
several genetic factors are involved in NAFLD pathogenesis. These genes included PNPLA3, 
transmembrane 6 superfamily member 2 (TM6SF2), glucokinase regulator (GCKR), membrane-bound 
O-acyl-transferase domain-containing 7 (MBOAT7), and 17-beta-hydroxysteroid dehydrogenase 13 (
HSD17B13)[5,47]. Epigenetic factors, such as DNA methylation, histone modification, and non-coding 
RNAs, also play roles in the progression of NAFLD and hepatocarcinogenesis[48]. The risk of severe 
liver fibrosis has been reported to be 12.5-fold higher in patients with first-degree relatives with 
NAFLD-related cirrhosis than those without[49].

Single-nucleotide polymorphisms (SNPs) of PNPLA3 have been the most studied for its association 
with HCC[50]. In a cohort of European Caucasian patients with NAFLD, the PNPLA3 rs738409 
polymorphism was significantly associated with HCC risk. GG carriers were found to evince a 5-fold 
increased risk compared to CC carriers[51]. This association was confirmed by subsequent studies[52,
53]. The TM6SF2 rs58542926 polymorphism has been reported to be another risk factor for HCC and 
advanced fibrosis/cirrhosis[54,55]. In addition, the MBOAT7 rs641738 variant has also been reported as 
a risk factor for NAFLD-HCC. Furthermore, in an Italian cohort, the rs6417338 C-to-T variant was 
associated with a 1.65-fold increased risk of HCC[56]. Other reported SNPs associated with NAFLD-
HCC risk include Toll-like receptor 5 rs5744174[57], signal transducer transcription 6 rs167769[58] 
activator, yes-associated protein 1 rs11225163[58], HSD17B13 rs72613567[55], and dystrophy-associated 
fer-1-like protein rs17007417[59] (Table 2).

Zhang et al[55] reported a combined risk assessment model consisting of PNPLA3, TM6SF2, and 
HSD17B13 variants[55]. In this study, patients with the highest score had a 29-fold higher risk of 
developing HCC. Bianco et al[60] reported another polygenic risk assessment model consisting of 
PNPLA3, TM6SF2, GCKR, MBOAT7, and HSD17B13[60]. The sensitivity and specificity for diagnosing 
HCC were 0.43 and 0.79%, respectively (AUROC, 0.65).
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Table 2 Genetic risk factors for nonalcoholic fatty liver disease-associated hepatocellular carcinoma

Risk factors Reported evidence Ref.

Carriage of rs738409 GG polymorphism is associated with 5.1–6.4-fold increased risk 
of HCC in NAFLD patients

PNPLA3 G variant (GG vs CG vs CC) was not significantly associated with the risk of 
cardiovascular events extrahepatic cancers or overall death, but was associated with 
HCC (HR: 2.66) and liver-related death (HR: 2.42)

PNPLA3

Used for developing polygenic risk scores

[51-53,60]

TM6SF2 minor allele carriage (rs58542926 C>T) was associated with advanced 
fibrosis/cirrhosis and HCC (OR, 2.8) in NAFLD patients

Combined assessment with PNPLA3 and HSD17B13 variants were useful for risk 
stratification of NAFLD-HCC

TM6SF2

Used for developing polygenic risk scores

[54,55,60]

MBOAT7 rs641738 C>T variants were associated with higher risk of HCC in NAFLD 
patients (OR, 1.65–2.10)

MBOAT7

Used for developing polygenic risk scores

[56,60]

TLR5 TLR5 rs5744174 TT genotype was a risk factor of HCC in patients with steatohepatitis-
related cirrhosis (OR, 1.9)

[57]

STAT6 STAT6 rs167769 CC genotype was inversely associated with the risk of HCC in NASH 
patients (OR, 0.015)

[58]

YAP1 Carriage of YAP1 rs11225163 C allele was inversely associated with the risk of HCC in 
NASH patients (OR, 0.047)

[58]

HSD17B13 Combined assessment with PNPLA3 and TM6SF2 variants were useful for risk strati-
fication of NAFLD-HCC

[55]

DYSF DYSF rs17007417 T allele carriage was associated with increased risk of HCC in 
NAFLD patients (OR, 2.74)

[59]

GCKR rs1260326 T allele carriage was associated with increased risk of HCC in 
NAFLD patients (OR, 1.38)

GCKR

Used for developing polygenic risk scores

[59,60]

PNPLA3: Patatin-like phospholipase domain 3; HCC: Hepatocellular carcinoma; NAFLD: Nonalcoholic fatty liver disease; HR: Hazard ratio; TM6SF2: 
Transmembrane 6 superfamily member 2; HSD17B13: 7-beta-Hydroxysteroid dehydrogenase 13; OR: Odds ratio; MBOAT7: Membrane-bound O-acyl-
transferase domain-containing 7; TLR5: Toll-like receptor 5; STAT6: Signal transducer activator of transcription 6; NASH: Nonalcoholic steatohepatitis; 
YAP1: Yes-associated protein 1; DYSF: Dystrophy-associated fer-1-like protein; GCKR: Glucokinase regulator.

DIAGNOSTIC BIOMARKERS
Currently available biomarkers
The currently available serum biomarkers for diagnosing HCC include AFP, des-carboxyprothrombin 
(DCP), and AFP isoform L3 (AFP-L3) (Table 3). Only AFP is recommended for HCC surveillance as per 
the major guidelines[31]. However, patients with NAFLD-HCC tend to have lower AFP levels than 
those with viral HCC[12,61]. Thus, the combined use of multiple tumor markers may be considered to 
increase the detection rate of HCC[62]. The GALAD score is a scoring system for the diagnosis of HCC. 
This score can be calculated by sex, age, lectin-bound AFP, AFP, and DCP. In a German cohort of NASH 
patients with and without HCC, the GALAD score exhibited excellent diagnostic performance (AUROC, 
0.96). This was significantly better than AFP (AUROC, 0.88), DCP (AUROC, 0.87), and AFP-L3 (AUROC, 
0.86) alone[63]. However, it must be noted that that only 20% of the HCC patients included in this study 
were within the Milan criteria. In addition, further research is needed from the perspective of cost effect-
iveness to determine whether this scoring system should be recommended for routine HCC screening in 
patients with NAFLD.

Potential biomarkers under investigation
Many serum biomarkers are under investigation for more accurate diagnosis of NAFLD-HCC without 
imaging. These biomarkers include iron and transferrin saturation[64], glypican-3 and adiponectin[65], 
midkine[66], apoptosis inhibitor of macrophages[67,68], glycosylation patterns of glycoproteins[69], and 
specific types of glycopeptides[70,71] (Table 3). Recently, Kozumi et al[72] showed that intrahepatic and 
serum thrombospondin 2 (THBS2) expression levels are strongly associated with advanced fibrosis in 
patients with NASH[72]. In their study, HCC was observed only in patients with high serum levels of 
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Table 3 Currently available and potential diagnostic biomarkers for nonalcoholic fatty liver disease-associated hepatocellular 
carcinoma

Biomarkers Reported evidence Ref.
Currently available

AFP Modest diagnostic ability for HCC in NAFLD patients (AUROC, 0.71–0.88) [63,84]

The diagnostic ability for NAFLD-HCC was similar to that of AFP

Combined use with AFP improved the diagnostic performance

DCP

Used for calculation of GALAD score

[63,84]

The diagnostic ability for NAFLD-HCC was similar to that of AFPAFP-L3

Used for calculation of GALAD score

[63]

Under development

Iron status Elevations of serum iron levels and transferrin saturation were associated with 
increased risk of HCC in NAFLD patients (HR, 2.91 and 2.02, respectively)

[64]

Midkine increased the diagnostic yield in AFP-negative HCC in NAFLD patients; 
59.2% of AFP-negative NAFLD-HCC patients had elevation of serum midkine levels

IgM-free AIM had better diagnostic performance for NASH-HCC than AFP or DCP 
(AUROC, 0.905–0.929)

Proteins

Serum TSP-2 levels were significantly associated with advanced fibrosis in NASH 
patients. Among 164 patients with NAFLD, HCC occurred only in patients with high 
serum levels of TSP-2

[65-67,72]

Glycoprotein Glycosylation patterns of alpha-1 acid glycoprotein may serve as a diagnostic 
biomarker for AFP-negative HCC in NAFLD patients

[69]

Proteoglycan Glypican-3 had modest diagnostic ability (AUROC, 0.759), similar to AFP (AUROC, 
0.763). When combined with age, sex, DCP and adiponectin, the AUROC increased to 
0.948

[65]

Site-specific N-glycopeptides from vitronectin may serve as diagnostic biomarkers for 
NASH-HCC. When used together with AFP, the AUROC were 0.834 and 0.847, 
compared to 0.791 of AFP alone

Glycopeptide

Site-specific N-glycopeptides from serum haptoglobin showed better diagnostic 
accuracy for NASH-HCC than AFP

[70,71]

Cytokine (adipokine) Adiponectin had slightly better diagnostic ability (AUROC, 0.770) than AFP (AUROC, 
0.763). When combined with age, sex, DCP and glypican-3, the AUROC increased to 
0.948

[65]

TERT promoter mutation (C228T) in serum cfDNA showed better diagnostic ability for 
early NAFLD-HCC than AFP and DCP

Cell-free DNA

Methylation biomarkers in cfDNA improved the diagnostic performance when 
combined with AFP

[76,78]

microRNA The expression levels of exosomal miR-182, miR-301a and miR-373 in both serum and 
ascetic fluid were higher in NASH-cirrhosis patients with HCC than in those without 
HCC

[77]

AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma; NAFLD: Nonalcoholic fatty liver disease; AUROC: Area under receiver operating characteristic 
curve; DCP: Des-carboxyprothrombin; AFP-L3: AFP isoform L3; HR: Hazard ratio; IgM: Immunoglobulin M; AIM: Apoptosis inhibitor of macrophages; 
TSP-2: Thrombospondin-2; NASH: Nonalcoholic steatohepatitis; TERT: Telomerase reverse transcriptase; cfDNA: Cell-free DNA; miR: microRNA.

thrombospondin-2 (TSP-2). Thus, serum TSP-2 testing may also be useful for NAFLD-HCC surveillance.
Genetic and epigenetic biomarkers have attracted increasing attention in recent years (Table 3). For 

example, telomerase reverse transcriptase (TERT) promoter mutations, the most common form of HCC 
genetic alteration[73-75], can be analyzed using cell-free DNA (cfDNA). Akuta et al[76] reported that 
TERT C228T mutation could be detected in 63.9% of NAFLD-HCC patients by analyzing cfDNA[76]. 
Notably, it can be positive, even in patients with normal AFP and DCP levels. Another example of 
circulating biomarkers is non-coding RNAs, especially microRNAs. In a preliminary study, the serum 
expression levels of miR-182, miR-301a, and miR-373 were significantly higher in NASH-HCC patients 
than in NASH patients without HCC[77]. DNA methylation can also be analyzed using peripheral 
blood. In a recent study, methylation cfDNA biomarkers provided a modest diagnostic value for 
NAFLD-HCC with a sensitivity of 87.5% and specificity of 39.4%[78]. The combination of this DNA 
methylation panel and AFP led to a better cohort wide diagnostic performance than either of them used 
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alone. Although the utility of these biomarkers is yet to be validated, in the near future, advances in 
omics technology will surely provide better diagnostic tools for NAFLD-HCC than conventional tumor 
markers.

FUTURE PERSPECTIVES
A more effective surveillance approach is strongly desired to reduce the number of deaths due to 
NAFLD-HCC. As advanced liver fibrosis is the most common risk factor for NAFLD-HCC, current 
screening recommendations primarily focus on patients with cirrhosis. However, in a French study, 
only 37% of patients undergoing liver resection for NAFLD-HCC had bridging fibrosis or cirrhosis; with 
a frequency significantly lower than that of other etiologies[8]. Similar results were observed in a 
Japanese multicenter study; in which only 49% of patients with NAFLD-HCC had underlying cirrhosis
[79]. Therefore, more than half of patients with NAFLD-HCC will lose the chance of early detection if no 
other risk factors are considered. As discussed above, other clinical factors and specific genetic variants 
have robust associations with NAFLD-HCC risk. We should make the best use of this evidence to 
enhance effective HCC surveillance. In addition, more accurate diagnostic biomarkers for NAFLD-HCC 
are needed. Among the currently available biomarkers, the GALAD score seems to be the most reliable. 
However, advances in omics technology will certainly provide more powerful diagnostic tools in the 
future. For instance, a recent study showed that fragmentomic cfDNA analysis offered excellent 
accuracy in detecting primary liver tumors (AUROC, 0.995), regardless of the underlying liver disease
[80]. Moreover, it showed a sensitivity of over 95%, even for stage I tumors. Thus, further research on 
genetic and epigenetic biomarkers is very much needed.

Novel conceptional criteria for metabolic dysfunction-associated fatty liver disease (MAFLD) were 
proposed in 2020[81]. Although MAFLD has been reported as a more practical definition for identifying 
patients with fatty liver disease with high risk of disease progression[82], it remains unclear whether the 
evidence of risk factors and diagnostic markers for NAFLD-HCC can be extended to MAFLD-HCC. A 
nationwide cohort study conducted in Taiwan revealed that patients with NAFLD/MAFLD overlap 
had similar risk of HCC compared to those with NAFLD alone[83]. Nonetheless, further studies are 
warranted on this topic.

CONCLUSION
The incidence of NAFLD-HCC is increasing rapidly worldwide. Thus, an effective surveillance 
approach is required to reduce the number of deaths due to this condition. Although advanced fibrosis 
is the most important risk factor for NAFLD-HCC, other clinical risk factors such as diabetes, old age, 
male sex, and elevated liver enzymes should also be considered. Recent advances in omics technology 
have revealed that genetic factors such as the SNP of PNPLA3 also affect the risk of hepatocarcino-
genesis in patients with NAFLD. With regards to the diagnostic biomarkers for NAFLD-HCC, only AFP 
is recommended for surveillance as per major guidelines. A recent study showed that the GALAD score 
evinced a more effective diagnostic performance than when AFP was used alone. However, clinical 
implementation should be discussed from the perspective of cost-effectiveness. Specific gene mutations 
and DNA methylation can be detected in cfDNA and are expected to be novel biomarkers for the early 
NAFLD-HCC diagnosis, as well as specific proteins, glycopeptides, and adipokines.
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Abstract
BACKGROUND 
The biochemical phenomenon defined as poly adenosine diphosphate (ADP)-
ribosylation (PARylation) is essential for the progression of pancreatic cancer. 
However, the excessive accumulation of poly ADP-ribose (PAR) induces 
apoptosis-inducing factor (AIF) release from mitochondria and energy depri-
vation resulting in the caspase-independent death of cancer cells.

AIM 
To investigate whether sustained calcium supply could induce an anticancer 
effect on pancreatic cancer by PAR accumulation.

METHODS 
Two pancreatic cancer cell lines, AsPC-1 and CFPAC-1 were used for the study. 
Calcium influx and mitochondrial reactive oxygen species (ROS) were observed 
by fluorescence staining. Changes in enzyme levels, as well as PAR accumulation 
and energy metabolism, were measured using assay kits. AIF-dependent cell 
death was investigated followed by confirming in vivo anticancer effects by 
sustained calcium administration.

RESULTS 
Mitochondrial ROS levels were elevated with increasing calcium influx into 
pancreatic cancer cells. Then, excess PAR accumulation, decreased PAR glyco-
hydrolase and ADP-ribosyl hydrolase 3 levels, and energy deprivation were 
observed. In vitro and in vivo antitumor effects were confirmed to accompany 
elevated AIF levels.

CONCLUSION 
This study visualized the potential anticancer effects of excessive PAR accumu-
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lation by sustained calcium supply on pancreatic cancer, however elucidating a clear mode of 
action remains a challenge, and it should be accompanied by further studies to assess its potential 
for clinical application.

Key Words: Pancreatic cancer; Calcium; Reactive oxygen species; Poly adenosine diphosphate-ribose; Poly 
adenosine diphosphate-ribosylation; Poly adenosine diphosphate-ribose polymerase; Apoptosis-inducing 
factor; Nicotinamide adenine dinucleotide; Anticancer effect

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Accumulation of poly adenosine diphosphate-ribose (PAR) was induced by an increase in 
reactive oxygen species following sustained calcium supply, which in turn led to the death of pancreatic 
cancer cells by energy deprivation and apoptosis-inducing factor expression. Although calcium-mediated 
accumulation of PAR would be a potential strategy for the treatment of pancreatic cancer, the association 
with the mechanical role of calcium in enabling the inactivation of PAR-degrading enzymes needs to be 
elucidated.

Citation: Jeong KY, Sim JJ, Park M, Kim HM. Accumulation of poly (adenosine diphosphate-ribose) by sustained 
supply of calcium inducing mitochondrial stress in pancreatic cancer cells. World J Gastroenterol 2022; 28(27): 
3422-3434
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3422.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3422

INTRODUCTION
Recent literature emphasizes that the biochemical phenomenon defined as poly adenosine diphosphate 
(ADP)-ribosylation (PARylation) is essential for the progression of cancer[1]. Poly ADP-ribose (PAR) is 
synthesized by the biochemical reaction of PAR polymerase-1 (PARP-1), which catalyzes the polymer-
ization of ADP-ribose from the donor nicotinamide adenine dinucleotide (NAD+) to form a linear or 
branched PAR polymer[2]. Because PARylation is implicated in the multistep process involving various 
physiological maintenance factors and overcoming stress conditions for cancer cell survival, there might 
be connections between PARP-1 function and pancreatic cancer progression as a bridgehead linked by 
PARylation[1,2].

Although PARylation is essential for cancer survival, the excessive accumulation of PAR can mediate 
apoptosis-inducing factor (AIF) release from mitochondria and its nuclear translocation, resulting in the 
caspase-independent death of cancer cells[3]. The mode of action of the relationship between AIF and 
PAR involved in cell death has not been elucidated, but AIF translocation to the nucleus leading to 
chromatin condensation and large-scale DNA fragmentation is a well-established theory[3,4]. Cell death 
following PAR accumulation was recently defined as parthanatos, which is considered another death 
mechanism in a large category of apoptosis-type reactions[4]. Therefore, targeting ADP-ribosyl 
hydrolase 3 (ARH3), a type of PAR-degrading protein, and PAR glycohydrolase (PARG), a reversible 
covalent-modifier targeting PAR, might be potential methods to induce anticancer effects via PAR 
accumulation[5-7]. Although approaches to inhibit such enzymes through RNA interference or genetic 
manipulation have been tried, there have been few studies of the relevant mechanisms targeting 
pancreatic cancer[6,7].

Calcium is a key element in physiological signal transduction that enables the adjustment of energy 
production to cellular demand[8]; however, some reports indicated that cancer cells were affected 
during the influx of a high concentration of calcium resulting in excessive reactive oxygen species (ROS) 
produced from mitochondria[9]. Furthermore, there was an association between PARP-1 and an 
increase in ROS[1,10,11]. It was reported that the hyperactivation of PARP-1 was induced by an increase 
in ROS caused by intracellular calcium influx, the activation of PARP-1 as a response to DNA damage, 
or to drive an antioxidant program to protect cells from ROS[1,10,11]. This implies that excessive PAR 
accumulation can be induced as a result of PARP-1 hyperactivation followed by PARylation, suggesting 
the prospect of influencing pancreatic cancer cell survival by supplying high concentrations of calcium. 
The study aimed to investigate whether a sustained calcium supply induced intracellular PAR accumu-
lation with an increase in ROS and to demonstrate the potential of this phenomenon to promote 
anticancer effects on pancreatic cancer.
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MATERIALS AND METHODS
Cell lines and culture conditions
AsPC-1 and CFPAC-1 were obtained from the American Type Culture Collection (Manassas, VA, 
United States). The cells were grown in Roswell Park Memorial Institute 1640 and Iscove’s Modified 
Dubecco’s Medium supplemented with 10% fetal bovine serum (Welgene, Gyeongsan, Korea) and 1% 
penicillin/streptomycin (Welgene, Gyeongsan, Korea). All cells were cultured under a humidified 
atmosphere at 37 °C containing 5% CO2.

Reagents
Lactate calcium salt (CaLac) and calpeptin were purchased from Sigma-Aldrich (St. Louis, MO, United 
States) and dissolved in distilled water. The solutions were stored at 4 °C until use.

Measurement of intracellular calcium
Calcium concentrations were measured using a confocal laser scanning microscope (Leica, Heidelberg, 
Germany). Cultured pancreatic cancer cells were loaded with 10 μM Fluo-3/AM (Invitrogen, Frederick, 
MD, United States) dissolved in dimethyl sulfoxide (Sigma-Aldrich). Then the cells were incubated for 
30 min at 37 °C. Fluo-3/AM was excited at 488 nm and emitted fluorescence was measured at 515 nm.

Immunocytochemistry
Pancreatic cancer cells were fixed on bio-coated coverslips (BD bioscience, NJ, United States) using 4% 
paraformaldehyde, and incubated for 15 h with the primary antibody against AIF (1:200, Santa Cruz 
Biotechnology, Santa Cruz, CA, United States). Subsequently, the cells were incubated with an anti-
rabbit secondary biotinylated anti-body (1:5000, Abcam) and visualized with streptavidin conjugated to 
fluorescein (Vector Laboratories, Burlingame, CA, United States). MitoSOX Red (Thermo Fisher 
Scientific, Waltham, MA, United States) was used to detect mitochondrial superoxide production. 
Fluorescence was measured using a confocal laser scanning microscope (Leica). Signal intensities were 
quantified and analyzed using the Xenogen Imaging System (IVIS® 100 series, Caliper Life Science, MA, 
United States).

Enzyme-linked immunosorbent assay
PARG, RNF-146, PAR, and AIF levels were quantified from 1 × 106 number of pancreatic cancer cells or 
2 mm3 volume of tumor tissues using each assay kit (PARG assay kit: Trevigen, Gaithersburg, MD, 
United States; RNF-146 ELISA kit: Abbexa, Houston, TX, United States; PAR ELISA kit: Cell Biolabs, San 
Diego, CA, United States; AIF ELISA kit: Abcam, Cambridge, England), according to the manufacturer’s 
instructions.

Adenosine triphosphate assay
The cell culture medium was supplemented with CaLac, and cultures were incubated for 24 h. 1 × 106 
cells were then sonicated. The cells were centrifuged at 1500 g for 20 min to remove insoluble material, 
and the supernatant was collected. Adenosine triphosphate (ATP) was measured by ATP colorimetric 
assay kit (Abcam) according to manufacturer’s instructions.

NAD+ and NADH assay
The cell culture medium was supplemented with CaLac, and the cultures were incubated for 24 h. 1 × 
106 cells were then sonicated. The cells were washed twice with phosphate buffer solution (PBS), and 
NAD+ and NADH levels were measured using the NAD/NADH quantitation kit (Sigma) according to 
the manufacturer’s protocol.

Transferase-mediated dUTP nick end labeling assay
Pancreatic cancer cells were treated with CaLac for 24 h and then washed with cold PBS. The cells were 
fixed with 4% paraformaldehyde for 30 min and washed twice with PBS for 2 min. Fixed cells in 
permeabilization solution (0.1% Triton X-100 and 0.1% Sodium citrate) were washed. The tumors were 
fixed in 10% neutral buffered formalin and embedded in paraffin. Tissue sections (4 μm) were made 
from paraffin-embedded blocks on a microtome, and then the sections were deparaffinized and 
rehydrated. To detect cell death, the DeadEnd™ Fluorometric transferase-mediated dUTP nick end 
labeling (TUNEL) system kit (Promega, Madison, WI, United States) was used according to the 
manufacturer’s instructions.

FACS analysis
Annexin V and propidium iodide (PI) staining was performed using an Annexin V-FITC Apoptosis 
Detection Kit (BD Biosciences). 2.5 × 106 of AsPC-1 and CFPAC-1 cells were exposed to CaLac for 24 h. 
The cells were resuspended in 100 μL of Annexin V-FITC binding buffer, and then 5 μL of Annexin V-
FITC conjugate and 10 μL of PI buffer were added. Annexin V and PI were analyzed using a FACS 
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CaliburTM instrument (BD Biosciences).

Cell viability assay
Pancreatic cancer cells were cultured in a 96-well plate (3 × 103 cells/well) for 24 h, and then treated 
with CaLac for 24 h at 37 °C. Then, 10 μL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide was added to each well, and the cells were incubated at 37 °C for 1 h in a humidified 
environment containing 5% CO2. After the media was discarded, 200 μL of dimethyl sulfoxide (Cell 
Signaling Technology, Danvers, MA, United States) was added to each well. The absorbance was read at 
570 nm using a microplate reader (iMark Microplate Absorbance Reader, Bio-Rad, CA, United States).

Xenograft animal model
Twenty-eight male Balb/c nude mice (5 wk of age) were purchased from the Charles River Breeding 
Laboratories (Wilmington, MA, United States). All animals were maintained on a 12 h light/dark cycle 
(light on, 08:00) at 22-25 °C, with free access to food and water. To investigate the antitumor activity of 
CaLac in vivo, a therapeutic strategy was devised to investigate its effect on the heterotopic xenograft 
animal model. Fourteen mice were used for establishing a heterotopic xenograft model using AsPC-1 
cells (5 × 106) resuspended in 100 μL of phosphate-buffered saline. The cells were injected subcu-
taneously into the left flank of mice. Once the tumors reached a diameter of 8 mm, 7 mice were 
randomly divided into the untreated group, and 7 mice were divided into the CaLac-treated group. 20 
mg/kg of CaLac was subcutaneously injected daily for 21 d. Tumor growth was monitored three times 
per week. To harvest tumors for histological and molecular biology analysis, carbon dioxide inhalation 
was used for euthanasia at the end of the experiments.

Immunohistochemistry
The tumors were fixed in 10% neutral buffered formalin and embedded in paraffin. Tissue sections (4 
μm) were made from paraffin-embedded blocks on a microtome, and then the sections were 
deparaffinized and rehydrated. Endogenous peroxidase activity was blocked by 3% H2O2 in distilled 
water for 30 min. Antigen retrieval was induced by slide heating with 10 mmol/L citrate buffer (pH 6.0) 
using a microwave oven. The sections were blocked using a blocking agent (Invitrogen, Frederick, MD, 
United States) and incubated overnight with the primary antibodies at 4 °C. The primary antibodies 
were as follows: Ki-67 (1:200, Santa Cruz Biotechnology) and proliferating cell nuclear antigen (PCNA, 
1:200, Santa Cruz Biotechnology). The sections were then incubated with biotinylated anti-mouse 
antibody (1:500, Vector Laboratories, Burlingame, CA, United States) for 1 h. After a PBST wash, the 
sections were treated with 3,3’-diaminobenzidine substrate (Dako, Carpentaria, CA, United States) and 
counterstained with hematoxylin (Thermo Fisher Scientific). A Leica DM 1000 LED microscope (Leica 
Microsystems, Wetzlar, Germany) was used for image analysis.

Statistical analysis
Data are presented as the means ± SD. Statistical significance was analyzed using the Student’s t-test or 
one-way analysis of variance, depending on the normality of the data distribution. P < 0.05 was 
considered as statistically significant. All statistical analyses were performed by Sigma Stat v3.5 (Systat 
Software Inc., Chicago, IL, United States).

RESULTS
Calcium influx increases mitochondrial ROS in pancreatic cancer cells
The fluorescence intensity of fluo-3 by calcium reaction was increased in cells of both types of pancreatic 
cancer, AsPC-1 and CFPAC-1, following CaLac treatment (Figure 1A). In a quantitative analysis of 
fluorescence intensity, intracellular calcium levels were significantly increased by sustained calcium 
supply to about 2.1- and 1.9-fold in AsPC-1 and CFPAC-1, respectively, compared with the untreated 
group (Figure 1B). The increase in red fluorescence level in pancreatic cancer cells indicated increased 
ROS generation in pancreatic cancer cells by sustained calcium supply, indicating that ROS originated 
from mitochondria by the simultaneous use of a mitochondrial tracer showing green fluorescence 
(Figure 1C). In an analysis of the mean fluorescence intensity (MFI), mitochondrial ROS levels detected 
by MitoSOXTM were significantly increased by sustained calcium supply to about 2.33- and 2.63-fold in 
ASPC-1 and CFPAC-1, respectively, compared with the untreated group (Figures 1D and E).

An increase in ROS causes the excessive accumulation of PAR and energy deprivation
In addition to the immediate association of PAR accumulation by increased ROS levels, PARG and 
RNF-146 were supplementally investigated to confirm a change in the enzyme levels involved in PAR 
accumulation. A decrease in the enzymatic activity of PARG and ARH3 following calcium supply was 
observed (Figures 2A and B), accompanied by the accumulation of PAR in pancreatic cancer cells 
(Figure 2C). Changes in coenzyme factors involved in energy metabolism following the accumulation of 
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Figure 1 Confirmation of mitochondrial reactive oxygen species generation by sustained calcium supply. A: Fluorescent calcium imaging 
following lactate calcium salt (CaLac) treatment of pancreatic cancer cells (AsPC-1 and CFPAC-1). Scale bars: 100 μm; B: Quantitative analysis of the fluorescence 
intensity of calcium; C: Confocal imaging of mitochondrial reactive oxygen species (ROS) in pancreatic cancer cells. Red dye: Mitochondrial superoxide indicator; 
Green dye: Mitochondrial indicator. Scale bars: 25 μm; D: Quantitative analysis of the fluorescence intensity of mitochondrial ROS in AsPC-1; E: Quantitative analysis 
of the fluorescence intensity of mitochondrial ROS in CFPAC-1. The fluorescence intensity was calculated by the mean fluorescence intensity. The cells were treated 
with 2.5 mM CaLac for 72 h. Results represent the mean ± SD. aP < 0.001 vs untreated. CaLac: Lactate calcium salt; MitoSOX: Mitochondrial superoxide indicator.

PAR were also identified (Figures 2D and E). These results indicated that the excessive synthesis of PAR 
resulted in reduced NAD+ levels (Figure 2D) and the increase of NADH levels (Figure 2E), which led to 
a depletion of ATP (Figure 2F).

An increase in AIF expression induces the death of pancreatic cancer cells
The results of immunocytochemical staining for the co-expression of AIF with the mitochondrial tracker 
in two types of pancreatic cancer cells indicated the calcium supply induced the translocation of AIF 
from the cytoplasm into the nucleus, whereas only cytoplasmic co-expression was observed in the 
untreated group (Figure 3A). Furthermore, it was quantitatively increased by calcium supply when the 
expression of AIF only was confirmed as a separate result through MFI analysis (Figures 3B and C). 
Then, the reaction ratio by TUNEL staining per total cells was significantly increased (Figures 3D and 
E), and Annexin V labeled cells increased from 6.61% to 37.61% and from 4.8% to 26.91% in AsPC-1 and 
CFPAC-1, respectively (Figure 3F). A decrease in cell viability by calcium supply was macroscopically 
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Figure 2 Confirmation of enzyme change and poly adenosine diphosphate-ribose accumulation by calcium supply resulting in energy 
crisis. A: Quantitative analysis of the enzyme levels of poly adenosine diphosphate (ADP)-ribose (PAR) glycohydrolase in pancreatic cancer cells (AsPC-1 and 
CFPAC-1); B: Quantitative analysis of the enzyme levels of ADP-ribosyl hydrolase 3 in AsPC-1 and CFPAC-1; C: Quantitative analysis of PAR levels; D: Quantitative 
analysis of nicotinamide adenine dinucleotide levels; E: Quantitative analysis of NADH levels; F: Quantitative analysis of adenosine triphosphate (ATP) levels. The 
cells were treated with 2.5 mM lactate calcium salt for 72 h. Results represent the mean ± SD. aP < 0.001 vs untreated. CaLac: Lactate calcium salt; PARG: Poly 
adenosine diphosphate-ribose glycohydrolase; ARH3: Adenosine diphosphate-ribosyl hydrolase 3; NAD+: Nicotinamide adenine dinucleotide; ATP: Adenosine 
triphosphate.

observed by microphotographs (Figure 3G), and the CaLac group (calcium supply) showed low cell 
viability (mean 35.5%) when defining the total cell viability of the untreated group as 100% (Figure 3H).

An increase in PAR accumulation relates to calcium-dependent proteolytic enzyme activity in 
pancreatic cancer cells
To elucidate an increase in PAR accumulation by sustained calcium supply, the calpain inhibitor, 
calpeptin, was introduced. Changes in PARG, ARH3, PAR, and AIF were sequentially observed in 
pancreatic cancer cells (Figure 4). Although PARG levels were significantly decreased by sustained 
calcium supply, there was only a slight decrease (no significant difference) when combining calpeptin 
with calcium supply (Figures 4A and B). Calpeptin itself did not directly change the levels of PARG 
(Figures 4A and B) similar to that of ARH3 (Figures 4C and D). Furthermore, the levels of PAR and AIF 
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Figure 3 Confirmation of the expression of apoptosis-inducing factor followed by an increase in apoptosis in pancreatic cancer cells 
(AsPC-1 and CFPAC-1). A: Immunocytochemical staining for apoptosis-inducing factor (AIF) release from mitochondria and translocation into the nucleus. Red 
dye: AIF; Green dye: Mitochondrial indicator. Scale bars: 10 μm; B: Quantitative analysis of the mean fluorescence intensity (MFI) of AIF in CFPAC-1; C: Quantitative 
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analysis of the MFI of AIF in AsPC-1; D: Fluorescent microphotographs for colorimetric terminal deoxynucleotidyl transferase -mediated dUTP nick end labeling 
(TUNEL) detection. Green dye: TUNEL staining. Scale bars: 50 μm; E: Quantitative analysis of the % ratio of TUNEL detected cells per total pancreatic cancer cells; 
F: Representative flow cytometry plots using Annexin V-fluorescein-5-isothiocyanate/propidium iodide staining for apoptosis; G: Representative microphotographs to 
compare cell condition after calcium supply; H: Quantitative analysis of the percent cell viability following calcium supply. The cells were treated with 2.5 mM lactate 
calcium salt for 72 h. Results represent the mean ± SD. aP < 0.001 vs untreated. CaLac: Lactate calcium salt; AIF: Apoptosis-inducing factor; MFI: Mean fluorescence 
intensity; TUNEL: Transferase-mediated dUTP nick end labeling.

Figure 4 Confirmation of poly-adenosine diphosphate ribose accumulation in pancreatic cancer cells (AsPC-1 and CFPAC-1) by calcium-
mediated proteasomal activity. A: Quantitative analysis of poly adenosine diphosphate-ribose glycohydrolase (PARG) levels in AsPC-1; B: Quantitative analysis 
of PARG levels in CFPAC-1; C: Quantitative analysis of ADP-ribosyl hydrolase 3 (ARH3) levels in AsPC-1; D: Quantitative analysis of ARH3 levels in CFPAC-1; E: 
Quantitative analysis of PAR levels in AsPC-1; F: Quantitative analysis of PAR levels in CFPAC-1; G: Quantitative analysis of apoptosis-inducing factor (AIF) levels in 
AsPC-1; H: Quantitative analysis of AIF levels in CFPAC-1. Calpeptin was used for proteasome inhibition. The cells were treated with 2.5 mM lactate calcium salt for 
72 h. Results represent the mean ± SD. aP < 0.001 vs untreated. CaLac: Lactate calcium salt; PARG: Poly adenosine diphosphate-ribose glycohydrolase; ARH3: 
Adenosine diphosphate-ribosyl hydrolase 3; AIF: Apoptosis-inducing factor.
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were increased by calcium supply, which was restored to a level similar to that of the untreated group 
under culture conditions in which calpeptin was added (Figures 4E-H).

