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Abstract
Hepatitis C virus (HCV) chronic infection is associated with fibrosis progression, 
end-stage liver complications and HCC. Not surprisingly, HCV infection is a 
leading cause of liver-related morbidity and mortality worldwide. After sustained 
virological response (SVR), the risk of developing hepatocellular carcinoma is not 
completely eliminated in patients with established cirrhosis or with advanced 
fibrosis. Therefore, lifelong surveillance is currently recommended. This strategy 
is likely not universally cost-effective and harmless, considering that not all 
patients with advanced fibrosis have the same risk of developing HCC. Factors 
related to the severity of liver disease and its potential to improve after SVR, the 
molecular and epigenetic changes that occur during infection and other associated 
comorbidities might account for different risk levels and are likely essential for 
identifying patients who would benefit from screening programs after SVR. 
Efforts to develop predictive models and risk calculators, biomarkers and genetic 
panels and even deep learning models to estimate the individual risk of HCC 
have been made in the direct-acting antiviral agents era, when thousands of 
patients with advanced fibrosis and cirrhosis have reached SVR. These tools could 
help to identify patients with very low HCC risk in whom surveillance might not 
be justified. In this review, factors affecting the probability of HCC development 
after SVR, the benefits and risks of surveillance, suggested strategies to estimate 
individualized HCC risk and the current evidence to recommend lifelong 
surveillance are discussed.
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Core Tip: Hepatocellular carcinoma (HCC) risk is reduced after sustained viral 
response, but a substantial threat persists over time. Understanding the natural history 
of hepatitis C virus infection and the variable influence of viral eradication in the 
molecular and epigenetic changes that occur during infection are essential to explain 
the different risk of developing HCC in patients with advanced fibrosis. The definition 
of the appropriate tools to estimate the individual risk of HCC after antiviral treatment 
providing reliable recommendations about HCC surveillance is probably the most 
important challenge to be clarified in this field.

Citation: Ahumada A, Rayón L, Usón C, Bañares R, Alonso Lopez S. Hepatocellular carcinoma 
risk after viral response in hepatitis C virus-advanced fibrosis: Who to screen and for how long? 
World J Gastroenterol 2021; 27(40): 6737-6749
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6737.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6737

INTRODUCTION
Hepatitis C virus (HCV) chronic infection is a major cause of liver-related morbidity 
and mortality worldwide. Direct-acting antiviral agents (DAAs) have definitely 
changed the natural history of the disease by reducing liver-related complications in 
patients with advanced liver fibrosis (including those with cirrhosis) and improving 
the survival rate. Nonetheless, the risk of developing hepatocellular carcinoma is not 
completely eliminated with viral clearance. Not surprisingly, clinical guidelines still 
recommend life-long ultrasound surveillance in all patients with advanced fibrosis 
(F3) and cirrhosis (F4)[1,2].

However, the risk of HCC occurrence is not homogenous within the spectrum of 
compensated advanced chronic liver disease (c-ACLD). Therefore, surveillance 
strategies might not be cost-effective or harmless in all patients. Thus, the identi-
fication of patients who truly benefit from screening programs and for how long is a 
matter of debate.

HCC risk factors are associated with the severity of liver disease and the degree of 
improvement after sustained virological response but also with the presence of other 
comorbidities and preneoplastic changes induced by HCV. All of them are discussed 
in this review, as well as their predictive capacity to estimate individualized HCC risk. 
We also discuss the current evidence to recommend surveillance.

FACTORS AFFECTING HCC OCCURRENCE IN HCV PATIENTS
A combination of different factors, occurring either before or after SVR, is involved in 
the risk of HCC associated with HCV chronic infection (Figure 1).

Development of fibrosis during HCV infection
Chronic HCV infection typically causes damage and inflammation in the liver 
parenchyma, which can be followed by fibrosis deposition of different severities. 
Fibrogenesis is a dynamic process characterized by the synthesis of extracellular 
matrix (ECM), composed of a mixed complex of glycoproteins (collagen, elastin, 
fibronectin, laminin) and proteoglycans organized in a three-dimensional network[3]. 
Therefore, fibrosis is a physiological mechanism that can become pathological when 
viral infection and chronic hepatocellular injury persist[4].

In chronic hepatitis, including hepatitis C, active fibrosis begins around the portal 
areas (periportal or zone 1 fibrosis) and gradually extends out into the lobules toward 
the central veins (zone 3), with septum formation and then bridging fibrosis[5]. The 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v27/i40/6737.htm
https://dx.doi.org/10.3748/wjg.v27.i40.6737


Ahumada A et al. HCC risk after viral response in HCV-advanced fibrosis

WJG https://www.wjgnet.com 6739 October 28, 2021 Volume 27 Issue 40

Figure 1 Factors involved in increasing or decreasing hepatocellular carcinoma risk, either before or after sustained virologic response. 
EV: Esophageal varices; VB: Variceal bleeding; ACLF: Acute on chronic liver failure; PH: Portal hypertension; SVR: Sustained virologic response; HCC: 
Hepatocellular carcinoma; MAFLD: Metabolic associated fatty liver disease.

final stage of this process constitutes cirrhosis, in which extensive fibrosis linking 
portal and central areas and nodular regeneration of the liver parenchyma appear. 
Collagen and matrix proteins are largely produced by activated hepatic stellate cells 
(HSCs). In contrast, activated liver sinusoidal endothelial cells (LSECs) contribute to 
ECM production, including the synthesis of basement membrane components, leading 
to perisinusoidal fibrosis. They also produce cytokines that activate HSCs and secrete 
factors that contribute to intrahepatic vasoconstriction and to portal hypertension in 
cirrhosis[6]. It has been widely demonstrated that the severity of liver fibrosis and the 
development of cirrhosis are the most important risk factors for HCC[7-9]. Therefore, 
the earlier that this process is discontinued by means of SVR, the lower that the 
likelihood is of HCC occurrence.

Epigenetic changes involved in hepatitis C infection
Cirrhosis of all causes can be complicated by the appearance of liver tumors, but the 
risk is higher in patients with chronic liver disease of a viral etiology[7]. In 2018, a 
large cohort study aimed to compare HCC risk according to the etiology of liver 
disease and showed that patients with HCV-related cirrhosis had a 3-fold increased 
HCC risk compared to ALD or NAFLD-related cirrhosis, suggesting that hepatitis C 
virus itself might have a direct carcinogenic effect[10].

HCV is an RNA virus with limited potential for integration into the host genome 
and therefore requires continuous replication to maintain chronic infection. HCV 
directly contributes to hepatocarcinogenesis, interrupting the signal transduction 
pathways that affect cell survival, proliferation, and transformation via HCV protein or 
RNA and indirectly by inducing chronic inflammation[8,11].
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Epigenetic regulation is an indispensable process for the normal development and 
preservation of tissue-specific gene expression profiles. Thus, any perturbation of the 
epigenetic landscape can lead to shifted gene function and malignant cellular 
transformation. The changed epigenome of HCC is characterized by gene-specific 
hypermethylation or hypomethylation, global genomic hypomethylation, abnormal 
expression of DNA methyltransferases and histone modifying enzymes, altered 
histone modification patterns, and aberrant expression of microRNAs, which can 
affect the expression of oncogenes, tumor suppressor genes and other tumor-related 
genes altering the cancer development pathways over time[12]. In fact, a recent study 
showed a clear, positive correlation between epigenetic changes and fibrosis stages in 
HCV chronic infection[13], which persist after SVR.

Reversibility of liver fibrosis
Effective antiviral treatment has proved to change the natural history of HCV-related 
liver disease, reducing the risk of liver events and HCC, even in patients with 
advanced liver disease and cirrhosis. A recent meta-analysis[14] showed a significant 
absolute risk reduction in HCC after SVR, which was even greater in patients with 
cirrhosis (22%; 95%CI: 13-31) than in patients with any stage of fibrosis (6.7%; 95%CI: 
5-8). It has been suggested that regression of fibrosis is one of the key mechanisms. In 
contrast to what was previously believed, there is currently substantial evidence 
indicating that the removal of fibrosis, hepatocyte repopulation and microvasculature 
remodeling occur after SVR following several cellular processes[15,16]. Mechanisms of 
the resolution of liver fibrosis involve senescence and apoptosis of activated 
HSCs/myofibroblasts caused by deprivation of fibrogenic cytokines. Reversal of these 
cells to an inactive phenotype during liver fibrosis regression[6,15] has also been 
described. However, regression of liver disease depends on the severity of fibrosis 
before antiviral therapy, with total regression being more likely in patients with 
mild/moderate fibrosis than in those with established cirrhosis due to the presence of 
a stronger cross-linking matrix, which is more difficult to remove by methaloproteases. 
Furthermore, the presence of architectural distortion with vascular shunts also 
contributes to the persistence of architectural changes[17-21]. However, the “point of 
no return” is controversial. A Canadian study[16] examined explants of patients with 
cirrhosis or precirrhosis who underwent transplantation, in which the causative agent 
of the liver disease was controlled or had been removed. The authors found that 
regression involves two main processes: removal of fibrosis and repopulation of 
scarred regions with hepatocytes, concluding that reversibility is possible in all stages 
of fibrosis, including precirrhotic stages and even macronodular cirrhosis. 
Interestingly, “sinusoidal capillarization” was considered the “point of no return”. 
Moreover, advanced stages of cirrhosis with thicker septa and smaller micronodules 
are associated with the presence of clinically significant portal hypertension and 
therefore with a lower likelihood of reversibility[20].

An Italian study including patients with cirrhosis with paired biopsies after 
achieving SVR with PEGINF/RBV showed that, in more than half of the patients, 
regression of cirrhosis was observed during follow-up. Patients who did not change 
their METAVIR scores after SVR also presented a decrease in the amount of collagen 
fibers, coinciding with the transformation of micronodular cirrhosis into a 
macronodular form or incomplete septal cirrhosis[21]. Finally, a Spanish study 
published in 2018 evaluated the regression of fibrosis using paired biopsies in 112 
patients with posttransplant recurrence of HCV infection after treatment with DAAs
[22]. Fibrosis regression occurred in 72-85% of the patients without liver cirrhosis (F1-
F3) and in 43% of the patients with cirrhosis. Interestingly, in this study, more than 
50% of the cirrhotic patients had a history of decompensation, suggesting that patients 
with liver cirrhosis without clinically significant portal hypertension are more likely to 
have improved liver injury, likely decreasing the risk of developing HCC after SVR.

Therefore, among patients with advanced fibrosis and cirrhosis, the risk of HCC 
seems to be lower in patients with less severe disease, who are in fact those who 
benefit the most after SVR.

One important issue is how to assess fibrosis regression since liver biopsy is an 
invasive procedure, does not distinguish early from advanced stages of cirrhosis and 
cannot be performed repeatedly after SVR. Not surprisingly, noninvasive 
elastographic and direct or indirect serological markers have been widely used to 
assess fibrosis regression[23]. However, in regressed cirrhosis, macronodules and 
aberrant vasculature with capillarization of the sinusoids can persist despite a decrease 
in liver stiffness assessed by TE. The study from D’ Ambrosio et al[24] revealed that, 
after 61 mo of follow-up, 38% of patients with biopsy-proven F4 had liver stiffness < 12 
kPa, resulting in low predictive power of TE to diagnose cirrhosis after viral 
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eradication. Thus, a combination of TE and serological noninvasive markers might 
improve the capacity to assess fibrosis regression.

Inflammation and liver cancer
Another factor specifically affecting HCC risk during HCV chronic infection is the 
presence of inflammation. Various types of cancer arise in the setting of chronic 
inflammation, indicating a strong link between inflammation and cancer. It has been 
estimated that approximately 15% of all human cancers are associated with inflam-
mation and chronic infections[25]. During chronic viral hepatitis, host immune 
responses to HBV or HCV are often not sufficiently strong to completely eradicate the 
infection, inducing persistent stimulation of antigen-specific immune responses. Host 
immune cells are known to destroy virus-infected liver cells, resulting in the 
production of different cytokines and growth factors, consequently inducing 
compensatory regeneration of hepatocytes. The persistent cycle of hepatocyte necroin-
flammation and regeneration has a synergistic effect with the severity of liver fibrosis 
and cirrhosis, promoting architectural distortion and portal hypertension with 
reduced sinusoidal perfusion favoring hypoxia, which is the substrate for the 
formation of hypervascular tumors. These factors increase the risk of genetic changes 
in hepatocytes, promoting the survival and expansion of the initiated cells and leading 
to dysregulated hepatocyte proliferation, which contributes to the development and 
progression of liver cancer. Furthermore, oxidative stress accelerates hepatocarcino-
genesis through several mechanisms, including transcription and activation of 
cytokines and growth factors, oxidative DNA damage, DNA methylation, and 
hepatocyte injury[26-30]. Therefore, HCC risk is expected to decrease after eradicating 
infection and the subsequent decrease in inflammation mechanisms.

