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Abstract
Gastric cancer (GC) remains a leading cause of cancer-related death worldwide. 
Less than half of GC cases are diagnosed at an advanced stage due to its lack of 
early symptoms. GC is a heterogeneous disease associated with a number of 
genetic and somatic mutations. Early detection and effective monitoring of tumor 
progression are essential for reducing GC disease burden and mortality. The 
current widespread use of semi-invasive endoscopic methods and radiologic 
approaches has increased the number of treatable cancers: However, these 
approaches are invasive, costly, and time-consuming. Thus, novel molecular 
noninvasive tests that detect GC alterations seem to be more sensitive and specific 
compared to the current methods. Recent technological advances have enabled 
the detection of blood-based biomarkers that could be used as diagnostic 
indicators and for monitoring postsurgical minimal residual disease. These 
biomarkers include circulating DNA, RNA, extracellular vesicles, and proteins, 
and their clinical applications are currently being investigated. The identification 
of ideal diagnostic markers for GC that have high sensitivity and specificity 
would improve survival rates and contribute to the advancement of precision 
medicine. This review provides an overview of current topics regarding the novel, 
recently developed diagnostic markers for GC.
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Core Tip: Gastric cancer (GC) is a major unsolved clinical problem. It is the fifth most diagnosed cancer in 
the world, and the fourth most frequent cause of cancer-related deaths worldwide. The outcome of 
advanced GC remains tremendously poor despite the use of surgery and adjuvant therapy. Therefore, the 
detection new biomarkers for early diagnosis will be potential therapeutic strategies for improving survival 
of GC patients. The aim of this review is to summarizes the current status and approaches for novel 
biomarkers, which could be useful for early diagnosis.
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INTRODUCTION
Gastric cancer (GC) is the fifth most common cancer and the fourth most common cause of cancer-
related death worldwide[1]. The overall survival rate of individuals with GC remains poor, because it is 
often diagnosed at an advanced stage or even as metastasis. One strategy for lowering the burden of GC 
is early screening and diagnosis. Even though upper gastrointestinal endoscopy has been well 
established as the standard for GC screening, capturing a concealed tumor in the stomach requires 
higher sensitivity and specificity. Upper gastrointestinal endoscopies also involve high costs with 
regard to cost and human resources, requiring experienced endoscopists and patient understanding.

To achieve large-scale GC screening among healthy individuals in the future, a more general and 
cost-effective approach is needed. Cancer biomarkers (tumor markers) are molecules indicative of the 
presence and progression of cancer; as such, they play a crucial role in cancer diagnoses and treatment 
selection[2]. Their applications are rapidly expanding owning to advances in genetic analysis 
technology and molecular targeting. There are at present no biomarkers with sufficient sensitivity and 
specificity for the diagnosis of GC that could be applied in clinical settings. Biomarkers are needed for 
every stage of GC to improve its clinical course. The emergence of liquid biopsy technology, which 
enables the detection of specific molecular information of solid tumors from body fluids, has provided 
major changes in cancer diagnosis and treatment[3]. There are many studies on biomarkers for GC 
screening. However, many of these candidate biomarkers identified thus far are preferentially expressed 
at advanced stages, and thus unsuitable for early detection. Moreover, a comprehensive review focusing 
on early detection of GC is still lacking. Herein, we review novel candidates of biomarkers focusing on 
early detection of GC comprehensively, from the laboratory to the clinical prevalence and the future 
prospects. This information will contribute to further research on GC biomarkers and their clinical 
applications.

METHODS
A non-systematic review was performed based on an electronic search through the medical literature 
using PubMed and Google Scholar. The keywords “biomarker”, “gastric cancer”, “early detection”, 
“diagnostics”, “liquid biopsy” were used. Review articles and guidelines investigating the values of 
biomarker for early detection of GC from gastroenterology, oncology and genetics were included in this 
review. When more than one guideline concerning the same subject was available, the most up-to-date 
one was selected. Only full articles in the English language published in the last ten years were 
considered for further review. Great importance was also given to “Clinical study” and “Review” 
articles dealing with the topic. The exclusion criteria comprised duplicated articles, studies absent of 
diagnostic outcomes. Case reports, correspondences, letters, and non-human research were not 
included.

LIQUID BIOPSY
Various diverse molecules in blood (serum/plasma) have been said to be correlated with GC carcino-
genesis. Among them, DNA, proteins, and noncoding RNA (ncRNA) molecules have been focused. 
These molecules allow the dependable finding of new noninvasive biomarkers for GC in plasma/
serum. Liquid biopsy has shown good potential in detecting circulating tumor cells (CTCs) from any 
bodily fluid, including peripheral blood, urine and cerebrospinal fluid, ascites, pleural effusion, etc., and 
includes a genomic, proteomic and metabolite assessment. It is a quick, easy and inexpensive method 

https://www.wjgnet.com/1007-9327/full/v29/i17/2515.htm
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with minimal invasiveness, making it widely accepted by patients, without major side effects[4]. Liquid 
biopsy (using mainly peripheral blood) can be used as a screening method to detect early GC (EGC) and 
minimal residual disease (MRD) after surgery and can create an appropriate treatment plan in GC 
patients.

CTCs/circulating tumor DNA
CTCs defined as tumor cells that have been detached from the primary tumor or metastases and shed in 
patient’s bloodstream, characterize an easily attainable sample of cancer specimens. As a liquid biopsy, 
emerging technologies for CTC isolation have enabled the research on the pathology of CTCs and have 
prompted the clinical uses of CTCs in the diagnosis of malignancies[5]. Although many researchers 
have come to the same conclusion that CTCs positivity was associated with prognosis, few researches 
were found for the early diagnosis, especially in the last several years.

Circulating cell-free DNA (cfDNA) consists of fragments of extracellular DNA that can be found in 
the blood[6]. cfDNA changes across different pathological states have been successfully exploited as 
noninvasive biomarkers for liquid biopsies. Particularly, the cfDNA that is identified from tumors and 
shows tumor-specific mutations is named circulating tumor DNA (ctDNA)[7]. The analysis of ctDNA 
has been predominantly of interest over a decade as its remarkable stability in body fluids. Besides, 
accumulating evidences showed that ctDNA is useful for early incidence during disease progress after 
surgical procedure. Further improvement of the ctDNA detection system is progressing. The cfDNA-
based liquid biopsy for early diagnosis is mostly restrained by the low signals shed from early-stage 
cancer, which directly influence the sensitivity of sequencing analyses.

Recent paper has described that the circulating biomarkers, such as cfDNA was highly expressed in 
stage I GC patients compared with those in benign gastric disease patients and health controls, 
suggesting the potential for their use for the early detection of GC[8,9]. The human epidermal growth 
factor receptor 2 (HER2) gene copy number detected in ctDNA was higher in GC patients compared to 
healthy control. Elucidation of HER2 copy number variation could distinguish healthy individuals and 
patients with GCs with 58% sensitivity and 98% specificity [area under curve (AUC) = 0.707, 95% 
confidence interval (CI): 0.593-0.821][10]. ctDNA sequencing identifies fibroblast growth factor receptor 
2 (FGFR2) amplification missed by tissue testing in patients with advanced GC, and these patients may 
respond to FGFR inhibition. ctDNA can detect plasma FGFR2 alterations, occasionally at a higher 
frequency than tissue testing, identify patients and these patients may respond to FGFR inhibition[11].

Current cancer biomarkers can be categorized into two groups: (1) Biomarkers generally used for the 
detection of specific cancer types; and (2) Biomarkers to be aimed to decide personalized medicine, such 
as companion diagnostics. Even when surgical procedure is successfully carried out, detecting MRD 
after surgery is still challenging for doctors, and it is difficult to detect MRD in time using radiologic 
imaging or tissue biopsy. Recent studies presented that ctDNA-based testing were able to detect MRD 
several weeks earlier than imaging[12]. Another study monitoring ctDNA in postoperative blood has 
verified that, the median duration from positive ctDNA detection to relapse was 4.05 mo[13]. Moreover, 
the postoperative positive ctDNA was significantly correlated with tumor recurrence within 12 mo after 
surgery, suggesting that postoperative ctDNA monitoring possess clinical application value in the 
prediction of postoperative GC recurrence[13]. In a similar, ctDNA positivity preceded radiographic 
recurrence by a median of 6 mo, suggesting that, ctDNA is a sensitive and specific biomarker for finding 
patients at high risk for relapse after curative treatment[14]. ctDNA-positive patients were at higher risk 
of relapse and exhibited worse outcome compared to the ctDNA-negative group, implying that ctDNA 
monitoring in the post-treatment setting is predicted to offer knowledge about necessity for further 
therapy[15]. The clinical usefulness of ctDNA as biomarker for longitudinal disease monitoring and 
identification of MRD in GC was assessed by ultra-deep sequencing methods. The occurrence of relapse 
was 100% (7 of 7), 100% (5 of 5), and 94% (16 of 17), respectively in patients with measurable ctDNA at 
the post-operative, post-adjuvant chemotherapy, and consequent longitudinal time spots. To date, novel 
high throughput sequencing techniques such as next-generation sequencing (NGS) or whole exosome 
sequence can identify mutations in multiple genetic regions[16]. Recent study conducted surveillance 
for recurrent disease after curative surgical resection analyzed by whole genome sequence. For 1630 
patients with GC and esophageal adenocarcinomas, detection of MRD after successful surgical 
procedure is intensely correlated with an enhanced risk of relapse by utilizing a Guardant 360, ctDNA-
NGS assay[17]. These studies elucidate that risk stratification of patients for adjuvant chemotherapy 
escalation/de-escalation could be predicted by incorporation of ctDNA. ctDNA-guided treatment 
strategy in post-surgery surveillance for patients with GC is a novel emerging strategy that will likely 
replace the current treatment decision, as outlined in Figure 1.

NC RNA
Diverse ncRNAs, such as microRNA (miRNA), circular RNA (circRNA), and long ncRNA (lncRNA), are 
implicated in GC carcinogenesis[18]. MiRNAs are small ncRNA molecules of approximately 18-22 
nucleotides that regulate cell differentiation, proliferation, apoptosis and gene regulation[19]. Currently, 
due to the stability and specificity of expression in circulation, accumulating evidences suggest that 
miRNAs can serve as novel biomarkers with a prospective clinical significance tool for patient with GC. 
MiRNAs are very stable in blood and can be identified by various assays such as reverse transcription 
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Figure 1 Proposed design of circulating tumor DNA-guided treatment strategy in gastric cancer. Schematic presentation of proposed circulating 
tumor DNA (ctDNA) guided treatment strategy in gastric cancer evaluating tailored treatment based on ctDNA detection. ctDNA positivity was determined by 
accessing the presence of plasma mutations, which indicates the existence of minimal residual disease. Adapted from Chakrabarti et al[100], and Kasi et al[101]. 
ctDNA: Circulating tumor DNA; Op: Operative; Adj: Ajuvant chemotherapy.

quantitative real-time polymerase chain reaction, and NGS. Recent studies challenged to verify the 
importance of various miRNAs in human plasma/serum as diagnostic markers for early-stage GC, 
including miR-17, miR-25, and miR-133b[20], miR-425-5p, miR-1180-3p, miR-122-5p, miR-24-3p, and 
miR-4632-5p[21]. A recent distinctive expression study of miRNA profiles utilizing two datasets from 
plasma samples identified hsa-miR-320a, hsa-miR-1260b, and hsa-miR-6515.5p as potential biomarkers 
for primary diagnosis of GC, with an AUC higher than 0.95 in all cases. Furthermore, hsa-miR-320a and 
hsa-miR-1260b was more stable in all the discovery and validation datasets[22]. Similarly, a recent study 
developed an EGC index to differentiate EGC from non-cancer controls based on the serum levels of 
four miRNAs (miR-4257, miR-6785-5p, miR-187-5p, and miR-5739). This index provided a sensitivity of 
0.996 and a specificity of 0.953, with an AUC of 0.998 for the detection of EGC in a large sample size 
study (n = 1417)[23]. These results suggest that miRNAs could act as promising biomarkers for the early 
detection of GC. Nevertheless, further research is needed to optimize their detection methods and 
reproducibility of accrued results to meet the rigorous requirements for clinical setting.

LncRNAs are the transcripts of more than 200 nucleotides that have been found to participate widely 
in various pathological processes of organisms[24]. In colon cancer, LncRNA small nucleolar RNA host 
gene 11 has been presented as a promising biomarker for early detection of this malignancy[25]. 
Meanwhile, hepatocellular carcinoma upregulated lncRNA and ZNFX1 antisense RNA 1 have been 
shown to distinguish GC patients from healthy subjects and proposed as novel diagnostic biomarkers of 
GC[26]. LncRNAs promoter of CDKN1A antisense DNA damage activated RNA, FOXD2 adjacent 
opposite strand RNA 1, and SWI/SN F related, matrix associated, actin dependent regulator of 
chromatin subfamily c member 2 in plasma may serve as novel biomarkers for early detection of GC. 
The combined these three lncRNAs offer a high sufficient diagnostic sensitivity[27]. LncRNA B3GALT5 
antisense RNA 1 was shown to be better than carcinoembryonic antigen (CEA) and carbohydrate 
antigen 19-9 (CA19-9) and may serve as a diagnostic biomarker of GC[28]. Distinct levels of serum 
C5orf66 antisense RNA 1 (C5orf66-AS1) were shown between patients with GC and gastritis. A risk of 
gastric dysplasia and GC negatively associated with serum expression of C5orf66-AS1, implying that 
C5orf66-AS1 a potential biomarker for predicting EGC[29]. Combined lncRNAs have been displayed to 
improve biomarker values for early detection of GC. LncRNA HLA Complex P5 (HCP5) is a kind of 
RNA gene without protein-coding. The AUC of serum lncRNA HCP5 was 0.818 (95%CI: 0.757-0.880, 
80% sensitivity, and 70% specificity) in distinguishing between GC and healthy controls. Besides, the 
highest AUC of 0.870 (95%CI: 0.819-0.921) with 81% sensitivity and 79% specificity were revealed by the 
combination of three diagnoses, HCP5, CEA, and CA19-9[30]. Thus, the results above indicate that 
lncRNAs possess the diagnostic potential for early diagnosis of GC.
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CircRNAs are also generally categorized as a ncRNA and physically vigorous nucleic acid molecules 
that construct closed loop RNA and require polyadenylated tails unlike messenger RNAs[31]. CircRNAs 
are more stable in tissues, have a superior life period and are more resistant to Ribonuclease R 
compared with linear RNAs[32]. In a recent, the rapid development of high-throughput sequencing has 
promoted the detection of circRNAs and their roles in physiological and pathological processes, 
including GC carcinogenesis, have been evaluated. A recent study found circRNA Has_circ_0000745 
was downregulated in GC tissues and in plasma from patients with GC. Therefore, the use of these 
circRNAs has great potential as a new biomarker for diagnosis of GC[33]. The expression of 
hsa_circ_0001789 in 24 paired of cancerous and paracancerous plasma specimens were examined. A 
down-regulated expression of hsa_circ_0001789 was detected in GC plasma samples in comparison to 
the healthy controls, indicating that hsa_circ_0001789 has the potential to be a novel GC diagnostic 
biomarker[34]. CircPTPN22 is an outstanding diagnostic marker for GC. Utilizing receiver operator 
characteristic (ROC) analysis of circPTPN22 expression in GC patients, gastritis patients, and healthy 
controls, showed that its AUC was higher than that of traditional tumor markers CEA and CA19-9, and 
the AUC reached 0.892 after combined use[35]. 8-circRNA biomarker panel (hsa_circ_0001013, 
hsa_circ_0052001, hsa_circ_0034398, circ_0006089, hsa_circ_0002019, hsa_circ_0007380, 
hsa_circ_0008768, hsa_circ_0045602) discriminated patients with GC from normal control tissues, with 
an AUC value of 0.87 (95%CI: 0.82-0.93, sensitivity 78.3%, specificity 78.3%). Interestingly, 7 of 8 
circRNA markers significantly lower expressed in serum specimens after surgery. Furthermore, 8-
circRNA panel showed a greater specificity for the identification of patients with GC vs all other 
gastrointestinal cancers, such as colorectal cancer, pancreatic cancer, esophageal cancer, and hepato-
cellular carcinoma[36]. Studies using ncRNAs in screening/diagnostics of GC in the past 5 years are 
collected in Table 1.

Exosome
Exosomes are lipid bilayer-enclosed extracellular vehicles (EVs) approximately 30-150 nm in size, 
consist of a lipid bilayer interspersed with various membrane proteins, and which contain a variety of 
nucleic acids, proteins, and lipids[37]. Exosomes are secreted continuously by all cells and offer distinct 
prospects for clinically relevant diagnostic content, including DNA, RNA, and proteins[37]. Exosomes 
have been said to be associated with driving key features of cancer activity, including facilitation of 
tumor cell proliferation, suppression of the immune response, stimulation of tumor cell migration, 
initiation of angiogenesis, and formation of metastases[38]. Recently, growing evidences have 
established the latent diagnostic value of EVs or circulating exosomes for early diagnosis of GC. Due to 
the easiness to isolate exosomes compared with CTCs and cfDNA in malignant tumors, an growing 
number of studies will be highlighted on exosomes in the diagnosis of EGC in the next several decades. 
Exosomal lncUEGC1 exhibited an AUC of 0.8760 and 0.8406 in distinguishing EGC patients from 
normal subjects and those with atrophic gastritis, respectively, implying that exosomal lncUEGC1 had 
higher diagnostic reliability compared with CEA[39]. Circulating exosomal lncRNA proprotein 
convertase subtilisin/kexin type 2-2:1, G protein subunit alpha q-6:1 and GC-associated lncRNA1 
(lncRNA-GC1) have been reported as better biomarkers for distinguishing GC patients from healthy 
people, compared with CEA, CA19-9, and CA72-4[40-42]. Similarly, serum four exosoms, miR-92b-3p, 
miR-146b-5p, miR-9-5p, and miR-let-7g-5p have been shown to be latent biomarkers for early detection 
of GC[43]. Likewise, the ROC showed that serum exosomal miR-590-5p showed a good classifier with 
an AUC of 0.810 (95%CI: 0.751-0.860) with a sensitivity of 63.7% and specificity of 86.0%, suggesting that 
serum exosomal miR-590-5p expression may be a noninvasive diagnostic biomarker of GC[44]. MiR-
195-5p and miR-211-5p in GC patients’ plasma exosomes have shown to be upregulated compared to 
healthy controls. The AUC values of plasma exosomal 2-miRNAs signature was 0.820, which was more 
meaningful to discriminate the GC patients from the healthy samples, compared to the AUC values 
obtained for combined CEA, CA19-9[45]. circ_0065149 levels in plasma exosomes from EGC patients 
were significantly lower than those from healthy individuals. Thus, circ_0065149 revealed distinguished 
diagnostic accuracy, with an AUC of 0.64, sensitivity of 48.7%, and specificity of 90.2%[46]. Piwi-
interacting RNAs (piRNAs) are another class of small ncRNAs that are 26-31 nucleotides in length, and 
quite comparable in size to miRNAs. PiRNAs are distinctly different from miRNA counterparts because 
they lack the sequence conservation present in miRNAs. As a source for liquid biopsy, piRNAs have 
similar properties to miRNAs and stabile in the blood flow and resistant to ribonuclease mediated 
degradation. Therefore, piRNAs can be used as effective biomarkers for the early detection of GC. 
Serum exosomal piR-019308, piR-004918 and piR-018569 can be utilized for the diagnosis of GC with the 
AUC value of 0.820, 0.754 and 0.732, respectively. Diagnostic value of these piRNAs were much better 
than that of CEA, CA19-9 and alpha-fetoprotein[47]. Collectively, circulating exosome has clinical 
potentials in the early diagnosis of GC, which may lead to the identification of cancer subtypes. 
Exosome investigated as potential diagnostic GC markers are listed in Table 2.

Collectively, this section highlights the developments in the ncRNAs as a source for the development 
of non-invasive diagnostic biomarkers for GC patients. NcRNAs appear to have a crucial potential to be 
implemented into biomarker development for early detection of GC. On the other hand, a variety of 
circulating biomarkers have been reported in different research team. The clinical value of all these 
factors is not still defined. Some discrepancies among different studies can be caused by the hetero-
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Table 1 Overview of non-coding RNAs for early detection of GC in the past 5 years

Circulating 
biomarkers Alterations Patients Controls 

(normal) Sample Methods Sensitivity 
(%)

Specificity 
(%) AUC Ref.

miRNA

miR-25 Upregulated 65 65 Plasma qRT-PCR 87.6 76.9 0.817 [102]

miR-214 Downregulated 168 74 Plasma qRT-PCR 73.2 91.9 0.880 [103]

miR-376c Upregulated 47 67 Plasma qRT-PCR 71.0 78.0 0.77 [104]

miR-381 Downregulated 40 40 Serum qRT-PCR 83.6 97.5 0.931 [105]

miR-200c Upregulated 200 250 Tissue and 
blood

Micoarrayand 
qRT-PCR

74.0 66.0 0.75 [106]

miR-551b-5p Downregulated 40 40 Serum qRT-PCR 77.5 80.0 0.84 [107]

Combination of miR-
21, miR-93, miR-106a, 
and miR-196b

Upregulated 11 17 Plasma qRT-PCR 84.8 79.2 0.887 [108]

Combination of miR-
16, miR-25, miR-92a, 
miR-451 and miR-486-
5p

Upregulated 40 40 Plasma qRT-PCR 72.9 89.2 0.812 [109]

Combination of miR-
4257, miR-6785-5p, 
miR-187-5p and miR-
5739

Upregulated 1417 1417 Serum microarray 
analysis

0.996 (index) 0.953 (index) 0998 [23]

Combination of miR-
18a, miR-181b, and 
miR-335

Upregulated 176 173 Serum qRT-PCR 71.6 87.9 0.86 [95]

Combination of miR-
425-5p, miR-1180-3p. 
miR-122-5p, miR-24-3p 
and miR-4632-5p

Downregulated 30 90 Plasma qRT-PCR NA NA 0829 [21]

Combination of 
miRNA-3185, miRNA-
6083, miRNA-6792-3p, 
and miRNA-659-3p

Upregulated 52 30 Plasma qRT-PCR NA NA 0.825 [110]

Combination of 
miRNA-936, miRNA-
1306-3p

Downregulated 52 30 Plasma qRT-PCR NA NA 0.730 [110]

Long non-coding 
RNAs

ZNFX1-AS1 Upregulated 50 50 Plasma qRT-PCR 84 68 0.85 [26]

LINC00978 Upregulated 38 31 Serum qRT-PCR 80 70 0.831 [111]

CTC-501O10.1 Upregulated 100 100 Plasma qRT-PCR 90 51 0.74 [112]

AC100830.4 Upregulated 100 100 Plasma qRT-PCR 84 58 0.73 [112]

RP11-210K20.5 Upregulated 100 100 Plasma qRT-PCR 89 55 0.737 [112]

CTC-497E21.4 Upregulated 110 84 Serum qRT-PCR 81.8 75.0 0.896 [113]

SNHG17 Upregulated 67 67 Plasma qRT-PCR NA NA 0.748 [114]

ARHGAP27P1 Downregulated 53 53 Plasma qRT-PCR 75,5 60.4 0.732 [115]

PANDAR Upregulated 109 106 Plasma qRT-PCR NA NA 0.767 [27]

FOXD2-AS1 Upregulated 109 106 Plasma qRT-PCR NA NA 0.700 [27]

SMARCC2 Upregulated 109 106 Plasma qRT-PCR NA NA 0.748 [27]

LINC00086 Downregulated 168 74 Plasma qRT-PCR 72.6 83.8 0.86 [103]

B3GALT5-AS1 Upregulated 107 87 Serum qRT-PCR 87.4 74.7 0.816 [28]

C5orF66-AS1 Downregulated 200 278 Serum qRT-PCR 77.5 53.6 0.668 [29]
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HCP5 Upregulated 98 82 Serum qRT-PCR 80 70 0.818 [30]

Combined of lnc-
MB21D1-3:5, lnc-
PSCA-4:2 and lnc-
ABCC5-2:1

Upregulated 52 30 Plasma qRT-PCR NA NA 0904 [110]

circular RNAs

has_circ_0000745 Downregulated 60 60 Plasma qRT-PCR 85.5 45,0 0.683 [33]

circPTPN22 Upregulated 120 104 Plasma qRT-PCR 78.0 84.0 0.857 [35]

hsa_circ_0001789 Downregulated 24 24 Plasma qRT-PCR 84.0 50.0 0.82 [34]

8-circRNA biomarker 
panel

Upregulated 92 46 Serum qRT-PCR 78.3 78.3 0.87 [36]

miRNA: Micro RNA; qRT-PCR: Quantitative reverse transcriptase polymerase chain reaction; AUC: Area under curve; HCP5: HLA Complex P5; lncRNA: 
Long non-coding RNA; circ RNA: Circular RNA; NA: Not applicable; ZNFX1-AS1: ZNFX1 antisense RNA 1; PANDAR: Promoter of CDKN1A antisense 
DNA damage activated RNA; FOXD2-AS1: FOXD2 adjacent opposite strand RNA 1; SMARCC2: SWI/SN F related, matrix associated, actin dependent 
regulator of chromatin subfamily c member 2; B3GALT5-AS1: B3GALT5 antisense RNA 1; C5orf66-AS1: C5orf66 antisense RNA 1.

Table 2 Overview of exosome associated with early detection of gastric cancer

Marker Alterations Patients Controls 
(normal) Sample Methods Sensitivity 

(%)
Specificity 
(%) AUC Ref.

miRNA

miR-590-5p Downregulated 168 50 Serum qRT-PCR 63.7 86.0 0.810 [44]

miR-92a-3p Downregulated 131 122 Serum qRT-PCR NA NA 0.829 [116]

Combination of miR-92b-3p, 
let-7g-5p, miR-146b-5p, and 
miR-9-5p

Upregulated 36 12 Serum qRT-PCR 60 84 0.773 [43]

LncRNA

HOTTIP Upregulated 126 120 Serum qRT-PCR 69.8 85.0 0.827 [117]

UEGC1 Upregulated 51 60 Plasma qRT-PCR NA NA 0.876 [39]

Pcsk2-2:1 Upregulated 63 29 Serum qRT-PCR 84 86.5 0.896 [40]

GNAQ-6:1 Downregulated 43 27 Serum qRT-PCR 83.7 55.6 0.736 [41]

RNA-GC1 Upregulated 522 219 Serum qRT-PCR 88.2 82.3 0.90 [42]

piRNAs

piR-019308 Upregulated 70 60 Serum qRT-PCR 57.14 91.67 0.820

piR-004918 Upregulated 70 60 Serum qRT-PCR 42.86 95.0 0.754

piR-018569 Upregulated 70 60 Serum qRT-PCR 44.29 96.67 0.732

[47]

miRNA: MicroRNA; lncRNA: Long non-coding RNA; circRNA: Circular RNA; piRNA: Piwi-interacting RNAs; qRT-PCR: Quantitative reverse 
transcriptase polymerase chain reaction; NA: Not applicable; GNAQ-6:1: G protein subunit alpha q-6:1.

geneity of GC. Thus, a more precise patient inclusion criteria or enlarging of the cohort size could 
overcome the differences in ncRNAs expression caused by the intrinsic heterogeneity of the disease. 
More multicenter, greater, longer-term studies are warranted to apply liquid biopsies in clinical settings, 
in terms of early diagnosis of GC. We systematically summarized the ncRNAs as biomarker for early 
detection of GC in Figure 2.

DNA METHYLATION
DNA methylation is an epigenetic mechanism which lead to oncogenesis in GC through activation of 
oncogenes and silencing of tumor-suppressor genes[48]. In a recent, a variety of studies demonstrated 
that aberrant epigenetic regulations, such as DNA methylation, histone posttranslational modifications, 
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Figure 2 The summary of non-coding RNAs as biomarker for early detection of gastric cancer. Schematic of the non-coding RNAs composition. 
Liquid biopsy obtained from peripheral blood is composed of different tumoral components such as micro-RNA, long non-coding RNAs, and circular RNAs. miRNA: 
MicroRNA; lncRNA: Long non-coding RNA; circRNA: Circular RNA; piRNA: Piwi-interacting RNAs.

ncRNAs and chromatin remodeling, have a pivotal influence on the pathogenesis of GC. DNA 
methylation is well-investigated epigenetic change among the epigenetic modifications[49]. Nowadays, 
the importance of aberrant DNA methylation is identified by liquid biopsy, including plasma/serum 
and gastric juice. Tumor suppressor genes methylation in peripheral blood has been examined most 
broadly. Aberrant gene methylation identified in body fluids could be a useful biomarker for the early 
detection of GC, likewise SEPT9 in CRC. Numerous methylated gene promoters detected in ctDNA 
have been proposed for GC detection as a latent diagnostic marker[50]. Among them, aberrant 
methylation of Reprimo, RUNX3, RASSF1A, SFRP2, PCDH10, H19, and MALAT1 show high sensitivity 
and specificity, suggesting that they have superiority in the early detection of GC[51-55]. A recent study 
elucidated the association of aberrant DNA methylation with the risk of GC. Hypermethylation of 
SOCS3 promoter in blood extensively facilitated GC risk[56]. Genome-wide hypomethylation 
commonly occurs in repeated components that are normally hypermethylated to keep genomic stability. 
Long interspersed nucleotide element 1, Alu repetitive elements and human endogenous retroviruses 
are the main components of scattered repeated sequences[57]. Although a number of studies examined 
the perspective of DNA methylation as a biomarker in GC, the methylation levels in those studies were 
mainly shown from the tissues. Thus, novel aberrantly methylated genes whose roles in GC should be 
investigated, especially those detected by non-invasive methods.

DNA methylation is major epigenetic changes when pathogens invade to gastric mucosa, which 
allows the infection to persist and promotes the development of GC[58]. Helicobacter pylori (H. pylori) is 
one of the most important pathogens for GC. Previous studies have demonstrated that Alu and Satα 
hypomethylation was significantly correlated with H. pylori infection in patients with GC[59]. Although 
numerous studies were examined to elucidate the mechanism of epigenetic changes induced by H. pylori 
infection, useful biomarker for early detection in GC is still not applied in clinical setting. Most recent 
report demonstrated that FGFR4 activation was interacted with signal transducer and activator of 
transcription 3 thorough steroid receptor coactivator in response to H. pylori infection, suggesting that 
FGFR4 could be a candidate of biomarker for early detection of GC[60].

NOVEL BIOMAKER IDENTIFIED FROM MULTI-OMICS DATA
Previous classifications of GC have quite restricted achievement in advocating the advancement of 
subtype-specific treatment applies due to the heterogeneity of GC and their incapacity to detect latent 
molecular targets. With NGS, omics technologies have offered beneficial tools to examine the molecular 
basis of GC. Multiple omics-based studies have been used to evaluate the biofluids of GC patients, 
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which resulted in numerous novel biomarkers due to rapid progress in machine learning approaches
[61]. A number of mutations, gene alteration, protein abundance differences, epigenetic mutations, and 
metabolite concentrations which is linked to GC heterogeneity and staging, leading to improve our 
understanding of GC, have been successfully identified. NGS has high throughput and can screen 
unknown variants. A variety of methods are applying NGS to target panel, namely Tagged-Amplicon 
deep sequencing, Safe-Sequencing System, and Cancer Personalized Profiling by deep sequencing. The 
developments of NGS enable many applications in both DNA and RNA sequencing (RNA-seq), such as 
whole-genome, whole-exome, and targeted sequencing of DNA, and total RNA, mRNA, and small RNA
[62].

Proteins contribute to determine the identity of a cell[63]. Cell function can be affected by aberrant 
protein expression, or altered post-translational arrangements. Proteomic signatures can afford comple-
mentary information for patient stratification to genetic signature. Besides, proteins can be a useful tool 
as a biomarker for malignances[63]. The development of proteomics technologies, such as mass-
spectrometry (MS), has made it easier to identify protein biomarkers applied to tumor diagnosis. Liquid 
chromatography-MS (LC-MS) of digested proteins conducted with high-resolution instruments enable 
to quantitate thousands of proteins from complex biological specimens. Study using LC-MS/MS 
combined with TMT labeling, found that 11 proteins differentially expressed in plasma from EGC 
patients and healthy controls identified from the total of 2040 proteins. This model presented that the 
altered proteins found by plasma proteomics could provide a resource of potential biomarkers for 
diagnosis of EGC[64]. Isobaric tags for relative and absolute quantification (iTRAQ) are said to be the 
most widely used method for high-throughput protein quantification. The study using iTRAQ-labeled 
quantitative proteomics revealed that NAD(P)-dependent steroid dehydrogenase-like (NSDHL) and 
neutral cholesterol ester hydrolase 1 (NCEH1), key enzymes in cholesterol metabolism, were aberrantly 
expressed in patients with GC. Moreover, the combined analysis of NSDHL and NCEH1 showed high 
sensitivity compared with a single marker in detecting GC, indicating that NSDHL and NCEH1 may be 
adequate for novel biomarkers in the screening[65]. Identically, thioredoxin reductase 1 was aberrantly 
expressed in GC by using Itraq-labelling and/or LC-MS, supporting that these proteins are an 
important target for early determining and follow-up monitoring for GC[66]. Integration of phosphop-
roteome data with other types of omics data from young diffuse-type GC patients provided links of 
somatic mutations to phosphorylation changes in signaling pathways, association of mRNA-protein 
abundance correlations with survivals, and four subtypes of young diffuse-type GC patients charac-
terized by genomic and proteomic signatures, which may contribute to have a deep insight into diffuse-
type GCs[67]. More recent study using proteomics methods of serum based on high-resolution MS with 
ion mobility separation followed by multivariate statistics and network analysis presented that a 29-
protein marker panel containing, integrin β6 and glutathione peroxidase, and ten serum markers 
specific for GC (ITIH1, FZD6, DPP10, SERPINA4, AKAP12, S100A9, POTEF, CACNB1, CRP KIAA1328), 
which were independent of H. pylori infection[68]. Multi-omic analysis characterizing the intricate 
relationships between the intragastric microbiome and gastric mucosal gene expression revealed higher 
abundances in several bacterial taxa (Pasteurellaceae, Enterococcaceae, Helicobacteraceae, Gemellales and 
Neisseriaceae) and genes (SOCS3 and ITM2A) were shown in GC patients. In turn, Lachnospiraceae was 
closely associated with the expression of Ubiquitin D, which regulates mitosis and cell cycle time in GC
[69]. Besides, lower abundances of B cell signatures in GC compared to gastritis may suggest a 
previously unidentified immune evasion process in gastric carcinogenesis. These results suggest that a 
combined analysis of microbiome and gene expression may help to devise a diagnostic kit that screens 
for high-risk patients of GC who require surveillance endoscopy.

STOMACH SPECIFIC BIOMARKER
The measurement of a biomarker in a gastric juice sample should be specific for early-stage GC than the 
same biomarker measured in plasma/serum because it is obtained directly from the area of the lesion, 
which would lead to avoid dilution of the biomarkers and their lack of specificity[70]. Because DNA is 
easily degraded due to gastric juice acidity, the main part of biomarkers identified in gastric juice are 
ncRNAs and some proteins. A significantly increased miR-135b-3p and miR-199a-3p, and a decreased 
miR-451a levels in gastric juice-derived EVs from GC patients was shown compared to non-cancer 
individuals[71]. LncRNAs in gastric juice and urine have also been reported as biomarkers of GC and 
urinary system cancer, respectively[72]. On the other hand, a recent study revealed that the levels of 
SNCG in gastric juice detected by enzyme-linked immunosorbent assay were significantly higher in the 
GC group compared with the control group[73]. Analysis using gastric juice-derived exosomal DNA 
samples presented that BARHL2 methylation had an area under the curve of 0.923 with 90% sensitivity 
and 100% specificity which suggested the feasibility of the application of BARHL2 methylation for 
screening for GC biomarker[74]. Although a number of studies elucidating the value of gastric juice as a 
biomarker for early detection of GC were carried out, the limitation is the tolerance of the patients as a 
usual examination due to the discomfort of gastroscopy.
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Serological examinations, which are noninvasive and relatively convenient. can offer efficient 
indicators of gastrointestinal diseases. Markers of gastric function such as pepsinogen (PG)-I, PG-II, PG-
I/PG-II ratio, gastrin 17, anti-H. pylori antibodies are used to cooperatively diagnose chronic atrophic 
gastritis (CAG)[75]. A recent meta-analysis has presented the use of serum pepsinogens revealed 
significant diagnostic accuracy for the early detection of gastric CAG or GC[76]. Among the various cut-
off values investigation, PG rate ≤ 3 and PG-I ≤ 70 ng/mL have been proposed for CAG and GC 
prediction. Although there are numerous studies for evaluating PG as biomarker for early detection of 
GC, the potential use of pepsinogens in GC prevention is still not well-established.

DISCUSSION AND FUTURE PERSPECTIVE
Biomarkers are biological molecules implicated in the initiation and progression of cancer, and determ-
ination of their levels can clarify abnormal molecular changes in patients[77]. Morphological detection 
of diseased gastric epithelial cells using upper gastrointestinal endoscopy has always been the standard 
method for diagnosis of GC. However, the false-positive rates for endoscopic screening in the first 
round are said to be 14.9%. Notably, endoscopy is easily missed during screening, even when it is 
performed by qualified endoscopists. In this review, we describe the comprehensive and systematic 
search for and development of blood-based biomarkers for early detection of GC. Identification of 
highly sensitive biomarkers for GC screening might render upper gastrointestinal endoscopy 
unnecessary. Biomarker has assisted in the advancement of new DNA, RNA, and protein-based cancer 
biomarkers that can be detected from noninvasive, sensitive, specific, and cost-effective body fluids. 
These include the OncoBEAMTM RAS CRC liquid biopsy assay approved by the European Commission 
as an in vitro diagnostic tool for colorectal cancer therapy, and this has led to the early detection of 
emergent resistance to anti-epidermal growth factor receptor treatment and the assessment of genomic 
profile during treatment in clinical settings[78]. Such assays may also enable us to abandon approved 
but useless treatments for patients resistant to molecular targeted agents or immunosuppressants. For 
instance, with this technology the future patients with stage II or III GC with a low risk of postoperative 
recurrence may be simply monitored under active surveillance without adjuvant chemotherapy and 
possibly be started to treat from when MRD is detected (Figure 1). Although ctDNA for detection of 
MRD can be an emerging clinical biomarker for disease monitoring in GC, applications of ctDNA in 
clinical practice require more comprehensive examination in prospective trials.

However, several technical factors are hindering the use of liquid biopsy biomarkers in clinical use. A 
major challenge is the very low levels of peripheral DNA/RNA[79]. In 2022, ESMO published 
recommendations on the use of ctDNA in genomic testing and clinical practice. Based on its review of 
the different aspects of ctDNA, the ESMO Precision Medicine Working Group provides some outlook 
on the future of ctDNA examination. Considering deficient sensitivity in clinical practice for gene 
fusions and copy number variations and advancing tests to discriminate accurate results for more 
progressive genotyping are included in their recommendations[80]. To overcome these issues, several 
upgraded liquid biopsy approaches for cancer diagnosis are under development. It is likely that precan-
cerous and cancerous lesions can be detected by combinations of biomarkers with superior sensitivity 
and specificity, fulfilling an unmet need in clinical practice. Combining biomarkers, such as ncRNAs, 
can enhance the sensitivity and specificity for detecting EGC. However, it would be difficult to identify 
the ideal combination of other biomarkers that can enhance the overall detection performance. Correl-
ations between different types of biomarkers like the association pattern to guide the choice of panels 
can be effectively identified using biostatistical approaches. For example, a serum biomarker miRNA 
panel consisting of 12 miRNAs was developed for risk assessment in patients with GC. With the use of a 
multitarget miRNA assay in more than 5000 individuals in Singapore and Korea, this panel showed an 
AUC of 0.848 and 87% sensitivity and 68.4% specificity values to distinguish GC patients from healthy 
controls. Moreover, upgrading of the AUC to 0.884 and specificity to 69.4% for GC detection were 
achieved by the combination of this 12-miRNA panel with patient age, H. pylori serology, and the 
plasminogen I:II ratio[81]. Combinations of ctDNA mutations with other biomarkers, such as protein or 
methylation have been examined toward the goal of improving the overall sensitivity. It has been 
demonstrated that the combination of ctDNA and protein biomarkers can markedly increase the 
sensitivity[82]. Genome-wide methylation and protein marker profiles have been validated for a 
combination of mSEPT9, mRNF180 and CA724 for the detection of GC, and the combination of all three 
markers detected 68.6% of GC cases[83].

Another important strategy for improving the sensitivity and specificity of GC detection is the use of 
innovative bioinformatic algorithms. Machine learning involves various computational techniques that 
are used to simplify large numbers of measurements into lower-dimensional outputs that are more 
explainable[84]. In the case of GC, a combination of artificial intelligence (AI)-based endoscopy and 
miR148a methylation has been evaluated for the diagnosis of gastric indefinite dysplasia[85]. 
Interestingly, a recent study using the microbial compositions of the Cancer Genome Atlas (TCGA) of 
18116 human blood samples across 33 cancer types and stochastic gradient-boosting machine learning 
models effectively discriminated cancer-free individuals, patients with cancer, and patients with 
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multiple types of cancer[86]. A new concept of cfDNA is also expected to be applied to cancer diagnoses 
in the near future.

Unfortunately, there is a lack of standardized technique for isolation, amplification and detection in 
the use liquid biopsies for early diagnoses in clinical settings. One of the most meaningful accom-
plishments regarding biomarkers for early cancer detection is the emergence of high-throughput 
technological platforms such as NGS, which allows comprehensive quantification of whole genome or 
transcriptome. The cost of NGS has greatly declined over the past several decades, which has allowed 
the sequencing of a larger number of clinical biospecimens, as well as the ability to generate datasets 
with higher depth of coverage. The opportunity to generate higher resolution data for low expressing 
transcripts improves the ability to detect rare cancer-derived transcripts in circulation. A study aiming 
to found the latent miRNA for predicting GC by AI in the Gene Expression Omnibus (GEO) datasets, 
particularly with several states of the machine learning methods and the Boruta algorithm, demon-
strated that the use of hsa-miR-1343-3p could predict GC with the AUC of 100% (sensitivity 100%, 
specificity 100%, ROC 100%)[87]. In a recent study using high-throughput RNA-seq, the expression 
profiles of circRNAs in serum EV between GC patients and healthy individuals were examined. The 
results demonstrated that the circRNA, Chr10q11, Chr1p11, and Chr7q11 were upregulated in GC; the 
AUC of the three combined circRNAs was 0.839 (95%CI: 0.772-0.893) with 73.2% sensitivity and 84.1% 
specificity. The construction of a circRNA-miRNA-mRNA network predicted that the three identified 
circRNAs interact with 13 miRNAs and 91 mRNAs. These findings suggest that panels of EV circRNAs 
may provide new insights into the early diagnosis of GC[88]. With the use of publicly available gene 
expression profiles from the TCGA and GEO datasets, a recent study explored the circRNA-miRNA-
mRNA interaction axis by constructing a competing endogenous (ce)RNA network. On the basis of the 
hub RNAs included in ceRNA, the screening of the model for predicting the mRNA signature and 
miRNA signature by LASSO regression analysis found that both five mRNA-based signatures (CTF1, 
FKBP5, RNF128, GSTM2 and ADAMTS1) and five miRNA-based signatures (miR-145-5p, miR-615-3p, 
miR-6507-5p, miR-937-3p and miR-99a-3p) had superior capacity to predict the diagnosis of GC patients 
with the AUC of 0.9975[89]. Similarly, a study using regulatory networks for circRNA-miRNA-immune-
related mRNA validated in the new GEO and TCGA datasets identified various ceRNA (circRNA-
miRNA-immune-related mRNA) regulatory networks in GC constructed by hsa_circ_0050102–hsa-miR-
4537-NRAS-Tgd cells, hsa_circ_0001013-hsa-miR-485-3p-MAP2K1-Tgd cells, hsa_circ_0003763-hsa-miR-
145-5p-FGF10-StromaScore, hsa_circ_0001789-hsa-miR-1269b-MET-adipocytes, hsa_circ_0040573-hsa-
miR-3686-RAC1-Tgd cells, and hsa_circ_0006089-hsa-miR-5584-3p-LYN-neurons, among which FGF10, 
MET, NRAS, RAC1, MAP2K1, and LYN showed promising diagnostic significance for GC patients[90]. 
In a study based solely on bioinformatics models constructed a circRNA-miRNA-mRNA network based 
on three circRNAs, 43 miRNAs, and 119 mRNAs, and upregulations of hsa_circ_0001013, 
hsa_circ_0007376, and hsa_circ_0043947 were observed, which may offer a new pathway for mechanical 
examinations and provide possible biomarkers for early detection of GC[91]. Likewise, in a 
bioinformatics circRNA-miRNA-gene interaction network analysis, two circRNAs (CircCEACAM5 and 
CircCOL1A1) cooperated with GC correlated miRNAs and their host genes were suggested as the 
pivotal diagnostic biomarker for GC[92]. The emergence of single-cell sequencing technologies has 
markedly improved the resolution of low-input sequencing. The recent introduction of single-cell 
DNA/RNA-seq provides an opportunity to detect cell types and cell status. For example, a single-cell 
expression atlas of gastric premalignant gastric lesions and EGC identified the expression signatures of 
multiple cell types across different lesions, as well as a panel of six high-confidence markers that could 
serve as specific biomarkers for early diagnosis of GC[93]. A weighted gene co-expression network 
analysis (WGCNA) aims to: (1) Identify co-expressed modules in multiple biological samples based on 
correlations between different gene expression profiles; and (2) Explore the relationship between gene 
networks and phenotypes of interest, as well as the hub genes in the network[94]. Performing a 
WGCNA can prevent the false-negative and false-positive results of previous biological methods. 
WGCNA data from the GEO database revealed hub genes involved in GC and identified four functional 
genes (ITGAX, CCL14, ADHFE1, and HOXB13) that were differentially expressed in tumor and normal 
gastric samples. Another study applying a WGCNA to screen potential biomarkers for EGC using RNA-
seq and clinical data from the TCGA database identified five hub genes, MS4A1, THBS2, VCAN, 
PDGFRB, and KCNA3[94]. These technological developments will allow more researchers to conduct 
comprehensive assessment of molecular profiles in the human circulatory system.

Systematic studies applying the molecular profiling of ncRNAs for cancer biomarker have been 
developed. Several investigations have used tissue profiling data to identify ncRNA as a potential 
biomarker, leading to the evaluation of these cancer-associated ncRNA signatures in blood cohorts. 
Multiple tissue sequencing datasets were recently used to identify highly overexpressed miRNAs in GC 
tissues. Risk probabilities using quantitative reverse transcriptase polymerase chain reaction data for 
three miRNAs (miR-18a, miR-181b, and miR-335) were validated and showed much better diagnostic 
performance than the conventional tumor markers CEA and CA19-9 currently in use. Moreover, the 
three-miRNA signature discriminated between patients with stage I GC and cancer-free individuals. 
More importantly, using the miRNA signature was significantly more cost-effective relative to the 
current clinical practice of endoscopic screening, suggesting the robustness of a GC associated miRNA 
signature in multiple cohorts[95].
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Table 3 Clinical trials of blood-based biofluid biomarkers for gastric cancer detection

Clinical 
trials Type of trial Phase Results Participants 

(estimated) Assay Comments

ctDNA

NCT05027347 Cohort NA Recruiting 200 Ultradeep massive parallel 
sequencing assay

Development of a protocol for detection of 
ctDNA in plasma of patients with early stages 
of GC

NCT04511559 Cohort NA Not yet 
recruiting

540 ctDNA methylation 
sequencing

The correlation between the plasma ctDNA 
methylation status and the diagnosis of patients 
with early GC

NCT05208372 Case-control NA Recruiting 200 CTC and ctDNA test Investigation of the value of CTCs and ctDNA 
in the diagnosis of metastasis of GC in 
peritoneal flushing fluid and blood

NCT04665687 Cohort NA Recruiting 1730 Illumina HiSeq2000/2500-
based, MiSeq NGS targeted 
sequencing

Identification whether tumor’s molecular 
profiling based on blood could be used for 
diagnosis of EGC and precancerous gastric 
adenoma

NCT05029869 Cohort NA Recruiting 100 NGS technologies Study aims to evaluate the use of NGS to detect 
ctDNA in GC patients after gastrectomy

NCT05224596 Case-control NA Recruiting 498 Blood draw and blood-based 
biomarkers analyses

Multi-omics 498 study aimed at detecting GC 
by combined assays for serum protein markers, 
deep sequencing of cfDNA, ctDNA mutation 
and RNA

miRNAs

NCT04329299 Cohort NA Completed 6862 Blood-based biomarkers 
analyses

Validation of the predictive value of various 
blood biomarkers, such as miRNA

lncRNAs

NCT05397548 Cohort NA Recruiting 700 RT-PCR Study to investigate the predictive value of 
circulating exosomal lncRNA-GC1 for early-
detection and monitoring progression of GC

Methylation

NCT04511559 Cohort NA Not yet 
recruiting

540 ctDNA methylation 
sequencing

Methylation analysis of ct DNA in early 
diagnosis in patients with GC

NCT03076567 Observational NA Completed 440 NA Discovery and validation of plasma DNA 
methylation biomarker for detection of GC

NCT05336058 Cohort NA Recruiting 1240 Multi-target PCR Exploration of the clinical performance of 
polygene methylation in the adjunctive 
diagnosis of GC

NCT04253106 Non-
randomized

NA Recruiting 10 NGS Activating methylation profiles identified by 
liquid biopsies could identify CDH1 and 
CTNNA1 pathogenic variants carriers with 
DGC

Multi-omics

NCT04947995 Case-control NA Recruiting 450 ctDNA multi-omics test Exploration of a blood-based multi-omics assay 
and computational model for early detection of 
GC

NCT05347524 Observational NA Recruiting 384 Blood draw and blood-based 
biomarkers analyses

Detection of peritoneal metastasis of GC by 
combined assays for methylation of cfDNA and 
other blood-based biomarkers

GC: Gastric cancer; NGS: Next generation sequencing; PCR: Polymerase chain reaction; DGC: Diffuse gastric cancer; ctDNA: Circulating tumor DNA; 
cfDNA: Cell-free DNA; miRNA: MicroRNA; lncRNA: Long non-coding RNA; NA: Not applicable; lncRNA-GC1: Gastric cancer-associated lncRNA1.

More multicenter studies and prospective evaluations in large clinical trials are necessary for the 
integrations of such biomarkers into GC screening platforms supporting the daily clinical treatments of 
GC patients. Several clinical trials have explored the use of a liquid biopsy for early diagnosis of setting 
for patients with GC (Table 3). However, all of the trials were either observational, case-control, or 
cohort trials; no randomized control trial assessing liquid biopsy have been conducted to date. Hence, 
incorporating liquid biopsies into clinical practice for GC may be difficult.



Matsuoka T et al. Novel biomarkers of GC

WJG https://www.wjgnet.com 2527 May 7, 2023 Volume 29 Issue 17

Regarding the development of a circulating non-invasive biomarkers for early detection of GC, 
specificity for stomach would provide an additional confidence and suggested robustness of GC 
biomarkers. Biomarkers that are highly specific to GC will reduce the false positive rates, and thus are 
helpful in clinical practice. The detection of dysregulated genes that are highly expressed specifically in 
distinct organ could make it easier to find the locations of cancer. For example, KRAS mutations are 
rarely identified in healthy individuals, which makes these mutations highly cancer-specific. 
Nevertheless, detecting KRAS mutations in the circulation does not help identify the location of cancer 
as KRAS mutations can occur in multiple cancer types. Using candidates for GC specific driver genes, 
such as CDH1 and RhoA, may be possible to increase the specificity as diagnostic biomarkers of GC
[96]. Growing evidences suggest that some EVs released from specific organs retain tissue-specific 
molecular features. It was recently reported that tumor cell-specific molecules, i.e., circulating exosome-
derived lncRNA-GC1 can be used as a biomarker to detect EGC and monitor disease progression[42]. 
Interestingly, a clinical study (ClinicalTrials.gov identifier NCT05397548) investigated whether 
circulating exosomal lncRNA-GC1 could support the early-detection and progression monitoring of GC. 
It is thus possible to measure ncRNA content of cancer-specific exosomes to further increase cancer 
specificity as biomarkers for GC diagnosis. The status of acquired DNA methylation can be tissue-
specific and maintained during carcinogenesis, and examination of this status could allow the discovery 
of the tumor of origin[97], suggesting that biomarkers based on DNA methylation could have the 
additional potential to provide key information to guide follow-up clinical decision making. Multiple 
cancer types have been identified via high-depth, targeted bisulfite sequencing analysis of a large panel 
of methylation sites that have signals specific to certain organs; these panels include DEEPGEN™, 
CancerSEEK, PanSEER, cfMeDIP-se,q GRAIL, IvyGene®, and stMCEDs. Using these panels, excellent 
rates of detection in individuals with cancer were obtained[98]. However, the specificity of GC in 
individuals with early disease have been limited. A cost-effective experimental assay, called cell-free 
DNA Methylome Sequencing (cfMethyl-Seq) profiles the genome-wide methylation of cfDNA, offering 
> 12 × enrichment over whole-genome bisulfite sequencing in CpG islands[99]. By integrating four 
marker types, namely cancer-specific hypermethylation markers, tissue hypermethylation markers, 
cancer-specific hypomethylation markers types, and tissue hypomethylation markers, a cfMethyl-Seq 
model showed an AUR of 0.974 (95%CI: 0.926-0.998), yielding a sensitivity of 80.7% (95%CI: 68.6%-
90.7%) at 97.9% specificity in multiple organs, including those with GC.

Collectively, the combination of multiple parameters and multiple analytes obtained by emerging 
machine learning methods will help address the challenges of EGC detection. Overcoming the limitation 
of cancer biomarker translation into clinical practice will require the development of high throughput, 
multiplexing techniques that can be easily incorporated into clinical settings as well as large-scale 
prospective research and interventional clinical trials with standardized specimen processing and data 
collection procedures.

CONCLUSION
Increased understanding of the molecular genetics and epigenetics of GC has led to the progress of 
molecular marker assays for GC screening. Liquid biopsy is emerging as a promising future screening 
technique for clinical testing owing to the use of a single sample and ease of specimen collection. The 
advancement of new technologies with improved sensitivity, such as methylation sequencing and 
multi-omics analysis, and rapid, global detection capacities that allowed the identification of novel 
potential biomarkers for early detection of GC.
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Abstract
In the world, nonalcoholic fatty liver disease (NAFLD) accounts for majority of 
diffuse hepatic diseases. Notably, substantial liver fat accumulation can trigger 
and accelerate hepatic fibrosis, thus contributing to disease progression. 
Moreover, the presence of NAFLD not only puts adverse influences for liver but is 
also associated with an increased risk of type 2 diabetes and cardiovascular 
diseases. Therefore, early detection and quantified measurement of hepatic fat 
content are of great importance. Liver biopsy is currently the most accurate 
method for the evaluation of hepatic steatosis. However, liver biopsy has several 
limitations, namely, its invasiveness, sampling error, high cost and moderate 
intraobserver and interobserver reproducibility. Recently, various quantitative 
imaging techniques have been developed for the diagnosis and quantified 
measurement of hepatic fat content, including ultrasound- or magnetic resonance-
based methods. These quantitative imaging techniques can provide objective 
continuous metrics associated with liver fat content and be recorded for compa-
rison when patients receive check-ups to evaluate changes in liver fat content, 
which is useful for longitudinal follow-up. In this review, we introduce several 
imaging techniques and describe their diagnostic performance for the diagnosis 
and quantified measurement of hepatic fat content.

Key Words: Non-alcoholic fatty liver disease; Hepatic steatosis; Imaging techniques; 
Quantitative evaluation; Ultrasound; Quantitative ultrasound
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Core Tip: Accurate evaluation of the hepatic steatosis is important. The conventional gray scale ultrasound 
has the limitation of low diagnostic accuracy for mild hepatic steatosis and inability to make quantification 
evaluations. Quantification imaging techniques including ultrasound-based techniques and magnetic 
resonance imaging-based techniques can provide objective continuous numbers associated with liver fat 
content and past records can be found when patients receiving check-ups to evaluate change of liver fat 
content, which is useful for the longitudinal follow-up to monitor the impact of clinical interventions.

Citation: Zeng KY, Bao WYG, Wang YH, Liao M, Yang J, Huang JY, Lu Q. Non-invasive evaluation of liver 
steatosis with imaging modalities: New techniques and applications. World J Gastroenterol 2023; 29(17): 2534-
2550
URL: https://www.wjgnet.com/1007-9327/full/v29/i17/2534.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2534

INTRODUCTION
There are several types of chronic liver diseases, but nonalcoholic fatty liver disease (NAFLD) is the 
broadest state[1,2]. NAFLD represents a wide range of liver abnormalities[3]. Over 25% of general 
population is influenced by NAFLD, while affected proportion of type 2 diabetes population is 55%-80%
[1]. Simple fatty liver may progress to non-alcoholic steatohepatitis (NASH), which is a severe form of 
fatty liver characterized by inflammation of hepatocyte. This form may result in cirrhosis with portal 
hypertension or liver dysfunction or even to hepatocellular carcinoma (HCC)[4]. Notably, there is an 
annual incidence of 0.4 cases of HCC per 1000 population-years among patients with NAFLD, making it 
the third most common cause of HCC in the United States[5]. A diagnosis of NAFLD is associated with 
not only adverse effects on the liver, but also an increased risk of type 2 diabetes and cardiovascular 
disease[6,7]. A study suggested that there was a significant increase in mortality associated with liver-
specific diseases or cardiovascular diseases in patients with NAFLD compared to controls[8]. For 
patients who received hepatectomy, hepatic steatosis can increase incidence of postoperative complic-
ations and death[9]. The risk of graft failure for patients undergoing liver transplantation increases 
when hepatic steatosis exceeds 30%[10].

As NAFLD poses substantial risks of HCC, liver-associated complications and other adverse events to 
patients, it is of great importance to diagnose and quantify hepatic fat content early[4]. NAFLD is likely 
to be reversible in its early stage even with simple treatments, for example, lifestyle changes[11]. In 
addition, the main factor contributing to disease progression in patients with NAFLD is liver fibrosis[1,
3]. Abundant liver fat accumulation can trigger and accelerate hepatic fibrosis, thus contributing to 
disease progression[12,13]. Therefore, in patients with NAFLD, quantitative measurements of liver 
steatosis could be useful for prognostic assessment and treatment[4]. Although high level of liver fat can 
lead to fibrosis progression, it is of note that the level of liver fat is not always parallel to the grade of 
fibrosis. It has been suggested that patients without fibrosis or in the early stages of fibrosis may 
demonstrate obvious disease progression with high level of liver fat content; however, the fat content 
decreases when disease progresses to advanced fibrosis or cirrhosis[14-16]. Therefore, when evaluating 
the value of measuring hepatic steatosis for assessing disease progression and prognosis, the fibrosis 
status should first be taken into account[17].

When it comes to diagnosing diffuse hepatic disease, liver histopathologic examination is the most 
precise method. With liver biopsy, quantification of the liver fat level is classified into four grades 
(grade 0, < 5%; grade 1, 5%-33%; grade 2, 33%-66%; grade 3, > 66%)[18]. Although the use of liver 
biopsy correctly evaluates liver steatosis, its limitations include its invasiveness, sampling error, which 
make biopsy impractical for patients who have only simple steatosis[19,20]. Therefore, noninvasive 
methods to diagnose the presence of steatosis and to monitor changes in hepatic steatosis are needed 
(Table 1). Conventional gray-scale ultrasound can be applied to diagnose liver steatosis. However, its 
inability to provide accurate quantification of liver fat has limited its use in the diagnostic pathway of 
liver steatosis[21]. At present, a number of imaging techniques for the evaluation of hepatic fat content, 
including MR- and ultrasound-based methods, have been developed. In this review, we summarize the 
available imaging methods for the quantified measurement of hepatic fat content. In addition, we briefly 
discuss the clinical performance of these methods.