Sustained calcium administration induces anticancer effects on pancreatic cancer
Comparative results of tumor growth in heterotopic xenograft models demonstrated the inhibition of 
pancreatic cancer growth by calcium administration (Figures 5Aand B, Figure 6). The tumor volume on 
the last day of measurement was 830.37 ± 138.36 and 431.41 ± 91.98 in the untreated and the CaLac 
groups, respectively. Tumor volume was reduced by about 48.1% in the CaLac group compared with 
the untreated group (Figure 5B). There were few viable cells capable of discriminating the staining of 
nuclei in tumor tissues of the CaLac group (Figure 5C), indicating an increase in PAR-dependent AIF 
expression following sustained calcium-induced apoptosis (Figures 5D and E). The apoptotic signal in 
tumor tissues was increased 5.13-fold in the CaLac group compared with the untreated group (Figures 
5F and G). As a result of apoptosis, the malignancy indicators of tumors were significantly reduced 
(Figure 5H) and the expressions of Ki-67 and PCNA were significantly reduced by about 64% and 68%, 
respectively in the CaLac group (Figures 5I and J).

DISCUSSION
This study demonstrated that the accumulation of PAR was induced by an increase in ROS following 
sustained calcium supply, which in turn led to the death of pancreatic cancer cells by energy 
deprivation and AIF expression. CaLac is a small molecule generated by the reaction of lactic acid with 
calcium carbonate and is characterized as a weak electrolyte with a neutralized charge[12]. Such a 
characteristic of CaLac suggests it might readily cross cell membranes as a bound form. Therefore, the 
accumulation of calcium was greatly increased in pancreatic cancer cells by the sustained treatment of 
CaLac, which was in line with our direction of research targeting intracellular calcium accumulation. It 
is well known that intracellular calcium uptake can promote ROS formation in mitochondria by 
stimulating tricarboxylic acid cycle enzymes and electron transport chain activity[9]. The results 
indicated that calcium accumulation by CaLac led to an increase in the mitochondrial ROS of pancreatic 
cancer cells. An active calcium signal must operate within physiological levels, but when intracellular 
calcium levels exceed this threshold, excessive ROS production can have a detrimental effect on cell 
survival by disrupting mitochondrial bioenergetic regulation and cellular functions[13]. The main 
reason for investigating an increase in PAR synthesis among the various biological phenomena 
mediated by calcium-dependent excessive ROS is its key function as a protective mechanism for cancer 
cell survival under hostile conditions[1,10,11,14]. ROS can be spontaneously generated during the 
ceaseless process of the rapid growth of cancer cells, but excessive ROS can cause DNA damage by 
irreversible oxidative stress[15]. PAR synthesis is defined as PARylation by PARP-1 recruits or modifies 
several nuclear proteins during the DNA damage response against harmful oxidative stress; however, 
the excessive synthesis of PAR can lead to cell death[1,14]. A sustained calcium supply causes the 
accumulation of PAR to cope with long-lasting DNA damage along with an increase of ROS in 
pancreatic cancer cells. Well-established phenomena induced by PAR accumulation include energy 
deprivation and AIF release from mitochondria[3,4,16]. Because PAR is catalyzed for synthesis from 
donor NAD+, excessive PAR accumulation causes a decrease in the intracellular level of NAD+, leading 
to energy deprivation[8,17]. Furthermore, an increase in AIF release induces cell death by large-scale 
DNA fragmentation defined as parthanatos, although a clear mechanism has not been elucidated[4,16]. 
The results indicated that AIF migrates from the mitochondria to the cytoplasm and nucleus in response 
to the accumulation of PAR followed by inducing the death of pancreatic cancer cells. Therefore, 
excessive PAR accumulation caused by an increase in ROS by sustained calcium supply can be 
considered to mediate anticancer activity as the main mechanism with energy deprivation and AIF 
release in pancreatic cancer cells. Cancer cells activate PAR erasing enzymes PARG and ARH3 to 
hydrolyze ribose-ribose bonds, PAR itself, or O-acetyl-ADP-ribose resulting in the prevention of 
excessive PAR accumulation[6,18]. These hydrolytic reactions form a biochemical mechanism to counter 
the PAR-mediated death of cancer cells[4,19,20]. In this study, it was confirmed that the enzymatic 
activities of PARG and ARH3 were significantly decreased after sustained calcium supply; however, the 
activity was restored by treatment with calpeptin, a potent, cell-permeable calpain inhibitor. Calpain is a 
break-down molecule and a calcium-dependent cysteine protease that can also induce ROS production 
depending on its activation, and it may also damage ion channels, cell adhesion molecules, and cell 
surface receptors as well as various enzymes[21,22]. On this basis, it is anticipated that calcium-
dependent calpain activation would directly induce the enzymatic inactivity of PARG and ARH 
according to the results of calpeptin application on pancreatic cancer cells. However, the current 
research outcome was unable to provide a clear mechanistic basis for the enzymatic inactivation of 
PARG and ARH by calpain. Because PARG and ARH3 are directly related to the accumulation of PAR 
in pancreatic cancer cells, we wish to investigate this further in more detail.
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Figure 5 Confirmation of the in vivo antitumor effect on pancreatic cancer following sustained calcium administration. A: Macroscopic 
observation of the tumor mass; B: Comparison of tumor volume between the untreated and calcium-administered groups. Lactate calcium salt (CaLac): 20 
mg/kg/mouse, subcutaneous injection, daily for 21 d; C: Hematoxylin and eosin staining. Scale bars: 100 μm; D: Comparison of poly adenosine diphosphate ribose 
expression in tumor tissues; E: Comparison of apoptosis-inducing factor expression in tumor tissues; F and G: % terminal deoxynucleotidyl transferase-mediated 
dUTP nick end labeling expression to compare increased apoptosis in tumor tissues. Scale bars: 100 μm; H and I: Comparison of Ki-67 expression in tumor tissues. 
Scale bars: 50 μm; J and K: Comparison of proliferating cell nuclear antigen in tumor tissues. Scale bars: 50 μm. aP < 0.001 vs untreated. Results are the mean ± SD. 
PAR: Poly adenosine diphosphate ribose; AIF: Apoptosis-inducing factor; TUNEL: Transferase-mediated dUTP nick end labeling; PCNA: Proliferating cell nuclear 
antigen; CaLac: Lactate calcium salt.

CONCLUSION
This study focused on the accumulation of PAR to induce energy deprivation and AIF release by 
sustained calcium supply to investigate its potential anticancer effect on pancreatic cancer. We 
demonstrated that an increase in ROS and inhibition of PAR-erasing enzymes might be the main 
contributors to these effects. However, the connection to the mechanistic role of calcium in enabling the 
inactivation of PAR-degrading enzyme needs to be elucidated, and additional studies to explore the 
potential of clinical application are required.
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Figure 6 Tumor pictures of all xenograft mice following the end of 20 mg/kg lactate calcium salt administration for 21 d. CaLac: Lactate 
calcium salt.

ARTICLE HIGHLIGHTS
Research background
The excessive accumulation of poly adenosine diphosphate(ADP)-ribose (PAR) induces energy 
deprivation and apoptosis-inducing factor (AIF) release from mitochondria resulting in the caspase-
independent death of cancer cells, and an increase in PAR is closely related to an increase in reactive 
oxygen species (ROS).

Research motivation
Increasing ROS can be induced in cancer cells by calcium influx. Therefore, it would be possible to 
expect the anticancer effect targeting pancreatic cancer through calcium-dependent PAR accumulation.

Research objectives
This study focused on the accumulation of PAR to induce energy deprivation and AIF release by 
sustained calcium supply to investigate its potential anticancer effect on pancreatic cancer.

Research methods
Two pancreatic cancer cell lines, AsPC-1 and CFPAC-1 were used for the study. Calcium influx and 
mitochondrial ROS were observed by fluorescence staining. Changes in enzyme levels, as well as PAR 
accumulation and energy metabolism, were measured using assay kits. AIF-dependent cell death was 
investigated followed by confirming in vivo anticancer effects by sustained calcium administration.

Research results
Mitochondrial ROS levels were elevated with increasing calcium influx into pancreatic cancer cells. 
Then, excess PAR accumulation, decreased PAR glycohydrolase and ADP-ribosyl hydrolase 3 levels, 
and energy crisis were observed. In vitro and in vivo antitumor effects were confirmed to accompany 
elevated AIF levels.

Research conclusions
Accumulation of PAR was induced by an increase in ROS following sustained calcium supply, which in 
turn led to the death of pancreatic cancer cells by energy deprivation and AIF expression. Calcium-
mediated accumulation of PAR would be a potential strategy for the treatment of pancreatic cancer.
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Research perspectives
Although this study visualized the potential anticancer effects of excessive PAR accumulation by 
sustained calcium supply on pancreatic cancer, elucidating a clear mode of action remains a challenge, 
and it should be accompanied by further studies to assess its potential for clinical application.
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Abstract
BACKGROUND 
Hepatocellular carcinoma (HCC) exhibits high invasiveness and mortality rates, 
and the molecular mechanisms of HCC have gained increasing research interest. 
The abnormal DNA damage response has long been recognized as one of the 
important factors for tumor occurrence and development. Recent studies have 
shown the potential of the protein RING finger and WD repeat domain 3 
(RFWD3) that positively regulates p53 stability in response to DNA damage as a 
therapeutic target in cancers.

AIM 
To investigate the relationship between HCC and RFWD3 in vitro and in vivo and 
explored the underlying molecular signalling transduction pathways.

METHODS 
RFWD3 gene expression was analyzed in HCC tissues and adjacent normal 
tissues. Lentivirus was used to stably knockdown RFWD3 expression in HCC cell 
lines. After verifying the silencing efficiency, Celigo/cell cycle/apoptosis and 
MTT assays were used to evaluate cell proliferation and apoptosis. Subsequently, 
cell migration and invasion were assessed by wound healing and transwell 
assays. In addition, transduced cells were implanted subcutaneously and injected 
into the tail vein of nude mice to observe tumor growth and metastasis. Next, we 
used lentiviral-mediated rescue of RFWD3 shRNA to verify the phenotype. 
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Finally, the microarray, ingenuity pathway analysis, and western blot analysis were used to 
analyze the regulatory network underlying HCC.

RESULTS 
Compared with adjacent tissues, RFWD3 expression levels were significantly higher in clinical 
HCC tissues and correlated with tumor size and TNM stage (P < 0.05), which indicated a poor 
prognosis state. RFWD3 silencing in BEL-7404 and HCC-LM3 cells increased apoptosis, decreased 
growth, and inhibited the migration in shRNAi cells compared with those in shCtrl cells (P < 0.05). 
Furthermore, the in vitro results were supported by the findings of the in vivo experiments with the 
reduction of tumor cell invasion and migration. Moreover, the rescue of RFWD3 shRNAi resulted 
in the resumption of invasion and metastasis in HCC cell lines. Finally, gene expression profiling 
and subsequent experimental verification revealed that RFWD3 might influence the proliferation 
and metastasis of HCC via the Wnt/β-catenin signalling pathway.

CONCLUSION 
We provide evidence for the expression and function of RFWD3 in HCC. RFWD3 affects the 
prognosis, proliferation, invasion, and metastasis of HCC by regulating the Wnt/β-catenin 
signalling pathway.

Key Words: RING finger and WD repeat domain 3; Hepatocellular carcinoma; Invasion; Proliferation; 
Metastasis; Wnt/β-catenin signaling pathways

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The relationship between RING finger and WD repeat domain 3 (RFWD3) and tumorigenesis 
process has been reported occasionally, but the relationship between RFWD3 and hepatocellular 
carcinoma (HCC) is still unclear. This research reports the significant role of RFWD3 in HCC 
development by using bioinformatics databases, clinical samples, cell phenotypes, in vivo experiments, 
and microarray analyses. It provides evidence that RFWD3 expression might affect the tumorigenesis 
process of HCC by regulating the Wnt/β-catenin signalling pathways, laying a basic foundation for future 
relevant studies.

Citation: Liang RP, Zhang XX, Zhao J, Lu QW, Zhu RT, Wang WJ, Li J, Bo K, Zhang CX, Sun YL. RING finger 
and WD repeat domain 3 regulates proliferation and metastasis through the Wnt/β-catenin signalling pathways in 
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URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3435.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3435

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors and is highly invasive 
with a high mortality rate[1]. Reportedly, the incidence of HCC has increased rapidly by approximately 
3%–4% per year in the United States[2]. Despite advances in medical research, early diagnosis of HCC 
remains difficult, and most patients are diagnosed with middle-or late-stage disease[3-5]. Moreover, 
even though some progress has been made in the clinical diagnosis and treatment of HCC, the long-
term survival after treatment for patients diagnosed with early-stage HCC is low[6]. With the 
development of biomedicine, more basic studies have been carried out on HCC, but the underlying 
mechanism remains unclear, warranting promising interventions[7,8].

Multiple signal transduction pathways have been demonstrated to be involved in cellular responses 
to stress. For example, the ubiquitin-proteasome system (UPS) plays an important role in DNA damage 
repair, transcription regulation, cell cycle arrest, and apoptosis[9-11]. Several studies have focused on 
the role of the protein RING finger and WD repeat domain 3 (RFWD3) in the ataxia telangiectasia-
mutated (ATM)/ATM-Rad3-related pathways of DNA damage response[12-16]. RFWD3 contains a 
RING finger domain and displays in vitro E3 ubiquitin ligase activity. It comprises an SQ-rich region in 
the N-terminus, a coiled-coil domain, and a WD40 domain in the C-terminus. In addition, sequence 
comparison revealed that the residues flanking serine 46 and serine 63 of RFWD3 are conserved[17]. 
According to the current literature, RFWD3 accumulates at stalled replication forks as part of the DNA 
damage response[18,19]. At these sites, RFWD3 co-localizes with replication protein A (RPA) and binds 
via its WD40 domain at the C-terminus to RPA2[20,21]. It functions in replication checkpoint signalling 
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upon replication stress and promotes replication fork restart after homologous recombination (HR)[22,
23]. RFWD3 is regarded as a tumor suppressor gene, and recent functional and mechanistic studies have 
indicated that it maintains the stability of p53[24]. Feeney et al[25] reported that it facilitates RPA-
mediated DNA damage response[25]. Furthermore, RFWD3 is required for the proliferation of non-
small-cell lung cancer, gastric carcinoma, and colorectal cancer cells and may have an important role[26-
28]. However, the relationship between HCC and RFWD3 has not been explored.

In a preliminary experiment using a small number of HCC samples, our team found that RFWD3 
expression was higher in HCC tissues than in adjacent non-cancerous tissues[29]. To rule out the effects 
of small sample numbers, the results were then verified using the open-source database. For this 
purpose, we chose RNA SEQ data (FPKM normalized) of liver cancer from The Cancer Genome Atlas 
(TCGA) database directly downloaded from the UCSC Xena database and further transformed it into 
log2 (TPM + 1) format. The results were concordant with our preliminary findings. Furthermore, the 
immunohistochemical analysis demonstrated that RFWD3 expression was associated with the clinical 
TNM stage (and with survival, according to the database). Therefore, in this study, we tested the 
hypothesis that RFWD3 plays a significant role in HCC development.

To test this hypothesis, in this study, we investigate the relationship between HCC and RFWD3 in 
vitro using human HCC cell lines and in vivo using HCC xenograft models in nude mice. Further, we 
unravel the underlying molecular signalling transduction pathways in HCC. The findings of this study 
provide evidence for the first time that RFWD3 plays a significant role in HCC cell proliferation and 
may serve as a potential therapeutic target for HCC.

MATERIALS AND METHODS
Tissue samples 
Sixty tissue sample pairs (HCC and adjacent normal liver tissues) were obtained from clinical patients 
who underwent surgical HCC resection at the First Affiliated Hospital of Zhengzhou University 
(Zhengzhou, China). Before the operation, all patients were informed that the resected tissues could be 
used for research, and consent was obtained from each patient. After resection, the tissues were snap-
frozen immediately and stored at −80 °C. All the experimental procedures were approved by the Ethics 
Committee of the First Affiliated Hospital of Zhengzhou University (Approval No. 10[2017]).

TCGA liver HCC cohort assessment 
TCGA liver HCC cohort included 374 cancer tissues and 50 adjacent normal tissues. According to the 
expression level of RFWD3 gene, we used the best cut-off value to divide the HCC patients into high 
and low expression groups by the Surv function of the survminer package. Then, the Kaplan-Meier 
method and log-rank test were used to evaluate the differences in overall survival and recurrence-free 
survival between the two groups. All data processing, statistical analyses, and graphical presentations 
(of this section) were carried out using R 4.0.5 software.

Immunohistochemical analysis of human HCC tissues 
HCC tissue microarray data of 60 HCC and adjacent tissues, including some basic clinical data shown in 
Table 1, were obtained from BiochipTech (Zhengzhou, China). Immunohistochemistry (IHC) was 
performed using a 1:100 dilution of a primary antibody against RFWD3 (Multi Sciences, Hangzhou, 
China), and all immunohistochemical procedures were performed according to a common standard 
protocol. First, the expression levels of RFWD3 between HCC and adjacent tissues were compared with 
a histochemical score (H-score). Then, a scoring system that combined the staining intensity (SI: 0, 
negative; 1, weak; 2, moderate; 3, strong) and the percentage of positive cells (PP: 0, < 5%; 1, 6%–25%; 2, 
26%–50%; 3, 51%–75%; 4, > 75%) was used to compare the correlation of clinical data in patients with 
RFWD3 expression (SI × PP > 4 was considered high expression; SI × PP ≤ 4 was considered low 
expression).

Cell lines and culturing, lentivirus vector construction, and transduction
The human HCC cell lines BEL-7404 and HCC-LM3, maintained in our laboratory, were cultured (BEL-
7404: 10% FBS, 90% RPMI-1640; HCC-LM3: 10% FBS, 90% DMEM; all purchased from Gibco, United 
States) according to the American type culture collection protocol. All cells were cultured in 50 ml/L 
CO2 at 37°C in a moderately humid environment. The RFWD3 siRNA sequence (5-CAGAGAATGATG-
GCAACAT-3) was synthesized and cloned into the AgeI/EcoRI sites of the lentivirus-based GV493-
puromycin vector (shRNAi). The negative control lentiviral vector (5-TTCTCCGAACGTGTCACGT-3) 
was used as a control (shCtrl). The cells were divided into two groups (shCtrl and shRNAi), seeded in 
six-well plates, and allowed to grow until the logarithmic phase and less than 70% confluency. After 
verifying the transfection efficiency, the cells were harvested for subsequent in vivo and in vitro 
experiments. Additionally, the RFWD3-reverse mutation sequence (5-CTGAGAACGACGGAAATAT-3) 
was synthesized and cloned into the BamHI/AgeI sites of the lentivirus-based GV557-neomycin vector 
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Table 1 Clinicopathological features in hepatocellular carcinoma tissue microarrays

Expression of RFWD3
Clinicopathological parameters Number

Low1 High1
P value

Total 60 25 35

Gender

Male 24 9 15

Female 36 16 20 0.592

HBsAg

Positive 39 17 22

Negative 21 8 13 0.68

Age (yr)

< 60 34 17 17

≥ 60 26 8 18 0.134

Tumor size

< 5 cm 27 15 12

≥ 5 cm 33 10 23 0.048a

TNM stage2

I–II 31 17 14

III–IV 29 8 21 0.032a

1Staining intensity (SI) × percentage of positive (PP) > 4 was considered high expression; SI × PP < 4 was considered low expression.
2TNM stage was determined according to the guidelines of the American Joint Committee on Cancer (2010).
aP < 0.05.
RFWD3: RING finger and WD repeat domain 3.

(KD-OE). The virus without anti-Smad served as negative controls (KD-OE-NC) for subsequent 
phenotypic validation. The GV493-puromycin and GV557-neomycin vectors were obtained from 
GeneChem (Shanghai, China).

Quantitative reverse transcription-polymerase chain reaction
Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was used to detect the mRNA 
expression level of RFWD3 using the following primers: Forward: 5’-AGAGTATGGAGGGGT-
TGTTGAC-3’ and reverse: 5’-TAGAAGCAGAAGGTAGCAGAGG-3’. Total RNA was extracted from 
tissues and cells using TRIzol reagent (Thermo Fisher Scientific, United States) and reverse transcribed 
into cDNA using a Prime-Script RT Reagent Kit with gDNA Eraser (Takara Bio, Japan). Following a 
common standard protocol, qRT-PCR was performed in a total volume of 10 μL on a 7900-HT Fast Real-
time PCR System (Applied Biosystems Inc., United States) to evaluate RFWD3 expression in 60 pairs of 
HCC tissues and determine the RFWD3 knockdown efficiency in cells transduced with shCtrl and 
shRNAi.

Western blot analysis
To determine the RFWD3 virus transfection efficiency in cells transduced with shCtrl, shRNAi, KD-OE, 
and KD-OE-NC, the levels of RFWD3 protein expression were assessed by western blot (WB). Briefly, 
the total protein was extracted by incubating the cells in RIPA lysis buffer (Thermo Fisher Scientific, 
United States) supplemented with a protease inhibitor cocktail (Thermo Fisher Scientific, United States) 
for 1 h on ice, followed by sonication (Shanghai Experimental Instruments, China) for three 5 s cycles on 
ice. After centrifugation (14000 ×g, 4 °C, 15 min), the supernatant was collected for protein concentration 
measurement using a bicinchoninic acid protein assay kit (Pierce Biotechnology, United States). 
Denatured protein samples (30 μg/10 μL) were separated by SDS-PAGE (Invitrogen, United States) and 
transferred to polyvinylidene fluoride membranes (Bio-Rad, United States). Afterward, the membranes 
were blocked with 5% non-fat milk (BD Biosciences, United States) dissolved in 30 mL Tris-buffered 
saline with Tween-20 (TBST) for 2 h at common room temperature. The membranes were then 
incubated overnight at 4 °C with primary antibodies against GAPDH (1:1000; Abcam, United States) 
and RFWD3 (1:1000; Multi Sciences, Hangzhou, China). After three 5 min washes in TBST with 
agitation, the membranes were incubated for 1 h at room temperature with the appropriate secondary 
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horseradish peroxidase-linked antibodies, including goat anti-rabbit IgG for GAPDH (1:2000; Abcam, 
United States) and goat anti-rabbit IgG for RFWD3 (1:2000; Multi Sciences, Hangzhou, China). An ECL 
kit (Pierce Biotechnology, United States) was used to visualize the protein bands.

Cell growth and proliferation assays
A Celigo imaging cytometer (Celigo; Nexcelom Bioscience, United States) and MTT assays were used to 
detect the number of cells at each time point, and the growth status of the cells was analyzed. For the 
Celigo assay, cells in the logarithmic phase were digested with trypsin (Sangon Biotech, Shanghai, 
China), seeded in 96-well plates (2000 cells/well in 100 μL medium) with three wells per condition, and 
cultured in a 37 °C incubator with 50 mL/L CO2. From the first day to the fifth day after seeding, the 
plate was subjected to high-throughput screening every day. GFP fluorescence was measured in each 
scan to generate a five days cell proliferation curve. For the MTT assay, two groups of cells were seeded 
in 96-well plates (2000 cells/well) with three wells per condition and incubated at 37 °C for six 
consecutive days. Cell viability was analyzed every 24 h by washing the cells twice with PBS and 
adding MTT solution (5 mg/mL) to each well. After 4 h of incubation, the supernatant in each well was 
removed, and 100 μL DMSO was added to solubilize the formazan crystals. After 10 min, the optical 
density (OD) was measured at an excitation wavelength of 490 nm and an emission wavelength of 570 
nm using a microplate reader (VarioskanFlash; Thermo Fisher Scientific, United States).

Cell cycle assays
Cell cycle progression was examined using propidium iodide (PI; Sigma, United States) and RNase A 
(Thermo Fisher, United States). Cells in the logarithmic growth phase in six-well culture plates were 
digested with trypsin (Sangon Biotech, Shanghai, China) and diluted with the culture medium. Three 
replicate tubes were analyzed for both the shCtrl and shRNAi groups (1 × 106 cells/tube). The cells were 
centrifuged at 1300 rpm for 5 min, and the supernatant was discarded. The cell pellet was washed with 
pre-cooled D-Hanks equilibrium solution (4 °C with pH = 7.2–7.4), and the harvested cells were fixed 
with 70% cold ethanol at 4 °C overnight. Afterward, the cells were washed twice with 4 °C D-Hanks 
solution and incubated with 10 mg/mL RNase at 37 °C. Cell cycle progression was monitored by 
staining the nuclei with PI. The fluorescence of DNA-bound PI in cells was measured using flow 
cytometry (FCM; FC500 flow cytometer; Cytomics, United States). Finally, ModFit LT software 
(Windows version 4.0; Verity Software House, United States) was used to analyze the cell populations 
in different phases of the cell cycle.

Cell apoptosis assays
Cell apoptosis was assayed using an Annexin V-APC/PI apoptosis detection kit (Biosciences, Thermo 
Fisher, United States). Cells in the logarithmic phase were digested with trypsin (Sangon Biotech, 
Shanghai, China) and diluted with the culture medium. Three replicate tubes each were analyzed for 
the shCtrl, shRNAi, KD-OE, and KD-OE-NC groups of each cell line (1 × 104 cells/tube). The cells were 
centrifuged at 1300 rpm for 5 min, and the supernatant was discarded. The cell pellet was washed with 
a pre-cooled D-Hanks equilibrium solution (4 °C with pH = 7.2–7.4). The cells were then washed with 1 
× binding buffer, centrifuged at 1300 rpm for 3 min, and resuspended in 200 μL 1 × binding buffer. 
Next, 10 μL Annexin V-APC staining solution was added, and the samples were incubated for 10–15 
min at room temperature in the dark. Finally, apoptosis was detected in the samples.

Cell invasion and migration assays
Cell migration was assayed using wound healing and transwell assays. For the wound-healing assay, 
cells were plated in 6-well plates and scratched with a sterile pipette tip. The cells were then imaged 
using a microscope (Olympus, Japan) to observe migration after 12 and 24 h. For the invasion and 
migration assays, the upper surfaces of transwell chambers (Costar, Cambridge, MA, United States) 
were uncoated (for the migration experiments) or coated with Matrigel (1:4, BD, United States) (for the 
invasion experiments). Cells were then added to the upper chambers containing 200 μL serum-free 
medium (BEL-7404: RPMI-1640; HCC-LM3: DMEM) per well, and 500 μL medium (with 10% FBS) was 
added to the lower chambers. After 48 h, the chambers were cleaned, stained with hematoxylin, 
transferred to glass slides after the operation, and then observed under a microscope (Olympus, Japan). 
Six fields per chamber were used to quantify the invaded cell numbers with 100 × and 200 × magnific-
ations.

Establishment of HCC xenograft models in nude mice
All animal experimental protocols were conducted following the ARRIVE (Animal Research: Reporting 
In Vivo Experiments) guidelines (https://www.nc3rs.org.uk/arrive-guidelines) and performed 
following protocols approved by the Research Ethics Committee of the First Affiliated Hospital of 
Zhengzhou University (Approval No. 10[2017]). Nude mice were purchased from Shanghai B&K 
Universal Group Limited (certificate number: SCXK 2013-0016; Shanghai, China). For the proliferation 
assay, 5 × 106 HCC-LM3 cells stably transduced with the lentiviral pSC-1-GFP vector carrying shCtrl or 
shRNAi were suspended in PBS and injected subcutaneously into the flank region of 6-week-old male 
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athymic nude mice (six mice in each group). For the metastasis assay, 2 × 106 HCC-LM3 cells transduced 
as described above were injected into the tail vein of nude mice. The animals were acclimatized to 
laboratory conditions (23 °C, 12 h/12 h light/dark, 50% humidity, ad libitum access to food and water). 
After four weeks, the mice were euthanized by barbiturate overdose (intravenous injection, 150 mg/kg 
pentobarbital sodium) for tissue collection and photographed.

Microarray-based gene expression analysis
To elucidate the molecular mechanisms involved in the association between RFWD3 and HCC, we 
performed microarray-based gene expression analysis to compare gene expression between the shCtrl 
and shRNAi groups. We then used ingenuity pathway analysis (IPA) to explore the molecular signal 
transduction pathways involved in HCC. All procedures were performed according to a common 
protocol, and assistance was provided by the Shanghai Biotechnology Corporation (SBC, Shanghai, 
China).

Statistical Analysis
Statistical analyses and related statistical illustrations were performed using SPSS (version 21.0; IBM, 
Armonk, NY, United States) and GraphPad Prism software (ver. 5.0 for Windows; GraphPad Software 
Inc., United States). The Pearson chi-square test was used to determine the correlation between clinical 
characteristics and immunohistochemical staining. Other results are expressed as mean ± SD. A t-test 
was used to compare the two groups, and a P value of < 0.05 was considered statistically significant.

RESULTS
RFWD3 is ppregulated in HCC and correlated with worse prognosis
RFWD3 expression was examined in HCC tissues and matched adjacent normal tissues. IHC analysis of 
60 tissue pairs revealed that HCC tissues exhibited a higher H-score than non-tumor tissues (Figure 1A)
[30]. This result was supported by the qRT-PCR analysis of 54 tissue sample pairs (some outlier value 
pairs were excluded) (Figure 1B). These results were concordant with the RFWD3 expression data 
obtained by analyzing the bioinformatics database (Figure 1C). In addition, the bioinformatics database 
showed that higher RFWD3 expression represents a worse prognosis in HCC (Figure 1D and E). These 
data indicate that high RFWD3 expression might predict poor HCC development and prognosis 
(Table 1).

Validation of lentiviral-mediated knockdown efficiency in cell lines
After verifying the high expression of RFWD3 in HCC tissues, we selected HCC cell lines for further in 
vitro experiments. BEL-7404, HCC-LM3, SMMC-7721, and BEL-7402 cells were evaluated for the stable 
expression of RFWD3. Based on qRT-PCR and cell growth analyses, we chose BEL-7404 and HCC-LM3 
cells for lentiviral-mediated knockdown of RFWD3 expression (Figure 2A). After lentiviral transduction, 
compared with the shCtrl group, the shRNAi group showed obvious knockdown of RFWD3 (qRT-PCR: 
BEL-7404: P < 0.01; HCC-LM3: P < 0.01) (Figure 2B). These results were subsequently confirmed with 
WB analysis and GFP fluorescence imaging (Figure 2C and D).

RFWD3 knockdown inhibits HCC growth and proliferation in vitro
A high-content screening assay (Celigo) was performed to monitor cell growth for five days. The total 
cell count and growth rate were lower in the shRNAi group than in the shCtrl group (Figure 3A). To 
further verify these results, we used an MTT assay. After five days of incubation in the same 
environment, consistent with the Celigo results, the OD value was significantly lower in the shRNAi 
group than that in the shCtrl group (Figure 3B). Taken together, these results indicate that RFWD3 
knockdown significantly reduced the proliferation of HCC cells.

RFWD3 knockdown induces cell cycle arrest
To determine whether RFWD3 affects cell proliferation by regulating the cell cycle, we used PI staining 
to evaluate cell cycle progression. In the shCtrl and shRNAi groups, the cell cycle distributions were as 
follows (presented as the mean value of three replicates). For BEL-7404 shCtrl cells, 40.09% were in 
G0/G1 phase, 35.01% were in the S phase, and 24.9% were in the G2/M phase, while for BEL-7404 
shRNAi cells, 37.82% were in G0/G1 phase, 30.03% were in S phase, and 32.15% were in G2/M phase. 
For HCC-LM3 shCtrl cells, 55.07% were in G0/G1 phase, 36.98% were in the S phase, and 7.95% were in 
the G2/M phase, while for HCC-LM3 shRNAi cells, 54.98% were in G0/G1 phase, 29.84% were in S 
phase, and 15.18% were in G2/M phase. Compared with shCtrl cells, shRNAi cells showed a reduced 
percentage of cells in G0/G1 (BEL-7404: P < 0.01) and S phase (BEL-7404: P < 0.01; HCC-LM3: P < 0.01), 
and the fraction of cells in the G2/M phase was significantly increased (BEL-7404: P < 0.01; HCC-LM3: P 
< 0.01). These results indicated that RFWD3 knockdown blocked cell cycle progression through the 
G2/M phase (Figure 3C and D).
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Figure 1 Expression of RING finger and WD repeat domain 3 in hepatocellular carcinoma and its correlation with a worse prognosis. A: 
RING finger and WD repeat domain 3 (RFWD3) expression in hepatocellular carcinoma (HCC) tumor and non-tumor tissues detected using immunohistochemical 
staining; B: Expression analysis of RFWD3 in 54 tissue sample pairs (some invalid samples were removed) using quantitative reverse transcription-polymerase chain 
reaction (bP < 0.01); C: Comparison of RFWD3 expression between tumor and non-tumor tissues in HCC patients (T = 374, n = 50, the data source is the Cancer 
Genome Atlas (TCGA) (TCGA) database); D and E: Kaplan-Meier survival curves of HCC patients with high and low expression of RFWD3 (n = 91, the data source is 
the TCGA database).

RFWD3 knockdown increased cell apoptosis
To determine whether RFWD3 affects cell proliferation by inducing apoptosis, an Annexin V-APC/PI 
apoptosis detection kit (AV/PI) was used to detect apoptosis in the two groups of cells by FCM. The 
apoptosis ratios were (presented as the mean value of three replicates) 4.47 ± 0.3748 for BEL-7404 shCtrl 
cells, 9.77 ± 0.1142 for BEL-7404 shRNAi cells, 2.14 ± 0.2234 for HCC-LM3 shCtrl cells, and 9.01 ± 0.2230 



Liang RP et al. RFWD3 Regulates tumorigenesis of HCC

WJG https://www.wjgnet.com 3442 July 21, 2022 Volume 28 Issue 27

Figure 2 Validation of lentivirus knockdown efficiency in cell lines. A: RING finger and WD repeat domain 3 (RFWD3) expression in BEL-7404 and 
Hepatocellular carcinoma (HCC)-LM3 cells obtained using quantitative reverse transcription-polymerase chain reaction (qRT-PCR) analysis; B and C: The shRNAi 
group shows obvious knockdown of RFWD3 [BEL-7404: qRT-PCR: bP < 0.01, western blot (WB): bP < 0.01; HCC-LM3: qRT-PCR: bP < 0.01, WB: bP < 0.01]; D: 
Confirmation of the lentivirus transduction efficiency using GFP fluorescence imaging.

for HCC-LM3 shRNAi cells. Compared with shCtrl cells, shRNAi cells had a higher apoptosis rate (BEL-
7404: P < 0.01; HCC-LM3: P < 0.01). This result demonstrated that RFWD3 knockdown increased the 
apoptosis ratio, thus affecting the proliferation of HCC cells (Figure 3E and F).

RFWD3 knockdown reduced HCC cell invasion and migration
Wound healing and transwell assays were used to evaluate HCC cell invasion and migration. In the 
wound healing assay, the shCtrl groups exhibited better healing ability (P < 0.05). After 12 h, the wound 
area was 103.40 ± 1.32 in BEL-7404 shCtrl cells, 125.90 ± 4.46 in BEL-7404 shRNAi cells, 145.40 ± 0.84 in 
HCC-LM3 shCtrl cells and 159.50 ± 2.21 in HCC-LM3 shRNAi cells. Over time, the difference in the size 
of the wound area between the two groups increased. After 24 h, the wound area was 22.97 ± 0.22 in 
BEL-7404 shCtrl cells, 60.94 ± 2.41 in BEL shRNAi cells, 60.22 ± 12.68 in HCC-LM3 shCtrl cells and 
134.40 ± 0.84 in HCC-LM3 shRNAi cells (Figure 4A). We next examined cell migration and invasion 
with transwell assays. The migration of both BEL-7404 and HCC-LM3 shRNAi cells was attenuated 
compared with shCtrl cells (P < 0.05). Similar results were observed in the invasion assay (Figure 4B). 
These data revealed that RFWD3 knockdown reduced HCC cell invasion and migration.