HCC RISK CAN PERSIST AFTER SUSTAINED VIROLOGICAL RESPONSE
Although SVR is associated with a reduction in some of the HCC pathogenetic factors 
mentioned above, there are many other contributors to HCC occurrence that can 
persist after viral eradication, related either to the stage of liver disease (e.g., Child B, 
portal hypertension, low platelet count) or to the presence of comorbidities, such as 
diabetes, alcohol consumption, smoking and older age[31-34].

A recent publication suggested that regression of liver damage after SVR can last for 
years, with HCC risk persisting during this period; in other patients, liver injury is not 
reversed due to advanced cirrhosis stage, or it progresses because of the coexistence of 
other factors, such as obesity, diabetes, and alcohol intake[35]. In addition, older age 
contributes, even years after SVR, to the progression of liver fibrosis and to an 
increased risk of HCC.

Epigenetic memory is another of the possible mechanisms involved in HCC risk 
persistence after SVR. As mentioned above, HCV infection induces epigenetic 
alterations. DAA treatment eliminates the virus inside cells, but it is not able to restore 
the concomitant epigenetic signatures already produced and associated with the risk 
of HCC. Available data suggest that, when infection has already induced epigenetic 
changes, gene expression is conserved in cells; therefore, the presence of the virus is no 
longer necessary to exert oncogenic effects on host cells, producing what is known as 
epigenetic memory or persistent epigenetic changes[13,36].

HCC SURVEILLANCE AFTER SVR: CURRENT RECOMMENDATIONS
Current guidelines from EASL[1] and AASLD[37] agree regarding the recommen-
dation of hepatocellular carcinoma surveillance after SVR in all patients with cirrhosis. 
However, EASL recommends indefinite HCC screening in patients with advanced 
fibrosis (F3) by ultrasound every six months, whereas AASLD does not. These 
differences are likely related to controversy regarding the risk of developing HCC in 
F3 patients due to the heterogeneity of this population, which could include misclas-
sified patients (over- or underestimating the severity of fibrosis).
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ACCURACY IN THE DIAGNOSIS OF ADVANCED FIBROSIS AND 
CIRRHOSIS
Considering that advanced fibrosis and especially cirrhosis are the main factors 
contributing to HCC risk, an accurate diagnosis prior to antiviral therapy is mandatory 
to predict individual risk after SVR. Liver biopsy remains the gold standard for the 
assessment of hepatic fibrosis, although noninvasive methods for estimating liver 
fibrosis are increasingly used. However, the accuracy of fibrosis staging in the 
noninvasive assessment era is imperfect -- even more so after sustained virological 
response. This fact is especially important in patients with advanced fibrosis but 
without cirrhosis, in which liver stiffness measurements (LSMs) can occasionally 
overestimate fibrosis, especially when marked inflammation is present[38]. Another 
problem is the definition of F3 stage by LSM, with cutoffs varying from 9.5 kPa to 14.5 
kPa according to Castera’s[39] study or up to 12.5 kPa as Ziol et al[40] suggested. 
Therefore, a substantial proportion of patients might be misclassified, overestimating 
or underestimating fibrosis and leading to an indefinite link to medical care or, altern-
atively, mistaken discharge. Thus, other clinical or serological markers should be 
available to accurately define the severity of compensated advanced liver disease and 
the remaining HCC risk after SVR.

COST-EFFECTIVENESS, BENEFITS AND RISKS OF HCC SURVEILLANCE
HCC surveillance aims to prolong patient survival and quality of life by improving 
early diagnosis and curative therapy. Based on estimated tumor doubling times, 
current guidelines recommend ultrasound every six months, and they establish an 
incidence of at least 1.5% per year to justify HCC surveillance. Although this threshold 
is likely too high due to the clinical benefits induced by DAA after SVR and the 
improvement in HCC therapies, it is not clear whether HCC surveillance remains cost 
effective in all patients with advanced fibrosis after SVR. Regarding this point, a study 
suggested that HCC surveillance is unlikely to be cost effective in patients with F3 
fibrosis, whereas both annual and biannual modalities are likely to be cost effective for 
patients with cirrhosis compared with no surveillance[41]. The study suggested that an 
annual HCC incidence greater than 0.5% might be currently cost-effective, and it 
proved that both an APRI greater than 2 or an FIB-4 greater than 3.25 allow for the 
identification of patients for whom HCC surveillance becomes cost effective, 
suggesting that patients with values less than these thresholds should be discharged 
from follow-up evaluation. Another study evaluated the cost-effectiveness of risk-
stratified HCC screening in cirrhosis based on a combination of biomarkers and 
clinical variables, including epidermal growth factor single-nucleotide polymorphism, 
age, sex, smoking status, alkaline phosphatase level, and platelet count. The study 
showed that HCC surveillance strategies targeting high- and intermediate-risk 
patients with cirrhosis are cost-effective. Finally, the authors suggested that omitting 
screening in the lowest-risk subjects was cost-effective compared with biannual 
screening, without sacrificing net survival benefit[42].

Moreover, in a recent opinion article, Jepsen et al[43] argued that randomized trials 
of HCC surveillance vs no surveillance are necessary to make formal recommendations 
involving thousands of patients. The authors made their arguments indicating that 
universal surveillance could negatively impact patients’ quality of life by generating 
anxiety about the possibility of a cancer diagnosis. Furthermore, the problems 
associated with false positives in screening procedures and the need to be connected 
for life to hospital care in patients with negligible HCC risk are also matters of concern. 
Therefore, accurate models including predictive factors to identify different risk levels 
are likely the key to adequate follow-up of patients after SVR.

PREDICTIVE FACTORS OF HCC RISK
Multiple models including clinical, serological, molecular and elastographic variables 
have attempted to stratify HCC risk in patients with advanced fibrosis. Importantly, 
there are controversies about the markers that should be used and when they should 
be measured, considering the dynamic changes that occur after SVR. Table 1 
summarizes some studies that have assessed the risk of HCC according to both 
baseline and dynamic risk factors.
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Table 1 Studies assessing the risk of hepatocellular carcinoma according to baseline and dynamic risk factors

Ref. Country n Population at risk Diagnosis of cirrhosis Treatment 
regimens Baseline risk factors Dynamic risk factors

Lleo et al[33], 
2019

Italy 1766 All cirrhosis 11.4% Child 
B/C

1 or more of the following: Stage 4 fibrosis by 
METAVIR score, esophageal and/or gastric 
varices at endoscopy, LSM > 12.5 kPa

All were treated 
with DAA

Age > 50 years old and presence of 
esophageal varices, platelets < 
110000/L and LSM > 25 kPa

Lack of SVR

Ioannou et al
[44], 2018

United 
States

45810 23% cirrhosis Clinical, based on ICD-9 or 10 codes for cirrhosis 
or its complications

Either IFN or 
DAA

Cirrhosis, SVR, ALT, AST, platelets, 
albumin, age

Ioannou et al
[45], 2019

United 
States

48135 9784 with pretreatment 
cirrhosis

Clinical, based on ICD-9 or 10 codes for cirrhosis 
or its complications

Either IFN or 
DAA

Cirrhosis and FIB-4 ≥ 3.25 before 
treatment

FIB-4 ≥ 3.25 post-SVR

Ravaioli et al
[47], 2018 

Italy 139 All cirrhosis; Included 
previous HCC 11.5% Child 
B

All were treated 
with DAA

History of previous HCC Child B and LSM reduction after DAA treatment < 
30%

Pons et al[48], 
2019 

Spain 572 All LSM ≥ 10 kPa; All 
compensated

cACLD defined by LSM ≥ 10 kPa All were treated 
with DAA

High risk: baseline albumin < 4 g/dL; 
Low risk: Baseline albumin ≥ 4 g/dL 

High risk: LSM ≥ 20 kPa or LSM 10-20 kPa and 
albumin < 4.4 g/dL; Low risk: LSM < 10 kPa or 
LSM 10-20 kPa and albumin ≥ 4.4 g/dL

Fan et al[50], 
2020

China 3566 75.3% cirrhosis 
compensated and 
decompensated

Histological and/or radiological Either IFN or 
DAA

aMAP score; Low risk: 0-50; 
Intermediate risk: 50-60; High risk: 60-
100

Alonso et al
[49], 2020

Spain 993 Advanced fibrosis or 
compensated cirrhosis

Clinical or histological; advanced fibrosis defined 
by a LSM by TE > 9.5 Kpa

All were treated 
with DAA

Albumin < 4.2 g/dL; LSM > 17,3 
kPaFIB-4 > 3.7

Delta LSM < 25.5%; FIB-4 > 3.3; GGT > 42 IU 

Deep learning RNN modelIoannou et al
[62], 2020

United 
States

48151 All cirrhosis compensated 
and decompensated

Clinical, based on ICD-9 or 10 codes for cirrhosis 
or its complications

Either IFN or 
DAA

Cirrhosis diagnosis, sex, race and HCV 
genotype 3

Development of cirrhosis, SVR, BMI, AST, ALT, 
bilirubin, FIB-4, APRI, platelets

LSM: Liver stiffness measurement; TE: Transient elastography; INF: Interferon, DAA: Direct-acting antiviral agent; HCV: Hepatitis C virus; SVR: Sustained virologic response; FIB-4: Fibrosis 4; HCC: Hepatocellular carcinoma; c-ACLD: 
Compensated advanced chronic liver disease; CP: Child-Pugh; FU: Follow-up; amap: age, male, ALBI and platelets; GGT: Gamma-glutamyltransferase; RNN: Recurrent neural networks; APRI: AST to platelet ratio index; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index.

The study by Ioannou et al[44] introduced the need for risk modeling, suggesting 
that screening strategies based on HCC risk models were superior to “screen-all” or 
“screen-none” strategies. The proposed HCC risk model, which included the presence 
of cirrhosis, SVR, baseline ALT, AST, platelets, albumin and age, allowed us to 
calculate the individual risk of HCC. However, the definition of cirrhosis was made 
based on the presence of portal hypertension signs and/or clinical complications, 
suggesting that perhaps patients with advanced fibrosis or with early stages of 
cirrhosis could be misclassified as not having cirrhosis.

In a further study, the authors used a different evaluation of liver disease severity, 
introducing not only baseline data but also changes in FIB-4 over time, to assess 
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different HCC risk levels. In this second study, the authors showed that patients in 
whom FIB-4 was less than 3.25 before treatment and after SVR had a lower risk of 
HCC[45].

Other predictive models have included different combinations of laboratory and 
elastographic parameters. A study from Italy[33] aimed to evaluate the risk of HCC 
occurrence and recurrence in cirrhotic patients after DAA therapy. The authors 
identified a subgroup of patients with SVR and the “Extended Baveno Criteria”[46] (> 
110000 platelets and LSM < 25 kPa), with an HCC incidence of 0.5%/per year, 
suggesting that the Baveno Criteria could be an appropriate tool for stratification, 
advising less frequent follow-up in this population.

Models that include dynamic changes after SVR could be especially relevant since 
they can identify patients with less severe disease more likely to regress or improve 
after SVR. The dynamic change in LSM as an HCC risk factor was previously 
described in a study showing that a reduction in liver stiffness > 30% at the end of 
treatment was associated with a significantly lower risk of HCC at one year after EOT
[47]. In this study, TE was likely performed too early to detect regression or 
improvement, although it could identify those patients with overestimated fibrosis at 
baseline, in whom the resolution of inflammatory activity accounts for the rapid 
decrease in liver stiffness.

A Spanish study developed a model to estimate HCC risk in patients with c-ACLD 
after SVR. This study revealed that the combination of follow-up LSM and serum 
albumin levels at one year after SVR was able to identify different HCC risk groups. 
The authors observed that patients with LSM < 10 kPa or with LSM between 10-20 kPa 
and high albumin levels at follow-up had an incidence rate of HCC of less than 1/100 
patients per year; thus, the authors considered them a low-risk group[48].