ULTRASOUND-BASED METHODS TO DIAGNOSE AND QUANTIFY HEPATIC STEATOSIS
Table 2 summarizes published diagnostic utility metrics and optimal cutoff values of quantitative 
ultrasound methods for quantified measurement of hepatic fat content.

https://www.wjgnet.com/1007-9327/full/v29/i17/2534.htm
https://dx.doi.org/10.3748/wjg.v29.i17.2534
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Table 1 Characteristics of imaging techniques for hepatic steatosis evaluation

Techniques Clinical characteristics Limitations

CAP Low cost; High availability; Time-saving High measurement failure rate

Allows simultaneous evaluation of steatosis and fibrosis Measurement without B-mode ultrasound image

Moderate to high diagnostic accuracy for detecting and 
grading steatosis

The cutoff value for diagnosing steatosis is poorly 
standardized

Moderate to high repeatability and reproducibility

Well validated

ATI, ATT and UGAP Outperform or have comparable diagnostic accuracy 
compared with CAP

The measurement may be influenced by liver 
fibrosis

High repeatability and reproducibility Fairly small number of studies

Strong correlation with liver histology or MRI-PDFF

Low measurement failure rate

Measured on B-mode ultrasound images

Att. PLUS Measurement is obtained at the same time as the sound 
speed measurement

Fairly small number of studies

Comparable diagnostic accuracy with CAP No study comparing this technique with liver 
histology or MRI-PDFF

TAI and TSI High diagnostic accuracy for detecting and grading 
steatosis

Fairly small number of studies

Strong correlation with MRI-PDFF

High repeatability and reproducibility

BSC Uses a reference phantom to reduce sources of variability 
due to ultrasound systems or operators

Fairly small number of studies

High diagnostic accuracy for detecting and grading 
steatosis

Strong correlation with liver histology or MRI-PDFF

High repeatability and reproducibility

UDFF Is a combination of both attenuation coefficient and 
backscatter coefficient

Fairly small number of studies

UDFF approximates MRI-PDFF

ASQ and NLV Moderate to high diagnostic accuracy for detecting and 
grading steatosis

Weak correlation with liver histology

Strong correlation with CAP The correlation with MR-based techniques is 
controversial

The influence of fibrosis on measurement is 
controversial

Fairly small number of studies

SS Moderate to high diagnostic accuracy for detecting and 
grading steatosis

Fairly small number of studies

Strong correlation with CAP

MRS and MRI-PDFF High diagnostic accuracy for detecting and grading 
steatosis

High cost; low availability

Considered as the reference standard Time-consuming

CAP: Controlled attenuation parameter; ATI: Attenuation imaging; ATT: Attenuation measurement function; UGAP: Ultrasound-guided attenuation 
parameter; Att. PLUS: Attenuation plane-wave ultrasound; TAI: Tissue attenuation imaging; TSI: Tissue scatter distribution imaging; BSC: Backscatter 
coefficient; UDFF: Ultrasound-derived fat fraction; ASQ: Acoustic structure quantification; NLV: Normalized local variance; SS: Speed of sound; MRS: 
Magnetic resonance spectroscopy; MRI-PDFF: Magnetic resonance imaging-proton density fat fraction.
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Conventional gray scale ultrasound
Due to its low price and availability, gray scale ultrasound is a traditional diagnostic method for 
diagnosing and monitoring liver steatosis[22]. When using this method, fatty infiltration is indicated by 
the following signs: Hyperechogenicity of the liver parenchyma, liver-to-kidney comparison, ultrasound 
beam attenuation, and impaired visualization of the intrahepatic structures[23]. However, it is difficult 
for operators to grade liver steatosis solely based on the gray scale ultrasound[24]. Degree of liver fat 
content can be classified into 4 grades (normal, mild, moderate, and severe)[22]. For moderate to severe 
hepatic steatosis, gray scale ultrasound has a high diagnostic accuracy. A meta-analysis enrolling a total 
of 2815 patients and using hepatic histopathologic results as the golden standard demonstrated that the 
overall sensitivity and specificity of gray scale ultrasound to distinguish normal liver and moderate 
steatosis were 85% and 93%[25]. However, gray scale ultrasound has restricted diagnostic performance 
for mild steatosis[24]. Another limitation is that gray scale ultrasound is based on qualitative visual 
features, and the intraobserver and interobserver reproducibility vary with different operators[26,27].

Hepatorenal index
To improve the diagnostic performance of using gray scale ultrasound for the measurement of liver 
content, hepatorenal index (HRI) was developed[28] (Figure 1). This metric calculates the rate of 
parenchymal echo of the liver and the renal cortex[28]. Previous studies found that HRI had a 
significant correlation with histologic steatosis[29-31]. Marshall et al[32] reported a sensitivity, 
confirmed by liver biopsy, of 100% with an HRI cutoff of 1.27 for detecting more than 5% steatosis. 
Borges et al[33] reported for diagnosing fatty liver, the cutoff value of 1.24 revealed 93% sensitivity and 
specificity, but this study only used healthy volunteers as the control group. Stahlschmidt et al[34] 
suggested in livers with advanced fibrosis, HRI should not be used to measure steatosis because fibrosis 
replaces fat as NAFLD progresses. Similarly, patients suffering from chronic kidney disease may 
present increased echo of the renal cortex, which makes the HRI unreliable for grading steatosis[35]. 
Furthermore, Kjaergaard et al[36] found that HRI presented a higher incidence of failure (12%) 
compared to controlled attenuation parameter (CAP, 2%). In addition, it can be challenging to diagnose 
mild steatosis by HRI[33].

Quantitative ultrasound techniques
Mechanism of quantitative ultrasound techniques: Conventional gray scale ultrasound and HRI 
cannot provide quantitative information about liver fat content. Essentially, quantitative methods are 
used to model the relationship between physical properties of hepatic tissue and the echo signals that 
are scattered by it. The impedance difference of fat vesicles in hepatocytes causes increased scattering 
magnitudes and signal attenuation. A frequency-dependent analysis of signal attenuation and 
backscatter is performed on signals returned by tissue[37].

The quantitative ultrasound techniques used for the measurement of hepatic fat quantification 
included the spectral-based techniques and the techniques based on envelope statistics. Estimation of 
either attenuation coefficient (AC) or the backscatter coefficient (BSC) is used for spectral based 
techniques. The AC measures energy loss as ultrasound wave passes through tissue and the BSC 
measures the returned ultrasound energy when ultrasound wave strikes the microstructure of tissue. 
Techniques based on the envelope statistics of the backscattered ultrasound include the acoustic 
structure quantification (ASQ), normalized local variance (NLV), and estimation of sound speed[38]. 
Techniques according to envelope statistics are relatively novel. Microstructural characteristics of tissues 
can be determined by the shape and attributes of backscattered ultrasound[38].

Current commercial techniques and their mechanism of hepatic steatosis quantification are presented 
in Table 3.

CAP: CAP was the initial available technique for quantified measurement of hepatic fat content. 
Attenuation of the ultrasound beam is applied to generate the CAP amount[39,40]. Typically, two types 
of probes, the medium probe and the extra-large probe, can be utilized. The choice of optimal probe is 
automatically controlled according to skin-to-liver capsule distance (SCD). When the SCD exceeds 2.5 
cm, the extra-large probe is more effective than the M probe. The CAP is presented in units of decibels 
per meter (dB/m)[41].

More than 160 studies have discussed the efficacy of CAP as a metric for quantified measurement of 
liver fat content, and acceptable accuracy was found. The general diagnostic accuracy evaluated by the 
area under the receiver operating curve (AUROC) of CAP for detecting presence of steatosis has been 
displayed to range from 0.64 to 0.97[42-44]. A meta-analysis including 19 studies found that CAP had 
good diagnostic performance with AUROCs of 0.823 for distinguishing steatosis grade > S0, 0.865 for 
distinguishing steatosis grade > S1, 0.882 for distinguishing steatosis grade > S2. The corresponding 
optimal cutoff values for > S0, > S1, > S2 were 248, 268 and 280 dB/m. Moreover, they found that there 
was a potential link between NAFLD, diabetes mellitus, and body mass index with the CAP value[45]. 
Although the diagnostic utility of CAP for differentiating patients with and without hepatic steatosis 
has been fully validated, the optimal cutoff value to determine the presence of steatosis varies 
significantly between studies[17]. A meta-analysis of 2346 participants with different diffused hepatic 
diseases demonstrated that CAP cutoffs varied according to the etiology of the hepatic diseases, 
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Table 2 Summary of studies using ultrasound methods to evaluate hepatic steatosis

Ref. No. Method Reference standard Grade of steatosis Optimal cutoff 
value AUROC

Bae et al[59], 2019 108 ATI LB ≥ S1 0.64 0.84

≥ S2 0.70 0.89

≥ S3 0.75 0.93

Bae et al[60], 2022 120 ATI LB ≥ S1 0.66 0.91

≥ S2 0.66 0.91

Tada et al[62], 2019 148 ATI LB ≥ S1 0.66 0.85

≥ S2 0.67 0.91

≥ S3 0.68 0.91

Tada et al[63], 2020 119 ATI MRI-PDFF ≥ S1 0.63 0.81

≥ S2 0.73 0.87

≥ S3 0.75 0.94

Jeon et al[61], 2019 87 ATI MRI-PDFF ≥ S1 0.59 0.76

Ferraioli et al[65], 2019 129 ATI MRI-PDFF ≥ S1 0.63 0.91

≥ S2 0.72 0.95

Ferraioli et al[66], 2021 72 ATI-GEN MRI-PDFF ≥ S1 0.62 0.92

ATI-PEN MRI-PDFF ≥ S1 0.69 0.90

Sugimoto et al[67], 
2021 

111 ATI LB ≥ S1 0.67 0.88

≥ S2 0.72 0.86

≥ S3 0.86 0.79

Hsu et al[70], 2021 28 ATI LB ≥ S1 0.69 0.97

≥ S2 0.78 0.99

≥ S3 0.82 0.97

Kwon et al[57], 2021 100 ATI MRI-PDFF ≥ S1 0.62 0.91

≥ S2 0.72 0.94

Jang et al[58], 2022 57 ATI LB ≥ S1 0.62 0.81

Koizumi et al[73], 2019 89 ATT LB ≥ S1 0.68 0.74

≥ S2 0.72 0.80

≥ S3 0.78 0.96

Tamaki et al[54], 2018 351 ATT LB ≥ S1 0.63 0.79

≥ S2 0.69 0.87

≥ S3 0.85 0.96

Fujiwara et al[75], 2018 163 UGAP LB ≥ S1 0.53 0.90

≥ S2 0.60 0.95

≥ S3 0.65 0.96

Imajo et al[76], 2022 1010 UGAP MRI-PDFF ≥ S1 0.65 0.91

≥ S2 0.71 0.91

≥ S3 0.77 0.89

Kuroda et al[79], 2021 202 UGAP LB ≥ S1 0.49 0.89

≥ S2 0.65 0.91
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≥ S3 0.69 0.92

Tada et al[80], 2019 126 UGAP MRI-PDFF ≥ S1 0.60 0.92

≥ S2 0.69 0.87

≥ S3 0.69 0,89

Jeon et al[83], 2021 120 TAI MRI-PDFF ≥ S1 0.88 0.86

TSI MRI-PDFF ≥ S1 91.2 0.96

Rónaszéki et al[84], 
2022 

110 TAI MRI-PDFF ≥ S1 0.59 0.92

TSI MRI-PDFF ≥ S1 99.7 0.91

Şendur et al[85], 2023 80 TAI MRI-PDFF ≥ S1 0.75 0.95

≥ S2 0.86 0.97

≥ S3 0.96 0.97

TSI MRI-PDFF ≥ S1 92.44 0.96

≥ S2 96.64 0.91

≥ S3 99.45 0.94

Lin et al[91], 2015 204 BSC MRI-PDFF ≥ S1 0.0038 0.98

Dillman et al[94], 2022 56 UDFF MRI-PDFF ≥ S1 5% 0.90

Labyed et al[37], 2020 101 UDFF LB ≥ S1 8.1% 0.94

≥ S2 15.9% 0.88

≥ S3 16.1% 0.83

AUROC: Area under the receiver operating characteristic curve; LB: Liver biopsy; MRI-PDFF: Magnetic resonance imaging-proton density fat fraction; ATI: 
Attenuation imaging; ATT: Attenuation measurement function; UGAP: Ultrasound-guided attenuation parameter; TAI: Tissue attenuation imaging; TSI: 
Tissue scatter distribution imaging; BSC: Backscatter coefficient; UDFF: Ultrasound-derived fat fraction.

Figure 1 Hepatorenal index. In this case, the result was 2.66, indicating severe hepatic steatosis.

including NAFLD, chronic viral hepatitis, alcoholic liver disease[46].
The CAP value demonstrated a moderate to strong correlation with magnetic resonance (MR)-based 

techniques for liver steatosis quantification[47,48]. However, compared with MR-based methods, the 
CAP has inferior diagnostic ability in grading liver steatosis. Diagnostic effectiveness of MR 
spectroscopy (MRS) over CAP for diagnosing S1 was significantly higher (AUROC, 0.77 vs 0.99)[49]. 
Imajo et al[50] demonstrated suboptimal diagnostic performance of CAP compared to MRI-proton 
density fat fraction (MRI-PDFF) in grading liver steatosis.

However, CAP has the limitation of failure rate up to 7.7%. According to previous reports, an 
association was found between measurement failure and sex, body mass index, and metabolic 
syndrome[51]. Use of the extra-large probe can reduce the failure rate because it is designed for patients 
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Table 3 Summary of techniques for liver fat quantification and their mechanisms

Technique Mechanism for liver fat 
quantification Principle of the techniques

CAP Spectral based technique (AC) CAP measures the attenuation of or reduction in the amplitude of the ultrasound waves 
on their way through the liver

ATI Spectral based technique (AC) ATI quantifies the degree of the ultrasound beam attenuation. The attenuation of the 
ultrasound beam is calculated by analyzing echo signals received by the transducer

ATT Spectral based technique (AC) Two ultrasonic waves of different frequencies (F0, F1; F0 < F1) are transmitted to the same 
beamline and the received signal is obtained. ATT estimates the attenuation coefficient it 
by calculating the slope of the received signal ratio (F0/F1)

UGAP Spectral based technique (AC) UGAP compares the measured liver signal and the referential signal (measured on the 
reference phantom with known attenuation and backscatter coefficients)

Att. PLUS Spectral based technique (AC) Att. PLUS measures the decrease in amplitude of ultrasound waves as they propagate 
throughout the tissue

TAI Spectral based technique (AC) TAI is determined based on the attenuation properties of different frequency components 
in the tissue, and the spectrum of radiofrequency signals provides a downshift of the 
center frequency according to depth. The TAI parameter indicates the slope of the 
ultrasound center frequency downshift

BSC Spectral based technique (BSC) BSC measures the ultrasound energy returned from the tissue

UDFF Spectral based technique (BSC) UDFF is obtained by combining both AC and BSC and the result is presented as the 
percentage of hepatic steatosis. Reference phantom data is integrated into the ultrasound 
system and fixed-acquisition region of interest is applied

TSI Envelope Statistic based technique The TSI is based on the shape parameter of the Nakagami distribution which reflects the 
local concentration and arrangement of ultrasound scatterers

ASQ Envelope Statistic based technique ASQ measures the FD ratio, which is based on the difference between theoretical and real 
echo amplitude distributions

NLV Envelope Statistic based technique NLV parameter was derived from ASQ, which analyzed ultrasound amplitudes sampled 
from gray-scale ultrasound images

SS Envelope Statistic based technique SS calculates the speed of sound through the liver

SSp.PLUS Envelope Statistic based technique SSp.PLUS is a novel technique that allows quantification of the intrahepatic speed of 
sound which is correlated with the liver fat content

AC: Attenuation coefficient; BSC: Backscatter coefficient; CAP: Controlled attenuation parameter; ATI: Attenuation imaging; ATT: Attenuation 
measurement function; UGAP: Ultrasound-guided attenuation parameter; Att.PLUS: Attenuation plane-wave ultrasound; TAI: Tissue attenuation imaging; 
UDFF: Ultrasound-derived fat fraction; TSI: Tissue scatter distribution imaging; ASQ: Acoustic structure quantification; NLV: Normalized local variance; 
SS: Speed of sound; SSp.PLUS: Sound speed plane-wave ultrasound; FD: Focal disturbance.

with obesity[4].

Quantification of attenuation using ultrasound imaging: Several techniques aiming to evaluate the 
attenuation coefficient applying ultrasound guidance have been exploited, including attenuation 
imaging (ATI), attenuation measurement function (ATT), and ultrasound guided attenuation parameter 
(UGAP). CAP has a disadvantage that it lacks the guidance of gray scale ultrasound images in choosing 
the area for measurement. In contrast, the ATI, ATT, and UGAP techniques are characterized by 
evaluating liver steatosis on gray scale ultrasonography images with accurate placement of region of 
interest[17]. When using these techniques, conventional gray scale ultrasound images can be evaluated 
simultaneously, and the exact region of interest can be placed to avoid the vessels, bile duct, masses or 
cysts. Therefore, the technical success rate using these methods is high[52-55]. Another advantage of 
ATI, ATT, and UGAP is that these techniques have high intraobserver and interobserver agreement. A 
range of 0.81 to 0.98 is found for the intraobserver agreement of ATI, and a range of 0.79 to 0.92 is found 
for the interobserver agreement. Although there are few studies investigating the topic, the intraob-
server and interobserver agreement of UGAP is reported to be 0.86 and 0.84, respectively. In addition, 
ATI measurements among different operators demonstrated high agreement (intraclass correlation 
coefficients: 0.91)[17,44,56].

ATI is a kind of two-dimensional attenuation imaging technique (Figure 2)[57,58]. ATI assesses the 
attenuation of ultrasound beams in a region of interest using color-coded maps in real time. dB/cm/
MHz is the unit of measurement for the attenuation coefficient[35]. In addition, to ensure a high 
technique success rate, the ATI is equipped with a reliability index (R2), and an R2 value ≥ 0.80 is 
considered a reliable measurement[59-61]. In the reported measurements, the cutoff values ranged from 
0.63 to 0.69 dB/cm/MHz for detecting ≥ S1, 0.66-0.72 dB/cm/MHz for detecting ≥ S2, and 0.68-0.86 dB/
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Figure 2 Attenuation imaging technique by Canon with reliability indicator (R2)[40]. The Gray scale image and the corresponding attenuation imaging 
image are shown side by side. The attenuation coefficient measurement of the images shown here is 0.73 dB/cm/MHz with an R2 of 0.97, indicating a valid 
measurement. Citation: Seneviratne N, Fang C, Sidhu PS. Ultrasound-based hepatic fat quantification: current status and future directions. Clin Radiol 2023; 78: 187-
200. Copyright© The Author(s) 2023. Published by Elsevier Ltd. The authors have obtained the permission for figure using (Supplementary material).

cm/MHz for detecting = S3. The reported AUROCs were 0.80-0.97 for detecting ≥ S1, 0.86-0.99 for 
detecting ≥ S2, and 0.79-0.99 for detecting = S3[59-70]. It has been found that ATI measurements have a 
significant correlation with histological steatosis grade determined by liver biopsy[59,60,67]. Addi-
tionally, in case where MRI-PDFF was applied as the gold standard, the ATI demonstrated positive 
correlation with it (r = 0.70-0.83)[57,65,66]. The ATI also outperformed the CAP in evaluating the grades 
of hepatic steatosis. A study including 72 consecutive adult patients found that the AUROC for 
detecting S0 vs S1-S3 of CAP was lower than that of ATI (0.85 vs 0.92, respectively)[66].

ATT is a technique developed by Fujifilm Health Care company (previously Hitachi Medical Systems, 
Japan) (Figure 3). In ATT, a beamline is connected to an ultrasonic transmitter with two ultrasonic 
waves of different frequencies (F0, F1) at once. The received signal is obtained, and attenuation coeffi-
cients are determined by the slope of the received signal ratio (F0/F1). The results are presented in units 
of dB/cm/MHz[54,55,71-73]. A study enrolled 351 patients and biopsy specimens were examined 
quantitatively for fat content. In terms of fat area, ATT had a significant correlation (r = 0.50, P < 0.001). 
The cutoff values were 0.62 dB/cm/MHz for S ≥ 1, 0.67 dB/cm/MHz for S ≥ 2 and 0.73 dB/cm/MHz 
for S ≥ 3 and corresponding AUROCs were 0.79, 0.87 and 0.96[54]. An analysis of 94 patients who 
received both ATT and CAP examinations when undergoing liver histopathologic examination revealed 
that ATT exhibited diagnostic accuracy equivalent to that of CAP for grading histological steatosis[73].

With known attenuation and BSC, an ultrasound system uses a phantom method to calculate 
attenuation coefficients measurement implemented in UGAP (Figure 4). Using this method, the US 
system's transmitting and receiving beamforming characteristics can be compensated. The result is 
presented in units of dB/cm/MHz[4,74-76]. Several studies reported good diagnostic efficacy of UGAP 
for liver fat content quantification applying hepatic histological results as the gold standard, and a 
positive association was found between UGAP and steatosis percentage (correlation coefficient: 0.78-
0.81). The reported AUROCs were 0.89-0.92 for detecting steatosis grade ≥ S1, 0.90–0.95 for detecting 
steatosis grade ≥ S2, and 0.88-0.96 for detecting steatosis grade = S3[75,77-79]. Several other studies 
compared UGAP with MR-based methods, and a significant correlation between MR-based methods 
and attenuation coefficient values by UGAP was found (correlation coefficient: 0.72-0.77)[76,80]. Imajo et 
al[76] conducted a multicentric study with 1010 patients and reported that UGAP had good diagnostic 
efficacy for making quantified measurement of liver fat content. In their study, the AUROCs were 0.910 
for detecting MRI-PDFF ≥ 5.2%, 0.912 for MRI-PDFF ≥ 11.3%, and 0.894 for MRI-PDFF ≥17.1%[76]. 
Fujiwara et al[75] reported that as compared to CAP, UGAP achieved significantly higher AUROCs for 
identifying ≥ S2 (0.950 vs 0.841) and ≥ S3 (0.959 vs 0.817). In addition, they also reported 5.2% of CAP 
patients had measurement failures, while no UGAP patients did. Tada et al[81] reported that there was 
no effect of liver stiffness on UGAP attenuation coefficient values.

Attenuation plane-wave ultrasound: Attenuation Plane-Wave Ultrasound (Att. PLUS) presents 
information on ultraphonic beam attenuation through a region of interest. The ultrasound beam 
attenuation is calculated in a region of interest at a constant depth. The attenuation coefficient results are 
displayed in units of dB/cm/MHz[56]. The Att. PLUS measurement is combined with the sound speed 
measurement for each acquisition. It is the median of five measurements taken consecutively that 
determines the final result[35]. Only one published study regarding this method was found. Popa et al
[82] carried out a study aiming to assess the clinical value of Att. PLUS of noninvasive measurement of 
fatty liver with the CAP value considered as control. They reported that the cutoff value to detect S2-S3 

https://f6publishing.blob.core.windows.net/3fa91692-92ab-49d7-bee5-3bd3a02fe404/WJG-29-2534-supplementary-material.pdf
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Figure 3 The attenuation measurement function technique was developed by Fujifilm Health Care company[4]. The attenuation coefficient 
(0.68 dB/cm/MHz) is measured in a fixed area (yellow box) along the same axis as the liver stiffness measurement. Ten acquisitions are performed, and the median 
value is utilized as the final metric. Citation: Ferraioli G, Berzigotti A, Barr RG, Choi BI, Cui XW, Dong Y, Gilja OH, Lee JY, Lee DH, Moriyasu F, Piscaglia F, Sugimoto 
K, Wong GL, Wong VW, Dietrich CF. Quantification of Liver Fat Content with Ultrasound: A WFUMB Position Paper. Ultrasound Med Biol 2021; 47: 2803-2820. 
Copyright© The Author(s) 2021. Published by Elsevier Ltd. The authors have obtained the permission for figure using (Supplementary material).

Figure 4 The ultrasound-guided attenuation parameter method implemented in the LOGIQ E9 XDclear 2.0 US scanner[4]. The attenuation 
coefficient is 0.47 dB/cm/MHz, indicating less than 5% steatosis. Citation: Ferraioli G, Berzigotti A, Barr RG, Choi BI, Cui XW, Dong Y, Gilja OH, Lee JY, Lee DH, 
Moriyasu F, Piscaglia F, Sugimoto K, Wong GL, Wong VW, Dietrich CF. Quantification of Liver Fat Content with Ultrasound: A WFUMB Position Paper. Ultrasound 
Med Biol 2021; 47: 2803-2820. Copyright© The Author(s) 2021. Published by Elsevier Ltd. The authors have obtained the permission for figure using (Supplementary 
material).

was 0.5 dB/cm/MHz (sensitivity 53.1%, specificity 82.0%), and the AUROC was 0.72.

Tissue attenuation imaging and tissue scatter distribution imaging: Tissue attenuation imaging (TAI) 
parameter indicates slope of the ultrasound central frequency downshift along depth, which is able to 
be utilized to calculate acoustic attenuation. The tissue scatter distribution imaging (TSI) parameter is a 
measurement of the Nakagami parameters in the region of interest, which reflects the concentration of 
ultrasound scatterers and their arrangement locally[35,83].

We found three studies comparing TAI and TSI with MRI-PDFF, and these studies revealed that both 
TAI and TSI revealed correlation with MRI-PDFF[84-86]. Jeon et al[86] enrolled 120 patients to assess 
feasibility of TAI and TSI for hepatic steatosis quantification utilizing MRI-PDFF as the reference. 
According to MRI-PDFF, the participants were classified into three groups (≤ 5%, 5%-10%, and ≥ 10%). 
They found that both methods had excellent utility for diagnosing and evaluating the degree of hepatic 
steatosis. For diagnosing fatty quantification of ≥ 5% and ≥ 10%, the AUROCs of TAI were 0.861 and 
0.835, and those of TSI were 0.964 and 0.935, respectively[86]. Rónaszéki et al[84] compared TAI with TSI 
utilizing MRI-PDFF as gold standard enrolling 101 participants and found that TAI provided better 
diagnostic performance than TSI for diagnosing ≥ 5% MRI-PDFF (AUROC: 0.89 vs 0.87) and ≥ 10% 
(AUROC: 0.93 vs 0.86). TAI and TSI revealed good intra- and interobserver agreement. In TAI, the intra- 
and interobserver ICCs were reported at 0.994 and 0.975, respectively, while in TSI, they were reported 
at 0.991 and 0.947[87].

Techniques based on ultrasound BSC: Using the BSC, we can determine amount of ultrasound energy 
reflected by the tissue. Applying computer algorithm and a reference phantom, the BSC can be 

https://f6publishing.blob.core.windows.net/3fa91692-92ab-49d7-bee5-3bd3a02fe404/WJG-29-2534-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3fa91692-92ab-49d7-bee5-3bd3a02fe404/WJG-29-2534-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3fa91692-92ab-49d7-bee5-3bd3a02fe404/WJG-29-2534-supplementary-material.pdf
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estimated with less changeability resulted from ultrasound systems and operators. The right liver lobe 
was used to obtain gray scale images, and in the same liver region, a continuous series of 10 frames of 
transducer signals was captured. Then, in the tissue-imitating reference phantom, which mimics the 
acoustic properties of human hepatic tissue, consecutive frames were noted without changing scanner 
settings[35,88-90].

The diagnostic accuracy of the BSC has been evaluated by Lin et al[91] by analyzing 204 participants. 
They found that BSC was positively correlated with MRI-PDFF (Spearman’s ρ = 0.80; P < 0.0001). BSC 
had an AUROC of 0.98 with a cutoff value of 0.00381/cm-steradian for detecting patients with hepatic 
steatosis. In addition, when using the optimal BSC cutoff value, in the training group, hepatic steatosis 
was detected with 93% sensitivity and 97% specificity, while in the validation group, it was detected 
with 87% sensitivity and 91% specificity[91].

Han et al[89,90,92,93] published several studies focusing on the use of the BSC. In a study including 
102 participants, they revealed moderate correlation of the BSC with MRI-PDFF (Pearson’s r = 0.58, P < 
0.001)[93]. In addition, they enrolled 41 participants to study the repeatability and reproducibility of 
BSC and found that ICC were 0.87-0.95 for BSC acquired without participant repositioning and 0.69-0.82 
with participant repositioning, suggesting that BSC measurement is repeatable and reproducible in 
patients with NAFLD[89].

Ultrasound-derived fat fraction
The ultrasound-derived fat fraction (UDFF) technique is a coalition of attenuation coefficient and BSC, 
and a percentage of liver fat content is reported as the result. Data from reference phantoms is 
integrated into the ultrasound system, and a fixed-acquisition region of interest is utilized[4] (Figure 5). 
Labyed and Milkowski[37] designed the UDFF method and conducted a study including 101 
participants. They found that the UDFF was positively correlated with the MRI-PDFF (Pearson’s r = 
0.87). Using the histology results as the gold standard, the AUROCs of UDFF were 0.94 for detecting S ≥ 
1, 0.88 for S ≥ 2 and 0.83 for S = 3. When using MRI-PDFF to be the gold standard, AUROCs of UDFF 
were 0.97 for diagnosing MRI-PDFF higher than 5%, 0.95 for diagnosing MRI-PDFF higher than 10%
[37]. Similarly, Dillman et al[94] reported that liver fat content quantification applying UDFF showed a 
significant correlation with MRI-PDFF (Spearman’s ρ = 0.82; P < 0.001).

ASQ: Quantifying the acoustic structure of an environment by comparing theoretical and real echo 
amplitude distributions is referred to as ASQ. In order to compute the theoretical echo amplitude distri-
bution of the hepatic section imaged, the Rayleigh distribution function, assuming that solely 
ultrasound beam interference from small scattering objects generates the speckle pattern, is applied. 
However, actual echo amplitude distribution of the liver parenchyma does not follow the Rayleigh 
distribution. Because ultrasound beams are scattered by small structures, for example the walls of 
hepatic vessels, resulting in heterogeneity in echo amplitudes[95,96]. However, when diffuse liver 
diseases cause changes in parenchymal echotexture, ASQ can provide quantitative information by 
comparing theoretical echo amplitude distribution to a real distribution[97]. Kuroda et al[98] tested the 
ASQ-derived focal disturbance ratio (FD ratio) with 9 Leptin-deficient mice in comparison with 
histopathological results and found that the FD ratio had significant negative correlations with the fat 
droplet area (Spearman r = -0.72, P = 0.0017) and fat droplet size (Spearman r = -0.98, P = 0.0052), 
suggesting that the FD ratio can be used to quantify steatosis grade in an animal model and may be a 
quantitative metric of hepatic steatosis[98]. Karlas et al[95] conducted a cohort study to compare ASQ 
with MRS, and negative correlation was found between FD ratio and MRS (Spearman r = -0.43, P = 
0.004). Similarly, in a prospective study including 36 patients with suspected fatty liver disease, the FD 
ratio showed a strong, negative correlation with the MRS in 36 patients[99]. Son et al[100] also reported 
FD ratio is comparable to hepatic fat fraction by MRS to make quantified measurement of liver fat 
content and diagnose liver fat content more than 10% in donor liver patients. Keller et al[96] found 
significant negative correlation between ASQ and steatosis level obtained by histological examination (r 
= -0.55, P < 0.0001). Nevertheless, they found no correlation between histologically determined fibrosis 
stage and any measurements of ASQ.

NLV: The NLV is derived from ASQ and analyzes ultrasound amplitudes sampled from grayscale 
ultrasound images[4,101]. Bae et al[102] assessed the clinical value of the NLV in the measurement of 
liver fat content in comparison with MRS in 40 male mice using histopathology as the golden standard 
and found that the AUROCs for diagnosing mild, moderate, and severe hepatic steatosis were 0.953, 
0.896, and 0.735, and the NLV value performed similarly to MRS in detecting mild or moderate hepatic 
steatosis. The same authors also conducted a study with 194 patients to assess the diagnostic efficacy of 
the NLV for diagnosing and grading liver fat content using liver histopathology as the reference 
standard. They demonstrated the NLV had excellent diagnostic efficacy in detecting and grading fatty 
liver with AUROCs of 0.911 for ≥ steatosis grade 1, 0.974 for ≥ steatosis grade 2, and 0.954 ≥ steatosis 
grade 3[103].

Speed of sound: A speed of sound (SS) estimation is based on the fact that sound speed varies with fat 
content in soft tissues, and that the relationship between sound speed and liver fat percentage can be 
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Figure 5 Ultrasound-derived fat fraction method[40]. The ultrasound-derived fat fraction method approximates the magnetic resonance imaging-derived 
proton density fat fraction and is based on the combination of the attenuation and backscatter coefficient. The method provides both liver stiffness measurement (5.9 
kPa in this case) and the percentage of fat accumulation (14% in this case). Citation: Seneviratne N, Fang C, Sidhu PS. Ultrasound-based hepatic fat quantification: 
current status and future directions. Clin Radiol 2023; 78: 187-200. Copyright© The Author(s) 2023. Published by Elsevier Ltd. The authors have obtained the 
permission for figure using (Supplementary material).

identified[104]. Dioguardi Burgio et al[104] carried out a study aiming to explore the value of SS for 
detecting and quantifying liver steatosis and included 100 patients who underwent both SS and 
abdominal MR. They found that, in the training cohort, a cut-off value of less than 1.537mm/s led to 
87% sensitivity and 95.7% specificity for diagnosing any steatosis with an AUROC of 0.882%. Based on 
an SS cut-off value of 1.511mm/s, the sensitivity was 100% and specificity was 95.6% for detecting 
moderate to severe steatosis and the AUROC was 0.989[104].

Sound speed plane-wave ultrasound (SSp.PLUS) is a novel technique for measuring intrahepatic 
sound speed which is correlated with the liver fat content. The measurement of SSp.PLUS is expressed 
in m/s[82]. Popa et al[82] performed a study with 215 patients to test the value of SSp.PLUS in detecting 
and grading hepatic fat level applying the CAP value as the gold standard. As a first finding, SSp.PLUS 
is more closely correlated with CAP values than Att.PLUS: (r = -0.74) vs (r = 0.45). Furthermore, the 
SSp.PLUS cut-off of less than 1516 m/s indicated 98.36% specificity and 58.74% sensitivity for predicting 
the presence of significant steatosis (S2-S3)[82].

CONCLUSION
Quantification ultrasound techniques can provide objective continuous number associated with liver fat 
content and past records can be found when patients receiving check-ups to evaluate change of degree 
of fatty liver, which is useful for follow-up to monitor the impact of any clinical interventions. Besides, 
as hepatic steatosis may pose adverse effects to prognosis of patients, quantification of liver fat holds 
clinical significance. For example, substantial hepatic fat accumulation may contribute to rapid disease 
progression toward NASH or liver fibrosis[105]. Patients with liver resections are more likely to suffer 
postoperative complications and die due to liver fat accumulation. Compared with patients without 
steatosis, those with ≤ 30% steatosis have a significantly increased risk of postoperative complications 
and patients with > 30% steatosis have an increased risk of postoperative death[9,106,107]. It is worth to 
be mentioned that simple steatosis may lead to poor prognosis. A study carried out in a nationwide 
Swedish cohort from 1966 to 2017 including 10568 patients found that simple steatosis, non-fibrotic 
NASH, non-cirrhotic fibrosis, and cirrhosis were associated with significant higher hazard ratio for 
mortality risk compared with controls. The all-cause mortalities of cohorts with simple steatosis, non-
fibrotic NASH, non-cirrhotic fibrosis, and cirrhosis were 2.52% person-years, 3.03% person-years, 3.53% 
person-years, and 7.05% person-years respectively whereas the mortality of population comparators 
was 1.69% person-years[108]. Association between imaging quantification method and clinical 
prognosis is another issue. In patients with chronic hepatitis C, CAP value ≤ 221 dB/m is associated 
with higher risk of HCC and in patients with NAFLD, CAP value ≤ 265 dB/m is associated with higher 
risk of HCC[109]. Similarly, in another cross-sectional study including 130 patients (HCC) and 54 
patients (chronic hepatitis C), the authors reported that CAP value of chronic hepatitis C group was 
significantly higher than that of HCC group (259.96 dB/m vs 209.57 dB/m, P < 0.001)[110].

While serving as the conventional reference standard, liver histopathologic test has the limitations of 
invasiveness, sampling error, and high cost. Issues including availability, cost, accuracy and reliability 
should be taken into consideration when choosing the optimal noninvasive methods. The further 
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application of noninvasive methods is desirable for detecting and grading hepatic steatosis at the initial 
diagnosis and monitoring changes in liver fat content during follow-up after receiving clinical therapies.

MRS and MRI-PDFF are reported to be the most accurate imaging modalities for quantified 
measurement of liver fat content. However, their low accessibility and high cost make it impossible to 
use MR-based techniques as repeatable methods to monitor the process of liver steatosis. Therefore, 
ultrasound-based techniques are more desirable with the advantages of portability and cost-effect-
iveness. CAP is the first method based on attenuation of the ultrasound beam, and its performance has 
been validated in several studies. However, the limitations of CAP are nonnegligible in that due to its 
blindness, it has a high rate of measurement failures because it cannot determine the exact location of 
the region of interest. UGAP, ATT and ATI have been developed to improve this situation, and these 
metrics can be used to evaluate degree of fatty liver on gray scale ultrasonography in real-time with a 
correct region of interest. The CAP measurement also showed suboptimal performance in quantifying 
liver fat content especially in mild steatosis, which limited its use as a golden standard to evaluate the 
efficacy of novel imaging methods for liver fat content quantification. In addition, techniques derived 
from other principles, such as ASQ, TSI and UDFF, have been developed. These techniques are reported 
to have nice clinical efficacy for liver fat quantification. Nevertheless, studies exploring value of such 
techniques enrolled a small number of participants. Therefore, future studies enrolling more 
participants are needed to test the utility of such techniques. Besides, imaging-based techniques may 
have some limitations. For example, CAP, ATI and MRI-PDFF may be unable to differentiate grade 2 
with grade 3 liver steatosis.

Several hepatic steatosis quantification tools are launched by commercial platforms. Larger clinical 
studies are needed to compare the efficacy among different products. For patients with NAFLD, except 
for steatosis, inflammation and fibrosis are also significant features which are associated with prognosis. 
The steatosis measurement is able to be obtained together with the stiffness value by some tools. In this 
way, comprehensive evaluation of patients with NAFLD can be made. Except for elastography tools, 
ASQ has also been studied to evaluate liver stiffness. Hepatic steatosis measurement and stiffness 
measurement, in conjunction with other ultrasound methods, are promising tools for patients with 
diffuse liver disease to supervise curative effect and disease progression. Developing such a multi-
parametric ultrasound modality will require future studies.
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Abstract
Alcohol-related hepatitis (ARH) is a unique type of alcohol-associated liver 
disease characterized by acute liver inflammation caused by significant alcohol 
use. It ranges in severity from mild to severe and carries significant morbidity and 
mortality. The refinement of scoring systems has enhanced prognostication and 
guidance of clinical decision-making in the treatment of this complex disease. 
Although treatment focuses on supportive care, steroids have shown benefit in 
select circumstances. There has been a recent interest in this disease process, as 
coronavirus disease 2019 pandemic led to substantial rise in cases. Although 
much is known regarding the pathogenesis, prognosis remains grim due to 
limited treatment options. This article summarizes the epidemiology, genetics, 
pathogenesis, diagnosis and treatment of ARH.
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Core Tip: The aim of this article is to review alcohol-related hepatitis (ARH). Despite 
the increased understanding of the pathogenesis of this disease process, treatment 
options remain limited. Our review article focuses on epidemiology, genetics, 
pathogenesis, diagnosis and treatment. We also discuss complications of ARH along 
with their optimal management and ongoing clinical trials. Further research evaluating 
therapeutic targets for its management are warranted.
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INTRODUCTION
The burden of alcohol-associated liver disease continues to grow with rising cases during and even after 
the coronavirus disease 2019 (COVID-19) pandemic[1-2]. Some experts believe that the rise in cases 
during the COVID-19 pandemic will have long lasting effects on society and healthcare. Alcohol is an 
integral part of American culture and its widespread use cuts across socioeconomic and racial lines. 
Alcohol-related liver disease (ALD) can range from hepatic steatosis to end-stage liver disease. Alcohol-
related hepatitis (ARH), a form of ALD, is an acute inflammatory syndrome of jaundice and liver injury 
occurring in patients with significant alcohol use. The severity can range from subclinical to acute severe 
illness, which is associated with high mortality. The recent trends in ARH hospitalizations in the United 
States suggest its importance in the current realm of clinical practice[1-4].

The prevalence of ARH has been on a rise even prior to COVID-19 pandemic[4]. Studies have shown 
a 53% increase in ARH from 2019 to 2020 with a 64% increase in the latter phase of the pandemic[2]. 
Multiple other studies have shown that the societal disruptions associated with the pandemic have 
further intensified the rise in cases of ARH. ARH can resolve with abstinence and supportive therapy; 
however, these measures do not guarantee recovery in all patients. Acute-on-chronic liver failure 
(ACLF) and development of cirrhosis are the most feared complications of ARH and is associated with 
significant morbidity and mortality. Thus, identifying patients early during the course of the disease is 
critical.

PREVALENCE
The true prevalence of ARH is difficult to assess as patients can be asymptomatic and remain 
undiagnosed. A study by Jinjuvadia et al[5] evaluating the temporal trends in ARH hospitalizations 
reported an increase in patients with ARH from 249884 in 2002 to 326403 in 2010. Their study included 
hospitalizations with a primary and secondary diagnosis of ARH. To estimate true prevalence, Ali et al
[4] included patients only with a primary diagnosis of ARH and reported an increase in the total hospit-
alizations from 67070 in 2009 to 125540 in 2019. They also reported an increase in inpatient mortality 
from 2.48% in 2009 to 3.78% in 2019. The increase in the cases of ARH has been further intensified 
during the COVID-19 pandemic, especially in younger patients and in women.

ARH is also associated with a significant risk of mortality. Mortality has been estimated to be around 
15% at 30 d and 39% at 1 year and has been linked to the severity of the disease[5]. Patients with mild 
liver injury have a 20% mortality, while patients with severe liver injury have an overall 40% mortality
[6]. Mortality in patients with higher Maddrey’s discriminant function (MDF) score (> 30), a surrogate 
marker of severity, is estimated to be between 30%-50%[7-8].

In previous years, there has also been an increase in the healthcare burden of ARH hospitalizations. 
An increase was noted in the mean inpatient cost for ARH hospitalizations from $31189 in 2009 to 
$62229 in 2019[4]. A study by Thompson et al[9], using commercial insurance claims, examined hospit-
alized patients between 2006-2013 and reported the average cost per patient is $145000 in their cohort of 
15546 patients. They also reported the cost surrounding death of ARH was 200%-300% higher than the 
average cost surrounding death.

EPIDEMIOLOGY
Alcohol intake: The amount of alcohol consumption that places patients at risk of ARH is largely 
unknown. The estimates of the amount of alcohol consumed by patients may not be accurate as they are 
based on interviewing patients and family members[9]. The majority of patients with ARH consume 
more than 100 g/d of alcohol[10]. American Association for the Study of Liver Disease (AASLD) 
practice guidelines recommend suspecting ARH in women who consume > 40 g of alcohol and in men 
who consume > 60 g/d for ≥ 6 mo[11-12]. It is also pertinent to note that not all patients who drink 
heavily develop ALD. In a study by Friedman et al[13], 35% of the patients developed steatohepatitis 
and ARH, while only 10% of the patient’s developed cirrhosis.

The pattern of drinking as well as the type of alcohol consumed also contributes to the risk of 
developing ARH. Drinking spirits or beer, binge drinking as well as drinking outside of the typical 
mealtimes has been associated with a higher risk of developing ALD[13-15] (Figure 1).

https://www.wjgnet.com/1007-9327/full/v29/i17/2551.htm
https://dx.doi.org/10.3748/wjg.v29.i17.2551
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Figure 1 Risk factors of alcohol-related hepatitis. ARH: Alcohol-related hepatitis.

Gender: There are significant differences based on gender. Women are at a higher risk of developing 
ARH at a lower threshold compared to men. This is attributed to differences in the variability of alcohol 
dehydrogenase activity, sex hormones, body fat distribution and liver volume between the two genders
[16-18]. There has been an increase in the cases of ARH in women in recent years. A study conducted 
between 2009-2019 showed an increase in the proportion of women being admitted with ARH from 
29.1% to 34.1%[4].

Malnutrition: Patients who consume alcohol excessively are often malnourished and can suffer from 
vitamin deficiencies[19]. Mortality has been closely related to the severity of protein-energy 
malnutrition. Patients with severe malnutrition and ARH have an estimated mortality of 80%[20]. 
Additionally, depletion of hepatic vitamin A and vitamin E can aggravate liver disease[21]. Zinc 
deficiency in patients with excessive alcohol can lead to disruption of mucosal permeability which may 
play a role in the pathogenesis of ARH.

Concurrent liver disease: It is well established that the combination of alcohol misuse and chronic 
hepatitis C (HCV) increases the incidence of cirrhosis and hepatocellular carcinoma (HCC) and is 
associated with reduced survival compared to patients with either HCV or alcohol use alone[22]. 
Consuming upward of 50 g/d of alcohol increases the relative risk of liver disease compared to patients 
with HCV who do not consume alcohol[23]. Patients with chronic HCV have been noted to have worse 
outcomes and higher in-hospital mortality when admitted with ARH[24].

While the literature clearly demonstrated worse outcomes in patients with concomitant alcohol 
misuse and chronic HCV, the data regarding the effect of alcohol use on patients with chronic hepatitis 
B (HBV) remains understudied. A study by Iida-Ueno et al[25] revealed that patients with light to 
moderate alcohol consumption had a 1.5-fold increase of chronic HBV infection while patients with 
heavy alcohol consumption had significantly accelerated progression to cirrhosis and HCC with 1.3 to 
8.4-fold increased risk. Although the mechanism by which alcohol enhances disease progression is less 
studied in patients with chronic HBV in comparison to patients with HCV, patients with either chronic 
HCV and HBV should be counseled to avoid alcohol consumption to minimize chances of liver disease 
progression.

Obesity, diabetes mellitus and metabolic syndrome-underlying non-alcoholic fatty liver disease, a 
hepatic manifestation of metabolic syndrome, can be additive to the damage sustained through alcohol 
misuse and lead to worse outcomes. A study by Siddiqui et al[26] reported obesity to be an independent 
predictor of mortality in ARH.

Seasonality: Studies have shown that there might be a seasonal trend to admissions with alcohol use. 
We have previously reported that in the United States, ARH was highest in the summer months, as 
compared to the common opinion that ARH hospitalizations are higher in the winter season[27].
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GENETICS
Significant variability has been noted among patients in regard to the susceptibility of developing ARH 
as well as the severity of symptoms. This variability has prompted several studies exploring a possible 
genetic basis for individual response to ARH. Studies have found an alteration in the expression of 
claudins, osteopontin, CD209, selenoprotein, and bile duct proliferation genes in patients with ARH 
compared to patients with alcoholic steatosis and healthy controls without liver disease[28]. Colmenero 
et al[29] identified several genes that were upregulated in ARH including extracellular matrix proteins, 
fibrogenesis mediators, inflammatory cytokines, and apoptosis regulators. Cytochrome p450 2E1 and 
angiotensinogen were found to be downregulated. Additionally, certain genes were found to be 
correlated with the severity of disease features including tissue inhibitors of metalloproteinases-1 and 
growth-related oncogene α. Epigenetic studies have also shown that a liver affected by ARH has 
significant alterations in HNF4α-dependent genes, which play a role in impairing metabolic and 
synthetic function[30]. A cohort study by Beaudoin et al[31] demonstrated an increased risk for 
developing ARH with a higher total bilirubin in patients with variants in the patatin-like phospholipase 
domain-containing protein 3 (PNPLA3) and the haptoglobin genes as compared to other genetic variants 
associated with chronic liver disease states[32].

The PNPLA3 gene in particular has been identified to play a significant role in the pathogenesis of 
several liver diseases, as it belongs to a group of lipid-metabolizing enzymes. The I148M variant, a 
single-nucleotide polymorphism of the gene, is associated with an increased risk for developing hepatic 
steatosis, non-alcoholic steatohepatitis (NASH), ALD, cirrhosis, and HCC[33]. Despite these correl-
ations, the precise function of the PNPLA3 gene is yet to be fully understood. Palmer et al[33] 
demonstrated that variants in the PNPLA3 gene in Hispanic-American and African-American patients is 
significantly associated with the development of hepatic steatosis, and other studies have shown that 
these groups suffer from higher mortality rates due to ALD. Levy et al[34] reported that patients of 
Hispanic ancestry presented with ALD at a significantly earlier age than patients of Caucasian or 
African-American background, though the mechanisms remain unclear and may be related to the gene 
variants described by Palmer et al[33] as well as health care disparities. Future studies can help to 
elucidate the underlying mechanisms of these discrepancies and the potential of gene-targeted therapy 
in the management of ARH.

PATHOGENESIS
The pathogenesis of ARH involves acute inflammation superimposed on chronic ALD. Initial hepatic 
injury results from the metabolism of ethanol into acetaldehyde by alcohol dehydrogenase and 
cytochrome P450 2E1 (CYP2E1). As ethanol builds up as a result of increased consumption, acetal-
dehyde also accumulates in the liver and begins to exert toxic effects[35]. Acetaldehyde leads to the 
formation of adducts, in the form of bonds with proteins, lipids, and DNA. This in turn impairs the 
normal function of the affected proteins and lipids and leads to DNA damage. CYP2E1 further 
contributes to liver injury by the production of reactive oxygen species which leads to hepatocyte injury
[36]. This is thought to occur as a result of lipid peroxidation and interaction with proteins and nucleic 
acids, leading to hepatocyte necrosis[37] (Figure 2).

The oxidation of ethanol and acetaldehyde leads to an increase in the levels of nicotinamide adenine 
dinucleotide, which enhances lipogenesis in the liver[38]. Fatty infiltration of the liver is also a result of 
increased gut permeability due to alcohol ingestion, leading to higher levels of lipopolysaccharides 
present in the portal circulation[39]. Endotoxin, a lipopolysaccharide present in cell walls of gut 
microbiota, forms a protein complex and binds to the CD14 receptor on Kupffer cells in the liver[40]. 
The activation of Kupffer cells leads to the release of tumor necrosis factor-α (TNF-α), a pro-inflam-
matory cytokine[41]. TNF-α exerts its hepatotoxic effects by causing hepatocyte apoptosis and 
stimulating the release of other cytokines[42]. Higher levels of TNF-α are correlated with increased 
severity of ARH, demonstrating the significance of the cytokine in the pathogenesis of ARH[43].

The stimulation of Kupffer cells also lead to an increase in polymorphonuclear leukocyte infiltrate in 
the liver, as a result of chemotactic factors such as interleukin-8[44]. The multifactorial process of inflam-
mation superimposed on alcohol-induced hepatic damage leads to the impairment of liver function 
observed as systemic illness and laboratory abnormalities in ARH. A thorough understanding of the 
pathogenesis of ARH can aid in its treatment, and further studies elucidating the precise mechanisms 
involved may improve treatment modalities and outcomes.

DIAGNOSIS
Physical Examination
Physical examination can range from benign to profoundly abnormal[45]. Patients may have signs of 
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Figure 2 Pathogenesis of alcohol-related hepatitis. ADH: Alcohol dehydrogenase.

malnutrition/sarcopenia manifested as temporal or thenar muscle wasting. Jaundice and scleral icterus 
may be apparent in patients with more severe disease while subtle signs of jaundice can be noted 
sublingually or in the tympanic membranes in patients with less severe disease. The presence of spider 
angiomas, gynecomastia in men and caput medusa is uncommon in patients with ARH in the absence 
of cirrhosis. Right upper quadrant tenderness to palpation along the enlarged hepatic border is 
common, with the liver edge extending into the pelvis and crossing the midline in severe cases. Some 
studies have reported a bruit over the liver as a feature of severe ARH in > 50% of patients[46]. Spleno-
megaly can often be appreciated as well even in the absence of cirrhosis. Fluid wave, shifting dullness 
and frank abdominal distention signifying large-volume ascites can be seen in severe cases. Lower 
extremity swelling progressing to anasarca can also be seen in severe cases. Finally, asterixis can be seen 
in patients with significant hepatic dysfunction.

Laboratory findings
Patients with suspected ARH should undergo a broad laboratory workup including comprehensive 
metabolic panel, complete blood count, international normalized ratio (INR), and gamma glutamyl 
transferase (GGT). Serologies for HAV, HBV and HCV should also be obtained to rule out alternative/
concomitant infectious causes. Typical laboratory findings in ARH consist of elevated white blood cell 
count, thrombocytopenia, low sodium, potassium and magnesium. Other findings include total 
bilirubin > 3 mg/dL, elevated alanine transaminase (ALT) and aspartate transaminase (AST) with levels 
usually < 400 U/L, AST:ALT ratio > 2, GGT > 100 U/mL, INR > 1.5, and albumin < 3.0 g/L[47]. Other 
sequelae of chronic alcohol use such as macrocytic anemia can also be seen (Figure 3).

It is pertinent to rule out alternative/concomitant causes of liver disease such as Wilson’s disease, 
autoimmune liver diseases and iron overload syndromes. This is especially important in patients with 
severe disease who may be considered for liver transplantation, as these diagnoses will have significant 
implications on patient’s ability to qualify for an urgent transplant as well as pre-and post-transplant 
management. Making these diagnoses can be challenging as patients with ARH may have multiple 
metabolic derangements. For example, patients with ARH may have decreased ceruloplasmin levels in 
the setting of hepatic dysfunction leading to suspicion of Wlison’s disease. If there is a significant 
clinical concern for Wilson’s disease, patients should undergo a slit lamp examination for Kayser-
Fleischer rings as well as a 24-h urine copper collection. Ferritin levels as well as iron saturations in 
patients with ARH can be markedly elevated in ARH therefore genetic testing for HFE gene mutation 
should be considered[48]. A clinical suspicion of autoimmune liver disease, especially in the setting of 
elevated autoimmune markers [antinuclear antibody (ANA), anti-smooth muscle antibody (SMA), 
antimitochondrial antibody, anti-liver kidney microsomal antibody], should prompt consideration of 
liver biopsy. Alpha-1-antitrypsin levels can be artificially elevated in the setting of acute illness; genetic 
testing should be considered if clinical suspicion is sufficiently high.

Imaging
Abdominal imaging can be effective in the initial evaluation of suspected ARH however, it cannot serve 
as the sole basis for the diagnosis. Abdominal ultrasound (US) computed tomography scan and/or 
magnetic resonance imaging will likely reveal and enlarged liver with smooth contours and decreased 
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Figure 3 Fishnet diagram showing laboratory abnormalities, commonly seen in patients with alcohol-related hepatitis. BUN: Blood urea 
nitrogen; WBC: White blood cell; Glu: Glucose; Hgb: Hemoglobin; Hct: Hematocrit; Plt: Platelet; T.Bili: Total bilirubin; D.Bili: Direct bilirubin; AST: Aspartate 
transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase; PT: Prothrombin time; PTT: Partial thromboplastin time; INR: International normalized ratio.

attenuation, and in more severe cases, an enlarged spleen, ascites and other sequelae of portal 
hypertension. The presence of smooth hepatic borders, as opposed to the nodular contour, can help to 
differentiate ARH from cirrhosis[49] (Figure 4).

BIOPSY
The European Association for the Study of the Liver clinical practice guideline in 2014 stated that the 
“presence of acute steatohepatitis can be suspected on the clinical and biochemical grounds, but a 
definitive diagnosis of acute steatohepatitis requires liver biopsy”[50]. AASLD practice guidelines in 
2019 recommend performing biopsy for confirmation if there are potential confounding factors such as
[11]: (1) Ischemic hepatitis (e.g. severe upper GI bleed, cocaine use within 7 d or hypotension); (2) 
Suspected drug-induced liver disease; (3) Uncertain alcohol use assessment; and (4) Atypical laboratory 
tests (AST < 50 or > 400 IU/L, AST/ALT < 1.5), ANA > 1:160 or SMA > 1:80. Liver biopsy is contro-
versial, especially in patients with coagulopathy and ascites. Percutaneous biopsy may be performed in 
most patients, but transjugular biopsy is preferred in patients with severe thrombocytopenia and 
prolonged INR. Liver biopsy is also recommended in patients suspected of having additional etiology 
for ACLF.

HISTOLOGY
Histology in patients with ALD can range from steatosis to steatofibrosis[51-52]. Steatofibrosis is defined 
as steatosis with fibrosis, with or without hepatitis. Histological features include steatosis, hepatocyte 
ballooning, neutrophil-rich inflammation in the lobular parenchyma, necrosis, apoptosis and Mallory-
Denk bodies (MDB)[53]. The predominant mode of hepatocyte injury is via ballooning degeneration, 
followed by lytic necrosis and apoptosis. The hepatocytes become swollen, with clumping of 
intermediate filaments and loss of cytokeratin 8 and 18[51]. The swelling in hepatocytes can be 
attributed to severe ATP depletion and an increase in intra-cellular calcium, resulting in loss of plasma 
membrane volume control, oncotic necrosis and disruption of the intermediate filament network. The 
majority of changes in ALD are seen in the centrilobular region of hepatic lobe as they contain enzymes 
such as alcohol dehydrogenase, which are critical in alcohol metabolism[54].

It is pertinent to note there are histological similarities between NASH and ARH[53]. The differen-
tiation is based on clinical information regarding alcohol intake; however some features are seen more 
commonly in ARH as compared to NASH (Table 1).

Apoptosis can be triggered by oxidative stress. Apoptotic hepatocytes, also known as councilman 
bodies or acidophil bodies, are visualized as shrunken cells, chromatin condensation and cellular 
fragmentation[55]. MDB contain eosinophilic material, located primarily in the perinuclear location in 
the cytoplasm of hepatocytes[56]. They are formed due to the misfolding of aggregated keratin 
filaments. MDB demonstrate immunoreactivity with antibodies to keratin 8, 18 and p62. Portal inflam-
mation is milder as compared to other etiologies of liver disease. Portal inflammation, when present, is 
accompanied by ductular reaction and periportal inflammation[57]. Other features of this disease 
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Table 1 Histological differences between non-alcoholic steatohepatitis and alcohol-related hepatitis

Histological features NASH ARH

Canalicular cholestasis Less common More common

Mallory denk body Less common More common

Ductular reaction Less common More common

Fibrosis in portal tract Less common More common

Sclerosing hyaline necrosis Less common More common

Veno-occlusive lesions Less common More common

Severe steatosis More common Less common

Glycogenated nuclei More common Less common

Lipogranulomas More common Less common

Fibrosis Lattice pattern Solid pattern

NASH: Non-alcoholic steatohepatitis; ARH: Alcohol-related hepatitis.

Figure 4 Computerized tomography showing enlarged liver with smooth contour.

include glycogenated nuclei, megamitochondria, cholestasis and hemosiderin deposits[58]. Iron 
deposition can also occur in patients with ALD[59-60]. Based on the index of suspicion, concomitant 
hereditary hemochromatosis should be ruled out.

As the disease progresses, fibrosis begins in perivenular region (Zone 3) and extends to the perisi-
nusoidal region in patients giving classic “chicken-wire fibrosis”. Trichrome stain visualizes the fibrosis. 
If the injury continues, fibrosis progresses resulting in nodule formation and finally cirrhosis. An orcein 
stain, can be beneficial in later stages to differentiate broad bands of fibrosis from areas of collapse, 
which can occur in superimposed ARH[54].

A histological severity score including cytokeratin 8 and 18, has shown good accuracy in predicting 
90-d survival[61]. Alcoholic hepatitis histologic score was created using parameters such as degree of 
fibrosis, degree of neutrophil inflammation, type of bilirubin stasis, and presence of mitochondria[62]. 
This score has been shown to be predictive of 90-d mortality. Trépo et al[63] combined the expression 
patterns of 123 genes with the model for end-stage liver disease (MELD) score to create gene-signature 
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plus MELD scoring system. This helped in discriminating patients with poor and good 90-d survival 
with an area under the curve of 0.86. This score outperformed other models including MELD plus Lille. 
This is not yet commercially available for use, however, may hold promise for the future.

COMPLICATIONS
Complications of ARH include infection, kidney injury, gastrointestinal bleeding, and acute liver failure 
amongst others (Figure 5).