RFWD3 knockdown decreased HCC cell proliferation, invasion, and metastasis in vivo
We established an HCC xenograft model in nude mice to verify the results in vivo. HCC-LM3 shCtrl and 
shRNAi cells were injected subcutaneously (Figure 5A) and into the tail vein (Figure 5B) of nude mice 
(six mice in each group). After four weeks, the mice were euthanized by cervical dislocation. The tumors 
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Figure 3 RING finger and WD repeat domain 3 knockdown inhibits cell growth and proliferation and induces cell cycle arrest and 
apoptosis. A: Cell growth and proliferation of BEL-7404, Hepatocellular carcinoma (HCC)-LM3 shRNAi, and shCtrl cells continuously monitored using a Celigo 
instrument for five days; B: MTT assay demonstrating that RING finger and WD repeat domain 3 siRNA significantly reduced the proliferation of HCC cells; C and D: 
The cell cycle progression evaluated by flow cytometry (FCM) with propidium iodide (PI) and RNase A (bP < 0.01); E and F: FCM to assess the apoptosis in shRNAi 
and shCtrl groups of cells using Annexin V-APC/PI Apoptosis Detection Kit (bP < 0.01).

(subcutaneous injection groups) and lung tissues (tail vein injection groups) were removed for imaging 
analysis. The growth and invasion ability of tumors was significantly lower in mice injected with 
shRNAi cells than in mice injected with shCtrl cells. These results show that silencing RFWD3 
effectively reduced HCC tumor proliferation, invasion, and metastasis in vivo.

Validation of the efficiency of lentiviral-mediated rescue of RFWD3 shRNAi in cell lines
To rule out off-target effects and confirm the biological function of RFWD3 shRNAi, a rescue 
experiment was performed with RFWD3-KD-OE in HCC cells. After transfection with an LV-RFWD3 
lentiviral vector, we used GFP fluorescence imaging to confirm transduction efficiency (Figure 6A). 
Compared with the RFWD3-KD-OE-NC group, the RFWD3-KD-OE group showed upregulation of 
RFWD3 in qRT-PCR (Figure 6B). WB analysis also confirmed the lentivirus transduction efficiency 
(Figure 6C).

RFWD3-KD-OE resume shRNAi HCC cells proliferation, invasion, and migration
In the MTT assay, the OD value of the RFWD3-KD-OE group was higher than that of the RFWD3-KD-
OE-NC group. These results indicate that RFWD3-KD-OE rescued the proliferation of shRNAi BEL-7404 
cells (Figure 7A). Furthermore, no difference was observed between the G1 and S phases in the two 
groups of cell cycle progression assays. However, in the G2/M phase, the fraction of RFWD3-KD-OE-
NC cells was increased (the average value was 30.51% in RFWD3-KD-OE-NC cells, 29.74% in RFWD3-
KD-OE cells, P < 0.05); however, the gap in data was diminished compared with previous BEL-7404 
RNAi groups (24.9% in shCtrl cells, 32.15% in shRNAi cells, P < 0.05) (Figure 7B). In the subsequent 
apoptosis experiments, BEL-7404 RFWD3-KD-OE-NC cells had a higher apoptosis rate (the average 
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Figure 4 RING finger and WD repeat domain 3 knockdown reduces hepatocellular carcinoma cell invasion and migration. A: Wound-healing 
assay in the shCtrl and shRNAi groups (aP < 0.05, bP < 0.01); B: The migration ability of both BEL-7404 and hepatocellular carcinoma-LM3 shRNAi cells. Invasion 
assays demonstrating similar results (aP < 0.05, bP < 0.01).

Figure 5 RING finger and WD repeat domain 3 knockdown reduces hepatocellular carcinoma cell growth in vivo. A: Imaging analysis of the 
tumor and lung tissues of mice injected with shRNAi and shCtrl cells; B: Imaging analysis of pulmonary metastasis of hepatocellular carcinoma cells in mice injected 
with shRNAi and shCtrl cells.

value was 20.47% in RFWD3-KD-OE-NC cells, 18.03% in RFWD3-KD-OE cells, P < 0.01) (Figure 7C). 
This result demonstrated that RFWD3-KD-OE reduced the apoptosis ratio, thus affecting the prolif-
eration of shRNAi BEL-7404 cells. In transwell assays, the migration of BEL-7404 RFWD3-KD-OE cells 
was higher than that of RFWD3-KD-OE-NC cells (P < 0.01) (Figure 7D). Similar results were observed in 
the invasion assay (P < 0.01; Figure 7E). These data revealed that RFWD3-KD-OE rescued BEL-7404 
shRNAi cell invasion and migration.

RFWD3 influence the progress of HCC via the Wnt/β-catenin signalling pathway
To further validate the results of the in vitro and in vivo experiments, we performed microarray analysis 
to explore the molecular mechanism underlying the differential RFWD3 expression between shCtrl and 
shRNAi HCC cells. A total of 454 genes (Figure 8A) exhibited differential mRNA expression between 
the two groups (> 2-fold, P < 0.05). We then analyzed the disease and function to determine the enriched 
gene sets. Genes involved in cell death, viability and survival, cell movement and invasion, cellular 
assembly and organization, DNA replication, recombination and repair, and cellular function and 
maintenance were significantly enriched (P < 0.05, Figure 8B). Classical pathway analysis revealed that, 
in addition to the previously reported p53 and cell cycle checkpoint control pathways, the Wnt/β-
catenin signalling pathway was altered following RFWD3 silencing (P < 0.05, Figure 8C and D). Next, 
we used IPA to analyze the knowledge-based interactome associated with the regulation of these 
pathways (Figure 8E). Some genes involved in tumorigenesis were shown to be regulated by RFWD3, 
including CREBBP, KREMEN-1, LRP6, JUN, WNT5A, and WNT7B. Finally, we tested the protein 
expression between shCtrl and shRNAi and RFWD3-KD-OE vs RFWD3-KD-OE-NC groups and found 
that the expression of CREBBP, WNT5A, JUN, WNT7B, and LRP6 were decreased, and the expression of 
KREMEN-1 was increased in the shRNAi and RFWD3-KD-OE-NC groups than that in shCtrl and 
RFWD3-KD-OE groups (Figure 8F-I). These results indicate that the Wnt/β-catenin signalling pathway 
is involved in the RFWD3-mediated promotion of HCC tumorigenesis.
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Figure 6 Validation of lentiviral-mediated rescue RING finger and WD repeat domain 3 shRNAi efficiency in cell lines. A: GFP fluorescence 
imaging confirms the lentivirus transduction efficiency; B: Compared with the RING finger and WD repeat domain 3 (RFWD3)-KD-OE-NC group, the RFWD3-KD-OE 
group shows upregulated RFWD3 in the quantitative reverse transcription-polymerase chain reaction analysis (aP < 0.05); C: Western blot analysis confirms the same 
upshot.

DISCUSSION
In this study, we demonstrated reduced growth and proliferation of HCC cells in the shRNAi group. 
Subsequent evaluation of cell cycle progression revealed disrupted cell cycle progression at the G2/M 
phase, whereas the FCM analysis showed a higher rate of apoptosis in the shRNAi group than in the 
ShCtrl group. These results confirmed that RFWD3 silencing caused both cell cycle arrest at the G2/M 
phase and apoptosis. Furthermore, the in vitro experiments revealed that shCtrl cells had better healing 
abilities than shRNAi cells. In the subsequent transwell experiments, we also found that the shRNAi 
cells had about half the metastatic capacity of the shCtrl cells. These results were validated in vivo using 
mice models, which showed that the tumor volumes in mice injected subcutaneously with shRNAi cells 
were significantly smaller than those in mice injected with shCtrl cells. Furthermore, the pulmonary 
metastasis group revealed that lung metastasis was significantly reduced in mice injected with shRNAi 
cells than in those injected with shCtrl cells.

To rule out off-target effects with RFWD3-shRNAi, we performed a rescue experiment. After 
verifying the transfection efficiency and screening of stable cell lines, we carried out phenotype 
verification. Compared with the control group, the cell growth state was restored in the RFWD3-KD-OE 
group. It also showed a higher OD value in the MTT assay, decreased fraction of G2/M phase, and 
diminution gap of data compared with RFWD3-KD-OE-NC group. Furthermore, in the apoptosis 
experiments, the RFWD3-KD-OE group had a lower apoptosis rate than the RFWD3-KD-OE-NC group. 
The same results were observed in the transwell assays, and the migration and invasion abilities of the 
RFWD3-KD-OE group were recovered. These data revealed that RFWD3-KD-OE resumed BEL-7404 
shRNAi cell invasion and metastasis and proved that the previous RFWD3-shRNAi experimental 
results were not due to off-target effects.

Subsequently, we proved that RFWD3 silencing plays a positive role in inhibiting the proliferation, 
invasion, and metastasis of HCC. Previous studies have reported that the essential role of RFWD3 in HR 
makes it important for cell survival, as it promotes the repair of DNA damage. Therefore, the increased 
apoptosis could be attributed to the unrepaired DNA damage upon RFWD3 loss. On the contrary, the 
migration and metastasis phenotypes could be explained by decreased viability due to increased 
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Figure 7 RING finger and WD repeat domain 3-KD-OE reverses the cell phenotype of shRNAi BEL-7404 cells. A: MTT assay; B: The cell cycle 
distribution in RING finger and WD repeat domain 3 (RFWD3)-KD-OE-NC and RFWD3-KD-OE cells (aP < 0.05); C: Rate of apoptosis in RFWD3-KD-OE-NC and 
RFWD3-KD-OE groups (bP < 0.01); D and E: RFWD3-KD-OE resumes BEL-7404 shRNAi cell invasion and migration ability in transwell (bP < 0.01) and invasion 
assays (bP < 0.01).

RFWD3 function during DNA repair. In other words, this condition may be explained by a common 
theory: “There are more firefighters on the fire scene than ordinary people.” However, the questions like 
whether the increased expression of RFWD3 in HCC is a compensatory mechanism to deal with 
increased genomic instability or whether RFWD3 is regulated by a Janus-faced regulator that plays 
other roles in HCC, consequently promoting the progression of HCC remained unanswered.

To answer these questions, we explored the mechanism underlying HCC and identified the 
molecular signalling transduction pathways using microarray-based gene expression analyses and IPA. 
The raw data (Supplementary materials 1) were verified with the uniformity, integrity and reliability (
Supplementary materials 2). Gene expression profiling revealed that RFWD3 silencing enriched the 
expression of genes involved in cellular function and maintenance, cell death, viability, movement, 
invasion and survival, and DNA replication, recombination, and repair (Supplementary materials 3). In 
terms of the gene pathways involved, in addition to the p53 and cell replication cycle pathways that 
were previously reported in the literature, we found that the Wnt/β-catenin signalling pathway also 
had a significant impact. Further examination of the knowledge-based interactome associated with the 
regulation of Wnt/β-catenin via IPA analysis demonstrated that CREMEN1, JUN, CREBBP, WNT5A, 
WNT7B, and LRP6, which have been implicated in the proliferation and metastasis of various cancers, 
were differentially regulated by RFWD3 (> 2-fold, P < 0.05).

Reportedly, Wnt/β-catenin signalling plays an important role in embryonic liver development and 
regeneration and preserves liver health. An aberrant Wnt signalling activity has been implicated in 
several human cancers[31,32]. In normal tissues, only a small amount of β-catenin is found in the 
cytoplasm and is quickly degraded by the UPS. It is bound by a destruction complex containing GSK3B, 
AXIN, and APC and then ubiquitinated by β-transducin repeat-containing protein and subsequently 
degraded by the proteasome[33]. In the traditional Wnt/β-catenin pathway in tumors, the destruction 
complex is disassembled by the phosphorylation of LRP6 and GSK3β, thereby preventing β-catenin 
degradation[34]. The accumulated β-catenin is transferred from the cytoplasm to the nucleus, where it 
competes with Groucho to form the β-catenin-TCF/LEF transcriptional complex. Finally, the Wnt 
signalling pathway is activated to regulate the transcription of target genes such as cyclin D1, c-myc, and 
MMP9 under the synergistic effect of auxiliary factors, thus regulating tumor progression[35]. 
KREMEN-1 is a transmembrane protein that contains a kringle domain. Studies have shown that it is a 
high-affinity receptor for DKK. KREMEN-1, DKK, and LRP5/6 form a ternary complex that inhibits Wnt/
β-catenin signalling, thus inducing head defects in Xenopus embryos[36,37]. Furthermore, KREMEN-1 
expression is prevalent in adult mammals but is often lacking in tumors. It has been shown that Wnt/β-
catenin signalling maintains the low differentiation state of stem cells and undifferentiated cells, but 
Dickkopf-KREMEN blocks Wnt/β-catenin signalling causing cells to differentiate[38].

Collectively, the findings demonstrated that factors involved in Wnt/β-catenin signallings, such as 
CREBBP, WNT5A, JUN, WNT7B, and LRP6, were downregulated by RFWD3 silencing, and the 
expression of KREMEN-1 was increased, indicating that RFWD3 might influence the progression of 
HCC via the Wnt/β-catenin signalling pathway. Based on these findings, it can be inferred that RFWD3 
affects the Wnt/β-catenin signalling pathway and therefore affects HCC tumorigenesis. However, the 
detailed regulatory mechanism is still unclear and should be explored in future studies.

https://f6publishing.blob.core.windows.net/6dffc286-8896-472b-a29c-a7ad7ff87313/WJG-28-3435-supplementary-material.zip
https://f6publishing.blob.core.windows.net/6dffc286-8896-472b-a29c-a7ad7ff87313/WJG-28-3435-supplementary-material.zip
https://f6publishing.blob.core.windows.net/6dffc286-8896-472b-a29c-a7ad7ff87313/WJG-28-3435-supplementary-material.zip
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Figure 8 shRFWD3i influences the progress of hepatocellular carcinoma through the Wnt/β-catenin signalling pathway. A: Heatmap analysis 
showing the gene expression changes after RING finger and WD repeat domain 3 (RFWD3) silencing (454 genes, above 2-fold); B: Disease and functional analysis 
to classify genes enriched after RFWD3 silencing; C: Classical pathway analysis indicates genes enriched after RFWD3 silencing; D: The microarray analysis reveals 
alteration in the Wnt/β-catenin signalling pathway following RFWD3 silencing; E: Knowledge-based interaction network of Wnt/β-catenin signalling targets (> 2-fold 
change, P < 0.05). The intensity of the node color indicates the degree of upregulation (red) or downregulation (green) following RFWD3 silencing in hepatocellular 
carcinoma cells; F-I: The expression of CREBBP, Wnt5A, JUN, Wnt7B and LRP6 were decreased, and the expression of KREMEN-1 was increased in the shRNAi 
group using western blot analysis, in rescue experiment, the results are reversed.

CONCLUSION
In this study, we validated the expression and function of RFWD3 in HCC and demonstrated that 
RFWD3 expression might affect the proliferation and metastasis of HCC by regulating the Wnt/β-
catenin signalling pathway. The findings suggest that RFWD3 could be a potential therapeutic target for 
HCC; however, it warrants further investigations to ascertain these possibilities.
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ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors with a high mortality 
rate. The molecular biology research of HCC can reveal the potential mechanism and provide direction 
for its comprehensive treatment.

Research motivation
The relationship between RING finger and WD repeat domain 3 (RFWD3) and the tumorigenesis 
process has been reported occasionally; however, the relationship between RFWD3 and HCC is still 
unclear.

Research objectives
We aimed to investigate the relationship between HCC and RFWD3 and explore the underlying 
molecular signalling transduction pathways.

Research methods
We analyzed RFWD3 expression in HCC tissues and evaluated cell phenotypes such as proliferation, 
apoptosis, migration, and invasion using Lentivirus mediated RFWD3 knockdown. In addition, in vivo 
experiments were performed to observe tumor growth and metastasis. Next, the phenotype was verified 
using the lentiviral-mediated rescue of RFWD3 shRNA. Finally, we unraveled the regulatory network 
underlying HCC using microarray, bioinformatics, and western blot analyses.

Research results
RFWD3 expression levels were correlated with tumor size and TNM stage in clinical samples. RFWD3 
silencing increased apoptosis, decreased growth, and inhibited migration in HCC cell lines and nude 
mice, which were resumed with RFWD3 shRNAi rescue. Subsequent experiments revealed that RFWD3 
might influence the proliferation and metastasis of HCC via the Wnt/β-catenin signalling pathway.

Research conclusions
This study shows that RFWD3 affects the Wnt/β-catenin signalling pathway and therefore affects HCC 
tumorigenesis.

Research perspectives
The findings suggest that RFWD3 could be a potential therapeutic target for HCC. However, it warrants 
further investigations to ascertain these inferences.
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Abstract
BACKGROUND 
The gut microbiota (GM) has been proven to play a role in the regulation of host 
lipid metabolism, which provides a new theory about the pathogenesis of dyslip-
idemia. However, the associations of GM with dyslipidemia based on sex 
differences remain unclear and warrant elucidation.

AIM 
To investigate the associations of GM features with serum lipid profiles based on 
sex differences in a Chinese population.

METHODS 
This study ultimately recruited 142 participants (73 females and 69 males) at 
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Honghui Hospital, Xi’an Jiaotong University. The anthropometric and blood metabolic parameters 
of all participants were measured. According to their serum lipid levels, female and male 
participants were classified into a high triglyceride (H_TG) group, a high total cholesterol 
(H_CHO) group, a low high-density lipoprotein cholesterol (L_HDL-C) group, and a control 
(CON) group with normal serum lipid levels. Fresh fecal samples were collected for 16S rRNA 
gene sequencing. UPARSE software, QIIME software, the RDP classifier and the FAPROTAX 
database were used for sequencing analyses.

RESULTS 
The GM composition at the phylum level included Firmicutes and Bacteroidetes as the core GM. 
Different GM features were identified between females and males, and the associations between 
GM and serum lipid profiles were different in females and males. The GM features in different 
dyslipidemia subgroups changed in both female patients and male patients. Proteobacteria, 
Lactobacillaceae, Lactobacillus and Lactobacillus_salivarius were enriched in H_CHO females 
compared with CON females, while Coriobacteriia were enriched in L_HDL-C females. In the 
comparison among the three dyslipidemia subgroups in females, Lactobacillus_salivarius were 
enriched in H_CHO females, and Prevotellaceae were enriched in L_HDL-C females. Compared 
with CON or H_TG males, Prevotellaceae, unidentified_Ruminococcaceae, Roseburia and 
Roseburia_inulinivorans were decreased in L_HDL-C males (P value < 0.05), and linear discriminant 
analysis effect size analysis indicated an enrichment of the above GM taxa in H_TG males 
compared with other male subgroups. Additionally, Roseburia_inulinivorans abundance was 
positively correlated with serum TG and total cholesterol levels, and Roseburia were positively 
correlated with serum TG level. Furthermore, Proteobacteria (0.724, 95%CI: 0.567-0.849), Lactoba-
cillaceae (0.703, 95%CI: 0.544-0.832), Lactobacillus  (0.705, 95%CI: 0.547-0.834) and 
Lactobacillus_salivarius (0.706, 95%CI: 0.548-0.835) could distinguish H_CHO females from CON 
females, while Coriobacteriia (0.710, 95%CI: 0.547-0.841), Coriobacteriales (0.710, 95%CI: 0.547-
0.841), Prevotellaceae (0.697, 95%CI: 0.534-0.830), Roseburia (0.697, 95%CI: 0.534-0.830) and 
Roseburia_inulinivorans (0.684, 95%CI: 0.520-0.820) could discriminate H_TG males from CON 
males. Based on the predictions of GM metabolic capabilities with the FAPROTAX database, a 
total of 51 functional assignments were obtained in females, while 38 were obtained in males. This 
functional prediction suggested that cellulolysis increased in L_HDL-C females compared with 
CON females, but decreased in L_HDL-C males compared with CON males.

CONCLUSION 
This study indicates associations of GM with serum lipid profiles, supporting the notion that GM 
dysbiosis may participate in the pathogenesis of dyslipidemia, and sex differences should be 
considered.

Key Words: Dyslipidemia; Gut microbiota; 16S rRNA; Sequencing; Sex differences; Northwestern China

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Dyslipidemia is the circulating lipid expression of metabolic syndrome, and alterations of gut 
microbiota (GM) are indicated to participate in the pathogenesis of dyslipidemia; however, little evidence 
was found in the literature on sex differences for these associations. Our results demonstrated the GM 
features in different dyslipidemia subgroups in females and males, suggesting a complex interaction 
between GM and lipid metabolism. Our observations may provide new evidence that different GM taxa 
may be associated with distinct lipids, and that GM may affect specific aspects of lipid metabolism. More 
studies are required to propose specific taxa that have the potential to ameliorate dyslipidemia.
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INTRODUCTION
Obesity has become a worldwide public health challenge, with its prevalence nearly tripled since 1975
[1]. Obesity is defined as a chronic accumulation of excessive lipids in tissues[2], which is related to the 
disruption of lipid metabolism[3]. As a defect in lipid metabolism, dyslipidemia is defined as any 
abnormality in blood lipid levels, and is characterized by an elevation of circulating triglyceride (TG), 
total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C), or a decrease in high-density 
lipoprotein cholesterol (HDL-C). Since observational studies have shown that 60%-70% of adults have 
lipid levels outside the recommended range[4,5], it is essential to reveal the underlying mechanism of 
dyslipidemia. Circulating lipid levels are known to have an important genetic contribution from over 
500 single-nucleotide polymorphisms in more than 150 Loci, explaining approximately 40% of the total 
individual variation[6]. However, the unexplained 60% variation has been attributed to undiscovered 
elements and unquantified environmental factors, such as dietary intake and physical activity[7,8]. In 
recent years, considerable progress has been made in elucidating the mechanism responsible for dyslip-
idemia, and accumulated evidence has shown that the gut microbiota (GM) may play a potential role in 
obesity and related metabolic diseases, such as dyslipidemia[9-12].

The human gastrointestinal tract harbors over 100 trillion microorganisms[13], and the gut bacteria 
having effects on human health are the most prevalent and well-studied. In humans, GM profiles vary 
among different ethnicities (host genetics) and between different sexes[14,15], and are mainly shaped by 
early life events and stabilize in adolescence[16]. However, its composition and activity can be dynamic, 
and may be altered dramatically by multiple factors, such as medications, chronic dietary patterns and 
other environmental exposures[15,17,18]. This “microbial organ” has been recognized to perform 
various physiological functions[19-21], and is often called “a new virtual metabolic organ”[22,23]. The 
first indication of associations between GM and disorder statuses were for inflammation[24], and 
altered GM community (dysbiosis) has now been established in the development of cardiometabolic 
phenotypes[25]. These lines of evidence have raised an interest in GM as an important candidate in 
accounting for the unexplained variation in serum lipid levels in humans, and as a target for the 
therapeutic benefit of dyslipidemia[26]. Recent studies have convincingly linked GM to dyslipidemia, 
and GM was reported to explain substantial variation in TG and HDL-C levels independent of genetic 
factors in a Dutch study[26]. In addition, accumulating data from animal studies demonstrate that GM 
can affect host lipid metabolism through multiple direct and indirect biological mechanisms[27,28]. 
Nevertheless, determining associations between GM and host lipid metabolism remains a challenge in 
humans. Furthermore, sex is an important factor that may influence GM profiles, and sex differences 
can be observed in serum lipid profiles[29-31]. However, the relationship between GM and dyslip-
idemia based on sex differences remains unclear.

Collectively, ethnicity, geography and sex are potent factors that could influence the GM community
[14,15,32]. Thus, this study focused on the associations of GM features with dyslipidemia based on sex 
differences in a northwestern Chinese population. We first reveal sex differences regarding GM features 
and then introduce dyslipidemia, highlighting its intricate relationships with GM, and discuss possible 
altered GM functions.

MATERIALS AND METHODS
Study design
From July 2018 to January 2020, this study recruited 206 adult individuals (107 females and 99 males) 
from the outpatient clinics at Honghui Hospital, Xi’an Jiaotong University, China. Individuals were 
excluded if one of the following conditions existed: (1) With any gastrointestinal diseases, infectious or 
chronic diseases, serious systematic dysfunctions, or surgery histories of the gastrointestinal tract; (2) 
Taking any medications that could disrupt the original GM community, such as probiotics or prebiotics, 
antimicrobial therapies, anti-inflammatory drugs, acid-suppressing drugs, immunosuppressants, or 
anti-dyslipidemia/anti-dysglycemia/anti-hypertension drugs within the past month prior to sampling
[33]; and (3) Females who were pregnant or lactating. The individuals who met the above conditions 
were included as participants in this study, and informed consent was obtained. Finally, 142 
participants (73 females and 69 males) were recruited, including 81 dyslipidemia patients and 61 
controls (CON) with normal serum lipid levels. Data privacy was ensured by using anonymized 
identifiers, and the study flow is shown in Figure 1. This study was approved by the Ethical Committee 
of Honghui Hospital, Xi’an Jiaotong University (Protocol Number: 201801022, approved January 8, 
2018).

Measurement of anthropometric parameters
On their first visit, related medical information was documented for all participants. Body weight (W) 
and height (H) were measured without shoes and heavy clothing to the nearest 0.1 cm and 0.1 kg, 
respectively. Waist circumference (WC) was measured in the middle of the lower rib margin and the 
iliac crest with a nonexpandable tape to the nearest 0.1 cm in the standing position. Body mass index 
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Figure 1 Flow chart of this study. WC: Waist circumference; BMI: Body mass index; WHR: Waist circumference/height ratio; BP: Blood pressure; FPG: Fasting 
plasma glucose; TG: Triglyceride; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; CVAI: Chinese 
visceral adiposity index; GM: Gut microbiota; H_TG: High triglyceride group; H_CHO: High cholesterol group; L_HDL-C: Low high-density lipoprotein cholesterol 
group.

(BMI) and WC/height ratio (WHR) were calculated accordingly. Blood pressure (BP) was assessed 
using a medical electronic sphygmomanometer (HEM-7130 professional, OMRON, Dalian, China) on 
the left arm positioned at the heart level with palm face up in a sitting position. The participants were 
required to rest in a seated position for at least 5 min before BP assessment, with triplicate 
measurements at 1-min intervals. All equipment was calibrated at the beginning of the study.

Detection and computation of metabolic indicators
Venous blood samples were drawn from an antecubital vein in the morning following an overnight (at 
least 8 h) fast. Levels of fasting plasma glucose, TG, TC, LDL-C and HDL-C were detected by an 
automatic biochemical analyzer (Cobas c701, Roche, Mannheim, Germany). This instrument system was 
calibrated regularly. Moreover, the Chinese visceral adiposity index (CVAI) was calculated using the 
formula[34]: CVAI for females = -187.32 + 1.71 × age + 4.23 × BMI + 1.12 × WC (cm) + 39.76 × Log10TG 
(mmol/L) - 11.66 × HDL-C (mmol/L), and CVAI for males = -267.93 + 0.68 × age + 0.03 × BMI + 4.00 × 
WC + 22.00 × Log10TG - 16.32 × HDL-C.

Diagnostic criteria and grouping
In accordance with the “Guidelines for prevention and treatment of dyslipidemia in Chinese adults” 
(revised in 2016)[35] and the stratification standard of dyslipidemia in the primary prevention 
population of arteriosclerotic cardiovascular disease in China[36], dyslipidemia was defined as the 
presence of one or more abnormal serum lipid levels without any lipid-lowering medication: TG ≥ 1.7 
mmol/L, TC ≥ 5.2 mmol/L, LDL-C ≥ 3.4 mmol/L, and/or HDL-C < 1.0 mmol/L. Subsequently, 
participants were divided into subgroups according to their serum lipid profiles. Specifically, patients 
were classified into the high TG (H_TG) group if only high TG level existed. Patients with increased 
serum TC and/or LDL-C levels and without HDL-C or TG abnormalities were classified into the high 
cholesterol (H_CHO) group. Patients were classified into the low HDL-C (L_HDL-C) group if only low 
serum HDL-C level existed. Participants with normal serum lipid profiles served as CON.
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Fecal sample collection, DNA extraction, and 16S rRNA gene sequencing
Fresh fecal samples were collected from each participant at home, and stored in foam boxes with frozen 
cold packs[37]. Within 6 h after defecation, all fecal samples were transported to the Clinical Laboratory 
of Honghui Hospital, Xi’an Jiaotong University, and immediately stored at -80 °C until further 
processing. Genomic DNA was extracted from all samples using the QIAamp Fast DNA Stool Mini Kit 
(Qiagen, Hilden, Germany) following the manufacturer’s instructions. After quality evaluation and 
concentration determination, DNA samples, greater than 1 μg and with an OD value between 1.8-2.0, 
were considered to be qualified for subsequent sequencing. Then, the V3-V4 regions of the 16S rRNA 
gene were amplified by universal primers (338F: 5’-ACT CCT ACG GGA GGC AGC AG-3’; 806R: 5’-
GGA CTA CHV GGG TWT CTA AT-3’) with barcodes, and all PCRs were performed using Phusion® 
High Fidelity PCR Master Mix (New England Biolabs, Ipswich, MA, United States). Next, the PCR 
products were mixed and purified using a GeneJETTM Gel Extraction Kit (Thermo Scientific, Waltham, 
MA, United States). The sequencing library for each sample was constructed with the NEB Next® Ultra
TM DNA Library Prep Kit for Illumina (New England Biolabs, Ipswich, MA, United States), and library 
quality was assessed on a Qubit® 2.0 Fluorometer (Thermo Scientific, Waltham, MA, United States). 
Finally, the generated libraries were pair-end (2 × 250 bp) sequenced on the Illumina NovaSeq 6000 
platform (Illumina, San Diego, CA, United States).

16S rRNA gene sequencing analyses
UPARSE (v7.0.1001) and QIIME software (v1.7.0) were introduced for sequencing analyses. According 
to a similarity threshold of 97%, acquired clean reads with high quality were de novo clustered into the 
same operational taxonomic unit (OTU), and the representative sequence of each OTU was screened 
and used to annotate taxonomic information based on the RDP classifier (v2.2). The GM diversity and 
composition were assessed based on the annotated OTUs. The alpha diversity (α-diversity) of GM was 
estimated by four indices, including Chao1, abundance coverage-based estimator (Ace), Shannon and 
Simpson. The comparisons of these indices between groups were conducted by the Wilcoxon rank-sum 
test, using function wilcox.test from the R package stats. To investigate the significance of differences in 
the GM community, beta diversity (β-diversity) was estimated using the unweighted UniFrac method to 
calculate the distances between samples, and visualized by the principal coordinates analysis (PCoA) 
model. The “WGCNA”, “stats” and “ggplot2” packages in R were utilized. The top ten GM taxa sorted by 
higher relative abundances at the six taxonomic levels, including phylum, class, order, family, genus 
and species, were identified and visualized in each group. The linear discriminant analysis (LDA) effect 
size (LEfSe) algorithm was applied to identify the enriched significant taxa in each group. The LDA 
score threshold was set to 2 on a log10 scale. The FAPROTAX (v1.2.2) database, containing 90 different 
types of metabolic assignments, was introduced to obtain the functional information of the GM 
community[38], and the differences between groups were assessed by the Wilcoxon rank-sum test, with 
a P value < 0.05 considered significant.

Statistical analysis
SPSS (v23.0.0.0, IBM SPSS Inc., Chicago, IL), R platform (v4.0.2, R Foundation, Vienna, Austria), 
GraphPad Prism (v8.4.3, GraphPad Software Inc., San Diego, CA, United States) and MedCalc (v19.0.4, 
MedCalc Software Bvba, Ostend, Belgium) were employed for statistical analysis and figure 
construction. The normal distribution of quantitative variables was assessed by the Shapiro-Wilk test. 
Clinical parameters are presented as the mean ± SD, and were analyzed among groups by the variance 
analysis (ANOVA) or Welch’s ANOVA depending on the homogeneity of variance. In addition, the 
Games-Howell test was used for multiple comparisons if a P value < 0.05 existed. The “ggcorrplot” 
package in R was utilized for Spearman correlation analysis between clinical parameters. Moreover, 
Spearman correlation analysis was also applied to evaluate the potential associations between GM 
features and clinical parameters, using the function cor.test (method = spearman) in R. Receiver operating 
characteristic (ROC) curve analysis, with areas under the curve, was applied to evaluate the diagnostic 
performance of specific GM taxa. All statistical tests with a P value < 0.05 were considered significant.

The bioinformatics analyses and statistical methods/techniques mentioned in this study were 
conducted, verified and reviewed by our expert Ji-Han Wang, PhD, from Institute of Medical Research, 
Northwestern Polytechnical University, and Guo-Dong Wang, Master Degree, from Department of 
Quality Control, Xi’an Mental Health Center.

RESULTS
Basic information of the study population
The present study finally included 142 participants (73 females and 69 males), as shown in Figure 1. 
Table 1 shows the clinical characteristics of all the participants grouped by sex and serum lipid profiles. 
Serum lipid levels and CVAI showed differences among female subgroups as did height, WC and WHR 
(P value < 0.05). Serum lipid levels and CVAI showed differences among male subgroups as well (P 
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Table 1 Clinical characteristics of the study population

Females Males

High TG High CHO Low HDL-
C Control P value High TG High 

CHO
Low HDL-
C Control P value

Number 13 13 17 30 10 2 26 31

Age (yr) 55 ± 8 56 ± 5 54 ± 16 52 ± 12 0.420 54 ± 12 58 ± 11 52 ± 12 56 ± 13 0.770

Height (cm) 155.0 ± 7.2 147.0 ± 5.8 153.6 ± 5.4 154.3 ± 4.8 0.001a 164.7 ± 6.2 160.0 ± 1.2 166.8 ± 5.4 164.8 ± 6.1 0.300

Weight (kg) 61.6 ± 9.3 53.6 ± 8.6 55.0 ± 9.2 55.3 ± 8.8 0.102 65.8 ± 9.0 56.2 ± 4.9 65.0 ± 8.3 61.0 ± 10.5 0.231

WC (cm) 90.2 ± 9.6 85.4 ± 7.2 82.3 ± 7.8 82.4 ± 8.6 0.035a 88.3 ± 6.1 75.2 ± 9.5 87.0 ± 8.2 83.1 ± 8.8 0.066

BMI (kg/m2) 25.7 ± 3.7 24.7 ± 3.3 23.3 ± 3.2 23.2 ± 3.2 0.103 24.2 ± 3.0 22.0 ± 2.2 23.3 ± 2.8 22.4 ± 3.6 0.403

WHR 0.58 ± 0.07 0.58 ± 0.05 0.54 ± 0.06 0.53 ± 0.06 0.017a 0.54 ± 0.03 0.47 ± 0.06 0.52 ± 0.05 0.50 ± 0.50 0.153

SBP (mmHg) 141 ± 17 139 ± 17 125 ± 19 129 ± 25 0.127 137 ± 23 136 ± 12 128 ± 21 134 ± 18 0.569

DBP (mmHg) 82 ± 10 78 ± 8 73 ± 9 76 ± 11 0.110 84 ± 12 80 ± 5 78 ± 11 81 ± 10 0.509

FPG (mmol/L) 5.00 ± 1.33 4.96 ± 0.57 5.48 ± 1.17 4.90 ± 0.59 0.346 5.05 ± 0.73 4.85 ± 2.23 4.81 ± 0.80 4.97 ± 1.10 0.895

TG (mmol/L) 2.15 ± 0.48 1.40 ± 0.22 1.01 ± 0.31 1.21 ± 0.33 < 0.001a 4.04 ± 0.86 5.75 ± 0.65 3.07 ± 0.76 3.97 ± 0.55 0.012a

TC (mmol/L) 4.31 ± 0.50 5.58 ± 0.43 2.57 ± 0.63 0.41 ± 0.67 < 0.001a 2.01 ± 0.68 4.26 ± 0.95 1.77 ± 0.54 2.19 ± 0.45 < 0.001a

LDL-C 
(mmol/L)

2.16 ± 0.43 3.44±0.49 1.51 ± 0.56 2.25 ± 0.56 < 0.001a 1.13 ± 0.09 1.20 ± 0.27 0.79 ± 0.14 1.48 ± 0.32 0.001a

HDL-C 
(mmol/L)

1.29 ± 0.23 1.75±0.31 0.77 ± 0.15 1.50 ± 0.36 < 0.001a 2.98 ± 0.78 4.55 ± 0.92 2.28 ± 0.69 2.49 ± 0.54 < 0.001a

CVAI 113.63 ± 
25.96

94.16 ± 19.92 86.84 ± 
32.86

76.30 ± 37.05 0.008a 112.13 ± 
26.62

54.08 ± 
53.32

103.91 ± 
36.87

78.76 ± 38.08 0.011a

aP < 0.05.
Data are presented as mean ± SD. P values are from the variance analysis (ANOVA) or Welch’s ANOVA depending on the homogeneity of variance. CHO: 
Cholesterol; WC: Waist circumference; BMI: Body mass index; WHR: Waist circumference/height ratio; SBP: Systolic blood pressure; DBP: Diastolic blood 
pressure; FPG: Fasting plasma glucose; TG: Triglyceride; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density 
lipoprotein cholesterol; CVAI: Chinese visceral adiposity index.

value < 0.05). Please refer to Supplementary Table 1 for detailed information and differences between 
females and males. The correlation analysis between the clinical characteristics of females and males is 
shown in Figure 2, and indicates positive correlations between the serum lipid indicators.