Furthermore, a recent large, multicenter cohort study performed in our unit[49] 
confirmed the impact of both baseline and dynamic changes in noninvasive markers 
on the risk of HCC development. We constructed two simple models: the first one 
included baseline albumin (g/dL) and LSM (Kpa) and the percentage of LSM variation 
one year after EOT. Patients with baseline albumin > 4.2 g/dL, baseline LSM ≤ 17.3 
kPa, and 1-year DeltaLSM > 25.5% had the lowest HCC risk (cumulative incidence of 
HCC at 3 years of 0%). Considering that LSM might not be universally available, we 
also built a second model that exclusively included noninvasive serological markers. 
Similarly, the FIB-4-based model identified patients with baseline albumin > 4.2 g/dL, 
baseline FIB-4 ≤ 3.7, 1-year FIB-4 score ≤ 3.3, and 1-year GGT ≤ 42 IU/mL as the group 
with the lowest HCC risk (cumulative incidence of 0.4% at 3 years). Notably, our 
results suggested that baseline and dynamic LSM (or FIB-4, when TE is not available) 
could identify patients with a lower incidence of HCC after SVR that does not justify 
continuous HCC screening. Approximately 20% of the patients were considered to 
have low or very low HCC risk, and according to our findings, they could be safely 
discharged from surveillance.

Another recently validated predictive model is the aMAP score[50], which includes 
laboratory and clinical parameters such as the albumin-bilirubin score (ALBI score) 
platelets, age and sex. The score identifies two different risk groups, suggesting that 
only patients belonging to the high-risk group (aMAP score > 60) should undergo 
intensive surveillance to detect early HCC. This prognostic tool was externally 
validated in patients with different cirrhosis etiologies from 11 global prospective 
studies; interestingly, the score properly discriminated 5-year HCC irrespective of 
etiology of liver disease and ethnicity.

Thus, predictive models and risk scores, preferably based on baseline data and 
dynamic changes, are likely the best approach for determining the individual risk of 
HCC after SVR.

LONG-TERM RISK OF HCC: DOES IT DECREASE OVER TIME?
Different long-term studies in HCV patients treated with IFN-based regimens have 
documented a reduction in the incidence of HCC by 75% in patients with SVR[51-53]. 
Currently, there is growing evidence that the same occurs after DAA therapy. Several 
data have shown that SVR after DAAs does not have a significant impact on the 
development of HCC in the short or medium term since many of the patients were 
treated with a more advanced disease, it but reduces the risk of HCC in the medium 
and long term, like what occurs in patients treated with IFN-based regimens[9].

Conversely, it has been suggested that HCC risk persists for up to 10 years after 
HCV eradication in patients with baseline cirrhosis or high FIB-4 scores[45]. In this 
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study, HCC incidence remained > 2% per year even 10 years after antiviral treatment 
in patients with a high baseline FIB-4 ≥ 3.25, especially if it remained ≥ 3.25 after SVR. 
Conversely, patients with baseline FIB-4 < 3.25 had an HCC incidence < 1%.

Moreover, aging and comorbidities that can occur or progress over time could have 
an additive effect on HCC risk. Consequently, there is no strong evidence to support a 
dynamic assessment of HCC risk over time, and the best strategy is likely to continue 
screening patients with intermediate and high HCC risk until they reach an age when 
it is no longer cost effective.

HCC SCREENING: WHO DOES BENEFIT AND FOR HOW LONG?
It seems clear that the current recommendations regarding HCC screening after SVR in 
HCV patients with advanced fibrosis at baseline should be modified in the future. 
While changes become formal, we provide below a proposal based on the current data 
(Figure 2).

Cirrhotic patients with baseline decompensated or compensated advanced liver 
disease with significant portal hypertension. HCC risk in this population remains 
greater than the accepted threshold for surveillance; therefore, biannual US screening 
is recommended.

Patients with findings of advanced chronic liver disease without clear evidence of 
baseline portal hypertension. In our opinion, these patients should be screened for 
HCC at least 1 year after EOT to evaluate early dynamic changes and make more 
accurate estimations of the individual HCC risk.

FUTURE STRATEGIES IN SURVEILLANCE
As previously stated, several questions remain concerning surveillance strategies. 
Most likely, the most important concern is that we do not have accurate information 
about whether HCC risk persists constantly over the long term and therefore for how 
long patients with medium or high risk should continue HCC surveillance.

It is possible that, in the near future, patients will benefit from a more specific 
biomarker panel, genetic and molecular profiles and even deep learning models to 
predict the risk of developing HCC.

Circulating biomarkers are promising tools for better stratification of patients[54-
56]. Biomarker panels, such as the GALAD score, are excellent tools for the detection 
of early-stage HCC, including tumors with negative AFP (AUC of 0.96 for detection of 
early-stage HCC)[57,58]. As previously exposed, HCV induces epigenetic alterations 
persisting after DAA cure[13], so the opportunity to detect epigenetic changes of 
histones bound to circulating DNA in plasma represents a new opportunity to uncover 
biomarkers of HCC risk. These approaches could represent personalized, noninvasive 
and cost-effective alternatives based on clinical and biological findings for HCC 
screening.

The use of deep learning models, which have also been successfully applied in other 
settings to predict clinical events[59], could also be relevant. Various types of model 
architectures, such as recurrent neural networks, have been used to capture temporal 
dynamics and long-term information over time[60]. Recently, it was suggested that 
some machine-learning algorithms accurately stratify the risk of HCC in patients with 
cirrhosis, identifying those at high risk for developing HCC[61]. Additionally, it has 
been shown that, in terms of cost-effectiveness, deep learning and recurrent neural 
network models were able to improve HCC surveillance strategies in HCV patients, 
thereby identifying high-risk cases[62].

CONCLUSION
In conclusion, HCC surveillance in HCV patients should likely be based on an 
evaluation of individualized risk rather than exclusively based on baseline fibrosis 
stage. Currently available risk scores should be improved and validated, likely by 
including novel approaches, such as personalized biomarkers and deep learning 
methods.
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Figure 2 Surveillance hepatocellular carcinoma algorithm proposed. 1Most likely, annual incidence < 0.5% per year. FIB-4: Fibrosis 4; LSM: Liver 
stiffness measurement; TE: Transient elastography; PHT: Portal hypertension; DM: Diabetes mellitus; MS: Metabolic syndrome; MAFLD: Metabolic associated fatty 
liver disease.
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The significance of plasma ascorbic acid (AA) is underscored by its enzymatic and 
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conditions. Dietary intake supports maintenance of optimal levels with supple-
mentation at higher doses more likely pursued. Transient increased intestinal 
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INTRODUCTION
Ascorbic acid (AA) or Vitamin C is an essential micronutrient in the human diet, due 
to the non-functional gene encoding L-glucono lactone oxidase that is involved in the 
catalysis of the last biosynthetic step in the pathway. The physiology and 
pathophysiology of AA has been extensively studied and the estimated plasma half-
life reported to be between 7-14 d on the basis of depletion-repletion studies, 
conducted in healthy male subjects. Ergo, providing an approximation of the plasma 
half-life in those individuals that may have acute illness, trauma or chronic health 
conditions. The importance of maintaining optimal AA levels is underscored by both 
its antioxidant and non-antioxidant, i.e., enzymatic roles and involvement in many 
aspects of health which include being an essential factor in the synthesis of collagen, 
carnitine and norepinephrine. Reduced dietary consumption, due to lower intake of 
fresh fruit and vegetables, or increased utilization via intracellular uptake are 
important aspects in the maintenance of plasma AA levels. Increased cellular distri-
bution of AA has been shown to be associated with high leukocyte turnover and 
oxidative stress, whereby the redox potential of AA mitigates the production of 
reactive oxygen species (ROS). Dehydroascorbic acid (DHA), formed by the loss of 
electron by the ascorbic radical, has the same biological activity as the reduced form. 
The subsequent hydrolysis of DHA, if not reduced back to AA, to 2,3-diketogulonic 
acid is an irreversible step that results in the loss of antioxidant properties and its 
degradation.

Exogenous AA uptake is provided by, but not limited to, dietary intake. Due to AAs 
proposed antioxidant as well as enzymatic health benefits it is a widely sought-after 
dietary supplement that is available for consumption alone or as a multivitamin. 
Notably, AA has been co-formulated not only with other vitamins but also with anti-
inflammatory pharmacological agents[1-3], in particular with aspirin. Monotherapy 
with aspirin has been shown to decrease the concentration of AA not only within the 
intestinal enterocytes[4] but also in gastric juice[5] potentiating negative impacts by 
reducing the ability of intestinal mucosal cells to manage oxidative stress[4]. Therefore, 
the co-formulation of AA with aspirin is considered to mitigate and ameliorate ROS 
induced gastrointestinal damage that has been implicated with the etiology of aspirin 
monotherapy[6].

Of interest is, a body of work conducted by our group that demonstrated that a 
single dose of aspirin has the potential to cause transient increases in small intestinal 
permeability over a 6 h period in healthy individuals. More importantly that rather 
than mitigating the aspirin induced increase in intestinal permeability[7], assessed by 
the lactulose mannitol test[8], the administration of 500 mg AA augmented absorption 
of lactulose either when given alone or in combination with the single 500 mg dose of 
aspirin (Table 1).

Therefore, it appears that while simultaneous dosage of AA with aspirin may 
potentially have longer term beneficial effects, related to the antioxidant properties of 
AA, in the short term however it may not mitigate the aspirin-induced increase in 
intestinal permeability. It is notable that, in the investigation, participants received an 
aspirin drink thirty minutes prior to the AA drink[7] in contrast to other studies where 
AA and aspirin were administered together as a single solution or in the form of a 
tablet[1-3,5,9]. Hence, it may be considered that the extent of ionization of each of these 
weak organic acids could have differed in the intestinal lumen consequentially 
affecting their ability to access transporters in the gut wall. The proportion of 
unionized AA increases to 99% and 15% in the stomach (pH 1) and small intestine (pH 
5) respectively, and under these conditions passive diffusion is thought to play a 
significant role in AA uptake[10]. Indeed, it has been previously shown that co-
administration of aspirin with AA decreased the rate at which AA was absorbed in 
vivo[11] and could have resulted from interference with sodium dependent secondary 
active transport via sodium-dependent vitamin C transporters (SVCT1 and SVCT2)
[12]. These transporters are differentially expressed along the length of the 
gastrointestinal tract, with the pattern of expression mediated in part by transcrip-
tional and epigenetic mechanisms[13].

https://www.wjgnet.com/1007-9327/full/v27/i40/6750.htm
https://dx.doi.org/10.3748/wjg.v27.i40.6750
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Table 1 Variation in the cumulative excretion of lactulose in bulked urine samples collected over two time periods (first three hours and 
the second three hours) during a six hours collection period in 28 healthy female participants

Lactulose excretion (% recovery of ingested dose)
Treatment

First 3 h Second 3 h
Aspirin 0.37 ± 0.05a,b 0.46 ± 0.05d

Ascorbic acid 0.47 ± 0.05a,c 0.53 ± 0.04

Combined dosage 0.68 ± 0.09b,c 0.77 ± 0.14d

aStatistically significant (P < 0.05) differences between treatments during the first 3 h, results expressed as mean ± SEM.
bStatistically significant (P < 0.05) differences between treatments during the first 3 h, results expressed as mean ± SEM.
cStatistically significant (P < 0.05) differences between treatments during the first 3 h, results expressed as mean ± SEM.
dStatistically significant (P < 0.05) differences between treatments during the second 3 h during the lactulose mannitol test, results expressed as mean ± 
SEM.

Pertinent however is that increased small intestinal mucosal permeability, even if 
transient, following dosage with AA raises questions as to whether similar changes 
may occur following dietary ingestion of foods that are rich in AA. It is noteworthy 
that the dose of 500 mg AA administered in our study[7] is higher than the 
recommended daily allowance (RDA 60-120 mg)[14], guidelines for which are 
variable. An increase in the RDA to 200 mg has been proposed[15] to maximize the 
attributed health benefits, with evidence suggesting that regular supplement users 
consume more than 1 g AA per day[16]. Whether the increase in intestinal 
permeability detected in our study was dose dependent is not known and a 
comparison with other publications is not possible as the effect of AA on intestinal 
permeability has not been previously studied. We hypothesize that the dose of AA 
induced increase in intestinal permeability could be due to its action on apical 
transporters. Glucose has been shown to modulate vitamin C transport at the small 
intestinal brush border membrane with similar rates of uptake of DHA and AA 
reported in the absence of glucose[17]. The reduced form, AA, is absorbed via SVCT1 
and SVCT2[18]. Given that the stoichiometry of the SVCTs are similar to those of the 
sodium dependent glucose transporter (SGLT1)[19,20] it is possible that absorption of 
AA may bring about intracellular changes that modulate, i.e., relax, tight junctions in a 
manner similar to that of glucose transport via SGLT1[21]. Additionally, the oxidised 
form DHA has been shown to compete with glucose for transport via glucose 
transporters[22] in particular GLUT2 and GLUT8[23], which have been suggested 
along with SGLT1 to cause cytoskeletal contraction[24]. The modulation of the tight 
junctions in this manner has been shown to increase mucosal permeability[25], 
allowing greater quantities of larger molecules to be absorbed via the paracellular 
pathway[26].