Infection
Patients with ascites are at risk for developing spontaneous bacterial peritonitis (SBP), a life-threatening 
infection of the peritoneal cavity. SBP is almost exclusively seen in patients with ascites and is a result of 
bacterial translocation of enteric microflora into the ascitic fluid with concurrent failure of liver-related 
defensive mechanisms due to cirrhosis[64]. Additionally, patients with ARH are often treated with 
corticosteroids, further suppressing the immune response and increasing the risk of serious infection. 
Treatment of SBP is usually with a third-generation cephalosporin, such as ceftriaxone, which can also 
be used prophylactically in patients with decompensated cirrhosis or known patient with cirrhosis who 
presents with gastrointestinal bleeding.

Despite the well-known association of SBP with ALD, several studies demonstrate that infection due 
to pneumonia and urinary tract infection (UTI) is more common in severe ARH than SBP[65]. Infection 
overall is a major cause of mortality in severe ARH, with the majority being bacterial in nature[66-67]. A 
recent meta-analysis[68] found pneumonia to be the most common infection in severe ARH at 23%, 
followed by UTI at 10%. In comparison, SBP accounted for only 7% of infections. Patients with acute 
severe ARH have also been shown to have a greater level of immunosuppression compared to patients 
with cirrhosis, as they were found to have reduced T-lymphocyte and neutrophil activity[69]. 
Furthermore, obesity has been associated with increased susceptibility to infection in patients with ARH
[70]. A high index of suspicion is needed in monitoring infectious signs and symptoms in patients with 
ARH as these patients often lack typical signs of infection such as fever or abdominal pain and may 
present instead with progressive hepatic decompensation. A low threshold for initiation of antibiotic 
therapy is advised and can be initiated empirically while infectious work-up is in progress.

Acute kidney injury
Acute kidney injury (AKI) is a common complication in hospitalized patients with ARH and can be due 
to pre-renal, intrinsic renal and post-renal causes. Pre-renal AKI continues to be the most common 
etiology, while the most feared etiology is hepatorenal syndrome (HRS). These entities can be differen-
tiated via volume expansion challenge (25% albumin 1 g/kg for 48 h). Renal US can be used to rule out 
post-renal causes. Diuretics should be discontinued in patients with AKI.

Another etiology that should be considered in patients with ARH is acute tubular necrosis (ATN) 
secondary to cholemic nephrosis, or bile salt nephropathy and should be suspected in patients with 
prolonged severe cholestasis. Hyperbilirubinemia can also lead to formation of tubular casts, which can 
lead to ATN[71]. Evaluation of fractional excretion of sodium/urea as well as urine microscopy is 
beneficial to identify the etiology of kidney disease. Workup for AKI in patients with ARH is presented 
in Figure 6.

The most feared complication, HRS, results from renal artery vasoconstriction secondary to 
splanchnic vasodilation seen in liver disease[72]. Patients with ARH and other ALD often develop 
dilation of the splanchnic vasculature in response to increased hepatic resistance, which in turn leads to 
activation of the renin-angiotensin-aldosterone system, sympathetic nervous system, and arginine 
vasopressin system. The activation of these vasoconstrictor systems leads to constriction of the renal 
arteries and subsequent AKI due to decreased renal blood flow often in the setting of decreased cardiac 
output[73]. The development of AKI in patients with ARH is associated with a significantly higher 
mortality rate compared to patients without AKI, 65% vs 7% (P < 0.0001) respectively[74].

Treatment of HRS is complex, with most studies supporting the use of vasoconstrictors in 
combination with albumin administration. Terlipressin, a vasopressin analogue, has shown promising 
results in the treatment of HRS as it was found to be superior to both placebo and octreotide[75]. It has 
recently been approved in the United States by the Food and Drug Administration for the management 
of HRS. Liver transplantation (LT) is the treatment of choice in patients with HRS as renal dysfunction is 
potentially reversible with the correction of hepatic failure[76]. Interestingly, obesity has been found to 
be associated with decreased survival in acute ARH, and this is thought to be due to an increased risk of 
developing renal failure[77].

Acute on chronic liver failure
Severe ARH can lead to ACLF, a condition that is associated with increased mortality in patients with 
ARH and is commonly seen during the course of the disease[78]. ACLF manifests as worsening jaundice 
and coagulopathy and is usually triggered by a precipitating event. Current literature shows that ARH 
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Figure 5 Complications and clinical features in patients with alcohol-related hepatitis. SBP: Spontaneous bacterial peritonitis; AKI: Acute kidney 
injury.

serves as a common precipitating event for the development of ACLF[76]. Studies have demonstrated 
that 65% of patients with severe ARH had ACLF at the time of diagnosis or within a 6-mo follow-up 
period[77]. Given the poor prognosis of ACLF, early liver transplantation is becoming more 
commonplace in the treatment of severe ARH, with recent literature supporting its use with stringent 
patient selection criteria[79-80].

Portal hypertension and cirrhosis
Many patients with ARH also have portal hypertension or will develop portal hypertension at some 
point during their disease course potentially leading to variceal hemorrhage. Overall one-month 
mortality in moderate to severe ARH is 23%, with the most common causes of death being liver failure, 
gastrointestinal bleeding, and infection[81] The one-month mortality in non-severe ARH is 6%, however 
the rate increases to 13% after one year[82].

Long-term follow-up in patients with ARH over 4 years revealed the probability of developing 
cirrhosis to be 10%-20% per year and up to 70% of patients will ultimately develop cirrhosis[83]. In 
another study, about 40% of the patients were diagnosed with cirrhosis on biopsy, 5 years after the 
episode of ARH[84]. The probability of developing cirrhosis is associated with continued alcohol use, as 
Rehm et al[85] demonstrated in a meta-analysis that there is a close dose-dependent relationship 
between ongoing alcohol use and the risk of progression of ALD to liver cirrhosis. Parés et al[86] found 
an 18% risk of progression to cirrhosis in patients who abstained from alcohol after 20 mo compared to 
23% in patients with continued alcohol consumption.
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Figure 6 Diagnostic workup for acute kidney injury in patients with alcohol-related hepatitis. MDF: Maddrey’s discriminant function.

PREDICTION MODELS
MDF is a commonly used prognostic indicator in the management of ARH as it is specific for ARH and 
has shown to be relatively accurate in predicting short-term outcomes[87]. The MDF score incorporates 
two of the major indices of liver function, prothrombin time (PT) and total bilirubin with the formula 4.6 
× (prolongation of PT in seconds) + bilirubin (µmol/L)/17. MDF score of < 32 signifies mild to moderate 
ARH with 30-d survival estimated at 80%-100%. MDF score ≥ 32 is considered to be severe ARH with a 
30-d survival of only 50%, and these patients warrant corticosteroid administration for treatment of 
their disease[87] (Table 2).

Lille Model is used to evaluate treatment response to corticosteroids and includes age, initial serum 
albumin, change in total serum bilirubin at day 7 of treatment, renal insufficiency, and initial MDF score
[88]. Patients with a Lille score of < 0.45 had an average 6-mo survival rate of 85%, compared to just 25% 
in patients who scored ≥ 0.45 after 7 d of treatment (P < 0.0001). The Lille model is primarily used in 
conjunction with the MDF to guide treatment of ARH. Patients who score ≥ 0.45 after receiving corticos-
teroid therapy for 7 d are considered for discontinuation of steroids and initiation of alternative 
treatment modalities, as continuation of steroids is of little benefit in these patients.

MELD was initially created to assess the mortality risk in patients with portal hypertension 
undergoing transjugular intrahepatic portosystemic shunts procedure however, it has now become a 
validated tool in assessing patients with a variety of liver pathologies[89]. MELD differs from MDF in 
that it incorporates serum creatinine and uses INR rather than PT. The formula for MELD is 9.57 × loge 
(creatinine) + 3.78 × loge (total bilirubin) + 11.2 × loge (INR) + 6.43. In comparison to the MDF, the 
MELD has been shown to be superior in predicting outcomes of patients with ARH. Several studies 
have demonstrated this effect, further supporting the use of MELD in patients with ARH[90-94]. 
Patients with a MELD score ≤ 11 have mild disease associated with a very low mortality rate. Patients 
who score > 21 are considered to have severe ARH.
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Table 2 Prediction models for alcohol-related hepatitis

Score Variables Mortality rate

MDF PT, total bilirubin 50% at 30 d for score ≥ 32

Lille model Age, albumin, change in total bilirubin, renal insufficiency, MDF 
score

75% at 6 mo for score ≥ 0.45

Model for end-stage liver disease Creatinine, total bilirubin, INR 20% at 90 d for score > 21

Glasgow alcoholic hepatitis score Age, white blood cell count, BUN, total bilirubin, PT 48% at 28 d for score ≥ 9

ABIC score Age, total bilirubin, creatinine, INR 75% at 90 d for score > 9

PT: Prothrombin time; BUN: Blood urea nitrogen; INR: International normalized ratio; ABIC: Age, serum bilirubin, international normalized ratio, serum 
creatinine; MDF: Maddrey discriminant function.

Glasgow alcoholic hepatitis score (GAHS) was developed in order to present a model with increased 
specificity than MDF and a more accurate cutoff score than MELD. The GAHS incorporates many of the 
same parameters as the MDF and MELD, but differs in its inclusion of the peripheral white blood cell 
count[95]. The inclusion of an inflammatory component is thought to provide a more accurate predictor 
of mortality in ARH and has been shown to be superior to MDF in predicting 28-d and 84-d mortality. 
The cutoff point delineating severe ARH from non-severe is a GAHS score of ≥ 9.

Age, serum bilirubin, INR, serum creatinine (ABIC) score is another scoring system that was 
developed to predict mortality in patients with ARH[96]. The ABIC score includes liver function as well 
as kidney function and has a formula of (age × 0.1) + (serum bilirubin × 0.08) + (serum creatinine × 0.3) 
+ (INR × 0.8). This model is validated for predicting 3-mo survival rates in ARH based on stratification 
of the severity of disease. Patients are classified based on their ABIC score into low (< 6.71), intermediate 
(6.71-8.99), and high (> 9.0) mortality risk. These classes correspond to a 90-d mortality of 0%, 30%, and 
75%, respectively. Despite its efficacy in death risk stratification, the ABIC score does not play a major 
role in treatment or in determining whether corticosteroid administration is indicated.

TREATMENT
The management of ARH involves reducing hepatic inflammation by targeting pro-inflammatory and 
immunologic substances acutely and reversing alcohol-induced hepatotoxicity in the long term. The 
mainstay of treatment in ALD is abstinence from alcohol. A retrospective study by Lackner et al[97] 
demonstrated a 5-year mortality rate of 13% in early ALD and 43% in decompensated ALD. Abstaining 
from alcohol showed an improvement in survival in patients with both early and decompensated ALD. 
A meta-analysis by Xie et al[98] determined that patients with ALD see an improvement in survival 
rates after approximately 1.5 years of abstinence. However, studies have also shown that histological 
improvements in ALD can be observed in patients as soon as 2 wk after discontinuation of alcohol 
consumption[99].

Many of the traditional pharmacologic agents used to promote abstinence from alcohol such as 
disulfiram, naltrexone, acamprosate, and topiramate are of limited use in ALD as they may be 
hepatotoxic and lack data supporting their usage[100]. Baclofen, a selective gamma-aminobutyric acid B 
receptor agonist, has been studied as a potential agent of choice in patients with ALD as it has minimal 
hepatic clearance. A recent multi-site randomized control trial[101] of patients with and without ALD 
demonstrated that low-medium dose baclofen at 30-75 mg daily led to a significant improvement in 
alcohol abstinence.

Nutritional supplementation is a vital component in the treatment of ALD. Malnutrition is common 
in patients with ALD, and the severity of malnourishment is correlated with the severity of liver disease
[102]. The AASLD recommends a diet of at least 2000 kcal/d with at least 1.5 g protein/kg/d in patients 
with ALD[103]. These patients suffer from nutritional deficiencies and appropriate nutritional supple-
mentation should be provided as nutritional deficiencies have been shown to be associated with worse 
outcomes[104].

Treatment of mild to moderate ARH, as defined by an MDF score < 32, consists mainly of supportive 
care and management of complications such as ascites, hepatic encephalopathy, and acute alcohol 
withdrawal syndrome[105]. Ascites is managed primarily through sodium restriction and diuresis. 
Patients with ascites generally have decreased sodium excretion, warranting a daily sodium restriction 
of 2-4 g/d. AASLD guidelines recommend that for the first episode of ascites, aldosterone antagonists 
alone can generate an adequate response with few side effects[106]. On the contrary, if the patient has 
long-standing ascites, anasarca or hepatic hydrothorax, the recommended regimen is a combination of 
an aldosterone antagonist and loop diuretic.
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Hepatic encephalopathy is managed primarily with lactulose and rifaximin in order to promote the 
excretion of toxic metabolites via stool and improve the biodiversity of gut flora. Acute alcohol 
withdrawal is treated with benzodiazepines such as lorazepam on a scheduled regimen or symptom-
triggered dose in accordance with protocols such as the Clinical Institute Withdrawal Assessment. 
Lorazepam has been shown to be the safest agent in its class in patients with liver disease due to 
minimal hepatotoxicity and is therefore the drug of choice[107]. Use of long-acting benzodiazepines, 
such as chlordiazepoxide, should be avoided in patients with significant hepatic dysfunction due to 
decreased rate of hepatic metabolism and potential for rapid accumulation leading to progressive 
decline in mental status[108].

The most well-studied treatment modality in severe ARH, classified as an MDF score ≥ 32, is the use 
of corticosteroids. Its use was validated in the “Steroids or pentoxifylline for alcoholic hepatitis” 
(STOPAH)[109] trial, which included 1053 subjects with ARH. There was a 28-d mortality benefit in 
patients treated with prednisolone. On the contrary, no mortality benefit was observed in the 
prednisolone group after 90 d or 1 year, adding further evidence that the positive effects of steroids in 
severe ARH are limited to short-term (Figure 7).

A meta-analysis of 5 randomized control trials[110] revealed a significant improvement in 28-d 
survival among patients with severe ARH treated with corticosteroids (79.97% ± 2.8% vs 65.7% ± 3.4%, P 
= 0.0005). A more recent meta-analysis[111] of 11 randomized control trials found similar results in 
short-term mortality benefit, however also demonstrated that corticosteroid treatment did not decrease 
mortality rate after 6 mo. The primary mechanism by which corticosteroids exert their effect in severe 
ARH is by blunting the immune response and inflammation that contributes to mortality[112]. The 
standard regimen for treatment of severe ARH is administration of prednisolone 40 mg daily[113]. 
Contraindications to steroid administration include active infection, gastrointestinal bleeding, acute 
pancreatitis, and renal failure, as steroids can acutely exacerbate these conditions[114].

STOPAH109 trial reported that incidence of serious infections occurred in 13% of patients in the 
prednisolone group compared to 7% in patients who were not treated with prednisolone (P = 0.002). 
However, a recent meta-analysis[115] found that corticosteroid administration in severe ARH reduced 
28-d mortality from liver-related death with no significant change in mortality from bacterial infection 
or gastrointestinal bleeding. The study also found a higher incidence of fungal infection in steroid-
treated patients. Pentoxifylline was previously used in the management of ARH. Its use has been 
limited based on the results of STOPAH trial, in which use of pentoxifylline was not associated with 
mortality benefit.

LT has been controversial in the treatment of ARH, as patients with ALD have historically been 
considered poor candidates for transplantation due to concern for continued alcohol use after 
transplantation. However, recent trends have shown an opportunity for LT to gain a larger role in the 
treatment of ARH with strict selection criteria for candidates, as demonstrated in several studies[116]. A 
prospective trial by Mathurin et al[117] showed a significantly improved 6-mo survival rate in patients 
with severe ARH (MDF > 32, Lillie > 0.45) who received LT compared to controls without LT (77% and 
23% respectively, P < 0.001). However, selection criteria were remarkably strict, as only patients with no 
prior episodes of hepatic decompensation, strong family support, complete commitment to abstinence, 
and consensus among all care providers were accepted for LT, which was less than 2% of all patients 
admitted with ARH during the study period. A more recent trial by Weeks et al[118] demonstrated a 
97% 1-year survival rate in patients who received LT for severe ARH, however had an alcohol use 
relapse rate at 17% due to less strict inclusion requirements (including patients with recent hepatic 
decompensation). A recent large multi-center retrospective analysis (ACCELERATE-AH)[119] found a 
94% 1-year survival rate and 84% 3-year survival rate with a 11% relapse rate. Of note, median MELD 
score was 39 and median Lille score was 0.82 for patients who received LT.

In summary, LT should be considered for patients with life-threatening ARH who have failed 
medical therapy and who have a low likelihood of alcohol relapse based on predetermined medical and 
social criteria. The proportion of candidates meeting these criteria may be relatively low, however 
stringent patient selection can aid in avoiding improper use of donor organs while dramatically 
improving survival rates. A study reported that the rates of relapse-free survival and hazardous relapse-
free survival did not differ between the patients who received early transplantation compared to those 
who were transplanted after 6 mo of abstinence[120].

THERAPIES/CLINICAL TRIALS UNDER INVESTIGATION
Multiple therapies are currently under clinical trial for the management of ARH. While the discussion 
regarding all the therapies under investigation is beyond the scope of this article, information regarding 
the various mechanisms and clinical trials currently targeting this disease is presented in Table 3 below.
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Table 3 Clinical trials under investigation

Drugs Mechanisms Clinical trials

Anakinra and Canakinumab Reduce hepatic inflammation NCT01809132[121], NCT04072822[122], NCT03775109[123]

N-acetyl cysteine, S-adenosyl methionine 
(SAM-E)

Reduce oxidative stress NCT03069300[124], NCT00851981[125], NCT02024295[126]

DUR-928 Epigenetic modulation of lipid 
homeostasis, inflammation, cell 
survival, tissue regeneration

NCT03432260[127], NCT03917407[128]

Granulocyte colony stimulating growth 
factors, interleukin-22 and obeticholic acid

Boosts liver regeneration NCT02442180[129], NCT03703674[130], NCT04066179[131], 
NCT02655510[132], NCT01918462[133], NCT02039219[134]

Rifaximin, zinc supplementation, bovine 
colostrum, probiotics, and fecal microbiota 
transplant

Targets the gut-liver axis NCT02116556[135], NCT02485106[136], NCT01968382[137], 
NCT02473341[138], NCT01922895[139], NCT02335632[140], 
NCT02458079[141], NCT03091010[142], NCT03827772[143]

Figure 7 Treatment algorithm for alcohol-related hepatitis. AKI: Acute kidney injury.

CONCLUSION
ARH remains a disease process with high morbidity and mortality. Despite research advances in 
pathogenesis of this disease process, limited progress has been made in management of this condition. 
Abstinence remains critical in maximizing the chances of hepatic recovery; corticosteroids continue to 
play a role in select populations. Given the grim prognosis and increasing prevalence of ARH, research 
efforts are aiming at inhibiting inflammatory cytokine pathways that lead to progressive hepatic 
damage. In the meantime, many centers around the world are resorting to liver transplantation as 
salvage therapy. The COVID-19 pandemic exacerbated the pre-existing trend of rising cases of ARH. 
Urgent societal and government interventions are needed to prevent the ongoing rise in ARH cases in 
addition to intensifying research efforts in identifying and testing therapeutic targets for this complex 
disease process.
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Abstract
Hepatocellular carcinoma (HCC) is one of the most lethal malignant tumours 
worldwide. The mortality-to-incidence ratio is up to 91.6% in many countries, 
representing the third leading cause of cancer-related deaths. Systemic drugs, 
including the multikinase inhibitors sorafenib and lenvatinib, are first-line drugs 
used in HCC treatment. Unfortunately, these therapies are ineffective in most 
cases due to late diagnosis and the development of tumour resistance. Thus, novel 
pharmacological alternatives are urgently needed. For instance, immune check-
point inhibitors have provided new approaches targeting cells of the immune 
system. Furthermore, monoclonal antibodies against programmed cell death-1 
have shown benefits in HCC patients. In addition, drug combinations, including 
first-line treatment and immunotherapy, as well as drug repurposing, are promi-
sing novel therapeutic alternatives. Here, we review the current and novel phar-
macological approaches to fight HCC. Preclinical studies, as well as approved and 
ongoing clinical trials for liver cancer treatment, are discussed. The pharmaco-
logical opportunities analysed here should lead to significant improvement in 
HCC therapy.
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Core Tip: Hepatocellular carcinoma (HCC) is one of the most lethal malignant tumours worldwide. 
Unfortunately, most HCC cases are diagnosed at an advanced stage, and "curative" options are not 
suggested for these patients. The best option is to start with drug therapy, with sorafenib and lenvatinib as 
the first-choice drugs. However, most patients do not respond to these treatments; therefore, new 
therapeutic strategies are urgently needed. Here, we review current potential and novel pharmacological 
approaches, including immunotherapy, drug combination, and drug repositioning, that should help to 
improve the prognosis of HCC patients.
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INTRODUCTION
Liver cancer ranks seventh in incidence and fourth in mortality worldwide. It is one of the malignancies 
with the highest mortality-to-incidence ratio, reaching up to 91.6%, according to the World Health 
Organization[1]. This cancer frequently occurs in association with chronic liver disease and is classified 
according to the cells of origin of the tumour. Hepatocellular carcinoma (HCC) is the most common, 
originating in hepatocytes and accounting for 75%-85% of all cases[2].

The main risk factors for developing HCC are chronic liver disease, such as non-alcoholic fatty liver 
disease and non-alcoholic steatohepatitis, as well as hepatitis B (HBV) and C virus (HCV) infections[3]. 
In addition, some habits, including excessive alcohol consumption and smoking, are also considered 
major risk factors for developing HCC[2].

The most appropriate management in clinical practice depends on the stage of the disease. At an early 
or even intermediate stage, the treatment options currently available are surgical methods (liver 
resection and transplantation), locoregional therapy (radiofrequency ablation), and transarterial 
chemoembolization therapy[4]. The 5-year survival rate for patients at these stages is 14%, and only 30% 
can be subjected to curative treatment. Unfortunately, most diagnoses are made when HCC is at an 
advanced stage, and treatment options are no longer viable[5,6]; pharmacological therapy is suggested 
in these cases. Chemotherapy is a potential treatment for these patients, but the main disadvantage is 
that such agents target both cancer and healthy cells, leading to unwanted events that can even 
endanger the life of the patient. The use of chemotherapeutic agents in monotherapy is ineffective; 
therefore, more effective and directed drugs are urgently needed. A new generation of treatments called 
“targeted therapy” (also known as “systemic therapy”) aims to specifically target some molecular 
features that provide malignant advantages to cancer cells while having low toxicity to non-cancerous 
cells[7,8]. Table 1 summarizes the recommended HCC management based on the Barcelona Clinic Liver 
Cancer strategy (BCLC), the most widely used liver cancer staging system. This system has five stages 
depending on disease extension, liver function, and performance status (Table 1)[9-11].

Systemic therapy is the standard treatment for advanced-stage disease (BCLC stage C). This type of 
treatment is classified into first- and second-line therapies, and its use in clinical practice depends on the 
individual patient characteristics. To date, many potential drug targets for the treatment of HCC have 
been investigated; the most critical targets are listed below and represented in Figure 1[8].

Growth factors and their receptors include vascular endothelial growth factor (VEGF), fibroblast 
growth factor (FGF), platelet-derived growth factor (PDGF), epidermal growth factor (EGF), 
mesenchymal-epithelial transition factor (c-Met), insulin-like growth factor, and transforming growth 
factor α (TGF-α).

Intracellular signalling pathways include phosphoinositide 3-kinase (PI3K)/Akt/mechanistic target 
of rapamycin (mTOR), RAS/RAF/MEK/ERK, Janus kinase (JAK)/signal transducer and activator of 
transcription (STAT), and Wnt/β-catenin and the Hedgehog pathway. There are also cell cycle 
regulators such as CDKs. Transcription factors include nuclear factor kB (NF-kB), activating protein-1 
and cyclic AMP response element binding (CREB).

https://www.wjgnet.com/1007-9327/full/v29/i17/2571.htm
https://dx.doi.org/10.3748/wjg.v29.i17.2571
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Table 1 Barcelona Clinic Liver Cancer staging system and treatment strategy

Stage Very early stage 
(0) Early stage (A) Intermediate stage (B) Advanced stage (C) Terminal stage (D)

Characteristics Single nodule < 2 
cm, preserved liver 
function, ECOG PS 
0

Single or 2-3 nodules 
< 3 cm, preserved 
liver function, ECOG 
PS 0

Multinodular, unresectable, 
preserved liver function, 
ECOG PS 0

Portal invasion/extrahepatic 
spread, preserved liver function, 
ECOG PS 1-2

Not transplantable 
HCC, end-stage liver 
function, ECOG PS 3-4

Treatment Ablation, resection, transplant Chemoembolization Systemic therapy Best supportive care

Survival > 5 yr > 2.5 yr > 2 yr 3 mo

ECOG PS: Eastern Cooperative Oncology Group performance status; HCC: Hepatocellular carcinoma.

Figure 1 Critical signalling pathways involved in hepatocellular carcinoma progression. Systemic therapy primarily targets signalling pathways 
triggered by tyrosine kinase receptors expressed on tumour cells, which are known to play an essential role in liver carcinogenesis. However, Wnt/B-catenin and Smo 
(hedgehog pathway) signalling are also important components in liver cancer development. Furthermore, Kupffer cells, immune cells, and endothelial cells are part of 
the tumour microenvironment, and activation of critical signalling pathways in these cells may also contribute to cancer development. Indeed, the expression of 
immune checkpoint molecules (cytotoxic T-lymphocyte-associated protein 4, programmed cell death protein 1, Lag-3, Tim-3) on the surface of immune cells play an 
essential role in the development of hepatocellular carcinoma (discussed in the main text). RTK: Receptor tyrosine kinase; VEGFR: Vascular endothelial growth factor 
receptor; FGFR: Fibroblast growth factor receptor; PDGFR: Platelet-derived growth factor receptors; EGFR: Endothelial growth factor receptor; JAK: Janus kinase; 
STAT: Signal transducer and activator of transcription; PLCγ: Phospholipase C-γ; DAG: Diacylglycerol; PKC: Protein kinase C; PI3K: Phosphoinositide 3-kinase; 
PIP3: phosphatidylinositol 3,4,5-trisphosphate; mTOR: Mechanistic target of rapamycin; FOXO: Forkhead box O; AP-1: Activating protein-1; CREB: Cyclic AMP 
response element binding; NF-kB: Nuclear factor kB; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; PD-1: Programmed cell death protein 1.

Next, first- and second-line systemic therapies approved for advanced HCC, as well as those drugs 
and targets under investigation for treating the disease, are described and discussed in detail and 
summarized in Table 2.
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Table 2 Summary of first and second-line drugs approved for the treatment of advanced hepatocellular carcinoma

Drug Pharmacological target Trial (NCT) Treatment arm Control arm

First-line

Systemic therapy

Sorafenib VEGF 1-3, PDGF, KIT, 
FLT3, BRAF, RAF

SHARP 
(NCT00105443)

Sorafenib (400 mg twice daily) Placebo

Lenvatinib VEGFR1-3, FGFR 1-4, 
PDGR, RET and KIT

REFLECT 
(NCT01761266)

Lenvatinib (12 mg/day for bodyweight ≥ 60 kg or 8 mg/day for bodyweight < 60 kg) Sorafenib (400 mg 
twice-daily in 28-d 
cycles)

Immunotherapy

Atezolizumab plus 
bevacizumab

PD-L1, vEGF IMbrave150 
(NCT03434379)

1200 mg of atezolizumab plus 15 mg per kilogram of body weight of bevacizumab intravenously every 3 wk Sorafenib (400 mg 
orally twice daily)

Tremelimumab plus 
durvalumab

CTLA-4, PD-L1 HIMALAYA 
(NCT03298451)

STRIDE: Tremelimumab plus durvalumab or durvalumab alone (300 mg, one dose of tremelimumab plus 1500 mg every 4 wk for 
durvalumab)

Sorafenib (400 mg 
orally twice daily)

Second-line1

Systemic therapy

Regorafenib VEGFR 1-3, PDGFR, FGFR 
1-2, RET, RAF

RESORCE 
(NCT01774344)

Regorafenib (160 mg once daily during weeks 1-3 of each 4-wk cycle) Placebo

Cabozantinib VEGFR 1-3, MET and AXL CELESTIAL 
(NCT01908426)

Cabozantinib (60 mg once daily) Placebo

Ramucirumab VEGFR REACH-2 
(NCT02435433)

Ramucirumab 8 mg/kg intravenous ramucirumab every 2 wk Placebo

Immunotherapy

Nivolumab PD-1 CheckMate-459 
(NCT02576509)

Nivolumab (240 mg intravenously every 2 wk) Sorafenib(400 mg orally 
twice daily)

Nivolumab plus 
ipilimumab

PD-1, CTLA-4 CheckMate-040 
(NCT01658878)

Nivolumab 1 mg/kg plus ipilimumab 3 mg/kg, administered every 3 wk (4 doses), followed by nivolumab 240 mg every 2 wk 
(arm A); nivolumab 3 mg/kg plus ipilimumab 1 mg/kg, administered every 3 wk (4 doses), followed by nivolumab 240 mg every 
2 wk (arm B); or nivolumab 3 mg/kg every 2 wk plus ipilimumab 1 mg/kg every 6 wk (arm C)

Placebo

Pembrolizumab PD-1 KEYNOTE-240 
(NCT02702401)

Pembrolizumab (200 mg intravenously every 3 wk for at least 35 cycles during approximately 2 yr) Placebo

1Eligible patients who had received previous treatment with sorafenib.
CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; PD-1: Programmed cell death protein 1; VEGFR: Vascular endothelial growth factor receptor; FGFR: Fibroblast growth factor receptor; PDGFR: Platelet-derived growth factor 
receptors; OS: Overall survival; PFS: Progression-free survival; PD-L1: Programmed death ligand-1.

FIRST-LINE SYSTEMIC THERAPIES
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Sorafenib
The need for new and better treatments for patients in advanced stages has led researchers to develop 
molecules to specifically target components of the carcinogenesis process. Sorafenib was the first oral 
multikinase inhibitor drug approved by the Food and Drug Administration (FDA) in 2007 to treat 
advanced HCC. In vitro experiments found that this drug inhibited HCC cell line growth and 
angiogenesis by inhibiting the RAF/MEK/ERK signalling pathway, as well as tyrosine and serine/
threonine kinase receptors, including those for VEGF, PDGF, c-KIT, FLT3 and BRAF[12]. This drug is 
indicated in patients with preserved liver function who are not candidates for surgical or locoregional 
therapies and those with advanced tumours according to the BCLC classification and the Child-Pugh 
scale[9].

Sorafenib was the first drug to significantly improve the survival of patients with advanced HCC in 
the Asia-Pacific region. The median overall survival (OS) was 6.5 mo [95% confidence interval (CI): 5.56-
7.56] in patients treated with sorafenib compared to 4.2 mo (3.75-5.46) in patients treated with placebo
[13]. Similar results in terms of improved survival were observed in the SHARP clinical trial (Clinical-
Trials.gov identifier: NCT00105443), a phase III, double-blind, placebo-controlled study that evaluated 
the effect of sorafenib on OS and time to symptomatic progression in patients diagnosed with advanced 
HCC. Here, the median OS was 10.7 mo in the sorafenib group and 7.9 mo in the placebo group. The 
most frequent adverse events in the sorafenib group were weight loss, diarrhoea, hypophosphataemia, 
and hand-foot skin reactions. Based on these trials, sorafenib became the first targeted therapy drug to 
be approved for the treatment of advanced HCC and has been the first-choice drug since its approval. 
Currently, the treatment of patients with sorafenib until significant radiographic progression and 
simultaneous treatment with regorafenib (discussed below) are recommended[9]. Unfortunately, only 
30% of sorafenib users benefit, and within a short period of time, resistance to sorafenib often develops, 
rendering further use ineffective[14].

Lenvatinib
Following the approval of sorafenib, research led to the recognition of lenvatinib as another drug 
targeting important receptors and pathways in HCC. Lenvatinib is an oral receptor tyrosine kinase 
inhibitor and was approved in 2018 by the FDA as a first-line treatment for unresectable HCC[15]. 
VEGF receptor (VEGFR), FGF receptor (FGFR), PDGRα, RET, and KIT[16,17] are among its therapeutic 
targets. In preclinical models, lenvatinib was shown to selectively inhibit the proliferation of human 
HCC cell lines and in vivo tumour growth in xenograft models[18]. The approval of this molecule was 
based on the REFLECT clinical trial (ClinicalTrials.gov identifier: NCT01761266), a phase III, 
multicentre, open-label, non-inferiority trial that evaluated the OS of patients diagnosed with advanced 
HCC treated with lenvatinib vs patients treated with sorafenib. Lenvatinib met non-inferiority criteria 
against sorafenib, as the median survival for lenvatinib was 13.6 mo (95%CI: 12.1-14.9) vs 12.3 mo for the 
sorafenib group [12.3 mo, 10.4-13.9; hazard ratio (HR): 0.92, 95%CI: 0.79-1.06][19]. The most common 
adverse events in the lenvatinib group in this study were diarrhoea, loss of appetite, and weight loss.

Atezolizumab plus bevacizumab
Atezolizumab is a monoclonal antibody that selectively targets programmed death ligand-1 (PD-L1) to 
reverse the suppression of T-cell activity[20]. Its activity was assessed through an assay that determined 
predictive correlates of response to this antibody in cancer patients. According to Herbst et al[20], who 
studied various types of cancer, responses were observed in patients with tumours expressing high 
levels of PD-L1, mainly when it was expressed on tumour-infiltrating immune cells[20].

Conversely, the monoclonal antibody bevacizumab interferes with angiogenesis and tumour growth 
by inhibiting VEGF activity[21]. Finn et al[22] demonstrated the potential of bevacizumab as a promising 
anti-VEGF treatment for liver cancer in preclinical trials. They evaluated the effect of this humanized 
antibody in an orthotopic mouse model of HCC using the Hep3B cell line and found that bevacizumab 
treatment significantly reduced tumour microvessel density and alpha-fetoprotein (AFP) levels and 
prolonged time to progression compared to the control group[22].

The combination of atezolizumab and bevacizumab is a therapeutic strategy aiming to simultan-
eously inhibit PD-L1 (atezolizumab) and VEGF (bevacizumab) signalling in patients with advanced 
HCC. This combination was evaluated in the Imbrave150 clinical trial (ClinicalTrials.gov identifier: 
NCT03434379), a global, open-label, phase III study that evaluated the effect of the combination of these 
two antibodies in patients with unresectable HCC against the effect of sorafenib as a single drug, 
resulting in improved OS and progression-free survival (PFS) for the combination group [67. 2% 
(95%CI: 61.3-73.1) and 54.6% for the sorafenib group (95%CI: 45.2-64.0)][23]. A few years later, a longer 
follow-up of these patients was performed, reporting that the combination maintained the improvement 
in patients over the effect of sorafenib[24]. Accordingly, atezolizumab plus bevacizumab combination 
therapy was very recently approved by the FDA (2020) as the initial treatment for advanced HCC, 
adding a targeted drug combination to the first-line treatment strategies for these patients[25].

Tremelimumab plus durvalumab
In October 2022, the FDA approved the combination of tremelimumab plus durvalumab for treating 
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patients with unresectable HCC, which could form part of the first-line treatment for this cancer[26].
Tremelimumab is a fully human immunoglobulin G (IgG)2 monoclonal antibody against cytotoxic T-

lymphocyte-associated protein 4 (CTLA-4), a receptor that inhibits T-cell activity[27]. Duffy et al[28] 
subjected patients diagnosed with HCC to a study evaluating the efficacy of treatment with 
tremelimumab plus an ablative procedure performed during week 6 (ClinicalTrials.gov identifier: 
NCT01853618). The authors observed that such a combination led to the accumulation of intratumoural 
CD8+ T-cells and suggested it as a potential new treatment for patients with advanced HCC[28]. In 
contrast, dirvalumab is another human monoclonal antibody that binds to the PD-L1 protein and has 
been shown to be effective in liver cancer and in small-cell lung cancer, especially when used in 
combination with another therapeutic agent[29,30].

A phase I/II clinical trial (ClinicalTrials.gov identifier: NCT02519348) evaluated the safety and 
efficacy of monotherapy and combination treatment of tremelimumab plus durvalumab (300 mg and 
1500 mg, respectively) in patients with HCC who had progressed on, were intolerant to, or refused 
sorafenib. The objective response rates (ORRs) were 24.0% (95%CI: 14.9-35.3) for the combination, 10.6% 
for durvalumab (5.4-18.1), and 7.2% (2.4-16.1) for tremelimumab, while the median OS was 18.7 (10.8-
27.3), 13.6 (8.7-17.6), and 15.1 (11.3-20.5) months, respectively[31]. However, the clinical study that led to 
the approval of this combination was HIMALAYA (ClinicalTrials.gov identifier: NCT03298451), a phase 
III and global study with a heterogeneous population representative of HCC patients and no previous 
systemic treatment, which also evaluated the effect of durvalumab monotherapy and compared it to 
sorafenib. Here, the median OS was 16.43 mo for the combination (95%CI: 14.16-19.58), 16.56 mo 
(95%CI: 14.06-19.12) with durvalumab, and 13.77 mo (95%CI: 12.25-16.13) with sorafenib. The 
combination significantly improved OS over sorafenib, and durvalumab was not inferior to sorafenib in 
these patients, suggesting that it could be used as a first-line treatment[32].

SECOND-LINE SYSTEMIC THERAPIES AND IMMUNOTHERAPY
Although approximately 30% of patients receiving sorafenib show improvement, resistance to treatment 
can develop after prolonged use (approximately 6 mo), rendering it ineffective after this period[14]. 
Therefore, second-line treatments are indicated for patients who either have progressed on previous 
sorafenib or do not respond to it. Notably, to date, no clinical trials have evaluated second-line therapy 
after lenvatinib[33].

Regorafenib
Regorafenib is another oral multikinase inhibitor that primarily targets VEGFR, PDGF receptors, FGFR, 
RET, and RAF and, in preclinical trials, was shown to significantly inhibit liver tumour development
[34]. In addition, it activates proteins involved in MAPK signalling, apoptosis, and autophagy[35]. The 
FDA approved this drug as a second-line treatment for patients who have already been treated with 
sorafenib. The safety and efficacy of this drug in humans were tested in a multinational, randomized, 
double-blind, placebo-controlled, phase III clinical trial (RESORCE, ClinicalTrials.gov identifier: 
NCT01774344), in which the median OS was 10.6 mo (95%CI: 9.1-12.1) for the regorafenib group vs 7.8 
mo (6.3-8.8) in the placebo group[36]. The most common adverse events reported in this study were 
hypertension, hand-foot skin reactions, fatigue, and diarrhoea. Thus, because of the survival benefit of 
regorafenib in HCC patients unresponsive to sorafenib, it was approved by health agencies in several 
countries, including the United States, Japan, and China.

Cabozantinib
Cabozantinib is a multikinase inhibitor suppressor of tumour growth, metastasis, and angiogenesis that 
primarily targets VEGFR but also targets MET and AXL, which in addition to being implicated in HCC 
progression are involved in sorafenib resistance[37]. Initially, this drug showed clinical activity in a 
phase II study in previously untreated HCC patients and those with progression or no response to 
sorafenib, resulting in a median OS of 5.5 mo with no significant radiographic responses[38]. However, 
its approval was based on the results of the CELESTIAL clinical trial (ClinicalTrials.gov identifier: 
NCT01908426), a randomized, double-blind, phase III trial evaluating cabozantinib vs placebo in 
patients diagnosed with advanced HCC, in which cabozantinib demonstrated significant benefit over 
placebo in OS and tumour PFS. The median OS was 10.2 mo with cabozantinib and 8.0 mo with placebo 
(95%CI: 0.63-0.92). The median PFS was 5.2 mo with cabozantinib and 1.9 mo with placebo (95%CI: 0.36-
0.52)[39]. In 2019, the FDA approved cabozantinib for treating patients with advanced HCC who were 
previously treated with sorafenib[40].

Interestingly, this drug is involved in tyrosine kinase inhibition and has also been reported to be an 
immunomodulator since some of its targets are involved in the immune response. Indeed, in 
combination with anti-programmed cell death protein 1 (PD-1) therapy, cabozantinib showed a greater 
antitumour effects than monotherapy or placebo in animal models of HCC. On its own, cabozantinib 
significantly increased neutrophil infiltration and reduced intratumoural CD8+ PD-1+ T-cell ratios, 
while the combination further stimulated this effect[41].
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Ramucirumab
Ramucirumab is an antiangiogenic anti-VEGFR2 monoclonal antibody[42,43]. The efficacy of this drug 
was tested in the REACH clinical trial, a randomized, placebo-controlled, double-blind, multicentre, 
phase III trial (ClinicalTrials.gov identifier: NCT01140347). Here, ramucirumab was tested against 
placebo in patients diagnosed with advanced HCC who were previously treated with sorafenib and 
who experienced either progression or intolerance. The median OS for the ramucirumab group was 9.2 
mo (95%CI: 8.0-10.6) vs 7.6 mo (6.0-9.3) for the placebo group (HR: 0.87; 95%CI: 0.72-1.05; P = 0.14). 
Consistent with these results, second-line treatment with ramucirumab did not significantly improve 
survival over placebo in patients with advanced HCC[44]. A follow-up trial, REACH-2, was a 
randomized, double-blind, placebo-controlled, phase III trial comparing ramucirumab vs placebo at a 
2:1 ratio in the same population, but this time for a preselected population with AFP concentrations ≥ 
400 ng/mL. The median OS was 8.5 mo (95%CI: 7.0-10.6) vs 7.3 mo (5.4-9.1); HR: 0.71 (95%CI: 0.53-0.95; 
P = 0.0199) and PFS [2.8 mo (2.8-4.1) vs 1.6 mo (1.5-2.7); 0.452 (0.33-0.60); P < 0.0001] were significantly 
improved in the ramucirumab group compared with the placebo group. This trial showed improved OS 
with ramucirumab compared to placebo in patients with HCC and AFP concentrations of at least 400 
ng/mL who had previously received sorafenib[45].

Very recently, the clinical relevance of rechallenge treatment with previously administered drugs was 
evaluated, with five consecutive patients with advanced HCC who received rechallenge treatment with 
lenvatinib and with failure after treatment with ramucirumab. Here, the radiological findings using the 
modified Response Evaluation Criteria in Solid Tumours showed stable disease in four patients and a 
partial response in one. This trial demonstrated that re-exposure to lenvatinib treatment after 
ramucirumab might be effective for treating advanced HCC[46].

IMMUNOTHERAPY
Unfortunately, cancer cells can develop resistance to systemic therapies. Thus, more and better drug 
treatments must be devised for these patients. Potential strategies include combination approaches and 
immunological therapy. In fact, immunotherapy has now been postulated as a possible therapeutic 
strategy to treat different types of cancer.

Cancer cells can escape the defence mechanisms of immune cells in the tumour microenvironment, 
thus avoiding detection and elimination by host lymphocytes by downregulating stimulatory 
immunoreceptors and stimulating inhibitory immunoreceptors. For example, in the case of T cells, 
tumour cells can modulate stimulatory activity by downregulating MHC-I on the surface. Conversely, 
inhibitory activity can be modulated by these cells through upregulation of PD-L1 on the surface[47-
49]. Such molecules are known as immune checkpoints, which act as modulators of immune responses. 
These molecules can be used as pharmacological targets to generate various monoclonal antibodies that 
modulate their activity. Among the most studied immune receptors are PD-1, CTLA-4, LAG3, TIM3, 
TIGIT, and BTLA[49].

Immunotherapy has been shown to have significant efficacy in the treatment of different types of 
cancer, including HCC[50], making it an excellent option for patients with cancer progression or for 
whom systemic therapy with sorafenib was ineffective. Several immune checkpoint inhibitors that 
primarily target CTLA-4, PD-1, and its ligand PD-L1 have been tested to date. Some ICIs have also been 
approved by the FDA for the treatment of HCC. PD-L1, also called B7-H1 or CD274, is expressed in 
many cancer and immune cells and plays an essential role in blocking the "cancer immunity cycle" by 
binding to PD-1 and B7.1 (CD80), both of which are negative regulators of T-cell activation[51,52].

Antibody-based therapy is the main strategy designed to modulate the tumour immune response, but 
other cancer immunotherapeutic strategies, such as adoptive cell therapy, chimeric antigen receptor-
modified immune cells, engineered cytokines, and therapeutic cancer vaccines, are still under 
development[53,54].

Nivolumab
Nivolumab is a human IgG4 monoclonal antibody that binds to the PD-1 receptor, inhibiting its 
interaction with PD-L1 and PD-L2 and restoring T-cell activity[55]. Nivolumab has been shown to be 
effective in several malignancies, including melanoma, renal Hodgki’'s lymphoma, lung cancer, and 
gastric cancer[56-60].

Nivolumab was evaluated in HCC patients in a study called CheckMate-040 (ClinicalTrials.gov 
identifier: NCT01658878), a phase I/II, open-label, non-comparative, multicentre trial that included 
patients with advanced HCC who either had also reported progression after treatment with sorafenib or 
were sorafenib naive. Patients received intravenous nivolumab 240 mg every 2 wk until unacceptable 
toxicity or disease progression occurred. In this study, nivolumab showed favourable clinical activity 
and safety with manageable toxicities, suggesting that it could be suitable for patients with advanced 
HCC[61].
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Subsequently, the activity of nivolumab (240 mg intravenously every 2 wk) was compared to that of 
sorafenib (400 mg orally twice daily) in a randomized, open-label, phase III trial (CheckMate 459, Clinic-
alTrials.gov identifier: NCT02576509) until disease progression or unacceptable toxicity. OS was 
improved from 14.7 mo for sorafenib to 16.4 mo with nivolumab but did not reach statistical significance 
(P = 0.0752). In addition, there was no significant difference in PFS (3.7 vs 3.8 mo). The ORRs for 
nivolumab and sorafenib were 15% and 7%, respectively. Nivolumab showed relevant clinical activity 
and a favourable safety profile for patients with advanced HCC. However, nivolumab administered for 
the first time in these patients was not significantly better than sorafenib in terms of OS[62]. Thus, in 
September 2017, nivolumab was approved by the FDA as a second-line treatment for patients with 
advanced HCC. It is worth mentioning that this antibody has only been approved by this institution[63].

Recently, the effect of the combination of nivolumab plus ipilimumab, a fully human IgG1 
monoclonal antibody that binds to CTLA-4 on T cells[64], was evaluated. The efficacy of this 
combination was tested in the CheckMate 040 study (ClinicalTrials.gov identifier: NCT01658878), a 
multicentre, open-label, multicohort, phase I/II study in which it was shown that the combination of 
nivolumab plus ipilimumab led to high OS rates and had a manageable safety profile[65]. Based on the 
results of this trial, in March 2020, the FDA approved the combination of nivolumab plus ipilimumab as 
a second-line treatment for patients with HCC who had been previously treated with sorafenib[66].

Pembrolizumab
Pembrolizumab is an anti-PD-1 monoclonal antibody that demonstrated clinical efficacy in patients with 
advanced HCC. This antibody was evaluated in a non-randomized, multicentre, open-label, phase II 
study in patients with BCLC B-C HCC pre-treated with sorafenib (ClinicalTrials.gov identifier: 
NCT02702414), and it showed antineoplastic activity with an ORR of 17% and a manageable safety 
profile[67]. Based on these results, in November 2018, the FDA granted accelerated approval to 
pembrolizumab for patients with HCC who had been previously treated with sorafenib[68]. A 
subsequent study was then conducted evaluating pembrolizumab in a randomized, double-blind, phase 
III study in patients with advanced HCC previously treated with sorafenib (KEYNOTE-240, Clinical-
Trials.gov identifier: NCT02702401). Here, the median OS was 13.9 mo (95%CI: 11.6-16.0 mo) for 
pembrolizumab vs 10.6 mo (95%CI: 8.3-13.5 mo) for placebo (HR: 0.781; 95%CI: 0.611-0.998; P = 0.0238). 
The median PFS for pembrolizumab was 3.0 mo (95%CI: 2.8-4.1 mo) vs 2.8 mo (95%CI: 1.6 to 3.0 mo) for 
placebo[69].

Additionally, the KEYNOTE-394 trial (ClinicalTrials.gov identifier: NCT03062358), a randomized, 
double-blind, phase III study, evaluated the efficacy of pembrolizumab plus best supportive care vs 
placebo in Asian HCC patients as second-line therapy. Overall, the results were consistent with those 
seen in previous trials, further supporting the use of pembrolizumab in patients with advanced HCC. 
Here, the median OS was 14.6 mo (12.6-18.0) for pembrolizumab and 13.0 mo (10.5-15.1) for placebo 
(95%CI); furthermore, pembrolizumab showed significant improvement of PFS (HR: 0.74, 95%CI: 0.60-
0.92, P = 0.0032)[70].

INNOVATIVE STRATEGIES FOR HCC TREATMENT
Drug combination and repurposing
Currently, monotherapies are ineffective in fighting cancer mainly due to the development of resistance 
of cancer cells to available drugs[71], and preclinical findings may not be replicated in patients. For 
instance, the monoclonal antibody bortezomib demonstrated promising antineoplastic activity in 
preclinical assays, but in humans, it did not show notable single-agent activity compared to sorafenib
[72]. Thus, more and better treatment options are needed for these patients, and drug combinations are 
promising options. This strategy consists of simultaneously administering two or more drugs aimed at 
different cancer-specific drug targets and has shown significant benefits compared to monotherapy[73]. 
However, combining drugs must become a rational strategy that guarantees significant pharmacological 
responses, especially for those patients who either did not respond to current therapy or developed 
resistance.

Several tools have been developed for the identification of potentially useful drug combinations; 
these tools include dose-response matrices, RNA interference technology, and the wide adaptation of 
clustered regularly interspaced short palindromic repeats (CRISPR) systems, as well as more novel 
techniques such as patient-derived xenograft (PDX) models and ex vivo primary cell and organoid 
models[74]. For instance, Lim et al[75] used PDXs of HCC, PDX-derived organoids and a hybrid experi-
mental-computational approach–namely, the quadratic phenotypic optimization platform–and found 
that the combination of the second-generation proteasome inhibitor ixazomib and the CDK inhibitor 
dinaciclib (Dina), which they tested in vitro and in vivo, is effective against HCC[75]. Another example of 
the usefulness of these strategies is CRISPR-Cas9 combinatorial screening, a technique that accelerated 
the discovery of combination treatment with the approved drug ifenprodil (an NMDA receptor 
antagonist) and sorafenib as a new therapeutic alternative for advanced HCC[76].
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Therefore, implementing the abovementioned strategies should aid the discovery of potentially 
useful drug combinations. In this manner, medical staff may have different choices and establish a 
selection order more suitable for each HCC patient in a personalized manner[77,78].

Conversely, it is well known that the discovery of new molecules with pharmacological activity is a 
process with two main disadvantages: Time and cost. It takes at least 10 years to bring a new drug to the 
market, and the approximate cost ranges from $314 million to $2.8 billion[79]. Furthermore, in 
emergency situations such as cancer, the demand for effective treatments is extremely high, and 
additional strategies are required to obtain novel therapies in an expedited manner. Thanks to advances 
in pharmacology and genomics, several non-cancer drugs have been shown to have great potential for 
use in treating multiple cancers. Drug repurposing is a strategy that involves the discovery of already 
known drugs initially used to treat other diseases but with the potential to treat various malignancies. 
The main advantage of this approach is that it allows an accelerated and less costly process to identify 
new cancer treatments since it focuses on the selection of drugs already approved by relevant health 
institutions[80,81]. Some non-cancer drugs showing antineoplastic activity against HCC and with high 
repurposing potential are described below and summarized in Table 3.

One of the differences between repositioned drugs and existing drugs approved to treat HCC is that 
the latter target relatively few signalling pathways; in contrast, repositioned drugs have the enormous 
advantage of targeting a surprisingly wide variety of signalling pathways involved in liver carcino-
genesis (Table 3). For instance, Nair et al[82] identified CDC20 as a marker of poor prognosis during the 
development of early and advanced HCC. Through molecular docking studies, it was determined that 
labetalol, a beta blocker, binds with high affinity to CDC20[82], suggesting that the effect of labetalol 
against the development of HCC should be tested. The same research group further investigated this 
possibility by in vitro cytotoxicity studies, in which labetalol significantly inhibited the growth of the 
HepG2 cell line[83]. Subsequent application of bioinformatics analysis tools to repositioned drugs 
provides an incredible advantage for the identification of unknown drug targets and signalling 
pathways potentially involved in liver carcinogenesis.

Antihistamines
Histamine exerts a variety of physiological activities via its G protein-coupled receptors, the activation 
of which has been associated with the progression of different types of cancer[84,85]. It is well known 
that histamine favours the development of different types of cancer, including liver cancer[86]. 
Accordingly, overexpression of the histamine H1 receptor (H1HR) is associated with HCC cell prolif-
eration and metastasis by inducing cell cycle progression, lamellipodia production, matrix metallo-
protease 2 (MMP2) production and inhibition of apoptosis. Furthermore, suppressing H1HR activity 
significantly inhibited tumour growth and metastasis in mouse xenograft models[86]. Interestingly, very 
recently, it was shown that antihistamine consumption is associated with a significant decrease in the 
developing of liver cancer in patients diagnosed with HBV, HCV or both viruses[87].

Astemizole
Ellegaard et al[88] analysed cohort studies and reported that the use of cationic amphiphilic 
antihistamines, including astemizole (an H1-antihistamine), was associated with a significant reduction 
in mortality in lung cancer patients[88]. It is worth mentioning that astemizole might affect cancer cell 
proliferation via different molecular mechanisms, including ion channels.

The ether à-go-go-1 (Eag1) potassium channel has been reported to play an important role in the 
development of several types of cancer, such as liver, cervical, breast, lung and colon cancer[89-93], 
suggesting that this channel is a potential early biomarker and drug target for these tumours[94]. Eag1 
overexpression has been implicated in cell cycle progression and cancer cell proliferation[95], and 
inhibition of this channel has reduced tumour progression in both in vitro and in vivo assays in 
leukaemia and gastric cancer[86-97]. De Guadalupe Chávez-López et al[98] found that astemizole 
inhibited cell proliferation and induced apoptosis in human HCC cell lines[98]. In the same study using 
an HCC model induced by diethylnitrosamine (DEN) in mice, they found that astemizole inhibited 
tumour development and decreased Eag1 mRNA and protein levels[98].

Cytochrome P450 2J2 (CYP2J2) is implicated in the development of different types of cancer. In HCC, 
CYP2J2 is overexpressed, and its activity promotes cell proliferation[99-101]. Interestingly, astemizole 
and loratadine inhibit CYP2J2 activity[102]. Ellegaard et al[88] proposed the possibility that this drug 
targets this protein, which would partially explain the effect of reduced mortality in lung cancer patients
[88].

TRPV2 is a calcium channel expressed in and associated with several types of cancer, including HCC 
progression. Both mRNA and protein levels of this channel are increased in well-differentiated HCC 
tumour tissue compared to undifferentiated tissue. There is a strong association between its expression 
and portal vein invasion. Van den Eynde et al[103] reported that TRPV2 is related to endometrial cancer 
progression and identified astemizole, loratadine, and clemizole as TRPV2 blockers, with loratadine 
being the most potent antagonist, leading to inhibition of cell proliferation and migration in in vitro 
assays in HEK293 cells[103].
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Table 3 Identified drugs and their targets for drug repurposing in hepatocellular carcinoma

Drug Original therapeutic indication Molecular targets in HCC Ref.

Antihistamines Allergy H1R-H4R, Eag1, CYP2J2, TRPV2, AP-
1, NF-B

[88,91,96,98,102,103,105,109,
111,113,115,116]

Raloxifene, bazedoxifene Breast cancer (raloxifene), osteoporosis ER-, ER-, GPER, IL-6R, aHR, NF-B, 
STAT3, PI3K/AKT, MAPK

[135-137,141,142]

Disulfiram Alcoholism NF-B, TGF-β, ROS-JNK [149-151,157]

Clofazimine Antimycobacterial used to treat leprosy Wnt/-catenin pathway [166-178]

Albendazole Anthelmintic Tubulin, ERK1/2-HIF-1α-p300/CREB [175]

Pimozide Antipsychotic used to manage Tourette's 
Disorder

STAT3, Wnt/-catenin [185,188]

Natamycin Macrolide antifungal PRDX1 [191]

Metformin Glycemic control in type 2 diabetes mellitus PI3K-mTOR pathway, AMPK [200-202,206,207]

Valproate Anticonvulsant HDAC, Notch-1, MAPK pathway, -
catenin pathway 

[220,221,223]

Atorvastatin Lower lipid levels and reduce the risk of 
cardiovascular disease

Mevalonate pathway [231]

Celebrex NSAID COX-2, PNO1 [237,243]

Hydroxychloroquine Antimalarial Autophagy inhibition, TLR9 pathway [247]

NSAID: Non-steroidal anti-inflammatory drug; mTOR: Mechanistic target of rapamycin; HCC: Hepatocellular carcinoma; NF-kB: Nuclear factor kB; AP-1: 
Activating protein-1; CYP2J2: Cytochrome P450 2J2; ER: Oestrogen receptor; IL-6R: Interleukin-6R; STAT3: Signal transducer and activator of transcription 
3; PI3K: Phosphoinositide 3-kinase; TGF-β: Transforming growth factor-β; PRDX1: Peroxiredoxin 1; HDAC: Histone deacetylase; aHR: Adjusted hazard 
ratio.

Loratadine
Loratadine is a second-generation antihistamine indicated for the treatment of allergic rhinitis and 
urticaria. It is a selective H1HR receptor antagonist[104]. Fritz et al[105,106] evaluated the effect of 
loratadine through retrospective studies in patients diagnosed with breast cancer and melanoma and 
found that loratadine use was associated with improved OS[105,106]. In patients diagnosed with lung 
cancer, a cohort study found that the use of loratadine or its metabolite desloratadine was associated 
with a significant reduction in mortality; the authors proposed that cancer-related changes in lysosomal 
membranes could favour the entry of these antihistamines[88,107]. To date, there has been scarce 
evidence studying the effect of loratadine in HCC. In a thesis from a few years ago, the cytotoxic effect 
of the combination of loratadine and cisplatin in HCC cell lines was evaluated; loratadine alone had a 
concentration-dependent cytotoxic effect on liver cancer cell lines, and the combination of loratadine 
with cisplatin had a synergistic effect[108]. The same thesis showed that loratadine alone and in 
combination also induced apoptosis and cell cycle arrest in the G2/M phase. Loratadine targets proteins 
that have been suggested to be involved in the development of HCC. As in the case of astemizole, 
loratadine might exert antineoplastic effects through H1HR antagonism, lysosomal membrane sensit-
ization, TRPV2 calcium channel blockade and inhibition of CYP2J2 activity[86,88,102,103]. Furthermore, 
it has been reported that loratadine could exert anti-inflammatory activity by inhibiting the inflam-
matory response triggered by NF-kB signalling[109], an effect that reduces the levels of proinflam-
matory components, including interleukin (IL)-6 and tumour necrosis factor (TNF)-α. The effect of 
loratadine on HCC and its potential mechanisms of action deserve further investigation.

Deptropine
Deptropine is a first-generation H1HR antihistamine indicated to treat asthma[110]. This drug has 
activity against cancer cells. For example, in vitro assays in human liver cancer cells showed that, 
compared to the activity of other first- and second-generation antihistamines, deptropine was more 
potent in inhibiting cell proliferation and inducing autophagosome formation by significantly increasing 
the expression of light chain 3B-II. In mouse xenograft models, deptropine potently inhibited the 
tumour effect[111].