Diversity analysis of GM in the study population
To identify the associations of GM features with serum lipid profiles, we performed 16S rRNA gene 
sequencing analyses of GM from fecal samples. After quality CON, sequencing reads from 142 fecal 
samples were processed to determine the OTUs. Our data indicated that females had more unique 
OTUs, and the number of common OTUs shared by the female subgroups was larger than that shared 
by the male subgroups (data not shown).

We evaluated the diversity of the GM community to assess the richness and evenness for females and 
males, and Shannon and Simpson indices suggested a higher α-diversity in females (P value < 0.05, 
Figure 3A). In addition, a dissimilarity between females and males was observed according to the 
visualized PCoA model for β-diversity analysis (Figure 3B). Since sex is an important determinant of 
GM and serum lipids[30,32,39], the study population was divided into a female group and a male group 
for the subsequent analyses.

To reveal the associations of GM diversity with serum lipid profiles based on sex differences, we 
conducted analogous analyses in the enrolled females and males. Our results showed that the α-
diversity of GM was different in different dyslipidemia subgroups in females and males (Figure 3C and 
D). Of note, the α-diversity in L_HDL-C females was higher than that in CON females (P value < 0.05), 
while it was lower in L_HDL-C males than that in CON males (P value < 0.05). Additionally, the α-
diversity of GM in H_TG males was higher than that in L_HDL-C males (P value < 0.05). The PCoA 
results suggested that the GM community in different dyslipidemia subgroups varied from that in the 
CON group in females and males, respectively, but could not be separated accurately and clearly (data 
not shown). Furthermore, the α-diversity of GM was found to be correlated with the serum lipid profiles 
and CVAI in males (Figure 3E). Specifically, the Chao1, Ace and Shannon indices were positively 
correlated with the serum HDL-C levels, while the Chao1 and Ace indices were negatively correlated 

https://f6publishing.blob.core.windows.net/df4e9046-1c31-44f1-9e20-dc15de33d52c/WJG-28-3455-supplementary-material.pdf
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Figure 2 Correlations between the clinical characteristics in the study population. A: Correlations between the clinical characteristics of the enrolled 
females; B: Correlations between the clinical characteristics of the enrolled males. The circle represents the correlation coefficient of each two parameters (P value < 
0.05). The number presented in the circle is the correlation coefficient. The larger the absolute value is, the stronger the correlation is. Blue indicates a negative 
correlation and orange indicates a positive correlation. The depth of the color represents the strength of the correlation. The deeper the color is, the stronger the 
correlation is. The “ggcorrplot” package in R was utilized for Spearman’s correlation analysis. WC: Waist circumference; BMI: Body mass index; WHR: Waist 
circumference/height ratio; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; TG: Triglyceride; TC: Total cholesterol; LDL-C: Low-density lipoprotein 
cholesterol; HDL-C: High-density lipoprotein cholesterol; CVAI: Chinese visceral adiposity index.
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Figure 3 Diversity analysis of gut microbiota in the study population. A: Violin plots of α-diversity analysis of gut microbiota (GM) in females and males 
of the study population. Each plot represents one index of the α-diversity distribution of GM, including Chao1, Ace, Shannon and Simpson indices, for each group. 
The Wilcoxon rank-sum test was used to evaluate the differences between groups; B: Plots of principal coordinate analysis (PCoA) based on the operational 
taxonomic unit level in females and males of the study population. Each square represents the GM community in one sample, and the axis title represents the 
percentage change of interpretation. The distance between squares represents the similarity or dissimilarity of the GM community in the study population, and PCoA 
analysis was conducted by unweighted UniFrac method; C: Violin plots of α-diversity analysis of GM in females of the study population; D: Violin plots of α-diversity 
analysis of GM in males of the study population; E: Correlations between GM diversity and serum lipid profiles in males of the study population. Spearman’s 
correlation analysis was conducted. The number presented in each cell is the correlation coefficient. The larger the absolute value is, the stronger the correlation is. 
Blue indicates a negative correlation and red indicates a positive correlation. The depth of the color represents the strength of the correlation. The deeper the color is, 
the stronger the correlation is. aP < 0.05, bP < 0.01, cP < 0.001, dP < 0.1. TG: Triglyceride; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: 
High-density lipoprotein cholesterol; CVAI: Chinese visceral adiposity index; H_CHO: High total cholesterol; H_TG: high triglyceride; L_HDL-C: Low high-density 
lipoprotein cholesterol.

with CVAI. However, similar results could not be observed in females. The bioinformatics analyses 
above revealed the associations between the general state of GM and the human serum lipid profiles.

Taxonomic composition of GM in the study population
After diversity analysis, we focused on the relative abundances of GM taxa at six different taxonomic 
levels in different groups, and the top ten taxa with higher relative abundances at each level are shown 
in Supplementary Figure 1 for females and males. Similarly, the top ten taxa at each level were 

https://f6publishing.blob.core.windows.net/df4e9046-1c31-44f1-9e20-dc15de33d52c/WJG-28-3455-supplementary-material.pdf
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identified in the female subgroups (Figure 4). Consistent with previous data, the GM composition at the 
phylum level included Firmicutes and Bacteroidetes as the core GM, with lower relative abundances of 
Actinobacteria, Proteobacteria and others. The most abundant GM taxa were Clostridia, Bacteroidia, 
Clostridiales, Bacteroides, Ruminococcaceae, Lachnospiraceae, Bacteroidaceae, Faecalibacterium and 
Bacteroides. GM taxa with relative abundances of no less than 0.0001 at each level were included in the 
following analyses. The relative abundances of Proteobacteria, Lactobacillaceae and Lactobacillus were 
no less than 0.010 in H_CHO females, and were greater than those in CON females (P value < 0.05); 
while the relative abundance of Coriobacteriia was higher in L_HDL-C females than that in CON 
females (P value < 0.05). In the comparison of H_CHO and L_HDL-C females, Prevotellaceae 
abundance was greater in L_HDL-C females (P value < 0.05), and Lactobacillus_salivarius abundance was 
greater in H_CHO females (P value < 0.05). In the comparison of H_CHO and H_TG females, 
Agathobacter abundance was higher in H_TG females (P value < 0.05), while the relative abundances of 
Ruminococcus_bromii and Lactobacillus_salivarius were higher in H_CHO females (P value < 0.05). 
Additionally, Prevotellaceae abundance was greater in L_HDL-C females than that in H_TG females (P 
value < 0.05). Subsequently, analogous comparison analysis was conducted in the male subgroups 
(Figure 5). The most abundant taxa were Clostridia, Bacteroidia, Clostridiales, Bacteroidales, Rumino-
coccaceae, Lachnospiraceae, Faecalibacterium, Bifidobacterium, Bifidobacterium_pseudocatenulatum and 
Clostridium_disporicum. In the comparison of L_HDL-C and CON males, the relative abundances of 
Bacteroidetes, Bacteroidia, Bacteroidales, Prevotellaceae, unidentified_Ruminococcaceae, Roseburia and 
Roseburia_inulinivorans were lower in L_HDL-C males (P value < 0.05). Meanwhile, Coriobacteriia, 
Coriobacteriales, Prevotellaceae, unidentified_Ruminococcaceae, Roseburia and Roseburia_inulinivorans were 
lower in L_HDL-C males than those in H_TG males (P value < 0.05). Interestingly, no differences were 
observed in the comparison between the H_TG group and CON group (P value > 0.05) in females or 
males.

LEfSe analysis was conducted in different dyslipidemia subgroups and the CON group in females 
and males. Compared with CON females (Figure 6), LEfSe analysis revealed the enrichment of Proteo-
bacteria, Lactobacillaceae, Lactobacillus and Lactobacillus_salivarius in H_CHO females, and the 
enrichment of Coriobacteriia in L_HDL-C females. In the comparison among the three dyslipidemia 
subgroups in females, Lactobacillus_salivarius were enriched in H_CHO females, and Prevotellaceae were 
enriched in L_HDL-C females. Simultaneously, LEfSe analysis revealed that Prevotellaceae, uniden-
tified_Ruminococcaceae, Roseburia, Roseburia_inulinivorans, Coriobacteriia, Coriobacteriales and Verruco-
microbiae were enriched in H_TG males compared with other males (Figure 7).

Associations of GM taxa with serum lipid profiles in the study population
To further explore the clinical implications of GM in dyslipidemia, Spearman correlation analysis was 
introduced to assess the associations between differential GM taxa and the serum lipid profiles/CVAI, 
and a number of reliable correlations were revealed. In females, a positive correlation of 
Bacteroides_coprocola with serum TG level was observed, while negative correlations of Bacteroidetes, 
Bacteroidia and Bacteroidales with CVAI were noted (P value < 0.05, Figure 8A). Moreover, more correl-
ations were identified in males (P value < 0.05, Figure 8B). Specifically, the relative abundances of 
Actinobacteria, unidentified_Actinobacteria, Bifidobacteriales, Bifidobacteriaceae and Bifidobacterium 
were negatively correlated with the serum TG and TC levels, the relative abundance of 
Roseburia_inulinivorans was positively correlated with the serum TG and TC levels, and the relative 
abundance of Roseburia was positively correlated with the serum TG level. In addition, the relative 
abundances of Leuconostocaceae, Weissella and Weissella_cibaria were correlated with increased serum 
TC and LDL-C levels, and the relative abundance of Bacteroides_vulgatus was correlated with decreased 
serum LDL-C level. Furthermore, we found that the relative abundances of Bacteroidetes, Bacteroidia, 
Bacteroidales, Coriobacteriales, Prevotellaceae, unidentified_Ruminococcaceae and Roseburia_inulinivorans 
were positively correlated with serum HDL-C level, and the relative abundances of Bacteroidetes, 
Bacteroidia, Bacteroidales and Bacteroides_vulgatus were negatively correlated with CVAI in males.

To search for the specific GM taxa that may facilitate the differentiation of lipid profiles in dyslip-
idemia patients from CON, ROC curve analysis was conducted in the female and male subgroups (P 
value < 0.05, Figure 9). The GM taxa, that effectively distinguished H_CHO females from CON females, 
were Proteobacteria (0.724, 95%CI: 0.567-0.849), Lactobacillaceae (0.703, 95%CI: 0.544-0.832), Lactobacillus 
(0.705, 95%CI: 0.547-0.834) and Lactobacillus_salivarius (0.706, 95%CI: 0.548-0.835). In addition, Coriobac-
teriia (0.697, 95%CI: 0.546-0.822) may help discriminate L_HDL-C females from CON females. 
Moreover, the GM taxa in favor of the differentiation of H_TG males from CON males were Coriobac-
teriia (0.710, 95%CI: 0.547-0.841), Coriobacteriales (0.710, 95%CI: 0.547-0.841), Prevotellaceae (0.697, 
95%CI: 0.534-0.830), Roseburia (0.697, 95%CI: 0.534-0.830) and Roseburia_inulinivorans (0.684, 95%CI: 
0.520-0.820). Additionally, seven GM taxa may play a role in distinguishing L_HDL-C males from CON 
males: Bacteroidetes (0.676, 95%CI: 0.539-0.794), Bacteroidia (0.676, 95%CI: 0.539-0.794), Bacteroidales 
(0.676, 95%CI: 0.538-0.793), Prevotellaceae (0.685, 95%CI: 0.548-0.802), unidentified_Ruminococcaceae 
(0.687, 95%CI: 0.551-0.804), Roseburia (0.662, 95%CI: 0.524-0.782) and Roseburia_inulinivorans (0.682, 
95%CI: 0.545-0.799).
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Figure 4 The taxonomic composition of gut microbiota in females of the study population. Bar plots show the relative abundances of the top ten 
taxa at the six taxonomic levels, including phyla, class, orders, family, genus and species, in females. Each component of the cumulative bar chart indicates a 
phylum, a class, an order, a family, a genus or a species. A: Relative abundance at phylum level; B: Relative abundance at class level; C: Relative abundance at 
order level; D: Relative abundance at family level; E: Relative abundance at genus level; F: Relative abundance at species level. H_CHO: High total cholesterol; 
H_TG: high triglyceride; L_HDL-C: Low high-density lipoprotein cholesterol.

Functional analysis of GM in the study population
Finally, we evaluated the functions of the GM community using the FAPROTAX database, and obtained 
the main metabolic processes of microorganisms associated with different biogeochemical cycles. A total 
of 51 functional assignments, with relative abundances larger than 0.0001 of the average level, were 
obtained in females, and 38 assignments were obtained in males. Apparently, GM functions showed 
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Figure 5 The taxonomic composition of gut microbiota in males of the study population. Bar plots show the relative abundances of the top ten taxa 
at the six taxonomic levels, including phyla, class, orders, family, genus and species, in males. Each component of the cumulative bar chart indicates a phylum, a 
class, an order, a family, a genus or a species. A: Relative abundance at phylum level; B: Relative abundance at class level; C: Relative abundance at order level; D: 
Relative abundance at family level; E: Relative abundance at genus level; F: Relative abundance at species level. H_TG: high triglyceride; L_HDL-C: Low high-density 
lipoprotein cholesterol.

different patterns between females and males, further supporting our strategy of separation and 
independent analysis in females and males. The top twenty annotated functions with higher relative 
abundances in females and males are shown in Figure 10. Furthermore, comparison analysis between 
the different subgroups was conducted. Compared with CON females, the relative abundance of 
aerobic chemoheterotrophy was increased in H_CHO females (P value < 0.05), while cellulolysis 
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Figure 6 Linear discriminant analysis effect size analysis in females of the study population. Linear discriminant analysis (LDA) scores indicate 
differentially represented gut microbiota taxa (biomarkers) in each female subgroups. The length of each bar represents the LDA score format with log 10, and the 
logarithmic threshold for discriminative features was set to 2.0. H_CHO: High total cholesterol; H_TG: high triglyceride; L_HDL-C: Low high-density lipoprotein 
cholesterol.



Guo L et al. Associations of GM with dyslipidemia

WJG https://www.wjgnet.com 3467 July 21, 2022 Volume 28 Issue 27

Figure 7 Linear discriminant analysis effect size analysis in males of the study population. Linear discriminant analysis (LDA) scores indicate 
differentially represented gut microbiota taxa (biomarkers) in each male subgroups. The length of each bar represents the LDA score format with log 10, and the 
logarithmic threshold for discriminative features was set to 2.0. H_TG: high triglyceride; L_HDL-C: Low high-density lipoprotein cholesterol.

abundance was increased in L_HDL-C females (P value < 0.05). Additionally, cellulolysis abundance 
was increased in L_HDL-C females when compared with that in H_CHO females (P value < 0.05). 
Compared with CON males, the relative abundances of sulfate respiration, respiration of sulfur 
compounds and cellulolysis were decreased in L_HDL-C males (P value < 0.05), while the relative 
abundance of nitrate respiration was increased in L_HDL-C males (P value < 0.05).

DISCUSSION
Dyslipidemia is considered a defect of lipid metabolism in circulation, characterized by increased or 
decreased levels of serum lipids. Notably, alterations in the GM community may participate in the 
pathogenesis of dyslipidemia, and the GM composition could be influenced by sex, host genotype and 



Guo L et al. Associations of GM with dyslipidemia

WJG https://www.wjgnet.com 3468 July 21, 2022 Volume 28 Issue 27

Figure 8 Associations of gut microbiota taxa with serum lipid indicators in the study population. A: Correlations of gut microbiota (GM) taxa with 
serum lipid indicators in females. Spearman’s correlation analysis was conducted. The number presented in each cell is the correlation coefficient. The larger the 
absolute value is, the stronger the correlation is. Blue indicates a negative correlation and red indicates a positive correlation. The depth of the color represents the 
strength of the correlation. The deeper the color is, the stronger the correlation is; B: Correlations of GM taxa with serum lipid indicators in males. aP < 0.05, bP < 0.01, 
dP < 0.1. TG: Triglyceride; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; CVAI: Chinese visceral 
adiposity index.

geographic location. To our knowledge, little evidence is present in the literature on the correlations 
between GM and serum lipids based on sex differences[39]; hence, the initial objective of this study was 
to identify the associations of GM features with serum lipid profiles based on sex differences in a 
Chinese population.

Considered as a whole, there were significant differences in serum lipid profiles and GM features 
between females and males. Specifically, females have higher GM diversities, and the GM composition 
was quite different from that in males, which is consistent with previous data[40]. In addition, the 
functional analysis of GM also showed an obvious dissimilarity between females and males, further 
supporting our strategy of respective GM analysis in females and males[14]. Of note, the associations 
between GM and dyslipidemia in humans have been investigated and demonstrated by various studies, 
suggesting the alteration of GM in patients with impaired lipid metabolism[28,41]. For instance, 
Cotillard et al[42] noted that reduced GM richness, commonly observed in obese patients, was linked to 
increased serum TG and TC levels. Following that study, more studies have demonstrated negative 
correlations of circulating TG and LDL-C levels with GM diversity, and a positive correlation of HDL-C 
with GM richness[9,26,43,44]. Moreover, certain GM taxa were found to be correlated with specific lipid 
profiles, suggesting that different GM taxa may affect distinct classes of lipids[26,42,43]. Although the 
present data have not clearly defined the GM pattern of patients with dyslipidemia, these observations 
provide new avenues for validation and follow-up studies. Therefore, dyslipidemia female and male 
patients in this study were divided into a H_TG group, a H_CHO group and a L_HDL-C group, for a 
more targeted investigation and interpretation.

As an important indicator of the GM community and a general measure of gut health, higher GM 
diversities have been proposed to be associated with healthy lipid levels, such as increased HDL-C and 
decreased TG levels[26]. Our results showed a positive correlation between GM diversities and the 
serum HDL-C level in males, consistent with previous data[26]. Additionally, GM diversities were 
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Figure 9 Differential gut microbiota taxa-based classification of dyslipidemia in the study population. Receiver operating characteristic curve 
analysis for identifying dyslipidemia subgroup from controls by gut microbiota taxa in females and males. A: High total cholesterol vs control (Female); B: Low high-
density lipoprotein cholesterol (L_HDL-C) vs control (Female); C: High triglyceride vs control (Male); D and E: L_HDL-C vs control (Male). H_CHO: High total 
cholesterol; H_TG: high triglyceride; L_HDL-C: Low high-density lipoprotein cholesterol.

negatively correlated with CVAI in males. As a valuable indicator of “adipose distribution and 
function”, CVAI has been suggested to be a reliable and applicable indicator for the evaluation of 
visceral fat dysfunction in Chinese individuals, which is based on simple and obtainable clinical 
parameters and the serum lipid levels[34,45]. The CVAI is essentially correlated with lipid metabolism, 
and its negative correlation with GM diversities could further support the reliability of our data.

Butyrate has been suggested to facilitate the prevention and treatment of diet-induced obesity by 
reducing fat accumulation and insulin resistance[46,47], and the ability to produce butyrate is widely 
distributed among gram-positive anaerobic bacteria[48]. As members of the butyrate-producing bacteria
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Figure 10  The main functional annotations of gut microbiota in the study population. Bar plots show the relative abundances of top twenty 
annotated functions with higher relative abundances in female subgroups and male subgroups, respectively, using the FAPROTAX database. H_CHO: High total 
cholesterol; H_TG: high triglyceride; L_HDL-C: Low high-density lipoprotein cholesterol.

[48], Roseburia and Roseburia_inulinivorans have been investigated in certain diseases. By analyzing the 
GM composition of patients with symptomatic atherosclerosis, Karlsson et al[49] noted an enrichment of 
Roseburia in CVD patients, while a lower abundance of Roseburia was be observed in patients with 
diabetes[44]. In this study, we found that Roseburia_inulinivorans were positively correlated with the 
serum TG, TC and HDL-C levels, and Roseburia were positively correlated with the serum TG level in 
males. In addition, decreased Roseburia and Roseburia_inulinivorans abundances distinguished L_HDL-C 
males from CON males, while increased Roseburia and Roseburia_inulinivorans abundances distinguished 
H_TG males from CON males. Furthermore, strains of Bifidobacterium and Lactobacillus have potential 
therapeutic purposes[50]. An et al[51] once described a comparable, positive anti-obesity and lipid-
lowering effect of Bifidobacterium spp. in obese rats fed a high-fat diet. Consistent with the evidence, our 
results demonstrated that the relative abundances of Bifidobacteriales, Bifidobacteriaceae and Bifidobac-
terium were negatively correlated with the serum TG and TC levels in males. However, certain favorable 
GM taxa, such as Lactobacillaceae, Lactobacillus and Lactobacillus_salivarius, were enriched in H_CHO 
females. As a probiotic supplement, Lactobacillus were noted to have a negative correlation with serum 



Guo L et al. Associations of GM with dyslipidemia

WJG https://www.wjgnet.com 3471 July 21, 2022 Volume 28 Issue 27

lipid profiles[52]. An animal study, focused on mice fed a high-fat high-cholesterol diet and supple-
mented with Lactobacillus curvatus and/or Lactobacillus plantarum, revealed that these probiotic bacteria 
play important roles in normalizing lipid metabolism, such as decreasing TC levels in plasma and liver, 
and reducing the accumulation of hepatic TG[53]. Obviously, certain conflicting findings exist, which 
should be further investigated. Nevertheless, these observations indicate that different GM taxa 
associate with certain lipids, and may affect specific aspects of lipid metabolism[26,42,43].

A recent study on rats[54] demonstrated that a high-fat diet decreased the proportions of 
Bacteroidetes and its genera Bacteroides and Prevotella, and a study on swine indicated that decreased 
Bacteroidetes proportions were accompanied by decreases in the circulating TG level[55]; however, 
whether Bacteroidetes can alter cholesterol or TG levels in humans remains disputed. In humans, 
decreased Bacteroidetes proportions, including Bacteroides_vulgatus and Bacteroides_dorei, were observed 
in patients with coronary artery disease[56,57]. In addition, some species of Bacteroides were shown to be 
decreased in patients with CVDs[49], and may be used as biomarkers for evaluating the alleviation of 
obesity[54]. Our results showed that Bacteroides_vulgatus were negatively correlated with the serum 
LDL-C level but positively correlated with the serum TG level in females, while Bacteroidetes, 
Bacteroidia and Bacteroidales were negatively correlated with CVAI in females. Moreover, 
Bacteroidetes, Bacteroidia and Bacteroidales were positively correlated with the serum HDL-C level, 
differentiated L_HDL-C males from CON males, and were negatively correlated with CVAI in males. 
These observed associations may further support their roles in the favorable regulation of lipid 
metabolism. Interestingly, Prevotellaceae were enriched in L_HDL-C group in the comparison among 
the three dyslipidemia subgroups in females. However, the relative abundance of Prevotellaceae was 
decreased significantly in L_HDL-C males, and could distinguish L_HDL-C males from CON males. 
Additionally, increased Prevotellaceae also helped discriminate H_TG males from CON males in our 
study. Of note, Kelly et al[58] reported that genera within the family Prevotellaceae had different effects; 
some were associated with an increased and others with a decreased CVD risk profile. Meanwhile, 
Coriobacteriia were indicated to be enriched in L_HDL-C females, and could differentiate L_HDL-C 
females from CON females. Moreover, we identified that Coriobacteriales were correlated with the 
increased serum HDL-C level in males, and increased Coriobacteriia and Coriobacteriales could 
distinguish H_TG males from CON males. However, these taxa have not been studied thoroughly, and 
it is difficult to assess their metabolic functions in human lipid metabolism.

Different GM taxa may have distinct activities and modes of action[50,59], and certain taxa may exert 
synergistic and cooperative interactions[60], indicating the importance of balance in the GM 
community. Our results may suggest a complex interaction between GM and distinct lipid metabolisms 
based on sex differences, and provide new evidence of the involvement of GM in dyslipidemia. 
Nevertheless, more studies are required to determine which specific taxa have the potential to 
ameliorate dyslipidemia.

There were several limitations in this study, the most marked of which was the small sample size in 
each subgroup. This was a single-center study, recruiting Chinese participants near Xi’an, a central city 
in northwestern China. In addition, certain confounders, such as dietary habit, that could have 
influenced the GM composition[61], must be taken into consideration. However, elucidation of certain 
associations of GM taxa with host lipid metabolism in this study is still valuable. We hope that our 
observations will facilitate prospective studies investigating diverse aspects of GM influences on human 
dyslipidemia based on sex differences. In future studies, it is recommended that the sample size be 
increased, more confounders be considered, and various research methods be integrated to ascertain 
potential associations.

CONCLUSION
Based on the thorough analyses of GM features with dyslipidemia in females and males, potent associ-
ations of GM-host relations based on sex differences were revealed, and the potential of GM for dyslip-
idemia diagnosis was demonstrated. Although this study could not provide a conclusive association 
between GM and dyslipidemia, it may provide new insights into the pathogenesis of dyslipidemia.

ARTICLE HIGHLIGHTS
Research background
Dyslipidemia is a common chronic disorder, and is defined as any abnormality in blood lipid levels. In 
recent years, considerable progress has been made in elucidating the mechanisms of dyslipidemia, and 
the gut microbiota (GM) has been indicated to play a pivotal role in its pathophysiology. However, the 
associations between GM and dyslipidemia remain to be elucidated.
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Research motivation
Although recent studies have convincingly linked GM to dyslipidemia, proving the associations 
between GM and host lipid metabolism remains a challenge in humans. In addition, ethnicity, 
geography and sex are potent factors that could influence the GM community. Therefore, it is important 
to clarify the relationship between GM and dyslipidemia, and to explore the importance of sex 
differences. In this study, we first revealed sex differences regarding the GM features, and then 
introduced dyslipidemia, highlighting its intricate relationships with GM and possible altered GM 
functions.

Research objectives
This study focused on the associations of GM features with dyslipidemia based on sex differences in a 
northwestern Chinese population.

Research methods
This study finally recruited 142 participants (73 females and 69 males) at Honghui Hospital, Xi’an 
Jiaotong University, who fulfilled the criteria for the diagnosis of dyslipidemia according to the 
“Guidelines for prevention and treatment of dyslipidemia in Chinese adults”. The anthropometric and 
blood metabolic parameters of all participants were measured. According to their detected serum lipid 
levels, female and male participants were classified into a high triglyceride (H_TG) group, a high total 
cholesterol (H_CHO) group, a low high-density lipoprotein cholesterol (L_HDL-C) group, and a control 
(CON) group with normal serum lipid levels. Fresh fecal samples were collected for 16S rRNA gene 
sequencing, and UPARSE software, QIIME software, the RDP classifier tool and the FAPROTAX 
database were used for sequencing analyses.

Research results
Different GM features were identified between females and males, and the associations between GM 
and serum lipid profiles were different between females and males. In the comparison of the three 
dyslipidemia subgroups in females, Lactobacillus_salivarius were enriched in H_CHO females, and 
Prevotellaceae were enriched in L_HDL-C females. Compared with CON or H_TG males, Prevotel-
laceae, unidentified_Ruminococcaceae, Roseburia and Roseburia_inulinivorans were decreased in L_HDL-C 
males; while linear discriminant analysis effect size analysis indicated an enrichment of these above GM 
taxa in H_TG males in comparison to other male subgroups. Additionally, Roseburia_inulinivorans 
abundance was positively correlated with the serum TG and total cholesterol levels, and Roseburia were 
positively correlated with the serum TG level. Furthermore, Proteobacteria, Lactobacillaceae, Lactoba-
cillus and Lactobacillus_salivarius distinguished H_CHO females from CON females, while Coriobac-
teriia, Coriobacteriales, Prevotellaceae, Roseburia and Roseburia_inulinivorans distinguished H_TG males 
from CON males. Based on the predictions of GM metabolic capabilities from the FAPROTAX database, 
cellulolysis was increased in L_HDL-C females compared with CON females, but was decreased in 
L_HDL-C males compared with CON males.

Research conclusions
This study provides evidence of the associations between GM and serum lipid profiles based on sex 
differences, suggesting a complex interaction between GM and distinct lipid metabolisms, and 
providing new insights into the pathogenesis of dyslipidemia.

Research perspectives
Future studies are needed to determine which specific taxa have the potential to ameliorate dyslip-
idemia, to investigate the underlying biological functions of the key GM in dyslipidemia, and to explore 
the differences in diet and other factors between females and males as possible causes for the observed 
differences in GM and the lipid profiles.
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Abstract
BACKGROUND 
The combined index of hemoglobin, albumin, lymphocyte, and platelet (HALP) 
can reflect systemic inflammation and nutritional status simultaneously, with 
some evidence revealing its prognostic value for some tumors. However, the 
effect of HALP on recurrence-free survival (RFS) in patients with gastrointestinal 
stromal tumors (GISTs) has not been reported.

AIM 
To investigate the prognostic value of HALP in GIST patients.

METHODS 
Data from 591 untreated patients who underwent R0 resection for primary and 
localized GISTs at West China Hospital between December 2008 and December 
2016 were included. Clinicopathological data, preoperative albumin, blood 
routine information, postoperative treatment, and recurrence status were 
recorded. To eliminate baseline inequivalence, the propensity scores matching 
(PSM) method was introduced. Ultimately, the relationship between RFS and 
preoperative HALP was investigated.

RESULTS 
The optimal cutoff value for HALP was determined to be 31.5 by X-tile analysis. 
HALP was significantly associated with tumor site, tumor size, mitosis, Ki67, 
National Institutes of Health (NIH) risk category, and adjuvant therapy (all P < 
0.001). Before PSM, GIST patients with an increased HALP had a significantly 
poor RFS (P < 0.001), and low HALP was an independent risk factor for poor RFS 
[hazard ratio (HR): 0.506, 95% confidence interval (95%CI): 0.291-0.879, P = 0.016]. 
In NIH high-risk GIST patients, GIST patients with low HALP had a worse RFS 
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than patients with high HALP (P < 0.05). After PSM, 458 GIST patients were identified; those with 
an increased HALP still had significantly poor RFS after PSM (P < 0.001) and low HALP was still 
an independent risk factor for poor RFS (HR: 0.558, 95%CI: 0.319-0.976, P = 0.041).

CONCLUSION 
HALP was significantly correlated with postoperative pathology and postoperative treatment. 
Furthermore, HALP showed a strong ability to predict RFS in GIST patients who underwent 
radical resection.

Key Words: Gastrointestinal stromal tumors; Nutrition assessment; Immuno-inflammatory-based prognostic 
scores; Prognosis; Propensity score

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The combined index of hemoglobin, albumin, lymphocyte, and platelet (HALP) can reflect 
systemic inflammation and nutritional status simultaneously. We demonstrated that HALP has a statist-
ically significant correlation with postoperative pathology and postoperative treatment in patients with 
gastrointestinal stromal tumors (GISTs). Furthermore, we revealed that a low level of HALP was an 
independent risk factor for poor recurrence-free survival in GIST patients following radical resection 
before and after propensity scores matching.

Citation: Zhao Z, Yin XN, Wang J, Chen X, Cai ZL, Zhang B. Prognostic significance of hemoglobin, albumin, 
lymphocyte, platelet in gastrointestinal stromal tumors: A propensity matched retrospective cohort study. World J 
Gastroenterol 2022; 28(27): 3476-3487
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3476.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3476

INTRODUCTION
Gastrointestinal stromal tumors (GISTs), a rare type of tumor, are the most frequent mesenchymal 
tumors arising from the gastrointestinal tract[1]. GISTs may occur anywhere in the digestive tract and 
even occasionally outside the gastrointestinal tract, with the stomach accounting for 60% and the small 
intestine 30% of all GISTs[2]. The morphology, immunohistochemistry, and molecular markers are 
helpful to the diagnosis of GISTs. Surgical resection is the standard treatment for resectable GISTs[3]. 
Nowadays, novel small molecular tyrosine kinase inhibitors, such as imatinib and sunitinib, have 
revolutionized the integrated treatment of GISTs and greatly improved the long-term prognosis of 
patients[4].

Some GIST-specific parameters based on postoperative pathologies, such as tumor size, primary 
tumor location, mitotic index, and tumor rupture, have been used to stratify the risk of recurrence for 
GISTs[2,5-7]. Meanwhile, a recent effort has shed light on the role of preoperative cancer-related inflam-
mation and nutrition status in progression of various cancers, such as those of gastric[8], colorectal[9], 
non-small lung[10], and GIST[11-15]. Several preoperative immuno-inflammatory-based prognostic 
scores, such as the preoperative neutrophil-to-lymphocyte ratio (NLR), the lymphocyte-to-monocyte 
ratio (LMR), and the platelet-to-lymphocyte ratio (PLR), reflect the systematic inflammatory response, 
with some evidence supporting their prognostic ability for GISTs[13-17]. Furthermore, nutritional 
status, such as measured by the prognostic nutritional index (PNI), has also been shown to play an 
important role in GIST progression[10,11].

Recent studies have proposed a new combined index of hemoglobin, albumin, lymphocyte, and 
platelet (HALP) which can reflect systemic inflammation and nutritional status simultaneously[18]. It 
has already been reported as related to the prognosis of patients with pancreatic cancer[19], renal cancer
[20], gastric cancer[18], prostate cancer[21], bladder cancer[22], esophageal cancer[23], and small cell 
lung cancer[24]. However, there are no studies on the relationship between HALP and recurrence in 
GIST patients who undergo radical resection. Therefore, this study aimed to investigate the prognostic 
value of preoperative HALP in resected GIST patients.
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MATERIALS AND METHODS
Patient population
A flow diagram of the patient selection process is shown in Figure 1. Data from consecutive, previously 
untreated patients who underwent R0 resection for primary, localized GISTs at West China Hospital 
between December 2008 and December 2016 were included in this study. Patients who were younger 
than 18 years in age, without complete preoperative blood routine information or medical history, or 
with infectious diseases, blood counts with white blood cells (WBCs) > 10 × 109/L, neutrophils > 8 × 109

/L, or lymphocytes > 5 × 109/L, other tumors, severe liver, kidney or heart diseases, emergency surgery, 
or follow-up less than 6 mo were excluded. In total, 591 GIST patients were enrolled for the current 
analysis.