Relating and extending the results of our study to AA levels from dietary intake 
maybe difficult and may necessitate human intervention studies using whole foods or 
extracts at comparable doses. However, an extrapolation of the effect of foods/extract 
would require careful study design as the amount of available AA in different foods 
may vary widely[27]. Particularly in fruits and vegetables where the quantity of AA is 
determined by a variety of factors which include cultivars, environmental conditions 
including regional and seasonal conditions as well as maturation[28]. Additionally, 
depending on the levels of hydration it is very likely that there may be inherent 
variability in the proportion of reduced and oxidized AA within fruits and vegetables, 
much like AA in solutions which have a greater susceptibility to oxidation. At pH < 4
[29] the concentration of AA deteriorates, with greater losses shown to occur in frozen 
products that are processed/canned [mean: 26 % (0% - 78 %)] than from frozen fresh 
products [mean: 18 % (0% - 50 %)][30]. Furthermore, supplementation of products 
with synthetic AA has been shown to facilitate oxidation within products[31].

The degradation of AA not only occurs during processing and storage of the 
food/extract but also once it is consumed and introduced into the gastrointestinal 
lumen. Being an antioxidant, AA gets oxidized in the gastrointestinal tract to maintain 
the reduced state of other nutrients, e.g., iron or form metal-oxygen-ascorbate 
complexes[32]. However, the acidic conditions of the gastrointestinal tract protect AA 
against chemical and enzymatic oxidation[32] with 93% of AA from bioactive broccoli 
inflorescence[33] and 71% from pomegranate juice[34] shown to be stable following in 
vitro gastric digestion. Conversely, in the small intestinal environment greater amounts 
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of AA was oxidized, with 39% of AA recovered[35] in this segment of the gut 
following in vitro small intestinal digestion of blended fruit juice. While this 
information is pertinent to our understanding, the bioavailability of luminal AA also 
requires consideration of the interaction with other contained dietary constituents e.g., 
fiber and other bioflavanoids. Micronutrients within fruit juice have been shown to 
inhibit the absorption of AA[36] at doses between 50-500 mg. One mechanism for the 
inhibition is thought to occur via competition with transporters which has been partic-
ularly attributed to flavanoids such as quercetin and myricetin that are shown to 
decrease ascorbate as well as DHA absorption in in vitro models[37,38]. Vinson et al[39] 
further demonstrated in guinea pigs that dosage with a citrus fruit extract, containing 
18% bioflavonoids, 15% proteins and 30% carbohydrates, resulted in a significantly 
slower rise in plasma ascorbate concentrations in comparison to a simple ascorbate 
solution. In alignment with these findings, a similar effect was also reported in human 
participants following the intake of citrus fruit extract[40].

Contrary to these findings it has also been shown that flavonoids, following 
consumption of half a golden kiwi fruit a day (50 g) over six weeks, did not alter the 
bioavailability of contained AA when compared to 50 g of synthetic AA[41]. This 
inferred effect appeared consistent as the administration of AA with blackcurrant juice
[42] or orange juice[43] containing flavonoids did not impede absorption. Therefore, it 
seems likely that these differences in the manner in which AA is absorbed when co-
administered could have arisen due to the differential gastric transit times[44]. Gastric 
emptying of liquid meals or beverages is dependent on the pressure gradient across 
the gastroduodenal junction and in part by the composition of the duodenal content, 
and hence it is conceivable that the nutrient content and composition of these different 
solutions or fruit slowed down gastric emptying[44]. Alternatively, these incongruent 
results may in part have been due to the different forms and dosages at which AA was 
administered, i.e., as solutions or gels. Ergo resulting in potentially variable 
gastrointestinal residence and emptying times to influence absorption and the 
subsequent appearance of AA in sampled biological fluids i.e., plasma, urine etc. 

Given these inconsistencies in evidence regarding the bioavailability when co-
administered with other substances, it remains unclear as to whether the effects of AA 
on intestinal permeability can be extended to situations when it is delivered in foods. 
This in particular considering the dose and quantity of the foods/extract that would 
have to be consumed to show comparable effects. All the same, the ability of a 
pharmaceutical dose of 500 mg AA to augment absorption of larger inert sugars such 
as lactulose does raise the possibility that AA could be a putative agent that could be 
co-administered with poorly absorbed drugs, nutrients or food substances of similar or 
larger molecular weight to enhance their absorption[45,46].

Increased paracellular permeability, via the modulation of tight junctions, has been 
reported after consumption of a meal especially in the presence of glucose[47] and 
alanine[48]. Using Caco 2 models, food components such as plant extracts[49-51] and 
isolated food components[52-54] have been shown to increase paracellular 
permeability with a the resultant flux in macromolecules, such as mannitol[51,55,56]. 
These authors, including Kosińska et al[57], postulated that food components could be 
safe alternatives to reversibly ‘open’ tight junctions in order to enhance the absorption 
of molecules of interest. Conversely, glutamine, polyunsaturated fatty acids and 
polyphenols have been shown to ‘tighten’ tight junctions through increased expression 
of tight junction associated proteins[58].

CONCLUSION
Whilst the molecular mechanism by which AA increases paracellular permeability 
remains to be elucidated, a dose of 500 mg, which is higher than the current RDA, has 
been shown to increase small intestinal permeability in healthy individuals. Whether 
this effect is dose dependent requires further exploration however together with its 
antioxidant properties, the alteration of intestinal permeability by AA can be 
potentially explored as a safe and novel application for the delivery of molecules via 
the paracellular pathway. Indeed it is also conceivable the co-administration of AA, as 
a supplement or through consumption of a rich food source, with aspirin may 
potentiate its serum levels and analgesic effects.
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Abstract
The risk of thromboembolism (TE) is increased in patients with inflammatory 
bowel disease (IBD), mainly due to an increased risk of venous TE (VTE). The risk 
of arterial TE (ATE) is less pronounced, but an increased risk of cardiovascular 
diseases needs to be addressed in IBD patients. IBD predisposes to arterial and 
venous thrombosis through similar prothrombotic mechanisms, including 
triggering activation of coagulation, in part mediated by impairment of the 
intestinal barrier and released bacterial components. VTE in IBD has clinical 
specificities, i.e., an earlier first episode in life, high rates during both active and 
remission stages, higher recurrence rates, and poor prognosis. The increased 
likelihood of VTE in IBD patients may be related to surgery, the use of 
medications such as corticosteroids or tofacitinib, whereas infliximab is antith-
rombotic. Long-term complications of VTE can include post-thrombotic syndrome 
and high recurrence rate during post-hospital discharge. A global clot lysis assay 
may be useful in identifying patients with IBD who are at risk for TE. Many VTEs 
occur in IBD outpatients; therefore, outpatient prophylaxis in high-risk patients is 
recommended. It is crucial to continue focusing on prevention and adequate 
treatment of VTE in patients with IBD.

Key Words: Inflammatory bowel disease; Thrombosis; Coagulation; Bacterial components; 
Prophylaxis; Post-thrombotic syndrome
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risk for venous thromboembolism  (VTE) than patients with other inflammatory and 
immune-mediated diseases. The prevalence of arterial vascular disease is also higher in 
IBD. Inflammatory and molecular aspects of coagulation cascades are strictly linked 
and share several common mediators, including bacterial components as a possible link 
between intestinal microbiota and coagulation. We explored risk factors of thrombosis 
in IBD including clinical specificity, fibrin clot phenotype, Clostridium difficile 
infection, medication and surgery. We also present long-lasting thromboembolic 
complications and consider the advantage of post-discharge VTE prophylaxis.
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INTRODUCTION
Inflammatory bowel disease (IBD) includes ulcerative colitis (UC) that primarily 
involves the large intestine, and Crohn’s disease (CD) that may affect any part of the 
gastrointestinal tract, from the oral cavity to the rectum. However, about 20%–30% of 
IBD cases are associated with manifestations in other organs[1]. Venous thromboem-
bolism (VTE) is a common extraintestinal complication in CD and UC, which is related 
to significant morbidity and mortality[2,3].

The number of hospitalizations of adults with VTE in the USA was estimated at 
more than 500 000 individuals each year, and 100 000 deaths are attributed to VTE 
annually, as indicated by data from the National Hospital Discharge Survey[4]. VTE is 
the third most common cause of vascular death after myocardial infarction and stroke. 
In recent years, there have been a growing number of reports on the VTE mechanism, 
risk factors, including medication and surgery, and the management of IBD patients. 
In light of the recent evidence, this review is focused on prothrombotic factors of VTE 
and arterial thromboembolism (ATE) and clinical complications of thrombotic events 
in patients with IBD, and summarizes the approach to the prevention during hospital-
ization and in the post-discharge period, and treatment of VTE in IBD.

EPIDEMIOLOGY AND LOCATION OF VTE
Population–based cohort studies have shown that patients with IBD seem to have an 
approximately threefold increased risk for developing VTE compared to the general 
population, and this relative risk is significantly higher during active IBD[2,3,5-7]. In 
their cohort study, Bernstein et al[5] found that the incidence rate of deep venous 
thrombosis (DVT) was 31.4/10000 person-years and the incidence rate of pulmonary 
embolism (PE) was 10.3/10000 person-years in CD, while the incidence rates were 
30.0/10000 person-years for DVT and 19.8/10000 person-years for PE in UC. In an 
Austrian multicenter study, the incidence rate of all VTE was 6.3 per 1000 person-
years, which was similar to the rate reported in the earlier study[7]. The incidence of 
VTE increases with age. However, no significant sex-related differences have been 
found[7,8]. The mortality associated with IBD-related VTE ranges from 8% to 22%[9,
10]. Nguyen and Sam showed a significant, 2.5-fold-increased odds [odds ratio (OR): 
1.83–3.43] of mortality associated with VTE-related hospitalization in patients with 
IBD compared to patients without VTE[2] .

In terms of VTE location, DVT of the lower extremity and PE are the most common 
VTE complications in IBD. However, VTE may occur in the abdominal (portal, 
mesenteric and splenic) veins[11]. VTE is also reported in the arm vein, and unusual 
sites such as the retinal vein, and cerebral sinus veins[7,12]. In an Austrian multicenter 
study among patients with IBD with a history of VTE, 90.4% of patients presented 
with DVT and/or PE, whereas 9.6% had portal, mesenteric, cerebral or internal jugular 
vein thrombosis[7]. The most commonly applied procedures for diagnosis of DVT 
include ultrasound and venography[13,14].Ventilation-perfusion scan and multide-
tector helical computer axial tomography are tools for the diagnosis of PE[14].

https://www.wjgnet.com/1007-9327/full/v27/i40/6757.htm
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ATE COMPLICATIONS
ATE occur less frequently than VTE in IBD, including the limb arteries, and even 
central vessels including the aorta[15-17]. In the past few years, studies have suggested 
that patients with IBD might also be at an increased risk of coronary heart disease and 
stroke[16,18]. In a recent meta-analysis, IBD was associated with a modest increase in 
the risk of cerebrovascular disease incidence [hazard ratio (HR: 1.29)], in both CD (HR: 
1.32) and UC (HR: 1.18)[18]. In another meta-analysis, patients with IBD were 
associated with a modest increase in the risk of coronary artery disease (OR: 1.19) in 
patients with CD and UC[19]. After adjusting for potential confounders, the meta-
analysis of five studies revealed an 18% higher risk of cerebrovascular events in both 
CD and UC, with no significant differences between the two forms, but a higher risk 
for women compared to men [OR: 1.28 adjusted, 95% confidence interval (CI): 
1.17–1.41]. No increased risk of ATE was found in a French study, including 33 studies 
with a large cohort of hospitalized IBD patients and controls. However, an increased 
risk of coronary heart disease and mesenteric ischemia was found[20]. An increased 
risk for potentially life-threatening arterial vascular diseases in patients with IBD also 
requires assessment of conventional risk factors such as hypertension, obesity, 
diabetes and dyslipidemia. However, typical cardiovascular risk factors other than 
hypertension have not been confirmed in IBD[21].