Cyproheptadine
This antihistamine is a potential anti-HCC agent. Feng et al[112] evaluated the activity of cypro-
heptadine in liver cancer cell viability and found that this drug had a potent inhibitory effect on cell 
proliferation through cell cycle arrest. Interestingly, a minimal cytotoxic effect was observed in healthy 
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hepatocytes[112]. Subsequently, a cohort study in Taiwanese patients at different stages of HCC 
compared patients who received cyproheptadine treatment and those who did not. The adjusted HR 
(aHR) of all-cause mortality significantly decreased in all stages in the patients who received palliative 
treatments with cyproheptadine use compared with those who received palliative treatments without 
cyproheptadine use (all P < 0.0001 and aHR = 0.76, 0.80, 0.66, and 0.66 for stages I, II, III, and IV, 
respectively). The authors suggested that cyproheptadine could improve survival in patients with HCC 
at any stage[113]. The same research group conducted a case report documenting that a 62-year-old 
woman with suspected advanced HCC and bone metastases showed disease remission after 
cyproheptadine monotherapy[114]. A dose of 4 mg of this drug three times daily for 17 mo reduced 
serum AFP concentrations from 17697.62 ng/mL to 4.3 ng/mL in only 3 mo. A liver biopsy performed 
two months after starting cyproheptadine treatment showed no malignancy. This outcome was 
previously observed in another case report in which two patients with HCC and lung metastases were 
treated with a combination of cyproheptadine plus thalidomide (it should be noted that the 
cyproheptadine prescription was indicated for skin itching). Computed tomography imaging showed 
complete remission of HCC in both patients after 6 mo and 6 wk of treatment[115].

A cohort study evaluated the efficacy of the combination of cyproheptadine with sorafenib compared 
to sorafenib alone in patients with advanced HCC. The median OS was 11 mo in the combination group 
(95%CI: 6.8-15.1 mo) and 4.8 mo in the sorafenib group (95%CI: 3.1-6.6 mo), while the median PFS time 
was 7.5 mo (95%CI: 5.1-10.0 mo) in the combination group compared with 1.7 mo (95%CI: 1.4-2.1 mo) in 
the sorafenib group[116].

Roles of other histamine receptors and antihistamines in HCC
Histamine 2 receptor: Histamine receptor 2 (H2HR) activation has an inhibitory effect on tumour 
progression in colorectal cancer; gene expression profiling studies in tumour samples from colorectal 
cancer patients described the elevated expression of this receptor, associated with improved OS 
outcomes[117]. In human liver cancer cells, H2HR activation leads to the inhibition of IL-6 expression 
and signalling, arresting cell proliferation[118]. In contrast, there is evidence that H2HR activation in 
HCC favours the expression of β-catenin and survivin, leading to cell survival[119]. Cimetidine, an H2 
antihistamine, decreases intracellular cAMP concentrations, as well as EGF-induced cell proliferation 
and migration, and it has been suggested as an HCC chemopreventive agent[120]. Additionally, 
cimetidine treatment was shown to inhibit liver carcinogenesis in rats with DEN-induced HCC[121]. 
Recently, Crouchet et al[122] developed a system in human liver cells that models a clinical prognostic 
liver signature predicting long-term liver disease progression to HCC, and they identified nizatidine, an 
H2HR antihistamine, for the treatment of advanced liver disease and prevention of HCC[122].

Histamine 3 receptor: The H3HR receptor has been described to participate in the carcinogenesis of 
different types of cancer, including colorectal and pancreatic cancer[123,124]. In tumour tissues from 
HCC patients, H3HR was overexpressed and associated with poor prognosis, and its activation 
promoted the growth and metastasis of HCC cell lines by inducing lamellipodia formation[125,126]. 
Zhang et al[126] reported that H3HR activation favours HCC progression through an acceleration of the 
G1-S phase transition, inhibition of apoptosis, and activation of the AMPc/PKA/CREB signalling 
pathway to downregulate the expression of CDKN1A, a cyclin-dependent kinase inhibitor that has anti-
oncogene activity[126]. Thus, the oncogenic role of H3HR might be antagonized as a potential therapy 
in HCC.

Histamine 4 receptor: Analysis of cancer genomic data from The Cancer Genome Atlas showed that the 
histamine H4 receptor (H4HR) is slightly but significantly overexpressed in human HCC tumour tissues 
compared to healthy tissue[84]. Furthermore, patients with increased H4HR protein expression in 
tumour cells also had increased tumour sizes and more metastasis compared to those with lower 
receptor expression, suggesting that H4HR levels could be used as a prognostic marker for liver cancer
[127]. However, to date, there have been insufficient studies demonstrating the role of H4HR in HCC 
and its clinical relevance, so it is crucial to investigate its association with this cancer.

ESTROGEN RECEPTOR MODULATORS
According to the Global Cancer Observatory, liver cancer ranks fifth in incidence in men, while in 
women, it ranks ninth[1]. This fact has attracted the attention of researchers, who have argued that 
oestrogens explain this difference. Accordingly, oestrogens play a protective role against liver damage 
and prevent the development of HCC[128-130]. Epidemiological data have indicated that oestrogen 
deficiency in peri- and postmenopausal women increases the risk of developing liver damage and 
increases HCC incidence in postmenopausal women; in concordance, oestrogen treatment suppresses 
this phenomenon[131,132].

Both isoforms of the nuclear oestrogen receptor (ER), ER-α and ER-β, are involved in the development 
of liver cancer; however, the functions of ER-β have not yet been fully described. Both ER-α and ER-β are 
expressed in the liver under normal conditions, but their expression is modified during inflammatory 
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processes. Both are decreased in HCC patients compared to healthy tissue samples[133] and are 
believed to lose their function during disease progression; indeed, the ER-α isoform might even be 
considered a predictor of poor prognosis in HCC[128,134]. Conversely, Matsushima et al[135] reported 
that the selective oestrogen receptor modulators (SERMs) raloxifene and bazedoxifene inhibited HCC 
progression through their specific interaction with ER-β. They proposed that both drugs could activate 
the ER-β receptor in the liver, which through downstream signal transduction suppresses TGF-induced 
HCC cell migration via inhibition of Akt[135].

Raloxifene is indicated for the treatment of osteoporosis and is used for the treatment and prevention 
of breast cancer[136]. Raloxifene is a potent inhibitor of the IL-6/GP130 signalling pathway, which is 
involved in the process of oncogenesis of various cancers, including HCC[137]. This research group 
observed that raloxifene inhibited cell viability in human liver cancer cell lines. Furthermore, using an in 
vivo model, they also demonstrated that it could inhibit tumour growth.

Because liver cancer frequently develops in the context of chronic inflammatory liver disease, 
proinflammatory cytokines and immune cells play important roles in carcinogenesis. One of the most 
relevant cytokines in the development of HCC is IL-6; when overproduced, it has a strong effect on liver 
carcinogenesis, and its high expression is related to a high rate of metastasis and poor prognosis in HCC
[138-140]. Naugler et al[141] reported in an animal model that oestrogen administration inhibited IL-6 
secretion and significantly reduced DEN-induced injury in males[141]. When IL-6 binds to its receptor, 
it recruits JAK, leading to activation of STAT3, a transcription factor that favours proliferative processes, 
angiogenesis, invasion, etc[142]. In addition, ER-α could interact directly with NF-kB and inhibit IL-6 
secretion, and raloxifene could interact with ER-α and inhibit IL-6 secretion and thus tumour 
progression[142].

OTHER DRUGS
Disulfiram
Disulfiram is an FDA-approved drug from several years ago and has been extensively used in the 
treatment of alcoholism[143]. This drug has potential anticancer activity in different types of cancer, 
including lymphoma[144], breast cancer[145,146], and pancreatic cancer[147]. A phase II, multicentre, 
randomized, double-blind trial (ClinicalTrials.gov identifier: NCT00312819) evaluated the safety and 
efficacy of the combination of disulfiram with cisplatin and vinorelbine in patients diagnosed with lung 
cancer. Interestingly, a significant increase in survival was observed in patients given this combined 
treatment[148]. Intracellular copper (Cu) levels are significantly elevated in HCC cells and are 
associated with poor patient prognoses[149,150]. Surprisingly, the increase in Cu concentration might be 
harnessed for therapeutic use since disulfiram has Cu-dependent anticancer properties. Li et al[151] 
found that disulfiram inhibited the proliferation, migration, and invasion of liver cancer cells; 
interestingly, Cu enhanced this activity when combined with disulfiram; however, Cu alone did not
[151]. In this regard, a phase I clinical trial determined the maximum tolerated dose of Cu administered 
with disulfiram in patients with liver cancer and found that 250 mg of daily Cu gluconate were well 
tolerated by these patients[152]. In the same study, temporary disease stabilization was observed in 
some patients, but there were no objective responses. Disulfiram can penetrate cancer cells and chelate 
intracellular Cu because Cu levels are elevated in many cancers. This action provides the advantage of 
specificity for cancer cells compared to healthy cells. Disulfiram might work as a Cu ionophore that 
induces oxidative stress by promoting reactive oxygen species (ROS) production, resulting in the 
inhibition of NF-kB[151], a transcription factor involved in the regulation of inflammatory processes and 
the development of liver injury, as well as HCC progression[153,154]. Blocking NF-kB signalling leads 
to an increase in ROS-induced toxicity and consequent cell apoptosis[155]. Furthermore, Thiery[156] 
found that inhibition of NF-kB signalling also resulted in inhibition of liver cancer cell metastasis by 
reversing the epithelial-to-mesenchymal transition (EMT), an important process in cancer metastasis in 
which NF-kB and TGF-β are important components[156]. Indeed, in this same study, disulfiram was 
found to inhibit TGF-kβ signalling. Interestingly, disulfiram plus Cu reversed EMT more effectively 
than disulfiram alone[151].

Most recently, Zhang et al[157] reported that disulfiram plus copper in combination with sorafenib 
resulted in increased anticancer activity against HCC under in vitro and in vivo conditions. Moreover, 
this combination synergistically inhibited the proliferation of human HCC cell lines and significantly 
increased autophagy and apoptosis compared to sorafenib alone. In addition, in a mouse orthotopic 
HCC xenograft model, the combination effectively inhibited tumour growth compared to the effect of 
sorafenib alone[157].

Clofazimine
The canonical Wnt/β-catenin signalling pathway is a crucial component during embryonic 
development and normal adult homeostasis because it participates in processes such as cell differen-
tiation, polarity, migration, and apoptosis[158]. However, abnormal activation of this pathway 
(especially of the transcription factor β-catenin) has been linked to cellular malignant transformation 
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and promotion of carcinogenesis, and it is present in many types of cancer, including HCC[159-161]. 
Notably, mutations in the CTNNB1 gene, which codes for β-catenin, are the most frequent mutations 
during HCC[162,163]. Interestingly, clofazimine, an anti-leprosy agent, could be useful for treating Wnt-
dependent cancers. For instance, it has been shown to be effective against triple-negative breast cancer, 
both in vitro and in vivo, through inhibition of Wnt/β-catenin signalling[164,165]. Furthermore, Xu et al
[166] demonstrated that clofazimine could effectively suppress HCC cell growth, inhibiting Wnt/β-
catenin canonical signalling[166]. This drug has been evaluated for some years, and the results have 
suggested that it might work successfully as an antitumour agent. For example, Van Rensburg et al[167] 
found that it inhibited HCC cell line proliferation in vitro[167]. In addition, in a phase II clinical trial in 
patients with unresectable or metastatic liver cancer, 600 mg of this drug were administered daily for 
two weeks, followed by a dose reduction to 400 mg until progression or death. In this trial, 13 of 30 
treated patients had disease stability for up to 20 mo, and the median OS was 13 wk[168]. Furthermore, 
a phase II clinical trial evaluated the combination of clofazimine plus doxorubicin in patients diagnosed 
with HCC. Although no patients showed complete or partial response, this combination showed only 
mild toxic effects, and the authors recommended further studies involving this antileprosy agent[169]. 
Overall, these trials provided strong evidence to suggest that clofazimine might be useful in treating 
HCC.

Albendazole
Albendazole is an antiparasitic agent used to treat parenchymal neurocysticercosis and other helminth 
infections by blocking parasite microtubules, leading to the inhibition of glucose uptake and transport 
and, ultimately, cell death[170]. Interestingly, this drug has been reported to possess antitumour activity 
and has been studied in different malignancies, including liver, lung, breast, prostate, and colorectal 
cancers and melanoma[171-175]. Pourgholami et al[176] evaluated the effect of this drug in several liver 
cancer cell lines and in mouse xenograft models (human SKHEP-1 tumour growth in nude mice), 
reporting that the drug induced dose-dependent inhibition of [3H] thymidine incorporation in all the 
cell lines studied and a significant decrease in the number of SKHEP-1 cells significantly inhibiting 
tumour growth[176].

Pimozide
Pimozide is a dopamine receptor antagonist neuroleptic drug[177] that was approved by the FDA for 
the treatment of Tourette’s syndrome and schizophrenia[178] and it has shown efficacy for the 
treatment of different types of cancer, such as breast cancer[179,180], prostate cancer[181], brain 
tumours[182], colorectal cancer[183], and chronic myelogenous leukaemia[184]. In liver cancer, 
pimozide effectively inhibited cell proliferation of HCC cell lines through disruption of Wnt/β-catenin 
signalling and reduction of epithelial cell adhesion molecule expression, a marker of both liver stem 
cells[185] and HCC tumour-initiating cells[186,187]. Furthermore, Chen et al[188] found that pimozide 
was able to inhibit cell proliferation, migration, colony formation, and sphere formation in vitro in HCC 
cell lines and stem-like cells by suppressing STAT3 activity. Additionally, pimozide reduced the tumour 
burden in a xenograft model in nude mice[188]. Moreover, the same research group found that the 
antiproliferative effects of pimozide on HCC cell lines were reversible and in line with the involvement 
of cell quiescence and ROS production. Interestingly, pimozide combined with sorafenib synergistically 
inhibited HCC cell proliferation in vitro[188].

Natamycin
Natamycin is a natural polyene amphoteric macrolide antibiotic with antifungal properties[189]. It has 
been reported to significantly inhibit the proliferation of prostate cancer cells[190]. Conversely, An et al
[191] found that natamycin induced apoptosis and inhibited the proliferation of HCC cells by triggering 
excessive ROS production through the downregulation of peroxiredoxin 1 (PRDX-1). Additionally, they 
found that the combination of natamycin plus sorafenib exerted a synergistic effect on cell growth 
suppression compared to the effect of monotherapy[191].

Dysregulation of cellular redox systems is a critical feature of many types of cancer. Increased ROS 
play a fundamental role in the tumour microenvironment, activating important signalling pathways in 
carcinogenesis, such as MAPK/ERK, JNK, and PI3K/AKT, and in turn activating NF-kB, MMPs, and 
VEGF, consequently affecting angiogenesis, metastasis and cell survival in many types of cancer[192-
194]. However, at significantly elevated ROS concentrations, cancer cells are able to develop antioxidant 
defence systems to maintain redox homeostasis and survive[195]. An example of this situation is the 
participation of the peroxiredoxin family, which consists of peroxidases that break down hydrogen 
peroxide, protecting the cancer cell from oxidative stress and consequently providing a survival 
advantage; thus, this family of enzymes are potential targets for tumour growth arrest and cancer 
therapy[196,197]. It is worth mentioning that the PRDX-1 isoform is the most abundant and positively 
regulated protein in different types of cancer, and its expression is associated with poor prognosis[198].

Valproic acid
Valproic acid is a drug that possesses anticonvulsant activity and is primarily indicated for the 
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treatment of epilepsy. However, it is also useful for treating migraine, bipolar disorder, anxiety, and 
psychiatric disorders[199]. The interest in testing the activity of this drug as an antineoplastic agent 
came from findings in human neuroblastoma models. This molecule was able to inhibit proliferation 
and induce differentiation of primitive neuroectodermal tumour cells in vivo, providing evidence for 
using valproic acid as a treatment for neuroblastoma patients[200]. Machado et al[201] reported the 
effect of this drug on human liver cancer cells both in vitro and in vivo. Valproic acid significantly 
inhibited cell proliferation in a dose-dependent manner, while in mouse xenograft models, it reduced 
tumour growth, in addition to negatively regulating Notch-1 mRNA levels[201]. Very recently, Bai et al
[202] evaluated the effect of valproate in animal models of HCC in rats treated with DEN and found that 
this drug significantly reduced liver nodules and AFP levels, as well as other important liver enzymes, 
compared to rats treated with DEN alone. Additionally, valproate reduced inflammatory cytokines, 
such as TNF-α, IL-6, IL-1β, NF-kB and TGF-β1, in liver tissue[202].

Lee et al[203] took advantage of the benefits of combination therapy to evaluate the effects of 
cytokine-induced killer (CIK) cells with valproic acid. CIK cells are ex vivo expanded T lymphocytes 
expressing natural killer and T-cell markers that are used as adjuvant therapy to reduce HCC 
recurrence, yet CIK cell monotherapy is insufficient to treat advanced HCC[203-205]. Therefore, this 
research group determined whether treatment with CIK cells and valproic acid synergized to inhibit 
tumour growth in mouse models of HCC. After seven days of the combined treatment, there was a 
synergistic effect on relative tumour volume in the animals since the relative tumour volume in control 
animals was significantly increased[206].

Additionally, Yu et al[207] implemented a therapeutic strategy in HCC cells in vitro and in vivo that 
consisted of testing the combined effect of valproic acid with proton and photon irradiation. Histone 
deacetylase (HDAC) inhibitors, including valproic acid, have shown promising results in the treatment 
of different cancers[208-210]. However, their use as monotherapy has not been satisfactory, so using 
them in combination with another therapy is an appealing strategy. HDAC inhibitors can sensitize 
human cancer cells to ionizing radiation[211], which is a therapeutic strategy for cancer[212]. In a study 
by Yu et al[207], valproic acid prolonged DNA damage and increased proton-induced apoptosis and 
ROS formation while suppressing the expression of nuclear factor erythroid 2–related factor 2, a 
transcription factor involved in cellular antioxidant regulation. In tumour xenograft models, valproic 
acid significantly enhanced tumour growth retardation[207]. In addition, An et al[213] reported that 
valproic acid could induce cellular senescence in HCC cells through its role as an HDAC inhibitor[213].

ONGOING CLINICAL TRIALS USING ONCOLOGY AND NON-ONCOLOGY DRUGS
Table 4 summarizes the ongoing clinical trials for HCC patients. Immunotherapy is currently positioned 
as the most innovative pharmacological strategy to treat different types of cancer, including liver cancer. 
In addition, it is interesting to note that most of the ongoing HCC clinical trials are evaluating the effects 
of combination therapy and that drug repurposing is gaining tremendous interest, as non-oncology 
molecules are now being tested. Next, the non-oncology drugs used in ongoing clinical trials (Tables 3 
and 4) are discussed.

Metformin
This drug is commonly used for the treatment of type 2 diabetes and was approved by the FDA in 1994. 
Metformin lowers glucose levels and improves insulin sensitivity[214]. Surprisingly, metformin has 
been shown to have antineoplastic activity in different types of cancer[83,215]. It is one of the most 
successful non-cancer drugs used in oncology. Several clinical trials are currently investigating the 
therapeutic potential of this drug in various cancers, including breast, prostate, endometrial, and 
colorectal cancer[216-219]. In the case of liver cancer, metformin has gained interest as an antineoplastic 
agent, given the increased risk of developing liver cancer in diabetic patients. Meta-analyses have 
reported that metformin has a beneficial effect on the incidence and/or survival of patients with liver 
cancer. For example, Ma et al[220] reported the association between metformin use and improved 
survival in diabetic patients with liver cancer[220]. Afterwards, the same research group reported a 
meta-analysis of 19 studies in diabetic subjects and suggested that metformin use reduced the 
proportion of liver cancer by 48% compared to non-users[221]. At the molecular level, metformin 
reduces insulin levels, activating the PI3K-mTOR signalling pathway and inhibiting cell proliferation in 
cancers expressing the insulin receptor[222]. Other mechanisms include negative regulation of mTOR 
via AMPK activation[223].

Ongoing clinical trials in HCC patients are evaluating the use of metformin in combination with other 
molecules, such as vitamin C (ClinicalTrials.gov identifier: NCT04033107), statins (ClinicalTrials.gov 
identifier: NCT02819869) and Celebrex (ClinicalTrials.gov identifier: NCT03184493).

Statins (atorvastatin)
Statins are agents that decrease the level of low-density lipoprotein cholesterol in the blood. They are 
specific inhibitors of the mevalonate pathway through inhibition of the conversion of 3-hydroxy-3-
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Table 4 Ongoing clinical trials involving monotherapy, drug combination and non-oncology drugs

Study title NTC 
number Study design Drugs Status

Monotherapy

Study of Pembrolizumab (MK-3475) as Monotherapy in 
Participants With Advanced Hepatocellular Carcinoma 
(MK-3475-224/KEYNOTE-224)

NCT02702414 Phase II, non-randomized, 
parallel assignment, open label

Pembrolizumab Active, not 
recruiting

An Investigational Immuno-therapy Study of Nivolumab 
Compared to Sorafenib as a First Treatment in Patients 
With Advanced Hepatocellular Carcinoma

NCT02576509 Phase III, randomized, parallel 
assignment, open label

Nivolumab. Sorafenib Active, not 
recruiting

Exploratory Study on Combined Conversion Immuno-
therapy for Liver Metastasis of MSS Type Initial 
Unresectable Colorectal Cancer Based on Gene Status

NCT05409417 Phase II, III, single group 
assignment, open label

Experimental drug Recruiting

First-in-Human Safety, Tolerability and Antitumour 
Activity Study of MTL-CEBPA in Patients With Advanced 
Liver Cancer

NCT02716012 Phase I, non-randomized, 
parallel assignment, open label

MLT-CEBPA. Sorafenib 
(200 mg)

Active, not 
recruiting

Drug combination

A Phase III, Open-Label, Randomized Study of Atezol-
izumab in Combination With Bevacizumab Compared 
With Sorafenib in Patients With Untreated Locally 
Advanced or Metastatic Hepatocellular Carcinoma 
(IMbrave150)

NCT03434379 Phase III, randomized, parallel 
assignment, open label

Atezolizumab. 
Bevacizumab. Sorafenib

Active, not 
recruiting

A Trial of Lenvatinib Plus Pembrolizumab in Participants 
With Hepatocellular Carcinoma

NCT03006926 Phase I, single group, open 
label

Lenvatinib. Pembrol-
izumab (200 mg)

Active, not 
recruiting

A Study of Durvalumab or Tremelimumab Monotherapy, 
or Durvalumab in Combination With Tremelimumab or 
Bevacizumab in Advanced Hepatocellular Carcinoma

NCT02519348 Phase II, randomized, parallel 
assignment, open label

Tremelimumab. 
Durvalumab. Bevacizumab

Active, not 
recruiting

Pembrolizumab With or Without Elbasvir/Grazoprevir and 
Ribavirin in Treating Patients With Advanced Refractory 
Liver Cancer

NCT02940496 Phase II, non-randomized, 
parallel assignment, open label

Elbasvir/Grazoprevir. 
Pembrolizumab. Ribavirin

Active, not 
recruiting

Clinical Recruitment of Patients With First-line Targeted 
Drug Resistance or Intolerance to Hepatocellular Cancer 
With PD-1 Inhibitor (Toripalimab, JS001) Detected on the 
NGS Platform Combined With Anlotinib

NCT05453383 Phase II, single group 
assignment, open label

Anlotinib. Toripalimab Recruiting

TACE Combined With Camrelizumab and Apatinib in the 
Treatment of Advanced Liver Cancer

NCT05550025 Phase II, single group 
assignment, open label

Camrelizumab. Apatinib Recruiting

IBR900 Cell Injection Combined With Lenvatinib or 
Bevacizumab in the Treatment of Advanced Primary Liver 
Cancer

NCT05411757 Phase I, single group 
assignment, open label

IBR900. Lenvatinib. 
Bevacizumab

Not 
recruiting 
yet

Trial to Evaluate the Safety of Talimogene Laherparepvec 
Injected Into Tumors Alone and in Combination With 
Systemic Pembrolizumab MK-3475-611/Keynote-611

NCT02509507 Phase I, II, non-randomized, 
sequential assignment, open 
label

Talimogene. 
Laherparepvec. Pembrol-
izumab

Active, not 
recruiting

HAIC Sequential TAE Combined With Lenvatinib and 
Tislelizumab in Unresectable HCC

NCT05532319 Phase II, single group 
assignment, open label

HAIC sequential TAE. 
Lenvatinib. Tislelizumab

Not 
recruiting 
yet

A Study of E7386 in Combination With Other Anticancer 
Drug in Participants With Solid Tumor

NCT04008797 Phase I, non-randomized, 
sequential assignment, open 
label

E7386. Lenvatinib Recruiting

An Immuno-therapy Study to Evaluate the Effectiveness, 
Safety and Tolerability of Nivolumab or Nivolumab in 
Combination With Other Agents in Patients With 
Advanced Liver Cancer

NCT01658878 Phase I, II, parallel assignment, 
open label

Nivolumab. Sorafenib. 
Ipilimumab. Cabozantinib

Active, not 
recruiting

A Phase I Clinical Study of Recombinant Humanized Anti-
BTLA Monoclonal Antibody (JS004) Injection Combined 
With Toripalimab Injection in Patients With Advanced 
Solid Tumors

NCT05427396 Phase I, single group 
assignment, open label

JS004. Toripalimab Recruiting

mFOLFOX7 Plus Camrelizumab and Apatinib for 
Advanced HCC

NCT05412589 Phase II, single group 
assignment, open label

mFOLFOX7. Camrel-
izumab. Apatinib

Recruiting

Trial of PXS-5505 Combined With First Line Atezolizumab 
Plus Bevacizumab For Treating Patients With Unresectable 
Hepatocellular Carcinoma

NCT05109052 Phase II, III, single group 
assignment, open label

PXS-5505. Atezolizumab. 
Bevacizumab

Not 
recruiting 
yet
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Combination of Regorafenib and Nivolumab in 
Unresectable Hepatocellular Carcinoma

NCT04310709 Phase II, single group 
assignment, open label

Regorafenib. Nivolumab Recruiting

Phase Ib Trial of Infigratinib In Combination With Atezol-
izumab And Bevacizumab for The Second-Line Treatment 
of Advanced Cholangiocarcinoma With FGFR2 
Fusion/Amplification

NCT05510427 Phase I, randomized, single 
group assignment, open label

Infigratinib. Atezolizumab. 
Bevacizumab

Recruiting

A Study of TAK-500 With or Without Pembrolizumab in 
Adults With Select Locally Advanced or Metastatic Solid 
Tumors

NCT05070247 Phase I, non-randomized, 
parallel assignment, open label

TAK-500. Pembrolizumab Recruiting

A Study of Nivolumab and Relatlimab in Combination 
With Bevacizumab in Advanced Liver Cancer

NCT05337137 Phase I, II, randomized, parallel 
assignment, quadruple 
(participant care, provider, 
investigator, outcomes 
assessor)

Relatlimab. Nivolumab. 
Bevacizumab

Recruiting

Drug repurposing

High Dose Vitamin C Combined With Metformin in the 
Treatment of Malignant Tumors

NCT04033107 Phase II, single group 
assignment, open label

Vitamin C. Metformin Recruiting

Statin Combination Therapy in Patients Receiving 
Sorafenib for Advanced Hepatocellular Carcinoma

NCT03275376 Phase II, randomized, parallel 
assignment, Quadruple 
(Participant, Care Provider, 
Investigator, Outcomes 
Assessor)

Atorvastatin Terminated

The Combination Effect of Statin Plus Metformin on 
Relapse-free

NCT02819869 Phase II, randomized, parallel 
assignment

Statin. Metfotmin Terminated

Statin for Preventing Hepatocellular Carcinoma Recurrence 
After Curative Treatment

NCT03024684 Phase IV, randomized, parallel 
assignment, triple masking 
(Participant, Care Provider, 
Investigator)

Atorvastatin Recruiting

Meclizine for Hepatocellular Carcinoma NCT03253289 Phase I, single group 
assignment, open label

Meclizine Recruiting

Celebrex and Metformin for Postoperative Hepatocellular 
Carcinoma

NCT03184493 Phase III, non- randomized, 
parallel assignment

Celebrex plus metformin Recruiting

Sorafenib Induced Autophagy Using Hydroxychloroquine 
in Hepatocellular Cancer

NCT03037437 Phase II, non-randomized, 
parallel assignment, open label

Sorafenib. Hydroxy-
chloroquine

Recruiting

PD-1: Programmed cell death protein 1; HCC: Hepatocellular carcinoma.

methylglutaryl coenzyme A into mevalonate, which is responsible for cholesterol synthesis[224]. 
Interestingly, mevalonate signalling is deregulated in several types of cancer and is also involved in the 
process of tumorigenesis[225,226], making it a potentially useful target for cancer treatment. Preclinical 
trials have demonstrated that statins can be used as antitumour agents in colorectal cancer[227-229]. It 
was suggested that statins might reduce the risk of developing HCC[230]. Kim et al[231] reported that 
atorvastatin inhibited the activation of YAP (via the mevalonate pathway) and AKT (via stabilization of 
the truncated retinoid X receptor alpha pathway), which are involved in cancer development[231].

Ongoing clinical trials are evaluating the effects of statins in patients with advanced HCC, such as a 
trial evaluating atorvastatin in patients receiving treatment with sorafenib (ClinicalTrials.gov identifier: 
NCT03275376) and a clinical trial studying two non-oncology drugs-statins and metformin-either alone 
or in combination (ClinicalTrials.gov identifier: NCT03024684).

Celebrex
Celebrex (celecoxib) is a cyclooxygenase-2 (COX-2) selective non-steroidal anti-inflammatory drug 
indicated for the treatment of pain and inflammation caused by osteoarthritis, rheumatoid arthritis, and 
ankylosing spondylitis[232]. Interestingly, celecoxib anticancer activity is presumed to occur by 
inhibiting COX-2[233-235] because this cyclooxygenase isoform is frequently expressed in many types of 
cancer and promotes carcinogenesis and resistance of cancer cells to chemotherapy[236]. Dai et al[237] 
found that celecoxib also targets the RNA-binding protein "“partner of NOB1"” (PNO1) and exerts 
antitumour activity through the AKT/mTOR pathway[237]. In addition, PNO1 has been reported to 
participate in the progression of lung, oesophageal, breast, bladder, and colorectal cancer[238-242]. 
Targeting PNO1 (which is overexpressed in HCC tissues) can inhibit cell apoptosis by promoting 
autophagy through the ERK/MAPK signalling pathway[243].

A clinical trial is currently ongoing to compare the effect of Celebrex alone, metformin alone, and the 
combination of both drugs in preventing HCC recurrence after hepatic resection (ClinicalTrials.gov 
identifier: NCT03184493). In preclinical trials, it was shown that the combination of the two in vitro and 
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in vivo inhibited HCC proliferation more effectively than the effect of each drug alone[244].

Hydroxychloroquine
Hydroxychloroquine is an antimalarial drug that has been evaluated as an antitumour agent in HCC 
and has even been used for the treatment of other cancers, either alone or in combination with other 
therapeutic agents[215,245]. This drug targets cancer cells and the tumour microenvironment; among its 
molecular mechanisms of action, it inhibits autophagosome-lysosome fusion and Toll-like receptor 9 
(TLR9) signalling, along with TLR7, which are overexpressed in HCC and are involved in cell prolif-
eration and inhibition of apoptosis[246]. Furthermore, Chen et al[247] reported that hydroxychloroquine 
and miRNA (hsa-miR-30a-5p) target and resensitize sorafenib-resistant HCC cells to sorafenib through 
impairment of autophagy and DNA damage by oxidative stress via the TLR9/SOD1/hsa-miR-30a-5p/
Beclin-1 pathway[247]. Since one of the mechanisms of sorafenib resistance is the induction of 
autophagy, a prospective, phase II clinical trial is currently under way to evaluate the efficacy of 
sorafenib and hydroxychloroquine treatment in patients with advanced HCC (ClinicalTrials.gov 
identifier: NCT03037437).

PERSPECTIVES
The high mortality caused by liver cancer remains an important concern in oncology. Therefore, there is 
an urgent need to implement new therapeutic strategies to provide significant benefits in patients with 
advanced HCC.

Immunotherapy is a tool that has shown great promise in treating HCC. Nevertheless, it is necessary 
to continue developing immunotherapy agents, which increase understanding of the role of the immune 
response in the tumour and take advantage of this process.

In contrast, the use of combination therapy has shown very favourable results compared to the effect 
of monotherapy, reflected by the diversity of current clinical trials evaluating the impact of the 
combination of two or more agents in HCC. Drug combinations simultaneously targeting relevant 
signalling pathways in liver carcinogenesis provide at least four potential advantages: (1) Anticancer 
synergistic effects; (2) minimization of treatment resistance; (3) reduction of individual drug doses; and 
(4) the occurrence of minimal adverse events. These advantages should facilitate HCC treatment, 
making it extremely important to consider possible future drug combinations to achieve greater benefits 
for HCC patients.

Furthermore, growing evidence has supported that non-cancer drugs possess antineoplastic activity. 
In emergency situations such as cancer, drug repurposing can be a very useful strategy. Compared to 
the traditional process of developing new drugs, drug repurposing allows for the rapid and less costly 
discovery of new treatments, increasing the likelihood of success with the advantage that safety issues 
in humans have already been described. It is crucial to mention that drug repurposing does not replace 
the traditional process; both are extremely important. However, repurposing non-oncology drugs is an 
attractive strategy to obtain more treatment options for advanced HCC.

Simultaneously, implementing non-oncology drug repurposing and proposing combinations of non-
oncology drugs with systemic therapy or immunotherapy are very attractive strategies to generate 
significant benefits in patients with unresectable HCC. In addition, new relevant signalling pathways, 
critical drug targets, and biomarkers of this cancer might be identified along the way, providing 
significant advantages for understanding liver carcinogenesis.

CONCLUSION
Currently, approved drug options for treating advanced HCC are limited, and the likelihood of 
generating resistance is high, making the use of novel pharmacological approaches urgent (Figure 2). 
Compared to monotherapy, this review demonstrated that combining therapies has resulted in more 
significant benefits for HCC patients. Furthermore, evidence has been provided indicating that several 
non-oncology drugs are potentially useful for the treatment of this cancer. In addition, immunotherapy 
has significant effects in some cases compared to current systemic therapy, making this approach, along 
with repositioning and combination therapy, promising for the pharmacological treatment of advanced 
liver cancer.
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Figure 2 Pharmacological strategies for the treatment of advanced hepatocellular carcinoma. When a patient is diagnosed with hepatocellular 
carcinoma either intermediate (BCLC B) or advanced (BCLC C) stage, surgical and locoregional therapeutic options are no longer indicated. In these cases, the most 
appropriate treatment option is systemic therapy with first-line treatments with sorafenib and lenvatinib as the initial drugs. However, if the patient develops resistance 
to sorafenib or disease progression after therapy, treatment with second-line drugs indicated in the schedule is initiated. It is important to note that immunotherapy 
using monoclonal antibodies is already part of the current and approved drug options. Because current drug treatments are limited and monotherapy is ineffective, the 
implementation of combination and drug repositioning are two therapeutic strategies to achieve more and better treatments. 1All agents require prior sorafenib use. 
BCLC: Barcelona Clinic Liver Cancer; TACE: Transarterial chemoembolization; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; PD-1: Programmed cell death 
protein 1; VEGFR: Vascular endothelial growth factor receptor; FGFR: Fibroblast growth factor receptor; PDGFR: Platelet-derived growth factor receptors; HCC: 
Hepatocellular carcinoma.
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Abstract
Colonoscopy has been shown to be an effective modality to prevent colorectal 
cancer (CRC) development. CRC reduction is achieved by detecting and removing 
adenomas, which are precursors of CRC. Most colorectal polyps are small and do 
not pose a significant challenge for trained and skilled endoscopists. However, up 
to 15% of polyps are considered “difficult”, potentially causing life-threatening 
complications. A difficult polyp is defined as any polyp that is challenging for the 
endoscopist to remove owing to its size, shape, or location. Advanced polypec-
tomy techniques and skills are required to resect difficult colorectal polyps. There 
were various polypectomy techniques for difficult polyps such as endoscopic 
mucosal resection (EMR), underwater EMR, Tip-in EMR, endoscopic submucosal 
dissection (ESD), or endoscopic full-thickness resection. The selection of the 
appropriate modality depends on the morphology and endoscopic diagnosis. 
Several technologies have been developed to aid endoscopists in performing safe 
and effective polypectomies, especially complex procedures such as ESD. These 
advances include video endoscopy system, equipment assisting in advanced 
polypectomy, and closure devices/techniques for complication management. 
Endoscopists should know how to use these devices and their availability in 
practice to enhance polypectomy performance. This review describes several 
useful strategies and tips for managing difficult colorectal polyps. We also 
propose the stepwise approach for difficult colorectal polyps.
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Endoscopic submucosal dissection; Polypectomy
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Core Tip: Most colorectal polyps are small and do not pose a significant challenge to resection. However, 
up to 15% of polyps are considered “difficult” because of their size, shape, or location. Advanced poly-
pectomy techniques and skills are required for the resection of difficult colorectal polyps. Recent 
advancements in techniques and devices for endoscopic mucosal resection, endoscopic submucosal 
dissection, and endoscopic full-thickness resection allow curative therapy of these difficult polyps and 
avoid unnecessary surgery that carries the risk of morbidity and mortality. However, the proper selection 
of adjunct endoscopic devices/techniques and stepwise training for skill improvement are critical for 
successful advanced polypectomy.

Citation: Pattarajierapan S, Takamaru H, Khomvilai S. Difficult colorectal polypectomy: Technical tips and recent 
advances. World J Gastroenterol 2023; 29(17): 2600-2615
URL: https://www.wjgnet.com/1007-9327/full/v29/i17/2600.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2600

INTRODUCTION
In 2020, colorectal cancer (CRC) was the fourth most common malignancy worldwide, with 1.9 million 
new cases recorded[1]. Colonoscopy has been shown to be an effective modality to prevent CRC 
development. Previous studies have shown a 60%-90% reduction in CRC incidence after screening 
colonoscopy[2,3]. CRC reduction is achieved by detecting and removing adenomas, which are 
precursors of CRC. Most colorectal polyps detected during colonoscopy are small, benign, and easily 
resected by skilled endoscopists. However, 10%-15% of colorectal polyps are classified as “difficult” 
colorectal polyps[4,5]. Generally, difficult colorectal polyps are defined as any polyps that are 
technically challenging for endoscopic resection because of their size (> 20 mm), morphology 
(pedunculated polyp with a thick stalk, laterally spreading tumor), or location (ileocecal valve, 
appendiceal orifice, dentate line)[5,6].

Endoscopic resection of difficult polyps is associated with an increased risk of incomplete resection 
and serious adverse events, including intra-procedural massive bleeding and perforation. Therefore, 
difficult polypectomy should be performed or supervised by an experienced endoscopist. This review 
describes helpful strategies and tips for dealing with difficult colorectal polyps.

THE STEPWISE APPROACH FOR DIFFICULT COLORECTAL POLYPS
Lesion assessment
The first step in managing colorectal polyps is lesion assessment. Dye-based chromoendoscopy and 
image-enhanced endoscopy (IEE) with magnifying observation should be used to distinguish benign 
lesions, adenomas, and adenocarcinomas. Dye-based chromoendoscopy with indigo carmine and 
crystal violet enables pit pattern diagnosis based on Kudo’s classification[7]. However, IEE techniques 
such as narrow-band imaging (NBI) and blue laser imaging are more common than chromoendoscopy 
in clinical practice outside Japan. IEE can diagnose lesions by visualizing surface patterns and 
microvessels based on the NBI International Colorectal Endoscopic (NICE) and Japan NBI Expert Team 
(JNET) classification[8,9] (Table 1). The accuracy of discriminating non-neoplastic from neoplastic 
lesions was 95% for magnifying observation with IEE and 96%-98% for pit pattern observation with 
chromoendoscopy, while the accuracy for discriminating adenomas from adenocarcinomas was 70%-
90% for both IEE and chromoendoscopy[10].

Colorectal cancers with submucosal invasion have a 7%-14% risk of lymph node metastasis[11-14]. 
For submucosal cancers, it is crucial to differentiate between superficial (< 1000 µm) and deep 
submucosal invasive (≥ 1000 µm) cancer. Current evidence strongly supports the theory that superficial 
cancer with submucosal invasion < 1000 µm without lymphovascular invasion, grade 2/3 tumor 
budding, or poorly differentiated component have no risk of lymph node metastasis[15,16]. A Japanese 
study suggested that magnifying chromoendoscopy with crystal violet is the best modality for 
estimating the invasion depth in early colorectal lesions. Matsuda et al[17] found that the diagnostic 
accuracy of the invasive pattern in magnifying chromoendoscopy with crystal violet to differentiate 
superficial (< 1000 µm) and deep submucosal invasive (≥ 1000 µm) cancers was 98.8%. Patients with 
submucosal invasive cancer should undergo radical colectomy considering the risk of nodal metastasis, 
whereas patients with adenoma or cancer with submucosal superficial invasion are candidates for 
endoscopic resection. It should be noted that experienced examiners performed magnifying chromoen-
doscopy in this study; therefore, the effectiveness of magnifying chromoendoscopy should be 
revalidated in general endoscopists. Togashi et al[18] reported a minimum experience of observing 200 
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Table 1 The Japan Narrow-band Imaging Expert Team classification[8]

Type 1 Type 2A Type 2B Type 3

Vessel 
pattern

Invisible Regular caliber, regular distribution 
(meshed/spiral pattern)

Variable caliber, irregular distri-
bution

Loose vessel areas, 
interruption of thick 
vessels

Surface 
pattern

Regular dark or white spots, 
similar to surrounding normal 
mucosa

Regular (tubular/branched/papillary) Irregular or obscure Amorphous areas

Suspected 
pathology

Hyperplastic polyp/sessile 
serrated polyp

Low grade intramucosal neoplasia High grade intramucosal 
neoplasia/shallow submucosal 
invasive cancer

Deep submucosal 
invasive cancer

lesions with magnifying chromoendoscopy is needed to understand pit pattern diagnosis. Moreover, 
the limited availability of crystal violet outside Japan makes this approach difficult to apply in clinical 
practice.

Identification of the causes of difficult polypectomy
Table 2 shows the causes of difficult polypectomy. The difficulty might arise from the size, location, 
morphology, or other specific conditions. Possible solutions for each complex polyp character or 
situation are described in the following subsections.

The Size, Morphology, Site, Access (SMSA) classification system has been proposed by Gupta et al[19] 
for stratifying lesion complexity (Table 3). This stratifies polyps into 4 levels of difficulty, with level 1 
being the easiest to resect by all endoscopists and level 4 being very difficult to resect. Longcroft-
Wheaton et al[20] validated the SMSA system in a prospective study of 220 lesions ≥ 20 mm in diameter. 
They found that lesions with SMSA level 4 had higher complication rates (8.6% vs 0%, P = 0.007) and 
lower complete resection rates (87.5% vs 97.5%, P = 0.009) than the lesions with SMSA level 2 and 3. 
European Society of Gastrointestinal Endoscopy guideline for colorectal polypectomy and endoscopic 
mucosal resection (EMR) recommends using the SMSA system to assess large and complex polyps. If 
the lesions have SMSA level 4, they should be resected by experts at a high-volume tertiary care center
[21].

Basic techniques of colorectal polypectomy
Endoscopists should have the appropriate basic skills to conduct a colorectal polypectomy. First, 
looping on the colonoscope should be unwound by shortening before performing polypectomy; 
otherwise, colonoscope manipulation would be paradoxical and troublesome. Second, endoscopists 
should position the polyp at 5-6 o’clock on the monitor because the instrument exits the colonoscope 
channel at 5 o’clock (Figure 1A). Finally, the base of the polyp, particularly that of a pedunculated 
polyp, should lie opposite to gravity. Polyp stretching by gravity improves the visualization of the 
polyp base, and this maneuver prevents blood pooling at the resected site (Figure 1B and C).

Selection of therapeutic modality for large colorectal polyps
The selection of the appropriate modality from various polypectomy techniques depends on the 
morphology and endoscopic diagnosis. Large pedunculated polyps are mainly resected by polypectomy 
with a prophylactic strategy against bleeding. The selection of a therapeutic modality for large non-
pedunculated polyps, mostly laterally spreading tumors (LSTs), is highly debated. LST is defined as a 
lesion ≥ 10 mm in diameter, extending laterally with a low vertical axis[22]. The comparison between 
EMR and endoscopic submucosal dissection (ESD) is an important issue for large LSTs. ESD has higher 
en bloc resection and lower recurrence rates than EMR because the snare EMR method tends to result in 
piecemeal resection for large lesions[23,24]. Moreover, ESD allows accurate histopathologic diagnosis 
regarding the depth of invasion without segmentation of the carcinomatous part, which compromises 
the pathological diagnosis[25]. Nevertheless, colorectal ESD is one of the most challenging endoscopic 
procedures with high complications. The learning curve of colorectal ESD is steep, with approximately 
80 procedures required to gain proficiency in large polyp resection[26]. Recently, Tip-in EMR was 
proposed as a promising modified EMR technique for the resection of large nonpedunculated polyps
[27,28]. After the submucosal injection, the snare tip with a cut current was used to make a spot-shaped 
mucosal incision at the proximal side of the tumor. The small incision helps fix the snare tip in the 
submucosal layer during the snare placement; therefore, endoscopists could place the snare flexibly and 
repeatedly in the appropriate position. Takada et al[29] compared Tip-in EMR with ESD for the resection 
of 20- to 30-mm nonpedunculated polyp using propensity score matching. They found that Tip-in EMR 
had a lower en bloc resection (85% vs 99%, P < 0.001) and R0 resection rates (63% vs 91%, P < 0.001) than 
ESD; however, Tip-in had a shorter procedural time (8 min vs 60 min, P < 0.001) and comparable local 
recurrence rate (2% vs 0%, P = 0.386). They concluded that Tip-in EMR could be a feasible alternative to 
ESD for 20- to 30-mm nonpedunculated polyps.
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Table 2 Characteristics of the difficult colorectal polyps

Size > 20 mm

Near or involving the appendiceal orifice

Ileocecal valve

Anorectal junction

Behind the fold

Location

Angulated segment

Pedunculated polyp with thick stalk and large head

Laterally spreading tumor

Morphology

Submucosal fibrosis or positive non-lifting sign

Recurrent lesionSpecial situation

Strong colonic peristalsis

Table 3 Size/Morphology/Site/Access scoring system[19]

Parameter Range Score

Size < 1 cm 1

1.0-1.9 cm 3

2.0-2.9 cm 5

3.0-3.9 cm 7

> 4 cm 9

Morphology Pedunculated 1

Sessile 2

Flat 3

Site Left 1

Right 2

Access Easy 1

Difficult 3

Size/Morphology/Site/Access (SMSA) level 1: 4-5 points, level 2: 6-8 points, level 3: 9-12 points, level 4: > 12 points.

LST is classified as granular type (LST-G), which has a nodular surface, or non-granular type (LST-
NG), which has a smooth surface. These two types have different patterns of submucosal invasion. In a 
large retrospective cohort study by Yamada et al[30], 19% of the LST-G cases had submucosal invasion; 
the invasion site was the large nodule in 56%, the depression area in 28%, and multifocal in 16%. LST-
NG showed 39% submucosal invasion, and the invasion site was 10% at submucosal mass-like 
elevation, 45% at depression, or 45% multifocal. Because of the substantial risk of multifocal submucosal 
invasion, ESD is warranted for LST-NG, and en bloc resection is required for large LST-G nodules. 
Table 4 shows the indications for colorectal ESD suggested by the 2020 Japan Gastroenterological 
Endoscopy Society (JGES) guidelines for colorectal ESD and EMR[10].

APPROACHES TO DIFFICULT POLYPECTOMY IN SPECIFIC SITUATIONS
Pedunculated polyp with thick stalk and large head
The risk of bleeding after polypectomy of large pedunculated polyps with thick stalk increases due to 
the possibility of large blood vessels in the stalk. A prospective study found that pedunculated polyps 
with stalk diameter > 5 mm and polyp size > 17 mm are risk factors for post-polypectomy bleeding[31]. 
Therefore, prophylactic strategies against bleeding should be implemented prior to polypectomy.
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Table 4 Indications for colorectal endoscopic submucosal dissection[10]

Lesions requiring en bloc resection

Lesions which en bloc resection with EMR is difficult

LST-NG, particularly LST-NG with pseudo-depressed type

Lesions with VI-type pit pattern

Carcinoma with shallow T1 invasion

Large depressed-type tumor

1

Large protruded-type lesions suspected to be carcinoma

2 Mucosal tumors with submucosal fibrosis

3 Sporadic tumors in conditions of chronic inflammation such as ulcerative colitis

4 Local residual or recurrent early carcinomas after endoscopic resection

EMR: Endoscopic mucosal resection; LST-NG: Laterally spreading tumor non-granular type.

Figure 1 Basic maneuvers of polypectomy. A: Positioning the polyp at 5-6 o’clock on the monitor before polypectomy; B: The polyp’s base lying on gravity, 
this leads to poor visualization of the resection area; therefore, the patient’s position should be altered; C: The polyp’s base lying opposite to gravity after changing the 
patient’s position. This position change allows polyp stretching and avoids blood pooling on the resected site.

A randomized controlled trial (RCT) by Dobrowolski et al[32] found that colorectal polyps ≥ 1 cm that 
underwent prophylactic adrenaline injection at the stalk before polypectomy had a lower immediate 
bleeding rate than conventional polypectomy (2% vs 16%, P < 0.05). In contrast, another RCT by Lee et al
[33] revealed no statistical difference in immediate and delayed post-polypectomy bleeding rates 
between the prophylactic adrenaline injection and control groups.

A detachable snare (endoloop) was developed by Hachisu to prevent post-polypectomy bleeding 
from large pedunculated polyps[34]. A nylon-thread loop is tightened around the polyp stalk to ensure 
hemostasis before polypectomy (Figure 2). Three RCTs confirmed that a detachable snare effectively 
prevents post-polypectomy bleeding in large colorectal polyps[35-37]. However, endoloop placement 
might not be possible for all polyps, especially those with a large head or a short stalk. A previous study 
reported an 8.3% failure rate in endoloop placement[37]. Although the largest available endoloop has an 
opening diameter of 30 mm, it is floppy and challenging to place at the stalk of large polyps. Moreover, 
the polyp stalk will be shortened after endoloop tightening; therefore, endoloop-assisted polypectomy 
might not be suitable for polyps with short stalks due to the possibility of incomplete resection. A case 
series reported successful ESD for large pedunculated polyps with failed endoloop placement using a 
scissor-type knife[38], which allows precise dissection with targeted hemostasis. With a scissor-type 
knife, the tissue and vessels could be grasped between two blades and pre-coagulated before cutting 
(Figure 3). In addition, a case report described successful ESD with a scissor-type knife for a large 
pedunculated polyp with a short, thick stalk[39].

Prophylactic clip application at the thick stalk before polypectomy may prevent post-polypectomy 
bleeding (Figure 4). Soh et al[40] conducted an RCT of 137 pedunculated polyps ≥ 1 cm in 116 patients 
and found that prophylactic clip application before polypectomy significantly decreased immediate 
bleeding compared with conventional polypectomy [odds ratio (OR): 0.22; 95% confidence interval 
(95%CI): 0.08-0.57]. The delayed bleeding rate did not differ between the two groups. However, this 
technique is difficult to apply to polyps with a short thick stalk due to the risk of incomplete resection, 
and endoscopists should be aware of transmural burns from electrical current conducted by the 
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Figure 2 Endoloop-assisted polypectomy. A: A pedunculated polyp with a thick stalk; B: Endoloop tightening around the stalk before snaring, the polyp’s 
color turned deep purple due to the ischemia; C: No bleeding evidence after the resection.

Figure 3 Endoscopic submucosal dissection with a scissor-type knife for a large subpedunculated polyp. A: After submucosal injection, a 
scissor-type knife could be used to perform mucosal incision; B: The tissue and vessels could be grasped between two blades and precoagulated before cutting; C: 
Final cut of the procedure; D: Mucosal defect after completed endoscopic submucosal dissection.

endoscopic clip.
A meta-analysis of 15 RCTs involving 3,462 patients found that both prophylactic adrenaline injection 

and mechanical therapy reduced the risk of early post-polypectomy bleeding [injection therapy, risk 
ratio (RR): 0.32; 95%CI: 0.11-0.67; mechanical therapy: RR: 0.13; 95%CI: 0.03-0.37], although no prophy-
lactic therapy decreased the risk of delayed bleeding[41]. In conclusion, prophylactic therapy, including 
adrenaline injection, detachable snare, or clipping, should be performed before the resection of a 
pedunculated polyp with a thick stalk or large head. However, detachable snare placement or prophy-
lactic clipping may not be possible for polyps with a short, thick stalk, which may be suitably resected 
using ESD.

Polyps involving the appendiceal orifice
Endoscopic resection of polyps involving the appendiceal orifice is technically challenging because of 
the poor-lifting nature of submucosal fibrosis, thin cecal wall, and inability to access the lesion 
extending deep into the appendiceal orifice. Traditionally, these polyps have been managed surgically. 
However, recent advances have allowed endoscopists to perform a safe endoscopic resection for these 
polyps.

A Japanese retrospective study revealed the safety and effectiveness of ESD for the treatment of 
polyps involving the appendiceal orifice. For a total of 76 lesions, the authors reported a 95.0% en bloc 
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Figure 4 Prophylactic clip application at the stalk before polypectomy. A: A pedunculated polyp with a thick stalk and large head. There were failed 
attempts placing the endoloop due to the large polyp head; B: Clip application before snaring; C: No bleeding evidence after the resection.

resection rate, 1.3% perforation, and 2.6% post-ESD appendicitis rate. However, they excluded patients 
with lesions deeply involving the orifice and without a history of appendectomy. The authors 
emphasized that ESD should be performed by experienced and skilled endoscopists in this situation[42].

Binmoeller et al[43] suggested the usefulness of underwater endoscopic mucosal resection (UEMR) 
without submucosal injection for polyps involving the appendiceal orifice. With a water-filled lumen, 
the floating effect facilitated snare capture (Figure 5). They reported an 89% success ratio for UEMR in 
27 polyps involving the appendiceal orifice (rim, 5 patients; extending deep inside, 22 patients). There 
was no perforation or post-resection appendicitis; however, 7% of the patients had post-polypectomy 
syndrome. During surveillance, 10% of the patients had residual adenomas that could be treated 
endoscopically.

Endoscopic full-thickness resection (EFTR) has recently been employed for difficult polyps and is 
another suitable modality for polyps involving the appendiceal orifice. In a multicenter retrospective 
study, Schmidbaur et al[44] found that EFTR achieved R0 resection in 64% of 50 lesions involving the 
appendiceal orifice. However, 14% of patients developed acute appendicitis, and 42% of those with 
appendicitis required appendectomy. Similarly, a multicenter retrospective study by Ichkhanian et al
[45], including 66 appendiceal orifice lesions (61% polyps extending deep into the appendiceal lumen) 
with a mean size of 14.5 mm, found that EFTR achieved an 89% technical success ratio and 93% R0 
resection of the neoplastic lesions. Post-resection appendicitis occurred in 17% of patients without a 
prior history of appendectomy, and 60% (six patients) required appendectomy. Even with the promising 
outcomes of EFTR, the authors of both studies emphasized that patients must be counseled about the 
risk of post-resection appendicitis.

In summary, ESD is a viable option for polyps involving the rim of the appendiceal orifice for 
experienced endoscopists. However, ESD may not be feasible for lesions with a deep extension into the 
appendiceal orifice. UEMR is also a decent modality that is less technically demanding and has a high 
success rate. For lesions with deep extension into the appendiceal orifice, EFTR is the suitable option 
due to the high R0 resection rate. However, patients must be counseled regarding the risk of post-
resection appendicitis.

Polyps on the ileocecal valve
Polyps on the ileocecal valve are technically challenging for endoscopic resection because the valve 
shape and orifice make it difficult to approach the lesions. Moreover, lesions may extend from the valve 
orifice to the terminal ileum. Therefore, resection is extremely difficult and associated with a high risk of 
recurrence[46]. A large retrospective study revealed a high complete resection rate (76.3%) of piecemeal 
EMR for polyps on the ileocecal valve, and the rate increased to 93.0% in the most recent eight years. 
Delayed bleeding and perforation occurred in 3.3% and 0% of the patients, and residual polyps were 
found in 16.5% and 18.6% during the first and second surveillance, respectively. They suggested four 
EMR keys for polyps on the ileocecal valve: (1) Use of a high-definition colonoscope; (2) use of a cap on 
the distal end of the scope; (3) inclusion of a dye in the injection fluid; and (4) initiating injection at the 
margin of the polyp with the valve orifice[47].

ESD for polyps on the ileocecal valve may be necessary for lesions suspected to be early carcinomas. 
However, ESD in this area is technically challenging because of the valve anatomy and composition. 
The ileocecal valve has abundant submucosal fatty tissue; consequently, the colonoscope lens often 
becomes cloudy during dissection. Yoshizaki et al[48] found no difference in the en bloc resection and 
perforation rates between ESD of lesions involving the ileocecal valve and lesions that did not involve it. 
Lesions involving the ileocecal valve were reported to have a 97% en bloc resection rate without 
perforation. The authors highlighted the critical steps for successful ESD. The mucosal incision should 
be started on the ileal side of the tumor to prevent the tumor from prolapsing into the terminal ileum. 
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Figure 5 Underwater endoscopic mucosal resection for a polyp involving appendiceal orifice. A: Endoscopic image showing a 15-mm sessile 
polyp involving the appendiceal orifice; B: Magnifying narrow-band image showing a type 1 polyp of the Japan Narrow-band Imaging Expert Team classification with 
open pit pattern. The most likely diagnosis was sessile serrated lesion; C: Underwater snaring without submucosal injection; D: Mucosal defect after completed 
underwater endoscopic mucosal resection.

For areas with abundant submucosal fatty tissue, the electrical setting should be changed from the 
forced coagulation mode to the endocut or swift coagulation mode to enhance tissue cutting. Recently, 
Tanaka et al[49] conducted a study to evaluate the outcomes of ESD for polyps of the ileocecal valve 
with extension into the terminal ileum. They found that ESD of lesions with or without extension into 
the terminal ileum showed no difference in the en bloc resection rate (95% vs 94%, P = 0.79), R0 resection 
rate (90% vs 89%, P = 0.89), postoperative bleeding (5% vs 3%, P = 0.79), intraoperative perforation (0% 
vs 4%, P = 0.34), or delayed perforation (0% vs 0%, respectively). Therefore, ESD for polyps involving 
the ileocecal valve with extension into the terminal ileum is safe and effective in expert hands.

Polyps at the anorectal junction
Polyps close to the dentate line can be challenging to resect because of the risk of bleeding from the 
hemorrhoids. Polypectomy in this area is painful due to the sensory nerves in the squamous epithelium 
below the dentate line. Moreover, the anatomy of the anal sphincter makes it difficult to maintain good 
visualization[50]. For polyps at the anorectal junction that are indicated for ESD, Imai et al[51] proposed 
the following strategies: (1) Using a cap on the distal end of the scope to maintain good visualization in 
the narrow space of the anal canal; (2) addition of 1% lidocaine to the submucosal injection solution to 
prevent pain; (3) employing a horizontal approach with an endoscopic knife to minimize thermal 
damage to the muscular layer; and (4) performing preventive hemostasis when thick hemorrhoidal 
vessels are observed. With these strategies, they reported an en bloc resection rate of 95.6% and an R0 
resection rate of 53.3%. The low R0 resection rate was due to burning artifacts on the anal side of the 
specimens. They reported a 4.4% perforation and a 2.2% postoperative bleeding rate. Tamaru et al[52] 
investigated the outcomes of ESD for polyps at the anorectal junction in patients with and without 
hemorrhoids. They found no differences in en bloc resection (93% vs 95%) or postoperative bleeding 
(16% vs 11%) rates between patients with and without hemorrhoids. Therefore, ESD is safe and effective 
for patients with lesions near the anorectal junction and hemorrhoids. Similarly, several studies have 
shown the safety and effectiveness of ESD for polyps at the anorectal junction[53-55]. In conclusion, ESD 
for polyps at the anorectal junction is safe even in the presence of hemorrhoids, and special strategies to 
prevent bleeding and pain should be implemented (Figure 6).