This study was reviewed and approved by the Ethics Committee of the West China Hospital of 
Sichuan University, No. 1135(2019) and adhered to the tenets of the Declaration of Helsinki. All patients 
provided written informed consent.

Definition
Recurrence-free survival (RFS) was defined as the time interval between the time of surgery and the 
time of the first documented appearance of tumor after complete resection. The HALP, PNI, NLR, PLR, 
and LMR were calculated using the following formulas: HALP = hemoglobin level (g/L) × albumin 
level (g/L) × lymphocyte count (/L)/platelet count (/L)[19]; PNI = albumin level (g/L) + 5 × 
lymphocyte count (n/mm3)[25]; NLR = neutrophil count (n/mm3)/lymphocyte count (n/mm3)[15,16]; 
PLR = platelet count (n/mm3)/lymphocyte count (n/mm3)[14]; LMR = lymphocyte count (n/mm3

)/monocyte count (n/mm3)[26].

Data collection
Clinicopathological data, postoperative treatment, and recurrence status were recorded. The following 
data of each patient were retrieved from the self-built GISTs database: Demographic characteristics, 
tumor sites, tumor size, mitotic index [mitosis/50 high-power field (HPF) or mitosis/50 mm2], 
morphology, immunohistochemistry, molecular markers, preoperative hemoglobin, albumin, WBC 
count, absolute neutrophil count, monocyte count, platelet count, and lymphocyte count. Tumor risk 
stratification was determined based on the modified National Institutes of Health (NIH) classification
[27].

Perioperative evaluation and postoperative histopathological diagnosis
For all patients, the laboratory tests were evaluated within 1 wk before operation. Preoperative blood 
routine and blood biochemical examination were performed by the Laboratory Department of Sichuan 
University West China Hospital. The parameters included complete blood cell count and serum 
albumin. Histopathological diagnosis was performed by the Department of Pathology of Sichuan 
University West China Hospital; the postoperative pathological findings included data on gross 
appearance, tumor size, tumor site, resection margin status, tumor cell morphology, lymph node 
metastasis status, and immunohistochemical staining, etc.

Follow-up
Abdominal/pelvic computed tomography was performed every 3-6 mo in the first 3 years after 
operation, and then every 6-12 mo, until 5 years after the operation, and then once a year until 
recurrence. Recurrence status was ascertained up to December 2020.

Statistical analysis
The optimal cutoff values for the HALP, PNI, NLR, PLR, and LMR were determined to be 31.5, 48.6, 
2.60, 134.8, and 4.0, respectively, by X-tile analysis[28]. Propensity scores matching (PSM) was 
performed as 1:1 matching and a 0.02 caliper based on the patient's age, tumor size, tumor site, mitosis, 
and adjuvant targeted therapy using nearest neighbor matching with the MatchIt R package (
https://cran.r-project.org/web/packages/MatchIt/MatchIt.pdf). The categorical variables are reported 
as n (%) and quantitative variables are reported as mean ± SD or median (range). Statistical significance 
of group comparisons was analyzed via parametric and nonparametric tests for continuous variables 
and via chi-square analysis or Fisher’s test for categorical variables. Survival curves of the RFS were 
calculated by the Kaplan-Meier methods and compared by log-rank tests. Hazard ratio (HR) for 
recurrence was calculated by Cox regression analysis. Sensitivity and specificity of HALP, PNI, NLR, 
LMR, and PLR were defined using time-dependent receiver operating characteristic (ROC) curves, and 
areas under the curve (AUCs) were detected utilizing survival ROC R package[29]. All statistical 
analyses were performed using SPSS Statistics version 21 (SPSS 21.0; IBM Corp., Armonk, NY, United 
States) and GraphPad Prism version 7.0 (GraphPad Software, La Jolla, CA, United States). Statistical 
significance was set at P < 0.05 as two-sided.

https://cran.r-project.org/web/packages/MatchIt/MatchIt.pdf
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Figure 1 Flow diagram of the patient selection process. GIST: Gastrointestinal stromal tumor; HALP: Combination index of hemoglobin, albumin, 
lymphocyte, and platelet; WBC: White blood cell.

RESULTS
Baseline characteristics
The demographic and clinicopathological characteristics of the 591 GIST patients are listed in Table 1 
and Supplementary Table 1. The study population consisted of 280 (46.8%) male and 311 (53.2%) female 
patients. The median age was 57 (range: 21-86) years. The median follow-up time was 56 (range: 4-138) 
mo. The mean ± SD findings for the HALP, PNI, NLR, PLR, and LMR values were 45.81 ± 33.73, 49.04 ± 
5.43, 2.64 ± 1.74, 152.8 ± 84.6 and 5.13 ± 3.00, respectively. The mean ± SD of tumor size was 6.16 ± 4.87 
cm. One hundred ninety-one tumors (32.3%) had a mitotic index of > 5/50 HPF. A total of 34.0% 
(201/691) of the GIST patients received adjuvant therapy with imatinib or sunitinib. According to NIH 
risk classification, 72 (12.2%) patients were classified as very low risk, 178 (30.1%) patients as low risk, 
114 (19.3%) patients as intermediate risk, and 227 (38.4%) patients as high risk. Recurrence occurred in 
62 GIST patients.

Association of HALP and clinicopathological factors
The clinicopathological characteristics between the high and low groups of HALP were categorized and 
analyzed as shown in Table 1 and Supplementary Table 1. Together, 229 patients were assigned to the 
low HALP group and 362 patients to the high HALP group. The results demonstrated that tumor site, 
tumor size, mitotic index, Ki67, NIH risk category, and adjuvant therapy were significantly associated 
with HALP (all P < 0.05).

PSM analysis was further carried out to avoid confounding variables that might interfere with the 
association between RFS and HALP level. After 1:1 matching, PSM analysis identified 229 pairs of GIST 
patients. After PSM, HALP was still associated with sex, Ki67, and recurrence but not with any other 
clinicopathological characteristics (Table 1 and Supplementary Table 1).

Association of clinicopathological factors and RFS
Before PSM, tumor site, tumor size, mitotic index, Ki67, NIH risk category, NLR, PLR, PNI, and HALP 
were associated with RFS (all P < 0.05) (Table 2). RFS in GIST patients with low HALP was significantly 
worse than in those with high HALP (Figure 2). Cox multiple regression analysis showed that HALP 
was an independent prognostic factor for RFS in GIST patients before PSM [HR: 0.506, 95% confidence 
interval (CI): 0.291-0.879, P = 0.016].

After PSM, tumor site, tumor size, mitotic index, Ki67, NIH risk category, PNI, NLR, PLR, and HALP 
were still related to RFS (all P < 0.05) (Table 2). RFS was also significantly worse in GIST patients with 
low HALP than in those with high HALP (Figure 2). Furthermore, Cox multiple regression analysis 
showed that HALP was an independent prognostic factor for RFS in GIST patients (HR: 0.558, 95%CI: 
0.319-0.976, P = 0.041).

Subgroup analysis
The clinicopathological characteristics of high-risk GIST patients between the high and low groups of 
HALP were categorized in Supplementary Table 1. Together, 125 patients were assigned to the low 
HALP group and 102 patients to the high HALP group. The results demonstrated that sex and Ki67 
were associated with HALP (both P < 0.05). Not surprisingly, patients in the low HALP group had 
significantly worse survival than patients in the high HALP group (Figure 2). Furthermore, Cox 
multiple regression analysis indicated that HALP was an independent prognostic factor for RFS in GIST 
patients (HR: 0.469, 95%CI: 0.245-0.896, P = 0.022) (Supplementary Table 2).

https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
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Table 1 Baseline characteristics in patients with high or low combination index of hemoglobin, albumin, lymphocyte, and platelet 
before and after propensity scores matching (mean ± SD)

Before PSM1 After PSM
Characteristics

All Low HALP, < 
31.5

High HALP, ≥ 
31.5 P value All Low HALP, < 

31.5
High HALP, ≥ 
31.5 P value

n (%) 591 229 (38.7) 362 (61.3) - 458 229 (50) 229 (50) -

Age in yr 56.3 ± 12.0 56.7 ± 12.2 56.1 ± 11.8 56.8 ± 12.1 56.7 ± 12.2 57.0 ± 12.1

< 60 337 (57.0) 129 208 256 (55.9) 129 127

≥ 60 254 (43.0) 100 154 0.788 202 (44.1) 100 102 0.851

Sex

Male 280 (47.4) 98 182 233 (50.9) 131 102

Female 311 (52.6) 131 180 0.076 225 (49.1) 98 127 0.007a

Tumor site

Stomach 424 (71.7) 143 281 299 (65.3) 143 156

Non-stomach 167 (28.3) 86 81 < 0.001a 159 (34.7) 86 73 0.202

Tumor size in cm 6.16 ± 4.87 7.69 ± 5.65 5.18 ± 4.02 7.13 ± 5.08 7.69 ± 5.65 6.57 ± 4.38

≤ 2 86 (14.6) 10 76 27 (5.9) 10 17

2.1-5.0 251 (42.5) 87 164 177 (38.6) 87 90

5.1-10.0 184 (31.1) 95 89 184 (40.2) 95 89

> 10.0 70 (11.8) 37 33 < 0.001a 70 (15.3) 37 33 0.514

Mitotic index/50 HPF

≤ 5 332 (56.2) 107 225 220 (48.0) 107 113

6-10 100 (16.9) 45 55 91 (19.9) 45 46

> 10 91 (15.4) 49 42 89 (19.4) 49 40

Unknown 68 (11.5) 28 40 0.001a 58 (12.7) 28 30 0.764

Ki67

≤ 10 417 (70.6) 140 277 308 (67.3) 140 168

> 10 98 (16.6) 61 37 94 (20.5) 61 33

Unknown 76 (12.9) 28 48 < 0.001a 26 (12.2) 28 28 0.004a

NIH risk category

Very low risk 72 (12.2) 9 63 21 (4.6) 9 12

Low risk 178 (30.1) 52 126 113 (24.7) 52 61

Intermediate risk 114 (19.3) 43 71 100 (21.8) 43 57

High risk 227 (38.4) 125 102 < 0.001a 224 (48.9) 125 99 0.106

Adjuvant therapy

Yes 201 (34.0) 99 102 193 (42.1) 99 94

No 390 (66.0) 130 260 < 0.001a 265 (57.9) 130 135 0.636

Recurrence

Yes 62 (10.5) 42 20 61 (13.3) 42 19

No 529 (89.5) 187 342 < 0.001a 397 (86.7) 187 210 0.002a

1Method = nearest; Cliper value = 0.02.
aP < 0.05 was considered statistically significant.
HALP: Combination index of hemoglobin, albumin, lymphocyte, and platelet; HPF: High-power field; NIH: National Institutes of Health; PSM: Propensity 
scores matching; SD: Standard deviation.
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Sensitivity analysis
Time-dependent ROCs were generated for HALP, PNI, NLR, LMR, and PLR to predict 5-year RFS. 
According to the results, the 5-year AUC reached 0.661 in the HALP group, while PNI, NLR, LMR, and 
PLR reached 0.622, 0.591, 0.505, and 0.627, respectively (Figure 3).

DISCUSSION
There is growing evidence that preoperative nutritional status and inflammatory response may be a 
potentially powerful predictor of the prognosis of cancer patients. Consistent with previous research, 
the present study found that preoperative inflammation scores, such as NLR and PLR, were associated 
with the prognosis of GIST patients, both before and after PSM[14,16,30,31] (Supplementary Figure 1). 
However, LMR seemed to have no effect on the RFS of GIST patients (Supplementary Figure 1), which 
differs from findings of previous studies[14]. In addition, the PNI, a nutritional score based on albumin 
levels and lymphocytes, was also related to RFS of GIST patients, both before and after PSM in the 
present study[11,12] (Supplementary Figure 1).

In this study, we also found that preoperative HALP was significantly correlated with tumor site, 
tumor size, mitosis, Ki67, NIH risk category, and adjuvant therapy (Table 1). To balance the patient 
characteristics and standard prognostic factors between groups, we utilized the PSM method to balance 
patient's age, tumor size, tumor site, mitosis, and adjuvant targeted therapy. After PSM, sex, Ki67, PNI, 
NLR, LMR, and PLR were still associated with HALP (Supplementary Table 1). Notably, there was no 
difference in standard prognostic factors (i.e. tumor site, tumor size, mitosis, NIH risk category, and 
adjuvant therapy) between the low and high HALP groups (Table 1). Given that HALP shared several 
parameters with PNI, NLR, LMR, and PLR, their statistically significant correlation is unsurprising. The 
correlation between HALP and sex may be due to the fact that the male and female patients had 
significantly different hemoglobin levels (123.22 ± 2.08 g/L for males and 105.46 ± 1.84 g/L for females, 
P < 0.001). Remarkably, recurrence was not associated with either sex or histologic subtype 
(Supplementary Table 1). Subgroup analysis by sex revealed that a low level of HALP was associated 
with recurrence in both male and female patients (P = 0.048 and P = 0.018, respectively) 
(Supplementary Figure 2).

Finally, consistent with previous research on HALP in other tumors[18,19], our findings revealed 
prognostic value of HALP in GIST[20-24]. HALP was an independent risk factor for GIST patients 
before PSM, after PSM, and in high-risk subgroups (Table 2 and Supplementary Table 3). Thus, HALP 
can be used to not only evaluate GIST patients' postoperative risk prior to surgery but also to assess 
their prognosis. Notably, the HALP index can be utilized to predict the prognosis of patients in a 
convenient and cost-effective manner.

Although the underlying mechanism of systemic inflammation in tumorigenesis, progression and 
metastasis remains obscure, some theories suggest that it stimulates angiogenesis, immunosuppression, 
and formation of the supporting microenvironment. Lymphocytes are well known to play a critical role 
in tumor growth inhibition[32-34]. A higher lymphocyte signature is associated with improved 
prognosis in a variety of tumors[34], whereas platelets can infiltrate the tumor microenvironment and 
interact directly with cancer cells[35,36], assisting circulating tumor cells in adhering to endothelial cells 
and establishing a niche environment prior to metastasis[37-41].

Anemia is one of the most common symptoms of GIST, which can be caused by both gastrointestinal 
bleeding and intratumoral bleeding[42]. Yang et al[43] identified GIST with gastrointestinal bleeding as 
an independent prognostic predictor of poor RFS. Several studies have demonstrated that low 
hemoglobin levels can result in tumor hypoxia, which is associated with an increased risk of local failure 
and distant metastasis[31,44]. Furthermore, a hypoxic tumor environment may result in limited drug 
accumulation and hinder drug efficacy[45]. Most importantly, anemia is a common adverse effect of 
imatinib[46], which may require the prescribing physician to stop the drug or reduce the dose. High 
levels of preoperative hemoglobin may help to prevent this adverse effect.

Low levels of serum albumin are also associated with poor long-term survival in GIST patients[44,
45], which is consistent with our findings. Serum albumin is generally considered as associated with 
nutritional status and liver or renal function, both of which may affect the prescribing physician's 
decision-making, similar to hemoglobin. Additionally, tumor tissues have abnormal vascular 
endothelial gaps and lack effective lymphatic drainage, allowing macromolecules, such as albumin, to 
accumulate more readily in tumor tissue than in normal tissue[47,48]. Consequently, serum albumin is 
suspected of being a possible nutritional source for tumor growth, due to its elevated accumulation in 
tumors[49-51]. This effect is referred to as the ‘enhanced permeability and retention effect’. Moreover, 
about 95% of imatinib is bound to serum proteins, mainly albumin and 1-acid glycoprotein, which may 
facilitate drug accumulation in tumors and improve therapeutic effect[52,53]. Subsequently, serum 
albumin levels have been shown to be an independent prognostic factor of survival in a variety of 
cancers, including those of colorectal[54], gastric[55], pancreatic[56], and breast[57]. As a result, it is 
unsurprising that HALP, which reflects systemic inflammation and nutritional status simultaneously, is 
associated with the risk and prognosis of GIST.

https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
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Table 2 Univariate and multivariate regression analysis of prognostic factors in patients before and after propensity scores matching

Before PSM After PSM

Risk factors Univariate 
analysis, 
HR (95%CI)

Univariate 
analysis, P 
value

Multivariate 
analysis, HR 
(95%CI)

Multivariate 
analysis, P 
value

Univariate 
analysis, 
HR (95%CI)

Univariate 
analysis, P 
value

Multivariate 
analysis, HR 
(95%CI)

Multivariate 
analysis, P 
value

Age 1.009 (0.987-
1.030)

0.431 NS 1.006 (0.984-
1.027)

0.607 NS

Sex: Male vs female 0.639 (0.386-
1.056)

0.081 NS 0.711 (0.429-
1.179)

0.186 NS

Tumor site: Stomach vs non-
stomach

2.273 (1.377-
3.752)

0.001a 2.979 (1.716-
5.171)

< 0.001a 1.702 (1.028-
2.818)

0.039a 2.865 (1.631-
5.032)

< 0.001a

Tumor size in cm: ≤ 2/2.1-
5.0/5.1-10.0/> 10.0

2.629 (1.948-
3.548)

< 0.001a 1.070 (1.032-
1.109)

0.001a 1.086 (1.056-
1.116)

< 0.001a 1.068 (1.029-
1.107)

< 0.001a

Mitotic index as/50 HPF: ≤ 
5/6-10/> 10/unknown

2.071 (1.686-
2.545)

< 0.001a < 0.001a < 0.001a 0.001a

≤ 5 vs 6-10 5.659 (2.151-
14.887)

0.002a 5.442 (2.067-
14.323)

0.001a 5.444 (1.955-
15.162)

0.001a

≤ 5 vs > 10 8.259 (3.140-
21.720)

< 0.001a 14.722 
(6.037-
35.904)

< 0.001a 7.675 (2.759-
21.348)

< 0.001a

≤ 5 vs unknown 5.299 (2.041-
13.757)

< 0.001a 9.851 (3.843-
25.251)

< 0.001a 5.107 (1.873-
13.923)

0.001a

CD117: +/- 1.231 (0.300-
5.059)

0.773 NA 1.291 (0.314-
5.313)

0.723 - NA

DOG1: +/-/unknown 1.464 (0.773-
2.774)

0.242 NA 1.626 (0.853-
3.102)

0.140 - NA

Ki67: ≤ 10/> 10/unknown 1.919 (1.453-
2.533)

< 0.001a 0.001a < 0.001a 0.001a

< 10 vs ≤ 10 3.579 (1.771-
7.233)

< 0.001a 8.625 (4.750-
15.660)

< 0.001a 3.710 (1.811-
7.599)

< 0.001a

Unknown vs ≤ 10 2.844 (1.290-
6.270)

0.024a 3.310 (1.528-
7.169)

0.002a 3.050 (1.365-
6.816)

0.007

Histologic subtypes: 
Spindle/epithelioid/mixed

1.361 (0.981-
1.889)

0.065 NS 1.236 (0.891-
1.715)

0.204 - NA

NIH risk category: Very 
low/low/intermediate/high

3.218 (2.180-
4.751)

< 0.001a NS 2.892 (1.865-
4.484)

< 0.001a - NS

Adjuvant therapy: Yes/no 1.289 (0.768-
2.162)

0.336 0.445 (0.257-
0.769)

0.004a 0.923 (0.549-
1.551)

0.761 0.003a

NLR: < 2.60/≥ 2.60 2.025 (1.229-
3.337)

0.006a NS 1.746 (1.055-
2.890)

0.030a NS

PLR: < 134.8/≥ 134.8 2.925 (1.673-
5.112)

< 0.001a NS 1.991 (1.137-
3.486)

0.016a NS

LMR: < 4.0/≥ 4.0 1.296 (0.777-
2.163)

0.321 NA 1.088 (0.650-
1.821)

0.749 - NA

PNI: < 48.6/≥ 48.6 0.291 (0.171-
0.496)

< 0.001a NS 1.991 (1.137-
3.486)

0.016a NS

HALP: < 31.5/≥ 31.5 0.341 (0.197-
0.590)

< 0.001a 0.506 (0.291-
0.879)

0.016a 0.457 (0.265-
0.785)

0.005a 0.558 (0.319-
0.976)

0.041a

aP < 0.05 was considered statistically significant.
CI: Confidence interval; HALP: Combination index of hemoglobin, albumin, lymphocyte, and platelet; HPF: High-power field; HR: Hazard ratio; NA: Not 
adopted; LMR: Lymphocyte-to-monocyte ratio; NIH: National Institutes of Health; NLR: Neutrophil-to-lymphocyte ratio; NS: Not significant; PLR: 
Platelet-to-lymphocyte ratio; PNI: Prognostic nutritional index; PSM: Propensity scores matching.

There are some limitations to this study. First, because this is a retrospective study, biases in the data 
collection process are possible. Second, our cases were collected between 2008 and 2016, the period 
during which imatinib was used for adjuvant treatment of GIST in China. Despite the adverse reaction 
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Figure 2 Kaplan-Meier curves of recurrence-free survival. A: Stratified by low/high levels of the combination index of hemoglobin, albumin, lymphocyte, 
and platelet (HALP) in gastrointestinal stromal tumors (GISTs) patients before propensity scores matching (PSM); B: Stratified by low/high levels of HALP in GIST 
patients after PSM; C: Stratified by low/high levels of HALP in high-risk GIST patients. GIST: Gastrointestinal stromal tumors; PSM: Propensity scores matching; 
HALP: Hemoglobin, albumin, lymphocyte, and platelet.

Figure 3 Comparison of hemoglobin, albumin, lymphocyte, and platelet and other parameters in prediction ability of 5-year recurrence-
free survival by receiver operating characteristic curve analysis before propensity scores matching. AUC: Area under the curve; HALP: 
Hemoglobin, albumin, lymphocyte, and platelet; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PNI: 
Prognostic nutritional index; PSM: Propensity scores matching; ROC: Receiver operating characteristic.

and high costs, 201/591 (34.0%) of GIST patients still received adjuvant imatinib therapy. As an 
important treatment after GIST, adjuvant imatinib therapy can significantly improve the prognosis of 
GIST patients[58], and its benefits are also shown in the present study (Supplementary Figure 3). 
However, there was no adequate collection and analysis of the time, dose, and adverse reactions of 
patients with imatinib or sunitinib therapy, which may also be related to HALP. Moreover, this study 
did not evaluate other clinicopathological factors related to prognosis, especially gene mutation status. 
Furthermore, the effect of preoperative or postoperative improvement of nutritional status or inflam-
mation response on the prognosis of GIST remains obscure, and will require further confirmation in 
clinical studies.

CONCLUSION
HALP was associated with postoperative pathological data (i.e. tumor site, tumor size, mitosis, Ki67, 
NIH risk category) and adjuvant therapy. Furthermore, HALP was an independent risk factor for RFS in 
GIST patients who underwent radical resection.

https://f6publishing.blob.core.windows.net/16620f99-a532-49d7-a9d5-7964d9b237f5/WJG-28-3476-supplementary-material.pdf
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ARTICLE HIGHLIGHTS
Research background
The combination index of hemoglobin, albumin, lymphocyte, and platelet (HALP) has been reported as 
associated with prognosis in many cancers but not yet in gastrointestinal stromal tumors (GISTs). 
Therefore, this study aimed to investigate the prognostic value of preoperative HALP in resected GIST 
patients.

Research motivation
At present, the risk of GIST is mainly based on postoperative pathological indicators. The motivation for 
this article involved the need to find a convenient, non-invasive, preoperative indicator that will assist 
in prognostic prediction of GIST.

Research objectives
To investigate the prognostic value of HALP in GIST patients.

Research methods
This retrospective cohort study enrolled patients with GIST using propensity scores matching to explore 
the relationship between HALP, postoperative clinicopathological data, and the prognostic significance 
of HALP.

Research results
HALP can be conveniently used preoperatively to assess risk and prognosis of GIST patients. However, 
the effect of improving nutritional status or immune-inflammatory status on the prognosis of GIST is 
still unclear and requires further confirmation through clinical studies.

Research conclusions
HALP was associated with postoperative pathological data (i.e. tumor site, tumor size, mitosis, Ki67, 
National Institutes of Health risk category) and adjuvant therapy. Furthermore, HALP was an 
independent risk factor for recurrence-free survival in GIST patients who underwent radical resection. 
This study is the first to report the prognostic significance of HALP in GIST. In this study, HALP was 
found to be an independent risk factor for GIST patients with R0 resection. Consistent with reports of 
HALP in other tumors, HALP is also associated with prognosis in GIST. HALP was also found to be an 
independent risk factor for GIST patients with R0 resection. In clinical practice, convenient and non-
invasive preoperative HALP may be used to assist in the prediction of risk and prognosis for GIST 
patients.

Research perspectives
Through this retrospective cohort study, we found the prognostic significance of HALP in GIST. This 
study did not evaluate other clinicopathological factors related to prognosis, especially gene mutation 
status. Subsequent studies should employ a prospective cohort method and incorporate additional 
factors to further explore the prognostic significance of HALP in GIST patients.
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Abstract
BACKGROUND 
Contrast-enhanced ultrasound (CEUS) is considered a secondary examination 
compared to computed tomography (CT) and magnetic resonance imaging (MRI) 
in the diagnosis of hepatocellular carcinoma (HCC), due to the risk of misdia-
gnosing intrahepatic cholangiocarcinoma (ICC). The introduction of CEUS Liver 
Imaging Reporting and Data System (CEUS LI-RADS) might overcome this 
limitation. Even though data from the literature seems promising, its reliability in 
real-life context has not been well-established yet.

AIM 
To test the accuracy of CEUS LI-RADS for correctly diagnosing HCC and ICC in 
cirrhosis.

METHODS 
CEUS LI-RADS class was retrospectively assigned to 511 nodules identified in 269 
patients suffering from liver cirrhosis. The diagnostic standard for all nodules was 
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either biopsy (102 nodules) or CT/MRI (409 nodules). Common diagnostic accuracy indexes such 
as sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) 
were assessed for the following associations: CEUS LR-5 and HCC; CEUS LR-4 and 5 merged class 
and HCC; CEUS LR-M and ICC; and CEUS LR-3 and malignancy. The frequency of malignant 
lesions in CEUS LR-3 subgroups with different CEUS patterns was also determined. Inter-rater 
agreement for CEUS LI-RADS class assignment and for major CEUS pattern identification was 
evaluated.

RESULTS 
CEUS LR-5 predicted HCC with a 67.6% sensitivity, 97.7% specificity, and 99.3% PPV (P < 0.001). 
The merging of LR-4 and 5 offered an improved 93.9% sensitivity in HCC diagnosis with a 94.3% 
specificity and 98.8% PPV (P < 0.001). CEUS LR-M predicted ICC with a 91.3% sensitivity, 96.7% 
specificity, and 99.6% NPV (P < 0.001). CEUS LR-3 predominantly included benign lesions (only 
28.8% of malignancies). In this class, the hypo-hypo pattern showed a much higher rate of 
malignant lesions (73.3%) than the iso-iso pattern (2.6%). Inter-rater agreement between internal 
raters for CEUS-LR class assignment was almost perfect (n = 511, k = 0.94, P < 0.001), while the 
agreement among raters from separate centres was substantial (n = 50, k = 0.67, P < 0.001). 
Agreement was stronger for arterial phase hyperenhancement (internal k = 0.86, P < 2.7 × 10-214; 
external k = 0.8, P < 0.001) than washout (internal k = 0.79, P < 1.6 × 10-202; external k = 0.71, P < 
0.001).

CONCLUSION 
CEUS LI-RADS is effective but can be improved by merging LR-4 and 5 to diagnose HCC and by 
splitting LR-3 into two subgroups to differentiate iso-iso nodules from other patterns.

Key Words: Contrast-enhanced ultrasound Liver Imaging Reporting and Data System; Hepatocellular 
carcinoma; Intrahepatic cholangiocarcinoma; Cirrhosis; Contrast-enhanced ultrasound; Liver
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Core Tip: This is a retrospective study to evaluate the accuracy of contrast-enhanced ultrasound Liver 
Imaging Reporting and Data System (CEUS LI-RADS) in correctly diagnosing hepatocellular carcinoma 
(HCC) and intrahepatic cholangiocarcinoma (ICC) in patients with cirrhosis. CEUS LR-5 showed a 97.7% 
specificity for HCC with a low sensitivity (67.6%), while the CEUS LR-4 and 5 merged class showed a 
93.9% sensitivity and 94.3% specificity for HCC. CEUS LR-M predicted ICC with a 91.3% sensitivity 
and 96.7% specificity. CEUS LR-3 predominantly included benign lesions (28.8% of malignancies) but 
was heterogeneous as the hypo-hypo pattern showed a higher rate of malignant lesions (73.3%) than the 
iso-iso pattern (2.6%).
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INTRODUCTION
Liver cirrhosis is a strong risk factor for primitive liver cancer, the seventh most commonly diagnosed 
malignancy worldwide and the third most common cause of cancer-related death[1]. In this scenario, 
the most prevalent malignant lesion is hepatocellular carcinoma (HCC), followed by intrahepatic 
cholangiocarcinoma (ICC); however, other types of cancer are rare. The development of a malignant 
lesion represents a critical point in the clinical history of chronic liver diseases since it significantly 
reduces life expectancy, especially in case of late diagnosis. Therefore, regular follow-up is essential for 
these patients with mandatory ultrasonography every 6 mo for detecting solid focal liver lesions[2-5].

Contrast-enhanced ultrasound (CEUS) is an effective, well-recognized, and safe imaging technique 
for visualising the onset of new nodules in liver cirrhosis, that adheres to national and international 
guidelines[2,6,7]. One of the initial limitations of CEUS, reported in 2010, was the possibility of missing 
ICC cases, since a significant proportion of the ICC nodules that develop in a cirrhotic liver show the 
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same enhancement pattern as HCC[8]. Since then, subsequent studies have demonstrated that the 
timing and intensity of washout are different in HCC and ICC. In particular, for the vast majority of ICC 
nodules (50%-85%), washout starts earlier than 60 s, while this is rarely observed in HCC. Furthermore, 
washout intensity during late phase is clearer in ICC than in HCC[9-14]. These findings led the 
American College of Radiology to release the CEUS Liver Imaging Reporting and Data System (CEUS 
LI-RADS), similar to previous releases for computed tomography (CT) and magnetic resonance imaging 
(MRI). The algorithm was officially approved in June 2016, and the latest update was published in 2017
[15].

CEUS LI-RADS is a standardized system for technique, interpretation, reporting, and data collection 
on focal liver lesions in patients at high risk for HCC. It encompasses features such as size, conventional 
ultrasound morphology, contrast enhancement behaviours, and dimensional variations in order to 
stratify the risk of HCC and to avoid ICC misdiagnosis[16-20]. In particular, CEUS LR-5 is a class 
specifically designed to include HCC. It encompasses nodules > 1 cm that show arterial phase hyperen-
hancement (APHE) that is neither rim nor globular, followed by a late (> 60 s) mild-degree washout. 
Other CEUS LI-RADS categories (e.g., CEUS LR-4 and 3) express a very probable and intermediate risk 
of HCC, while CEUS LR-M has an intermediate/high risk of malignancy without a typical HCC pattern. 
CEUS LR-M includes lesions of any size that show arterial phase rim enhancement pattern and/or early 
(before 60 s) washout and/or marked washout.

So far, only a few studies have presented actual data from the application of CEUS LI-RADS 
diagnostic algorithm in cirrhotic patients with suspicious nodules[21-27]. The aim of this study was to 
test the capability of CEUS LI-RADS in accurately diagnosing focal liver lesions in patients affected by 
cirrhosis. In particular, we tested the accuracy of CEUS LR-5 and LR-M in correctly diagnosing HCC 
and ICC, respectively. In addition, we merged classes LR-4 and LR-5 and tested their accuracy in 
correctly diagnosing HCC as a joint class. Finally, we assessed the rate of malignancy for specific LR-3 
class patterns.

MATERIALS AND METHODS
Study design and data collection
The present retrospective study involved patients with cirrhosis associated nodules that were visible 
using conventional ultrasound, for which it was possible to review the basal appearance and dynamic 
pattern of the ultrasound contrast agent. Cirrhosis was diagnosed on the basis of clinical data, 
biochemical parameters, imaging criteria, and elastosonography.

We reviewed all the liver CEUS performed at our centre (Medical Ultrasound Unit, University 
Hospital, Sassari, Italy) between December 2008 and January 2020. All examinations aimed to charac-
terize a new nodule developed in the context of surveillance programmes for liver cirrhosis. Nodules 
located in different liver segments were analysed separately with individual boluses of contrast. Within 
the same segment, only one target nodule was included for analysis based on best visualization criteria.

CT and/or MRI, when typical for HCC or definitely benign (haemangioma, hepatic fat depo-
sition/sparing, and hypertrophic pseudomass), were used as the gold standard imaging modalities. For 
all other cases, histology obtained by a percutaneous biopsy or surgical resection was considered the 
reference standard (Supplementary Figures 1 and 2).

Specifically, nodules showing a CT/MRI dynamic pattern with hyperenhancement during the arterial 
phase followed by washout in the portal or late phase (Supplementary Figures 3 and 4), were diagnosed 
as HCC in accordance with both the American Association for the Study of Liver Diseases (AASLD) and 
the Italian Association for the Study of the Liver (AISF) guidelines[2,28]. Benign lesions received a 
further 2-year follow-up; in case of any increase in size and/or CEUS enhancement variations, a biopsy 
was performed.

All cases where it was not possible to review the timing and the degree of washout on CEUS (23 
cases), or a validated diagnostic reference standard, either CT/MRI scan or histology, was not available 
(35 cases), were excluded. The algorithm of the study is shown in Figure 1.

CEUS examination and CEUS LI-RADS classification
All CEUS examinations were performed by a physician with 15 years of experience (G.V.) using a 
second-generation ultrasound contrast agent (SonoVue, Bracco, Milan, Italy).

The signal coming from the bubbles was detected through the following ultrasound scanners: (1) 
Acuson Sequoia 512 with a 4C1 convex probe and cadence contrast pulse sequencing (CPS, Acuson 
Siemens, Mountain View, CA, United States) until 2014; and (2) Aixplorer (SuperSonic Imaging, S.A., 
Aix en Provence, France) with a convex broadband probe (SC6-1) and dedicated software also known as 
Power Modulated Pulse Inversion (PMPI) from January 2015 until the end of the study.

The CEUS examination was performed continuously for 120 s starting from the injection of contrast. 
Subsequently, short clips lasting 15-30 s were recorded until 5 min after injection.

https://f6publishing.blob.core.windows.net/2eb983e3-179f-4571-b03a-f867a22a1797/WJG-28-3488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2eb983e3-179f-4571-b03a-f867a22a1797/WJG-28-3488-supplementary-material.pdf
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Figure 1  Flow chart of the study.

The CEUS LI-RADS patterns were established after evaluation of all clips and images, with particular 
attention to the behaviour of intranodular contrast enhancement in dynamic phases.

The review process was independently performed by two operators (G.V. and M.A.) with 15 and 2 
years of experience, respectively. In case of disagreement, the class indicated by the more experienced 
operator was assigned.

The reviewers were blinded to patient identity and final diagnosis. The specific targets of the review 
process were: (1) Nodule size; (2) the presence of APHE and the type of filling (global, rim, or peripheral 
discontinuous globular enhancement); and (3) the presence of washout during portal and parenchymal 
phases, focusing on its timing (before or after 60 s) and intensity (mild or marked); washout before 60 s 
was considered early, while washout happening after 60 s was considered late.