ETIOPATHOGENESIS OF VTE AND ATE IN IBD
Impairment of hemostasis in patients with IBD 
Unregulated activation of the coagulation system may cause thrombosis or embolism. 
Local hemostasis is initiated when chronic inflammation, surgery or trauma disrupts 
the vascular endothelial lining, and blood is exposed to subendothelial connective 
tissue. In primary hemostasis, a platelet plug is formed, and then plasma coagulation 
proteins are activated to initiate secondary hemostasis. The complex of tissue factor 
(TF) and active factor VII is the most important initiator of coagulation. Activation of 
coagulation results in thrombin generation, and in turn may generate fibrin formation 
as well as platelet activation via the cleavage of and binding to thrombin receptors 
(Figure 1)[22]. Several authors have indicated systemic evidence for impairment of 
fibrinolysis and intravascular thrombin generation in patients with IBD to measure 
prothrombin fragments (formed during the conversion of prothrombin to thrombin, 
F1+2) and thrombin–antithrombin complexes[23,24]. The plasma level of protein C, a 
natural coagulation inhibitor, has been shown to be unchanged or decreased in IBD[25,
26], while its decreased cofactor, the protein S plasma level, was demonstrated in most 
studies[27]. Importantly, in some studies, thrombin-activatable fibrinolysis inhibitor 
(TAFI) which provides a link between coagulation and fibrinolysis, has been found to 
be increased in patients with IBD[28,29]. Activated by thrombin, TAFI removes lysine 
residues from fibrin, which is essential for plasmin formation in the fibrin network, 
and in turn inhibits fibrinolysis, which contributes to the prothrombotic state. Elevated 
D-dimer levels were found mainly in active IBD patients, which provides evidence of 
fibrin formation and reactive fibrinolysis (Figure 1)[24,25].

The increased platelet count correlates with IBD activity, and higher platelet count is 
even proposed to distinguish IBD from infectious diarrhea. Abnormal platelet 
aggregation in vitro, and activation in vivo are found in both active and inactive IBD[24,
25,30]. Thus, platelet activation is a feature of IBD, and along with thrombocytosis, it 
may have a role in the development of thrombosis. Systemic endothelial cell dys-
function has been reported in UC and CD. Serum concentration of von Willebrand 
factor and thrombomodulin level, which are the markers of vascular injury, are also 
increased in the serum of IBD patients in relation to the disease activity[31,32]. In their 
large epidemiological study, Thompson et al[33] indicated an opposite approach 
showing that IBD occurred less frequently as expected in large cohort patients with the 
main inherited coagulation deficiency disorders, including hemophilia or von 
Willebrand disease.

Mutual activation of coagulation and inflammation in IBD
Activation of coagulation is a significant constituent of the inflammatory response and 
probably is involved in the pathogenesis of IBD[34,35]. Proinflammatory cytokines, 
such as tumor necrosis factor-α (TNF-α) and interleukin-1 (IL-1), which are elevated in 
circulation and intestinal lesions in IBD, may initiate coagulation by induction of the 
TFs in monocytes/macrophages, endothelial cells and platelets. IL-1 and TNF–α are 
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Figure 1 Diagram of the main pathways of the hemostatic process. Solid arrows designate activation, dashed arrows conversion, open arrow indicates 
release, and interrupted lines indicate inhibition. EC: Endothelial cell; M: Monocyte; MP: Microparticle; PL: Platelet; TF: Tissue factor; TAFI: Thrombin activatable 
fibrinolysis inhibitor; FDP: Fibrin degradation product.

capable of inducing procoagulant activity and suppressing the anticoagulant activity 
of thrombomodulin, in part due to a downregulation of endothelial protein C receptor, 
which is expressed normally by endothelial cells[36]. In addition, the cell components, 
known as microparticles, are found in plasma of adult and pediatric IBD patients[37-
39]. There are vesicles of cell membranes mainly from activated platelets with the 
expression of TFs on their surface, suggesting their role in the activation of 
coagulation. Importantly, platelets may mediate leukocyte recruitment to the inflamed 
colon via surface CD40 ligand (CD40L). Danese et al[40] found an increased platelet 
expression of CD40L, and an increased plasma level of platelet soluble CD40L in both 
UC and CD compared to normal controls. Taken together, it seems that platelets are 
involved in hemostasis and thrombosis. They also act as inflammatory cells in IBD.

Evidence suggests that thrombin may, in turn, mediate and amplify inflammatory 
cascades in IBD via activating protease activated receptors (PARs), which have been 
identified as mediators of cellular responses, especially in the context of a link between 
coagulation and inflammation. Thrombin is an essential mediator of PAR activation as 
this enzyme can activate PAR1, 3 and 4, and in turn mediate detrimental cellular 
effects, especially barrier disruption in endothelial cells[41]. In addition, recent studies 
have shown that the protein C pathway is expressed not only in endothelial cells of the 
mucosal microvasculature, but also in intestinal epithelial cells and plays a unique role 
in controlling the integrity of tight junctions[42]. Expression of epithelial protein C 
pathway is altered in patients with CD and UC, which may enhance intestinal 
permeability[43].

Due to the overlapping risk factors, patients with VTE are at increased risk for 
arterial thrombotic events, including coronary heart disease and stroke. Endothe-
liopathy and abnormalities in the coagulation cascade and their cellular components 
play a role for the development of VTE and ATE. A growing number of studies have 
indicated that patients with IBD are at an increased risk of developing cardiovascular 
disease (CVD). Both diseases are chronic inflammatory conditions and share certain 
pathophysiological mechanisms that may influence each other. High levels of 
cytokines, C-reactive protein, and homocysteine in IBD patients may lead to 
endothelial dysfunction, which is an early sign of atherosclerosis. Platelet–leukocyte 
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interaction and an increased CD40/CD40L system may be important links in the 
generation of atherosclerosis and IBD[40]. Higher levels of coagulation factors and an 
increased number of activated circulating platelets frequently occur in IBD, which may 
predispose to ATE events[32].

Bacterial components and gut microbiota
Endotoxins (lipopolysaccharide; LPS) are glycolipids found on the outer membrane of 
Gram-negative bacteria, which originate from the intestine and may activate receptors 
in monocytes, endothelial cells and platelets directly or via augmentation of cytokines, 
promoting a procoagulant state. The epithelium of the intestine creates a barrier to 
potentially immunogenic and noxious factors, including microorganisms and dietary 
components within the intestinal lumen. Luminal proteases include the host’s 
digestive enzymes and the proteases released by the microbiota. PAR1 and PAR2 are 
expressed throughout the gastrointestinal (GI) tract[41]. Although PARs are 
traditionally known to affect several vascular responses, recent studies have indicated 
the functional role of PAR signaling in the GI tract. Proteases A, either from the gut 
lumen or from the mucosa, are capable of activating PARs, thus influencing gut 
permeability regulation[44].

Both endothelial cells and platelets possess innate immunity receptors, such as Toll-
like receptors (TLRs). After being activated by bacterial components, TLR2 and TLR4 
promote cell activation and the subsequent release of different procoagulant molecules
[45,46]. The role of the impairment of the intestinal barrier has been recently indicated 
by Pastorelli et al[47] who showed that LPS level increased in systemic circulation of 
IBD patients and correlated with TLR4 concentrations in both active and remission 
phases of IBD. Simultaneously, serum LPS level correlated with both D-dimer and 
F1+2 levels, which supports the role of the impairment of the intestinal barrier in 
triggering the activation of the coagulation cascade in IBD. In fact, LPS might act as the 
link between the microbiome and hypercoagulability.

Gut microbiome and TE
Recent reports have suggested that alterations in gut microbiome due to a decrease in 
commensal anaerobic bacteria and an increase in the abundance of the Gram-negative 
Enterobacteriaceae family may increase the risk of TE[48]. It was found that dietary 
nutrients, such as choline, carnitine and butyrobetaine, common in a western diet, can 
be used by gut microbes to produce trimethylamine (TMA), which is converted into 
TMA N-oxide (TMAO)[49]. Clinical studies have revealed that TMAO level is 
associated with thrombotic risk of CVD[49-51]. The mechanisms in which TMAO may 
enhance CVD risk include endothelial cell activation and vascular inflammation, as 
well as alterations in tissue sterol metabolism[50]. A recent study has revealed that gut 
microbes directly contribute to platelet hyper-reactivity through generation of TMAO 
and increased plasma TMAO levels independently predicted the event of thrombosis
[51]. Patients with IBD show microbial imbalance, and a less diverse gut microbiome 
compared to healthy individuals[52]. Currently, there are no data showing metabolic 
pathways by specific gut microbiota in IBD that might cause the risk of thrombosis.

RISK FACTORS OF THROMBOEMBOLIC COMPLICATIONS IN IBD
Disease activity and hospitalization 
Several IBD-specific risk factors are responsible for the increased risk of VTE, 
especially in hospitalized IBD patients, which in part may reflect periods of increased 
inflammation[2,3,53]. The disease phenotype, e.g., pancolitis in patients with UC, 
extensive colonic involvement and active fistulizing CD are significantly associated 
with VTE in IBD patients[2,3,10]. Similar data reported by a recent large cohort Swiss 
study and a recent cohort multinational study in East Asia demonstrated that VTEs 
were prevalent in CD patients with ileocolonic involvement, and in UC patients with 
pancolitis[54,55]. During hospitalization, VTE events are also related to immobility, the 
use of a venous catheter for parenteral nutrition, and fluid depletion due to diarrhea.

Clinical and biochemical specificities
VTEs in IBD patients are characterized by unusual clinical and biochemical 
specificities (an earlier first episode in life, high rates of remission, and high recurrence 
rates). The incidence of VTE increases with age. However, it occurs more frequently in 
younger patients with IBD than in those without this condition[2,3,53,56]. A large 
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population-based study from Denmark showed that the risk of VTE was particularly 
high (sixfold higher HR) in young patients with IBD as compared to age and sex-
matched patients without IBD[53]. VTE events are more frequent in active IBD. 
However, in one-third of the patients with IBD, VTE was observed during clinical 
remission[7,56,57]. Although the epidemiological data demonstrate a relative 
prevalence of VTE in some immune-mediated disorders[58], especially among many 
inflammatory and/or immune-mediated conditions, IBD is related to a significantly 
more prominent risk of VTE[56]. Therefore, IBD is itself prothrombotic.

Polish studies have shown that plasma fibrin clot permeability is reduced and fibrin 
network is mostly resistant to lysis in patients with IBD, which may represent a 
mechanism for increasing the thrombotic risk in IBD[59]. Recently, the investigators at 
the University of Leuven, Belgium indicated that clot lysis parameters (area under the 
curve, 50% clot lysis time, and amplitude) were significantly higher in IBD compared 
to controls and in IBD with thrombotic events and a history of thrombosis compared 
to IBD without thrombosis[60]. Taken together, fibrin clot phenotype in IBD may be 
considered a potential novel risk factor for TE.

Recurrence of VTE 
IBD represents an independent risk factor for the recurrence of VTE. Novacek et al[61] 
showed that patients with IBD who experienced their first episode of unprovoked VTE 
had 33% likelihood of the second episode of VTE within 5 years compared to 21% in 
non-IBD patients (HR: 2.5). Recently, Bollen et al[62] presented a monocentric cohort of 
IBD patients with a history of VTE and ATE and focused on the recurrence rate. These 
authors confirmed the high recurrence rate of thrombotic events in patients with IBD. 
They found that 30% of patients were identified to have recurrent TE events. In this 
group, 83% developed VTE, with DVT as the major manifestation (40%), followed by 
PE (23%). However, a relatively high number of thrombotic events (i.e. 17%) became 
recurrent in arterial circulation. De Fonseka et al[63] found that a history of TE was the 
most significant predictor of VTE in IBD. Similarly, Faye et al[64] showed that in 
patients with IBD, prior VTE was associated with readmission for VTE within 2 mo.

Post-thrombotic syndrome
Post-thrombotic syndrome (PTS) may increase the likelihood of VTE recurrence 
among IBD patients. It is the most frequent complication of VTE located in the lower 
limbs, which develops in 20%–50% of cases after proximal DVT and is severe in 
5%–10% of cases[65]. Reported risk factors of PTS include extensive proximal character 
of DVT, involving the popliteal vein or above. Other reported risk factors include pre-
existing chronic venous insufficiency (especially with mild or severe contralateral leg 
venous ectasia), older age and high body mass index[65]. The risk of PTS is substantial 
but significantly lower after an isolated distal infrapopliteal DVT. Since signs and 
symptoms of DVT and PTS may be similar, diagnosis of PTS should be delayed for 3–6 
mo after DVT diagnosis. Compression ultrasonography, which is based on leg vein 
compression using the ultrasound probe, should be performed to evaluate the degree 
of obstruction by clots, the location of these clots, and the detection of venous insuffi-
ciency[13].