Locally recurrent colorectal polyps
Locally recurrent polyps mostly result from incomplete resections. A systematic review and meta-
analysis found that local recurrence after EMR of non-pedunculated polyps occurred in 3% of en bloc 
resections and 20% of piecemeal resections, and 90% of recurrences were detected within 6 mo after 
EMR[56]. Locally recurrent polyps without risk factors for lymph node metastasis and positive vertical 
margins can be resected endoscopically[57]. However, endoscopic resection of locally recurrent polyps 
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Figure 6 Endoscopic submucosal dissection for a polyp involving the anorectal junction. A: Endoscopic image showing a 6-cm laterally spreading 
tumor involving the dentate line; B: Retroflexed view of the same polyp; C: Hemorrhoidal plexus at the anus makes the endoscopic submucosal dissection (ESD) 
challenging with the bleeding risk; D: Mucosal defect after completed ESD.

is extraordinarily challenging because it is associated with poor lifting with submucosal injection from 
submucosal fibrosis[58].

The 2020 JGES guidelines for colorectal ESD and EMR suggest that local recurrence of early 
carcinoma after endoscopic resection is an indication of ESD[10]. A Japanese retrospective study 
revealed that ESD had a higher en bloc resection rate than EMR for locally recurrent lesions (56% vs 39%, 
respectively), although the lesions in the ESD group were significantly larger than those in the EMR 
group (mean size; 25.3 mm vs 7.8 mm, P = 0.001)[59]. Perforations were not observed in the ESD group. 
However, this study was conducted at a single center with expertise in ESD. ESD for locally recurrent 
lesions is technically demanding and requires high operator skills. It is noted that the en bloc resection 
rate of locally recurrent polyps was much lower than their previous report of colorectal ESD (168/200 
patients, 84%)[60]. Ide et al[61] conducted a retrospective study comparing ESD with the pocket-creation 
method using a traction device and conventional ESD for locally recurrent lesions. They found that ESD 
using the pocket-creation method with a traction device had higher en bloc resection and R0 resection 
rates than conventional ESD (100% vs 78%, P = 0.008, and 97% vs 66%, P=0.001, respectively). Therefore, 
the combination of the pocket creation method and traction device is a promising strategy for the 
resection of locally recurrent polyps.

UEMR without submucosal injection has been reported as a promising technique for the salvage 
treatment of recurrent adenomas. Fibrosis prevents elevation of the recurrent lesion after submucosal 
injection, while the surrounding normal mucosa still elevates around the non-lifting lesion after the 
injection. This makes snare capture difficult. The floating effect after UEMR facilitates snare capture 
with minimal risk of perforation because the colonic muscularis propria remains circular with a water-
filling lumen. Kim et al[62] conducted a retrospective, cross-sectional study involving patients with 
recurrent adenomas after piecemeal resection of colorectal LSTs. They found that the en bloc resection 
and complete resection rates were higher in the UEMR group than in the EMR group (47.2% vs 15.9%, P 
= 0.002, and 88.9% vs 31.8%, P < 0.001, respectively). The recurrence rate on surveillance colonoscopy 
was lower in the UEMR group than in the EMR group (10.0% vs 39.4%, P = 0.020). In this study, UEMR 
was an independent predictor of en bloc resection and complete removal.

In summary, ESD and UEMR are the appropriate modalities for treating locally recurrent colorectal 
polyps. Previous studies have shown a higher en bloc resection rate with ESD than with UEMR and ESD 
using the pocket-creation method and a traction device is a promising strategy for locally recurrent 
polyps. However, ESD for locally recurrent lesions is only suitable for centers with high ESD expertise 
because it is technically difficult, even with advances in ESD devices and techniques. In extremely 
difficult cases, endoscopists may consider surgery if the anticipated risk of complications is too high.
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Polypectomy in patients with strong colonic peristalsis
Strong colonic spasm is a common obstacle during colorectal polypectomy, limiting visualization and 
scope manipulation. In this situation, endoscopists generally use antispasmodic drugs. Hyoscine 
butylbromide is the most common antispasmodic agent in practice, and the recommended dose is 20 mg 
via intravenous injection. Hyoscine butylbromide exerts an antimuscarinic anticholinergic effect that 
reduces the smooth muscle tone at multiple sites in the gastrointestinal tract. Contraindications of 
hyoscine butylbromide include cardiovascular disease, glaucoma, myasthenia gravis, and hypersens-
itivity to the drug[63]. In patients with these contraindications, other antispasmodic agents, including 
glucagon or peppermint oil, should be administered. The dose of glucagon is 1 mg via intravenous 
injection, which is contraindicated in patients with pheochromocytoma[64]. Peppermint oil was 
administered via intraluminal application of 20 mL of 1.6% L-menthol solution without contraindic-
ations[65]. Topical lidocaine, a local anesthetic, also functions as an antispasmodic agent by blocking the 
Na+ channels. It was administered via the intraluminal application of 30 mL of 2% lidocaine 
hydrochloride. An RCT found no difference in the inhibitory duration between topical lidocaine and 
peppermint oil; however, topical lidocaine significantly decreased rebound spasm[66].

In specific situations with intense colonic spasms, even with the administration of antispasmodic 
drugs, UEMR may be a decent modality. Another advantage of the water-filled lumen in UEMR is the 
stabilized visualization of the lumen. Pattarajierapan et al[67] reported successful UEMR for rectal 
adenoma in the non-distensible rectum due to severe fecal incontinence and intense colonic peristalsis. 
Therefore, UEMR may be a suitable option for patients with intense colonic spasms who have failed 
medication.

RECENT ADVANCES IN POLYPECTOMY DEVICES AND TECHNIQUES
Several technologies have been developed to aid endoscopists in performing safe and effective polypec-
tomies, especially complex procedures such as ESD. These advances include video endoscopy system, 
equipment assisting in advanced polypectomy, and closure devices/techniques for complication 
management. Endoscopists should know how to use these devices and their availability in practice to 
enhance polypectomy performance, particularly in challenging cases.

Video endoscopy system
Red dichromatic imaging (RDI) was recently installed in the latest Olympus endoscopy system EVIS X1. 
RDI utilizes two long-wavelength lights (600 nm and 630 nm), which improve the visibility of thick 
blood vessels in deep tissues[68,69]. Therefore, easier identification of bleeding sources during 
polypectomy is expected in the RDI mode (Figure 7). Fujimoto et al[69] conducted an RCT comparing 
hemostatic procedures using RDI and white-light imaging (WLI). Although they found that RDI did not 
shorten the hemostatic time, it significantly reduced psychological stress compared to WLI. They 
concluded that it is safe and reasonable to use the RDI during hemostatic procedures to reduce the 
psychological stress experienced by endoscopists.

Equipment assisting advanced polypectomy
Although ESD has been widely accepted as a standard procedure for colorectal polyps that require en 
bloc resection, a limited number of endoscopists outside East Asia are competent owing to the difficulty 
of the method[70]. Colorectal ESD is more technically demanding than gastric or esophageal ESD 
because of its thin colonic wall and narrow colonic lumen, as well as peristalsis and respiratory 
movement. In addition to good training with experienced endoscopists, the recent development of 
traction devices and techniques may facilitate the procedure. The lack of traction during dissection 
contributes to the technical difficulty of ESD; therefore, various traction devices and techniques have 
been proposed (Figure 8). These devices include the clip-line method[71], S-O clip[72], double clips and 
rubber band traction[73], and traction wire[74]. To date, there have been no head-to-head comparisons 
of these traction devices, and the traction method has been selected based on tumor location and 
preference[75]. The clip-line method is helpful for rectal lesions but may not be feasible for colon lesions. 
For colonic ESD, endoscopists can use an S-O clip, double clips and rubber band traction, or traction 
wire. Without traction devices, ESD using the pocket creation method is a special technique that 
maintains a stable scope position inside the pocket while sustaining good traction[76,77]. This technique 
starts with an initial small mucosal incision, the creation of a submucosal pocket under most of the 
tumor, and then the completion of opening the pocket in a step-by-step manner.

Closure devices and techniques for complication management
Perforation is the most feared complication of polypectomy. With advances in closure devices, most 
perforations after polypectomy can be closed endoscopically, thereby eliminating the need for surgery, 
which is associated with morbidity and mortality[78]. Endoscopic closure devices can be classified into 
through-the-scope clips (TTSC), over-the-scope clips (OTSC), and suturing devices. Useful modified 
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Figure 7 Bleeding during endoscopic submucosal dissection. A: Endoscopic image in white light imaging showing the bleeding from the large vessels of 
the polyp; B: Identification of bleeding sources during polypectomy is easier in the Red Dichromatic Imaging (RDI) mode. RDI mode also reduces the endoscopists’ 
psychological stress by turning the blood color yellow.

Figure 8 Traction device during endoscopic submucosal dissection. A: Rubber band traction clip facilitating endoscopic submucosal dissection of a 
laterally spreading tumor with submucosal fibrosis; B: Traction force from the device helping during the submucosal dissection.

techniques in TTSC include the hold-and-drag closure technique using reopenable clips[78], mucosal 
incision method[79], endoloop-assisted clip closure[80], over-the-line clip method[80], and dual-action 
clip closure[81]. To date, no RCT has compared these closure techniques after colorectal polypectomy. 
Modified techniques in TTSC help close defects larger than the width of the clips. Therefore, 
endoscopists should learn these modified techniques, which are feasible for their centers because they 
may occasionally be necessary.

The OTSC system is a super-elastic nitinol clip that must be mounted at the end of an endoscope 
before deployment. This results in full-thickness closure of the teeth arranged in a bear-trap shape[78]. 
The reported successful closure rate for iatrogenic colon perforation for OTSC is 89%-100%[82-85]. 
However, the limitations of OTSC include lower success rates in the right colon compared with the left 
side and limited availability.

Endoscopic suturing is a promising method for defect closure with a 100% success rate in a report of 
16 patients[86]. The endoscopic suturing device consists of a curved needle placed on the endoscope tip, 
a catheter-based suture anchor, and an operating handle attached to the neck of the instrument channel 
of the endoscope[87]. Limitations to the suturing device include the requirement of a double-channel 
endoscope and special training in endoscopic suturing to become competent in this technique. In 
addition, endoscopic suturing devices are expensive and limited in availability.

CONCLUSION
Recent advancements in EMR, ESD, and EFTR techniques and devices allow curative therapy of difficult 
colorectal polyps and prevent unnecessary surgery that carries the risk of morbidity and mortality. 
Moreover, these advancements also help endoscopists cope with feared complications, such as massive 
intra-procedural bleeding and perforation. However, proper selection of adjunct endoscopic devices/
techniques according to polyp characteristics and step-by-step training for skill improvement are critical 
for successful advanced polypectomies. Based on current evidence, we summarize the stepwise 
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Figure 9  Stepwise approach for difficult colorectal polyps.

approach (Figure 9) that might help endoscopists make better decisions for the treatment of difficult 
colorectal polyps.
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Abstract
BACKGROUND 
Cryptotanshinone (CPT) has wide biological functions, including anti-oxidative, 
antifibrosis, and anti-inflammatory properties. However, the effect of CPT on 
hepatic fibrosis is unknown.

AIM 
To investigate the effects of CPT treatment on hepatic fibrosis and its underlying 
mechanism of action.

METHODS 
Hepatic stellate cells (HSCs) and normal hepatocytes were treated with different 
concentrations of CPT and salubrinal. The CCK-8 assay was used to determine 
cell viability. Flow cytometry was used to measure apoptosis and cell cycle arrest. 
Reverse transcription polymerase chain reaction (RT-PCR) and Western blot 
analyses were used to measure mRNA levels and protein expression of endo-
plasmic reticulum stress (ERS) signaling pathway related molecules, respectively. 
Carbon tetrachloride (CCL4) was used to induce in vivo hepatic fibrosis in mice. 
Mice were treated with CPT and salubrinal, and blood and liver samples were 
collected for histopathological examination.

RESULTS 
We found that CPT treatment significantly reduced fibrogenesis by modulating 
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the synthesis and degradation of the extracellular matrix in vitro. CPT inhibited cell proliferation 
and induced cell cycle arrest at the G2/M phase in cultured HSCs. Furthermore, we found that 
CPT promoted apoptosis of activated HSCs by upregulating expression of ERS markers (CHOP 
and GRP78) and activating ERS pathway molecules (PERK, IRE1α, and ATF4), which were 
inhibited by salubrinal. Inhibition of ERS by salubrinal partially eliminated the therapeutic effect 
of CPT in our CCL4-induced hepatic fibrosis mouse model.

CONCLUSION 
CPT can promote apoptosis of HSCs and alleviate hepatic fibrosis through modulating the ERS 
pathway, which represents a promising strategy for treating hepatic fibrosis.

Key Words: Hepatic fibrosis; Endoplasmic reticulum stress; Cryptotanshinone; Hepatic stellate cells; 
Apoptosis

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

Core Tip: Hepatic fibrosis is a necessary stage of liver cirrhosis, and there is currently no effective 
treatment. Cryptotanshinone (CPT), one of the extracts of Chinese herbal medicine Radix Salviae Miltior-
rhizae, has a good anti-fibrosis effect. Through this study, we found that CPT can treat hepatic fibrosis by 
activating endoplasmic reticulum stress and leading to apoptosis of hepatic stellate cells, which provides a 
new method for the treatment of hepatic fibrosis.

Citation: Hou XX, Li YW, Song JL, Zhang W, Liu R, Yuan H, Feng TT, Jiang ZY, Li WT, Zhu CL. 
Cryptotanshinone induces apoptosis of activated hepatic stellate cells via modulating endoplasmic reticulum stress. 
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URL: https://www.wjgnet.com/1007-9327/full/v29/i17/2616.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2616

INTRODUCTION
Hepatic fibrosis is a reversible liver injury that occurs in response to viruses, drugs, inflammation, fat 
deposition, and other causes. The underlying pathological mechanism of hepatic fibrosis involves the 
deposition of extracellular matrix (ECM), which leads to the replacement of functional liver parenchyma 
by scar tissue, proliferation and activation of hepatic stellate cells (HSCs), and increased production of 
collagen and unfolded proteins[1-3]. The endoplasmic reticulum (ER) is an important organelle in 
eukaryotic cells that is involved in a variety of biological processes, including protein synthesis, 
processing, modification, folding, and transport, lipid and carbohydrate metabolism, and Ca2+ 
maintenance, among others[4-6]. In some cases, when the physiological function of the ER is disturbed, 
ER stress (ERS) will be activated to promote cell survival. However, persistent ERS can lead to apoptosis
[7,8], which can either promote the occurrence and development of hepatic fibrosis or lead to the 
activation of HSCs, which can reverse the transformation of hepatic fibrosis[2,9-11].

Cryptotanshinone (CPT) is a diterpene quinone compound that is isolated from Salvia miltiorrhiza. 
CPT has been shown to have anti-oxidant, anti-inflammatory, and antibacterial properties[12]. Studies 
have also reported that CPT antifibrotic effects on cardiac and renal tissues[13-15]. These findings 
suggest that CPT plays a protective role in fibrotic disease. Therefore, we hypothesized that CPT might 
also protect against hepatic fibrosis. In this study, we treated LX2 cells with different concentrations of 
CPT and found that cell viability decreased and apoptosis increased in a dose-dependent manner. We 
also found that expression of proteins related to ERS increased, and inhibiting ERS decreased the 
apoptosis rate. Based on our findings, we speculate that CPT promotes apoptosis of HSCs through 
modulating the ERS pathway.

MATERIALS AND METHODS
Reagents and antibodies
CPT (purity ≥ 98% purity by HPLC, Cat No. HY-N0174), were purchased from Med Chem Express LLC 
(Shanghai, China) (Figure 1A). Primary antibodies for α-SMA, Collagen I, eIF2α, p-eIF2α, p-PERK, 
PERK, IRE1-α, BAX, BCL2, CHOP, and GRP78/BIP and all secondary antibodies were purchased from 
Proteintech (China). ATF4, and XBP1 were purchased from Sigma (United States). The primers used in 
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Figure 1 Cryptotanshinone reduces collagen deposition and induces cell cycle arrest at the G2/M checkpoint. A: Chemical structure of 
cryptotanshinone; B: CCK8 assay for LX2 cell viability; C: CCK8 assay for cell viability of LO2; D: Protein levels of collagen I and α-SMA were determined using 
Western blot analysis; E: mRNA levels of α-SMA and collagen I were determined using reverse transcription polymerase chain reaction (RT-PCR); F: The percentage 
of cell cycle distribution was determined using flow cytometry. Data are presented as mean ± SD. aP < 0.05, bP < 0.01 versus control.

quantitative reverse transcription polymerase chain reaction (qRT-PCR) were purchased from Qingke 
Co. Ltd. (China) (Table 1).

Animals and experimental procedures
All experiments were approved by institutional and local committees. All mice were provided humane 
care according to the National Institutes of Health (NIH, United States) guidelines[16]. Male C57BL/6 
mice (20-25 g) were randomly divided into five groups (n = 8 per group). Group 1 (vehicle control) did 
not receive carbon tetrachloride (CCL4) or CPT treatment. Group 2 (model group) received CCL4. Group 
3 received intraperitoneal injections of salubrinal (1 mg/kg). Group 4 received CCL4 followed by 
intraperitoneal injections of CPT (40 mg/kg). Group 5 received simultaneous intraperitoneal injections 
of salubrinal and CPT. Groups 2, 3, 4, and 5 were administered CCL4 twice a week for 8 wk to induce 
hepatic fibrosis. Groups 3, 4, and 5 were intraperitoneally injected with CPT or salubrinal every day 
from 5 wk to 8 wk. CPT and salubrinal were dissolved in physiological saline. After 8 wk of treatment, 
blood samples and livers were collected. Livers were fixed in 4% buffered paraformaldehyde for 
histological (hematoxylin and eosin) and Western blot analyses.

Cell culture
The HSC LX2 cell line was donated by Professor Wenting Li. Cells were cultured in high-sugar DMEM 
medium with 10% fetal bovine serum (FBS) in an incubator at 37 °C[17].

qRT-PCR analysis
RNA was extracted from the LX2 cells using an RNA extraction kit (Biyuntian, China) according to the 
kit’s instructions. The Stepone system was used for qRT-PCR, and the experiment was repeated three 
times to calculate the mRNA levels of the target genes.
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Table 1 Primer sequences

Primer Sequence

GAPDH-F (human) AAATCCCATCACCATCTTCCAG

GAPDH-R (human) AGGGGCCATCCACAGTCTTCT

Bax-F (human) TGAGCAGATCATGAAGACAGGG

Bax-R (human) TGAGACACTCGCTCAGCTTC

BCL2-F (human) TCACTTGTGGCCCAGATAGG

BCL2-R (human) GATAACGGAGGCTGGGATGC

GRP78-F (human) CATCACGCCGTCCTATGTCG

GRP78-R (human) CGTCAAAGACCGTGTTCTCG

CHOP-F (human) ACCTGAAAGCAGATGTGCT

CHOP-R (human) GTCCTCATACCAGGCTTCC

α-SMA-F (human) AAAAGACAGCTACGTGGGTGA

α-SMA-R (human) GCCATGTTCTATCGGGTACTTC

Col1a1-F (human) GAGCCAAGACGAAGACATC

Col1a1-R (human) CAGATCACGTCATCGCACAAC

GAPDH-F (mouse) TGTCGTGGAGTCTACTGGTG

GAPDH-R (mouse) ACACCCATCACAAACATGG

α-SMA-F (mouse) TGACGCTGAAGTATCCGATAGA

α-SMA-R (mouse) CGAAGCTCGTTATAGAAAGAGTGG

Col1a1-F (mouse) GATCCTGCCGATGTCGCTAT

Col1a1-R (mouse) TGTAGGCTAGCTGTTCTTGCA

Western blot analysis
RIPA buffer containing protease and phosphatase inhibitors was used to lyse cells and tissues on ice. 
Proteins were electrophoresed and transferred to PVDF membranes (Millipore, United States), which 
were blocked with 5% bovine serum albumin for 2 h. Subsequently, the membranes were incubated 
with primary antibodies at 4 °C overnight, followed by incubation with second antibodies at room 
temperature for 2 h. Finally, the PVDF membranes were washed using 1% TBST and detected by the 
Bio-Rad ChemiDoc Touch Imaging System.

Enzyme-linked immunosorbent assay
Serum levels of interleukin (IL)-6 and IL-10 were determined using enzyme-linked immunosorbent 
assay (ELISA) kits (LinkTech Biotechnology, China) according to the manufacturer’s instructions. The 
absorbance was observed at 450 nm using a full-wavelength microplate reader.

Transmission electron microscopy
LX2 cells were treated with CPT for 24 h, gently scraped with a cell scraper, washed with PBS three 
times, precipitated, centrifuged, and fixed overnight with an electron microscopy fixative. The fixed 
cells were imaged using a transmission electron microscope (Tokyo, Japan).

Biochemical analysis
Serum levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were measured 
using a liver function analysis kit (Nanjing Chengjian Institute of Bioengineering, China) according to 
the kit’s instructions. The absorbance was measured using an enzyme-labeled instrument.

Cell proliferation assay
The Cell Counting Kit 8 (CCK-8) kit (Biyuntian, China) was used to assay cell proliferation. LX2 cells 
were inoculated into a 96-well plate at 3000 cells per well and cultured overnight at 37 °C. After 24 h 
cells were treated with CPT at different concentrations, and 10 μL of the CCK-8 solution was added to 
each well. The cells were cultured at 37 °C for 2 h. The absorbance of each well was measured at 450 nm 
using a microplate reader.
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TUNEL staining
LX2 cells were inoculated into a 24-well plate. After the cells attached, DMSO, CPT, or salubrinal was 
added for 24 h. A TUNEL staining kit (Biyuntian, China) was used to detect apoptotic cells according to 
the kit’s instructions. Cell apoptosis was observed with a fluorescent microscope (Nikon).

Flow cytometry analysis of cell cycle and apoptosis
LX2 cells were inoculated into a 6-well plate at a density of 2 × 104 cells/well. On the following day, the 
cells were treated with CPT at different concentrations for 24 h. Cell cycle was measured using a cell 
cycle kit (KeyGen Biotech). Cell apoptosis was determined using Annexin V and propidium iodide 
double staining with fluorescein isothiocyanate. The percentage of apoptotic cells was determined using 
flow cytometry (FACS Calibur)[17].

Statistical analysis
Experimental data were graphed using Prism 9.0 and statistically analyzed using SPSS26.0. Statistical 
significance of differences was determined using one-way analysis of variance with the post-hoc 
Dunnett’s test. A P value of <0.05 was considered statistically significant.

RESULTS
CPT inhibits the proliferation of LX2 cells
Hepatic fibrosis is characterized by progressive and excess accumulation of ECM, leading to disruption 
of normal liver structure and function. HSC activation is a key cellular event in the pathogenesis of 
hepatic fibrosis[18,19]. In this study, we sought to determine the effects of CPT on hepatic fibrosis. To do 
so we first investigated the effect of CPT on cell viability. We treated LX2 cells with varying concen-
trations of CPT (0, 2.5, 5, 10, and 20 μmol/L) for 24 h and assessed cell proliferation using the CCK-8 
assay. The results showed that CPT significantly reduced cell viability in a dose-dependent manner 
(Figure 1B). We also observed that CPT inhibited the vitality of normal hepatocytes (L02) at 40 μm 
(Figure 1C), which was far in excess of the concentration that affected HSC viability. To further observe 
the inhibitory effect of CPT on activated LX2 cells in vitro, we examined ECM accumulation under 
different concentrations of CPT. We found that CPT reduced ECM deposition (Figure 1D and E). To 
further investigate the inhibitory effect of CPT on cell growth, we measured cell cycle distribution using 
flow cytometry. Cell cycle analysis showed that the number of cells in the G2/M phase significantly 
increased while those in the G1 phase significantly decreased with higher concentrations of CPT 
(Figure 1F). Collectively, these findings suggest that CPT can induce HSC growth.

CPT stimulates apoptosis of activated HSCs
Apoptosis of activated HSCs has been shown to reduce the degree of hepatic fibrosis[2,3]. We assessed 
HSC apoptosis using TUNEL staining and found that CPT induced activated HSC apoptosis in a dose-
dependent manner (Figure 2A). We next explored the pathway underlying CPT-induced HSC 
apoptosis. We observed that CPT dose-dependently reduced Bcl-2/Bax expression in HSCs (Figure 2B 
and C). We quantitatively evaluated the apoptotic rate using flow cytometry, which demonstrated that 
CPT dose-dependently increased the apoptotic rate in activated HSCs (Figure 2D). These data indicate 
that CPT activates HSC apoptosis.

CPT activates the ERS pathway
ERS is a signaling response pathway intended to protect against cell death. However, if the stress 
response is very strong or prolonged, it can cause cellular damage[20]. We investigated the underlying 
mechanism of CPT-induced HSC apoptosis by detecting ERS-related mediators. We found that CPT 
significantly upregulated the mRNA levels and protein expression of GFR78 and CHOP in LX2 cells, 
resepectively (Figure 3A and B). Subsequently, we examined the expression of GFR78 and CHOP in L02 
cells and found that their expression was not significantly altered (Figure 3C and D). These results 
suggest that CPT promotes ERS in activated HSCs without triggering ERS in normal liver cells. Western 
blot analysis revealed that CPT significantly upregulated protein expression of ERS regulatory 
molecules (Figure 3E and F). We also observed the expansion and swelling of the ER lumen in CPT-
treated HSCs using electron microscopy. More specifically, we observed a disappearance of the normal 
sheet-like folded structure and the formation of numerous vacuoles within the ER (Figure 3G).

CPT-induced apoptosis of HSCs requires ERS activation
Salubrinal, an inhibitor of ERS, can protect HSCs from ERS-induced apoptosis[20]. Based on the above 
experimental results, we next investigated if activation of ERS by CPT leads to apoptosis of LX2 cells. To 
test this hypothesis, we treated LX2 cells with both CPT and salubrinal and found that CPT did not 
significantly upregulate the mRNA and Western blot levels of GFR78 and CHOP (Figure 4A and B). We 
also measured the expression of ECM components at the mRNA and protein levels. Interestingly, The 
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Figure 2 Cryptotanshinone induces apoptosis of activated hepatic stellate cells. A: TUNEL staining to assess LX2 apoptosis. Red fluorescence 
indicates apoptotic cells. Scale baes: 100μm; B: Western blot analysis of Bcl-2 and Bax protein expression in LX2 cells; C: Reverse transcription polymerase chain 
reaction analysis of Bcl-2 and Bax mRNA levels in LX2 cells; D: Flow cytometric analysis of LX2 cell apoptosis using fluorescein isothiocyanate-labeled Annexin-
V/propidium iodide staining. Cells located in the right two quadrants of each figure were considered apoptotic cells. aP < 0.05, bP < 0.01, cP < 0.001 versus control.

decrease of ECM accumulation following CPT treatment was prevented by salubrinal (Figure 4C and 
D). These results suggest that CPT can activate ERS, leading to apoptosis of LX2 cells, which may be a 
mechanism to promote HSC clearance. We found that the apoptotic effect of CPT on activated LX2 cells 
could be reversed by salubrinal (Figure 4E-H). Taken together, these findings suggest that CPT can 
induce apoptosis of HSCs through modulating ERS, which may be a mechanism for promoting HSCs 
clearance.

CPT protects mice from CCL4-induced hepatic fibrosis
CCl4-induced hepatic fibrosis is a well-established model to investigate hepatic fibrosis in vivo. We used 
this model to confirm the protective effect of CPT in mice(Figure 5A). To this end, we measured protein 
expression of major markers of hepatic fibrosis including α-SMA and collagen I. CPT effectively 
diminished expression of these proteins in the CCL4-induced model of hepatic fibrosis (Figure 5B). In 
addition, we analyzed biochemical markers of liver injury after 8 wk of CCL4 treatment. Levels of AST 
and ALT increased in the model group but were reduced in the CPT groups (Figure 5C and D). During 
chronic liver disease, hepatic fibrogenesis is commonly accompanied by inflammation. As demonstrated 
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Figure 3 Cryptotanshinone activates the endoplasmic reticulum stress pathway in activated LX2 cells. A: Western blot analysis of endoplasmic 
reticulum stress (ERS)-related protein expression in LX2 cells; B: Reverse transcription polymerase chain reaction (RT-PCR) analysis of Grp78 and CHOP mRNA 
levels in LX2 cells; C: Western blot analysis of ERS-related protein expression in LO2 cells; D: RT-PCR analysis of Grp78 and CHOP mRNA levels in LO2 cells; E 
and F: Western blot analyses of ATF4, PERK, and IRE1 signaling pathways in hepatic stellate cells; G: Transmission electron microscopy showing that CPT caused 
ER swelling and destruction of the mitochondrial membrane integrity. Data are presented as mean ± SD. aP < 0.05, bP < 0.01 versus control. ER: Endoplasmic 
reticulum.

by ELISA, CPT decreased serum levels of IL-6 and IL-10 (Figure 5E and F). Furthermore, the inhibitory 
effect of CPT on the secretion of pro-inflammatory cytokines was diminished by salubrinal. Thus, we 
propose that CPT protects against CCL4-induced liver injury by suppressing inflammation. Next, we 
analyzed the pathological changes in the liver tissue after CPT treatment. Histological staining showed 
that treatment with CPT significantly improved morphological changes in liver tissue (Figure 5G). As 
fibrogenesis is accompanied by accumulation of collagen, liver tissue sections were stained with 
Masson’s reagent and Sirius red to detect collagen deposition. The results showed that collagen was 
markedly deposited in the CCL4-injured livers but reduced in the livers of mice in the CPT-treated 
groups, which was further suppressed by salubrinal (Figure 5G). Taken together, these data provide in 
vivo evidence that activation of ERS signaling can result in reduced collagen accumulation and 
attenuation of fibrotic damage in a hepatic fibrosis mouse model.

DISCUSSION
Due to their diverse sources and high safety profiles, there has recently been a widespread increase in 
the use of natural bioactive components from plants for the prevention and treatment of diseases. Salvia 
miltiorrhiza is a traditional Chinese medicine that has been used to treat many diseases. CPT is one of 
the main tanshinones extracted from Salvia miltiorrhiza Bunge and is considered an important 
compound with various pharmacological properties. Specifically, recent studies have shown that CPT 
has antifibrotic properties in the heart, lung, and kidney[14,15]. However, the relationship between CPT 
and hepatic fibrosis remains unclear.

Hepatic fibrosis involves inflammatory responses caused by various acute and chronic liver injuries. 
If left untreated, hepatic fibrosis can progress to liver cirrhosis or even liver cancer. The production of 
ECM by activated HSCs plays an important role in hepatic fibrosis and cirrhosis[21]. Hepatic fibrosis 
might be prevented or even reversed by inducing apoptosis of activated HSCs. In this study, we 
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Figure 4 The endoplasmic reticulum stress signaling pathway leads to LX2 cell apoptosis and reduces collagen deposition induced by 
cryptotanshinone. A: Protein expression of Grp78 and CHOP was determined using Western blot analysis; B: mRNA levels of Grp78 and CHOP were determined 
using reverse transcription polymerase chain reaction (RT-PCR); C: Protein expression of collagen type I and α-SMA was determined using Western blot analysis; D: 
mRNA levels of α-SMA and collagen I were determined using RT-PCR; E: TUNEL staining was used to assess LX2 cell apoptosis. Red fluorescence indicates 
apoptotic cells. Scale bars: 100 μm; F: Protein expression of Bax and Bcl2 was determined using Western blot analysis; G: mRNA levels of Bax and Bcl2 were 
determined using RT-PCR; H: Flow cytometry data are presented as mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001 versus control. CPT: Cryptotanshinone; FITC: 
Fluorescein isothiocyanate.

established that CPT induces apoptosis through ERS in activated HSCs, which may offer a new strategy 
for the treatment of hepatic fibrosis. We discovered that CPT decreased both mRNA levels and protein 
expression of α-SMA and type I collagen in activated HSCs, which resulted in reduced ECM deposition. 
Furthermore, flow cytometry revealed that CPT dose-dependently induced apoptosis of activated LX2 
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Figure 5 Cryptotanshinone protects the liver against carbon tetrachloride-induced injury and inflammation. Cryptotanshinone (CPT) alleviates 
hepatic fibrotic injury in mice. Mice were injected with carbon tetrachloride (CCL4) for 8 wk to induce liver fibrosis. During weeks 5 through 8, mice in the treatment 
groups were given CPT (40 mg/kg) or salubrinal (1 mg/kg). A: CPT treatment protocol in the CCL4-induced hepatic fibrosis mouse model; B: Western blot analysis of 
α-SMA and collagen I in the liver tissue; C: Determination of serum alanine aminotransferase levels; D: Determination of serum aspartate aminotransferase levels; E: 
Enzyme-linked immunosorbent assay (ELISA) measurement of IL-6 levels in the serum; F: ELISA measurement of IL-10 levels in the serum; G: Liver sections were 
stained with hematoxylin and eosin, Masson reagents, and Sirius red. Scale baes: 100 μm. aP < 0.05, bP < 0.01, cP < 0.001 compared with the CCL4 group. CPT: 
Cryptotanshinone; CCL4: Carbon tetrachloride.

cells. Bax is considered an apoptotic factor, while Bcl2 is an anti-apoptotic molecule that inhibits the 
release of cytochrome C from the mitochondria and inhibits HSC apoptosis[22]. We found that CPT 
upregulated the expression of the pro-apoptotic protein Bax and downregulated the expression of the 
anti-apoptotic protein Bcl2 in activated HSCs, increased the Bax/Bcl ratio, and promoted HSC 
apoptosis. Interestingly, the pro-apoptotic effect of CPT was more specific for activated HSCs than for 
normal hepatocytes, which did not undergo apoptosis. This finding is important because it indicates 
that CPT does not affect normal liver cell activity. Thus, we found that CPT is an effective drug that can 
induce apoptosis of activated HSCs but have no effect on normal hepatocytes during the treatment of 
hepatic fibrosis.

Our results demonstrated that CPT upregulated expression of ER-resident chaperone proteins, such 
as CHOP and GRP78, which are significant markers of ERS[23,24]. In addition, the PERK, IRE1, and 
ATF6 signaling pathways were activated, all of which can phosphorylate the downstream molecules 
eIF2α, ATF4, and JNK, modulating the ERS response[25,26]. We also observed ultrastructure changes 
using electron microscopy. The results showed that the ER cavity of the HSCs was swollen, and the 
integrity of the mitochondrial membrane was damaged after CPT treatment. The ER and mitochondria 
are important organelles that cooperate to complete a variety of biological functions through their 
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interactions with various proteins. In the early stage of ERS, GRP78 is translocated to the mitochondria, 
and the subsequent damage to the integrity of the mitochondrial membrane becomes an early feature of 
apoptosis[27,28]. Our results indicate that CPT could promote ERS in HSCs to promote apoptosis. 
Salubrinal is an ERS inhibitor that selectively induces eIF2α phosphorylation and inhibits its dephos-
phorylation, ultimately protecting cells from ERS-induced apoptosis[29]. To better understand if CPT-
induced HSC apoptosis is regulated by activating the ERS pathway, we incubated HSCs with salubrinal 
to protect cells from ERS-induced apoptosis. In activated HSCs, salubrinal effectively attenuated CPT-
induced apoptosis, reducing secretion of apoptotic proteins. Therefore, these results confirm that 
targeting ERS can trigger HSCs apoptosis.

To further verify the therapeutic effect of CPT on hepatic fibrosis, we conducted in vivo experiments 
using a CCL4-induced mouse model of hepatic fibrosis. We found that intraperitoneal injection of CPT 
reversed the development of hepatic fibrosis in mice, and the therapeutic effect of CPT was reduced 
after by salubrinal. Interestingly, CCL4 also induces experimental hepatocarcinoma, which shares 
common features with hepatic fibrosis, such as increased expression of matricellular proteins (SPARC, 
BM-40, and osteonectin)[30-32]. However, whether or not CPT also has a significant effect on the 
treatment of liver cancer requires further investigation.

CONCLUSION
In summary, we found that CPT limited HSC activation through an ERS-dependent pathway in vivo and 
in vitro, suggesting that CPT should be further investigated as a prospective therapeutic agent for 
hepatic fibrosis.

ARTICLE HIGHLIGHTS
Research background
Cryptotanshinone (CPT) has been accepted to be an anti-inflammatory molecule.

Research motivation
Hepatic stellate cell (HSC) activation plays an indispensable role in hepatic fibrosis. Inducing apoptosis 
of activated HSCs can attenuate or reverse fibrogenesis.

Research objectives
This study investigated the effects of CPT treatment on hepatic fibrosis and its underlying mechanism of 
action.

Research methods
In vitro, we used reverse transcription polymerase chain reaction, Western blot, TUNEL staining and 
flow cytometry, which demonstrated that CPT can induce HSC apoptosis through the ERS pathway. In 
vivo, we used liver function kit, enzyme-linked immunosorbent assay, pathological section staining a 
few columns of technical means to prove that CPT has a certain therapeutic effect on hepatic fibrosis.

Research results
In vitro, CPT was considered to activate HSC apoptosis by promoting endoplasmic reticulum stress 
(ERS) detrimental response to a certain extent. Main molecules came down to the unfolded protein 
response signaling pathway. In vivo, We found CPT protected the Carbon tetrachloride (CCL4)-induced 
hepatic fibrosis. Furthermore, CPT inhibited the levels of the downstream inflammatory cytokines, 
which were triggered by CCL4-induced hepatic fibrosis.

Research conclusions
CPT can promote apoptosis of HSCs and alleviate hepatic fibrosis through modulating the ERS 
pathway, which represents a promising strategy for treating hepatic fibrosis.

Research perspectives
Hepatic fibrosis, cirrhosis and liver cancer are typical "trilogy of liver diseases", which seriously 
endanger human health. Hepatic fibrosis is reversible in the early stage, but it is difficult to reverse in 
the late stage of liver cirrhosis. Early treatment is therefore essential. CPT is a diterpene quinone 
compound that is isolated from Salvia miltiorrhiza. CPT has been shown to have anti-oxidant. In this 
study, we found that CPT could induce apoptosis of activated HSCs and had good prospects for the 
treatment of hepatic fibrosis.
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Abstract
BACKGROUND 
Inflammatory bowel diseases (IBD) are a worldwide health problem and mainly 
affect young people, consequently affecting the workforce. Available treatments 
are often associated with side effects, and new therapeutic options are needed. For 
centuries, plants have represented important substrates in the field of drug 
development. Lafoensia pacari (L. pacari) is a plant whose pharmaceutical potential 
has been described, and may have biological activity relevant to the treatment of 
IBD symptoms.

AIM 
To investigate the activity of keto-alcoholic extracts of L. pacari with respect to 
ameliorating the inflammatory and nociceptive symptoms of acute experimental 
colitis in mice.

METHODS 
Keto-alcoholic extracts of L. pacari leaves and bark were administered to male and 
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female Swiss mice weighing 25 g to 30 g (n = 8 male mice and n = 8 female mice). The effect of 
these extracts was observed in an acetic acid-induced acute experimental model of colitis with 
regard to antinociception/analgesia and inflammatory tissue damage. Recorded macroscopic 
indices included the Wallace score and the colon weight obtained using a precision scale. 
Mechanical hyperalgesia was determined using an electronic analgesimeter. Behavior related to 
overt pain was determined by quantifying the number of writhing instances within 20 min of 
administration of acetic acid. Molecular docking was performed using human and murine 
cyclooxygenase-2 (COX-2) with 3 flavonoids (ellagic acid, kaempferol, and quercetin) on the 
AutoDock Vina software. Analysis of variance followed by Tukey’s posttest was used with P < 
0.05 indicating significance.

RESULTS 
In this murine model of colitis, administration of extracts from L. pacari ameliorated acetic acid-
induced writhing and colitis-associated inflammatory pain. These improvements may be attrib-
utable to the reduction in edema, inflammation (e.g., ulcers, hyperemia, and bowel wall damage), 
and the intensity of abdominal hyperalgesia. The keto-alcoholic extracts of L. pacari leaves and 
bark administered at a dose of either 100 mg/kg or 300 mg/kg significantly reduced the number 
of writhing events when compared to the negative control (P < 0.05). Additionally, extracts of L. 
pacari bark also performed better than Dipyrone. Leaf extracts administered at 10 mg/kg, 30 
mg/kg, and 100 mg/kg and bark extracts administered at 30 mg/kg significantly reduced or 
prevented the development of edema in the colon of treated mice, while mesalazine did not. 
Moreover, using molecular docking, we observed that the flavonoids present in L. pacari extracts 
bind to COX-2, an event not unique to ellagic acid.

CONCLUSION 
The results of this study demonstrate a potential novel application of L. pacari extracts for the 
reduction of inflammation and promotion of antinociception/analgesia as demonstrated by our 
findings in a murine model of colitis. These findings were also corroborated by in silico analyses, 
and suggest that L. pacari extracts may be a promising therapeutic agent in the treatment of IBD.

Key Words: Antinociceptive activity; Anti-inflammatory activity; Cyclooxygenase-2; Flavonoids; 
Inflammatory bowel disease; Lafoensia pacari

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

Core Tip: Keto-alcoholic extracts derived from the leaves and bark of Lafoensia pacari (L. pacari) 
demonstrate significant analgesic/antinociceptive activity in a murine acetic acid-induced pain model of 
colitis. These results can likely be extrapolated to humans, as the identities and structures of mouse and 
human cyclooxygenase-2 (COX-2) are similar. Furthermore, mouse and human COX-2 interacted in a 
similar fashion with L. pacari extract flavonoids when tested in silico. Extracts from both the leaves and 
bark of L. pacari were found to improve inflammation and pain symptoms in mice with acetic acid-
induced acute colitis.
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INTRODUCTION
Inflammatory bowel diseases (IBD) represent a wide spectrum of pathologies that manifest with chronic 
inflammation of the digestive tract and in many cases may not have a defined etiology[1]. The major 
diseases under the umbrella of IBD are Crohn's disease and ulcerative colitis, which are both charac-
terized by the presence of an inappropriate immune response against gastrointestinal microbiota and 
other antigens in the digestive tract lumen[2]. Individual genetic susceptibility and other external factors 
are also important in the pathogenesis of IBD[3].

https://www.wjgnet.com/1007-9327/full/v29/i17/2628.htm
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IBD occurs worldwide and represents a serious health problem, as it affects young people, frequently 
relapses, and can often be clinically severe. As such, IBD commonly negatively impacts patient quality 
of life[4,5].

Conventional pharmacological treatment for IBD is associated with many adverse effects[6] and is 
often associated with long-term resistance[7]. These phenomena are observed with aminosalicylates, 
corticosteroids, immunosuppressants, immunomodulators, and antibiotics, all of which are commonly 
used for induction of remission and are also used for disease maintenance as these drugs reduce inflam-
matory lesions[8]. Therefore, the search for new drugs to treat IBD is critical. Research on medicinal 
plants could lead to the discovery of bioactives with anti-inflammatory properties that are capable of 
curbing the symptoms of IBD with the benefit of avoiding adverse reactions associated with current 
drugs. Lafoensia pacari (L. pacari) (Lythraceae), a tree from the Brazilian Cerrado popularly known as 
dedaleiro, mangava-brava, or pacari, is a fever reducer and promoter of healing according to folk 
knowledge, and is a candidate for an alternative IBD treatment. Pharmacological trials using extracts 
derived from the leaves and bark of this plant have demonstrated its antifungal, antimicrobial, and anti-
free radical properties. L. pacari has also been used in the treatment of gastric ulcers and inflammation
[9].

Preclinical models of intestinal inflammation are important tools in the study of bioactives, and can 
assist in the identification of compounds with therapeutic potential, including drugs used in the 
treatment of IBD such as mesalazine and sulfasalazine[10].

The most common IBD symptom is abdominal pain, and is even reported in individuals in remission. 
Yet, IBD-associated abdominal pain is undertreated and there is a scarcity of research on this common 
issue[11]. Therefore, a drug with antinociceptive (reducing pain via modulation of nociceptive pathways
[12]) and anti-inflammatory activities would be ideal for IBD therapy.

In view of the colloquial sense of the effects of L. pacari, it is possible that its components may be able 
to help improve the symptomatology of IBD through its antinociceptive and anti-inflammatory actions. 
Here, we tested this hypothesis using an in vivo preclinical mouse model and in silico analysis of 
molecular docking to elucidate the bioactive potential of keto-alcoholic extracts of L. pacari leaves and 
bark.

MATERIALS AND METHODS
Keto-alcoholic extracts of L. pacari
Leaves and bark of L. pacari were collected in the cerrado of Presidente Olegário, Minas Gerais, Brazil 
(coordinates 18°24'56” S; 46°25'17” W) in November 2021. The samples were analyzed by a biologist 
from the Centro Universitário de Patos de Minas (Minas Gerais, Brazil). The material was processed 
according to a previously published protocol[13] with some modifications. Leaves and bark of L. pacari 
were sanitized, disinfected, washed, dried at 40 ºC for 72 h, and finally ground.

The keto-alcoholic extracts were prepared according to another previously published protocol[14] 
with modifications. The ground material was mixed in a 1:1 acetone/methanol solution in a 1:10 plant/
solution ratio, sonicated (5 cycles of 5 min on/5 min off), incubated at room temperature for 24 h, 
filtered, and evaporated. The entire extraction process was carried out in the dark. For the in vivo 
experiments, the extracts were solubilized in dimethyl sulfoxide (DMSO) 2% (v/v) in saline [NaCl 0.9% 
(w/v)].

Determination of total flavonoid content
Keto-alcoholic extracts were submitted for total flavonoid content determination by spectrophotometry 
using a methanol solution of AlCl3 5% (w/v). Quercetin was used as the standard with results expressed 
as quercetin equivalents[15].

Experimental animals
This study was approved by the Ethics Committee for Animal Use of the Setor de Ciências Biológicas at 
the Universidade Federal do Paraná, Paraná, Brazil (CEUA no. R.O. 07/2022). Male and female Swiss 
mice weighing 25 g to 30 g were used in the experiments. The animals were kept in the animal house of 
the Universidade Federal do Paraná - Toledo Campus in polypropylene boxes (41 cm × 33 cm × 16 cm) 
with pine shavings. Animals had access to rodent food and chlorinated drinking water ad libitum and 
were kept at a controlled temperature (22 ºC ± 2.0 ºC), in a 12 h light/dark cycle.

Writhing test
Female Swiss mice weighing 25 g to 30 g were used (n = 8 per group). The induction of nociceptive 
response was achieved by intraperitoneal administration of acetic acid [0.8% (v/v)] in saline (10 mL/
kg). The noxious stimulus was given 30 min after administration via gavage of keto-alcoholic extracts of 
L. pacari leaves and bark (10 mg/kg, 30 mg/kg, 100 mg/kg, or 300 mg/kg), saline (negative control), 
dipyrone monohydrate 100 mg/kg (positive control), DMSO 2% (v/v), or ellagic acid (a flavonoid 
found in L. pacari) in DMSO 2% (v/v) in saline (1.6 mg/kg)[16]. The mice were individually housed in 
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glass cylinders and writhing and paw extension events were recorded over a span of 20 min. The 
intensity of the contortional response was expressed by the cumulative number of contortions over this 
20 min period[17,18].

Induction of experimental acute colitis
The following experiment lasted for 14 h. After 24 h of solid fasting, male Swiss mice weighing 25 g to 
30 g (n = 8 per group) were anesthetized with isoflurane (1.5% in 100% oxygen). At hour 0 and hour 6, 
the mice were pretreated with keto-alcoholic extracts of L. pacari leaves and bark (10 mg/kg, 30 mg/kg, 
100 mg/kg, or 300 mg/kg), mesalazine 200 mg/kg (positive control), or saline (negative control). Mice 
in which colitis was not induced were used as controls. At hour 9, saline enema was performed on all 
animals. At hour 10, induction of experimental acute colitis was achieved with 7.5% (v/v) acetic acid 
administered rectally.

The intracolonic injection was performed with a polyethylene cannula measuring 3 cm in length[19]. 
At hour 12, treatment was administered using the same protocol as for pretreatment. At hour 13, the 
animals were subjected to mechanical hyperstimulation (Von Frey nociception test). At hour 14, the 
animals were euthanized by overdose of isoflurane followed by cervical dislocation.

The distal colon of each animal was collected and washed with saline to remove fecal debris. 
Macroscopic evaluation of each specimen was performed and the severity of lesions was rated using a 
numerical score (from 0 to 6)[20]. The presence of edema was also evaluated[19,21] by weighing a 2 cm 
colonic segment using a precision digital scale.

Von Frey test
Visceral mechanical hyperalgesia was assessed using the electronic Von Frey test[22]. Mice were 
allocated to a box in a temperature-controlled room for at least 45 min prior to testing. Withdrawal 
reflexes were elicited with a portable force transducer (Digital Algesimeter EFF 310; Insight Ltda, São 
Paulo, Brazil) fitted to a 0.7 mm2 polypropylene tip. This apparatus was applied to the lower abdomen 
up to the mid-abdomen of each animal. After tip removal, the pressure intensity was automatically 
recorded (recording values from the average of 3 measurements).

Statistical analysis 
The means of the values obtained for each group in each experiment were calculated and analyzed 
using Prism 9.0.1 software. One-way analysis of variance was used to compare groups according to 
treatment dose followed by Tukey's test. Significance was set at P < 0.05.

Bioinformatic analysis by molecular docking 
In order to better understand the results of the in vivo antinociceptive testing, an in silico molecular 
docking technique was used to evaluate the activity of flavonoids present in L. pacari[23] with respect to 
murine cyclooxygenase-2 (COX-2). The same simulations were performed with human COX-2 for 
extrapolation of the murine data. Primary sequences of both murine and human COX-2 were analyzed 
by global alignment using ClustalX 2.1 software[24] for obtaining identity data.

The structure files of the flavonoids (ligands) were obtained from the ZINC database 
(zinc.docking.org). The 2-dimensional ".sdf" files were converted into 3-dimensional ".pdb" files using 
the ViewerLite 5.0 software (Accelrys Inc., San Diego, CA, United States). The 3-dimensional structure 
of murine COX-2 (receptor) was obtained from the Protein Data Bank (PDB) (rcsb.org).

Molecular docking was performed using flexible ligandrigid receptor methodology[25]. For the 
execution of molecular docking, the AutoDock Tools 4[26] and AutoDock Vina v.1.2.0[27] programs 
were used. Preparation of molecules was performed, which included the detection of torsion points and 
calculation of the torsion angles of the ligands, besides the delimitation of the region where the docking 
was performed (Grid box).

RESULTS
Total flavonoids from L. pacari leaves and bark
The determination of total flavonoid content indicated 97.38 ± 0.0091 (97.38%) and 47.95 ± 0.0035 
(47.95%) quercetin/g dry mass equivalents in L. pacari leaves or bark, respectively (i.e. 97.38 g and 47.95 
mg of total flavonoids/g dry mass of leaves or bark, respectively).

Antinociceptive activity of keto-alcoholic extract of L. pacari leaves and bark
The writhing test revealed that DMSO 2% (v/v) did not influence the number of painful contortions 
when compared to the acetic acid noxious stimulus. A statistically significant decrease in the number of 
writhing events was observed in mice treated with dipyrone when compared to negative controls 
(Figure 1).
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Figure 1 Antinociceptive activity of keto-alcoholic extracts of Lafoensia pacari. A: Keto-alcoholic extracts of leaves; B: Keto-alcoholic extracts of bark; 
C: Time-dependent action of the keto-alcoholic extract of Lafoensia pacari (L. pacari) leaves at 100 mg/kg; D: Time-dependent action of the keto-alcoholic extract of 
L. pacari bark at 100 mg/kg. Results presented ± representative error of 8 animals per group. aP < 0.05 vs saline group; cP < 0.05 vs DMSO 2% (v/v), acetic acid; eP 
< 0.05 vs all groups except the saline group. One-way analysis of variance followed by Tukey's t-test. Error bar: Standard error of the mean; L. pacari: Lafoensia 
pacari.

With respect to the keto-alcoholic extracts of L. pacari leaves, doses of 100 mg/kg and 300 mg/kg 
reduced the number of acetic acid-induced writhing events significantly as compared to negative 
controls, but positive controls (dipyrone-treated; Figure 1A). The keto-alcoholic extracts of L. pacari bark 
at 100 mg/kg and 300 mg/kg significantly reduced the number of acetic-acid induced writhing events 
as compared to negative controls and also when compared to dipyrone (Figure 1B).

No statistically significant difference was observed between the antinociceptive potential of the low 
and high L. pacari leaves or bark extract doses (100 mg/kg and 300 mg/kg, respectively). The lower dose 
(100 mg/kg) was found to act in a time-dependent manner, exhibiting effects 10 min after adminis-
tration (Figure 1C and D). Ellagic acid alone, administered at 1.6 mg/kg, did not significantly reduce the 
number of contortions (Figure 2).

Activity of keto-alcoholic extracts of L. pacari leaves and bark in acute colitis
Colitis-induced edema was observed and quantified by weighing the removed colonic segment. Colon 
segment weight of colitis mice was higher than that of healthy mice with no colitis induction. Keto-
alcoholic extracts of L. pacari leaves administered at doses of 10 mg/kg, 30 mg/kg, and 100 mg/kg 
significantly reduced or prevented the development of colonic edema in treated mice (Figure 3A); 
similar results were observed in mice treated with the keto-alcoholic extracts of L. pacari bark 
administered at 30 mg/kg (Figure 3B), as evidenced by the weight of colonic segments of these animals 
being similar to that of healthy mice. Treatment with mesalazine did not improve edema.

Numerical lesional severity scores as assigned by gross assessment of colonic segments ranged from 0 
to 2 (0 = no lesion; 1 = hyperemia without ulceration; 2 = ulceration without intestinal wall 
hypertrophy). No control mice were found to have lesions (score 0), and untreated mice with induced 
colitis demonstrated scores of 1 or 2 (Figure 4). Gross assessment of colonic segments of mice treated 
with keto-alcoholic extracts of L. pacari bark at 30 mg/kg, 100 mg/kg, and 300 mg/kg had fewer lesions 
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Figure 2 Writhing score for ellagic acid. Results presented ± representative error of 8 animals per group. aP < 0.05 vs saline group, cP < 0.05 vs ellagic acid, 
DMSO 2% (v/v), acetic acid. One-way analysis of variance followed by Tukey's t-test. Error bar: Standard error of the mean.

Figure 3 Anti-inflammatory activity of the keto-alcoholic extract of Lafoensia pacari on colonic edema. A: Keto-alcoholic extract of Lafoensia 
pacari (L. pacari) leaves; B: Keto-alcoholic extract of L. pacari bark. Results presented ± representative error of 8 animals per group. aP < 0.05 vs saline group; cP < 
0.05 vs acetic acid and mesalazine. One-way analysis of variance followed by Tukey's t-test. Error bar: Standard error of the mean; L. pacari: Lafoensia pacari.

than untreated mice (Figure 4B); similar results were observed in mice treated with keto-alcoholic 
extracts of L. pacari leaves at 10 mg/kg (scores = 0 or 1; Figure 4A). In general, the keto-alcoholic extracts 
of L. pacari showed anti-inflammatory activity in the colon of animals with acute colitis. Mice treated 
with mesalazine showed intestinal lesions with scores of 1 or 2, suggesting poorer performance of this 
drug when compared to keto-alcoholic extracts of L. pacari leaves or bark.

Activity of keto-alcoholic extracts of L. pacari leaves and bark in hyperalgesia
Results of the Von Frey test were expressed as the difference between the intensity required to elicit a 
positive response before and after the induction of acute colitis by acetic acid. Mice treated with the 
keto-alcoholic extract of L. pacari leaves at 30 mg/kg, 100 mg/kg, or 300 mg/kg or mesalazine showed 
greater analgesic effect when compared to untreated mice. The keto-alcoholic extract of the leaves 
administered at 100 mg/kg or 300 mg/kg performed better than the extract administered at 30 mg/kg 
or mesalazine (Figure 5A).

With respect to the keto-alcoholic extract of L. pacari bark, mice treated with 100 mg/kg or 300 mg/kg 
or mesalazine required a higher intensity of stimulus to elicit a positive response when compared to 
negative controls. No significant difference was observed among these 3 treatments, although both 100 
mg/kg and 300 mg/kg doses of the extract trended toward higher analgesic activity when compared to 
mesalazine (Figure 5B).

In silico analysis
The 3-dimensional structures of murine COX-2 (PDB: 3LN0) and human COX-2 (PDB: 5 LKQ) were 
selected from PDB; these were originally complexed to compound 5c-S and meclofenamic acid, 
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Figure 4 Macroscopic indices of colonic segments from mice with induced colitis post-treatment. Scores: 0 = no lesion; 1 = hyperemia without 
ulceration; 2 = ulceration without hypertrophy of the intestinal wall, according to Wallace et al[20]. Error bar: Standard error of the mean; L. pacari: Lafoensia pacari.

Figure 5 Antinociceptive activity of the keto-alcoholic extract of Lafoensia pacari in the acute colitis model. A: Keto-alcoholic extract of 
Lafoensia pacari (L. pacari) leaves; B: Keto-alcoholic extract of L. pacari bark. Results presented ± representative error of 8 animals per group. aP < 0.05 vs saline 
group; cP < 0.05 vs acetic acid; eP < 0.05 vs mesalazine. One-way analysis of variance followed by Tukey's t-test. Error bar: Standard error of the mean; L. pacari: 
Lafoensia pacari.

respectively. These compounds were removed for analysis in this study. Human and murine COX-2 are 
homologous and have similar structures. The number of total residues in the primary sequence of both 
is 604, and the number of residues resolved by X-ray diffraction of human COX-2 and murine COX-2 is 
551 and 587, respectively. After global alignment analysis, it was observed that these enzymes have 
86.6% primary sequence identity.

Molecular docking simulations with COX-2 were performed with 3 flavonoids: ellagic acid 
(ZINC000003872446), kaempferol (ZINC000003869768) and quercetin (ZINC000003869685). It was 
observed that all flavonoids bind to chain A, the catalytic monomer of COX-2, with significant affinity 
(Table 1) and possibly, under physiological conditions, the interaction is stable and negatively affects 
enzyme activity.

Ellagic acid was bound to 2 amino acid residues of murine COX-2 (3 bonds; 2.0-2.8 Å) and to 4 
residues of human COX-2 (5 bonds; 2.1-3.3 Å; Figure 6A and B). Kaempferol bound to 3 residues of 
murine COX-2 (3 bonds; 2.5-4.3 Å) and 2 residues of human COX-2 (3 bonds; 3.1-5.0 Å; Figure 6C and 
D), and quercetin bound to 6 residues of murine COX-2 (8 bonds; 2.3-4.3 Å) and 4 residues of human 
COX-2 (4 bonds; 2.0-3.3 Å; Figure 6E and F). None of the flavonoids were bound to the prosthetic group 
(heme group) of COX-2. The values of the affinity energies are similar to each other, the most significant 
interactions were between ellagic acid and murine COX-2 and between quercetin and human COX-2.
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Table 1 Energy of affinity of cyclooxygenase-2/flavonoid complexes

Energy of affinity in kcal/mol
Flavonoid

Human COX-2 Murine COX-2

Ellagic acid -9.7 -9.9

Kaempferol -9.9 -8.8

Quercetin -10.1 -9.5

COX-2: Cyclooxygenase-2.

Figure 6 Complexes formed by cyclooxygenase-2 and flavonoids from Lafoensia pacari. A, C and E: Murine cyclooxygenase-2 (COX-2) bound to 
ellagic acid, kaempferol, and quercetin, respectively; B, D and F: Human COX-2 bound to ellagic acid, kaempferol, and quercetin, respectively. Lilac: Flavonoid; Pink: 
Amino acid residues; The dashed lines represent chemical interactions. The name of the amino acid is represented by the three-letter code followed by their number 
in the primary sequence. The numbers next to the dashed lines are the bond lengths in Angstrom.

DISCUSSION
Using extraction in acetone/methanol solution, 97.38 ± 0.0091 mg total flavonoids/g dry mass of the 
leaves and 47.95 ± 0.0035 mg total flavonoids/g dry mass of the bark of L. pacari were obtained; in crude 
hydroalcoholic and methanolic extracts of leaves, 15.7 ± 0.02 and 14.4 ± 0.04 equivalents of quercetin 
were obtained, respectively[28]. In another study[29] 13.61% ± 0.72 equivalents of quercetin was 
obtained from an aqueous extraction of the bark of L. pacari. Comparatively, the keto-alcoholic 
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extraction was more efficient in obtaining total flavonoids from both leaves and bark of L. pacari.
The antinociceptive effect of the keto-alcoholic extracts of L. pacari leaves and bark was demonstrated 

by the writhing test, an assay of nociception using injection of a noxious agent[30]. When tissues and 
cells are exposed to a noxious stimulus, chemical mediators are released, which in turn stimulate C-type 
nerve fibers causing local pain. Acetic acid has properties that can cause pain, in addition to stimulating 
the release of cytokines (IL-1β, TNF- and IL-8) by macrophages and basophils present in the abdominal 
cavity[31]. The writhing test is considered a model for studying visceral pain[32]; keto-alcoholic extracts 
of L. pacari leaves and bark decreased the number of writhing events in this test, suggesting the efficacy 
of these extracts in treating this type of pain.