Inter-rater reliability of CEUS LI-RADS class assignment and of CEUS major features between the two 
raters (internal agreement) was evaluated for all the nodules (n = 511). Inter-rater reliability among our 
centre and two other operators from external centres (M.A.Z and G.I., both with more than 20 years of 
experience in CEUS) was also evaluated for a subgroup of 50 nodules (external agreement). To avoid an 
excess of typical HCCs, a total of 26 HCCs, 11 ICCs, 11 benign lesions, and 2 other malignancies were 
randomly selected for the external agreement analysis.

The entire process, including folder preparation, CEUS LI-RADS class assignment, and dataset 
preparation for analysis, was completed over a period of 5 mo. A systematic review of all CT and MRI 
scans was not performed.

Statistical analysis
Descriptive statistics (median, interquartile range, range, and percentage) were calculated for patients’ 
demographic and clinical characteristics (age, sex, aetiology of cirrhosis, number, and size of nodules). 
The normal distribution of continuous variables was evaluated through Shapiro-Wilk test. Discrete and 
qualitative variables are expressed as frequencies and percentages.

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), diagnostic 
accuracy, Youden’s index, relative risk, odds ratio, positive likelihood ratio, and negative likelihood 
ratio were calculated to assess the accuracy of different CEUS-LR classes and subclasses in diagnosing 
HCC (LR-5, LR-4, and LR-4 and 5 merging class), ICC (LR-M), and malignancies (LR-3). The associ-
ations between different CEUS LI-RADS classes and definite diagnosis were evaluated by Pearson’s chi-
square test or Fisher’s exact test. To determine the uncertainty of the estimates on sensitivity, specificity, 
PPV, NPV, and diagnostic accuracy, 95% confidence intervals (CIs) were calculated.

Cohen’s k and Fleiss’ k statistics were used to evaluate the interobserver agreement among different 
examiners in the assignment of the CEUS LI-RADS classes and identification of APHE (absent, 
homogeneous, or rim-like), and washout (absent, late and mild, or early and/or marked). Additionally, 
a visual graphical representation of the agreement was created, based on the agreement chart proposed 
by Bangdiwala[29]. All statistical tests were considered significant for a P value < 0.05. Data were 
analysed using Stata/MP version 17.0 (Statacorp LP, TX, United States) and R version 4.1.1 (The R 
Foundation for Statistical Computing, Vienna, Austria).
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RESULTS
A total of 511 nodules identified in 269 patients were considered in this study. The complete dataset 
concerning patients and nodule characteristics is shown in Table 1.

Four-hundred and fifty-two out of 511 nodules (88.5%) turned out to be malignant, consisting of 423 
HCCs (82.8%), 23 ICCs (4.5%), 3 metastases (0.6%), and 3 other malignancies (0.6%). Non-invasive 
diagnosis was obtained for 409 nodules (80%), while histology was followed for 102 nodules (20%). 
Complete data concerning each definite diagnosis rate for every CEUS LI-RADS class are reported in 
Table 2. Table 3 shows the rates of HCC and ICC in different CEUS LI-RADS classes. The pathological 
findings for hepatic nodules are shown in Supplementary Table 1.

The most prevalent pattern in the arterial phase was homogeneous APHE (79.1% of all nodules), 
followed by isoenhancement (12.7%). In the portal and late phases, the majority of nodules showed a 
late and mild washout (60.7%) while the second most frequent pattern was isoenhancement (30.7%). See 
Table 4 and Table 5 for complete data on CEUS pattern in the arterial and venous phases, respectively.

LR-M nodules
Thirty-seven lesions (7.2%) were assigned to the CEUS LR-M class (Figure 2A). Twenty-one of these 
nodules turned out to be ICCs, eleven were HCCs, three were metastases, one was a lymphoep-
ithelioma, and one was benign. CEUS LR-M predicted ICC with a 91.3% sensitivity, 96.7% specificity, 
56.8% PPV, 99.6% NPV, and 96.5% diagnostic accuracy (P < 0.001) (Table 6). Examining the CEUS 
behaviour of ICC, it was observed that 16 out of 21 nodules (76%) showed a rim APHE, while 11 out of 
21 nodules (52%) showed an early washout (Supplementary Table 2). HCC nodules reported as LR-M 
showed a rim APHE in 6 out of 11 cases (54.5%) and an early washout in 7 out of 11 cases (63.6%; 
Supplementary Table 3).

LR-5 nodules
A total of 288 nodules (56.4%) were categorized as CEUS LR-5 (Figure 2B), of which 286 turned out to be 
HCC, and 2 were benign lesions. The median diameter of these nodules was 25 mm. The conclusive 
diagnosis was achieved by CT/MRI for 248 nodules and by histology for 40. CEUS LR-5 class predicted 
HCC with a 67.6% sensitivity, 97.7% specificity, 99.3% PPV, 38.6% NPV, and 72.8% diagnostic accuracy (
P < 0.001) (Table 6).

LR-4 nodules
One-hundred and fourteen nodules (22.3%) were reported as CEUS LR-4 (Figure 2C), of which 111 were 
HCC and 3 were regenerative nodules, as confirmed by histology. The median diameter of these 
nodules was 21.5 mm. In 95 cases, the diagnosis was given by CT/MRI and in 19 cases by biopsy. CEUS 
LR-4 predicted HCC with a 26.2% sensitivity, 96.6% specificity, 97.4% PPV, 21.4% NPV, and 38.4% 
diagnostic accuracy (P < 0.001) (Table 6). Table 7 show data relative to different LR-4 patterns.

LR 4-5 merged class
The merging of CEUS LR-4 and CEUS LR-5 classes predicted HCC with a 93.9% sensitivity, 94.3% 
specificity, 98.8% PPV, 76.1% NPV, and 93.9% diagnostic accuracy (P < 0.001) (Table 6).

LR-3 nodules
Sixty-six lesions (12.9%) were assigned to the CEUS LR-3 class (Figure 2D and E). Specifically, 15 of 
these nodules were HCCs, 2 were ICCs, 2 were other malignancies, and 47 were benign lesions. The 
median diameter of these nodules was 16 mm. Fifty-three lesions were diagnosed non-invasively by 
CT/MRI, while 13 by biopsy. CEUS LR-3 predicted benign lesions with a 79.7% sensitivity, 95.8% 
specificity, 71.2% PPV, 97.3% NPV, and 93.9% diagnostic accuracy (P < 0.001) (Table 6). Lesions 
belonging to the CEUS LR-3 class showed great heterogeneity. In fact, iso-iso nodules (Figure 2D) were 
most likely benign (only 1 malignancy out of 39 nodules), while other patterns showed a higher risk of 
cancer (18 malignancies out of 27). The second most frequent CEUS LR-3 pattern was the hypo-hypo 
pattern assigned to 15 nodules (Figure 2E), of which 11 were malignant (7 HCCs, 2 ICCs, 1 lymphoma, 
and 1 carcinosarcoma). The rate of malignancy for the CEUS LR-3 class and its subclasses are shown in 
Figure 3. We also calculated the correlation between specific CEUS LR-3 subgroups and malignancy, 
with analysis limited to CEUS LR-3 nodules (n = 66). It was observed that CEUS LR-3 iso-iso pattern 
predicted malignancy with a 5.3% sensitivity, 19.1% specificity, 2.6% PPV, 33.3% NPV, and 15.2% 
diagnostic accuracy (P < 0.001). Conversely, CEUS LR-3 hypo-hypo pattern predicted malignancy with a 
57.9% sensitivity, 91.5% specificity, 73.3% PPV, 84.3% NPV, and 81.8% diagnostic accuracy (P < 0.001) 
(Table 6). Data concerning different LR-3 patterns are reported in Table 7.

LR 1-2 nodules
Only one nodule (0.2%) was categorized as CEUS LR-1, and five nodules (1%) as CEUS LR-2. All these 
nodules were found to be benign.

https://f6publishing.blob.core.windows.net/2eb983e3-179f-4571-b03a-f867a22a1797/WJG-28-3488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2eb983e3-179f-4571-b03a-f867a22a1797/WJG-28-3488-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2eb983e3-179f-4571-b03a-f867a22a1797/WJG-28-3488-supplementary-material.pdf
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Table 1 Characteristics of patients and hepatic nodules

Item Number or range

Nodules, n 511

Patients, n 269

Males, n (%) 219 (81.4)

Females, n (%) 50 (18.6)

Median age at first nodule (IQR; range) 69 years (61-75; 43-88)

Males (IQR; range) 67 years (59-74; 43-88)

Females (IQR; range) 74.5 years (71-78; 59-85)

Hepatic cirrhosis aetiology (n)

Chronic HCV infection, n (%) 129 (48)

Alcohol abuse, n (%) 45 (16.7)

Chronic HBV infection, n (%) 24 (8.9)

Chronic HCV infection + alcohol abuse, n (%) 21 (7.8)

Chronic HBV + HCV infection, n (%) 8 (3)

NASH, n (%) 6 (2.2)

ChronicHBV infection + alcohol abuse, n (%) 5 (1.9)

Other aetiologies, n (%) 6 (2.2)

Unknown aetiology, n (%) 25 (9.3)

Median diameter of nodules (IQR; range) 24 mm (16-36; 5-200)

IQR: Inter quartile range; HCV: Hepatitis C virus; HBV: Hepatitis B virus; NASH: Non-alcoholic steatohepatitis.

Table 2 Rates of different conclusive diagnoses for each Contrast-enhanced ultrasound Liver Imaging Reporting and Data System 
class

Conclusive diagnosis

HCC ICC Metastasis Other malignancy Benign lesion Total
%

CEUS LR-M 11 21 3 1 1 37 7.2

CEUS LR-5 286 0 0 0 2 288 56.4

CEUS LR-4 111 0 0 0 3 114 22.3

CEUS LR-3 15 2 0 2 47 66 12.9

CEUS LR-2 0 0 0 0 5 5 1.0

CEUS LR-1 0 0 0 0 1 1 0.2

CEUS LI-RADS class

Total 423 23 3 3 59 511 100.0

% 82.8 4.5 0.6 0.6 11.5 100.0

CEUS LI-RADS: Contrast-enhanced ultrasound Liver Imaging Reporting and Data System; HCC: Hepatocellular carcinoma; ICC: Intrahepatic 
cholangiocarcinoma.

Interobserver agreement
The observed agreement between the two internal raters (1 and 2) for the assignment of CEUS LI-RADS 
class was 95.7%, with Cohen’s k = 0.94 (95%CI: 0.92-0.97, P < 0.0001), which represents an almost perfect 
agreement, according to Landis and Koch[30] classification. The agreement is clearly visualized in 
Figure 4A. Supplementary Table 4 shows the assignments of the two raters.

The observed agreement among the three raters from different centres (2, 3, and 4) for the assignment 
of CEUS LI-RADS class was 68% and Fleiss’s k coefficient showed a value of 0.67 (P < 0.0001), which 
represents a substantial agreement. In particular, the agreement was almost perfect between raters 2 and 

https://f6publishing.blob.core.windows.net/2eb983e3-179f-4571-b03a-f867a22a1797/WJG-28-3488-supplementary-material.pdf
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Table 3 Rates of hepatocellular carcinoma and intrahepatic cholangiocarcinoma in different Contrast-enhanced ultrasound Liver 
Imaging Reporting and Data System classes

CEUS LI-RADS class HCC ICC

LR-3 15/66 (22.7%) 2/66 (3%)

LR-4 111/114 (97.4%) 0/114 (0%)

LR-5 286/288 (99.3%) 0/288 (0%)

LR-M 11/37 (29.7%) 21/37 (56.8%)

CEUS LI-RADS: Contrast-enhanced ultrasound Liver Imaging Reporting and Data System; HCC: Hepatocellular carcinoma; ICC: Intrahepatic 
cholangiocarcinoma.

Table 4 Rates of different contrast-enhanced ultrasound patterns in arterial phase

Arterial phase CEUS pattern Nodules, n (%)

Homogeneous hyperenhancement 404 (79.1)

Rim hyperenhancement 23 (4.5)

Globular hyperenhancement 1 (0.2)

Isoenhancement 65 (12.7)

Hypoenhancement 18 (3.5)

CEUS: Contrast-enhanced ultrasound.

Table 5 Rate of different portal and late phase contrast-enhanced ultrasound patterns

Portal and late phase CEUS pattern Nodules, n (%)

Late and mild washout 310 (60.7%)

Early/marked washout 27 (5.3%)

Isoenhancement 157 (30.7%)

Hypoenhancement 15 (2.9%)

Hyperenhancement 2 (0.4%)

CEUS: Contrast-enhanced ultrasound.

3 (k = 0.88, P < 1.7 × 10-68), substantial between raters 2 and 4 (k = 0.66, P < 1.5 × 10-14), and substantial 
between raters 3 and 4 (k = 0.61, P < 8.5 × 10-10). The agreement is visualized in Figure 4B-D.

With regards to specific CEUS patterns, we found a higher degree of agreement for APHE (internal k 
= 0.86, P < 2.7 × 10-214; external k = 0.8, P < 0.001) than for washout (internal k = 0.79, P < 1.6 × 10-202; 
external k = 0.71, P < 0.001).

DISCUSSION
CEUS LI-RADS is a valuable diagnostic tool for non-invasive differential diagnosis of focal liver lesions 
in patients with cirrhosis. Based on our experience, employing this approach improves the performance 
of CEUS in the characterization of nodules, especially to discriminate between HCC and ICC.

In the current study, CEUS LR-5 was extremely specific for HCC with a very high PPV (99.3%). Only 
two false-positive results were observed, which were not ICC. We can therefore maintain that CEUS LR-
5 is an appropriate tool for non-invasive diagnosis of HCC with virtually no risk of ICC misdiagnosis. 
Our data agree with recent publications on the subject[22]. However, CEUS LR-5 lacked sensitivity 
(67.6%) due to the large number of CEUS LR-4 nodules with a final diagnosis of HCC (97.4%). The high 
specificity of CEUS LR-5 for HCC combined with a low sensitivity was confirmed by a recent 
prospective multicentric study that compared the accuracy of different CEUS algorithms for the non-
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Table 6 Diagnostic statistics of different contrast-enhanced ultrasound Liver Imaging Reporting and Data System classes for different 
diagnosis

Tested association Sensitivity (%)   
        

Specificity (%)   
        

PPV (%)     
             

NPV (%)     
             

Diagnostic 
accuracy (%)

Youden’s 
index

Odds 
Ratio

P 
value

CEUS LR M-ICC 91.3 (72.0-98.9) 96.7 (94.7-98.1) 56.8 (39.5-72.9) 99.6 (98.5-99.9) 96.5 (94.5-97.9) 0.880 309.75 < 0.001

CEUS LR 5-HCC 67.6 (62.9-72.1) 97.7 (92.0-99.7) 99.3 (97.5-99.9) 38.6 (32.1-45.3) 72.8 (68.7-76.6) 0.653 89.80 < 0.001

CEUS LR 4-HCC 26.2 (22.1-30.7) 96.6 (90.4-99.3) 97.4 (92.5-99.5) 21.4 (17.5-25.8) 38.4 (34.1-42.7) 0.228 10.10 < 0.001

CEUS LR 4/5-HCC 93.9 (91.1-95.9) 94.3 (87.2-98.1) 98.8 (97.1-99.6) 76.1 (67.0-83.8) 93.9 (91.5-95.8) 0.882 253.50 < 0.001

CEUS LR 3-benign 
lesion

79.7 (67.2-89.0) 95.8 (93.5-97.5) 71.2 (58.7-81.7) 97.3 (95.3-98.6) 93.9 (91.5-95.8) 0.755 89.26 < 0.001

CEUS LR-3-
malignancy

4.2 (2.5-6.5) 20.3 (11.0-32.8) 28.8 (18.3-41.3) 2.7 (1.4-4.7) 6.0 (4.2-8.5) -0.755 0.01 < 0.001

CEUS LR-3-iso-iso-
malignancy

5.3 (0.1-26.0) 19.1 (9.1-33.3) 2.6 (0.1-13.5) 33.3 (16.5-54.0) 15.2 (7.5-26.1) -0.756 0.01 < 0.001

CEUS LR-3-hypo-
hypo-malignancy

57.9 (33.5-79.7) 91.5 (79.6-97.6) 73.3 (44.9-92.2) 84.3 (71.4-93.0) 81.8 (70.4-90.2) 0.494 14.78 < 0.001

CEUS: Contrast-enhanced ultrasound; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; PPV: Positive predictive value; NPV: 
Negative predictive value.

Table 7 Classification of nodules for LR-3, LR-4, and LR-5 classes, reported in yellow, orange, and red, respectively

No APHE1 APHE1

Nodule size
< 20 mm ≥ 20 mm < 10 mm ≥ 10 mm

Total

No washout of any type 37 (4) 21 (5) 1 (1) 106 (104) 165

Late and mild washout 7 (5) 8 (7) 0 288 (286) 303

Total 44 29 1 394 468

1With the exclusion of nodules with rim and peripheral discontinuous globular arterial phase hyper-enhancement belonging to contrast-enhanced 
ultrasound LR-M and contrast-enhanced ultrasound LR-1 classes, respectively.
Number of hepatocellular carcinomas in brackets. APHE: Arterial phase hyperenhancement.

invasive diagnosis of HCC[31] and a recent meta-analysis[32].
Considering the high risk of HCC for the LR-4 class (97.4% PPV), the possibility of merging LR-4 and 

5 classes was tested. By doing so, sensitivity in identifying HCC rose from 67.6% to 93.9%. The loss in 
specificity was low (from 97.7% to 94.3%), and was entirely attributed to two nodules > 10 mm classified 
as CEUS LR-4, which turned out to be benign. Data from the literature supports such an approach, 
showing that around 50% of HCCs do not display any washout in the portal and late venous phases on 
CEUS. In particular, Giorgio et al[33] demonstrated in their series that 55.4% of the biopsied HCC 
nodules < 20 mm showed this pattern after APHE. These findings were further corroborated by Leoni et 
al[34], who found that the hyper-iso pattern shows a high PPV (94%) for HCC and identifies nodules 
that are HCC or with a strong tendency to malignant progression. This pattern was detected in 36.2% 
(46 out 127) of HCCs[34].

Therefore, it should be considered that the introduction of the washout criteria in CEUS is based on 
findings from studies exploring the role of contrast-enhanced CT in the non-invasive diagnosis of HCC
[35-37]. These findings were then extended to CEUS and MRI with little consideration for the differences 
in the pharmacokinetics of contrast agents among these techniques and the importance of the nodule 
visibility at baseline. Indeed, the requirement for washout as a diagnostic criterion is less stringent for 
CEUS and MRI, since these techniques have an improved capability to evaluate and determine whether 
APHE reflects the presence of a distinct nodule or merely abnormalities of intrahepatic vessels. CEUS, in 
particular, is performed for improved characterization of a nodule that has already been detected 
through conventional ultrasound.

Unfortunately, the introduction of washout in CEUS has significantly lowered the sensitivity of non-
invasive diagnostic criteria for HCC. The inclusion of hyper-iso pattern among criteria for non-invasive 
HCC diagnosis might be a solution to increase CEUS sensitivity. Using this strategy, it can be concluded 
that there is no significant risk of overestimating the diagnosis of HCC, as in our series 98% of the 
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Figure 2 Examples of different contrast-enhanced ultrasound Liver Imaging Reporting and Data System classes. A: Contrast-enhanced 
ultrasound (CEUS) LR-M. Notice rim arterial phase hyperenhancement and early washout, before 60 s; B: CEUS LR-5. Notice homogeneous arterial phase 
hyperenhancement, isoenhancement in portal phase, and mild washout in the late phase; C: CEUS LR-4. Notice homogeneous arterial phase hyperenhancement 
and isoenhancement in both portal and late phases; D: CEUS LR-3 iso-iso. Notice isoenhancement in all phases; E: CEUS LR-3 hypo-hypo. Notice 
hypoenhancement in all phases. The arrows show the target lesion.

nodules with the hyper-iso pattern were HCCs and only 2% were benign nodules. These considerations 
and results agree with another study on the combination of CEUS LR-4 and LR-5 criteria[38]. 
Furthermore, different studies demonstrated that the identification of washout has higher inter-rater 
variability than APHE identification[39,40]. These findings are also confirmed by the present study.

Regarding ICC, we observed that the majority of the nodules (21/23, 91.3%) were correctly diagnosed 
using the LR-M class of risk. Only two ICC cases were not assigned to this class due to a hypovascular 
aspect in all phases. The high sensitivity and specificity of the CEUS LR-M class for ICC (91.3% and 
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Figure 3  Absolute frequency (n) of malignancies and benign lesions in LR-3 nodules and LR-3 subgroups with different contrast-
enhanced ultrasound patterns.

96.7%, respectively) in our series of patients demonstrate that this class is a valuable diagnostic tool for 
this type of cancer. Still, this class is not entirely specific for ICC as other types of malignancy can be 
found, such as HCC, metastatic lesions, and rarer malignancies[41]. We found that 11 out of 37 nodules 
(30%) classified as LR–M turned out to be HCC. This was due to the presence of an early washout 
(63.6% of nodules) and/or a rim enhancement pattern (54.5% of nodules). These observations are in 
agreement with the previously published literature. In particular, a multicentre retrospective study 
published by Terzi et al[22] reported that about 40% of LR-M lesions were HCCs. Another study by 
Wilson et al[16] identified that 35% of HCCs were reported to be LR-M. Several other authors have 
attempted to decrease the risk of HCC misdiagnosis by proposing a modified LR-M class of risk with 
the introduction of new criteria, such as the shortening of washout timing to < 45 s or the possibility to 
detect a significant washout to < 3 min[42-44]. Interestingly, Chen et al[45] were able to reduce the ICC 
misdiagnosis rate with CEUS LR-M from 38 to 12 cases by considering other criteria such as the 
presence of an intratumoral vein or an unclear boundary of the intratumoral non-enhanced area. 
However, we did not test these new criteria that require validation in multicentric and prospective 
studies. Another recent study by Huang et al[46] suggested that the integration of CEUS with the dosage 
of serum tumour markers (AFP and CA 19.9) improves the differentiation of LR-M nodules. Even 
though there are some limitations related to LR-M in this scenario, the adoption of this class of risk 
allows the improvement of diagnostic performance of CEUS for ICC, overcoming the drawbacks that 
resulted in the elimination of CEUS from the diagnostic flow charts of the most important hepatological 
international guidelines[3,8].

At present, CEUS LR-3 lesions are considered to hold an intermediate risk of malignancy, which is 
around 50% according to a recent study published by Terzi et al[22]. This rate was much lower in our 
case series (28.8%), which might be attributable to the lower figures of our study. Still, looking at the 
data from single centres in the multicentric study by Terzi et al[22], the rate of HCC in the CEUS LR-3 
class ranged between 28.3% and 74.3%. One possible explanation for these results could be the high 
intrinsic heterogeneity of this class. Indeed, the algorithm only considers either the presence or absence 
of APHE, without any distinction between isoenhancement and hypoenhancement in all phases. 
However, in our clinical experience, hypo-hypo lesions are more likely to be malignant than iso-iso 
lesions. The present study confirmed this observation: Within the CEUS LR-3 class, the PPV for 
malignancy moved from 28.8% for CEUS LR-3 overall class to 2.6% for CEUS LR-3 iso-iso nodules, and 
73.3% for CEUS LR-3 hypo-hypo nodules (Table 5). These considerations are in concordance with 
studies published before the advent of CEUS LI-RADS, when the problem of hypovascular nodules, 
which represent around 10% of HCC, was highlighted[47-49]. Likewise, we should be aware of the 
possibility of detecting ICC nodules in this class when a nodule shows hypoenhancement in all the 
phases; as observed in two out of 15 (13%) hypo-hypo nodules in our study. In light of these 
observations, we believe that it might be advantageous to split the CEUS LR-3 class into two subgroups 
(e.g., CEUS LR-3a and CEUS LR-3b) in order to separate iso-iso lesions from other patterns. To the best 
of our knowledge, this is the first study suggesting a CEUS LR-3 refinement based on real-life results. 
We believe that more attention should be directed towards the behaviour of nodule enhancement, 
rather than focusing on the size of the lesion alone.
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Figure 4 Bangdiwala’s agreement charts of the Contrast-enhanced ultrasound Liver Imaging Reporting and Data System class 
assignments between different raters. In the case of perfect agreement, the k rectangles are represented by perfect squares and the shaded squares 
determined by the diagonal cell entries are exactly equal to the rectangles; lesser agreement is visualized by comparing the area of the blackened squares to the area 
of the rectangles. A: Agreement chart between the two internal raters (1 and 2), with the exclusion of LR-1 and LR-2 classes due to their rarity (n = 505); B-D: 
Agreement charts among the three raters from different centres (2, 3, and 4) for the subgroup of 50 nodules. We list the agreement charts between raters 2 and 3 (B), 
between raters 2 and 4 (C), and between raters 3 and 4 (D).

Finally, this study demonstrated excellent inter-rater reliability of this classification system. 
Therefore, the use of CEUS LI-RADS in clinical practice could improve the reproducibility of CEUS and 
partially reduce the gap due to the difference in experience, as suggested by a recent study[50].

Our study also has some critical shortcomings, namely, its retrospective nature and the limited 
number of nodules analysed. These drawbacks are primarily due to the fact that data were collected 
from a single centre. Another debatable aspect of our investigation is the limited number of biopsies. 
However, we would like to highlight that current guidelines do not routinely recommend biopsy for 
nodules with typical HCC pattern on CT or MRI, allowing a non-invasive diagnosis[4,28].

Further prospective multicentric studies are warranted to confirm our findings and to investigate 
whether our considerations could be applied to the general population of patients with cirrhosis.

CONCLUSION
The present study supports the use of CEUS LI-RADS for the characterization of focal liver lesions in 
liver cirrhosis and the usefulness of LR-5 and LR-M classes to diagnose HCC and ICC, respectively. 
Additionally, our findings suggest that the merging of LR-4 and LR-5 classes provides innovative 
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benefits in terms of diagnostic accuracy for HCC. Furthermore, it seems reasonable to split the CEUS 
LR-3 class into two subgroups to differentiate the risk of malignancy between iso-iso nodules, which are 
more likely to be benign, and other patterns, namely, hypo-hypo nodules, which are more likely to be 
malignant and not specific for HCC.

ARTICLE HIGHLIGHTS
Research background
Patients affected by liver cirrhosis are at high risk of developing hepatocellular carcinoma (HCC) and 
other malignancies such us intrahepatic cholangiocellular carcinoma (ICC). Diagnostic tools to charac-
terize new-onset nodules in cirrhosis include contrast-enhanced ultrasound (CEUS), but this technique 
has been challenged for the possibility of misdiagnosing HCC and ICC.

Research motivation
The CEUS Liver Imaging Reporting and Data System (CEUS LI-RADS) aims to refine CEUS 
interpretation in order to improve the differentiation of HCC from other malignancies. Nevertheless, its 
effectiveness in real-life context has not yet been well established.

Research objectives
To test the accuracy of CEUS LI-RADS in correctly diagnosing HCC and ICC in cirrhosis with LR-5 and 
LR-M class, respectively, to evaluate the performance of LR-4 and 5 merging class in the diagnosis of 
HCC, and to investigate the rate of malignancies in different LR-3 patterns.

Research methods
This study consecutively collected 511 nodules in 269 cirrhotic patients from December 2008 to January 
2020. A CEUS LI-RADS class was retrospectively attributed to each nodule based on review of CEUS 
examination. Common diagnostic accuracy indexes were assessed for the following associations: CEUS 
LR-5 and HCC; CEUS LR-4 and 5 merged class and HCC; CEUS LR-M and ICC; CEUS LR-3 and 
malignancy. The diagnostic standard was either biopsy or computed tomography/magnetic resonance 
imaging. The frequency of malignant lesions in CEUS LR-3 subgroups with different CEUS patterns was 
also determined.

Research results
CEUS LR-5 showed a 97.7% specificity for HCC with a low sensitivity (67.6%), while the CEUS LR-4 and 
5 merged class showed a 93.9% sensitivity and 94.3% specificity for HCC. CEUS LR-M predicted ICC 
with a 91.3% sensitivity and 96.7% specificity. CEUS LR-3 predominantly included benign lesions 
(28.8% of malignancies) but was heterogeneous as the hypo-hypo pattern showed a higher rate of 
malignant lesions (73.3%) than the iso-iso pattern (2.6%).

Research conclusions
HCC diagnosis could benefit from the merging of CEUS LI-RADS classes 4 and 5. In addition, splitting 
LR-3 class could be advantageous to differentiate iso-iso nodules from other patterns with a higher risk 
of malignancy.

Research perspectives
Further prospective multicentric studies are necessary to confirm and extend our findings to the general 
population.
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Abstract
BACKGROUND 
Noninvasive, practical, and convenient means of detection for the prediction of 
liver fibrosis and cirrhosis in China are greatly needed.

AIM 
To develop a precise noninvasive test to stage liver fibrosis and cirrhosis.

METHODS 
With liver biopsy as the gold standard, we established a new index, [alkaline 
phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)/platelet (109/L) 
(AGPR)], to predict liver fibrosis and cirrhosis. In addition, we compared the area 
under the receiver operating characteristic curve (AUROC) of AGPR, gamma-
glutamyl transpeptidase to platelet ratio, aspartate transaminase to platelet ratio 
index, and FIB-4 and evaluated the accuracy of these routine laboratory indices in 
predicting liver fibrosis and cirrhosis.

RESULTS 

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i27.3503
mailto:liaoweijia288@163.com


Liao MJ et al. AGPR predicting liver fibrosis and cirrhosis

WJG https://www.wjgnet.com 3504 July 21, 2022 Volume 28 Issue 27

Correlation analysis revealed a significant positive correlation between AGPR and liver fibrosis 
stage (P < 0.001). In the training cohort, the AUROC of AGPR was 0.83 (95%CI: 0.78-0.87) for 
predicting fibrosis (≥ F2), 0.84 (95%CI: 0.79-0.88) for predicting extensive fibrosis (≥ F3), and 0.87 
(95%CI: 0.83-0.91) for predicting cirrhosis (F4). In the validation cohort, the AUROCs of AGPR to 
predict ≥ F2, ≥ F3 and F4 were 0.83 (95%CI: 0.77-0.88), 0.83 (95%CI: 0.77-0.89), and 0.84 (95%CI: 
0.78-0.89), respectively.

CONCLUSION 
The AGPR index should become a new, simple, accurate, and noninvasive marker to predict liver 
fibrosis and cirrhosis in chronic hepatitis B patients.

Key Words: Liver; Fibrosis; Cirrhosis; Prediction; Novel noninvasive marker; Chronic hepatitis B

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Chronic hepatitis B virus (HBV) infection is highly endemic in China, and routine assessment of 
chronic hepatitis B patients is greatly needed to guide management and indicate the need for treatment. In 
this study, we established a new index to stage liver fibrosis and cirrhosis in patients with chronic HBV 
infection in China. In addition, the study compared the predictive performance between the new index and 
other noninvasive indices. The new index is suitable for regular monitoring and is crucial for the 
management of patients with liver fibrosis/cirrhosis.

Citation: Liao MJ, Li J, Dang W, Chen DB, Qin WY, Chen P, Zhao BG, Ren LY, Xu TF, Chen HS, Liao WJ. 
Novel index for the prediction of significant liver fibrosis and cirrhosis in chronic hepatitis B patients in China. 
World J Gastroenterol 2022; 28(27): 3503-3513
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3503.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3503

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a public issue that affects human health. Patients who are 
chronically infected with HBV have a tendency to develop liver fibrosis, liver cirrhosis and even more 
serious conditions, such as hepatocellular carcinoma (HCC). It has been reported that liver fibrosis can 
be reversed in patients with varying degrees of fibrosis by removing pathogenic factors, including HBV 
infection and alcohol[1,2]. It would benefit patients to obtain early diagnosis and effective treatment of 
liver fibrosis before the disease worsens. Hence, measures should be taken to achieve early diagnosis of 
liver fibrosis to avoid disease progression caused by HBV infection.

Liver biopsy has always been regarded as the gold standard to evaluate liver histology and assess the 
degree of fibrosis[3]. However, liver biopsy has shortcomings. Like any surgery, liver biopsy carries 
some risks, such as puncture of the lung or gallbladder, infection, bleeding, and pain, although these 
complications are rare[4]. In addition, a major problem is the sampling error and significant variability 
of fibrosis assessment by liver biopsy[5]. Transient elastography performed with FibroScan is a new 
technique to measure liver stiffness, and it has the advantages of noninvasiveness, good reproducibility 
and higher objectivity[6-8]. However, the FibroScan device and its maintenance are expensive, limiting 
the use of transient elastography in low- and middle-income countries and making it unsuitable for 
routine monitoring of liver fibrosis/cirrhosis in patients with chronic liver disease in economically poor 
areas. In recent years, researchers have been interested in finding a potential marker of liver fibro-
sis/cirrhosis or developing a multifactorial model from peripheral blood[9]. Noninvasive fibrosis tests 
based on routine laboratory indices have become available and are increasingly used to both assess and 
stage liver fibrosis; these include the aspartate transaminase (AST)-to-platelet (PLT) ratio index (APRI)
[10], FIB-4[11] and the gamma-glutamyl transpeptidase (γ-GT) to PLT ratio (GPR)[12]. These indices are 
inexpensive, available and noninvasive for assessment of the stages of fibrosis/cirrhosis and can be 
easily performed in outpatient settings with limited conditions. Among these, the APRI was 
recommended by the World Health Organization as the most useful noninvasive tool to assess cirrhosis 
in resource-limited settings; however, FIB-4 was not recommended because it is not used for the 
detection of cirrhosis[13]. However, the levels of sensitivity and positive predictive value were low for 
APRI[14]. Therefore, there is an urgent need to find a more reliable method that is noninvasive, 
inexpensive, convenient and feasible for assessing liver disease stage and identifying patients who need 
treatment.
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Table 1 Clinical and biochemical data of examined patients

Parameter Training cohort (n = 296)1 Validation cohort (n = 211)1 P value

Age (yr) 42.47 ± 11.98 41.21 ± 11.36 0.167

Gender: Female/male (n) 75/221 40/171 0.091

Drinking: Yes/no (n) 127/169 101/110 0.268

Smoking: Yes/no (n) 92/204 68/143 0.784

HbeAg: Negative/positive 16/280 15/196 0.430

Fibrosis stage: F0/F1/F2/F3/F4 55/58/75/64/44 47/47/37/54/26 0.194

Activity grade: A0/A1/A2/A3/A4 16/92/113/69/6 15/72/69/52/3 0.446

WBC (× 109/L) 5.89 ± 2.55 6.34 ± 4.32 0.150

NEUT × 109/L) 3.55 ± 2.44 3.66 ± 2.61 0.611

LYMPH (× 109/L) 1.72 ± 0.62 1.80 ± 0.63 0.063

PLT (× 109/L) 171.61 ± 66.87 174.48 ± 61.62 0.636

Albumin (g/L) 41.12 ± 19.09 39.94 ± 6.07 0.380

Globulin (g/L) 29.67 ± 5.45 29.14 ± 5.80 0.298

TBIL (μmol/L) 16.51 ± 8.44 16.73 ± 7.63 0.768

DBIL (μmol/L) 6.91 ± 5.03 7.07 ± 4.33 0.699

ALT (U/L) 73.31 ± 65.41 96.85 ± 83.62 0.002

AST (U/L) 72.59 ± 63.29 77.44 ± 67.34 0.411

ALP (U/L) 97.70 ± 41.98 104.32 ± 49.25 0.104

γ-GT (U/L) 85.64 ± 69.68 97.98 ± 75.36 0.058

AGPR 1.26 ± 0.84 1.32 ± 0.89 0.431

1Data presented as the mean ± SD or proportions.
HbeAg: Hepatitis B e-antigen; WBC: White blood cell; NEUT: Neutrophil count; LYMPH: Lymphocyte count; PLT: Platelet; TBIL: Total bilirubin; DBIL: 
Direct bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; γ-GT: Gamma-glutamyl transpeptidase; 
AGPR: [Alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L).