Clostridium difficile infection 
IBD has been shown to be a specific risk factor for the development of C. difficile 
infection, which may lead to higher morbidity and mortality[66]. A large cohort 
retrospective study assessing the Nationwide Inpatient Sample in the USA found that 
the rate of VTE was twofold higher in hospitalized patients with IBD and C. difficile 
infection than in those without C. difficile infection (adjusted OR: 1.7)[67]. In their most 
recent study, Faye et al[64] found that C. difficile infection was an independent risk 
factor of readmission for VTE in patients with IBD during a 2-month time period. 
Therefore, clinicians need to be vigilant to assess C. difficile infections in patients with 
IBD with a flare of diarrhea to counteract C. difficile and minimize the risk of VTE.

Nonspecific risk factors
IBD-associated comorbidity is prothrombotic in itself and is an independent predictor 
of VTE; e.g., congestive heart failure, chronic obstructive pulmonary disease, obesity, 
Behcet’s disease, myeloproliferative diseases (polycythemia vera, paroxysmal 
nocturnal hemoglobinuria, paraproteinemia), liver cirrhosis, or diabetes mellitus[68].

Low serum albumin is a well-recognized risk factor for VTE in nephrotic syndrome
[69]. In patients with IBD, low albumin levels may reflect excess loss of intestinal 
protein, and particularly circulating antithrombotic proteins, especially antithrombin. 
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Serum level of antithrombin may be a marker of underlying inflammation as a 
negative acute phase reactant.

An increased level of lipoprotein(a), an independent risk factor for TE, has been 
shown to account for a tendency toward TE in some CD patients[70]. Autoimmune 
abnormalities and increased production of various antibodies are often associated with 
IBD. Serum cardiolipin autoantibodies involved in higher risk of arterial and venous 
thrombosis are increased in patients with IBD. However, their elevated titer is not 
associated with higher VTE rates[71]. Similarly, in a recent IBD cohort study, a higher 
prevalence of various types of antiphospholipid antibodies was documented in 
patients with CD. However, this status was not associated with more TE events[72].

Provoked VTE and ATE may occur in hyperhomocysteinemia due to deficiency of 
vitamins B12, B6 or folate, or hereditary genetic abnormalities such as gene mutation 
of methylenetetrahydrofolate reductase (MTHFR)[73]. In a meta-analysis, the mean 
plasma homocysteine level was significantly higher in IBD patients compared to 
controls. However, in this study the risk of hyperhomocysteinemia was not higher 
among IBD patients who presented with TE complications[74].

In CD patients, oral contraceptive drugs are well-known risk factors for TE[75]. In 
spite of this, Cotton et al[76] in a large internet-based cohort of patients with IBD found 
that use of hormonal contraceptives in women with multiple risk factors for TE was 
similar to that in women without risk factors. Thus, patients with IBD should be asked 
about risk factors for thromboembolic disease to have an opportunity for alternative 
contraception. Patients with CD are more likely to be smokers, which increases the risk 
of vascular disease in this condition. However, UC is generally a disease of non-
smokers and exsmokers[77].

Extended traveling with prolonged sitting is known as a risk factor for VTE, 
although it is currently recognized that reduced movement on long distance flights is 
more significant than immobilization. As summarized by Byard, long-distance flights 
of ≥ 8 h are associated with a 2–4-fold increased risk of VTE, but only in those 
individuals who have underlying risk factors. Importantly, the potential impact of 
lethal pulmonary VTE exists with increasing numbers of flights of > 16-h duration[78].

IBD medications 
Some drugs used in IBD treatment can be considered potential thrombotic factors. 
Glucocorticosteroids used to maintain remission in IBD by multifactorial anti-inflam-
matory effects are also known to induce hypercoagulability, increasing plasma 
fibrinogen level, and decreasing tissue plasminogen activator activity and prostacyclin 
synthesis[79]. The use of corticosteroids prior to hospitalization is an independent risk 
for VTE[68]. Nguyen et al[80] in their large retrospective cohort study compared the 
risk of postoperative complications between preoperative steroid users and nonusers. 
They found that preoperative steroid use was associated with an increased risk of VTE 
in CD (OR: 1.66) and UC (OR: 2.66).

The role of TNF-α that occupies a central position to generate the inflammatory and 
coagulation cascade has been well defined in CD and UC. Compounds that contain 
anti-TNF-α antibody are currently the most recommended for biological treatment of 
moderate and active CD and UC[81]. Hommes et al[82] demonstrated that treatment 
with infliximab decreased thrombin generation, indicating that coagulation activation 
is mediated by TNF-α or a subsequent cascade of cytokines. In addition, treatment 
with infliximab reduces the level of circulating and prothrombotic serum-soluble 
CD40L in patients with CD[83]. Anti-TNF-α therapy with infliximab also downreg-
ulates isoprostane generation and thromboxane synthesis, which may reduce 
thromboxane-dependent platelet activation in IBD patients[84]. Bollen et al[85] in a 
prospective study investigated the effect of infliximab therapy on the hemostatic 
profile. They documented normalization of the clot lysis profile in responders to 
infliximab treatment, suggesting that infliximab is especially advisable for patients 
with IBD with an activated hemostatic profile. Swiss investigators in their single-center 
retrospective study found that in patients with IBD, TNF-α inhibitor therapy was 
associated with a reduced risk of TE (OR: 0.20), whereas corticosteroid use increased 
(OR: 4.62) TE[63]. A recent meta-analysis conducted by Hungarian investigators 
showed that systemic corticosteroids were associated with a significantly higher rate of 
VTE complications in IBD patients as compared to IBD patients without steroid 
medication (OR: 2.202). In contrast, treatment with anti-TNF-α agents resulted in a 
fivefold decreased risk of VTE compared to steroid medication (OR: 0.267)[86].

Tofacitinib, a small-molecule Janus kinase inhibitor, has been used for the treatment 
of moderate and severe UC. Recently, safety data for tofacitinib in rheumatology 
studies showed that tofacitinib 10 mg twice daily increased the frequency of VTE, 
although the study comprised patients aged ≥ 50 years who presented with other 
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cardiovascular risk factors[87]. The US Food and Drug Administration has indicated 
that tofacitinib 10 mg twice daily may increase the risk of VTE[88]. The most recent 
preliminary analysis of UC patients treated with tofacitinib 10 mg twice daily 
demonstrated that five presented with VTE (four PE, and one DVT), as compared to 
two patients receiving placebo[89]. The analysis was limited by the small group of 
patients, and hence further studies are warranted. At present, since uncertainty exists, 
the lower dose of tofacitinib (5 mg twice daily) is indicated.

Surgery
Colorectal surgery is a strong predictor of developing VTE[90]. A combination of 
pathophysiology of IBD and surgical risk factors increases the risk of postoperative 
VTE in IBD patients. A recently conducted Canadian meta-analysis showed that IBD 
patients undergoing colorectal surgery were at a higher risk for postoperative VTE as 
compared to patients undergoing surgery for colorectal cancer[91]. Patients with UC 
may be at higher risk for postoperative VTE as compared to those with CD. Wilson et 
al[92] found that during admission and within 30 d of hospital discharge, the incidence 
of VTE was higher in UC patients (2.74%) than in patients with colorectal cancer 
(1.74%). However, the lowest incidence was seen in patients with CD (1.2%). Similarly, 
McCurdy et al[93] reported that the cumulative incidence of VTE at 1 mo after 
discharge was higher in surgical patients with UC (HR: 1.68; 95%CI: 1.16–2.45) but not 
in surgical patients with CD. In UC patients, the risk of VTE is mostly higher in 
patients after colectomy[94,95]. McKenna et al[95] using the American College of 
Surgeons-National Surgical Quality Improvement Project database found that 
surgically urgent UC cases showed a higher rate of VTE than non-IBD patients 
undergoing colorectal resections (6.9% vs 3.1%).

PROPHYLAXIS OF VTE IN IBD
Of note, controlling the disease activity as the primary aim of IBD treatment may 
partly prevent VTE events and also reduce the risk of recurrent VTE episodes. 
Correction of vitamin deficiencies (particularly B6, B12 and folic acid) can reduce 
homocysteine levels[74]. In addition, therapy with sulfasalazine or methotrexate may 
induce folate deficiency, thus supplementation of folic acid is advocated.

Pharmacological prophylaxis
It has been confirmed that that IBD patients have an elevated risk of VTE compared to 
the general population. Consequently, GI societies from North America and Europe 
have advocated the use of pharmacological prophylaxis among hospitalized IBD 
patients[15,96,97]. Low molecular-weight heparin (LMWH) and unfractionated 
heparin are recommended for thromboprophylaxis in IBD patients. Primary 
prophylaxis is advocated for all hospitalized IBD patients, because the higher risk of 
VTE in hospitalized IBD patients also includes those hospitalized for non-IBD related 
reasons[96-98]. In the period of active bleeding, mechanical prophylaxis is temporarily 
advisable. If bleeding is not severe, anticoagulant thromboprophylaxis should be 
substituted for mechanical thromboprophylaxis. Anticoagulant thromboprophylaxis 
during hospitalization is recommended for IBD patients who underwent major 
abdominal-pelvic or general surgery. Similarly, anticoagulant thromboprophylaxis 
during hospitalization is indicated for pregnant women with IBD who underwent 
cesarean section. Another recommendation for pharmacological prophylaxis is 
advocated (related to secondary prophylaxis) during moderate-severe IBD flares in 
outpatients with a history of VTE. The unresolved question is whether thrombopro-
phylaxis should be extended to all outpatients with the disease flare. Thus, the 
absolute risk of VTE should be assessed for each ambulatory patient with active IBD, 
including co-morbidity, previous VTE events, the use of oral contraceptives, smoking, 
and the presence of venous catheters[68,98]. Moreover, disease features could be 
useful in assessing the individual prothrombotic risk. Another question arises whether 
thromboprophylaxis should be extended after hospitalization to IBD patients with a 
higher risk for VTE. In a recent population-based study, McCurdy et al[93] found that 
surgical IBD patients with UC and non-surgical IBD patients were 1.7-fold more likely 
to develop post-discharge VTE than non-IBD matched controls. These authors showed 
that the risk score of post-discharge VTE for IBD patients included age over 45 years 
and the length of admission (more than 7 d), which would indicate prolonged post-
hospitalization VTE prophylaxis. In another recent study evaluating predictors of post-
hospitalization VTE in patients with IBD, Faye et al[64] showed that risk factors such as 
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older age, discharge to a nursing facility, and a previous C. difficile infection at the time 
of admission increased this risk. In addition, they found that over 90% of VTE 
readmissions occurred within 60 d post-discharge, with the majority in the first 20 d. 
These findings should increase alertness and consideration of thromboprophylaxis in 
this population.

Finally, it is well known that surgery represents a major risk factor for VTE, partic-
ularly in patients with IBD, and thromboprophylaxis is universally performed from 
the day of surgery to discharge. However, as reported before, in the IBD patient 
population, colorectal surgery is related to an additional VTE risk, including post-
discharge period[93,95]. Recent meta-analyses in the United States indicated that IBD 
patients undergoing colorectal surgery were at a higher in-hospital and post-discharge 
risk for postoperative VTE compared to non-IBD patients undergoing surgery for 
colorectal cancer[91,99]. Current prophylaxis may not be sufficient to prevent VTE, 
especially for UC patients undergoing emergency colorectal procedures who might 
benefit from extended TE prophylaxis[92,94]. Kaplan et al[94] presented a population-
based surveillance of UC hospitalized patients during a flare and compared VTE 
events between UC patients who responded to medical management and patients who 
underwent colectomy. These authors showed that VTE was significantly higher among 
patients who underwent colectomy, and mostly higher in patients after emergency 
colectomy, although more than 90% of surgical patients were given heparin 
prophylaxis. Despite a large amount of evidence demonstrating the high VTE risk in 
IBD, no randomized controlled trials specifically assessed the efficacy of anticoagu-
lation in reducing the rate of VTE in IBD patients or in applying extended-duration 
prophylaxis after surgery to this population.