The extracts of L. pacari leaves and bark administered at 100 mg/kg and 300 mg/kg, reduced the 
number of painful contortions in the murine colitis model; however, there was no significant difference 
between these dosages in terms of analgesic effect. However, the extract administered at 300 mg/kg (the 
highest concentration used in this study) did not exert such a potent antinociceptive effect when 
compared to the positive control group (dipyrone-treated).

The aqueous extract of L. pacari bark administered at 0.5 g/kg and 1.0 g/kg had previously shown an 
antinociceptive effect in the writhing test[33]. In a study using the ethanolic extract of L. pacari leaves 
administered at 1.0 g/kg, the extract reduced the number of writhing events, especially when it was 
administered subcutaneously; however, this dose caused toxicity and death in treated animals[31]. 
Therefore, although the dose of 300 mg/kg is still below the accepted toxic value[31], in order to avoid 
undesirable adverse effects, the 100 mg/kg dose of keto-alcoholic L. pacari extract may be more 
appropriate.

The choice of oral administration of the extracts was based on the better viability and ease of adminis-
tration considering future drug development from the plant's bioactive compounds. As we observed 
analgesic activity when extracts were administered orally, it seems that this route of administration is 
sufficient for absorption of the active compound at a therapeutic level.

In comparison, one study evaluated the analgesic and anti-inflammatory activity of total flavonoids 
from the leaves of Juniperus sabina, a plant commonly known as sabina native to Europe and Asia. This 
study indicated significant dose-dependent analgesic activity in the acetic acid-induced writhing test, 
with the highest dose (500 mg total flavonoids/kg animal mass) showing the greatest inhibition of 
writhing (22.02%)[34]. In the present study, the most effective inhibitory dose was 100 mg/kg of dry 
mass of L. pacari leaves and bark, which is equivalent to 9.738 mg/kg and 4.795 mg/kg total flavonoids, 
respectively.

Other studies have investigated the ethanolic extract of white willow as an anti-inflammatory and 
antinociceptive, with results similar to ours in which the plant extract was effective in an animal model, 
but the positive control treatment was more effective, even at lower concentrations[35]. Another study 
aimed to elucidate the effects of an ethanolic extract of L. pacari on acute peritonitis in mice[9], and 
demonstrated significant anti-inflammatory activity of this extract. This finding may be akin to the 
antinociceptive effect of the keto-alcoholic L. pacari extracts demonstrated in the present study.

Although this study does not present the rate of inhibition of writhing, the difference in concentration 
of total flavonoids used per body mass in each study suggests that flavonoids from L. pacari are more 
effective, as analgesia was observed at lower doses. One possible explanation for this observation may 
be the types of flavonoids present in each plant species analyzed, and those of L. pacari may act more 
synergistically to produce an analgesic effect.

Fractionation of the L. pacari bark extract leads to the isolation of ellagic acid as the main flavonoid 
compound, suggesting that this compound is responsible for the anti-inflammatory and anti-edema 
activity of the extract observed in mouse models of asthma. Ellagic acid was also identified in L. pacari 
leaves by high performance liquid chromatography[31]. Recently, evidence regarding the efficacy of 
ellagic acid in the treatment of acute visceral pain has been growing; its analgesic effects are attributed 
to the inhibition of COX, which synthesizes prostaglandins at sites of peripheral cell damage[36].

Ellagic acid is reported to have several benefits, such as anti-inflammatory, anticancer, and hepato-
protective actions, and is also a promising agent for the treatment of chronic diseases such as ulcerative 
colitis, Crohn’s disease, Alzheimer's disease, and diabetes[37]. However, according to the results 
obtained in this study, ellagic acid was not the only phenolic compound present in the extract of the L. 
pacari that may be responsible for the observed analgesic effect. In a statistical comparison, its effect 
resembles that of the 30 mg/kg dosage of leaf extract in the twitch test. The relatively low efficiency of 
ellagic acid compared to other doses of extract indicates that this flavonoid likely acts synergistically 
with other compounds present in the plant to confer a more robust analgesic pharmacological effect.

Regarding acute experimental colitis, the keto-alcoholic extracts of L. pacari leaves administered at 10 
mg/kg, 30 mg/kg, or 100 mg/kg significantly reduced or prevented the development of colonic in 
treated mice. The same was observed in mice treated with the keto-alcoholic extract of L. pacari bark 
administered at 30 mg/kg as evidenced by similar colonic segment weights between treated and health 
mice.

Gross evaluation of colonic segments of mice revealed lower lesional severity scores in mice receiving 
keto-alcoholic extracts of L. pacari leaves and bark, with further reduction in the groups that received a 
higher dose. The mice that received mesalazine had similar lesional severity scores compared to the 
saline-treated group; this may be due to the fact that mesalazine typically used in the treatment of 
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chronic inflammatory bowel disease[38,39], and we used an acute colitis model.
The macroscopic findings suggest that the keto-alcoholic extracts of L. pacari leaves and bark have an 

anti-inflammatory effect on the mucosa of the gastrointestinal tract and reduce tissue destruction in this 
model of acute colitis. In agreement with these findings, one study showed that a methanolic extract of 
the bark of L. pacari had a potent gastroprotective effect against ethanol-, indomethacin-, and stress-
induced ulcers[40].

Another study showed that an ethanolic extract of L. pacari possesses healing properties when applied 
to skin wounds, accelerating healing when compared to controls. This is attributed to the inhibition of 
the proliferation and inflammation phases of the healing process, corroborating the findings in our acute 
colitis induction experiments, which showed reduced colonic tissue damage in mice treated with L. 
pacari extracts. These data suggest a negative modulation of tissue inflammatory processes[23].

The anti-inflammatory effects of extracts derived from L. pacari leaves have also been demonstrated in 
a murine model of asthma. One study showed a significant reduction in lung inflammation and tissue 
damage in animals that received the extract as evidenced by gross tissue damage score analysis[41]. 
These data corroborate the results of the present study, which also demonstrated the anti-inflammatory 
effects of keto-alcoholic extracts of L. pacari leaves and bark in reducing macroscopic damage to colonic 
tissue.

Both the Von Frey monofilament and the electronic Von Frey tests are used as quantitative sensory 
assays to explore mechanical hyperalgesia[42]. In this study, pain stimuli were administered to mice 
using the electronic Von Frey test, and the keto-alcoholic extracts of L. pacari leaves administered at 30 
mg/kg, 100 mg/kg, or 300 mg/kg or mezalazine showed greater analgesic effect when compared to 
untreated mice. Among the treatments, the keto-alcoholic extract administered at 100 mg/kg or 300 
mg/kg performed better than the extract at 30 mg/kg or mesalazine.

Regarding the keto-alcoholic extract of L. pacari bark, mice treated with the doses 100 mg/kg or 300 
mg/kg or mesalazine required a higher intensity stimulus to induce a positive response when 
compared to the negative controls. No significant difference was observed among these 3 treatments, 
although the keto-alcoholic extract at 100 mg/kg or 300 mg/kg had greater analgesic effect as compared 
to mesalazine. It is important to emphasize that, since this is a study based on a model of acute colitis, 
the findings regarding mesalazine are consistent with what is expected, since this drug has a better 
effect with long-term use[43]. The Von Frey test was one of the first evoked stimulus tests to be 
developed and continues to be widely used today[44]. This test is an excellent tool for evaluating 
hyperalgesia, visceral pain, and inflammation[45].

Molecular docking is an important method to complement and help better understand results 
obtained by in vivo testing. In humans, despite being structurally a homodimer, COX-2 functions as a 
conformational heterodimer, with 1 monomer being catalytic and the other allosteric[46]. In our 
experiments, the catalytic monomer, composed of the A chain, was the interaction target of ellagic acid, 
kaempferol, and quercetin in both human and murine COX-2.

We observed that the evaluated flavonoids bind to COX-2, but also that the interactions are strong. 
Binding affinity is measured by the affinity energy, which when lower than -6.0 kcal/mol indicates 
interaction in a biological environment[47]. Although the values are expressive, they are all within a 
narrow range (-8.8 1 kcal/mol to 10.1 kcal/mol). Our data suggest that COX-2 inhibition after 
interaction with any of the flavonoids tested should not trigger events other than the expected inhibition 
of prostaglandin production and consequent decrease in pain sensation.

Our findings also demonstrate that ellagic acid is not the only compound of interest with respect to 
analgesia found in the keto-alcoholic extracts of L. pacari leaves and bark. The affinity energy evaluated 
by molecular docking represents the strength of interaction between 2 or more interacting molecules. 
The strength of interaction is favorable when it is negative, and the receptor/ligand interaction is 
greater when the energy is lower.

Corroborating our study, another demonstrated that quercetin is also effective in inhibiting 
hyperalgesia[48]. This flavonoid showed an analgesic effect in animal models of inflammatory pain, 
inhibiting hyperalgesia induced by mechanical or thermal stimuli, and reduced the pain behaviors of 
studied animals. In addition, it also inhibited the development of inflammation-related edema, cytokine 
production, myeloperoxidase activity, and cell migration[49].

Nonsteroidal anti-inflammatory agents (NSAIDs) are part of a heterogeneous group of compounds 
from different chemical classes, and have 3 main actions: Anti-inflammation, analgesia, and fever 
reduction. NSAIDs are the most commonly used therapeutic agents[50]. Although they are effective, 
their long-term use is limited in most patients, as they are associated with adverse gastrointestinal 
effects such as abdominal pain, ulcers, bleeding, and even gastric or duodenal perforation. These effects 
have been attributed to the low specificity of these compounds for COX-2[51]. Acetylsalicylic acid (ASA) 
promotes the irreversible inhibition of human COX activity by covalent binding to a serine residue 
within the active site.

In COX-1, ASA acetylates serine 530, preventing the binding of arachidonic acid to the enzyme's 
active site, thus suppressing the production of prostaglandins. In COX-2, ASA acetylates serine 516, 
blocking the activity of this isoform[50,51]. In our study, in silico analysis showed that these amino acid 
residues, which are key to the action of some analgesics, showed no direct interaction with the 
evaluated flavonoids, demonstrating that in this model there are other residues involved in COX-2 
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inhibition.

CONCLUSION
We demonstrated the anti-inflammatory effects of keto-alcoholic extracts of L. pacari leaves and bark in a 
murine acetic acid-induced colitis model. Both extracts inhibited colitis-induced tissue damage as 
assessed using the Wallace score and the development of colonic edema; this effect seems to be COX-2-
dependent. The flavonoid content of L. pacari extracts has been used to treat many diseases, and shows 
anti-inflammatory, analgesic, and antioxidant properties. However, the effects of this plant on 
symptoms related to colitis have not been described. Using molecular docking, we showed a strong 
interaction between ellagic acid, kaempferol or quercetin with both human and murine COX-2; 
however, the inflammatory and antinociceptive effects of L. pacari are not solely attributable to ellagic 
acid. Taken together, these results suggest the potential of oral L. pacari extract administration in the 
treatment of inflammatory diseases such as colitis.

ARTICLE HIGHLIGHTS
Research background
Therapeutic activities of Lafoensia pacari (L. pacari) have been reported in folk medicine, and this plant 
has been used as an antifungal, an anti-ulcer, an antibacterial, an anti-inflammatory, a fever reducer, in 
the treatment of pneumonia, and in the treatment of stomach pain. Despite the common use of this 
plant, the mechanisms by which it achieves medicinal effects have not been elucidated.

Research motivation
L. pacari is a tree found in Brazil thought to have beneficial pharmacological properties, with its main 
bioactive compounds belonging to the flavonoid class. One of the most studied flavonoids found in this 
plant is ellagic acid, which has been reported to have anti-inflammatory activity. However, L. pacari 
contains numerous flavonoids, and these compounds may also have similar activity to or act synergist-
ically with ellagic acid.

Research objectives
We aimed to evaluate the activity of keto-alcoholic extracts of L. pacari leaves and bark, which contain a 
significant amount of flavonoids, with respect to the improvement of symptoms related to inflammatory 
bowel diseases (e.g., inflammation of the intestinal mucosa, edema, and abdominal pain).

Research methods
The methodology used in this study was based on protocols already well established in the scientific 
literature, and, when necessary, some modifications were made. All experiments were performed with a 
number of mice that allowed for statistical analysis of the data and were performed in duplicate or 
triplicate depending on statistical requirements.

Research results
Our results corroborated those described by other studies with respect to the beneficial effects of L. 
pacari extracts; however, to our knowledge, we are the first to evaluate the therapeutic potential of these 
extracts in a murine model of acute colitis. Antinociception/analgesia in this murine model were 
observed with respect to treatment with extracts derived from L. pacari leaves and bark.

Research conclusions
Our findings suggest that keto-alcoholic extracts of L. pacari leaves and bark are beneficial for the 
reduction of symptoms related to inflammatory bowel disease. These effects are attributed to the 
decrease or inhibition of inflammation in the intestinal mucosa. Regarding pain, bioinformatics 
techniques indicated that ellagic acid alone is not responsible for these effects, since other flavonoids 
interact and inhibit with significant affinity cyclooxygenase-2, an enzyme that produces pain mediators.

Research perspectives
This study is part of a larger research project; follow-up experiments are planned using a rat model of 
chronic colitis, other antinociception tests. Future experiments will also investigate the histology of 
intestinal segments after induction and treatment of chronic colitis with L. pacari extracts.
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Abstract
BACKGROUND 
An in-depth study of the pathogenesis and biological characteristics of ampullary 
carcinoma is necessary to identify appropriate treatment strategies. To date, only 
eight ampullary cancer cell lines have been reported, and a mixed-type ampullary 
carcinoma cell line has not yet been reported.

AIM 
To establish a stable mixed-type ampullary carcinoma cell line originating from 
Chinese.

METHODS 
Fresh ampullary cancer tissue samples were used for primary culture and 
subculture. The cell line was evaluated by cell proliferation assays, clonal 
formation assays, karyotype analysis, short tandem repeat (STR) analysis and 
transmission electron microscopy. Drug resistances against oxaliplatin, paclitaxel, 
gemcitabine and 5-FU were evaluated by cell counting kit-8 assay. Subcutaneous 
injection 1 × 106 cells to three BALB/c nude mice for xenograft studies. The 
hematoxylin-eosin staining was used to detect the pathological status of the cell 
line. The expression of biomarkers cytokeratin 7 (CK7), cytokeratin 20 (CK20), 
cytokeratin low molecular weight (CKL), Ki67 and carcinoembryonic antigen 
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(CEA) were determined by immunocytochemistry assay.

RESULTS 
DPC-X1 was continuously cultivated for over a year and stably passaged for more than 80 
generations; its population doubling time was 48 h. STR analysis demonstrated that the character-
istics of DPC-X1 were highly consistent with those of the patient’s primary tumor. Furthermore, 
karyotype analysis revealed its abnormal sub-tetraploid karyotype. DPC-X1 could efficiently form 
organoids in suspension culture. Under the transmission electron microscope, microvilli and 
pseudopods were observed on the cell surface, and desmosomes were visible between the cells. 
DPC-X1 cells inoculated into BALB/C nude mice quickly formed transplanted tumors, with a 
tumor formation rate of 100%. Their pathological characteristics were similar to those of the 
primary tumor. Moreover, DPC-X1 was sensitive to oxaliplatin and paclitaxel and resistant to 
gemcitabine and 5-FU. Immunohistochemistry showed that the DPC-X1 cells were strongly 
positive for CK7, CK20, and CKL; the Ki67 was 50%, and CEA was focally expressed.

CONCLUSION 
Here, we have constructed a mixed-type ampullary carcinoma cell line that can be used as an 
effective model for studying the pathogenesis of ampullary carcinoma and drug development.

Key Words: Ampullary carcinoma; Cell line; Xenograft; Drug resistance

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

Core Tip: A new ampullary carcinoma cell line has been established, making up for the shortage of 
Chinese ampullary carcinoma cell lines. And this is the the first study to report a mixed-type ampullary 
carcinoma cell line. The cell line inoculated into BALB/c nude mice can quickly form xenograft tumors. It 
is an excellent model for studying the mechanisms of invasion, metastasis and other mechanisms of 
ampullary carcinoma. The cell line is sensitive to oxaliplatin and paclitaxel but is naturally resistant to 
gemcitabine and fluorouracil, which can be used for drug resistance mechanism research and new drug 
development.

Citation: Xu H, Chai CP, Miao X, Tang H, Hu JJ, Zhang H, Zhou WC. Establishment and characterization of a new 
human ampullary carcinoma cell line, DPC-X1. World J Gastroenterol 2023; 29(17): 2642-2656
URL: https://www.wjgnet.com/1007-9327/full/v29/i17/2642.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2642

INTRODUCTION
Ampullary carcinoma is a relatively rare tumor, accounting for 0.2% of gastrointestinal cancers but 20% 
of all periampullary cancers[1,2]. Recently, the incidence rate of ampullary cancer has gradually 
increased[3,4]. Ampullary carcinoma can occur at any age; however, it is more common between 60 and 
65 years of age, and the sex ratio is approximately 3:2[1,2]. As biliary obstruction symptoms appear 
early, the surgical resection rate of ampullary carcinoma is higher than that of other periampullary 
malignant tumors, and approximately 50% of patients are eligible for surgery on diagnosis[1,5,6]. Its 
operation amount is over one-third of the total operation amount of pancreatoduodenectomy. The 
prognosis is good, and the 5-year survival rate exceeds 52.8%[7]. Despite a high potential curative 
resection rate, most patients with ampullary cancer eventually succumb to tumor recurrence[8,9].

In 1994, Kimura et al[10] first classified ampullary carcinoma into intestinal and pancreaticobiliary 
types according to their histological characteristics. The prevalence of the pancreaticobiliary type was 
72%, which is much higher than that of the intestinal type[10]. In 2010, according to the morphological 
and immunohistochemical characteristics, WHO revised the pathological diagnosis criteria of ampullary 
carcinoma into three different histopathological subtypes: Intestinal-, pancreaticobiliary-, and mixed-
type ampullary carcinoma[11,12].

To date, only eight ampullary cancer cell lines have been included in the official databases of ATCC, 
JCRB, RIKEN, and DSMZ. One is American, one is Italian, two are Korean, and four are Japanese (three 
of them are from different lesions of the same patient)[13-17] (Table 1). Among them, SNU-869 is an 
intestinal-type cell line, whereas the remaining are pancreaticobiliary-type cell lines[18]. No mixed-type 
ampullary carcinoma cell line has yet been reported.

https://www.wjgnet.com/1007-9327/full/v29/i17/2642.htm
https://dx.doi.org/10.3748/wjg.v29.i17.2642
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Table 1 Energy of affinity of cyclooxygenase-2/flavonoid complexes

Cell line Age 
(years) Gender Source of culture Race Differentiation Primary 

culture Ref.

MDAAmp-7 40 Male Abdominal 
metastases

American Well differentiated 1989 [13]

RCB1169/TGBC18TKB 79 Female Primary tumor Japanese - 1995 [14]

RCB1280/TGBC50TKB 52 Male Liver metastasis Japanese Poorly differentiatedadenosquamous 
carcinoma

1996 [15]

RCB1280/TGBC51TKB 525 Male Ascites Japanese Poorly differentiatedadenosquamous 
carcinoma

1996 [15]

RCB1280/TGBC52TKB 52 Male Lymph node Japanese Poorly differentiatedadenosquamous 
carcinoma

1996 [15]

SNU478 - - - Korean Poorly differentiated with signet ring cell - [16]

SNU869 - - - Korean Well differentiated - [16]

AVC1 71 Female Primary tumor Italian Moderately differentiated 1997 [17]

No randomized clinical trial for adjuvant chemotherapy of ampullary carcinoma currently exists, and 
the data based on which doctors choose treatment methods are limited. Presently, adjuvant therapy for 
ampullary carcinoma is being tailored according to the histological subtypes. Pancreatic biliary 
ampullary carcinoma is typically treated similarly to pancreatic adenocarcinoma or biliary tract 
carcinoma. In contrast, patients with intestinal ampulla receive the usual protocol for colorectal cancer. 
Based on these premises, the optimal treatment plan for ampullary carcinoma in adjuvant therapy and 
chemotherapy for advanced patients remains to be determined[19,20].

Based on the aforementioned factors, establishing an ampullary carcinoma cell line, conducting in-
depth research on the pathogenesis and biological characteristics of ampullary carcinoma, and then 
investigating therapeutic targets to formulate effective treatment strategies for patients with ampullary 
carcinoma are currently required.

In this study, we establish a stable mixed-type ampullary carcinoma cell line named DPC-X1 from the 
tumor tissue of a patient with ampullary carcinoma. Our study findings underscore the effectiveness of 
DPC-X1 as an experimental model that can be used to explore the molecular mechanism of ampullary 
carcinoma and develop therapeutic schemes for disease control.

MATERIALS AND METHODS
Tissue source
The tissue samples were collected from a patient with ampullary cancer who was admitted to the First 
Hospital of Lanzhou University on November 17, 2021, for pancreatoduodenectomy. The patient was a 
60-year-old man who presented with jaundice, had a long history of smoking and drinking, and had no 
history of carrying hepatitis B or C. His carbohydrate antigen 199 levels exceeded 1000 U/mL (reference 
range: 0–35 U/mL; Figure 1A), and preoperative magnetic resonance imaging + magnetic resonance 
cholangiopancreatography indicated ampullary carcinoma (Figure 1B and C). The new organisms 
growing around the ampulla were grayish-white and were taken from the primary focus for primary 
culture and subculture (Figure 1D and E).

This study was approved by the Medical Ethics Committee of the First Hospital of Lanzhou 
University (LDYYLL-2022-487), and signed informed consent was obtained from the patient.

Drugs
Gemcitabine was obtained from Jiangsu Haosen Pharmaceutical Group Co., Ltd., oxaliplatin from 
Jiangsu Hengrui Pharmaceutical Co., Ltd., 5-FU from Tianjin Jinyao Pharmaceutical Co., Ltd., and 
paclitaxel from Jiangsu Aosaikang Pharmaceutical Co., Ltd.

Nude mice
In this study, experiments were conducted on 4–6-week-old BALB/c nude female mice, weighing 16–20 
g. They were obtained from Changzhou Kavens Experimental Animal Co., Ltd. and raised in the SPF 
laboratory of the Animal Experiment Center of Lanzhou University. The animal protocol was designed 
to minimize pain or discomfort to the animals. The animals were acclimatized to laboratory conditions 
(23 ℃, 12 h/12 h light/dark, 50% humidity, ad libitum access to food and water) for 2 wk prior to 
experimentation. All animals were euthanized by barbiturate overdose (intravenous injection, 150 mg/
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Figure 1 Clinical data and cell morphology. A: Clinical data of the patient; B: Magnetic resonance cholangiopancreatography shows the expansion of 
intrahepatic and extrahepatic bile ducts, gallbladder enlargement, and pancreatic duct expansion (arrow); C: In the coronal view of magnetic resonance imaging, soft 
tissue shadow (arrow) can be seen in the ampulla, and the upper bile duct is dilated; D: General view of the surgical specimen; E: The enlarged appearance of the 
ampulla tumor shows the gray-white tumor growing around the ampulla (arrow); F: DPC-X1 primary cell morphology; multinucleated cells and megakaryocytes can be 
seen; G: DPC-X1 cell morphology of the 80th generation. Scale bars: 100 μm. D: Death; AFP: alpha-fetoprotein; CEA: Carcinoembryonic antigen; CA199: 
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Carbohydrate antigen 199.

kg pentobarbital sodium) for tissue collection.
All animal experiments were reviewed and approved by the Medical Animal Experiment Ethics 

Committee of the First Hospital of Lanzhou University (LDYYLL-2022-487). The methods followed in 
this study were similar or identical to those employed in previous studies[21-23].

Establishment of the cell line
The tumor tissue samples were immersed in sterile phosphate buffered saline (PBS) (Gibco) 3–5 times 
and sectioned into small pieces. The small woven pieces were mixed with type II collagenase (Gibco) 
and neutral protease (Invitrogen) and digested in a shaking table at 37 ℃. On digestion of half the tissue 
block, the supernatant was absorbed, filtered with a 100 mesh filter screen, and centrifuged at 300 × g for 
3 min. Thereafter, the supernatant was discarded; the sample was resuspended in PBS and centrifugated 
at 300 × g for 3 min. The precipitate was added to a complete medium [RPMI-1640 + 10% fetal bovine 
serum (FBS) + 1% penicillin–streptomycin, Biological industries (BI)] and uniformly inoculated on a six-
well plate (NEST). The medium was refreshed after 48 h. The mixed fibroblasts in the primary culture 
were removed using differential digestion with 0.25% trypsin. When the cells reached 70% confluency, 
they were digested and passed on. The cell growth was regularly observed under a light microscope. 
From the fifth generation, the cells were subcultured in a ratio of 1:2 and frozen with Serum-free rapid 
cell cryopreservation solution (Mei5 Biotechnology Co., Ltd.).

Cell growth curve
The cell density of DPC-X1 cells in the logarithmic growth phase (P20) was adjusted to 1 × 104/mL after 
trypsin digestion. After mixing, 0.1 mL of sample was inoculated in each hole in a 96-hole plate cell 
counting kit-8 (CCK-8) reagent (Dojindo) was added at the same time for 4 consecutive days after 
inoculation and allowed to react for 2 h. The UV absorbance value at 450 nm wavelength was measured 
with a microplate reader. The cell doubling time was calculated using the following formula: Td = t × 
Lg2/Lg (N1/N0). The cell growth curve was plotted with time as the horizontal axis and absorbance 
value as the vertical axis.

Analysis of short tandem repeats
DPC-X1 cells in the logarithmic growth stage (P10) were collected after trypsin digestion. Together with 
the primary tumor tissue, they were sent to Suzhou Jianda Biotechnology Company for short tandem 
repeat (STR) analysis to determine the correlation between the cells and primary tumor tissue.

Karyotype analysis
DPC-X1 cells in the logarithmic growth phase (P40) were treated with 0.25 μg/mL colchicine for 6 h 
overnight at 37 ℃. The metaphase cells were collected and fixed with methanol glacial acetic acid (3:1). 
After trypsin digestion, the specimens were stained using Giemsa dye and observed under a 
microscope. The mitotic phase cells with good dispersion and moderate staining were selected for 
karyotype analysis.

Organoid culture
DPC-X1 cells in the logarithmic growth phase (P35) were digested, centrifuged, washed twice with PBS, 
resuspended in a complete culture medium (RPMI-1640 + 10% FBS + 1% penicillin–streptomycin, BI), 
and inoculated on an ultra-low adsorption cell culture plate (Corning). A thousand cells were added to 
each well, and 2 mL of culture medium was added for 14 d. The state and number of organ-like cultures 
were observed under a light microscope.

Transmission electron microscopy
DPC-X1 cells in the logarithmic growth phase (P45) were digested, centrifuged, fixed with an electron 
microscope fixative, and stored and transported at 4 ℃. Embedding, ultrathin sectioning, and dyeing 
were performed at Wuhan Servicebio Co., Ltd. Finally, the images were observed under the 
transmission electron microscope.

Drug sensitivity test
The logarithmically grown DPC-X1 cells (P50) were digested using trypsin to prepare a single-cell 
suspension. We inoculated 10000 cells/100 μL per well into 96-well plates, and 6 wells in each group 
were repeated. After the cells adhered to the wall, different concentrations of anti-tumor drugs were 
added. After 72 h of drug action, 100% X containing 10% (v/v) CCK-8 μL serum-free medium was used 
to replace the complete medium. The optical density value was measured after 2 h at 450 nm.
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Xenograft tumor in nude mice
The cell density of cells in the logarithmic growth phase (P45) was adjusted to 1 × 107/mL after trypsin 
digestion. Thereafter, three BALB/c nude mice each were inoculated with 0.1 mL of this sample. We 
observed and recorded the tumor growth of the nude mice every alternate day. The mice carrying the 
tumor were killed after four weeks, and the tumor tissue was excised and fixed with 10% formalin. The 
surgery was performed under sodium pentobarbital anesthesia, and all efforts were made to minimize 
suffering. Thereafter, routine histopathological and immunohistochemical examinations were 
performed.

Immunohistochemical staining
Cells of the 40th generation were digested and inoculated onto sterile slides. After 48 h, the slides were 
washed with PBS, fixed with 4% paraformaldehyde for 15 min, dried, and treated with 0.5% Triton X-
100 for 20 min.

The paraffin sections of primary tumors, transplanted tumors, and organ-like tissues were prepared 
and incubated at 60 ℃ overnight. The dewaxing, gradient alcohol hydration, and antigen repair 
processes were completed using Dako's Autostainer Link 48 instrument. Subsequently, 3% hydrogen 
peroxide solution was incubated at 37 ℃ for 15 min to block the activity of peroxidase; 100 μL of normal 
goat serum was dripped and then kept sealed at 37 ℃ for 15 min. The first antibody was incubated at 37 
℃ for 1 h with Fuzhou Maxin ready-to-use antibodies [cytokeratin 7 (CK7), cytokeratin 20 (CK20), 
cytokeratin low molecular weight (CKL), Ki67, and carcinoembryonic antigen (CEA)]. The DAB dye kit 
(Dako) was used for color development, followed by rinsing with running water for 5 min. Dehydration 
and xylene transparency were carried out after hematoxylin counterstaining, and the samples were 
observed under the microscope after neutral resin sealing.

Statistical analyses
All statistical analyses were performed using the SPSS 22.0 software. The data are presented as mean ± 
SD. Student’s t-tests and ANOVA were used for group comparisons. Statistical significance was set at P 
< 0.05.

RESULTS
Establishment of the DPC-X1 cell line
Through primary culture and subculture of primary tumor tissue of ampullary carcinoma, an ampullary 
carcinoma cell line, named DPC-X1, was successfully established. Using light microscopy, we found that 
DPC-X1 cells adhered to the wall and grew like typical epithelial cells. The cells were mainly short 
spindle-shaped, with large nuclei and visible nucleoli. The polykaryocytes and megakaryocytes were 
visible. Loss of contact inhibition between cells likely led to accumulation growth as the cells were 
closely adherent and grew in clumps and sheets (Figure 1F and Video). The cell morphology and 
growth mode remained unaltered even though it passed to the 80th generation (Figure 1G).

Cell growth curve
DPC-X1 cells proliferated vigorously and grew stably in RPMI-1640 medium with 10% FBS. Through 
the CCK-8 method, the doubling time of the DPC-X1 cell population was found to be 48 h using the 
CCK-8 method. The cell growth curve was plotted using culture time as the abscissa and absorbance 
values as the ordinate (Figure 2A).

Analysis of STRs
The DNA typing results demonstrated that the two submitted samples were from the same individual 
with a likelihood ratio = 4.1867 × 1020 (Figure 2B and Supplementary material). The results indicate that 
DPC-X1 is a new human ampullary carcinoma cell line with the same origin as that of the primary 
tumor tissue and is not contaminated by the existing cell line.

Karyotype analysis
Karyotype analysis showed that DPC-X1 cells were mainly sub-tetraploid, with large differences in 
chromosome number and morphology. The representative karyotype was 80, XX del (2) (q32) del (5) 
(p12) del (6) (q24) inv (9) del (10) p (13) del (17) p (12) (Figure 2C).

Organoid culture
After inoculating the DPC-X1 cells on the ultra-low attachment culture plate, the cells were observed to 
proliferate well and gradually form spherical or cystic organs (Figure 2D). With time, the number of 
organoid organs gradually increased and appeared spore-like or branch-like (Figure 2E).

https://f6publishing.blob.core.windows.net/2078ac85-731a-40c2-99ed-b9be2a319d85/WJG-29-2642-Video.mp4
https://f6publishing.blob.core.windows.net/2078ac85-731a-40c2-99ed-b9be2a319d85/WJG-29-2642-supplementary-material.pdf
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Figure 2 DPC-X1 population doubling time, short tandem repeat detection, karyotype analysis and Organoid culture. A: DPC-X1 growth 
curve; cell doubling time is 48 h; B: The likelihood ratio between the short tandem repeat results of DPC-X1 and the primary tumor tissue is 4.1867 × 1020. The cells 
are not contaminated by other cell lines; C: Karyotype analysis shows that DPC-X1 cells are mainly sub-tetraploid, with large differences in chromosome number and 
morphology. The representative karyotype is 80, XX del (2) (q32) del (5) (p12) del (6) (q24) inv (9) del (10) p (13) del (17) p (12); D: Morphology of DPC-X1organoids 
after one week. The organoids are spherical or cystic in shape; E: Morphology of DPC-X1 organoids after two weeks. The organoids are spore-like or branch-like in 
shape. Scale bars: 100 μm.

Transmission electron microscopy
Under the transmission electron microscope, the DPC-X1 nucleus appeared large and deformed, and its 
number was increased. The nucleolus was clustered in the nuclear membrane, and the cytoplasm was 
less. Microvilli and pseudopodia were visible on the cell surface (Figure 3A). The endoplasmic 
reticulum and ribosome were abundantly present in the cells (Figure 3B). Furthermore, the Golgi 
apparatus was developed, and the mitochondria differed in size and shape (Figure 3C). The desmosome 
structure was observed between the cells (Figure 3D).

Drug sensitivity test
The chemotherapy drugs gemcitabine and paclitaxel are commonly used for biliary and pancreatic 
tumors, whereas 5-FU and oxaliplatin are commonly used for gastrointestinal tumors. Our drug 
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Figure 3 Ultrastructure of DPC-X1 under a transmission electron microscope. A: DPC-X1 has a large and deformed nucleus; it is increased in 
number. The nucleolus is clustered in the nuclear membrane. There are fewer cytoplasm. Microvilli (yellow arrow) and pseudopodia (blue arrow) were visible on the 
cell surface; B: DPC-X1 cells are rich in the endoplasmic reticulum (yellow arrow) and ribosome; C: DPC-X1 cells have well-developed Golgi apparatus (yellow 
arrow), and the size and shape of the mitochondria are different (blue arrow); D: DPC-X1 desmosome structure can be seen between the cells (arrow).

sensitivity test revealed that DPC-X1 was sensitive to oxaliplatin [half maximal inhibitory concentration 
(IC50) = 13.26 μmol/L; Figure 4A] and paclitaxel (IC50 = 0.014 μmol/L; Figure 4B) and resistant to 
fluorouracil (IC50 = 144.9 μmol/L; Figure 4C) and gemcitabine (IC50 > 600 μmol/L; Figure 4D).

Xenograft tumor formation experiment
To verify the ability of DPC-X1 to form xenograft tumors in vivo, 1 × 106 DPC-X1 cells were inoculated 
subcutaneously in three BALB/c nude mice. The results showed that DPC-X1 was able to rapidly form 
xenograft tumors under the skin of nude mice, and the tumor formation rate was 100% (Figure 5A). The 
xenograft tumor grew rapidly and showed invasive growth. New blood vessels were visible on the 
surface of the xenograft tumor (Figure 5B). At four weeks, the diameter of the tumor body exceeded 1 
cm (Figure 5C). No metastatic lesions were found in the liver and lungs of the dissected mice 
(Figure 5D). Tumor growth curve and mouse weight curve are shown in the figure (Figure 5E and F).

Hematoxylin and eosin and immunohistochemical staining
Hematoxylin-eosin staining showed that DPC-X1 cells were of different shapes, primarily short 
fusiform, with enlarged nuclei, apparent nucleoli, and less cytoplasm. The polykaryocytes and megaka-
ryocytes were visible, exhibiting typical malignant tumor characteristics (Figure 6A).

The DPC-X1 organoids were observed to form irregular gland-like structures; the cells were closely 
connected, with a gland cavity-like structure inside. The cells in the organoid organs were highly 
heterotypic and varied in size (Figure 6B), which is highly similar to the histomorphology of the 
primary tumor tissue.

The xenograft tumor formed an irregular gland-like structure, and its histological morphology was 
similar to that of the primary tumor. The nucleus of the tumor was large and hyperchromatic, and the 
megakaryocytes were visible. The mitotic images depicted the vigorous proliferation of the DPC-X1 
cells (Figure 6C); this observation is consistent with the characteristics of malignant tumors.

The postoperative pathological diagnosis of the patient’s primary tumor showed moderately to 
poorly differentiated, and the tumor cells were arranged in irregular glandular tubes, strips, and nests 
(Figure 6D).
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Figure 4 Drug sensitivity test. A: DPC-X1 is sensitive to oxaliplatin; IC50 = 13.26 μmol/L; B: DPC-X1 is sensitive to paclitaxel; IC50 = 0.014 μmol/L; C: DPC-X1 
is resistant to fluorouracil; IC50 = 144.9 µmol/L; D: DPC-X1 is resistant to gemcitabine; IC50 > 600 μmol/L. IC50: Half maximal inhibitory concentration; TDC: Test 
drug concentrations.

Figure 5 Xenograft tumor formation experiment. A: In four weeks, DPC-X1 quickly formed xenograft tumors under the skin of BALB/c nude mice. The tumor 
formation rate is 100%; B: Anatomically, the xenograft tumor and muscle tissue of the mouse shows invasive growth, and new blood vessels can be seen on the 
surface of the tumor; C: General view of the xenograft tumor; D: No metastatic lesions were found in the lungs and liver of BALB/c nude mice within four weeks; E: 
Growth curve of DPC-X1 transplanted tumor; F: Body weight curve of BALB/c nude mice.

Immunohistochemical examination of DPC-X1 cells, organoids, xenograft tumor, and primary tumor 
showed that CK7 (Figure 6E–H), CK20 (Figure 6I–L), and CKL (Figure 6M–P) were strongly expressed 
among the four groups, indicating that they had the same origin. Moreover, DPC-X1 cells were found to 
exhibit both intestinal and pancreaticobiliary characteristics; thus, they were a mixed ampullary 
carcinoma cell line. Ki67 (Figure 6Q–T) was highly expressed, consistent with the rapid proliferation of 
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Figure 6 Hematoxylin and eosin and immunohistochemical staining of DPC-X1 cells, organoid, xenograft tumor, and primary tumor. A-D: 
Hematoxylin and eosin staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor; E-H: Strong cytokeratin (CK)7 positive staining of DPC-X1 cells, 
organoids, xenograft tumor, and primary tumor; I-L: Strong CK20 positive staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor; M-P: Strong 
cytokeratin low molecular weight positive staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor; Q-T: Ki67 staining of DPC-X1 cells, organoids, 
xenograft tumor, and primary tumor; U-X: Carcinoembryonic antigen focal staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor. Scale bars: 100 
μm. H&E: Hematoxylin and eosin; CK7: Cytokeratin 7; CK20: Cytokeratin 20; CKL: Cytokeratin low molecular weight; CEA: Carcinoembryonic antigen.

the tumor, and CEA (Figure 6U–X) showed focal expression. These observations are consistent with the 
characteristics of malignant tumors.
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DISCUSSION
In recent years, with development in endoscopy, imaging equipment, and technological progress, an 
increasing number of ampullary cancer cases have been diagnosed[24-26]. Owing to the lack of cell lines 
and related research models of ampullary carcinoma, research on the pathogenesis and biological 
characteristics of ampullary carcinoma remains limited.

In this study, we successfully established a novel ampullary carcinoma cell line named DPC-X1 from 
the primary tumor tissue of patients with ampullary carcinoma through primary culture and 
subculture. This cell line was continuously cultured for more than a year and stably passaged for over 
80 generations. DPC-X1 cells adhered to the wall and grew like typical epithelial cells. The cells were 
chiefly short spindle-shaped, with large nuclei and visible nucleoli, and multinucleated cells and 
megakaryocytes were visible. The cells were closely adherent and grew in clumps and sheets. The 
characteristics of DPC-X1 were highly consistent with those of the patient’s primary tumor, and it was 
not contaminated by other cell lines and microorganisms. DPC-X1 could efficiently form organoids in 
suspension culture. The Ki67 of DPC-X1 was 50%, indicating that DPC-X1 has a vigorous proliferation, 
which is consistent with its population doubling time of 48 h.

CK7 is typically used as a tumor marker of biliary and pancreatic origin, whereas CK20 and villin are 
used as tumor markers of gastrointestinal origin[18,20,24,27,28]. In this study, DPC-X1 immunohisto-
chemistry showed that CK7, CK20, and CKL were strongly positive, indicating that DPC-X1 was a 
mixed ampullary carcinoma cell line. To the best of our knowledge, this is the first study to report a 
mixed-type ampullary carcinoma cell line. Thus, DPC-X1 may provide a useful model for studying 
mixed-type ampullary carcinoma.

Chromosome instability and chromosomal aneuploidy are common in human cancers and are 
important characteristics of tumor cells[29-32]. Aneuploid karyotype of tumor cells is closely related to 
poor prognosis of patients[33,34]. Triploid karyotype may be related to endogenous drug resistance of 
tumors, whereas tetraploidy of tumors is associated with acquired drug resistance[35]. Spontaneous 
chromosomal missegregation events in aneuploid cells promote chromosomal instability, thereby 
increasing the risk of tumor recurrence[36]. Karyotype analysis showed that DPC-X1 cells had a sub-
tetraploid abnormal karyotype, and the representative karyotype was 80, XX del (2) (q32) del (5) (p12) 
del (6) (q24) inv (9) del (10) p (13) del (17) p (12). The results of drug sensitivity showed that DPC-X1 
was sensitive to oxaliplatin and paclitaxel but was naturally resistant to gemcitabine and fluorouracil. 
The patient underwent four cycles of chemotherapy with the XELOX regimen and two cycles with the 
AG regimen after surgery; however, he succumbed to tumor recurrence one year after surgery. Our 
results are highly consistent with that of earlier studies.

Desmosomes are intercellular junction complexes that anchor the intermediate filaments of adjacent 
cells and provide them with strong cell adhesion; thus, they are essential in maintaining the organiza-
tional structure and structural integrity[37]. Much evidence has substantiated the importance of 
desmosomes and their components in cancer. Desmosome expression is downregulated in poorly differ-
entiated head and neck transitional and squamous cell carcinoma. In these tissues, desmosomes may 
have the function of inhibiting invasion and metastasis. In colon cancer, no downregulation has been 
found[38,39]. The change in desmosome component expression may promote tumor progression by 
altering the intracellular signal transduction pathway or leading to reduced cell adhesion. The loss of 
desmosome function is a prerequisite for epithelial-mesenchymal transformation, which is related to the 
transformation of early tumors to invasive cancer[40-44]. When DPC-X1 cells were subcultured, most of 
them grew in clumps and sheets, and digesting them into single cells in conventional digestion time was 
difficult, indicating the strong adhesion between the cells. The presence of intercellular desmosomes 
under transmission electron microscopy provides some ultrastructural evidence for the aforementioned 
phenomenon. DPC-X1 cells can be used to further study the relationship between tumors and 
desmosomes.

Animal models are an intermediate step between cell experiments and human clinical trials. They are 
a powerful tool for studying canceration and tumor progression and for testing the efficacy and toxicity 
of therapeutic compounds[45]. Suitable animal models not only help to explore the mechanism of 
ampullary carcinoma occurrence and development but also provide a good platform for exploring new 
strategies for early clinical diagnosis and precise treatment[46]. DPC-X1 cells inoculated into BALB/C 
nude mice could quickly form transplanted tumors, with a tumor formation rate of 100%, and the 
histology of the xenografts resembled that of the original tumor.

CONCLUSION
In summary, we report a novel human mixed-type ampullary carcinoma cell line DPC-X1 developed 
from a Chinese patient’s tumor. This cell line provides a new experimental model for studying the 
biological and molecular mechanisms of ampullary carcinoma and developing new therapeutic drugs.
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ARTICLE HIGHLIGHTS
Research background
To date, only eight ampullary cancer cell lines have been reported, and a mixed-type ampullary 
carcinoma cell line has not yet been reported.

Research motivation
There is no ampullary cancer cell line of Chinese origin, and there is no report of mixed ampullary 
cancer cell line.

Research objectives
To establish a stable mixed-type ampullary carcinoma cell line originating from Chinese.

Research methods
Establish cell lines through primary culture and subculture, and identify their biological characteristics.

Research results
In this study, we successfully established and characterized of a mixed-type ampullary carcinoma cell 
line, DPC-X1, from the primary tumor of a patient with ampullary carcinoma.

Research conclusions
DPC-X1 can be used as an effective model for studying the pathogenesis of ampullary carcinoma and 
drug development.

Research perspectives
The establishment of ampullary carcinoma cell lines provides suitable experimental models for further 
study of ampullary carcinoma.
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Abstract
BACKGROUND 
Mucosal patterns (MPs) observed on blue laser imaging in patients with atrophic 
gastritis can be classified as spotty, cracked, and mottled. Furthermore, we 
hypothesized that the spotty pattern may change to the cracked pattern after 
Helicobacter pylori (H. pylori) eradication.

AIM 
To further substantiate and comprehensively investigate MP changes after H. 
pylori eradication in a larger number of patients.

METHODS 
We included 768 patients who were diagnosed with atrophic gastritis with 
evaluable MP using upper gastrointestinal endoscopy at the Nishikawa Gas-
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trointestinal Clinic, Japan. Among them, 325 patients were H. pylori-positive, and of them, 101 
patients who underwent upper gastrointestinal endoscopy before and after H. pylori eradication 
were evaluated for post-eradication MP changes. The patients’ MPs were interpreted by three 
experienced endoscopists who were blinded to their clinical features.

RESULTS 
Among 76 patients with the spotty pattern before or after H. pylori eradication, the pattern 
disappeared or decreased in 67 patients [88.2%, 95% confidence interval (CI): 79.0%-93.6%), 
appeared or increased in 8 patients (10.5%, 95%CI: 5.4%-19.4%), and showed no change in 1 
patient (1.3%, 95%CI: 0.2%-7.1%). In 90 patients with the cracked pattern before or after H. pylori 
eradication, the pattern disappeared or decreased in 7 patients (7.8%, 95%CI: 3.8%-15.2%), 
appeared or increased in 79 patients (87.8%, 95%CI: 79.4%-93.0%), and showed no change in 4 
patients (4.4%, 95%CI: 1.7%-10.9%). In 70 patients with the mottled pattern before or after H. pylori 
eradication, the pattern disappeared or decreased in 28 patients (40.0%, 95%CI: 29.3%-51.7%), 
appeared or increased in 35 patients (50.0%, 95%CI: 38.6%-61.4%), and showed no change in 7 
patients (10.0%, 95%CI: 4.9%-19.2%).

CONCLUSION 
After H. pylori eradication, MPs changed from spotty to cracked in most patients, which may help 
endoscopists easily and precisely evaluate H. pylori-related gastritis status.

Key Words: Atrophic gastritis; Helicobacter pylori; Gastrointestinal endoscopy; Image enhancement; 
Classification

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

Core Tip: We investigated whether the mucosal patterns on blue laser imaging may change from spotty to 
cracked after Helicobacter pylori (H. pylori) eradication. The spotty pattern disappeared or decreased in 
88.2% of patients, while the cracked pattern appeared or increased in 87.8% of patients. These suggest that 
the spotty pattern observed in H. pylori-positive patients is likely to disappear after eradication and may be 
replaced by the cracked pattern. These observations may help endoscopists easily and precisely evaluate 
H. pylori-related gastritis status.

Citation: Nishikawa Y, Ikeda Y, Murakami H, Hori SI, Yoshimatsu M, Nishikawa N. Mucosal patterns change 
after Helicobacter pylori eradication: Evaluation using blue laser imaging in patients with atrophic gastritis. World 
J Gastroenterol 2023; 29(17): 2657-2665
URL: https://www.wjgnet.com/1007-9327/full/v29/i17/2657.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2657

INTRODUCTION
Helicobacter pylori (H. pylori) infection and related atrophic gastritis is closely associated with the 
development of gastric cancer[1]. Therefore, it is critical to observe the gastric mucosa to precisely judge 
the infection status as “current,” “previous,” or “none.” Recently, various types of image-enhanced 
endoscopy have been used to ensure the accurate evaluation of H. pylori infection[2-6].

In our previous study[7], we classified mucosal patterns (MPs) into three types (spotty, cracked, and 
mottled) using blue laser imaging (BLI)[8,9] in patients with H. pylori-related gastritis. We found that the 
spotty pattern indicated the possibility of H. pylori infection, the cracked pattern indicated a post-inflam-
matory change after H. pylori eradication, and the mottled pattern indicated an intestinal metaplasia 
resulting from the progression of H. pylori-related gastritis. Thus, we hypothesized that the spotty 
pattern would disappear or decrease and the cracked pattern would newly appear or increase after H. 
pylori eradication.

To further explore these changes, we quantitatively analyzed the changes to determine whether each 
pattern would increase, decrease, or remain unchanged. Since little is known concerning the pattern 
changes after H. pylori eradication, clarification of these changes may help endoscopists diagnose the 
existing pattern as being pre- or post-eradication and understand the MP changes more precisely. Thus, 
this study aimed to clarify the significance and diagnostic viability of each MP using BLI.

https://www.wjgnet.com/1007-9327/full/v29/i17/2657.htm
https://dx.doi.org/10.3748/wjg.v29.i17.2657
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Figure 1 Spotty pattern. Representative images of the spotty pattern shown as white spots of 1-2 mm in diameter in the gastric antrum of 6 patients infected with 
Helicobacter pylori (H. pylori) observed using blue laser imaging-bright mode. A: 45-year-old female, H. pylori-positive; B: 51-year-old female, H. pylori-positive; C: 27-
year-old female, H. pylori-positive; D: 59-year-old female, H. pylori-positive, nodular gastritis; E: 49-year-old male, H. pylori-positive; F: 66-year-old female, H. pylori-
positive.

MATERIALS AND METHODS
Patients and methods
A total of 2242 patients underwent upper gastrointestinal (GI) endoscopy at the Nishikawa 
Gastrointestinal Clinic, Ehime, Japan from April 1, 2015 to March 31, 2017. Of these, 768 patients were 
endoscopically diagnosed with atrophic gastritis. The presence or absence of H. pylori infection was 
confirmed. Among them, 325 patients were H. pylori-positive, and of them, 101 patients who underwent 
H. pylori eradication and subsequent endoscopy were examined for MP changes.

An EG-L580NW nasal upper GI endoscope (FUJIFILM Medical Co. Ltd., Tokyo, Japan) was used 
orally or nasally. The BLI bright mode was used to evaluate MPs in the intermediate or distant views.

This study was approved by the Ethics Committee of Ehime University Hospital (No: 1605010; 
August 22, 2016). Prior to receiving an endoscopic examination, all patients agreed that the data 
obtained in this study might be published in academic papers.

Classification of MPs
The MPs were classified into three types: The spotty pattern, which consists of 1-2 mm diameter spots 
(Figure 1); the cracked pattern, which consists of net-like cracks (Figure 2); and the mottled pattern, 
which has a mottled appearance (Figure 3)[7].

Evaluation of the MP changes after H. pylori eradication
The MP patterns were evaluated as follows: (1) Three expert GI endoscopists, with at least 25 years of 
experience, evaluated the mucosal changes after H. pylori eradication; (2) They were blinded to the 
patients’ endoscopic data, including the patterns obtained before and/or after H. pylori eradication; (3) 
They compared two randomly listed endoscopic image groups and evaluated which image group was 
dominant, less dominant, equal, or absent for the spotty, cracked, and mottled patterns; (4) When two or 
all endoscopists agreed on a particular pattern, that pattern was adopted for analysis. When they had 
conflicting pattern determinations, the final determination was reached through a joint discussion; and 
(5) H. pylori infection was diagnosed using the anti-H. pylori IgG antibody serology tests[10,11], urea 
breath tests[12-15], and biopsies.

Statistical analysis
Student’s t-test was used for the analysis of age, and the χ2 test was used for the analyses of other 
variables. Statistical significance was set at P < 0.05. A 95% confidence interval (CI) was calculated to 
determine the uncertainty of the sample estimates. All statistical analyses were performed using 
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Figure 2 Cracked pattern. Representative images of the cracked pattern as white net-like cracks consisting of lines in the gastric antrum of 6 patients after 
Helicobacter pylori (H. pylori) eradication observed using blue laser imaging-bright mode. A: 69-year-old female, H. pylori-negative, 2 years, 11 mo after eradication; 
B: 75-year-old female, H. pylori-negative, 6 years, 0 mo after eradication; C: 63-year-old female, H. pylori-negative, 1 year, 2 mo after eradication; D: 72-year-old 
female, H. pylori-negative, 1 year, 0 mo after eradication; E: 63-year-old female, H. pylori-negative, 1 year, 2 mo after eradication; F: 52-year-old male, H. pylori-
negative, 2 years, 1 mo after eradication.

Microsoft Excel 2016, version 1907, Build 11901.20176 (Microsoft Corporation, Redmond, WA, United 
States), and the statistical methods of this study were reviewed by Dr. Natsumi Yamashita from Clinical 
Research Center, National Hospital Organization Shikoku Cancer Center.

RESULTS
Patient characteristics
The number of patients evaluated was 768 (480 females and 288 males) with a mean age of 65.8 ± 12.9 
(standard deviation) years. The numbers of patients with and without H. pylori infection were 325 (204 
females and 121 males) and 443 (276 females and 167 males), respectively.

The mean ages of patients with and without H. pylori infection were 61.6 ± 14.3 years and 68.9 ± 10.7 
years, respectively, with significant differences among them (P < 0.001). No significant difference was 
observed between the proportions of female and male patients with and without H. pylori infection (P = 
0.895; Table 1).

Changes in MPs after H. pylori eradication
Upper GI endoscopy was performed for 101 patients (females: 75; males: 26; mean age: 57.5 ± 14.1 years) 
who successfully underwent H. pylori eradication, and the endoscopic mucosal changes were evaluated. 
Patients in whom evaluation was difficult because there were no comparable images of the specific parts 
were excluded from the analysis. The mean interval between H. pylori eradication and post-eradication 
endoscopy was 27.1 ± 13.1 mo.

In our study, multiple patterns commonly coexisted in many patients, with some patients having all 
three patterns. Of the 101 patients, 38 patients showed all three patterns (spotty, cracked, and mottled), 
59 had two patterns (spotty and cracked, 28; spotty and mottled, 7; and cracked and mottled, 24), and 4 
patients presented with only one pattern (spotty, 3; cracked, 0; and mottled, 1) either before or after 
eradication.

In 76 patients with a spotty pattern before or after H. pylori eradication, the pattern disappeared or 
decreased in 67 patients (88.2%, 95%CI: 79.0%-93.6%) and appeared or increased in 8 patients (10.5%, 
95%CI: 5.4%-19.4%). In 1 patient (1.3%, 95%CI: 0.2%-7.1%), no change was observed after H. pylori 
eradication.

In 90 patients with a cracked pattern before or after H. pylori eradication, the pattern disappeared or 
decreased in 7 patients (7.8%, 95%CI: 3.8%-15.2%) and appeared or increased in 79 patients (87.8%, 
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Table 1 Patient characteristics

Item                Patients with atrophic 
gastritis

Patients with H. pylori 
infection

Patients underwent both H. pylori eradication and follow 
up endoscopy

No. of patients 768 325 101

Age, mean ± SD 65.8 ± 12.9 61.6 ± 14.3 57.5 ± 14.1

Female 480 204 75

Male 288 121 26

SD: Standard deviation; H. pylori: Helicobacter pylori.

Figure 3 Mottled pattern. Representative images of the mottled pattern observed using blue laser imaging-bright mode in the gastric antrum of 6 patients. The 
whitish-colored mottled areas varied from small to large. Only panel A shows the pattern of a patient infected with Helicobacter pylori (H. pylori). A: 67-year-old male, 
H. pylori-positive, before eradication; B: 74-year-old male, H. pylori-negative, no eradication; C: 73-year-old female, H. pylori-negative, 2 years, 11 mo after 
eradication; D: 87-year-old male, H. pylori-negative, no eradication; E: 83-year-old male, H. pylori-negative, 5 years, 2 mo after eradication; F: 60-year-old female, H. 
pylori-negative, 2 years, 2 mo after eradication.

95%CI: 79.4%-93.0%). In 4 patients (4.4%, 95%CI: 1.7%-10.9%), no change was observed after H. pylori 
eradication.

In 70 patients with a mottled pattern before or after H. pylori eradication, the pattern disappeared or 
decreased in 28 patients (40.0%, 95%CI: 29.3%-51.7%) and appeared or increased in 35 patients (50.0%, 
95%CI: 38.6%-61.4%). In 7 patients (10.0%, 95%CI: 4.9%-19.2%), no change was observed after H. pylori 
eradication (Figure 4).

We investigated the relationship between the spotty and cracked patterns before and after 
eradication. The spotty pattern disappeared or decreased in 67 out of the 76 patients who had a spotty 
pattern before or after eradication. Of the 67 patients, the cracked pattern appeared or increased in 55 
patients. Among the 8 patients with spotty patterns that appeared or increased after eradication, the 
cracked pattern appeared or increased in 5 patients. The cracked pattern appeared or increased in most 
of the 25 patients who did not have a spotty pattern before or after eradication (Figure 5).

We further investigated the difference in MP changes due to H. pylori eradication between the short-
term (8-24 mo) and long-term (25-60 mo) observation groups. The spotty pattern disappeared or 
decreased in 88.6% and 87.8% (short-term vs long-term) of the patients. The cracked pattern newly 
appeared or increased in 88.9% and 86.7% (short-term vs long-term) of the patients. No significant 
differences were observed between the patients under short-term and long-term observations.
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Figure 4 Change in mucosal pattern after Helicobacter pylori eradication. The spotty pattern tended to disappear or decrease, the cracked pattern 
appeared or increased, and the mottled pattern exhibited no specific tendency.

Figure 5 Relationship between the spotty and cracked patterns before and after Helicobacter pylori eradication.

DISCUSSION
We investigated the use of BLI, an image-enhanced endoscopy, for the diagnosis of H. pylori-related 
gastritis, with a focus on the MP changes after H. pylori eradication. The Kyoto Classification of Gastritis 
was established in 2014 for the endoscopic diagnosis of H. pylori-related gastritis[16,17]. The classi-
fication of MPs observed on BLI in this study is simpler and easier to use in endoscopic assessment than 
the Kyoto classification and thus has the potential to become a new standard method with the addition 
of new diagnostic information to the Kyoto classification. We previously reported the efficacy of MPs on 
BLI in an intermediate-to-distant view evaluation of H. pylori infection and had the benefits of easy 
detection of atrophic gastritis and easy diagnosis of infection status (current, previous, or no infection)
[7].

The results obtained in the current study indicate that the disappearance of the spotty pattern is 
evidence of H. pylori clearance, while newly-appearing cracked pattern is evidence of post-gastritis 
healing. The mottled pattern may reflect “intestinal metaplasia,” as identified in our previous study 
using biopsies.

Knowledge of the endoscopic changes after H. pylori eradication is helpful in clarifying the meaning 
of each MP. The spotty pattern disappeared or decreased in 88.2% of patients, whereas the cracked 
pattern appeared or increased in 87.8% of patients after H. pylori eradication. The mottled pattern 
exhibited no specific tendency. As indicated in Figure 5, the spotty pattern observed in H. pylori-positive 
patients before eradication may disappear and may be replaced by the cracked pattern. Based on these 
observations, we can diagnose the H. pylori infection status as current, previous, or no infection. No 
difference was detected between the short-term and long-term observations of MP changes after H. 
pylori eradication, suggesting that the changes in MP would occur relatively quickly after eradication. 
The primary tendency of MP changes after H. pylori eradication have been clarified in this study. 
Irregular pattern changes (those other than spotty to cracked pattern) were observed after eradication in 
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a limited number of patients. Further verification is necessary.