In this study, we tested a novel noninvasive index, the alkaline phosphatase (ALP) and γ-GT to PLT 
ratio (AGPR), for the assessment of liver fibrosis and cirrhosis through statistical analysis of clinical 
data. Moreover, we compared the diagnostic values of the AGPR, GPR, APRI and FIB-4 indices.

MATERIALS AND METHODS
Patients
The patients who participated in this study were divided into a training set and a validation set. Patients 
in the training set received treatment at the Affiliated Hospital of Guilin Medical University (Guilin, 
People’s Republic of China). Patients in the validation set received treatments at the Peking University 
People’s Hospital (Beijing, Guangxi Zhuang Autonomous Region, China). All patients were under 
treatment from May 2005 to October 2016, and all underwent systematic examinations, including 
abdominal ultrasound, routine laboratory tests and liver histological examination tests. The clinicopath-
ologic characteristics of all patients, including age, gender, alcohol consumption, smoking status, 
hepatitis B e-antigen (HbeAg) status, fibrosis and cirrhosis stage, activity grade, white blood cell (WBC) 
count, neutrophil count (NEUT), lymphocyte count (LYMPH), PLT count, albumin, globulin, total 
bilirubin (TBIL), direct bilirubin (DBIL), alanine aminotransferase (ALT), AST, ALP, γ-GT and AGPR 
were collected and are detailed in Table 1. All patients in the study were chronically infected with HBV 
and were positive for hepatitis B surface antigen.

Liver histological examination
Some basic clinical examinations that ensure that patients are relatively safe when performing liver 
puncture surgery should be performed. In addition, physicians should obtain informed consent from 
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Figure 1 Selection principles of study population. HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

the patients prior to surgery. Ultrasound localization was performed on consenting and suitable 
patients for liver biopsy procedures. Qualified liver tissue samples were formalin-fixed and paraffin-
embedded for pathological analysis. Liver fibrosis and cirrhosis were graded as follows according to the 
METAVIR system: F0, no fibrosis; F1, fibrosis in the portal vein zone but no fibrous septa; F2, a small 
amount of fibrous septa; F3, many fibrous septa but no cirrhosis; F4, cirrhosis[15]. All biopsy samples 
were assessed separately by two liver pathologists who were blinded to the clinical information. If the 
results of their evaluation were discordant, a third highly experienced hepatopathologist blinded to 
patient information reviewed the contested samples. Samples were excluded from the study population 
if the pathologists failed to reach consensus.

Computational formula
AGPR was calculated as [ALP (U/L) + γ-GT (U/L)]/PLT count (109/L). APRI was calculated as 
(AST/ULN)/PLT count (109/L) × 100[10]. FIB-4 was calculated by the formula: Age (years) × AST 
(U/L)/[PLT (109/L) × ALT (U/L)1/2][11]. The formula for GPR was γ-GT/ULN of γ-GT/PLT count (109

/L) × 100[12].

Statistical analysis
Student’s t test was used for continuous variables, and Pearson’s χ2 test or Fisher’s exact test was used 
for categorical variables to compare baseline characteristics. Data are presented as the mean ± SD or 
proportions. Univariable logistic regression was used for the variables of age, gender, WBC, NEUT, 
LYMPH, PLT, albumin, globulin, TBIL, DBIL, ALT, AST, ALP, γ-GT and AGPR. The receiver operating 
characteristic (ROC) curves were drawn to evaluate the accuracy rate of diagnosis for the AGPR, GPR, 
APRI, and FIB-4. The sensitivity, specificity, positive and negative predictive values, positive and 
negative likelihood ratio, hazard ratio and the area under the ROC curve (AUROC) of the four non-
invasive markers for fibrosis and cirrhosis staging were obtained through comparison and analysis of 
F0-1 vs F2-4, F0-2 vs F3-4, and F0-3 vs F4, respectively. Data analysis was performed using SPSS software 
(version 24.0). A P value < 0.05 was regarded as statistically significant.

RESULTS
Study populations of the training and validation cohorts
Patients involved in this study needed to meet certain criteria. Those criteria were as follows: (1) Study 
patients were infected with HBV and underwent systematic examinations, including abdominal 
ultrasound, routine laboratory tests and liver biopsies; (2) Patients with HCC or other tumors were 
excluded; (3) Patients with coinfection of HCV, HIV or HDV were excluded; and (4) Patients with highly 
controversial results on liver fibrosis pathological grading were excluded. Figure 1 displays the selection 
principles.

Clinical data related to this study are summarized in Table 1. There were no statistically significant 
differences between the training and validation cohorts in terms of age, gender, drinking status, 
smoking status, HbeAg, fibrosis stage, activity grade, WBC, NEUT, LYMPH, PLT, albumin, globulin, 
TBIL, DBIL, ALT, AST, ALP, γ-GT or AGPR (P > 0.05). Nonsignificant differences between the two 
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Table 2 Univariate analysis in the training cohort

Parameter Fibrosis (F0-1) (n = 113)1 Fibrosis (F2-4) (n = 183)1 P value

Age (yr) 45.15 ± 14.97 43.63 ± 13.32 0.363

Gender: Female/male (n) 37/76 38/145 0.021

WBC (× 109/L) 6.45 ± 3.02 5.55 ± 2.14 0.003

NEUT (× 109/L) 4.14 ± 3.0 3.18 ± 1.95 0.001

LYMPH (× 109/L) 1.67 ± 0.60 1.68 ± 0.63 0.828

PLT (× 109/L) 206.0 ± 68.39 150.55 ± 56.49 < 0.001

Albumin (g/L) 41.26 ± 5.93 39.29 ± 5.66 0.005

Globulin (g/L) 27.46 ± 4.46 31.04 ± 5.56 < 0.001

TBIL (μmol/L) 13.82 ± 7.06 17.12 ± 8.8 < 0.001

DBIL (μmol/L) 6.43 ± 3.72 7.81 ± 4.49 < 0.001

ALT (U/L) 65.01 ± 70.72 78.42 ± 66.62 0.101

AST (U/L) 56.61 ± 55.11 82.45 ± 66.09 0.001

ALP (U/L) 79.06 ± 34.16 109.2 ± 42.31 < 0.001

γ-GT (U/L) 51.84 ± 47.06 106.5 ± 73.21 < 0.001

AGPR 0.72 ± 0.49 1.61 ± 0.83 < 0.001

1Data presented as the mean ± SD or proportions.
WBC: White blood cell; NEUT: Neutrophil count; LYMPH: Lymphocyte count; PLT: Platelet; TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; γ-GT: Gamma-glutamyl transpeptidase; AGPR: [Alkaline phosphatase 
(U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L).

study groups revealed that the selection of training and validation cohorts was reasonable.

AGPR predicts significant hepatic fibrosis and cirrhosis
Univariable analyses showed that the presence of significant liver fibrosis (≥ F2) was related to gender, 
WBC, NEUT, PLT, albumin, globulin, TBIL, DBIL, AST, ALP, γ-GT and AGPR (Table 2). In the training 
cohort, correlation analysis revealed a significant positive correlation between AGPR and liver fibrosis 
stage (r = 0.567, P < 0.001) (Figure 2A). In the validation cohort, there was also a positive correlation 
between AGPR and liver fibrosis stage (r = 0.524, P < 0.001), as shown in Supplementary Table 1 and 
Supplementary Figure 1A. Box plots showed that liver fibrosis stage positively correlated with ALP + γ-
GT (r = 0.352, P < 0.001), GPR (r = 0.509, P < 0.001), APRI (r = 0.428, P < 0.001) and FIB-4 (r = 0.416, P < 
0.001) in the training cohort (Figure 2B and D-F). The severity of liver fibrosis stage correlated 
significantly with a gradual increase in the levels of these indicators. There was a negative correlation 
between PLT count and liver fibrosis stage (r = -0.362, P < 0.001) in the training cohort (Figure 2C). The 
severity of liver fibrosis decreased with increasing PLT count. Similar results were obtained in the 
validation cohort, and the specific data related to these results are shown in Supplementary Figure 1B-F 
and Supplementary Table 2.

Comparisons of AUROC between AGPR and other noninvasive indices
The summary AUROC, sensitivity, specificity, positive and negative predictive values, positive and 
negative likelihood ratios, and hazard ratios for the detection of fibrosis and cirrhosis for AGPR, GPR, 
APRI and FIB-4 are displayed in Table 3. In the training cohort, the AUROC of AGPR (0.83, 95%CI: 0.78-
0.87) was higher than that of GPR (0.77, 95%CI: 0.72-0.82; P = 0.008), APRI (0.72, 95%CI: 0.67-0.77; P < 
0.0001) and FIB-4 (0.74, 95%CI: 0.69-0.79; P = 0.0004) for the prediction of significant fibrosis (≥ F2). For 
the assessment of extensive fibrosis (≥ F3), the AUROC of AGPR (0.84, 95%CI: 0.79-0.88) was also higher 
than that of GPR (0.81, 95%CI: 0.76-0.85; P < 0.0001), APRI (0.70, 95%CI: 0.64-0.75; P < 0.0001) and FIB-4 
(0.75, 95%CI: 0.69-0.80; P = 0.0005). For the diagnosis of cirrhosis (F4), the AUROC of AGPR was 0.87 
(95%CI: 0.83-0.91), which was higher than that of GPR (0.80, 95%CI: 0.75-0.84; P = 0.0001), APRI (0.76, 
95%CI: 0.70-0.8; P = 0.0002) and FIB-4 (0.80, 95%CI: 0.75-0.84; P = 0.022) (Figure 3A and Table 3). For 
identifying patients with significant fibrosis and cirrhosis, the summary sensitivities of AGPR were 
83.1% and 88.6%, respectively, while the summary specificities of AGPR were 73.4% and 75.4%, 
respectively. The sensitivity, specificity, positive and negative predictive values, positive and negative 
likelihood ratios, and hazard ratios of the other noninvasive indices are detailed in Table 3. Our results 

https://f6publishing.blob.core.windows.net/10485c7a-54d2-4cbd-94cc-7ad038cc18ca/WJG-28-3503-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10485c7a-54d2-4cbd-94cc-7ad038cc18ca/WJG-28-3503-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10485c7a-54d2-4cbd-94cc-7ad038cc18ca/WJG-28-3503-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10485c7a-54d2-4cbd-94cc-7ad038cc18ca/WJG-28-3503-supplementary-material.pdf
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Table 3 Comparisons of the receiver operating characteristic curve between different non-invasive indices

Training cohort (n = 296) Validation cohort (n = 211)

F0-1 vs F2-4 F0-2 vs F3-4 F0-3 vs F4 F0-1 vs F2-4 F0-2 vs F3-4 F0-3 vs 
F4

AGPR

AUROC (95%CI) 0.83 (0.78-0.87) 0.84 (0.79-0.88) 0.87 (0.83-0.91) 0.83 (0.77-0.88) 0.83 (0.77-0.89) 0.84 (0.78-
0.89)

Cut-off values 0.87 1.20 1.40 0.87 1.20 1.40

Se/Sp (%) 83.1/73.4 72.22/80.3 88.6/75.4 85.5/68.1 78.7/70.2 92.3/67.0

PPV/NPV (%) 83.5/72.8 67.8/83.4 38.6/97.4 76.9/79.0 61.8/84.4 28.2/98.4

Positive/negative 
LR

3.13/0.23 3.67/0.35 3.60/0.15 2.68/0.21 2.65/0.30 2.80/0.11

HR (95%CI) 8.48 (5.22-14.33) 7.56 (4.76-9.83) 8.10 (5.11-11.63) 8.02 (4.95-15.62) 7.06 (4.51-12.35) 5.06 (3.89-
7.72)

GPR

AUROC (95%CI) 0.77 (0.72-0.82) 0.81 (0.76-0.85) 0.80 (0.75-0.84) 0.80 (0.74-0.85) 0.81 (0.74-0.87) 0.78 (0.71-
0.83)

Cut-off values 0.32 0.32 0.56 0.32 0.32 0.56

Se/Sp (%) 73.7/70.8 76.8/54.8 79.5/65.9 86.3/67.0 91.2/56.5 75.0/62.3

PPV/NPV (%) 80.4/62.5 49.4/80.5 28.9/94.9 76.5/79.7 56.2/91.4 26.5/86.9

Positive/negative 
LR

2.53/0.37 1.70/0.42 2.33/0.31 2.62/0.20 2.10/0.15 1.95/0.41

HR (95%CI) 6.53 (4.81-9.62) 6.72 (3.96-9.63) 6.47 (4.08-9.83) 6.45 (3.58-11.61) 7.30 (3.87-14.62) 4.84 (3.28-
7.95)

APRI

AUROC (95%CI) 0.72 (0.67-0.77) 0.70 (0.64-0.75) 0.76 (0.70-0.81) 0.76 (0.70-0.82) 0.74 (0.67-0.82) 0.77 (0.70-
0.83)

Cut-off values 0.5 1.5 - 1.0 2.0 0.5 1.5 - 1.0 2.0

Se/Sp (%) 80.9/58.4 36.1/79.7 - 77.3/64.7 43.2/83.3 83.8/54.3 34.1/76.6 - 70.1/68.6 50.1/78.3

PPV/NPV (%) 75.9/65.3 74.2/43.5 - 27.6/94.2 31.1/89.4 69.5/72.9 64.5/48.3 - 26.3/92.7 30.8/91.9

Positive/negative 
LR

1.94/0.33 1.77/0.80 - 2.19/0.35 2.59/0.68 1.83/0.30 1.46/0.86 - 2.12/0.44 3.16/0.63

HR (95%CI) 2.61 (1.85-3.67) 1.85 (1.41-2.42) 2.09 (1.63-2.55) 1.59 (1.23-2.07) 2.64 (1.76-4.32) 2.13 (1.71-
2.58)

FIB-4

AUROC (95%CI) 0.74 (0.69-0.79) 0.75 (0.69-0.80) 0.80 (0.75-0.84) 0.74 (0.67-0.80) 0.79 (0.73-0.84) 0.77 (0.71-
0.83)

Cut-off values - 1.45 3.25 - - 1.45 3.25 -

Se/Sp (%) - 87.9/47.3 42.6/87.2 - - 77.5/58.1 37.5/93.1 -

PPV/NPV (%) - 49.0/87.3 65.7/72.6 - - 53.0/80.9 76.9/70.9 -

Positive/negative 
LR

- 1.67/0.25 3.34/0.66 - - 1.85/0.39 5.46/0.67 -

HR (95%CI) 1.86 (1.52-2.53) 1.94 (1.55-2.42) 2.17 (1.77-2.56) 1.98 (1.50-2.62) 2.11 (1.63-2.74) 1.87 (1.68-
2.36)

Comparison of AUROC

AGPR and GPR P = 0.008 P < 0.0001 P = 0.0001 P = 0.028 P = 0.005 P = 0.0008

AGPR and APRI P < 0.0001 P < 0.0001 P = 0.0002 P = 0.0001 P = 0.0001 P = 0.134

AGPR and FIB-4 P = 0.0004 P = 0.0005 P = 0.022 P = 0.007 P = 0.174 P = 0.100

GPR and APRI P = 0.0007 P = 0.0028 P = 0.284 P = 0.003 P = 0.016 P = 0.831
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GPR and FIB-4 P = 0.026 P = 0.331 P = 0.922 P = 0.093 P = 0.929 P = 0.591

APRI and FIB-4 P = 0.455 P = 0.028 P = 0.061 P = 0.248 P = 0.008 P = 0.795

AGPR: [Alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet count (109/L); AUROC: Area under the receiver operating 
characteristic curve; Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; LR: Likelihood ratio; HR: Hazard ratio; 
CI: Confidence interval; GPR: Gamma-glutamyl transpeptidase to platelet ratio; APRI: Aspartate aminotransferase-to-platelet ratio index; FIB-4: Age 
(years) × aspartate aminotransferase (U/L)/[platelet (109/L) × alanine aminotransferase (U/L)1/2].

revealed that AGPR had the best overall performance among these noninvasive indices.
We further evaluated the diagnostic accuracy and performance of these noninvasive indices in the 

validation cohort. Similar to the results from the training cohort, the AUROC of AGPR was better than 
that of GPR (0.78, 95%CI: 0.71-0.83), APRI (0.77, 95%CI: 0.70-0.83), and FIB-4 (0.77, 95%CI: 0.71-0.83) 
(Figure 3B and Table 3).

DISCUSSION
Cirrhosis is one of the top 20 causes of disability-adjusted life years and life lost years, accounting for 
1.6% and 2.1% of the global burden, respectively[16]. Cirrhosis is also the 11th most common cause of 
death worldwide[16]. Recently, Xu et al[17] provided updated guidelines for the management of liver 
cirrhosis in China. However, better screening for early fibrosis or cirrhosis remains a challenge. Finding 
an inexpensive, noninvasive, convenient, feasible and precise parameter to stage liver fibrosis is the 
expectation of all medical staff in China. Although liver biopsy is a good measure for the assessment of 
liver fibrosis grade, many patients do not accept it, or they are not suitable for the test[18,19]. FibroScan 
is a noninvasive diagnostic technique and its diagnostic accuracy is high. However, its application is 
limited because of its high cost[20]. Consequently, the development of noninvasive assessment methods 
for liver fibrosis in patients with chronic HBV infection appears especially important in clinical practice.

In the present study, we developed a new simple, convenient and noninvasive index (AGPR) to 
predict significant liver fibrosis in chronic HBV-infected patients in China. The correlation coefficients 
between liver fibrosis stage and AGPR suggest that AGPR is a good test for the assessment of significant 
liver fibrosis and cirrhosis.

The AGPR index was established on the basis of ALP, γ-GT and PLT. These three indicators are 
clinical evaluations of features of fibrosis/cirrhosis and evidence of decompensation. Hepatitis is related 
to ALP[21,22] and γ-GT[23,24]. ALP is useful in the diagnosis of chronic liver diseases[25]. A study 
showed that serum ALP level was significantly different in patients with or without liver cirrhosis[26]. 
In a report, γ-GT was demonstrated to be an independent predictor of hepatic fibrosis[27]. The 
circulating PLT count has been recommended as a biomarker of hepatic fibrosis and cirrhosis[28]. Based 
on these findings, each of the three variables is related to the degree of liver fibrosis. The antiviral 
treatment, anti-inflammatory and hepatoprotective treatment have a greater impact on serum levels of 
aminotransferases, such as AST and ALT. However, according to clinical observation, ALP and γ-GT are 
regarded as less specific for liver injury than AST and ALT. The effects of antiviral therapy, anti-inflam-
matory therapy and hepatoprotective therapy on ALP and γ-GT are not as obvious as on AST and ALT. 
As a matter of fact, elevated serum γ-GT levels are strongly associated with alcohol consumption. 
However, the researchers have reported that the high-risk liver disease mortality due to elevated γ-GT 
was not affected by alcohol consumption[29].

A routine assessment of liver fibrosis stage for patients with chronic HBV infection is needed to guide 
management and to indicate the need for treatment. However, the diagnosis of liver fibrosis and 
compensated cirrhosis cannot be based on clinically obvious features. Noninvasive fibrosis tests are now 
increasingly used for evaluating liver fibrosis, reducing the need for liver biopsy. AGPR may be a new 
promising noninvasive fibrosis test to assist in the selection of optimal candidates for antiviral therapy. 
The AGPR test is inexpensive, routinely available at health-care facilities, and can be performed by 
untrained staff. It is suitable for conventional monitoring of hepatic fibrosis and cirrhosis. The 
Guidelines Development Group prioritized urgent initiation of antiviral therapy for patients with 
cirrhosis based on APRI score > 2 in adults, regardless of ALT or HBV DNA levels[13]. However, when 
applying an APRI score > 2 in this study, the sensitivity for the diagnosis of cirrhosis was only 43.2% 
and 50.1% in the training and validation cohorts, respectively. This suggested that more than 50% of 
patients with cirrhosis would be incorrectly classified as not having cirrhosis, which may lead to 
delayed initiation of treatment. In contrast, the sensitivity of AGPR for the diagnosis of cirrhosis was 
high at 88.6% and 92.3% in the training and validation cohorts, respectively. Therefore, our data 
suggested that AGPR may be a preferred noninvasive test to detect the presence of significant fibrosis 
and cirrhosis. It may serve as a simple index to make treatment decisions in patients without evidence 
of cirrhosis in China and other resource-limited settings where HBV infection is endemic.
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Figure 2 Box plots of [alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L) (A), alkaline phosphatase + 
gamma-glutamyl transpeptidase (B), platelet (C), gamma-glutamyl transpeptidase to platelet ratio (D), aspartate aminotransferase-to-
platelet ratio index (E), and age × aspartate transaminase/platelet × alanine aminotransferase (F) according to the METAVIR fibrosis 
stage in the training cohort. AGPR: [Alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet (109/L); ALP + γ-GT: Alkaline phosphatase + 
gamma-glutamyl transpeptidase; PLT: Platelet; GPR: Gamma-glutamyl transpeptidase to platelet ratio; APRI: Aspartate aminotransferase-to-platelet ratio index; FIB-
4: Age × aspartate transaminase/platelet × alanine aminotransferase.

Our study has some limitations. First, the selection of samples was limited to a population with 
chronic HBV infection in China. Whether AGPR can be generalized to different geographical areas (the 
infection of hepatitis C virus is endemic) remains to be determined. Second, the time span of over 10 
years for our selected samples was too long (from May 2005 to October 2016). Over this time period, 
substantial changes have taken place in terms of medical equipment and physical examination techno-
logies, which may reduce the accuracy of our study results. Finally, there are many factors involved in 
liver fibrosis. The impact of various interference factors on the diagnostic accuracy of the AGPR index 
has not been fully evaluated. Some interference may affect the precision of our index.
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Figure 3 The receiver operating characteristic analysis of [alkaline phosphatase (U/L) + gamma-glutamyl transpeptidase (U/L)]/platelet 
(109/L), amma-glutamyl transpeptidase to platelet ratio, aspartate aminotransferase-to-platelet ratio index and age × aspartate 
transaminase/platelet × alanine aminotransferase in the training (A) and validation cohorts (B). AGPR: [Alkaline phosphatase (U/L) + gamma-
glutamyl transpeptidase (U/L)]/platelet (109/L); GPR: Gamma-glutamyl transpeptidase to platelet ratio; APRI: Aspartate aminotransferase-to-platelet ratio index; FIB-4: 
Age × aspartate transaminase/platelet × alanine aminotransferase; AUC: Area under the curve.

CONCLUSION
In summary, the AGPR index may be an accurate noninvasive test for predicting significant liver 
fibrosis and cirrhosis in patients with chronic HBV infection in China. In addition, it is suitable for 
conventional monitoring. Therefore, for the prediction of liver fibrosis and cirrhosis, the AGPR index is 
a promising noninvasive marker that is worthy of further attention and research.

ARTICLE HIGHLIGHTS
Research background
Patients infected with hepatitis B virus (HBV) tend to develop liver fibrosis and liver cirrhosis. Those 
with cirrhosis have a high risk of hepatic decompensation and hepatitis B- related hepatocellular 
carcinoma.

Research motivation
Liver biopsy was used to ascertain the degree of fibrosis/cirrhosis. However, as an invasive procedure, 
liver biopsy has many disadvantages. The Guidelines Development Group recommended the use of 
noninvasive tests to assist in the assessment of liver disease stage and the diagnosis of fibrosis/cirrhosis. 
The use of a noninvasive test can reduce the need for liver biopsy.

Research objectives
The present study aimed to develop a precise noninvasive test to stage liver fibrosis/cirrhosis and 
compare the diagnostic values between different noninvasive methods.

Research methods
Univariable logistic regression was used to identify significant predictive factors. Correlation analysis 
was performed to reveal the correlation between clinical parameters and liver stage. Receiver operating 
characteristic (ROC) curves were drawn to evaluate the diagnostic accuracy of different noninvasive 
methods.

Research results
The presence of liver fibrosis was significantly related to alkaline phosphatase and the gamma-glutamyl 
transpeptidase to platelet ratio (AGPR). There was a significant positive correlation between AGPR and 
liver fibrosis stage. The area under the ROC curve values of AGPR were 0.83, 0.84, and 0.87 for the 
prediction of significant fibrosis, extensive fibrosis, and cirrhosis, respectively. The AGPR index had a 
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better overall performance than other noninvasive indices.

Research conclusions
AGPR can be used to detect the presence of significant fibrosis, extensive fibrosis, and cirrhosis with 
high diagnostic accuracy, sensitivity, and specificity in patients with chronic HBV infection.

Research perspectives
The AGPR index is a promising noninvasive marker for assessing liver disease stage. The use of AGPR 
can help with the routine monitoring of hepatic fibrosis and cirrhosis.
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Abstract
BACKGROUND 
Percutaneous transhepatic cholangiography is a diagnostic and therapeutic 
procedure that involves inserting a needle into the biliary tree, followed by the 
immediate insertion of a catheter. Endoscopic ultrasound-guided biliary drainage 
(EUS-BD) is a novel technique that allows BD by echoendoscopy and fluoroscopy 
using a stent from the biliary tree to the gastrointestinal tract.

AIM 
To compare the technical aspects and outcomes of percutaneous transhepatic BD 
(PTBD) and EUS-BD.

METHODS 
Different databases, including PubMed, Embase, clinicaltrials.gov, the Cochrane 
library, Scopus, and Google Scholar, were searched according to the guidelines for 
Preferred Reporting Items for Systematic reviews and Meta-Analyses to obtain 
studies comparing PTBD and EUS-BD.

RESULTS 
Among the six studies that fulfilled the inclusion criteria, PTBD patients 
underwent significantly more reinterventions (4.9 vs 1.3), experienced more 
postprocedural pain (4.1 vs 1.9), and experienced more late adverse events (53.8% 
vs 6.6%) than EUS-BD patients. There was a significant reduction in the total 
bilirubin levels in both the groups (16.4-3.3 μmol/L and 17.2-3.8 μmol/L for EUS-
BD and PTBD, respectively; P = 0.002) at the 7-d follow-up. There were no 
significant differences observed in the complication rates between PTBD and EUS-
BD (3.3 vs 3.8). PTBD was associated with a higher adverse event rate than EUS-
BD in all the procedures, including reinterventions (80.4% vs 15.7%, respectively) 
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and a higher index procedure (39.2% vs 18.2%, respectively).

CONCLUSION 
The findings of this systematic review revealed that EUS-BD is linked with a higher rate of 
effective BD and a more manageable procedure-related adverse event profile than PTBD. These 
findings highlight the evidence for successful EUS-BD implementation.

Key Words: Percutaneous transhepatic cholangiography; Endoscopic ultrasound; Biliary drainage; 
Obstructive cholangiopathy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Endoscopic transpapillary biliary drainage (BD) is the preferred approach for biliary 
decompression in patients with unresectable pancreatic cancer and obstructive jaundice. We conducted a 
systematic review of studies comparing the technical aspects and outcomes of two distinct approaches for 
BD: Endoscopic ultrasound-guided BD (EUS-BD) and percutaneous transhepatic BD (PTBD). The 
evaluation of six studies that fulfilled the inclusion criteria revealed that PTBD was associated with more 
reinterventions, postprocedural pain, and late adverse events compared with EUS-BD. Both procedures 
were associated with a significant reduction in the total bilirubin levels at the 7-d follow-up, and there 
were no significant differences in the complication rates between the two procedures. In summary, EUS-
BD was associated with a higher rate of effective BD and manageable procedure-related adverse events 
compared with PTBD, highlighting its utility in successful BD.

Citation: Hassan Z, Gadour E. Percutaneous transhepatic cholangiography vs endoscopic ultrasound-guided biliary 
drainage: A systematic review. World J Gastroenterol 2022; 28(27): 3514-3523
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3514.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3514

INTRODUCTION
Endoscopic transpapillary biliary drainage (BD) is the preferred approach for biliary decompression in 
patients with unresectable pancreatic cancer and obstructive jaundice[1]. Percutaneous transhepatic 
cholangiography (PTC) is a diagnostic and therapeutic procedure that involves inserting a needle into 
the biliary tree, followed by immediately inserting a catheter to achieve percutaneous BD. During the 
procedure, contrast is injected into one or more bile ducts (cholangiography) and sometimes into the 
duodenum. PTC can be performed using fluoroscopic guidance alone or using both fluoroscopic and 
ultrasound guidance[2,3].

In cases of suspected malignant biliary stricture, imaging alone may not be sufficient to provide a 
precise diagnosis. PTC was first introduced several decades ago to visualize biliary obstructions, treat 
malignant obstructive jaundice palliatively, and access BD[4]. Fine needle aspiration (FNA), brush 
cytology, and forceps biopsy have been performed using percutaneous biliary catheterization during 
PTC since the 1980s[5]. For biliary stenosis, endoscopic retrograde cholangiopancreatography (ERCP) 
has recently been recognized as a reliable diagnostic and therapeutic procedure.

Endoscopic retrograde BD (ERBD) is the most commonly used method of biliary decompression in 
patients with blockage of the distal central bile duct. This technique has a success rate of 90%-95% in the 
United States[6]. Altered anatomy, presenting pathology (tumor infiltration, impacted stone, and 
duodenal compression by a pancreatic pseudocyst), previous surgery, or variations in normal anatomy 
(periampullary diverticula and tortuous ducts) can contribute to the failure of ERBD. The failure rate of 
ERBD is 6%-7% in cases with obstructive jaundice caused by a blockage or altered anatomy[7]. 
Percutaneous transhepatic BD (PTBD) has a lower risk of complications than surgical decompression, 
but it is associated with complications such as fistula formation, repeat intervention, recurrent infection, 
and the requirement for long-term external catheter drainage, which contribute to a low quality of life
[8]. Although PTBD is associated with severe morbidity and mortality, the only relative contraindication 
of PTBD is perihepatic ascites[6-9]. Furthermore, PTBD usually requires separate surgery after the 
failure of ERCP BD, thereby increasing the morbidity associated with biliary stasis.

Endoscopic ultrasound-guided BD (EUS-BD) has become more widely used as an alternative to PTBD 
in patients with anatomical abnormalities, which make endoscopic transpapillary insertion of a biliary 
stent difficult[10]. It offers advantages of being compatible with anatomic internal drainage, being more 
comfortable, and resulting in a recovery associated with fewer complications and reduced expenditure
[11].
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EUS is an extremely useful imaging method for examining the gastrointestinal luminal wall and 
surrounding tissues. The proximity of the EUS probe to the area of interest enables high-resolution 
imaging and EUS-guided FNA tissue collection in real time. EUS has become a crucial diagnostic 
technique due to its high-quality imaging and FNA capacity and is also used as a treatment tool. 
However, until recently, its use was limited to the introduction of various drugs[12,13]. The therapeutic 
uses of EUS have been expanded due to larger channel echoendoscopes, which combine the benefits of 
real-time ultrasound and fluoroscopy imaging with the use of ERCP-based devices and procedures, 
such as EUS-BD. In 1996, Wiersema et al[14] first reported EUS-guided diagnostic cholangiography and 
in 2001, Giovannini et al[10] first reported EUS-BD in a patient with pancreatic cancer, establishing a 
choledochoduodenal fistula with a needle knife followed by transduodenal stenting.

These early reports were followed by modified techniques and expanded indications, such as EUS-
guided hepatic gastrostomy with stent placement[15], transduodenal EUS-rendezvous (EUS-RV) biliary 
access[16], and EUS-guided choledocholithiasis therapy with the creation of a neo papilla[17]. Since 
then, several studies have reported modifications to these techniques, including the use of a covered 
metal stent as a conduit for interventional endoscopic procedures in the bile duct[18,19]. Few studies 
have compared EUS-BD and PTBD in failed ERCP cases in terms of success rate and adverse event 
profile[20]; therefore, we performed a systematic review of the relevant literature to investigate the 
combined efficacy and adverse effects of EUS-BD and PTBD.

MATERIALS AND METHODS
Literature search
This systematic review was conducted using an electronic search of different databases, including 
PubMed, Embase, clinicaltrials.gov, the Cochrane library, Scopus, and Google Scholar using the 
guidelines for Preferred Reporting Items for Systematic reviews and Meta-Analyses[21]. Two invest-
igators independently searched for the following key terms: all field “failed EUS”, all field 
“Percutaneous biliary drainage”, and all field “EUS-guided biliary drainage”. All the three search 
headings were connected using the Boolean operator “AND”. Studies published in English comparing 
PTBD with EUS-BD were chronologically limited to those published from their inception to October 
2021. After completing the literature search, the references were imported to Endnote citation manager 
(Endnote X9) for removing any duplicates, following which the abstracts were screened for potential 
relevance by two independent investigators. This study included intervention studies, retrospective or 
prospective observational studies, case reports, randomized controlled trials, and published abstracts 
that reported at least some adverse events. And this study also cited high-quality articles in Reference 
Citation Analysis (https://www.referencecitationanalysis.com).

Letters, comments, seminar proceedings, and animal studies were excluded from our analysis. 
Moreover, only human studies were included and limited to the English language. Publications judged 
to be potentially relevant underwent a full text assessment by two independent investigators to 
determine their inclusion. Disagreements regarding study eligibility were resolved by consensus or 
adjudication between the investigators.

Data extraction
The baseline study details, including study identifiers, such as first author, publication year, title, and 
country, and study-specific methodological data, such as sample size, study design, single-center vs 
multicenter study types, and healthcare setting, are presented in Table 1. Technical and clinical success 
rates, including the total number of patients enrolled, number of patients in each arm, mean age, sex 
ratio, comorbidity index, mean preprocedural bilirubin, mean diameter of the bile duct, etiology of 
biliary obstruction, and reasons for EUS failure are shown in Table 2.

Risk of bias evaluation
The GRADE checklist was used to evaluate the risk of bias in the included studies[22]. Table 3 shows a 
summary of the methodological qualities of studies reporting the prevalence data. Questions were 
answered as “yes”, “no”, “unclear”, or “not applicable”.