Implementation of prophylaxis in IBD 
Although the increased risk of VTE among IBD patients has been documented, 
thromboprophylaxis rates in hospitalized patients with IBD seem to be low[98]. Recent 
and prior studies showed that patients with IBD admitted to surgical service received 
anticoagulation prophylaxis more often than those admitted to medical centers. In a 
multicenter retrospective study from Canada, patients with IBD admitted to the 
surgical setting were more likely to receive VTE prophylaxis than those admitted to 
medical service (84% vs 74%)[100]. Implementation of an electronic alert system seems 
to be an effective tool for increasing VTE prophylaxis rates in hospitalized patients 
with IBD. The introduction of this system was associated with a significant impro-
vement in prophylaxis rates in both medical (26.3% vs 62.8%) and surgical (83.7% vs 
95.5%) services[101]. All providers should be educated on the increased risk of VTE as 
well as the safety of pharmacologic prophylaxis. Inadequate implementation of VTE 
prophylaxis in patients with IBD is still mainly due to the concern about the safety of 
anticoagulation. Although prior data of Ra et al[102] indicated that the rate of major 
and minor bleeding was not significantly higher in the group who received pharmaco-
logical VTE prophylaxis compared to those who did not receive it, Faye et al[103] 
showed that IBD patients with minor hematochezia (OR: 0.27) were significantly less 
likely to receive VTE prophylaxis. In addition, these investigators concluded that VTE 
prophylaxis was not associated with increased blood transfusion rates or a clinically 
significant decline in hemoglobin level during hospitalization]. It should be underlined 
that most patients with hematochezia will have a disease flare, and they are at a 
significantly increased risk for VTE during this time.

Mechanical prophylaxis
Mechanical thromboprophylaxis, graduated compression stockings, and/or 
intermittent pneumatic compression devices are indicated for IBD patients hospit-
alized with major GI bleeding[96]. Early mobilization in hospitalized surgical and non- 
surgical IBD patients should be always considered. These methods address the venous 
stasis portion of the Virchow triad by increasing venous blood flow. There are several 
proposed mechanism for the efficacy of induced venous stasis, including increased 
level of tissue factor inhibitor, the resultant factor Xa–related coagulation inhibition, 
and promotion of fibrinolysis by increased release of t-PA from the endothelium[104]. 
However, in cases of severe limb ischemia, the use of mechanical prophylaxis could 
worsen the ischemia and should not be used in these patients.

TEST SCREENING FOR THROMBOSIS RISK
Thrombophilia is related to acquired or inherited susceptibility to thrombosis. 
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However, thrombophilia testing in IBD patients is not routinely recommended. In 
general, no interaction between IBD and inherited factors of thrombophilia was found. 
Study results showed that the prevalence of factor V Leiden (which makes factor V 
resistant to inactivation by activated protein C) in IBD is not different compared to the 
general population. Studies failed to demonstrate the prevalence of the genetic variant 
prothrombin G20210A, and MTHFR, or gene mutation related to hyperhomo-
cysteinemia in IBD patients[105,106]. However, hereditary genetic screening should be 
performed in IBD when a familial history of thrombosis, myocardial infarction, or 
stroke before the age of 50 is confirmed in first-degree relatives[107]. In addition, 
myeloproliferative neoplasms should be considered in patients with splanchnic vein 
thrombosis, particularly in the absence of an additional provoking factor. In these 
cases, testing for the JAK2V617F mutation, which is present in most patients with a 
myeloproliferative neoplasm is useful for identifying this disorder[100].

D-dimer, a fibrin degradation product, is effective for VTE screening, and 
adequately demonstrates the occurrence of VTE in the general population, although 
this test is characterized by low specificity[108]. However, high prevalence of elevated 
D-dimer in active patients with IBD usually rules out its utility in IBD[24,25,109].

Search for a biomarker which could select patients with and increased risk for 
thrombosis among IBD subjects is a challenging dilemma for clinicians. The 
endogenous thrombin potential (ETP) test may be considered a new tool for 
prospective studies on IBD patients to assess the risk of TE[110]. As opposed to 
coagulation intermediates or fragments which are markers of thrombin already 
generated, the ETP quantifies thrombin activity that can be generated in plasma. The 
increased ETP has been demonstrated in adult patients with IBD, and in active and 
quiescent stages in pediatric IBD patients, which indicates that procoagulant potential 
is a feature of the disease[38,110]. Probably the prospective studies are needed to 
evaluate clinical value of ETP, which stratifies the VTE risk, especially in pediatric IBD 
patients, in whom anticoagulation prophylaxis is not routinely recommended. 
Recently, investigators at the University of Leuven have determined the clot lysis 
profiles in patients with IBD before and after developing thrombosis and showed that 
clot lysis parameters differed significantly between IBD patients with and without a 
history of TE[62]. Therefore, a functional clot lysis assay could be included in the 
assessment of TE risk[60]. Nevertheless, it should be noted that both ETP test and clot 
lysis assay have sophisticated methodology, and hence are not routinely used.

TREATMENT OF VTE IN PATIENTS WITH IBD 
The general approach to treatment of VTE in patients with IBD is similar to patients 
without IBD. If there is no hemodynamically significant bleeding, LMWH is the most 
appropriate treatment. LMWH is usually switched to an oral vitamin K antagonist (e.g. 
warfarin). In terms of VTE treatment, strong recommendations are made for a period 
of minimum 3 mo of anticoagulant therapy for adult and pediatric IBD patients with a 
symptomatic VTE, including symptomatic splanchnic vein thrombosis. In patients 
with active IBD, in the first event of VTE, anticoagulation therapy should be continued 
until IBD has been in remission for at least 3 mo. For IBD patients with unprovoked 
VTE presenting during clinical remission, indefinite anticoagulant therapy is 
recommended with a periodic analysis of the decision. In similar cases, if there is a 
reversible risk factor, anticoagulation therapy is recommended for at least three 
months until a risk factor has resolved. In addition, in those cases it is recommended 
that therapy should be prolonged for at least 1 mo until the risk factor has resolved. 
The risk-benefit ratio of long-term therapy should be evaluated on an individual basis. 
Anticoagulant treatment should aim not only at preventing thrombus extension but 
also at preventing early and late recurrences[111].

Treatment of PTS
The presence of residual vein thrombosis (partial recanalization) at 3 to 6 mo post-DVT 
is associated with symptomatic PTS and an increased risk of VTE recurrence in about 
one third in the post-DVT patients after regular discontinuation of anticoagulant 
treatment. Patients with PTS with delayed recanalization, and venous reflux confirmed 
by compression ultrasonography should receive extended anticoagulation treatment
[112]. In addition, in patients hospitalized at risk of PTS, recurrence prevention 
includes immediate mobilization and compression stockings[65]. Vitamin K 
antagonists (mainly warfarin) are effective in treating VTE, but they require frequent 
monitoring. Poor quality of anticoagulation control (e.g., too low doses during 
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treatment) may explain why at least some patients develop PTS[65].

OTHER TREATMENT MODALITIES
New oral anticoagulants
Anticoagulation treatment options have undergone a significant change within the last 
10 years due to the development of direct oral anticoagulants (DOACs). Direct factor 
Xa inhibitors (rivaroxaban, apixaban, and edoxaban), and thrombin inhibitor 
(dabigatran) are currently available. In patients on DOACs, it is not necessary to 
monitor the INR ratio or heparin bridging. DOACs may allow stable patients with 
VTE to be treated at home earlier than in the case of warfarin. In fact, DOACs might be 
superior to vitamin K antagonists in treatment of VTE and prevention of PTS[113]. 
VTE is a dynamic process resulting from clot propagation exceeding clot lysis over 
time[114]. Anticoagulant therapy attenuates thrombin generation and promotes clot 
lysis by preventing thrombin activation of TAFI, and in turn inhibition of clot lysis. A 
failure to adequately suppress thrombin generation and/or activity will permit 
continued feedback activation of thrombin generation, fibrin formation, and inhibition 
of fibrinolysis by activation of TAFI. Some reports indicated that treatment with 
DOACs of acute symptomatic VTE was associated with a significantly lower risk of 
bleeding complications as compared with the vitamin K antagonist[115]. However, in 
case of overdose, there is no reversing agent for these drugs. In relation to IBD, 
currently there are no data related to the use of these promising drugs. DOACs, and 
perhaps low-dose DOACs, could have a particularly important role in the 
management of outpatients with IBD in remission and in outpatients with IBD-
associated PTS. In such cases, controlled trials are warranted.

Acetylsalicylic acid 
Acetylsalicylic acid (ASA) is commonly used for preventing arterial thrombosis. Some 
studies showed that aspirin reduced the relative risk of recurrent VTE by 30% in the 
high risk population compared to placebo[116]. However, the use of ASA in 
prevention of VTE is currently not routinely recommended. It should be underlined 
that if patients are scheduled for anticoagulation therapy, and have been on ASA for 
another indication, the risk of bleeding might be increased. A new generation of 
antiplatelet compounds which selectively inhibit platelet activation rather than platelet 
aggregation merits future studies.

Local thrombolysis
Catheter-directed thrombolysis (CDT) is increasingly used to treat acute TE. Currently 
used thrombolytic agents include t-PA, urokinase or streptokinase. It is accepted that 
systemic thrombolytic therapy should be considered in patients with massive PE, 
defined by hemodynamic compromise[117]. The cases of severe thrombosis causing 
limb ischemia may also require CDT. The role for thrombolysis, particularly CDT in 
other patients with DVT is less well established. CDT would be favorable in otherwise 
healthy patients with significant iliofemoral DVT. The rationale here is that CDT may 
decrease the incidence and severity of PTS. In IBD, a systematic review of outcomes 
with anticoagulation vs CDT was compared. It was found that CDT was more effective 
to achieve complete or partial symptomatic and radiologic resolution of thrombus in 
patients with IBD. Although hemorrhagic complication tended to occur more 
frequently in patients treated with CDT, no statistically significant differences were 
found in terms of complications between the two groups[118].

CONCLUSION
VTE events in IBD may increase as the incidence of IBD and life expectancy also 
increase. The risk of arterial TE is significantly lower than VTE, but an increased risk of 
cardiovascular diseases need to be monitored in IBD patients. Patients with IBD have a 
higher baseline risk of VTE, which further increases with surgery and corticosteroid 
therapy. Long-term complications of VTE can include post-thrombotic syndrome or 
chronic thromboembolic pulmonary hypertension. Thus focus on prevention and 
consideration of the utility of post-discharge prophylaxis and effort of implementation 
of VTE prophylaxis should be continued. The pathogenesis of TE in IBD is 
multifactorial and incompletely understood. The activation of coagulation is 
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recognized as an important component of the inflammatory response in IBD, and is 
also significant in the progression and possible pathogenesis. Whereas intestinal 
bacterial components may trigger the coagulation cascade in IBD, the gut microbiome 
could be an innovative approach for decreasing the risk of thrombosis in IBD.
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Abstract
Pancreatic ductal adenocarcinoma (PDAC) is an aggressive tumor with high 
lethality. Even with surgery, radiotherapy, chemotherapy, and other locoregional 
or systemic therapies, the survival rates for PDAC are low and have not signi-
ficantly changed in the past decades. The special characteristics of the PDAC’s 
microenvironment and its complex immune escape mechanism need to be 
considered when designing novel therapeutic approaches in this disease. PDAC is 
characterized by chronic inflammation with a high rate of tumor-associated 
macrophages and myeloid-derived suppressor cells and a low rate of natural 
killer and effector T cells. The pancreatic microenvironment is a fibrotic, microvas-
cularized stroma that isolates the tumor from systemic vascularization. Immuno-
therapy, a novel approach that has demonstrated effectiveness in certain solid 
tumors, has failed to show any practice-changing results in pancreatic cancer, 
with the exception of PDACs with mismatch repair deficiency and high tumor 
mutational burden, which show prolonged survival rates with immunotherapy. 
Currently, numerous clinical trials are attempting to assess the efficacy of 
immunotherapeutic strategies in PDAC, including immune checkpoint inhibitors, 
cancer vaccines, and adoptive cell transfer, alone or in combination with other 
immunotherapeutic agents, chemoradiotherapy, and other targeted therapies. A 
deep understanding of the immune response will help in the development of new 
therapeutic strategies leading to improved clinical outcomes for patients with 
PDAC.

Key Words: Pancreatic cancer; Immunity; Immune evasion; Tumor microenvironment; 
Immunotherapy; Cancer vaccines
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Core Tip: Immunotherapy has demonstrated effectiveness in treating several solid 
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INTRODUCTION
Pancreatic ductal adenocarcinoma cancer (PDAC) derives from pancreatic glandular 
tissue and is considered the fourth most lethal malignant tumor worldwide, with high 
mortality and poor prognosis[1]. The aggressive nature of PDAC is the result of a 
multifactorial condition related to its desmoplastic stroma and characteristic tumor 
microenvironment (TME), the ability to evade the immune response, the low tumor 
mutational burden (TMB) and the lack of effective treatments[2].