CONCLUSION
In conclusion, the spotty pattern may indicate H. pylori infection, the cracked pattern may indicate post-
inflammatory changes after H. pylori eradication, and the mottled pattern may indicate intestinal 
metaplasia resulting from the progression of H. pylori-related gastritis. We verified that MPs on BLI may 
change from a spotty to a cracked pattern after H. pylori eradication. These observations may help 
endoscopists easily and precisely evaluate the status of H. pylori-related gastritis. We hope that MP 
changes on BLI will be routinely used to confirm the diagnosis of H. pylori-related gastritis in the future.

ARTICLE HIGHLIGHTS
Research background
Determination of the presence or absence of Helicobacter pylori (H. pylori) infection is important in the 
diagnosis of atrophic gastritis. Various studies have been conducted to distinguish these two conditions.

Research motivation
In our previous study, we reported that H. pylori eradication may lead to the disappearance of the spotty 
pattern and the appearance of the cracked pattern.

Research objectives
To further substantiate and comprehensively investigate mucosal pattern changes after H. pylori 
eradication in a larger number of patients.

Research methods
Among the patients with atrophic gastritis in whom H. pylori positivity was confirmed, we investigated 
101 patients who underwent both H. pylori eradication and follow-up endoscopy and evaluated the 
change of patterns before and after eradication.

Research results
The spotty pattern tended to disappear or decrease, and the cracked pattern tended to appear or 
increase after H. pylori eradication, while the mottled pattern exhibited no specific tendency.

Research conclusions
The spotty pattern likely changes to the cracked pattern after H. pylori eradication.

Research perspectives
In future studies, it will be necessary to examine the morphological and histological changes of each 
mucosal pattern, compare these pattern changes with the Kyoto classification, examine the relationship 
with other classifications of atrophic gastritis, and clarify the meaning of the mucosal pattern changes.
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Abstract
BACKGROUND 
Fecal microbial transplantation (FMT) is a promising new method for treating 
active ulcerative colitis (UC), but knowledge regarding FMT for quiescent UC is 
scarce.

AIM 
To investigate FMT for the maintenance of remission in UC patients.

METHODS 
Forty-eight UC patients were randomized to receive a single-dose FMT or 
autologous transplant via colonoscopy. The primary endpoint was set to the 
maintenance of remission, a fecal calprotectin level below 200 μg/g, and a clinical 
Mayo score below three throughout the 12-mo follow-up. As secondary end-
points, we recorded the patient’s quality of life, fecal calprotectin, blood 
chemistry, and endoscopic findings at 12 mo.

RESULTS 
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The main endpoint was achieved by 13 out of 24 (54%) patients in the FMT group and by 10 out of 
24 (41%) patients in the placebo group (log-rank test, P = 0.660). Four months after FMT, the 
quality-of-life scores decreased in the FMT group compared to the placebo group (P = 0.017). In 
addition, the disease-specific quality of life measure was higher in the placebo group than in the 
FMT group at the same time point (P = 0.003). There were no differences in blood chemistry, fecal 
calprotectin, or endoscopic findings among the study groups at 12 mo. The adverse events were 
infrequent, mild, and distributed equally between the groups.

CONCLUSION 
There were no differences in the number of relapses between the study groups at the 12-mo 
follow-up. Thus, our results do not support the use of a single-dose FMT for the maintenance of 
remission in UC.

Key Words: Fecal microbial transplantation; Ulcerative colitis; Quality of life; Maintenance of remission; 
Inflammatory bowel disease; Fecal calprotectin

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

Core Tip: This randomized controlled trial compared the efficacy of fecal microbial transplantation via 
colonoscopy and autologous placebo containing patients’ own feces for the maintenance of remission in 
48 patients with ulcerative colitis. The colitis activity was measured with the clinical Mayo score and fecal 
calprotectin. There was no significant difference in relapses between the groups at the 12-mo follow-up. 
Remission remained in 54% of the patients in the fecal microbial transplantation group compared to 41% 
in the placebo group. There was no difference in the adverse events between the groups.

Citation: Lahtinen P, Jalanka J, Mattila E, Tillonen J, Bergman P, Satokari R, Arkkila P. Fecal microbiota 
transplantation for the maintenance of remission in patients with ulcerative colitis: A randomized controlled trial. 
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URL: https://www.wjgnet.com/1007-9327/full/v29/i17/2666.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2666

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disease with an uncertain etiology. The symptoms of 
UC include bloody diarrhea and abdominal cramps. The pathophysiology is thought to involve an 
altered and exaggerated inflammatory response to commensal bacteria in genetically predisposed 
individuals[1]. An increasing proportion of the population is affected by UC, and the prevalence is 
highest in North America and Northern Europe. For example, in Finland, the yearly incidence is over 
25/100000 and is growing[2]. The lifelong risk of colectomy remains elevated despite new immune 
response-targeting treatment options[3]. Patients with UC show a reduced quality of life compared to 
the general population even if the disease is quiescent[4].

UC is associated with decreased gut microbial diversity and stability as well as altered microbiota 
composition and function[5]. In conditions such as Clostridioides difficile infection (CDI) and irritable 
bowel syndrome (IBS), fecal microbial transplantation (FMT) has been shown to alter the patients’ gut 
microbiota in the long term to resemble that of healthy donors[6-8]. During the last decade, FMT has 
become a recommended treatment option for recurrent Clostridioides difficile infection (rCDI)[9]. The 
efficacy of FMT for rCDI exceeds 90% using an optimal protocol[10,11]. On this basis, it is worthwhile to 
investigate FMT in UC patients.

FMT has shown promising efficacy for active UC in placebo-controlled trials, although the 
methodology has varied between studies[12-15]. Repetitious FMTs have been the most frequently 
applied approach among these studies, while the applied treatment protocols have been otherwise 
diverse. Some studies have applied a multidonor approach and prepared each transplant from the feces 
of multiple donors[14,15]. Anaerobic conditions for manufacturing the fecal transplant have been invest-
igated and shown to yield good results[15], as has the administration of a transplant to each patient as 
many as 40 times[14]. One study showed a clear difference in efficacy between donors, as transplants 
from one donor were more effective than transplants from the other five donors[13].

A recent randomized placebo-controlled trial from India investigated the efficacy of FMT in the 
maintenance of UC remission[16]. In this study, FMT prevented relapses through the administration of 
transplants during bimonthly colonoscopies, making the implementation of the applied protocol very 
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laborious in clinical practice. Additionally, the study population consisted of primary responders to 
FMT treatment; thus, the patients in the trial were a highly selective group.

Given that a single FMT alters the gut microbiota for the long term in rCDI[6] as well as in IBS[8] 
patients, we aimed to investigate the efficacy of a single FMT via colonoscopy to maintain remission in 
UC patients. Additionally, we aimed to investigate the potential differences in quality of life, fecal 
calprotectin, blood chemistry [blood count, liver enzymes, creatinine, and C-reactive protein (CRP)], and 
endoscopic findings during the 12-mo follow-up period.

MATERIALS AND METHODS
Study design
We randomized patients with UC in remission into two groups in a 1:1 ratio to receive either FMT from 
a healthy donor (“FMT group”) or an autologous transplant made from the patient’s own feces 
(“placebo group”). To ensure blinding, all participants donated their stool for the preparation of the 
placebo transplant, and the FMT group samples were discarded. Bowel lavage was performed using a 
macrogol solution prior to colonoscopy. The transplant was administered into the cecum of the patient 
during colonoscopy at baseline.

After the baseline intervention, the patients were followed until a colonoscopy 12 mo later. During 
the follow-up period, the participants were contacted at 2 mo, 4 mo, and 8 mo after the intervention, at 
which times the clinical Mayo score[17] was recorded and blood samples were obtained. The quality of 
life was assessed at baseline as well as at 4 mo and 12 mo[4]. Fecal calprotectin samples were obtained at 
seven timepoints (baseline and at 2 mo, 4 mo, 6 mo, 8 mo, 10 mo, and 12 mo).

The primary endpoint was sustained remission through the 12-mo follow-up time. Remission was 
defined as a clinical Mayo score below three and a fecal calprotectin level below 200 μg/g. Additionally, 
an overt relapse between the measurement points leading to a course of steroids or escalation of 
maintenance therapy was considered a failure.

This randomized placebo-controlled study was conducted in Finland in the Gastroenterology 
Departments of Helsinki University Hospital, Helsinki and Päijät-Häme Central Hospital, Lahti. The 
ethical review board of Helsinki University Hospital approved the study (29/13/03/01/2014). The 
principles of the Declaration of Helsinki were followed. The trial was registered at ClinicalTrials.gov 
(NCT03561532).

Participants
Forty-eight patients (21-70-years-old) diagnosed with UC were recruited for the study. The inclusion 
criteria stated that the patients had to be in remission, and the eligibility criteria included fecal calpro-
tectin levels below 100 μg/g and a clinical Mayo score < 3 at the time of screening. The exclusion criteria 
included the use of antibiotics within 3 mo prior to study entry, a history of tumor necrosis factor-α 
blockers or other biologics, the use of a high dose of corticosteroids (prednisolone ≥ 20 mg/d), and 
pregnancy. The patients were recruited from primary and secondary health care centers of the Helsinki 
and Lahti regions. At baseline, the majority of the patients were on mesalazine.

After the screening visit and before the start of the trial, some patients experienced minor activation 
of the disease; 8 patients, 4 in each group, had a clinical Mayo score ≥ 3, and 10 patients, 3 in the FMT 
group and 7 in the placebo group, had fecal calprotectin levels ≥ 200 μg/g. At baseline, none of these 
patients experienced significant symptoms, and they did not require escalation of medication. 
Participants with fecal calprotectin ≥ 200 μg/g or a clinical Mayo score ≥ 3 were analyzed separately as 
“subgroup B” (n = 15), and the participants without these signs of disease activity at baseline were 
included in “subgroup A” (n = 33). Among all the recruited patients, 16 patients had minor endoscopic 
colitis activity with an endoscopic Mayo score of 1 at baseline, while the rest of the patients had an 
endoscopic Mayo score of 0 at baseline.

Participant recruitment started in October 2014. At the beginning of the study, the inclusion criteria 
required a diagnosis of UC within 6 mo. However, due to very slowly proceeding recruitment, an 
amendment to the study protocol was made and approved by the ethical board in October 2016 (HUS/
1652/2016). Thereafter, patients with any disease duration were eligible. Recruitment remained slow 
even after the amendment. The study proceeded using fewer than the desired 80 participants due to 
time constraints. The follow-up of the last included patient was completed in May 2020 (CONSORT 
flow diagram in Supplementary Figure 1).

Donors
Transplants from three healthy donors were used in this study. The donors had normal body weights 
and were healthy without any diagnosed long-term illnesses or medications. All donors had a healthy 
lifestyle and a diet that included animal products but was rich in vegetables. They were screened 
according to the best practice at the time[10]; however, the donor screening guidelines have evolved 
since the start of the trial[9]. The laboratory tests for donor screening are collectively presented in 
Supplementary Table 1. We applied transplants from a female in her forties (“Donor 1”) and a young 

https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
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adult male (“Donor 2”), both of whom had previously served as donors in our studies[6,8] and in 
routine clinical practice of FMT to treat rCDI. A male in his fifties (“Donor 3”) was a new donor 
recruited for this study.

Intervention
Half of the participants, 24 out of 48, received FMT via colonoscopy into the cecum as described 
previously[10]. The fecal transplants were produced from 30 g of feces from a healthy donor. We used 
three universal donors, and the fecal suspensions were prepared as previously described and stored at -
80 °C[10].

Briefly, feces were suspended in sterile saline and mixed with glycerol (final concentration of 10%) in 
a 250 mL screw cap container by using a spatula. The suspension was frozen at -80 °C immediately after 
preparation and within 2 h of defecation to minimize the time of exposure to oxygen. For FMT 
application, the suspension was thawed at 37 °C or room temperature, mixed briefly and loaded into 
syringes to avoid clogging by unsuspended particles. If necessary, the suspension was passed through a 
presterilized, stainless steel tea strainer to remove particles before loading the syringes. The remaining 
24 participants in the placebo group were treated in an otherwise similar manner, but the fecal 
suspension was made using the participants’ own freshly donated stool. Autologous placebo was 
prepared from fresh feces for practical reasons to prevent an extra visit and minimize inconvenience to 
the patients.

Power calculation and estimated sample size
The relapse rates during the 12-mo follow-up period were estimated to be 50% in the placebo group and 
15% in the FMT group. Previous studies of FMT for maintenance of remission of UC were not published 
at the time of study design. Due to the lack of available studies, the estimation of outcomes was based 
on knowledge concerning the maintenance of remission using mesalazine[18] and extrapolating from 
FMT studies for rCDI[11], in which over 90% efficacy had been achieved.

The calculated sample size using the z-test (95% confidence interval, α = 0.05 and β = 0.1, 90% power) 
to find a significant treatment effect was 33 patients in each group, and to cover possible dropouts, we 
aimed for a sample size of 40 participants per group, 80 participants in total[19].

Randomization and blinding
The participants were randomized 1:1 to receive FMT or placebo. The randomization was executed in 
blocks of 6 patients by a study nurse not involved in the treatment of the patients. The participants and 
the treating personnel were blinded to the type of feces transplanted. The randomization was decoded 
only after all the patients had completed the 12-mo follow-up.

Outcomes
The primary outcome was the maintenance of remission through the 12-mo follow-up period. A relapse 
of colitis was considered a failure to achieve the primary outcome. The patients were followed until the 
time of the recorded relapse, after which they were dropped from the follow-up. The patients who 
remained in remission were followed until the study endpoint of 12 mo after baseline.

The secondary endpoints were quality of life, endoscopic and histologic findings at 12 mo, fecal 
calprotectin, and blood chemistry. General quality of life was assessed with the 15 dimensions (15D) 
questionnaire, and disease-specific quality of life was assessed with the Inflammatory Bowel Disease 
Quality of Life Questionnaire (IBDQ) (McMaster University, Hamilton, Canada, license No. IBDQ22-
081)[4]. The histologic activity was graded in four categories: histological remission; mild activity 
(lamina propria or intraepithelial neutrophils); moderate activity (presence of crypt abscess); and strong 
activity (presence of erosion or ulcer)[20].

The participants donated stool samples every 2nd mo (months 0, 2, 4, 6, 8, 10, and 12) for the detection 
of fecal calprotectin. Blood samples were obtained at baseline as well as at months 4, 8, and 12. The 
blood tests included complete blood counts, liver enzymes, creatinine, and CRP. Fecal calprotectin 
values below 50 μg/g and CRP values below ten were not reported by the laboratory and were coded as 
null accordingly.

Statistical methods
Descriptive statistics are presented as the means with standard deviations (SDs) for continuous 
variables and as frequencies and percentages for qualitative variables. Differences between the study 
groups in the maintenance of remission during the follow-up were assessed using the Kaplan-Meier 
method. Associations of baseline characteristics with the maintenance of remission were analyzed with 
univariate Cox regression models. In addition, 15D scores were presented using profile plots, and 
differences between groups were assessed by t tests. Differences in endoscopic and histological colitis 
activity between the study groups were analyzed with the χ2 test. P values < 0.05 were considered 
statistically significant for all analyses. SPSS version 27 (IBM Corp. Released 2020. IBM SPSS Statistics 
for Windows, Version 27.0. Armonk, NY, United States) was used for the statistical analysis.
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RESULTS
Baseline characteristics
Forty-nine patients were recruited for this study. After the screening visit and before randomization, 1 
patient had overt activation of colitis and was excluded. This left 48 patients to be randomized, with 24 
in each group. The patient flow of the study is presented in Supplementary Figure 1, and the baseline 
characteristics of the patients are presented in Table 1. The placebo group had a longer duration of 
disease than the FMT group (114 mo vs 39 mo, P = 0.006). At baseline, the mean fecal calprotectin level 
was 115.8 (SD: 184.7) in the placebo group and 66.4 (SD: 108.6) in the FMT group (P = 0.261). The 
majority of the patients were on mesalazine: 21 out of 24 patients in the FMT group and 22 out of 24 in 
the placebo group. Four patients in the placebo group were on thiopurine, but none were in the FMT 
group. At the study baseline, 2 patients in both groups were still on lower doses of tapering corticos-
teroid therapy. There were no statistically significant differences between the randomization groups 
within subgroups A and B, in which the patients had fecal calprotectin < 200 μg/g and a clinical Mayo 
score < 3 or fecal calprotectin ≥ 200 μg/g and a clinical Mayo score ≥ 3 at baseline, respectively (Table 1).

The primary endpoint-maintenance of remission
The primary endpoint of the study was the maintenance of remission through the 12-mo follow-up, 
which was achieved by 13 out of 24 (54%) patients in the FMT group and by 10 out of 24 (41%) patients 
in the placebo group. The difference between the groups was not statistically significant (log-rank test P 
= 0.660). A Kaplan-Meier survival curve of relapses in the FMT and placebo groups is presented in 
Figure 1A.

A similar result was obtained when the patients were divided into subgroups according to the clinical 
Mayo score and fecal calprotectin level at baseline. In subgroup A, 6 out of 16 patients relapsed in the 
placebo group, and 7 out of 17 patients relapsed in the FMT group (P = 0.703, Figure 1B). Similarly, 
subgroup B showed no difference between the placebo and FMT groups (P = 0.556) in the number of 
relapses; all 8 patients in the placebo group and 5 out of 7 patients in the FMT group relapsed 
(Figure 1C).

To study the possible effect of a specific donor on the patient’s outcome, we divided the patients into 
three groups according to the donor and compared these to the placebo. There were no statistically 
significant differences in the number of relapses between the different donors (log-rank, P = 0.517). At 
the 12-mo follow-up, 41.7% (10/24) of the patients in the placebo group remained in remission 
compared to 33.3% (2/6) from Donor 1, 50.0% (5/10) from Donor 2, and 62.5% (5/8) from Donor 3.

We also analyzed the effect of essential baseline characteristics on the maintenance of remission 
between these donor groups, which included the duration of disease status, fecal calprotectin, clinical 
Mayo score, total 15D score, and total IBDQ score (Supplementary Table 2). The mean duration of 
disease was 114 mo in the placebo group, 5 mo in the Donor 1 group, 52 mo in the Donor 2 group, and 
49 mo in the Donor 3 group. The disease duration did not have a statistically significant effect on the 
maintenance of remission in any of the donor groups. There were some statistically significant 
relationships between baseline characteristics and maintenance of remission. In the placebo group, 
lower maintenance of remission time was associated with higher baseline fecal calprotectin [Cox 
regression, hazard ratio (HR): 1.003; 95% confidence interval (CI): 1.001-1.005; P = 0.010) and a higher 
baseline clinical Mayo score (Cox regression, HR: 1.498; 95%CI: 1.067-2.102; P = 0.020). In the Donor 2 
group, a lower mean 15D total score at baseline was associated with lower maintenance of remission 
(Cox regression, HR: 0.000; CI: 0.000-0.374; P = 0.033). All other analyzed associations were statistically 
insignificant (Supplementary Table 2).

Secondary endpoint–changes in patient quality of life
We investigated the impact of FMT on patient quality of life as measured with the 15D questionnaire 
and disease-specific quality of life as measured with the IBDQ questionnaire.

The 15D total score was similar between the placebo and FMT groups at baseline (t test, P = 0.335) 
(Figure 2A) and at the 12-mo follow-up after FMT treatment (P = 0.905) (Figure 2B). However, there was 
a significant difference in the 15D total score between the FMT and placebo groups (P = 0.017) 4 mo after 
treatment (Figure 2C). The mean change in the 15D total score from baseline to 4 mo was -0.032 (slightly 
worse) in the FMT group and -0.009 (no change) in the placebo group. The estimation of the importance 
of change was performed as presented previously[21]. The mean change in the 15D total score from 
baseline to 12 mo was -0.008 (no change) in the FMT group and -0.015 (slightly worse) in the placebo 
group. Additionally, of the 15D, there were statistically significant differences in breathing (P = 0.049), 
usual activities (P = 0.042), and vitality (P = 0.006), all favoring the placebo group.

The disease-specific quality of life as measured with the IBDQ[22] was also similar between the 
placebo and FMT groups at baseline (P = 0.519) and at 12 mo (P = 0.868), but at 4 mo, there was a 
difference in the IBDQ total score favoring the placebo group (P = 0.003). Of the four IBDQ subcat-
egories, there were statistically significant differences in the emotions (P = 0.008) and systemic (P = 
0.010) subcategories.

https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
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Table 1 The baseline demographics of patients included in the analysis

All patients (n = 48) Subgroup A (n = 33) Subgroup B (n = 15)Baseline 
variable FMT Placebo

P value
FMT Placebo

P value
FMT Placebo

P value

Sex as M/F 14/10 12/12 0.562 8/9 8/8 0.866 4/4 5/2 0.608

Age 43.0 (12.9) 43.1 (12.1) 0.982 43.6 (13.0) 44.8 (12.0) 0.781 41.7 (13.6) 39.8 (12.5) 0.775

Disease duration 
in mo

39.2 (51.0) 114.0 (117.6) 0.006 41.0 (56.2) 125.4 (121.7) 0.015 34.9 (38.7) 91.3 (113.2) 0.233

Fecal calprotectin 66.0 (108.6) 115.8 (184.7) 0.261 34.7 (46.3) 18.9 (44.9) 0.330 142.3 (172.9) 309.6 (208.3) 0.117

15D 0.903 (0.095) 0.928 (0.072) 0.335 0.899 (0.106) 0.939 (0.070) 0.221 0.915 (0.070) 0.907 (0.078) 0.830

IBDQ 169.4 (28.8) 162.7 (39.8) 0.519 166.9 (28.6) 171.4 (32.0) 0.688 175.0 (30.5) 147.4 (49.3) 0.223

Subgroup A included patients with fecal calprotectin < 200 µg/g and a clinical Mayo score < 3 at baseline, and subgroup B included patients with fecal 
calprotectin ≥ 200 ug/g or a clinical Mayo score ≥ 3 at baseline. Standard deviations are shown in brackets. M: Male; F: Female; 15D: The total score of the 
15 dimensions quality of life questionnaire; IBDQ: The total score of the inflammatory bowel disease quality of life questionnaire; FMT: Fecal microbiota 
transplantation.

Figure 1 Kaplan-Meier survival curve demonstrating the maintenance of remission defined as fecal calprotectin < 200 μg/g and the 
clinical Mayo score < 3 or an overt relapse in between the measurement points. A: All patients included in analysis (log rank test P = 0.660); B: 
Subgroup A, i.e. the patients with fecal calprotectin < 200 μg/g and clinical Mayo score < 3 at the baseline (P = 0.703); C: Subgroup B, i.e. the patients with fecal 
calprotectin ≥ 200 μg/g or the clinical Mayo score ≥ 3 at the baseline (P = 0.556). Censored means the end of follow-up without a relapse. FMT: Fecal microbiota 
transplantation.

Secondary endpoint-blood chemistry and fecal calprotectin
The blood chemistry, complete blood count, liver enzymes, and creatinine and CRP levels were 
analyzed at four different timepoints. Fecal calprotectin was measured every 2nd mo at six different 
timepoints. There were no clinically significant changes in any of the blood tests compared to the 
baseline. All laboratory tests at each timepoint showed no statistically significant differences between 
the FMT and placebo groups (P > 0.05). The blood chemistry and fecal calprotectin values are 
collectively presented in Supplementary Table 3.

https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
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Figure 2 The general quality of life of the complete study group shown according to the 15 dimensions and the mean total score and P 
value as expressed numerically within the picture. A: The total score of the 15 dimensions quality of life questionnaire (15D) profiles at the baseline (n = 
48); B: 15D profiles at 12 mo (n = 21); C: 15D profiles at 4 mo (n = 30). aP ≤ 0.05 and bP ≤ 0.01. FMT: Fecal microbiota transplantation; 15D: The total score of the 15 
dimensions quality of life questionnaire.

Endoscopic and histologic colitis activity at 12 mo
A colonoscopy was performed at the end of the trial, and pinch biopsies were obtained from all 23 
patients who reached the primary endpoint and remained in clinical remission throughout the follow-
up period. Endoscopic colitis activity was detected in 2 out of 13 patients in the FMT group and in 2 out 
of 10 patients in the placebo group. Likewise, mild histological colitis activity was detected in the colon 
pinch biopsies in 2 out of 13 patients in the FMT group and 2 out of 10 patients in the placebo group, 
indicating chronic inflammation. Thus, the number of patients who were in endoscopic and histologic 
remission in the follow-up colonoscopy was 11 out of 13 in the FMT group and 8 out of 10 in the placebo 
group (χ2, P = 0.772).

Adverse events
A similar number of patients experienced UC activation in the FMT and placebo groups (Figure 1). In 
addition to colitis activation, other adverse events were recorded in 4 patients in the FMT group and 6 
patients in the placebo group.

In the FMT group, the adverse events included fatigue through the follow-up period, gastroenteritis 
at 8 mo after FMT, constipation at 3 wk after FMT and a diagnosis of primary sclerosing cholangitis. In 
addition, 1 patient reported fatigue and episodes of atrial fibrillation at the 4-mo timepoint, for which he 
underwent ablation treatment. This patient subsequently developed pneumonia.

In the placebo group, 1 patient with fibromyalgia reported back pain and colitis symptoms simultan-
eously. Another patient visited the emergency room 6 mo after the procedure and was diagnosed with 
mitral valve insufficiency. One patient with spondylarthritis experienced arthralgia during the follow-
up. One patient experienced an escalation of bloating after the procedure, and 2 patients experienced a 
prolonged mild respiratory infection. Possible hospitalizations were monitored in all the participants for 
12 mo, but none were attributable to FMT.



Lahtinen P et al. FMT for maintenance of UC remission

WJG https://www.wjgnet.com 2673 May 7, 2023 Volume 29 Issue 17

DISCUSSION
In this placebo-controlled trial, we examined the effect of a single FMT via colonoscopy on the 
maintenance of remission in UC patients. The primary endpoint was sustained remission over a 12-mo 
follow-up period. A relapse of UC was regarded as a failure to achieve the primary endpoint. We set the 
cutoff values to differentiate between remission and relapse to a clinically significant level; thus, a 
clinical Mayo score above three and fecal calprotectin levels above 200 μg/g were considered to indicate 
colitis activation. There was no statistically significant difference in the number of patients with a 
relapse of UC during the follow-up period in the FMT and placebo groups. According to the results, a 
single FMT via colonoscopy was ineffective for maintaining UC in remission.

Previously, the impact of the donor on the outcome of FMT was demonstrated in patients with active 
UC[13]. Including more than one donor in FMT trials enables comparison between the donors. In this 
trial, we used three donors. Sustainable remission through the follow-up was achieved by 33.3% of the 
patients who received FMT from Donor 1, whereas the same was achieved by 62.5% of the patients 
treated with FMT from Donor 3. However, the number of patients in each group was small, and the 
differences did not reach statistical significance. Furthermore, the Donor 1 treatment was applied at the 
beginning of the trial when the inclusion criteria were different, requiring new-onset disease, and 
consequently the baseline activity markers, fecal calprotectin and clinical Mayo score were higher in the 
patients of Donor 1 than in the patients of Donor 3. For these reasons, the existence or magnitude of the 
donor effect could not be proven or disproven.

Studies evaluating FMT for active as well as quiescent UC have been encouraging[13,16], but the 
present data are not sufficient to justify treating UC patients with FMT in clinical practice. Our goal was 
to investigate whether manipulation of the gut microbiota with FMT early after UC diagnosis would 
help in the maintenance of remission and the effect on the course of the disease. When planning this 
study, we aimed to recruit patients whose UC was diagnosed within 6 mo prior to the study baseline. 
However, due to slow recruitment, we made a change in the study protocol and started including 
patients with any duration of the disease. Additionally, another center, Päijät-Häme Central Hospital, 
joined the study in addition to Helsinki University Hospital. Nevertheless, the recruitment remained 
slow, and we were only able to recruit 48 of the originally planned 80 patients within a reasonable time.

As a result of the change in the protocol, 31% of the patients fulfilled the initial inclusion criteria and 
had been diagnosed within the previous 6 mo, of whom 6 patients were in the FMT group and 9 
patients were in the placebo group. Coincidentally, the patients with the longest duration of the disease 
were also randomized into the placebo group, resulting in a statistically significant difference in the 
duration of disease status between the randomization groups. The groups were similar to each other in 
all other parameters (Table 1). Patients with biologics were not included in the trial; thus, the 
participants did not have a history of severe and difficult-to-treat disease.

Previously published randomized, placebo-controlled FMT trials investigating patients with UC have 
included patients with active colitis or patients who have reached clinical remission after several FMT 
sessions[15,16,23]. The patients in our study had UC in clinical remission but had not previously 
received FMT therapy. Between the recruitment and the study baseline, a portion of the patients had 
elevated calprotectin and clinical Mayo score values without overt colitis symptoms and were included 
in a subgroup analysis (Table 1). Overall, the population of our study represented UC patients in real-
world clinical practice.

As a secondary endpoint, we aimed to investigate the effect of FMT on patient quality of life. We 
evaluated this outcome with the disease-specific IBDQ questionnaire and with the 15D questionnaire, 
which measures general health-related quality of life. Both questionnaires measure the quality of life in 
IBD patients with equal reliability[4]. Interestingly, the placebo group presented higher quality-of-life 
scores 4 mo after the treatment. This may refer to the extraintestinal influence of the gut microbiota, 
although the difference between the groups may partly be explained by the longer duration of disease 
in the placebo group and consequently better adaptation to the fluctuating symptoms of the disease. 
Indeed, the statistically significant differences concerned vitality, usual activities, and breathing in the 
15D questionnaire, while intestinal symptoms did not differ between the groups. Additionally, in the 
IBDQ questionnaire, the subcategories of emotions and systemic symptoms were statistically 
significantly better in the placebo group at the 4-mo timepoint. We found disease duration and 
adaptation to be the most plausible explanation for the observed differences since the subscores of the 
FMT group increased and the differences between treatment groups disappeared at 12 mo. However, 
changes in microbiota composition and activity extrapolating to extraintestinal effects should also be 
addressed in future investigations. Previously, we observed a possible link between microbiota, general 
mental health, and depression in our FMT studies on IBS and rCDI[8,24].

In line with our previous placebo-controlled FMT trial[8], the reported adverse events in this trial 
were evenly distributed between groups. There were no severe adverse events attributable to FMT, 
replicating previous reports stating that FMT was safe when performed with high standards[25]. Even 
as FMT appears safe in randomized controlled trials[8,13,15] and evidence of long-term safety appears 
encouraging[24], we find it highly important to continue gathering safety data on FMT from 
randomized trials as well as collecting registry data from clinical practice. The interindividual variability 
of donors is high concerning microbiota profiles as well as other characteristics, and therefore the 
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scientific community and clinicians performing FMT for CDI need to stay alert for infectious complic-
ations and for possible rare short-term and long-term adverse effects of FMT[26].

Our study had some limitations. First, the number of studied patients remained rather low, with only 
48 patients in total due to slow recruitment. Second, after patients experienced a relapse of UC, further 
data were not recorded. This decreased the amount of obtained data and complicated the comparison of 
secondary endpoints between the groups, as there were fewer cases left for the analysis with each 
successive time point. However, after a relapse, some of the patients were given corticosteroids or the 
medication was changed, which would have misrepresented the true effects of FMT or placebo. Another 
drawback was that the patients in the placebo group had UC for a longer duration than those in the 
FMT group and were likely in a more stable phase of the disease. This may have impacted the results of 
the primary endpoint as well as secondary endpoints; however, there were no statistically significant 
correlations between the duration of disease and the time to relapse or quality of life in either study 
group.

Our study also had clear advantages. Its blinded placebo-controlled design is a definite strength. We 
applied an autologous placebo, which assures very reliable blinding, and the same method has yielded 
valid results in FMT trials for rCDI[27] and in other conditions such as IBS[8] and Crohn’s disease[28]. 
However, it must be noted that the composition of the fecal microbiota may change when it is exposed 
to oxygen, and in the case of patient samples, the duration of oxygen exposure could not be carefully 
controlled, unlike for the donor samples, which were prepared and frozen within 2 h of defecation. The 
advantage of applying an autologous placebo is that it assures very reliable blinding. Other forms of 
placebo may be more easily detected by the patient or treating personnel. Another advantage of our 
study is the sufficiently long follow-up time, which enabled the treatment effect durability to be 
monitored.

Unlike in rCDI, clinical efficacy may not be achieved in UC by just a single FMT, possibly due to 
difficulties in modulating the microbiota in the longer term by only one FMT dose. Repeated FMT 
treatments could possibly enhance efficacy, as shown by Sood et al[16] where repeated FMT treatments 
were associated with maintenance of remission. In that trial, the study population was selected from 
responders to FMT given for induction of remission, and bimonthly colonoscopic FMTs for 1 year 
maintained UC in remission better than placebo. Thus, the positive effects of FMT may be maintained 
by repeated treatments. Repeated FMT treatments have also shown promising results in the induction 
of remission of active UC[13-15]. Engraftment of the transplanted microbes may be more difficult in an 
active colitis environment than in a state of remission. From this perspective, repeated FMT can be more 
justified in active disease.

Moreover, FMT may also exert its efficacy via host-derived biomolecules that exert immunoregu-
latory action or induce transcriptional changes in the affected intestinal epithelium. Action by nonper-
sisting biomolecules could also explain why multiple FMTs are needed for the induction of remission. 
On the other hand, if microbiota modulation is considered critical, a single FMT by colonoscopy with 
our protocol (applying 30 g of donor feces) can induce prolonged microbial engraftment in rCDI 
patients as well as in IBS patients[6,8].

To our knowledge, our trial is the first controlled trial to investigate a single FMT for the maintenance 
of remission in UC patients. In future FMT studies on the maintenance of UC remission, repeated 
treatments seem reasonable. However, other methods to enhance and prolong the effects should also be 
considered. For example, combining a dietary intervention may improve results and prolong remission
[29]. In one recent trial, a dietary intervention resulted in a superior effect on the induction of remission 
in UC patients compared to FMT[30].

The optimization of donor selection could possibly improve outcomes even with a single FMT given 
in remission. Additionally, conditions for the engraftment and functioning of beneficial microbiota may 
be important, particularly when FMT is given to patients in remission. Diet has a great impact on gut 
microbiota and is likely an important factor affecting the survival and function of transplanted microbes
[31]. We suggest prompt documenting of the diet in future FMT studies. Additionally, the combination 
of FMT with dietary modulation should be addressed in future studies[29,30].

There are many open questions to be answered before we can determine whether FMT may be 
applied for the maintenance of remission in UC. More research is needed to define the optimal donor 
characteristics, patient population, and timing for FMT. Additionally, the best route of FMT adminis-
tration remains undefined. While the colonoscopic route has shown promise[16], FMT with capsules 
may be considered when high numbers of patients need to be treated[23]. Finally, we do not yet know 
which stool components are responsible for the positive effects of FMT, and there is much room for 
future innovative research.

CONCLUSION
In conclusion, there were no statistically significant differences in the number of UC relapses after a 
single FMT or placebo treatment; therefore, the main outcome of our study was negative. Our results do 
not support applying a single FMT for the maintenance of UC remission. However, these results must 
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be interpreted with caution due to the small sample size, and larger studies are warranted.

ARTICLE HIGHLIGHTS
Research background
Ulcerative colitis (UC) is associated with altered gut microbiota. The pathophysiology of UC is thought 
to involve an altered and exaggerated inflammatory response to commensal bacteria. Fecal microbiota 
transplantation has yielded good results in the induction of UC remission.

Research motivation
Despite the development in medications for UC, some patients do not respond sufficiently to current 
treatment options and new treatment modalities are needed. Modulation of gut microbiota via fecal 
microbial transplantation (FMT) is a potential new treatment option for UC patients.

Research objectives
The goal of this trial was to gather information of the role of gut microbiota in maintenance of remission 
in UC patients, and the aim was to investigate FMT for the maintenance of UC remission.

Research methods
Forty-eight patients with quiescent UC were randomized 1:1 to receive a single FMT via colonoscopy or 
a placebo made from the patient’s own stool. The patients were followed for 12 mo, and colitis 
symptoms were measured as well as fecal calprotectin. As secondary endpoints, quality of life, blood 
chemistry, and endoscopic findings at 12 mo were measured.

Research results
UC remission was maintained by 13 out of 24 (54%) patients in the FMT group and by 10 out of 24 (41%) 
patients in the placebo group (log-rank test, P = 0.660). The quality of life was lower in the FMT group at 
4 mo after FMT as compared to the placebo group (P = 0.017). There were no differences in blood 
chemistry, fecal calprotectin, or endoscopic findings at 12 mo between the groups.

Research conclusions
There were no significant differences in the maintenance of remission between the groups during the 12-
mo follow-up. Thus, our results do not support the use of a single-dose FMT for the maintenance of 
remission in UC patients.

Research perspectives
Many open questions need to be answered before we can determine whether FMT may be applied for 
the maintenance of remission in UC. We do not yet know which stool components distribute the 
positive effects of FMT. More research is needed to define the optimal donor characteristics, patient 
population, and the optimal number and timing of FMT treatments.

ACKNOWLEDGEMENTS
Study nurses Pirkko Tuukkala (Helsinki University Hospital) and Virve Liukkonen (Päijät-Häme 
Central Hospital) are acknowledged for their contribution to the study with a high level of expertise and 
commitment.

FOOTNOTES
Author contributions: Lahtinen P wrote the paper; Lahtinen P and Bergman P analyzed the data and designed the 
figures; Arkkila P, Satokari R, and Mattila E planned the study; Arkkila P, Satokari R, Lahtinen P, and Tillonen J 
executed the study and collected most of the data; Arkkila P, Lahtinen P, and Tillonen J assessed the colonoscopies; 
Satokari R administered fecal banking and FMT treatments; Jalanka J, Mattila E, and Tillonen J provided expertise in 
the study design and components of the article; All authors contributed to drafting the article and revised the 
manuscript for important intellectual content; All authors had access to the study data and reviewed and approved 
the final manuscript.

Supported by Academy of Finland (Reetta Satokari), No. 323156; Sigrid Juselius Foundation and University of 
Helsinki (A Three-year Grant); The Competitive State Research Financing (Perttu Lahtinen), No. 200230042; The Ella 
and Georg Ehrnrooth Foundation (Perttu Arkkila).



Lahtinen P et al. FMT for maintenance of UC remission

WJG https://www.wjgnet.com 2676 May 7, 2023 Volume 29 Issue 17

Institutional review board statement: The study was reviewed and approved by the Helsinki University Hospital 
Institutional Review Board, No. 29/13/03/01/2014.

Clinical trial registration statement: This study is registered at ClinicalTrials.gov. The registration identification 
number is NCT03561532.

Informed consent statement: All study participants or their legal guardian provided informed written consent about 
personal and medical data collection prior to study enrolment.

Conflict-of-interest statement: Dr. Lahtinen reports grants from The Competetive State Research Financing, grants 
from Academy of Finland, grants from Sigrid Juselius Foundation, grants from University of Helsinki, grants from 
Ella and Georg Ehrnrooth Foundation, during the conduct of the study.

Data sharing statement: The datasets generated and analyzed during the current study are not publicly available 
because individual privacy could be compromised. However, they are available from the corresponding author on 
reasonable request.

CONSORT 2010 statement: The authors have read the CONSORT 2010 statement, and the manuscript was prepared 
and revised according to the CONSORT 2010 statement.

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: Finland

ORCID number: Perttu Lahtinen 0000-0001-6430-4642; Jonna Jalanka 0000-0002-3847-8136; Eero Mattila 0000-0001-9787-
7674; Jyrki Tillonen 0000-0002-5661-9385; Paula Bergman 0000-0003-4672-2554; Reetta Satokari 0000-0002-4258-3414; 
Perttu Arkkila 0000-0003-2194-0424.

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

REFERENCES
1 Ungaro R, Mehandru S, Allen PB, Peyrin-Biroulet L, Colombel JF. Ulcerative colitis. Lancet 2017; 389: 1756-1770 

[PMID: 27914657 DOI: 10.1016/S0140-6736(16)32126-2]
2 Jussila A, Virta LJ, Kautiainen H, Rekiaro M, Nieminen U, Färkkilä MA. Increasing incidence of inflammatory bowel 

diseases between 2000 and 2007: a nationwide register study in Finland. Inflamm Bowel Dis 2012; 18: 555-561 [PMID: 
21425214 DOI: 10.1002/ibd.21695]

3 Lamb CA, Kennedy NA, Raine T, Hendy PA, Smith PJ, Limdi JK, Hayee B, Lomer MCE, Parkes GC, Selinger C, Barrett 
KJ, Davies RJ, Bennett C, Gittens S, Dunlop MG, Faiz O, Fraser A, Garrick V, Johnston PD, Parkes M, Sanderson J, 
Terry H; IBD guidelines eDelphi consensus group, Gaya DR, Iqbal TH, Taylor SA, Smith M, Brookes M, Hansen R, 
Hawthorne AB. British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel 
disease in adults. Gut 2019; 68: s1-s106 [PMID: 31562236 DOI: 10.1136/gutjnl-2019-318484]

4 Haapamäki J, Roine RP, Sintonen H, Turunen U, Färkkilä MA, Arkkila PE. Health-related quality of life in inflammatory 
bowel disease measured with the generic 15D instrument. Qual Life Res 2010; 19: 919-928 [PMID: 20361263 DOI: 
10.1007/s11136-010-9650-4]

5 Manichanh C, Borruel N, Casellas F, Guarner F. The gut microbiota in IBD. Nat Rev Gastroenterol Hepatol 2012; 9: 
599-608 [PMID: 22907164 DOI: 10.1038/nrgastro.2012.152]

6 Jalanka J, Mattila E, Jouhten H, Hartman J, de Vos WM, Arkkila P, Satokari R. Long-term effects on luminal and 
mucosal microbiota and commonly acquired taxa in faecal microbiota transplantation for recurrent Clostridium difficile 
infection. BMC Med 2016; 14: 155 [PMID: 27724956 DOI: 10.1186/s12916-016-0698-z]

7 Fuentes S, van Nood E, Tims S, Heikamp-de Jong I, ter Braak CJ, Keller JJ, Zoetendal EG, de Vos WM. Reset of a 
critically disturbed microbial ecosystem: faecal transplant in recurrent Clostridium difficile infection. ISME J 2014; 8: 
1621-1633 [PMID: 24577353 DOI: 10.1038/ismej.2014.13]

8 Lahtinen P, Jalanka J, Hartikainen A, Mattila E, Hillilä M, Punkkinen J, Koskenpato J, Anttila VJ, Tillonen J, Satokari R, 
Arkkila P. Randomised clinical trial: faecal microbiota transplantation versus autologous placebo administered via 
colonoscopy in irritable bowel syndrome. Aliment Pharmacol Ther 2020; 51: 1321-1331 [PMID: 32343000 DOI: 
10.1111/apt.15740]
Cammarota G, Ianiro G, Tilg H, Rajilić-Stojanović M, Kump P, Satokari R, Sokol H, Arkkila P, Pintus C, Hart A, Segal 
J, Aloi M, Masucci L, Molinaro A, Scaldaferri F, Gasbarrini G, Lopez-Sanroman A, Link A, de Groot P, de Vos WM, 

9

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-6430-4642
http://orcid.org/0000-0001-6430-4642
http://orcid.org/0000-0002-3847-8136
http://orcid.org/0000-0002-3847-8136
http://orcid.org/0000-0001-9787-7674
http://orcid.org/0000-0001-9787-7674
http://orcid.org/0000-0002-5661-9385
http://orcid.org/0000-0002-5661-9385
http://orcid.org/0000-0003-4672-2554
http://orcid.org/0000-0003-4672-2554
http://orcid.org/0000-0002-4258-3414
http://orcid.org/0000-0002-4258-3414
http://orcid.org/0000-0003-2194-0424
http://orcid.org/0000-0003-2194-0424
http://www.ncbi.nlm.nih.gov/pubmed/27914657
https://dx.doi.org/10.1016/S0140-6736(16)32126-2
http://www.ncbi.nlm.nih.gov/pubmed/21425214
https://dx.doi.org/10.1002/ibd.21695
http://www.ncbi.nlm.nih.gov/pubmed/31562236
https://dx.doi.org/10.1136/gutjnl-2019-318484
http://www.ncbi.nlm.nih.gov/pubmed/20361263
https://dx.doi.org/10.1007/s11136-010-9650-4
http://www.ncbi.nlm.nih.gov/pubmed/22907164
https://dx.doi.org/10.1038/nrgastro.2012.152
http://www.ncbi.nlm.nih.gov/pubmed/27724956
https://dx.doi.org/10.1186/s12916-016-0698-z
http://www.ncbi.nlm.nih.gov/pubmed/24577353
https://dx.doi.org/10.1038/ismej.2014.13
http://www.ncbi.nlm.nih.gov/pubmed/32343000
https://dx.doi.org/10.1111/apt.15740


Lahtinen P et al. FMT for maintenance of UC remission

WJG https://www.wjgnet.com 2677 May 7, 2023 Volume 29 Issue 17

Högenauer C, Malfertheiner P, Mattila E, Milosavljević T, Nieuwdorp M, Sanguinetti M, Simren M, Gasbarrini A; 
European FMT Working Group. European consensus conference on faecal microbiota transplantation in clinical practice. 
Gut 2017; 66: 569-580 [PMID: 28087657 DOI: 10.1136/gutjnl-2016-313017]

10 Satokari R, Mattila E, Kainulainen V, Arkkila PE. Simple faecal preparation and efficacy of frozen inoculum in faecal 
microbiota transplantation for recurrent Clostridium difficile infection--an observational cohort study. Aliment Pharmacol 
Ther 2015; 41: 46-53 [PMID: 25355279 DOI: 10.1111/apt.13009]

11 van Nood E, Vrieze A, Nieuwdorp M, Fuentes S, Zoetendal EG, de Vos WM, Visser CE, Kuijper EJ, Bartelsman JF, 
Tijssen JG, Speelman P, Dijkgraaf MG, Keller JJ. Duodenal infusion of donor feces for recurrent Clostridium difficile. N 
Engl J Med 2013; 368: 407-415 [PMID: 23323867 DOI: 10.1056/NEJMoa1205037]

12 Rossen NG, Fuentes S, van der Spek MJ, Tijssen JG, Hartman JH, Duflou A, Löwenberg M, van den Brink GR, Mathus-
Vliegen EM, de Vos WM, Zoetendal EG, D'Haens GR, Ponsioen CY. Findings From a Randomized Controlled Trial of 
Fecal Transplantation for Patients With Ulcerative Colitis. Gastroenterology 2015; 149: 110-118.e4 [PMID: 25836986 
DOI: 10.1053/j.gastro.2015.03.045]

13 Moayyedi P, Surette MG, Kim PT, Libertucci J, Wolfe M, Onischi C, Armstrong D, Marshall JK, Kassam Z, Reinisch W, 
Lee CH. Fecal Microbiota Transplantation Induces Remission in Patients With Active Ulcerative Colitis in a Randomized 
Controlled Trial. Gastroenterology 2015; 149: 102-109.e6 [PMID: 25857665 DOI: 10.1053/j.gastro.2015.04.001]

14 Paramsothy S, Kamm MA, Kaakoush NO, Walsh AJ, van den Bogaerde J, Samuel D, Leong RWL, Connor S, Ng W, 
Paramsothy R, Xuan W, Lin E, Mitchell HM, Borody TJ. Multidonor intensive faecal microbiota transplantation for active 
ulcerative colitis: a randomised placebo-controlled trial. Lancet 2017; 389: 1218-1228 [PMID: 28214091 DOI: 
10.1016/S0140-6736(17)30182-4]

15 Costello SP, Hughes PA, Waters O, Bryant RV, Vincent AD, Blatchford P, Katsikeros R, Makanyanga J, Campaniello 
MA, Mavrangelos C, Rosewarne CP, Bickley C, Peters C, Schoeman MN, Conlon MA, Roberts-Thomson IC, Andrews 
JM. Effect of Fecal Microbiota Transplantation on 8-Week Remission in Patients With Ulcerative Colitis: A Randomized 
Clinical Trial. JAMA 2019; 321: 156-164 [PMID: 30644982 DOI: 10.1001/jama.2018.20046]

16 Sood A, Mahajan R, Singh A, Midha V, Mehta V, Narang V, Singh T, Singh Pannu A. Role of Faecal Microbiota 
Transplantation for Maintenance of Remission in Patients With Ulcerative Colitis: A Pilot Study. J Crohns Colitis 2019; 
13: 1311-1317 [PMID: 30873549 DOI: 10.1093/ecco-jcc/jjz060]

17 Lewis JD, Chuai S, Nessel L, Lichtenstein GR, Aberra FN, Ellenberg JH. Use of the noninvasive components of the Mayo 
score to assess clinical response in ulcerative colitis. Inflamm Bowel Dis 2008; 14: 1660-1666 [PMID: 18623174 DOI: 
10.1002/ibd.20520]

18 Feagan BG, Macdonald JK. Oral 5-aminosalicylic acid for maintenance of remission in ulcerative colitis. Cochrane 
Database Syst Rev 2012; 10: CD000544 [PMID: 23076890 DOI: 10.1002/14651858.CD000544.pub3]

19 Chow SC.   Sample Size Calculations in Clinical Research. 2nd Ed: Chapman & Hall/CRC Biostatistics Series, 2008: 52
20 D'Haens G, Sandborn WJ, Feagan BG, Geboes K, Hanauer SB, Irvine EJ, Lémann M, Marteau P, Rutgeerts P, 

Schölmerich J, Sutherland LR. A review of activity indices and efficacy end points for clinical trials of medical therapy in 
adults with ulcerative colitis. Gastroenterology 2007; 132: 763-786 [PMID: 17258735 DOI: 10.1053/j.gastro.2006.12.038]

21 Alanne S, Roine RP, Räsänen P, Vainiola T, Sintonen H. Estimating the minimum important change in the 15D scores. 
Qual Life Res 2015; 24: 599-606 [PMID: 25145637 DOI: 10.1007/s11136-014-0787-4]

22 Guyatt G, Mitchell A, Irvine EJ, Singer J, Williams N, Goodacre R, Tompkins C. A new measure of health status for 
clinical trials in inflammatory bowel disease. Gastroenterology 1989; 96: 804-810 [PMID: 2644154]

23 Haifer C, Paramsothy S, Kaakoush NO, Saikal A, Ghaly S, Yang T, Luu LDW, Borody TJ, Leong RW. Lyophilised oral 
faecal microbiota transplantation for ulcerative colitis (LOTUS): a randomised, double-blind, placebo-controlled trial. 
Lancet Gastroenterol Hepatol 2022; 7: 141-151 [PMID: 34863330 DOI: 10.1016/S2468-1253(21)00400-3]

24 Jalanka J, Hillamaa A, Satokari R, Mattila E, Anttila VJ, Arkkila P. The long-term effects of faecal microbiota 
transplantation for gastrointestinal symptoms and general health in patients with recurrent Clostridium difficile infection. 
Aliment Pharmacol Ther 2018; 47: 371-379 [PMID: 29226561 DOI: 10.1111/apt.14443]

25 Baxter M, Colville A. Adverse events in faecal microbiota transplant: a review of the literature. J Hosp Infect 2016; 92: 
117-127 [PMID: 26803556 DOI: 10.1016/j.jhin.2015.10.024]

26 Osman M, Budree S, Kelly CR, Panchal P, Allegretti JR, Kassam Z; OpenBiome Collaborators. Effectiveness and Safety 
of Fecal Microbiota Transplantation for Clostridioides Difficile Infection: Results From a 5344-Patient Cohort Study. 
Gastroenterology 2022; 163: 319-322 [PMID: 35398345 DOI: 10.1053/j.gastro.2022.03.051]

27 Kelly CR, Khoruts A, Staley C, Sadowsky MJ, Abd M, Alani M, Bakow B, Curran P, McKenney J, Tisch A, Reinert SE, 
Machan JT, Brandt LJ. Effect of Fecal Microbiota Transplantation on Recurrence in Multiply Recurrent Clostridium 
difficile Infection: A Randomized Trial. Ann Intern Med 2016; 165: 609-616 [PMID: 27547925 DOI: 10.7326/M16-0271]

28 Sokol H, Landman C, Seksik P, Berard L, Montil M, Nion-Larmurier I, Bourrier A, Le Gall G, Lalande V, De Rougemont 
A, Kirchgesner J, Daguenel A, Cachanado M, Rousseau A, Drouet É, Rosenzwajg M, Hagege H, Dray X, Klatzman D, 
Marteau P; Saint-Antoine IBD Network, Beaugerie L, Simon T. Fecal microbiota transplantation to maintain remission in 
Crohn's disease: a pilot randomized controlled study. Microbiome 2020; 8: 12 [PMID: 32014035 DOI: 
10.1186/s40168-020-0792-5]

29 Kedia S, Virmani S, K Vuyyuru S, Kumar P, Kante B, Sahu P, Kaushal K, Farooqui M, Singh M, Verma M, Bajaj A, 
Markandey M, Sachdeva K, Das P, Makharia GK, Ahuja V. Faecal microbiota transplantation with anti-inflammatory diet 
(FMT-AID) followed by anti-inflammatory diet alone is effective in inducing and maintaining remission over 1 year in 
mild to moderate ulcerative colitis: a randomised controlled trial. Gut 2022; 71: 2401-2413 [PMID: 35973787 DOI: 
10.1136/gutjnl-2022-327811]

30 Sarbagili Shabat C, Scaldaferri F, Zittan E, Hirsch A, Mentella MC, Musca T, Cohen NA, Ron Y, Fliss Isakov N, Pfeffer 
J, Yaakov M, Fanali C, Turchini L, Masucci L, Quaranta G, Kolonimos N, Godneva A, Weinberger A, Kopylov U, Levine 
A, Maharshak N. Use of Faecal Transplantation with a Novel Diet for Mild to Moderate Active Ulcerative Colitis: The 
CRAFT UC Randomised Controlled Trial. J Crohns Colitis 2022; 16: 369-378 [PMID: 34514495 DOI: 
10.1093/ecco-jcc/jjab165]

http://www.ncbi.nlm.nih.gov/pubmed/28087657
https://dx.doi.org/10.1136/gutjnl-2016-313017
http://www.ncbi.nlm.nih.gov/pubmed/25355279
https://dx.doi.org/10.1111/apt.13009
http://www.ncbi.nlm.nih.gov/pubmed/23323867
https://dx.doi.org/10.1056/NEJMoa1205037
http://www.ncbi.nlm.nih.gov/pubmed/25836986
https://dx.doi.org/10.1053/j.gastro.2015.03.045
http://www.ncbi.nlm.nih.gov/pubmed/25857665
https://dx.doi.org/10.1053/j.gastro.2015.04.001
http://www.ncbi.nlm.nih.gov/pubmed/28214091
https://dx.doi.org/10.1016/S0140-6736(17)30182-4
http://www.ncbi.nlm.nih.gov/pubmed/30644982
https://dx.doi.org/10.1001/jama.2018.20046
http://www.ncbi.nlm.nih.gov/pubmed/30873549
https://dx.doi.org/10.1093/ecco-jcc/jjz060
http://www.ncbi.nlm.nih.gov/pubmed/18623174
https://dx.doi.org/10.1002/ibd.20520
http://www.ncbi.nlm.nih.gov/pubmed/23076890
https://dx.doi.org/10.1002/14651858.CD000544.pub3
http://www.ncbi.nlm.nih.gov/pubmed/17258735
https://dx.doi.org/10.1053/j.gastro.2006.12.038
http://www.ncbi.nlm.nih.gov/pubmed/25145637
https://dx.doi.org/10.1007/s11136-014-0787-4
http://www.ncbi.nlm.nih.gov/pubmed/2644154
http://www.ncbi.nlm.nih.gov/pubmed/34863330
https://dx.doi.org/10.1016/S2468-1253(21)00400-3
http://www.ncbi.nlm.nih.gov/pubmed/29226561
https://dx.doi.org/10.1111/apt.14443
http://www.ncbi.nlm.nih.gov/pubmed/26803556
https://dx.doi.org/10.1016/j.jhin.2015.10.024
http://www.ncbi.nlm.nih.gov/pubmed/35398345
https://dx.doi.org/10.1053/j.gastro.2022.03.051
http://www.ncbi.nlm.nih.gov/pubmed/27547925
https://dx.doi.org/10.7326/M16-0271
http://www.ncbi.nlm.nih.gov/pubmed/32014035
https://dx.doi.org/10.1186/s40168-020-0792-5
http://www.ncbi.nlm.nih.gov/pubmed/35973787
https://dx.doi.org/10.1136/gutjnl-2022-327811
http://www.ncbi.nlm.nih.gov/pubmed/34514495
https://dx.doi.org/10.1093/ecco-jcc/jjab165


Lahtinen P et al. FMT for maintenance of UC remission

WJG https://www.wjgnet.com 2678 May 7, 2023 Volume 29 Issue 17

31 Zmora N, Suez J, Elinav E. You are what you eat: diet, health and the gut microbiota. Nat Rev Gastroenterol Hepatol 
2019; 16: 35-56 [PMID: 30262901 DOI: 10.1038/s41575-018-0061-2]

http://www.ncbi.nlm.nih.gov/pubmed/30262901
https://dx.doi.org/10.1038/s41575-018-0061-2


WJG https://www.wjgnet.com 2679 May 7, 2023 Volume 29 Issue 17

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2023 May 7; 29(17): 2679-2700

DOI: 10.3748/wjg.v29.i17.2679 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

SYSTEMATIC REVIEWS

Different types of fruit intake and colorectal cancer risk: A meta-
analysis of observational studies

Zhen-Ying Wu, Jia-Li Chen, Han Li, Ke Su, Yun-Wei Han

Specialty type: Oncology

Provenance and peer review: 
Unsolicited 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, C 
Grade D (Fair): D 
Grade E (Poor): 0

P-Reviewer: Chang YC, Taiwan; 
Mohamed SY, Egypt; 
Parthasarathy K, India; Rather AA, 
India

Received: December 19, 2022 
Peer-review started: December 19, 
2022 
First decision: February 8, 2023 
Revised: February 24, 2023 
Accepted: March 20, 2023 
Article in press: March 20, 2023 
Published online: May 7, 2023

Zhen-Ying Wu, Jia-Li Chen, Han Li, Ke Su, Yun-Wei Han, Department of Oncology, The Affiliated 
Hospital of Southwest Medical University, Luzhou 646099, Sichuan Province, China

Corresponding author: Yun-Wei Han, MD, PhD, Professor, Researcher, Department of 
Oncology, The Affiliated Hospital of Southwest Medical University, No. 25 Taiping Street, 
Jiangyang District, Luzhou 646099, Sichuan Province, China. lanpaoxiansheng@126.com

Abstract
BACKGROUND 
Multiple studies investigating the relationship between intake of different types of 
fruit and colorectal cancer (CRC) risk have yielded inconsistent results.

AIM 
To perform a meta-analysis of existing studies to assess the association between 
the intake of different kinds of fruit and the incidence of CRC.

METHODS 
We searched online literature databases including PubMed, Embase, WOS, and 
Cochrane Library for relevant articles available up to August 2022. With data 
extracted from observational studies, odds ratios (ORs) with 95% confidence 
intervals (CIs) were assessed using random-effects models. A funnel plot and 
Egger’s test were used to determine publication bias. Furthermore, subgroup 
analysis and dose-response analysis were performed. All analyses were conduc-
ted using R (version 4.1.3).

RESULTS 
Twenty-four eligible studies involving 1068158 participants were included in this 
review. The meta-analysis showed that compared to a low intake, a higher intake 
of citrus, apples, watermelon, and kiwi reduced the risk of CRC by 9% [OR 
(95%CI) = 0.91 (0.85-0.97)], 25% [OR (95%CI) = 0.75 (0.66-0.85)], 26% [OR (95%CI) 
= 0.74 (0.58-0.94)], 13% [OR (95%CI) = 0.87 (0.78-0.96)], respectively. No signifi-
cant association was observed between the intake of other types of fruit and the 
risk of CRC. In the dose-response analysis, a nonlinear association was found [R 
(95%CI) = -0.0031 (-0.0047 to -0.0014)] between citrus intake and CRC risk (P < 
0.001), with the risk minimized around 120 g/d (OR = 0.85), while no significant 
dose-response correlation was observed after continued increase in intake.

CONCLUSION 
We found that a higher intake of citrus, apples, watermelon, and kiwi was 
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negatively associated with the risk of CRC, while the intake of other types of fruits were not 
significantly associated with CRC. Citrus intake showed a non-linear dose-response relationship 
with the risk of CRC. This meta-analysis provides further evidence that a higher intake of specific 
types of fruit is effective in preventing the occurrence of CRC.