RESULTS
Our literature search yielded 315 manuscripts, of which 132 studies remained after excluding duplicate 
studies. After reviewing the title and abstract, only nine articles were left for the thorough screening of 
data by reviewing the full text. Further, two studies were eliminated after reading the manuscripts 
because they included primary EUS-BD cases wherein EUS was not attempted as the primary 
procedure. The third study was excluded, as it did not contain full text. A total of six studies met the 
abovementioned inclusion criteria of the study[23-28] (Figure 1).

https://www.referencecitationanalysis.com
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Table 1 Baseline characteristics of the studies

Ref. Artifon et al[23] Bapaye et al[24] Khashab et al[25] Giovannini[26] Jung et al[27] Sharaiha et al
[28]

Type of study (country) Single-center, 
prospective, 
randomized, 
controlled 
trial(Brazil)

Single-center, 
retrospective, 
comparative study 
(India)

Single-center, 
retrospective, 
comparative, cohort 
study (United States)

Multicenter, 
randomized, 
phase II trial 
(France)

Multicenter, 
prospective, 
randomized, 
controlled trial 
(South Korea)

Single-center, 
retrospective, 
cohort review 
(United States)

Age [mean (SD)/median 
± SD], yr

63.4 (11.1) vs 71.0 
(11.9)

59.9 ± 13.3 vs 62.4 
± 10.2

64.9 ± 12.5 vs 66.9 ± 
12.5

N/A 66.5 vs 68.4 68.7 ± 13.9 vs 58.8 ± 
13.6

Males/females 2.25 vs 2.0 1.08 vs 1.6 1.2 vs 1.31 0.91 vs 9 3.25 vs 3 12 vs 1.47

Comorbidity/quality 
index (mean)

58.3 vs 57.8 (QoL 
sF 36)

N/A N/A N/A 40.7 vs 40.5 (global 
health status/QoL)

5.9 vs 6.4 
(Charleston 
comorbidity index)

Total bilirubin (mean), 
mg/dL

16.4 vs 17.2 7.11 ± 7.6 vs 9.41 ± 
12.4

15.8 ± 11.3 vs 14.5 ± 
8.8

N/A 10.4 vs 11.8 N/A

Mean diameter of bile 
duct

13.7 vs 11.9 N/A N/A N/A 11.22 vs 12.6 N/A

Etiology of obstruction

Adenocarcinoma of the 
pancreatic

10 vs 6 15 vs 18 43 N/A 12 vs 12 22

Advanced 
lymphoma/liposarcoma

0 vs 1 0 1 N/A 0 0

Cholangiocarcinoma 1 vs 1 2 vs 2 12 N/A 7 vs 14 9

Duodenal carcinoma 0 0 1 N/A 3 vs 0 5

Gall bladder cancer 0 0 0 N/A 5 vs 5 0

Gastric carcinoma 0 vs 1 0 1 N/A 3 vs 2 4

Metastasis 0 vs 3 0 12 N/A 3 vs 1 7

Plasmacytoma 1 vs 0 0 0 N/A 0 0

Total malignancy 0 37 N/A

Reason for ERCP failure

Altered anatomy 1 9 0 N/A 12 vs 10 N/A

Duodenal/stomach 
invasion

8 32 0 N/A 22 vs 22 N/A

Indwelling duodenal 
stent

0 16 0 N/A 0 N/A

Unable to cannulate 16 42 0 N/A 0 N/A

N/A: Not applicable; QoL sF: Quality of life Short Form Survey (SF-36); ERCP: Endoscopic retrograde cholangiopancreatography.

DISCUSSION
The most common method for gaining access to the biliary tree is ERCP. In patients with unmodified 
upper gastrointestinal anatomy, the success rate of bile duct cannulation using ERCP is > 90%[25]. 
Affected or variant anatomy, ampullary pathology (stones, stenosis, and tumor infiltration), periam-
pullary diverticulum, gastric outlet obstruction, indwelling duodenal stent, and previous gastric bypass 
surgery are the prevalent causes of failed cannulation[29]. The rate of adverse outcomes associated with 
PTBD and surgery is extremely high, although these approaches are traditionally used to treat these 
clinical conditions[30]. The most prevalent issues related to long-term PTBD therapy are drain blockage, 
dislocation, and cholangitis, which require multiple interventions and longer hospital stays[31]. 
Moreover, patients are left with a permanent external drain, resulting in poor quality of life[32]. EUS-BD 
has emerged as a viable, extremely safe, effective, and minimally invasive approach[33]. Using echoen-
doscopy and fluoroscopy, the biliary tree is accessed from the gastrointestinal lumen, a fistulous tract is 
created, and a stent is deployed in a single step, eliminating the need for an external drain[34]. 
However, the rates of success and adverse events associated with EUS-BD remain unclear. The use of 
EUS-BD was first reported by Giovannini et al[10] in 2001. Subsequently, several studies reported the 
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Table 2 Rates of clinical and technical success in the included studies

Technical success Clinical success

Ref. EUS-guided 
Choledochoduodenostomy

Percutaneous 
transhepatic 
biliarydrainage

EUS-guided 
Choledochoduodenostomy

Percutaneous 
transhepatic 
biliarydrainage

Artifon et al
[23]

13/13 12/12 13/13 12/12

Bapaye et al
[24]

23/25 26/26 23/25 26/26

Khashab et al
[25]

19/22 51/51 19/19 47/51

Giovannini
[26]

19/20 17/17 18/19 17/17

Jung et al[27] 32/34 31/32 28/32 27/31

Sharaiha et al
[28]

43/47 12/13 27/43 3/12

Table 3 Quality of identified studies

Criteria
Ref.

C1 C2 C3 C4 C5 C6 C7 C8 C9
Overall 
appraisal

Artifon et al[23] Yes Yes Yes Yes Yes Yes Yes Unclear Yes Included

Bapaye et al[24] Yes Yes Yes Yes Yes Yes Yes Yes Yes Included

Khashab et al[25] Yes Yes Yes Yes Yes Yes Yes Yes Yes Included

Giovannini[26] Unclear Yes Yes Yes Yes Yes Yes Yes Yes Included

Jung et al[27] Yes Yes Yes Yes Yes Yes Yes Unclear Yes Included

Sharaiha et al[28] Yes Yes Yes Yes Yes Unclear Yes Yes Yes Included

C1: Did the study sample represent the target population? C2: Were participants in the study appropriately recruited? C3: Was the sample size adequate? 
C4: Were the study subjects and study setting described in detail? C5: Did the data analysis cover a sufficient portion of the identified population? C6: 
Were objective and standard criteria used to measure the condition of interest? C7: Was the condition reliably measured? C8: Was the statistical analysis 
appropriate? C9: Were all important confounding factors/subgroups/differences identified and taken into account?

efficacy of EUS-BD as an alternative BD method after a failed ERCP. The EUS-BD procedures are 
divided into three techniques: (1) EUS-RV; (2) EUS-guided antegrade (EUS-AG); and (3) EUS-guided 
transluminal BD, including EUS-guided choledochoduodenostomy (EUS-CDS) and EUS-guided 
hepaticogastrostomy (EUS-HGS)[6]. In EUS-RV, the biliary duct is accessed using fluoroscopy and EUS, 
forming a temporary fistula, followed by guidewire placement into the duodenum via the biliary duct 
and ampulla. After guidewire placement, ERCP is performed using the EUS-placed guidewire, which is 
removed once biliary cannulation is obtained. Thus, EUS-RV should be performed in patients with an 
endoscopically accessible ampulla after unsuccessful biliary cannulation using conventional ERCP.

In EUS-AG, the intrahepatic biliary duct is accessed by creating a temporary fistula between the 
intestine and intrahepatic biliary duct from the upper intestine. Stent placement or balloon dilation is 
performed after the dilation of the fistula to achieve biliary obstruction through the fistula without 
reaching the ampulla using the endoscope. This technique is appropriate when reaching the biliary 
orifice using endoscopy is impossible or unmanageable, such as in biliary obstruction in patients with 
surgically altered anatomy or upper intestinal obstruction.

In EUS-guided transluminal BD, including EUS-CDS and EUS-HGS, the biliary duct is accessed 
followed by guidewire placement and fistula dilation under EUS guidance. For BD, a permanent fistula 
is created by inserting the stent between the biliary duct and the intestine. This procedure can be 
performed in cases where reaching the biliary orifice using endoscopy is possible or accessible; 
however, in patients with unresectable malignant biliary obstruction, its indication should be limited 
given the features of permanent fistula creation.

Recent studies have demonstrated that EUS-BD could be an alternative to PTBD in patients with 
inoperable malignant biliary blockage and failed ERCP. However, individual study outcomes show 
inconsistent results. We performed a systemic analysis to aggregate information from individual trials 
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Figure 1 PRISMA Flow Diagram. EUS-BD: Endoscopic ultrasound-guided biliary drainage; PTBD: Percutaneous transhepatic biliary drainage.

and examine the overall outcomes of EUS-BD compared with PTBD. EUS-BD was associated with a 
lower rate of adverse events compared with PTBD. The healthcare cost of PTBD was twice that of EUS-
BD due to the high reintervention rate in the PTBD group. A retrospective study by Sharaiha et al[28] 
reported that the technical success rate was comparable between PTBD and EUS-BD in patients with 
inoperable malignant biliary obstruction and inaccessible papilla. In a retrospective study examining 
patients with incurable malignant biliary obstruction with failed ERCP due to an inaccessible papilla, 
Bapaye et al[24] found that the EUS-BD group had a higher success rate of BD (92% vs 46%, respectively, 
P > 0.05) and a lower rate of adverse events than the PTBD group (20% vs 46%, respectively, P = 0.05)
[24]. These results were partially due to the use of EUS-BD in high-volume centers by experienced 
endoscopists. The rates of success and the complications of EUS-BD are expected to improve with 
technical advances.

In the present systematic review, the only randomized controlled study comparing EUS-BD and 
PTBD in patients with inoperable malignant biliary blockage was conducted by Artifon et al[8]. The 
study, which included 13 patients in the EUS-BD group and 12 patients in the PTBD group, reported 
that EUS-BD and PTBD were comparable in terms of cost, adverse events, and clinically meaningful 
improvements in bilirubin levels. The bilirubin levels in the EUS-BD group declined from 16.4 μmol/L 
to 3.3 μmol/L, whereas the bilirubin levels in the PTBD group declined from 17.2 μmol/L to 3.3 μmol/L
[8]. The postprocedural follow-up period was 7 d in both the groups. Choi et al[32] reported a higher 
technical success rate in the PTBD group than in the EUS-BD group, although the functional success rate 
was comparable between the two groups[35].

In most facilities, PTBD is used as an alternative technique in cases of failed ERCP. In high-volume 
clinics, endoscopic ultrasound-guided gallbladder drainage has begun replacing PTBD, which was 
developed only a decade ago as the fourth approach for biliary decompression after surgical drainage, 
percutaneous transhepatic drainage, and endoscopic transpapillary drainage[36]. Although the type of 
BD approach used in cases of failed ERCP is currently determined by local competence, EUS-BD is a less 
intrusive and more physiologic technique. This approach improves nutrition absorption, prevents 
electrolyte loss, reduces reinterventions, and eliminates the stress of external drainage[37]. EUS-BD can 
also be performed in a single setting before ERCP if the patient agrees.

However, EUS-BD is associated with several specific issues. Only a small number of centers have the 
operational skills to perform EUS-BD, whereas most centers have extensive experience and skills to 
perform PTBD, and interventional radiologists are well-trained and equipped to perform PTBD[25]. The 
inherent risk of advanced endoscopy necessitates specialized training. Therefore, EUS-BD can only be 
performed in high-volume treatment institutions with adequate interventional radiology and surgical 
backup to prevent complications such as bile leak, pneumoperitoneum, hemorrhage, and stent 
migration[38,39].

The invasion of the sterile biliary tree by transmural puncture from the luminal side of the 
gastrointestinal tract poses a modest theoretical risk of infection in EUS-BD[40]. However, such negative 
events should improve with the further evolution of this technique. Despite its classification as a rescue 
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treatment for failed ERCP, primary EUS-BD is currently compared with ERCP, and a recent study 
indicated similar short-term outcomes between EUS-BD and ERCP[41]. In addition, unlike ERCP, there 
is no risk of pancreatitis following EUS-BD. Furthermore, the clinical success rates and complications do 
not differ between EUS-BD and ERCP if performed by skilled endoscopists. The current systematic 
review revealed that EUS-BD was safe and effective when performed by skilled individuals, with a 
lower risk of adverse events and similar technical and clinical success rates.

Our analyses also indicated that: In patients with inoperable biliary blockage after a failed ERCP, 
EUS-BD was associated with a higher chance of successful BD and a lower risk of procedure-related 
adverse effects and infectious complications compared with PTBD. Furthermore, the number of patients 
with bile leaks was lower in the EUS-BD group than in the PTBD group.

CONCLUSION
Several case reports, series, and retrospective investigations regarding EUS-BD have been published to 
date. However, no prospective studies or comparisons of the various BD systems have been published; 
therefore, the technical success, functional success, adverse events, and stent patency of EUS-BD with 
long-term follow-up remain unknown. Prospective, randomized controlled studies are required to 
clarify these issues. However, it is clear that EUS-BD is clinically useful as a BD option. EUS-BD could 
become a first-line BD treatment instead of ERCP if the outcomes of clinical studies are positive and 
technologies are simplified.

ARTICLE HIGHLIGHTS
Research background
Percutaneous transhepatic cholangiography is a diagnostic and therapeutic procedure. Endoscopic 
ultrasound-guided biliary drainage (EUS-BD) is a novel technique that allows BD whose technicality, 
success rate, and outcomes are not negligible.

Research motivation
We aimed to compare the technical details and outcomes of 132 studies concerning interventional BD 
procedures in patients with obstructive cholangiopathy. We conducted a systematic review of six 
studies that met the inclusion criteria.

Research objectives
To assess the suitability and appropriability of different clinical biliary interventions in achieving 
optimal BD for obstructive cholangiopathy.

Research methods
An extensive systematic review was independently conducted by two investigators using an electronic 
search of different databases, including PubMed, Embase, clinicaltrials.gov, the Cochrane library, 
Scopus, and Google Scholar, using the guidelines for Preferred Reporting Items for Systematic reviews 
and Meta-Analyses to identify studies comparing percutaneous transhepatic BD (PTBD) and EUS-BD.

Research results
PTBD patients underwent significantly more reinterventions (4.9 vs 1.3), experienced more postpro-
cedural pain (4.1 vs 1.9), and experienced more late adverse events (53.8% vs 6.6%) than EUS-BD 
patients. There was a significant reduction in the total bilirubin levels in both the groups (16.4-3.3 
μmol/L and 17.2-3.8 μmol/L in the EUS-BD and PTBD groups, respectively; P = 0.002) at the postpro-
cedural 7-d follow-up. There were no significant differences in the complication rates between the PTBD 
and EUS-BD groups (3.3 vs 3.8). PTBD was associated with a higher adverse event rate than EUS-BD in 
all the procedures, including reinterventions (80.4% vs 15.7%, respectively) and a higher rate of index 
procedure (39.2% vs 18.2%, respectively).

Research conclusions
EUS-BD might be considered as a first-line BD treatment instead of PTBD if the outcomes of clinical 
studies are favorable and the technical approach is simplified.

Research perspectives
EUS-BD following failed ERCP was superior to PTBD in patients with obstructive cholangiopathy.
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Abstract
BACKGROUND 
Sinusoidal obstruction syndrome has been reported after oxaliplatin-based 
chemotherapy, but liver fibrosis and non-cirrhotic portal hypertension (NCPH) 
are rarely reported.

CASE SUMMARY 
Here, we describe the case of a 64-year-old woman who developed isolated 
gastric variceal bleeding 16 mo after completing eight cycles of oxaliplatin 
combined with capecitabine chemotherapy after colon cancer resection. 
Surprisingly, splenomegaly and thrombocytopenia were not accompanied by 
variceal bleeding, which has been reported to have predictive value for gastric 
variceal formation. However, a liver biopsy showed fibrosis in the portal area, 
suggesting NCPH. The patient underwent endoscopic treatment and experienced 
no further symptoms.
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CONCLUSION 
It is necessary to guard against long-term complications after oxaliplatin-based chemotherapy. 
Sometimes splenic size and platelet level may not always accurately predict the occurrence of 
portal hypertension.

Key Words: Non-cirrhotic portal hypertension; Sinusoidal obstruction syndrome; Isolated gastric varices; 
Oxaliplatin chemotherapy; Colon cancer; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The occurrence of portal hypertension after oxaliplatin chemotherapy is mostly considered to be 
related to sinusoidal obstruction syndrome, and few studies clearly support non-cirrhotic portal 
hypertension (NCPH). We present a case of isolated gastric variceal bleeding after oxaliplatin chemo-
therapy. The pathological results support NCPH.

Citation: Zhang X, Gao YY, Song DZ, Qian BX. Isolated gastric variceal bleeding related to non-cirrhotic portal 
hypertension following oxaliplatin-based chemotherapy: A case report. World J Gastroenterol 2022; 28(27): 3524-
3531
URL: https://www.wjgnet.com/1007-9327/full/v28/i27/3524.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i27.3524

INTRODUCTION
The third-generation platinum anticancer drug, oxaliplatin, is often used in combination with 5-
fluorouracil or capecitabine as one of the main chemotherapy strategies for neoadjuvant/adjuvant 
treatment of stage III and metastatic colon cancer[1]. Oxaliplatin can induce different degrees of liver 
injury, from mild to acute liver failure, and sinusoidal obstruction syndrome (SOS) is a characteristic 
manifestation. In addition, chronic injury from endothelial cell damage and architectural distortion may 
develop nodular regenerative hyperplasia (NRH) and non-cirrhotic portal hypertension (NCPH) years 
after chemotherapy[2]. As a result, there are manifestations of portal hypertension, such as spleno-
megaly, thrombocytopenia, ascites, and esophagogastric varices. Since these complications occur long 
after chemotherapy completion, clinicians may not attribute these findings to oxaliplatin. Here, we 
report the case of a 64-year-old woman who was treated with eight cycles of oxaliplatin combined with 
capecitabine after radical resection of the right colon for ascending colon cancer. Isolated gastric variceal 
bleeding was diagnosed and treated endoscopically, but there was no obvious accompanying spleno-
megaly, thrombocytopenia, or broadened portal vein. The liver biopsy was indicative of NCPH.

CASE PRESENTATION
Chief complaints
A 64-year-old woman was transferred to our hospital on account of hematemesis and melena.

History of present illness
The patient complained of hematemesis and melena 2 d prior to presentation. She underwent 
hemostasis and rehydration at the previous hospital. Colonoscopy and gastroscopy were successively 
performed, and severe gastric varices were found before administration.

History of past illness
Laparoscopic radical resection of right colon cancer had been performed 16 mo earlier due to ascending 
colon cancer (pT4N2Mx). Preoperative gastroscopy did not show any abnormalities (Figure 1). She 
received eight cycles of oxaliplatin combined with capecitabine for 6 mo postoperatively. No tumor 
recurrence was found after intermittent re-examination.

Personal and family history
The patient had no known history of liver disease. She had no history of habitual use of alcohol and no 
significant history of exposure to liver injury-inducing drugs other than chemotherapy.

https://www.wjgnet.com/1007-9327/full/v28/i27/3524.htm
https://dx.doi.org/10.3748/wjg.v28.i27.3524
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Figure 1 Gastroscopic images taken before colon cancer surgery. A: Upper esophageal segment; B: Lower esophageal segment; C: The gastric fundus. 
No varices were found.

Physical examination
The patient’s temperature was 36.6°C, heart rate was 93 bpm, respiratory rate was 16 breaths per 
minute, blood pressure was 125/65 mmHg, and oxygen saturation in room air was 98%. The patient 
had an anemic appearance and pale palpebral conjunctiva. No signs of chronic liver disease, such as 
palmar erythema and spider nevus, were found. No significant enlargement of the liver or spleen was 
detected on palpation.

Laboratory examinations
Blood examination indicated severe anemia with normal levels of leukocytes and platelets. Prothrombin 
time was normal with a slight increase in plasma D-dimer level. Liver function test indicated mild 
hypoproteinemia with normal transaminase and bilirubin levels; renal function was normal. Liver tests 
were negative for hepatitis viruses; autoimmune liver diseases; and metabolic liver diseases, such as 
hepatolenticular degeneration and hemochromatosis (Table 1).

Imaging examinations
An enhanced computed tomography (CT) scan of the abdomen and pelvis showed postoperative 
changes of the colon, an irregular liver contour, slightly enlarged spleen, low-grade fatty liver, and 
varices in the gastric fundus with gastro-renal shunting (Figure 2). Contrast-enhanced ultrasonography 
showed that the size of the spleen was 4.2 cm × 11.2 cm. The diameter of the retropancreatic splenic vein 
was 0.67 cm with a mean blood flow velocity of 33.0 cm/s and volume flow of 528.7 mL/min.

Pathological examination
A transjugular liver biopsy was performed, and the hepatic venous pressure gradient (HVPG, wedged 
hepatic venous pressure – free hepatic venous pressure) was measured as 15 mmHg. Liver biopsy 
showed that the hepatic lobule was essentially complete with sinusoidal dilatation, and no pseudo-
lobular formation was observed. Hepatocyte nuclear size slightly varied. Focal perisinusoidal fibrosis 
could be observed in the hepatic central vein area, which showed a diffuse distribution of necrotic 
hepatocytes engulfed by phagocytes. There were slight inflammatory reactions in hepatic portal areas, 
with slight fibrosis in the interstitium and around the bile duct. The vascular wall of the portal vein was 
thickened, indicating portal hypertension, and the final pathological diagnosis considered NCPH 
(Figure 3).

FINAL DIAGNOSIS
The final diagnosis of the presented case was NCPH due to oxaliplatin.

TREATMENT
After admission, the patient was immediately administered with octreotide (50 μg/h, iv, for 72 h), 
proton pump inhibitor, omeprazole (8 mg/h, iv, for 72 h), and hemocoagulase. An erythrocyte 
suspension of volume, 400 mL, was transfused. Gastroscopy after cessation of active gastrointestinal 
bleeding revealed severe isolated gastric varices in the fundus of the stomach, Lg-f, F3, Cb, and RC2 
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Table 1 Clinical indicators

Routine examination Biochemical examination Immune examination

White blood count 11.95 x 109/L Alaninetransaminase 1831 U/L Hepatitis B surface antigen (-)

Red blood count 1.9 x 1012/L Aspartate transaminase 31 U/L Hepatitis C antibody (-)

Hemoglobin 60 g/L Alkaline phosphatase 103 U/L Antinuclear antibody (-)

Platelet 171 x 109/L Gamma glutamyl transpeptidase 29 U/L Antimitochondrial antibody (-)

Prothrombin time 14.3 s Total bilirubin 12.0 mmol/L Immunoglobulin G (-)

International standard ratio 1.12 Direct bilirubin 1.2 mmol/L Immunoglobulin M (-)

D-dimer 4.38 mg/L Albumin 33.7 g/L Immunoglobulin G4 (-)

Globulose 29.3 g/L

Serum creatinine 82 mmol/L

Potassium 3.58 mmol/L

Ferritin (-)

Ceruloplasmin (-)

Figure 2 Abdominal enhanced computed tomography images. A: Arterial phase; B: Portal vein phase. There was no atrophy or cirrhotic features, and the 
liver parenchyma density was uniform; C: 3D vascular reconstruction of portal vein system. The blood flows of the portal and retropancreatic splenic veins were 
unobstructed without obvious widening of the inner diameters. Severe gastric fundal varices were clearly visible.

(Figure 4). Cyanoacrylate glue was injected.

OUTCOME AND FOLLOW-UP
The patient had an uneventful postoperative clinical course. Therefore, she was discharged 7 d after 
operation. Beta blockers were not administered because the patient′ s mean heart rate was 58 ± 6 bpm. 
During a follow-up visit 2 mo after the operation, signs of anemia was absent and a new gastroscopy 
showed varices in fundus of stomach relieved obviously.

DISCUSSION
As one of the main chemotherapeutic agents for stage III and metastatic colon cancer, oxaliplatin is 
widely used in chemotherapy. Common side effects of oxaliplatin are neurotoxicity, gastrointestinal 
reactions, and hematological toxicity. In recent years, SOS has received more attention as a long-term 
complication of oxaliplatin use, and its reported incidence rate ranges from 19% to 52%[3,4]. SOS is an 
obliterative venulitis of the terminal hepatic venules, which is characterized by jaundice, right upper 
quadrant pain, tender hepatomegaly, ascites, and unexplained weight gain. SOS usually occurs as a 
result of cytoreductive therapy prior to hematopoietic stem cell transplantation. In China, it is often 
associated with the oral intake of plants that contain pyrrolidine alkaloids. This patient did not have any 
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Figure 3 Pathological examination images. A, D: Hematoxylin and eosin (HE) staining showed obvious sinusoidal dilatation (A: 100 ×; D: 200 ×); B, E: 
Masson staining showed mild peri-sinusoidal fibrosis (B: 100 ×; E: 200 ×); C, F: HE staining showed obvious portal vein wall thickening and mild fibrosis in the portal 
area (C: 100 ×; F: 200 ×).

Figure 4 Gastroscopic examination and treatment images in our hospital. A: Image showing smooth esophageal mucosa without varices; B: Isolated 
gastric fundus varices (white arrow); C: Cyanoacrylate glue injection (white arrow) was administered for varices after blocking blood flow with a titanium clip to prevent 
ectopic embolism.

significant history of exposure to liver injury-inducing drugs other than chemotherapy. Therefore, the 
liver damage was considered to be directly related to oxaliplatin-containing chemotherapy.

The mechanism by which oxaliplatin causes hepatic sinusoidal injury is relatively clear. The inflam-
mation caused by oxaliplatin can increase the expression of many cytokines and chemokines[5], leading 
to atrophy and apoptosis of hepatocytes around the hepatic sinusoids, which decreases the supporting 
capacity. Oxidative stress[6] and glutathione depletion[7] caused by oxaliplatin metabolism could 
destroy the integrity and permeability of liver sinusoidal endothelial cells (LSECs). Necrotic LSECs and 
red blood cells can then form emboli with platelets, which causes obstruction and expansion of the 
hepatic sinusoids, leading to SOS. LSECs produce cytokines and inflammatory factors, such as 
interleukin-6, platelet-derived growth factor, tissue inhibitor of metalloproteinase, matrix metallopro-
teinases, and vascular endothelial growth factor. These activate hepatic stellate cells to increase collagen 
levels in the extracellular matrix, ultimately leading to hepatic fibrosis[8] that can progress to NRH, 
NCPH, and portal sclerosis in subsequent years.
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In the pathological examination of our patient, there was an obvious expansion of the hepatic 
sinusoids with fibrosis in the hepatic sinusoids and portal areas. The lack of typical SOS manifestations, 
such as intrasinusoidal hemorrhage, thrombosis, and obstruction, suggested NCPH. This pathological 
manifestation was similar to that described by Ryuta et al[9]. In that case, esophageal and gastric varices 
were found 3.5 years after the termination of oxaliplatin-based chemotherapy, compared to 16 mo in 
this report. Both patients developed long-term portal complications after chemotherapy completion. 
Vigano et al[10] analyzed liver injury reversibility after the interruption of chemotherapy and reported 
that SOS may resolve within 9 mo. Therefore, we suspected that the sinusoidal injury in this patient was 
not enough to cause typical clinical presentations of SOS, which had gradually recovered after 
chemotherapy termination. However, fibrosis persisted in the hepatic sinusoids and portal areas, 
resulting in portal hypertension and severe gastric variceal bleeding.

NCPH etiology can be divided into five groups: infection, immune disorders, thrombophilia, genetic 
defect, and exposure history of drugs or poisons[11]. Currently, drugs that can reportedly induce NCPH 
include difenoxin, azathioprine, mercaptopurine, and allopurinol[12,13]. A recent study proposed that 
oxaliplatin is related to NCPH[2]. The main clinical manifestations of NCPH are esophagogastric 
varices, splenomegaly, thrombocytopenia, and ascites, with the first being the most common[14]. Park et 
al[15] investigated the predictors of portal hypertension formation related to oxaliplatin use and found 
that noninvasive fibrosis prediction models including, the age-platelet index, aspartate aminotrans-
ferase-to-platelet ratio index, platelet-to-spleen ratio, and fibrosis-4 score, have good predictive values. 
Satta et al[16] reported that platelet count and spleen index under CT correlated with esophagogastric 
variceal formation. These indicators are often used to screen whether patients need gastroscopy because 
they are easily obtained. However, in this case, the patient had severe isolated gastric varices 
accompanied by gastro-renal shunting. No obvious increase in splenic volume or thrombocytopenia 
during or after chemotherapy was observed, and no widening of the portal vein was observed on 
enhanced CT, which was different from common esophagogastric varices related to oxaliplatin. These 
findings exemplify why diagnoses may be missed. Apparently, gastroscopy was not performed during 
follow-up after surgery and chemotherapy, which is why the varices were not discovered until bleeding 
occurred.

Notably, NCPH is considered as pre-sinusoidal portal hypertension. Therefore, HVPG in patients 
with NCPH may not exactly reflect portal hypertension with measurements lower than those in patients 
with liver cirrhosis. A retrospective study reported that the average HVPG of patients with NCPH was 
8.3 ± 4.5 mmHg, 60% of patients had normal or slightly elevated HVPG (≤ 10 mmHg), and 40% of 
patients had HVPG > 11 mmHg[14]. The HVPG level in our patient was 15 mmHg, which was 
significantly higher than normal, possibly due to hepatic sinusoidal injury and peri-sinusoidal fibrosis.

Ligation and cyanoacrylate glue injection under gastroscopy are the first-line treatment options for 
esophageal and gastric variceal bleeding in liver cirrhosis[17], but whether they are appropriate for 
esophageal and gastric variceal bleeding related to NCPH remains controversial. A previous study 
reported that the effect of endoscopic therapy in preventing variceal rebleeding in patients with NCPH 
is not ideal, compared to its effect in preventing hepatitis B cirrhosis-related portal hypertension[18]. 
Due to good functional liver reserve in patients with NCPH, transjugular intrahepatic portosystemic 
shunt (TIPS) treatment has a lower rebleeding rate, and the incidence and mortality of postoperative 
hepatic encephalopathy are lower[19]. For these reasons, TIPS may be used as the first-line treatment for 
esophageal and gastric variceal bleeding due to NCPH.

However, this report describes a patient with NCPH who underwent colon cancer resection. 
Therefore, it is necessary to guard against the possibility of malignant tumor recurrence and maintain 
good liver function, in case reoperation and additional chemotherapy rounds are required. Liver 
compensation ability may decrease after TIPS treatment. Instead, gastroscopic therapy was performed 
with successful cyanoacrylate glue injection, and the patient was discharged.

CONCLUSION
Oxaliplatin can cause hepatic sinusoidal injury and SOS, which could lead to portal hypertension years 
later. Splenomegaly and thrombocytopenia have a certain predictive value for SOS occurrence in 
patients who previously received chemotherapy, but few unique cases remain in the clinic. The 
formation of esophageal and gastric varices is the only manifestation of portal hypertension; therefore, 
these patients are likely to be misdiagnosed. Therefore, gastroscopy should be considered as part of 
follow-up after oxaliplatin-based chemotherapy.
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Abstract
Different serological and virological markers in chronic hepatitis B patients guide 
staging of viral infection, and initiation and response to therapy. Due to the 
persistence of intrahepatic covalently closed circular DNA (cccDNA) in the 
hepatocyte nucleus, hepatitis B is not curable. Even after undetectable hepatitis B 
virus DNA levels, the persistence of hepatitis B surface antigen and novel markers 
such as hepatitis B core-related antigen (HBcrAg) indicate the persistence of 
intrahepatic cccDNA. In this study, HBcrAg levels at baseline and after 24 and 48 
wk of antiviral therapy predicted hepatitis B e antigen seroconversion. Due to the 
poor sensitivity of assays and detectable levels in HBsAg-negative patients, the 
long-term utility of HBcrAg needs future research.

Key Words: Hepatitis B core-related antigen; Chronic hepatitis B; Covalently closed 
circular DNA; Hepatitis B e antigen seroconversion; Hepatitis B virus DNA; Pregenomic 
RNA
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Core Tip: This study highlights the predictive role of hepatitis B core-related antigen 
(HBcrAg) levels at baseline, and after 24 and 48 wk of antiviral therapy for hepatitis B e 
antigen seroconversion in chronic hepatitis B patients. The issues related to poor 
sensitivity of assays and detectable levels in hepatitis B surface antigen-negative 
patients are major concerns. Future research on the utility of HBcrAg in hepatitis B 
virus (HBV) flare after nucleotide cessation, occult HBV reactivation, and risk of 
developing hepatocellular carcinoma is also needed.
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TO THE EDITOR
We read with interest the study titled, “Serum hepatitis B core-related antigen as a surrogate marker of 
hepatitis B e antigen seroconversion in chronic hepatitis B” by Chi et al[1] in the World Journal of 
Gastroenterology. Hepatitis B core-related antigen (HBcrAg) and hepatitis B virus (HBV) RNA are 
potential serological markers of chronic hepatitis B infection and activity. In the HBV life cycle, 
intrahepatic covalently closed circular DNA (cccDNA) is transcribed into five RNAs of which 
pregenomic RNA is a precursor to synthesis of the viral genome by reverse transcription and precore 
mRNA is precursor to proteins hepatitis B core antigen. Hepatitis B e antigen (HBeAg) and p22cr are 
collectively called HBcrAg due to their identical 149 amino acid sequences. In addition, viral sequences 
also integrate in the host genome and can express hepatitis B surface antigen (HBsAg). Therefore, 
HBsAg quantification may not be exactly reflective of intrahepatic cccDNA levels. On the other hand, 
only cccDNA can express the viral genome. In real world settings, liver biopsy is not feasible for 
cccDNA quantification and a surrogate marker is needed in serum for intrahepatic cccDNA quanti-
fication. HBcrAg-related proteins can be detected in Dane particles, HBV DNA-negative Dane particles, 
and possibly in HBV RNA-containing virions[2]. Interestingly, nucleotide analogues (NAs) inhibit DNA 
polymerase and viral replication; they do not affect production of viral intermediate proteins such as 
HBcrAg. Therefore, even on antiviral treatment, HBcrAg can reflect cccDNA quantity and activity in 
hepatocytes.

This study determined the predictive role of HBcrAg for HBeAg seroconversion in chronic hepatitis B 
(CHB) patients. All patients were analyzed for HBcrAg, HBV RNA, and HBV DNA levels in blood and 
cccDNA quantification in liver biopsy specimen. Although there is treatment heterogeneity with two 
different cohorts of entecavir (n = 109) and pegylated-interferon (PEG-IFN) (n = 30) therapy, the authors 
found baseline HBcrAg levels correlating with cccDNA levels in patients with and without HBeAg 
seroconversion. However, the PEG-IFN group only had 30 patients, and as IFNs are immunomodu-
lators that increase innate immune response in controlling HBV infection with higher HBeAg serocon-
version rates compared to NA therapy, it may be premature to conclude that it only affects viral 
replication and not the production of other viral proteins. Therefore, some bias may be related to 
treatment heterogeneity.

This study also highlights that serum qHBcrAg levels at 24 and 48 wk of treatment better predict 
HBeAg seroconversion than qHBcrAg levels at baseline. Song et al[3] showed baseline HBcrAg levels < 
4.9 log U/mL, > 2 log reduction of HBcrAg at week 28 having a positive predictive value 74% and 76%, 
and negative predictive value of 96% and 94%, respectively, for the prediction of spontaneous HBeAg 
seroconversion. In HBeAg-positive CHB patients, HBcrAg is high in the immune tolerant phase 
compared to the immune clearance phase. And in HBeAg-negative patients, lower HBcrAg levels are 
present in the inactive carrier state than in HBeAg-negative CHB. Recently Ghany et al[4] demonstrated 
a correlation of HBV RNA and HBcrAg levels with HBV DNA in different phases of CHB infection.

Wong et al[5] demonstrated that correlation coefficients of serum HBV DNA and HBcrAg with 
intrahepatic cccDNA are 0.7 and 0.64-0.7, respectively, which are similar; however, in patients on 
antiviral therapy with undetectable serum HBV DNA, HBcrAg is the preferred marker for estimating 
intrahepatic cccDNA levels. Tseng et al[6] recently showed risk stratification of development of 
cirrhosis, and its complications and liver-related mortality in CHB patients over a period of 15.9 years 
by baseline HBcrAg levels. Carey et al[7] showed that HBcrAg and HBV RNA predict clinical flares in 
HBeAg-negative CHB patients with suppressed HBV DNA levels on nucleotide analogue therapy. 
Together, HBcrAg is a promising novel serum marker but with many limitations. First, with current 
available assays, the lower limit of detection is 2 log U/mL, so more sensitive assays are needed. 
Second, one study found detectable serum HBcrAg in 40% patients with HBsAg seroclearance[8]. 
Finally, large-scale studies in different ethnic groups are needed to determine the predictive value of 
HBcrAg with certain cut-off values in clinical practice especially occult HBV reactivation, HBV flare 
after nucleotide analogue cessation, and risk of hepatocellular carcinoma development.
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