Key Words: Colorectal cancer; Fruit; Dose; Systematic review; Meta-analysis

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

Core Tip: In this study, we summarized and analyzed existing studies on the association between the intake 
of different types of fruit and the risk of colorectal cancer (CRC). Some specific types of fruit, such as 
citrus and apples, were found to reduce the incidence of CRC. We also found a nonlinear association 
between citrus intake and CRC risk in the dose-response analysis. Finally, this study proposed that people 
should change their diets to lower the risk of CRC, thereby easing the heavy economic burden of cancer 
worldwide.

Citation: Wu ZY, Chen JL, Li H, Su K, Han YW. Different types of fruit intake and colorectal cancer risk: A meta-
analysis of observational studies. World J Gastroenterol 2023; 29(17): 2679-2700
URL: https://www.wjgnet.com/1007-9327/full/v29/i17/2679.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2679

INTRODUCTION
As the third most common cancer, colorectal cancer (CRC) is the third leading cause of cancer death in 
both men and women, as well as the second leading cause of cancer death in the United States. when 
men and women are added together[1]. From 2000-2002 to 2014-2016, the incidence of CRC increased by 
nearly 15% among adults aged 40 to 49 years[2]. The prognosis of CRC varies which mainly depends on 
the cancer stage, with a 5-year survival rate of about 90% for stage I patients and only 0%-10% for stage 
IV patients, making the prevention of cancer of great potential and value.

Important risk factors for early-onset CRC include hyperlipidemia, obesity, alcohol consumption and 
a history of CRC in first-degree relatives[3], of which dietary habits are modifiable. Up to now, various 
phytochemicals with the potential to prevent cancer have been found in fruits, such as polysaccharides 
(modified apple polysaccharides, MAP), resveratrol, and flavonoids[4]. MAP inhibits the binding of 
galectin-3 to its ligand, which is considered to be the promoter of the inflammatory response[5-7], and 
this may be part of the mechanism by which MAP promotes apoptosis and prevents tumorigenesis[8]. 
As suggested by Liu et al[9], resveratrol regulates PTEN/PI3K/Akt and Wnt/β-catenin signaling 
pathways, respectively, and thus exhibits growth inhibitory effects in human colon cancer cells. 
Anticancer properties of flavonoids include modification or inactivation of enzymes that activate or 
detoxify carcinogens, free radical scavenging, inhibition of transcription factor induction (e.g., activator 
protein-1 activity), and induction of apoptosis[10]. Epidemiological studies have also highlighted the 
protective effect of chemicals present in plants and fruits on the risk of CRC[11-14]. For example, data 
from Jordan and Italy have shown that high intake of flavonoids can reduce CRC risk. Moreover, a 
considerable number of studies have demonstrated the association between higher intake of fruits and 
vegetables and lower mortality[15]. However, results from prospective cohorts began to show 
nonexistent or weak associations[16,17], and a pooled analysis of 14 studies[18] also showed a weak 
association. Wang et al[19] concluded that mortality was not further reduced in those who consumed 
five servings of fruits and vegetables daily. A meta-analysis showed that increased intake of vegetables, 
but not fruits, reduced the risk of liver cancer[20]. This finding was also questioned by a large 
prospective study[21]. Certain types of fruit may be more strongly associated with cancer risk compared 
with others due to their particular chemical composition and underlying molecular mechanisms, which 
may be hidden in epidemiological studies. Here, we systematically reviewed the existing evidence and 
explored potential sources of heterogeneity between study results and whether study results differ by 
gender, region, and tumor location in order to elucidate the association between intake of different types 
of fruits and CRC risk.

MATERIALS AND METHODS
The effect of different types of fruit intake on the risk of CRC was reported in this study according to the 
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Preferred Reporting Items for Systematic Reviews and meta-analyses (PRISMA) statement[22], and it 
was previously registered with Prospero (study number: CRD42022354620).

Search strategy
Two researchers (Zhen-Ying Wu and Jia-Li Chen) independently conducted a computerized literature 
search of PubMed, Cochrane, EMBASE, and Web of Science databases until August 2022 for literature 
on the association of different types of fruit consumption with CRC risk. Studies were identified with 
the following medical subject heading (MeSH) terms or keywords: (1) Fruit, berry, and plant; (2) cancer, 
neoplasm, colorectal tumor, CRC, and colorectal neoplasm; and (3) case-control, cohort, and 
prospective. Titles, abstracts and citations were exported to Endnote 20. The database search strategy is 
presented in Supplementary Table 1.

Study selection
Two authors (Zhen-Ying Wu and Jia-Li Chen) independently evaluated the titles and abstracts of 
potentially eligible studies based on the following inclusion criteria: (1) Original articles; (2) human 
participants; (3) case-control or cohort design; and (4) studies examining the association between intake 
of different types of fruit and CRC risk. All full-text articles meeting the inclusion criteria were collected. 
The following exclusion criteria were applied: (1) Articles with confounding of fruits or other food 
sources; (2) no specific indication of fruit type; (3) no corresponding 95% confidence interval (95%CI) for 
the relative risk (RR), odds ratio (OR), or hazard ratio (HR) for estimating the highest to lowest levels of 
fruit consumption; and (4) systematic reviews, meta-analyses, and reviews. Differences between 
reviewers were resolved through discussion.

Data extraction
For each included potential study, selection evaluation, data extraction and quality assessment were 
performed independently by two researchers. We extracted the following data from the included 
studies: The surname of the first author, study area and design, year of publication, sample size 
(number of cases and controls; cohort size and incident cases), age, follow-up time of the cohort studies, 
dietary assessment methods, comparison of exposure levels, OR/RR/HR estimates corresponding to 
fruit intake, and 95%CIs for the highest and lowest fruit intake. We extracted the estimation models that 
adjusted the most for confounding factors when multiple estimates were reported in the article. If there 
were independent risk estimates for men and women in a study, or risk estimates for cancers at different 
sites such as the colon and rectum, we treated them as separate studies.

The number of cases and person-years or non-cases for each category of data are required to calculate 
the slope of the dose-response curve[23]. With citrus intake in each study divided into at least three 
groups, we took the mean or median consumption under each category and assigned it to the corres-
ponding RR. The midpoint of the upper and lower boundaries was used as the dose for the corres-
ponding category if the study only reported interval ranges for citrus consumption[24]. When the range 
of intake was unlimited, we assumed the same level as the adjacent category[25]. For instance, the 
median for the lowest group was 0, while the median for the highest group was 1.5 times the lower limit 
for that group. For most studies in the meta-analysis, we used 80 g/serving to calculate intake if the 
study reported intake in servings[26]. Discrepancies between researchers on included studies were 
resolved through discussion or consultation with the third author.

Assessment of study quality
We assessed the quality of included studies and their potential risk of bias using the Risk of Bias In Non-
randomized Studies of Interventions (ROBINS-I) tool[27]. This assessment tool contains seven domains 
covering pre-intervention (Bias due to confounding, Bias due to selection of participants), at 
intervention (Bias in classification of interventions) and post-intervention (Bias due to deviations from 
intended interventions, Bias due to missing data, Bias in measurement of outcomes and Bias in selection 
of the reported result). The categories for risk of bias judgements are “low risk”, “moderate risk”, 
“serious risk”, “critical risk”, and “no information”. The risk of bias was determined independently by 
two reviewers, and their disagreements were resolved by mutual consensus.

Statistical methods
The meta-analysis was conducted by comparing the risk of CRC reported in the highest and lowest fruit 
intake groups. Considering a risk of less than 10% for CRC and a small OR, the RR/HR we calculated 
was approximately equal to the OR[28]. For the overall estimation, the meta-analysis was performed 
according to the case where all types of rates were OR. The heterogeneity of the results across studies 
was evaluated with the I² test. Since observational study results are inevitably affected by various 
sources of heterogeneity such as statistical heterogeneity and conceptual heterogeneity in the real world, 
we followed the Cochrane Handbook for Systematic Reviews of Interventions and used combined 
results from random-effects models. The effect of individual studies on risk estimates was investigated 
through sensitivity analyses by omitting each study in turn. We also conducted sensitivity analyses 
based on quality assessment to improve the reliability of the results. When an outcome indicator was 
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Figure 1 PRISMA flow chart of literature search and selection. RR: Relative risk; OR: Odds ratio; CI: Confidence intervals.

reported in more than 10 included studies, publication bias analysis was conducted using Egger’s linear 
regression test and funnel plots. Significant publication bias was considered to exist if the intercept of 
the Egger’s regression line deviated from zero and the P value < 0.05. In the present study, we 
performed pre-specified subgroup analyses based on study design type, location of CRC occurrence, 
geographic region, and gender. To check for possible non-linear relationships, we also carried out pre-
specified dose-response analyses by calculating restrictive three-times sample bars for each study for 
three or more exposure categories[25]. All analyses were performed by R (version 4.1.3), with two-tailed 
P < 0.05 considered statistically significant.

RESULTS
Included studies
A total of 3343 articles were obtained by the initial literature screening, and after removing 1150 
duplicate articles, we identified 2193 articles that were potentially eligible for review. Then 1683 
irrelevant entries were eliminated by screening titles and abstracts. Of the remaining 510 articles, 486 
were eliminated according to the exclusion criteria. In particular, three studies[29-31] were all from the 
same study, so only the one with the most complete data was included[29]. Another two studies[32,33] 
were also from the same study, and similarly the one with the most complete data was included[32]. 
The results of Tuyns et al[34] and Tajima et al[35] were removed due to lack of OR and corresponding 
95%CI for citrus intake and CRC risk. Three additional[36-38] studies that met the inclusion criteria 
were identified by manually searching the reference list. The 24 articles were ultimately included in the 
current meta-analysis[29,32,36-57]. The flow chart for study selection is presented in Figure 1.

Characteristics of the studies
Detailed characteristics of the studies investigating the intake of different types of fruit and CRC risk are 
shown in Table 1. The final analysis included 16 case-control studies[29,32,37-39,41-49,56,57] and 8 
cohort studies[36,40,50-55]. The articles were published between 1996 and 2017, with a total of 1068158 
participants aged under 80 years. One study involved only men[50] and one study involved only 
women[55]. Seven articles distinguished between tumor locations such as rectum and colon (even into 
proximal and distal colon cancer)[29,38,39,44,50,53,54]. Five articles conducted the research with the 
classification of gender[36,38,39,52,56]. As for the regional distribution of the study population, nine 
studies were conducted in Europe[29,32,37,40,43,45,47,49,53], two studies in South America[38,57], 
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Figure 2 Meta-analysis of the risk of colorectal cancer in the highest vs lowest category of Citrus intake. F: Female, M: Male; W: Whites, A: 
African-Americans; C: Colon cancer, R: Rectal cancer. OR: Odds ratio; CI: Confidence intervals.

seven studies in North America[36,46,48,52,54-56], five studies in Asia[39,41,42,50,51], and one study in 
Australia[44]. Most studies matched or adjusted for age and energy intake; several studies adjusted for 
BMI (body mass index), smoking status, alcohol use, history of disease associated with CRC, and 
physical activity; other adjusting factors included gender, education level, and red meat intake (Table 2). 
Based on the ROBINS-I tool, we identified all studies as having moderate risk of bias. Most of the 
problems found were regarding confounding and missing data. There was a moderate bias in the classi-
fication of interventions in five studies and a moderate bias in the selection of participants in five 
studies. Among all observational studies, Bias due to deviations from intended interventions, outcomes 
measurement bias and selection of reported results were considered low. Risk of bias assessment results 
are summarized in Table 3.

Heterogeneity and pooled results
High vs low analysis: Citrus: For 20 included articles[29,38-46,48-57], the overall outcome analysis 
found that higher citrus intake was related to a lower risk of CRC [I2 = 25%, P = 0.11, REM; OR (95%CI) 
= 0.91 (0.85-0.97), P < 0.01] (Figure 2). Further subgroup analysis based on study design showed that 
citrus intake may reduce the risk of CRC by 15% in case-control studies [I2 = 17%, P = 0.26, REM; OR 
(95%CI) = 0.85 (0.78-0.93)], whereas a similar association was not found in cohort studies [I2 = 0%, P = 
0.48, REM; OR (95%CI) = 0.98 (0.90-1.06)] (Figure 3). We also performed a subgroup analysis of 7 
included articles based on the specific location of tumorigenesis, which were divided into a total of four 
locations, namely distal colon, proximal colon, colon, and rectum, but the results suggested no 
significant association between citrus intake and proximal colon [I2 = 0%, P = 0.64, REM; OR (95%CI) = 
0.93 (0.65-1.32)], distal colon [I2 = 0%, P = 0.89, REM; OR (95%CI) = 0.80 (0.57-1.12)], colon [I2 = 0%, P = 
0.60, REM; OR (95%CI) = 0.97 (0.91-1.05)], and rectum [I2 = 55%, P = 0.03, REM; OR (95%CI) = 0.90 (0.78-
1.05)] (Figure 4). In the analysis stratified by region, an association between citrus consumption and 
lower CRC risk was demonstrated only in studies conducted in Asia [I2 = 0%, P = 0.96, REM; OR 
(95%CI) = 0.84 (0.73-0.96)], whereas no association was found in studies conducted in North/South 
America [I2 = 1%, P = 0.43, REM; OR (95%CI) = 0.91 (0.83-1.01)] and Europe [I2 = 60%, P < 0.01, REM; OR 
(95%CI) = 0.92 (0.81-1.05)] (Figure 5). Finally, our stratified analysis of gender in 6 included articles 
found the protective effect of citrus was only present in men [I2 = 30%, P = 0.22, REM; OR (95%CI) = 0.84 
(0.75-0.96)] but not in women [I2 = 47%, P = 0.11, REM; OR (95%CI) = 0.98 (0.78-1.25)] (Figure 6).
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Figure 3 Subgroup analysis of the risk of colorectal cancer in the highest vs lowest category of Citrus intake by study type. F: Female; M: 
Male; W: Whites; A: African-Americans; C: Colon cancer; R: Rectal cancer; OR: Odds ratio; CI: Confidence intervals.

Apple: The analysis of the results in 9 included articles[29,32,36,37,41,42,44,47,57] showed that greater 
intake of apples led to a significant 25% reduction in CRC risk [I2 = 49%, P = 0.04, REM; OR (95%CI) = 
0.75 (0.66-0.85), P < 0.01] (Figure 7). When studies were stratified by region, a significant association was 
found between apple intake and reduced risk of CRC in the European population [I2 = 62%, P = 0.03, 
REM; OR (95%CI) = 0.77 (0.67-0.90)], while no association was observed in the Asian population [I2 = 
0%, P = 0.69, REM; OR (95%CI) = 0.87 (0.55-1.38)] and the North/South American population [I2 = 76%, 
P = 0.04, REM; OR (95%CI) = 0.56 (0.30-1.03)] (Supplementary Figure 1).

Banana: The analysis results of six included articles[29,38,41,42,56,57] demonstrated that consuming 
more bananas did not contribute to reduced risk of CRC [I2 = 79%, P < 0.01, REM; OR (95%CI) = 0.74 
(0.55-1.00), P = 0.05] (Supplementary Figure 2). When stratified by region, banana intake was found to 
be related to a lower risk of CRC in North/South American populations [I2 = 58%, P = 0.07, REM; OR 
(95%CI) = 0.54 (0.39-0.76)], whereas no association was revealed in European populations [I2 = 0%, P = 
1.00, REM; OR (95%CI) = 1.00 (0.92-1.09)] and Asian populations [I2 = 0%, P = 0.95, REM; OR (95%CI) = 
1.16 (0.70-1.92)] (Supplementary Figure 3). When stratified by gender, we found a protective effect of 
Bananas for both men [I2 = 0%, P = 0.59, REM; OR (95%CI) = 0.65 (0.49-0.86)] and women [I2 = 0%, P = 
1.00, REM; OR (95%CI) = 0.60 (0.43-0.83)] (Supplementary Figure 4). In a stratified analysis of tumor 
sites, high banana intake did not show the association with the risk of malignancy in either the colon [I2 
= 86%, P < 0.01, REM; OR (95%CI) = 0.90 (0.72-1.12)] or the rectum [I2 = 0%, P = 0.36, REM; OR (95%CI) 
= 0.95 (0.85-1.06)] (Supplementary Figure 5).

Peach: For the four included articles[29,40,42,57], the total analysis results showed that consuming more 
peaches did not reduce the risk of CRC [I2 = 62%, P = 0.02, REM; OR (95%CI) = 0.95 (0.83-1.09), P = 0.50] 

https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
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Figure 4 Subgroup analysis of the risk of colorectal cancer in the highest vs lowest category of Citrus intake by region of cancer. PC: 
Proximal colon cancer; DC: Distal colon cancer; C: Colon cancer; R: Rectal cancer; F: Female; M: Male; OR: Odds ratio; CI: Confidence intervals.

(Supplementary Figure 6). When stratified by study type, both case-control studies [I2 = 86%, P = 0.03, 
REM; OR (95%CI) = 0.90 (0.75-1.07)] and cohort studies [I2 = 47%, P = 0.17, REM; OR (95%CI) = 1.06 
(0.87-1.29)] indicated that peach intake was not related to CRC risk (Supplementary Figure 7). The 
subgroup analysis based on tumor sites revealed that greater peach intake was not associated with the 
risk of malignancy in the colon [I2 = 0%, P = 0.77, REM; OR (95%CI) = 0.99 (0.91-1.08)] and rectum [I2 = 
88%, P < 0.01, REM; OR (95%CI) = 0.96 (0.65-1.42)] (Supplementary Figure 8).

Strawberry: With three articles included in the analysis[29,40,42], overall results demonstrated no 
reduction in CRC risk even with higher intake of strawberries [I2 = 58%, P = 0.05, REM; OR (95%CI) = 
0.97 (0.90-1.05)], P = 0.42] (Supplementary Figure 9). In the stratified analysis of tumor sites, strawberry 
intake was not related to cancer risk in either the rectum [I2 = 34%, P = 0.22, REM; OR (95%CI) = 0.93 
(0.83-1.04)] or colon [I2 = 0%, P = 0.67, REM; OR (95%CI) = 1.00 (0.95-1.06)] (Supplementary Figure 10). 
In the stratified analysis by study type, case-control studies [I2 = 75%, P = 0.02, REM; OR (95%CI) = 0.95 
(0.86-1.05)] and cohort studies [I2 = 0%, P = 1.00, REM; OR (95%CI) = 1.04 (0.91-1.19)] showed that 
strawberry consumption was not associated with CRC risk (Supplementary Figure 11).

Grape: With four articles included[29,40,42,57], overall analysis results indicated that the intake of large 
amounts of grapes was not related to a reduced risk of CRC [I2 = 51%, P = 0.07, REM; OR (95%CI) = 1.00 
(0.91-1.10), P = 0.97] (Supplementary Figure 12). Subgroup analysis by tumor site showed that grape 
intake was not significantly associated with malignancy in both the rectum [I2 = 0%, P = 0.52, REM; OR 
(95%CI) = 0.91 (0.83-1.01)] and colon [I2 = 57%, P = 0.13, REM; OR (95%CI) = 1.05 (0.92-1.19)] 
(Supplementary Figure 13). Stratified by study type, case-control studies [I2 = 59%, P = 0.06, REM; OR 

https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
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Figure 5 Subgroup analysis of the risk of colorectal cancer in the highest vs lowest category of Citrus intake by location. F: Female; M: 
Male; W: Whites; A: African-Americans; C: Colon cancer; R: Rectal cancer; OR: Odds ratio; CI: Confidence intervals.

(95%CI) = 0.97 (0.87-1.08)] and cohort studies [I2 = 13%, P = 0.28, REM; OR (95%CI) = 1.08 (0.93-1.26)] 
revealed no reduction in the risk of CRC with grape consumption (Supplementary Figure 14).

Other fresh Fruits: Watermelon[42,50] [I2 = 0%, P = 0.37, REM; OR (95%CI) = 0.74 (0.58-0.94), P = 0.02] 
(Supplementary Figure 15) and kiwi[29,42] [I2 = 0%, P = 0.51, REM; OR (95%CI) = 0.87 (0.78-0.96), P < 
0.01] (Supplementary Figure 16) were related to a reduced risk of CRC. Pears[42,57] [I2 = 0%, P = 0.88, 
REM; OR (95%CI) = 1.08 (0.72-1.62), P = 0.70] (Supplementary Figure 17), melons[29,42] [I2 = 34%, P = 
0.22, REM; OR (95%CI) = 0.96 (0.87-1.06), P = 0.39] (Supplementary Figure 18), and figs[42,57] [I2 = 80%, 
P = 0.03, REM; OR (95%CI) = 0.83 (0.32-2.17), P = 0.70] (Supplementary Figure 19) were not associated 
with a reduced risk of CRC.

Dose-response meta-analysis
The dose-response analysis of citrus intake included seven articles[39,42,44-46,51,54] (Figure 8). A 
nonlinear relationship was observed between citrus intake and CRC risk [R (95%CI) = -0.0031 (-0.0047 to 
-0.0014), P < 0.001]. Based on the above meta-analyses results, a citrus intake of (0 g/d) was used as a 
reference group and the risk was minimized around 120 g/d (OR = 0.85), whereas no significant dose-
response correlation was observed after continuing to increase intake, with correlations only assessed in 
the range of 0-248 g/d. Dose-response relationships between intake and CRC risk could not be 
calculated for other types of fruits due to the paucity of available data.

https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
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Figure 6 Subgroup analysis of the risk of colorectal cancer in the highest vs lowest category of Citrus intake by gender. F: Female; M: Male; 
OR: Odds ratio; CI: Confidence intervals.

Figure 7 Meta-analysis of the risk of colorectal cancer in the highest vs lowest category of Apple intake. C: Colon cancer; R: Rectal cancer; OR: 
Odds ratio; CI: Confidence intervals.

Sensitivity analysis and publication bias
A sensitivity analysis was conducted for all outcome indicators with more than 50% heterogeneity and P 
< 0.05, and the results showed that the combined results were stable for heterogeneity. A sensitivity 
analysis based on quality assessment was also conducted. After articles with relatively low quality of 
evidence (three domains were graded as moderate risk) were excluded, the remaining data were pooled 
and analyzed again, and the outcome showed that our combined results were robust (Supplementary 
Figures 20 and 21). No potential publication bias was found. For the analysis of high and low fruit 
intake, the P value of the citrus Egger’s test was 0.8467 (Figure 9A), and the P value for the apple Egger’s 
test was 0.6068 (Figure 9B). Other types of fruits were not tested for publication bias as the number of 
articles was less than 10.

https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0f801ca0-2807-4a65-acdc-bc1816f6db4f/WJG-29-2679-supplementary-material.pdf
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Figure 8 Nonlinear relation between Citrus fruit intake and the risk of colorectal cancer.

DISCUSSION
The main findings of this meta-analysis demonstrated that compared to low intakes, higher intakes of 
citrus, apples, watermelon, and kiwi reduced the risk of CRC by 9%, 25%, 26%, and 13%, respectively, 
while bananas, grapes, strawberries, peaches, pears, figs, and other melons did not exhibit an 
association with CRC risk. A nonlinear dose-response relationship was observed between citrus and 
CRC risk in the present study. To our knowledge, this study is the first meta-analysis to investigate the 
association between different fruit intake and CRC risk, and the first to perform a dose-response 
analysis between citrus intake and CRC risk.

The results of this meta-analysis are supported by relevant biological theories. Citrus has many 
chemopreventive effects on CRC[58]. Nobiletin, a compound extracted from citrus, blocks the cell cycle, 
inhibits cell proliferation, induces apoptosis, prevents tumor formation, reduces inflammatory effects 
and limits angiogenesis[59]. Naringenin, which is rich in citrus, inhibits the proliferation of HT-29 colon 
cancer cells[60] and also reduces the severity of colorectal adenomas and colitis by inhibiting pro-
inflammatory mediators GM-CSF/M-CSF, bone marrow-derived suppressor cells, IL-6 and TNF-α, and 
NF-κB/IL-6/STAT3 cascade in colorectal tissues[61]. Neohesperidin, derived from citrus fruits, has also 
been confirmed to prevent colorectal tumors by altering the intestinal microbiota[62]. Moreover, APs 
contained in apples have been verified to prevent AOM/dss-induced colitis-associated CRC (CACC) in 
ICR mice. APs modulate intestinal flora composition, reduce infiltration of neutrophils, macrophages 
and T cells in the colon, and more importantly, inhibit the entry of β-catenin into the nucleus, which in 
turn retards the Wnt/β-catenin pathway[63]. APs also induce apoptosis in colon cancer cells through 
microactivating the NF-κB pathway, and inhibit CRC cell migration and invasiveness by targeting the 
LPS/TLR4/NF-κB pathway[64,65]. It has also been shown that apple polyphenols and apple 
anthocyanin Cy3Gal inhibit and reduce the appearance of precancerous markers of CRC[66] as well as 
tumor lesions in AOM-induced CRC mice[67]. In addition, apple polyphenols affect the initiation of 
apoptosis in human colon cancer cells and the activity of protein kinase C[68]. That other fruits did not 
show protective effects may be owing to the small number of original studies, resulting in large hetero-
geneity and wide confidence intervals, which masked their anticancer effects. It could also be possible 
that the intake was too small to show a protective effect, and more research is needed for verification.

There are many reasons contributing to inconsistent results in several subgroup analyses. In citrus, 
case-control studies tended to show protective factors, while cohort studies did not. In other types of 
fruits, no correlation was seen in the subgroup analysis of the study type. Generally speaking, case-
control studies have several weaknesses, such as a control group that may not be representative of the 
general population or more problems with reverse causality and recall bias. On the other side, dietary 
assessment questionnaires used in a prospective study setting may not be as accurate as those used in a 
retrospective case-control setting. Meanwhile, it is difficult for individuals to accurately report their fruit 
intake, and this low correlation has been confirmed in some studies (Spearman’s correlation coefficient 
of 0.6 for fruit consumption[69,70]), which may have weakened the estimates of the associated risk. 
Thus, the true association may be stronger than what we observed, reinforcing the conclusion of 
protective effect. In another subgroup analysis of studies’ geographic location, a negative association 
between citrus intake and CRC risk was observed in Asia but not in North/South America or Europe, 
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Figure 9 Funnel plot. A: Funnel plot of studies evaluating for the association between Citrus fruit intake and risk of colorectal cancer. Dotted lines on both sides 
indicate 95% pseudo-confidence intervals; B: Funnel plot of studies evaluating for the association between Apple intake and risk of colorectal cancer. OR: Odds ratio; 
CI: Confidence intervals.

and a negative association for bananas only in North/South America and apples in Europe. These 
results may be attributed to the varied consumption patterns of fruits and vegetables among countries, 
leading to errors in the measurement of dietary intake[71]. According to our pooled results, the specific 
sites of tumor occurrence, such as the distal colon, proximal colon, and rectum, were not significantly 
associated with the risk and benefit of fruit intake, indicating that fruits improve the function of the 
entire intestine or regulate the microbial flora of the entire digestive tract, but do not target specific sites, 
so there is no correlation with the specific location of tumors. No significant risk benefit was seen for 
men or women in the gender-based subgroup analysis either, possibly due to an insufficient number of 
included original studies or dietary measurement errors. From the dose-response analysis, the risk of 
CRC was found to be minimized at a citrus intake of 120 g/d, while the risk of CRC did not decrease 
further after continuing to increase intake. The underlying mechanism may be related to the availability 
and digestibility of nutrients from citrus fruits[72,73]. However, further studies are needed to validate 
our results.

Surgery, chemoradiotherapy and targeted drugs currently used to treat CRC are not only expensive 
but also highly toxic. Through this Meta-analysis, we can prioritize fruits with proven protective effects 
to prevent CRC. If cancer prevention can be achieved by changing dietary habits such as fruit supple-
mentation, it will certainly reduce the huge economic burden and mortality of cancer in the world. As 
for future research directions, we hope to find the key components of anti-cancer through research and 
make element-specific nutritional preparations to help people better prevent cancer. More prospective 
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Table 1 Characteristic of eligible studies included in the meta-analysis assessing the relationship between different types of fruit intake 
and the risk of colorectal cancers

Ref. Country
No. of 
cases/controls 
(age)

Dietary 
assessment

Comparison of exposure 
level Category, OR/RR (95%CI) Confounding 

factors

Lee et al[39], 
2017

- 923 (625 males, 298 
females)/1846 (1250 
males, 596 females)

SQFFQ, 106 
food items

Orange/yellow fruits (g/d); 
males: T3 (≥ 47.9) vs T1 (< 
15.9); females: T3 (≥ 90.6) vs 
T1 (< 32.5); proximal 
colon/distal colon/rectum: 
T3 (≥ 90.6) vs T1 (< 32.5)

Males: 0.98 (0.75-1.28); 
females: 0.64 (0.43-0.97); 
total: 0.85 (0.69-1.06); 
proximal colon: 0.79 (0.37-
1.70); distal colon: 0.77 (0.44-
1.35); rectum: 0.44 (0.25-0.80)

Age, education, 
alcohol consumption, 
BMI, regular 
exercise, red meat, 
processed meat, total 
EI

Leenders et al
[40], 2015

Ten 
European 
countries 
(Denmark, 
France, 
Germany, 
Greece, Italy, 
The 
Netherlands, 
Norway, 
Spain, 
Sweden, and 
United 
Kingdom

442961 cohort; 3082 
incident cases (2128 
colon cancer (954 
proximal, 965 distal), 
1242 rectal cancer 
cases); 51.2 (38.3-
63.0) years; follow-
up 8 years

Center-
specific 
dietary 
questionnaire

Medians of consumption 
per quartiles; berries: 21 g/d 
vs 1 g/d; citrus fruits: 110 
g/d vs 7 g/d; grapes: 32 
g/d vs 1 g/d; hard fruits: 
153 g/d vs 10 g/d; stone 
fruits: 83 g/d vs 2 g/d

Colon cancer; berries: 1.04 
(0.88-1.24); citrus fruits: 1.02 
(0.88-1.17); grapes: 1.15 
(0.97-1.37); stone fruits: 0.97 
(0.81-1.15); rectal cancer: 
Berries: 1.04 (0.83-1.30); 
citrus fruits: 1.15 (0.95-1.38); 
grapes: 0.98 (0.78-1.25); stone 
fruits: 1.19 (0.94-1.50)

All other fruit and 
vegetable 
consumption, height, 
weight, dietary 
calcium 
consumption, dietary 
alcohol consumption, 
dietary cereal fiber 
consumption, 
smoking status, time 
since stopped 
smoking, duration of 
smoking, number of 
cigarettes smoked 
per day and PA

Abu Mweis 
et al[41], 2015

Jordan 167/240, NA FFQ, 109 food 
items

≥ 3 times/wk (high) vs ≥ 2 
times/wk (low)

Apples: 0.915 (0.545-1.535); 
bananas: 1.167 (0.670-2.033); 
oranges: 0.999 (0.581-1.715)

Age, sex, total EI, 
metabolic equivalent, 
smoking, education 
level, marital status, 
work, income, and 
family history of 
CRC

Tayyem et al
[42], 2014

Jordan 220/281 (248 males, 
253 females); males: 
mean age 55.27 
years; females: mean 
age 48.67 years

NA; 42 food 
items

Daily (high) vs ≤ rarely 
(low)

Apple: 0.73 (0.27-1.96); 
banana: 1.12 (0.34-3.67); 
orange: 0.90 (0.44-1.82); pear: 
1.13 (0.56-2.29); peach: 0.64 
(0.32-1.25); grape: 0.62 (0.27-
1.40); melon: 0.82 (0.38-1.78); 
watermelon: 0.54 (0.26-1.11); 
strawberry: 0.75 (0.26-2.13); 
fig: 0.51 (0.28-0.92); kiwi: 
1.14 (0.25-5.06); dried Fruit: 
1.42 (0.55-3.67)

Age, sex, total EI, 
MET minutes/week, 
tobacco use, 
education level, 
marital status, work, 
income, PA, marital 
status, family history 
of CRC

Rosato et al
[43], 2013

Italia and 
Swiss

329/1361, median 
age 40 yr

FFQ; 78 food 
items

High vs Low Citrus fruit: 0.61 (0.45-0.84) Age, sex, center, 
study, year of 
interview, education, 
family history, 
alcohol consumption, 
EI

Vogtmann et 
al[50], 2013

China 61274 male’s cohort 
(40-74 years); 398 
incident cases (236 
colon, 162 rectal); 
follow-up 2002-2006 
to 2010

Validated 
FFQ; 46 food 
items

Citrus fruit intake g/day: ≥ 
12.61 (high) vs < 2.70 (low); 
watermelon intake g/day: ≥ 
93.33 (high) vs < 33.33 (low)

Citrus fruit: Colorectal 
cancer: 0.82 (0.64-1.06); colon 
cancer: 0.86 (0.62-1.19); rectal 
cancer: 0.76 (0.51-1.14); 
watermelon: Colorectal 
cancer: 0.77 (0.59-0.99); colon 
cancer: 0.76 (0.55-1.06); rectal 
cancer 0.77 (0.51-1.15)

Age, total EI, red 
meat intake, total 
meat intake, 
education, income, 
occupation, smoking 
status, alcohol 
consumption, BMI, 
MET hours of 
exercise 
participation, history 
of diabetes mellitus, 
family history of 
CRC

Total: Citrus fruit: 0.95 (0.72-
1.25); apples: 0.74 (0.56-0.99); 
fruit juice: 1.38 (1.08-1.75); 
citrus fruit: Proximal Colon: 
0.97 (0.65-1.45); distal Colon: 
0.81 (0.53-1.24); rectum: 1.03 
(0.71-1.49); apples: Proximal 
Colon: 1.13 (0.72-1.77); distal 
colon: 0.51 (0.34-0.77); 
rectum: 0.73 (0.49-1.08); fruit 

Annema et al
[44], 2011

Western 
Australia

834 (64.9 yr ± 8.9 
yr)/939 (64.6 yr ± 9.4 
yr)

FFQ; 74 food 
items

Servings/d) ≥ 0.50 (high) vs 
< 0.07 (low)

Sex, age, BMI at age 
20 yr, EI, multiv-
itamin use, alcohol 
consumption, PA, 
smoking, diabetes, 
socioeconomic status
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juice: Proximal Colon: 1.06 
(0.74-1.49); distal colon: 1.41 
(0.99-2.01); rectum: 1.74 
(1.24-2.45)

Foschi et al
[45], 2010

Italy and 
Switzerland

3634 (median age 62 
yr)/6804 (median 
age 57 yr)

Validated 
FFQ; 78 food 
items

Citrus fruit or citrus fruit 
juice intake: ≥ 4 
portions/wk vs < 1 
portion/wk

Citrus: 0.82 (0.72-0.93) Age, sex, study 
center, tobacco 
smoking, alcohol, 
education, BMI, PA, 
EI

Li et al[51], 
2010

Japan 42470 cohort (40-79 
yr) (20222 males, 
22248 females); 665 
incident cases; 
follow-up 9 years

FFQ; 40 food 
items

Citrus consumption daily vs 
≤ 2 times/wk

Citrus: 0.80 (0.61-1.06) Age, sex, job status, 
years of education, 
BMI, time engaging 
in sports or exercise, 
time spent walking, 
cigarette smoking, 
alcohol drinking, 
history of 
hypertension, 
diabetes mellitus and 
gastric ulcer, family 
history of cancer, 
daily total EI, 
consumption of 
rice/miso 
soup/soybean 
products/total 
meat/total 
fish/dairy 
products/other 
fruits/total 
vegetables/oolong 
tea/black tea/coffee 
/green tea

Jedrychowski 
et al[32], 2010

Poland 592/765; NA EPIC-FFQ148 
food items

Apples, servings/d: > 1.50 
(Q5; high) vs < 0.18 (Q1; 
low)

Apples: 0.53 (0.35-0.79) Age, gender, place of 
residency, marital 
status, tobacco 
smoking, total EI, 
intake of vegetables, 
fruits excluding 
apples

Williams et al
[46], 2009

North 
Carolina

945/959; 40-79 yr; 
whites (n = 1520); 
African-Americans (
n = 384)

Diet history 
questionnaire; 
124 food items

Citrus fruit (servings/wk): 
White: 16.4 Q4 (high) vs 1.89 
Q1 (low); African-
Americans: 21.7 Q4 (high) vs 
2.3 Q1 (low)

Whites: 0.61 (0.43-0.86); 
African-Americans: 1.54 
(0.71-3.35)

Age, sex, education, 
income, BMI 1 yr 
ago, PA, family 
history, nonsteroidal 
anti-inflammatory 
drug use, total EI

Nomura et al
[52], 2008

Hawaii and 
Los Angeles

191011 cohort (85903 
males, 105108 
females); 2110 
incident cases (1138 
males, 972 females) 
(1571 of the colon, 
515 of the rectum, 24 
cases both sites) (45-
75 yr); follow-up 7.3 
years

Self-
administered 
quantitative 
FFQ (QFFQ); 
180 food items

Citrus fruit were quantified 
as g × 1000 kcal-1 × d-1; Q5 
(high) vs Q1 (low)

Citrus fruit: Male: 0.85 (0.70-
1.04); female: 1.04 (0.83-1.30)

Ethnicity, age, family 
history of CRC, 
history of colorectal 
polyp, pack-years of 
cigarette smoking, 
BMI, hours of 
vigorous activity, 
aspirin use, multiv-
itamin use, 
replacement 
hormone use 
(women), log EI, 
alcohol, red meat, 
folate, vitamin D, 
calcium

Gallus et al
[47], 2005

Italy 1953 (1225 of the 
colon, 728 of the 
rectum)/4154

Validated 
FFQ 78 food 
items

Average consumption of 
apples per day ≥ 1 (high) vs 
< 1 (low)

Apples: 0.70 (0.62-0.79) Age, sex, study 
center, education, 
BMI, tobacco 
smoking, alcohol 
drinking, total EI, 
vegetable 
consumption, PA, 
other fruit

Age, randomized 
treatment 
assignment, BMI, 
family history of 
CRC in a first-degree 
relative, history of 

Lin et al[55], 
2005

United States 39876 female cohort 
(mean age 45 years); 
240 incident cases; 
follow-up 10 years

FFQ; 131 food 
items

Citrus fruit (serving/day) 
Median intake; 1.6 (Q5) high 
vs 0.1 (Q1) low

Citrus fruit: 1.11 (0.71-1.74)
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colon polyps, PA, 
smoking status, 
baseline aspirin use, 
red meat intake, 
alcohol consumption, 
total EI, menopausal 
status and baseline 
post-menopausal HT 
use, folate intake, 
multivitamin use

Satia-Abouta 
et al[48], 2004

United States 613 (337 Caucasians, 
276 African-
Americans)/996(596 
Caucasians, 400 
African-Americans) 
(40-80 years)

Validated 
FFQ; 100 food 
items

Citrus fruits and juices: 
Median g/d: Caucasians: 4th 
quartile (high) 168 g vs 1st 
quartile 0 g (low); African-
Americans: 4th quartile 
(high) 173 g vs 1st quartile 0 
g (low)

Caucasians: 1.0 (0.7-1.6); 
African-Americans: 1.0 (0.6-
1.6)

Age, gender, total EI, 
education, BMI, 
smoking history, PA, 
family history of 
colon cancer, NSAID 
use, fat, 
carbohydrates, 
dietary fiber, vitamin 
C, vitamin E, beta-
carotene, calcium, 
folate, fruits, 
vegetables

Voorrips et al
[53], 2000

Netherlands 4087 cohort; 620 
colon cancer cases 
(332 males, 288 
females), 344 rectal 
cancer cases (217 
males, 127 females); 
follow-up 6.3 years

Validated 
FFQ; 150 food 
items

Citrus fruit Median intake 
(g/d); male: Q5 (167 g/dk) 
(high) vs Q1 (0g/dk) (low); 
female: Q5 (187 g/dk) 
(high) vs Q1 (8 g/dk) (low)

Male: Colon cancer: 1.09 
(0.75-1.59) Rectal cancer: 0.77 
(0.49-1.20); female: Colon 
cancer: 1.00 (0.66-1.52); rectal 
cancer: 1.16 (0.63-2.12)

Age, family history 
of CRC, category of 
alcohol intake

Michels et al
[54], 2000

United States 136089 cohort (88764 
females (30-55 years), 
47325 males (40-
75years); 1181 
incident cases (937 
colon cancer, 244 
rectal cancer); follow-
up 16 years

Validated 
FFQs; 61 food 
items

Citrus fruit: Frequencies of 
intake ≥ 2 servings/d vs 1 
serving/wk or fewer

Colon cancer: 1.05 (0.80-
1.39); rectal cancer: 0.97 
(0.58-1.64)

Age, family history 
of CRC, 
sigmoidoscopy, 
height, BMI, pack-
years of smoking, 
alcohol intake, PA, 
menopausal status, 
postmenopausal 
hormone use, aspirin 
use, vitamin 
supplement intake, 
total caloric intake, 
red meat 
consumption

Franceschi et 
al[29], 1998

Italy 1953 (1225 colon 
cancer, 728 rectal 
cancer)/4154 (2073 
males, 2081 females)

Validated 
FFQ; 78 food 
items

Mean weekly servings: 
Citrus fruit Q5 7.5 
(high)/Q1 1.0 (low); 
apples/pears: Q5 15.0 
(high)/Q1 3.0 (low); 
bananas: Q5 3.0 (high)/Q1 
0.5 (low); kiwi: Q5 4.0 
(high)/Q1 0.5 (low); 
peaches/apricots/prunes: 
Q5 5.0 (high)/Q1 0.8 (low); 
melon: Q5 0.5 (high)/Q1 0.1 
(low); grapes: Q5 1.0 
(high)/Q1 0.2 (low); 
Strawberries/cherries: Q5 
0.4 (high)/Q1 0.1 (low)

Citrus: Total: 1.02 (0.85-1.22), 
colon: 1.0 (0.9-1.1), rectal: 0.8 
(0.7-1.0); apples/pears: 
Colon: 0.9 (0.8-1.1) rectal: 0.8 
(0.7-1.0); bananas: Colon 1.0 
(0.9-1.1), rectal 1.0 (0.8-1.1); 
kiwi: colon 0.9 (0.8-1.0) rectal 
0.8 (0.7-1.0); 
peaches/apricots/prunes: 
Colon 1.0 (0.9-1.1) rectal 0.8 
(0.7-0.9); melon: Colon 1.0 
(0.9-1.0) rectal 0.9 (0.8-1.0); 
grapes: colon 1.0 (0.9-1.0) 
rectal 0.9 (0.8-1.0); 
strawberries/cherries: Colon 
1.0 (0.9-1.0) rectal 0.9 (0.9-
1.0)

Age, sex, centre, 
education, PA, total 
EI

Levi et al[49], 
1999

Swiss 223 (males 142, 
females 81) (119 
colon cancer, 104 
rectal cancer, median 
age 63 yr)/491 (211 
males, 280 females, 
median age 58 yr)

FFQ; 79 food 
items

Citrus fruits (Servings per 
week): Q3 (> 3.5/wk) vs Q1 
(1.5/wk)

Citrus fruits: 0.65 (0.40-1.05) Age, sex, education, 
smoking, alcohol, 
BMI, PA, meat and 
vegetable 
consumption, total EI

Age, family history 
of CRC, alcoholic 
drinks per week, 
pack-years of 
cigarette smoking, 
lifetime recreational 
activity, Quetelet 
index 5 years earlier, 
total calories, egg, 

Le Marchand 
et al[56], 1997

Hawaii 1192 (698 males, 494 
females) (mean age 
66 yr)/1192 (698 
males, 494 females) 
(mean age 66 yr)

Validated 
FFQ; 282 food 
items

Bananas: Male ≥ 55 g/d (Q4 
high) vs ≤ 9 g/d (Q1 low), 
female: ≥ 54 g/d (Q4 high) 
vs ≤ 11 g/d (Q1 low); citrus 
fruits: Male ≥ 52 g/d (Q4 
high) vs ≤ 4 g/d (Q1 low), 
female: ≥ 58 g/d (Q4 high) 
vs ≤ 8 g/d (Q1 low)

Bananas: Male: 0.7 (0.5-1.1), 
female: 0.6 (0.4-0.9); citrus 
fruits: Male: 0.9 (0.6-1.3), 
female: 0.9 (0.6-1.4)
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and calcium

Deneo-
Pellegrini et 
al[57], 1996

Uruguay 160 (71 rectal cancer, 
89 colon cancer)/221

FFQ; 61 food 
items

(T3; high) vs (T1; low) Orange: 0.76 (0.47-1.19); 
apple: 0.40 (0.25-0.66); peach: 
1.05 (0.65-1.69); pear: 1.06 
(0.65-1.74); grape: 1.61 (0.94-
2.74); fig: 1.36 (0.73-2.54); 
banana: 0.28 (0.16-0.50)

Age, sex, residence, 
education, BMI, total 
EI, alcohol intake

Lin et al[36], 
2006

United States 
(NHS and 
HPFS)

71976 female cohort; 
498 incident cases 
(30-55 yr); 35425 
male cohort; 380 
incident cases (40-75 
yr); follow-up 10 yr

Validated 
FFQ; 131 food 
items

Apple: ≥ 2 servings/d (Q5; 
high) vs 0-2 servings/wk 
(Q1; low)

Total: 0.75 (0.52-1.08); NHS 
females: 0.64 (0.35-1.17); 
HPFS males: 0.82 (0.51-1.30)

Age, BMI, PA, 
history of CRC, 
previous colorectal 
polyps, prior 
screening 
sigmoidoscopy or 
colonoscopy, 
smoking, multiv-
itamin use, current 
aspirin use, alcohol, 
EI, red meat, total 
Ca, total folate, total 
fibre

Theodoratou 
et al[37], 2007

United 
Kingdom

1456 (mean 63.9 yr ± 
9.6 yr) yr)/1456 (64.7 
yr ± 9.5 yr)

Validated 
FFQ; 150 food 
items

Apples: Q4 (high) vs Q1 
(low)

Apples: 0.96 (0.62-1.50) Age, sex, residence 
area, family history 
of CRC, total EI, 
fibre, alcohol, 
NSAID, smoking, 
BMI, PA

Deneo-
Pellegrini et 
al[38], 2002

Uruguay 484 (260 colon 
cancer, 224 rectal 
cancer)/1452

FFQ; 64 food 
items

Citrus fruits estimate: Q4 
(high) vs Q1 (low); banana 
estimate: Q4 (high) vs Q1 
(low)

Total: Citrus fruits: 0.8 (0.6-
1.1), banana: 0.6 (0.4-0.8); 
citrus fruits: Male: 0.5 (0.3-
0.8), female: 1.5 (0.9-2.5); 
colon: 0.9 (0.9-1.1); rectum: 
0.9 (0.7-0.9); banana: male: 
0.6 (0.4-0.9), female: 0.6 (0.3-
0.9); colon: 0.8 (0.7-0.9); 
rectum: 0.9 (0.8-1.1)

Age, residence, 
urban/rural status, 
education, family 
history of colon 
cancer for first-
degree relatives, 
BMI, total EI and red 
meat intakes

NA: Not available; EI: Energy intake; PA: Physical activity; CRC: Colorectal cancer; BMI: Body mass index; MET: Metabolic equivalentr; NSAID: Non-
steroidal anti-inflammatory drugs; NHS: Nurses’ Health Study; HPFS: Health professionals follow-up study.

studies are also expected to verify the anti-cancer effects of other kinds of fruits.
We observed low heterogeneity between studies. Despite moderate heterogeneity in the studies on 

bananas and peaches, further sensitivity analysis indicated robust primary outcome and the hetero-
geneity was acceptable. The funnel plots and Egger’s test we adopted produced consistent results, 
suggesting no publication bias. Moreover, the meta-analysis involved more than 1.06 million subjects, 
which makes it possible to explore associations between different subgroups, such as gender, 
geographic location and tumor location. Besides, a significant dose-response relationship was observed 
between citrus intake and CRC risk, further strengthening the association.

Nevertheless, there are some limitations of our study. First, synthetic results are limited due to the 
lack of research data on many types of fruits (e.g., grapes, pears, and figs, etc.). This is coupled with the 
fact that dietary assessments of the frequency/amount of fruit intake varies so much that the protective 
effect against cancer cannot be truly captured. Additional potential bias may exist due to the diversity of 
designs and inconsistency of adjustment factors in the studies we analyzed. Although we extracted data 
with the most comprehensive adjustment for confounders, a subset of studies still did not adjust for 
potential dietary confounding variables (e.g., meat, fiber, income status, and occupation). The limited 
range of citrus intake in the dose-response meta-analysis may have led to incomplete results. And 
limited available data for other fruits and the small number of original studies and made it impossible 
to investigate dose-response relationships between their intake and cancer risk.

CONCLUSION
Taken together, our results support the hypothesis that citrus, apple, watermelon and kiwi intake may 
contribute to a reduced risk of CRC. A nonlinear dose-response relationship was also observed between 
citrus intake and CRC risk within a certain range. However, the relationship between other types of 
fruit intake and CRC risk may be obscured by the various limitations mentioned above. Therefore, 
future prospective studies are required to further explore the effects of measurement error and control 
for important confounders, and thus reveal the true relationship between fruit and CRC.
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Table 2 The main adjusted factors of studies included in the meta-analysis

Adjusted confounders
Ref.

Age Sex Energy 
intake BMI Family history 

of CRC
Alcohol 
use

Smoking 
status

Physical 
activity 

Education 
level 

Red 
meat

Lee et al[39], 2017 √ √ √ √ √ √ √

Leenders et al[40], 2015 √ √ √ √

Abu Mweis et al[41], 
2015

√ √ √ √ √ √

Tayyem et al[42], 2014 √ √ √ √ √ √ √

Rosato et al[43], 2013 √ √ √ √ √ √

Vogtmann et al[50], 
2013

√ √ √ √ √ √ √ √ √

Annema et al[44], 2011 √ √ √ √ √ √ √

Foschi et al[45], 2010 √ √ √ √ √ √ √ √

Li et al[51], 2010 √ √ √ √ √ √ √ √ √

Jedrychowski et al[32], 
2010

√ √ √ √

Williams et al[46], 2009 √ √ √ √ √ √ √

Nomura et al[52], 2008 √ √ √ √ √ √ √ √

Gallus et al[47], 2005 √ √ √ √ √ √ √ √

Lin et al[55], 2005 √ √ √ √ √ √ √ √

Satia-Abouta et al[48], 
2004

√ √ √ √ √ √ √ √

Voorrips et al[53], 2000 √ √ √

Michels et al[54], 2000 √ √ √ √ √ √ √ √

Franceschi et al[29], 
1998

√ √ √ √ √

Levi et al[49], 1999 √ √ √ √ √ √ √ √

Le Marchand et al[56], 
1997

√ √ √ √ √

Deneo-Pellegrini et al
[57], 1996

√ √ √ √ √ √

Lin et al[55], 2005 √ √ √ √ √ √ √ √

Theodoratou et al[37], 
2007

√ √ √ √ √ √ √ √

Deneo-Pellegrini et al
[38], 2002

√ √ √ √ √ √

BMI: Body mass index; CRC: Colorectal cancer.
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Table 3 Risk of bias of 24 included studies, based on the Risk of Bias In Non-randomized Studies of Interventions-I tool

Ref. Confounding Selection of 
participants

Classification 
of interventions

Deviations from 
intended 
interventions

Bias due 
to missing 
data

Measurement 
of outcomes

Selection of 
reported 
result

Overall 
rating

Lee et al[39], 
2017

Moderate Low Low Low Moderate Low Low Moderate

Abu Mweis et al
[41], 2015

Moderate Low Moderate Low Moderate Low Low Moderate

Leenders et al
[40], 2015

Moderate Moderate Low Low Moderate Low Low Moderate

Tayyem et al
[42], 2014

Moderate Low Low Low Low Low Low Moderate

Rosato et al[43], 
2013

Moderate Low Low Low Moderate Low Low Moderate

Vogtmann et al
[50], 2013

Low Low Low Low Moderate Low Low Moderate

Annema et al
[44], 2011

Moderate Low Low Low Moderate Low Low Moderate

Foschi et al[45], 
2010

Moderate Moderate Low Low Moderate Low Low Moderate

Jedrychowski et 
al[32], 2010

Moderate Low Moderate Low Moderate Low Low Moderate

Williams et al
[46], 2009

Moderate Low Low Low Moderate Low Low Moderate

Li et al[51], 2010 Moderate Low Low Low Moderate Low Low Moderate

Gallus et al[47], 
2005

Moderate Low Moderate Low Moderate Low Low Moderate

Lin et al[36], 
2006

Low Moderate Low Low Moderate Low Low Moderate

Satia-Abouta et 
al[48], 2004

Moderate Low Low Low Moderate Low Low Moderate

Voorrips et al
[53], 2000

Moderate Moderate Low Low Moderate Low Low Moderate

Franceschi et al
[29], 1998

Moderate Low Moderate Low Moderate Low Low Moderate

Levi et al[49], 
1999

Moderate Low Low Low Moderate Low Low Moderate

Le Marchand et 
al[56], 1997

Moderate Low Moderate Low Moderate Low Low Moderate

Deneo-
Pellegrini et al
[57], 1996

Moderate Low Low Low Moderate Low Low Moderate

Theodoratou et 
al[37], 2007

Moderate Low Low Low Moderate Low Low Moderate

Deneo-
Pellegrini et al
[38], 2002

Moderate Low Low Low Moderate Low Low Moderate

Nomura et al
[52], 2008

Moderate Low Low Low Moderate Low Low Moderate

Lin et al[55], 
2005

Moderate Low Low Low Moderate Low Low Moderate

Michels et al
[54], 2000

Moderate Moderate Low Low Moderate Low Low Moderate
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ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is the third most prevalent cancer, and the prevalence of CRC in adults aged 40-
49 has increased by approximately 15% between 2000-2002 and 2014-2016. However, inconsistent 
findings have been reported in different studies on the association between the intake of different types 
of fruits and CRC. Given their different chemical compositions and underlying molecular mechanisms, 
some types of fruits may have a closer correlation with CRC risk than others. This meta-analysis 
provides more reliable evidence that a higher intake of certain fruits is more effective in CRC 
prevention.

Research motivation
The main topic of this study is exploring the association between intake of different types of fruits and 
CRC risk. The key problem to be solved is to compare the CRC risk in the highest and lowest intake 
groups and conduct a meta-analysis. The significance of this study is that we have found that certain 
types of fruits can effectively reduce CRC risk.

Research objectives
To help people improve their lifestyles and dietary habits to live a healthy life. The most important goal 
is to ease the CRC-related social and economic burden worldwide. In terms of goal realized, through 
this meta-analysis, we have found that eating more citrus, apple, watermelon and kiwi fruit can 
effectively reduce CRC risk. Implications of achieving the goals: Further analysis of specific types of 
fruit is needed to explore key anti-cancer components.

Research methods
This meta-analysis was conducted by comparing the reported CRC risk between the highest and lowest 
fruit intake groups. Considering that CRC is rare, the risk is less than 10%, and the OR is small, the RR/
HR we have calculated is approximately equal to the OR. Heterogeneity of results across studies was 
assessed by the I² test. Publication bias was determined using funnel plots and Egger’s linear regression 
test. A dose-response analysis of citrus fruits was also conducted to examine a possible nonlinear 
relationship. All analyses were performed using R (version 4.1.3). Characteristics and novelty of the 
research method: No research has used this method to explore this topic before. This research direction 
is very suitable for this research method.

Research results
Findings: High intakes of citrus, apple, watermelon, and kiwi reduced CRC risk by 9%, 25%, 26%, and 
13%, respectively, compared with low intakes. However, other types of fruit did not show an 
association with CRC risk. A non-linear dose-response relationship was found between citrus and CRC 
risk. Contribution to the field: This study performed a meta-analysis of previous data in a scientific 
context and identified the fruit types most effective in reducing CRC risk. Unresolved issues: More 
prospective studies are needed in the future to further elucidate the association between fruit and CRC.

Research conclusions
The results of this study underpin the hypothesis that certain types of fruit are effective in preventing 
CRC. This meta-analysis is based on the reported CRC risk of the highest and lowest fruit intake groups. 
It convincingly demonstrates the real association between fruit and CRC.

Research perspectives
In future research, we hope to find out the key anti-cancer components of specific types of fruits, so as to 
help people prevent cancer more effectively.
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Abstract
Several studies have shown that the immune system is highly regulated by 
tryptophan metabolism, which serves as an immunomodulatory factor. The 
indoleamine 2,3-dioxygenase 1 (IDO1), as an intracellular enzyme that partici-
pates in metabolism of the essential amino acid tryptophan in the kynurenine 
pathway, is an independent prognostic marker for pancreatic cancer (PC). First, 
overexpression of IDO1 inhibits the maturation of dendritic cells and T-cell prolif-
eration in the liver and spleen. Second, the high expression of kynurenine induces 
and activates the aryl hydrocarbon receptor, resulting in upregulated program-
med cell death protein 1 expression. Third, the induction of IDO1 can lead to loss 
of the T helper 17 cell/regulatory T cell balance, mediated by the proximal 
tryptophan catabolite from IDO metabolism. In our study, we found that overex-
pression of IDO1 upregulated CD8+ T cells and reduced natural killer T cells in 
pancreatic carcinoma in mice. Hence, it may be essential to pay more attention to 
tryptophan metabolism in patients, especially those who are tolerant to immuno-
therapy for PC.

Key Words: Immunosuppression; Pancreatic cancer stroma; T cell; Tryptophan metabo-
lism; Xxx
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Core Tip: There are numerous lines for evidence for tryptophan metabolism, which serves as an im-
munomodulatory factor. Indoleamine2,3-dioxygenase1 (IDO1) overexpression inhibits the maturation of 
dendritic cells and T-cell proliferation in the spleen. The high expression of kynurenine induces and 
activates the aryl hydrocarbon receptor, resulting in upregulated programmed cell death protein 1 
expression. The induction of IDO1 can lead to loss of T helper 17 cell/regulatory T cell balance. We also 
found that overexpression of IDO1 upregulated CD8+ T cells and reduced natural killer T cells in PC in 
mice.
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URL: https://www.wjgnet.com/1007-9327/full/v29/i17/2701.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2701

TO THE EDITOR
We have an interest in the recently published article by Goulart et al[1],which summarized the 
pancreatic cancer (PC) immune landscape, T-cell interactions and immune dysfunction, T-cell 
phenotype and functions, T-cell exhaustion, and immunotherapy in PC. In this review, Goulart et al 
stated that immune cells including CD8+ T, natural killer (NK) cells, T helper 17 cells (Th17), and 
regulatory T cells (Tregs) are regulated by different cytokine factors. However, several studies have 
shown that the immune system is highly regulated by tryptophan metabolism. Indoleamine 2,3-
dioxygenase 1 (IDO1), as an intracellular enzyme that participates in the metabolism of the essential 
amino acid tryptophan in the kynurenine (Kyn) pathway, is an independent prognostic marker for PC. 
There are numerous lines of evidence for tryptophan metabolism, which serves as an immunomodu-
latory factor. First, IDO1 overexpression inhibits the maturation of CD11c and dendritic cells, and T-cell 
proliferation in the liver and spleen[2]. Second, the high expression of Kyn induces and activates the 
aryl hydrocarbon receptor (AhR), resulting in upregulated programmed cell death protein 1 expression. 
Inhibition of the Kyn-AhR pathway can enhance the efficacy of antitumor adoptive T-cell therapy and 
reduce the rate of migration and invasion in both tumor-bearing mice and patients with cancer[3]. In in 
vivo experiments, inactivation of the Kyn-AhR pathway showed amelioration of IDO1-mediated 
immunosuppression[4]. In a clinical study, high expression of the AhR transcript was correlated with 
reduced CD8 T-cell infiltration and worse outcomes in patients with PC[5]. Third, the induction of IDO1 
can lead to loss of the Th17/Treg balance in vivo. Similarly, loss of the Th17/Treg balance is mediated by 
the proximal tryptophan catabolite from IDO metabolism[6]. In our study, we found that overex-
pression of IDO1 upregulated CD8+ T cells and reduced NK T cells in both hepatic cancer and PC in 
mice. Hence, it may be essential to pay more attention to tryptophan metabolism in patients with PC, 
especially those who are tolerant to immunotherapy.
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