Despite the use of various approaches and therapies such as surgical resection, 
radiotherapy, systemic chemotherapy and the combination of these therapies[3], 80% 
of such patients will die within a year of the diagnosis[4]. Even for patients with 
resectable disease who undergo R0 pancreatic surgery, the 5-year survival rate is less 
than 20%[5,6], and the 5-year overall survival (OS) is lower than 7% for those with 
metastatic PDAC[7]. Novel therapeutic strategies such as adjuvant modified 
FOLFIRINOX (folinic acid, 5-fluorouracil, irinotecan, and oxaliplatin) have improved 
postoperative survival rates[8]. For advanced and metastatic PDAC, chemotherapy is 
the only treatment option. Despite the new chemotherapy regimens developed over 
the past few years (FOLFIRINOX and gemcitabine plus nab-paclitaxel), however, the 
median OS is still under 12 mo[1,8]. Most of the driver mutations identified in PDAC 
lack targeted therapies. Nevertheless, patients might benefit from platinum-based 
chemotherapy and poly (ADP-ribose) polymerase (PARP) inhibitors in the case of 
BRCA1/2 mutation[9], immune checkpoint inhibitors in microsatellite instability[10] 
and tyrosine-kinase inhibitors for patients harboring neurotrophic-tropomyosin 
receptor kinase (NTRK) gene fusions[11], although the improvement in survival is not 
as successful as in other tumors. Even with all these advances, the OS for PDAC has 
hardly improved in recent decades.

Immunotherapy is a classic treatment approach and has been recognized since 2017 
as the fourth pillar of treatment for many solid tumors[12]. A high number of 
preclinical and clinical studies are evaluating the efficacy of immunotherapeutic 
strategies in PDAC, including immune checkpoint inhibitors, cancer vaccines, and 
adoptive cell transfer, combined with other immunotherapeutic agents, chemoradio-
therapy or other molecularly targeted agents. However, this new strategy still fails to 
meet the clinical needs of patients with PDAC, a consequence of the complex immune 
escape mechanisms, which need to be understood to improve the efficacy of new 
therapies.

In this review, we summarize the immune response mechanisms, the current 
landscape and the limitations of immunotherapy in PDAC.

IMMUNE RESPONSE IN PANCREATIC CANCER
The immune system and inflammatory state involve numerous interactions with 
premalignant and malignant lesions. While chronic inflammation induced by the 
immune system is associated with tumor growth[13], tumors cause tissue destruction 
and trigger inflammatory signals leading to the recruitment of cells of the innate 
immune system such as natural killer (NK), T cells, macrophages, and dendritic cells 
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(DCs)[13]. Inflammation is characterized by supporting hallmarks capabilities that 
contribute to tumor progression by providing cytokines, chemokines, proteases, and 
growth and proangiogenic factors; encouraging angiogenesis and tissue remodeling, 
assisting in the invasion and metastasis and ultimately driving local and systemic 
immune suppression[13].

In an effort to understand the dynamics of the immune response from preinvasive 
pancreatic intraepithelial neoplasia (PanIN) to invasive and metastatic PDAC, a study 
with genetically engineered KRAS and p53 mutant mice showed that immune system 
cells with suppressive properties are involved from the earliest stages of tumori-
genesis. The RAS oncogene induces inflammation and immune suppression in the 
microenvironment, and both carry immune privilege in the tumor[14]. The 
predominant cells in the tumor stroma are immunosuppressive leukocytes that 
weakens the antitumor functions of lymphocytes infiltrating the pancreas and promote 
disease progression[15]. In contrast, many other solid tumors harbor a larger infilt-
ration of effector T cells, which has been associated with enhanced clinical outcomes
[14].

Immune system cells in pancreatic ductal adenocarcinoma
The most common immune cells in the tumor microenvironment (from PanIN to 
PDAC) include tumor-associated macrophages (TAM), myeloid-derived suppressor 
cells (MDSC), neutrophils, regulatory T cells (Treg), a smaller number of effector T 
cells and, rarely, NK cells[13-15].

TAMs and MDSCs are innate immune cells that play a dual role in PDAC and are 
involved in cancer cell recognition and antitumor response but also lead to chronic 
inflammation[16,17]. Macrophages are predominant in the initial stages of the disease, 
but the ratio of TAMs and MDSCs becomes similar as the disease progresses[15]. 
There are very few lymphocytes in the tumor; CD4+ T cells, along with a high portion 
of Tregs, are the most frequent. NK and CD8+ T cells are extremely rare at any stage
[15].

Tumor-associated macrophages 
Two types of TAMs have been identified: M1 and M2 macrophages. M1 macrophages 
secrete proinflammatory cytokines with antineoplastic effects, while M2 macrophages 
release cytokines that lead to tumor progression[18,19]. Macrophages are the most 
common immune cells in the tumor microenvironment at the early stage. Several 
reports have shown an inverse correlation between the prognosis and M2 TAM infilt-
ration in vairous tumors, including PDAC[20,21].

TAMs produce cytokines, proteases and metabolites, such as indoleamine dioxy-
genase and reactive oxygen species, which inhibit T-cell activity against tumor and 
attract Tregs to the tumor site[22]. Moreover, TAMs facilitate tumor angiogenesis by 
releasing pro-angiogenic factors such as vascular endothelial growth factor (VEGF) 
and participate in matrix remodeling to facilitate invasion and metastasis[23].

Myeloid derived suppressor cells
MDSCs are a heterogeneous group of immature cells divided into polymorphonuclear 
(PMN-MDSC) and monocytic (M-MDSC), resembling neutrophils and monocytes, 
respectively[24,25]. Myeloid cells are more frequent in the advanced stages of PDAC, 
when the number of these cells is comparable to TAMs’. MDSCs inhibit the innate 
antitumor immunity[26].

MDSCs have a variety of mechanisms to attenuate immune response. They inhibit 
the antigen-specific response of CD4+ and CD8+ T cells. Some of these mechanisms 
occur through direct cell-to-cell contact between MDSCs and lymphocytes with the 
participation of programmed death-ligand 1 (PD-L1) and programmed death-1 (PD-1). 
MDSCS therefore induce the suppression of T-cell activation and self-tolerance[26]. In 
addition, MDSCs suppress the proliferation, cytokine production, and cytotoxic 
function of T cells[27]; decrease T-cell receptor signaling[28]; and induce apoptosis of 
intratumor T cells[28]. Furthermore, MDSCs induce Treg expansion through inter-
leukin (IL)-10[29], resulting in additional suppression of T-cell function. As with 
TAMs, an increase in MDSCs in patients with cancer is related to high levels of VEGF
[30].

Natural Killer cells
NK cells are an important immune component in controlling the antitumor immune 
response. These immune cells can interact with DCs, macrophages, T cells and 
endothelial cells through cell-to-cell contact and secreting cytokines[31]. A number of 
studies have found that natural killer (NK) cells are positively correlated with survival 
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in patients with PDAC[32]. However, PDAC is characterized by a very low count of 
NK cells in the tumor site ( < 0.5%)[33]. Furthermore, the antitumor effect of NK cells 
decreases by the action of pancreatic stellate cells[34] and the expression of IL-10, 
transforming growth factor beta (TGF-b), indoleamine 2,3-dioxygenase (IDO), and 
matrix metalloproteinases (MMPs)[35].

Tumor associated Neutrophils 
Tumor associated neutrophils (TANs) are typically localized at the periphery of the 
tumor site in early stages of the disease and infiltrate the center of the tumor in 
advanced stages. The neutrophil-to-lymphocyte ratio (NLR) has been studied as a 
predictor, and high TAN counts are correlated with poor prognoses[36-38]. However, 
the value of the NLR with regard to prognosis and survival prediction requires further 
validation.

There are two types of TANs: N1 and N2 which have different functions[39]. N1 
TANs are proinflammatory and releases IL-12, tumor necrosis factor (TNF)-a and 
other immunostimulatory cytokines involved in the migration and activation of CD8+ 
T cells[40]. N2 TANs are immunosuppressive and promote angiogenesis, invasion and 
metastases. These tumor-promoting activities are mediated by hepatocyte growth 
factor (HGF), oncostatin M, reactive oxygen species (ROS), reactive nitrogen species 
(RNS), matrix metalloproteinase (MMPS), and neutrophil elastase (NE)[39].

T cells 
PDAC presents a variable number of T cells, encompassing several T-cell subpopu-
lations. The immunosuppressive microenvironment, compounded by fibroblast and 
desmoplastic stroma, prevents T-cell infiltration and influences their spatial distri-
bution in the tumor site[41]. CD4+ and CD8+ T cells have specific regulation, produce 
several cytokines, and have different functions in immunity[42]. Consequently, the 
effects of T cells in PDAC depend on the subpopulation type, their spatial distribution, 
and macrophage infiltration. A high infiltration of CD4+ and CD8+ T cells, low infilt-
ration of Treg cells, and high ratio of M1/M2 macrophages are therefore associated 
with greater survival in PDAC[43,44].

CD4+ lymphocytes are differentiated into T helper (Th) 1, Th2, Th17 and Treg 
subpopulations. Th1 produces interferon gamma (IFN-γ) and cytotoxic molecules that 
support cellular type I immunity (priming, activation and recruitment of cytotoxic T 
lymphocytes, M1 macrophages and NK cells) that attack intracellular pathogens and 
tumors immunity[45]. Th2 produces IL-4, IL-5 and IL-3, participates in humoral type II 
immunity (inducing M2 macrophages) and contributes to allergy and asthma[45]. Th2 
is predominant in PDAC and is associated with disease progression[46] and shorter 
OS[47]. Th17 produces IL-17, IL-21 and IL-22 and protects against extracellular 
bacterial and fungal infections[48]. Oncogenic KRAS, expressed in pancreatic cells, 
induces the recruitment of Th17 cells into the TME[49]. Th17 and IL-17 are involved in 
PDAC progression[49]. A high proportion of Th17 cells in tumor site is correlated with 
shorter OS and distant disease.

Regulatory T cells or suppressor T cells are a subpopulation of CD4+ lymphocytes 
that infiltrate the tumor. The main function of Treg in healthy patients is to maintain 
tolerance to self-antigen and prevent autoimmune disease[50]. Treg counts increases 
from PanIN to advanced PDAC[15]. In case of PDAC, Tregs have differing roles 
depending on the tumor stage. Tregs promote tumorigenesis by suppressing the 
cytotoxic function of T cells, IFN- γ and IL-2, induced by tumor antigens[15]. In 
contrast, Tregs can delay tumor progression by assessing the suppressive myeloid cells
[51]. Tregs are associated with worse prognosis and decreased survival[52].

CD8+ T cells, also Known as cytotoxic T lymphocytes and effector T lymphocytes, 
produce IFN-γ, TNF and cytotoxic molecules against tumor cells and protect from 
cancer recurrence[53]. CD8+ T cells are scarce in PDAC.

T cell evasion
The most well-known mechanism of immune tolerance in cancer is the exhaustion of 
effector T cells (CD8+ T lymphocytes), produced by the binding of cytotoxic T 
lymphocyte antigen 4 (CTLA-4) to CD80 and of PD-L1 (CD86) to PD-1. However, 
effector T lymphocytes are scarce in pancreatic cancer, and the inflammatory immune 
reaction develops early, suppressing the development of an adaptative immune 
response.

T cell evasion in PDAC has been describe as a 4-step process[14,15]: 1) Induction: 
mutations in oncogenes (i.e., KRAS) and tumor suppressor genes initiate the process of 
tumorigenesis from normal pancreatic cells to PDAC. 2) Inflammation: PanIN, a 
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preinvasive lesion, produces soluble factors inducing local inflammation and 
recruitment of immune cells in the tumor site. 3) Immunosuppression: chronic inflam-
matory reaction and enrollment of TAMs, MDSCs and Treg cells produce immunosup-
pressive cytokines and suppressive response with cell-to-cell contact. Macrophages 
and suppressive T cells prevent effector T cells from entering the TME[54], while 
cytokines such as IL-10 and TGF inactivate the few effector T cells present in TME[55]. 
This condition prevents an efficient adaptive response against the tumor. 4) Immune 
Privilege: in the advanced stage of the disease, immune evasion persists, and the TME 
becomes a site of immune privilege for pancreatic tumor cells.

Tumor microenvironment: A barrier for immunotherapy
The PDAC microenvironment is a classical barrier involved in tumor progression[56], 
and low microvascular density hinders the diffusion of therapeutic agents[57,58]. This 
fibroinflammatory structure is a mixture of immune cells, malignant cells, and a dense 
desmoplastic stroma, which includes fibroblasts, blood vessels, and pancreatic stellate 
cells[59,60]. The stroma is a traditional characteristic of PDAC that participates in 
tumor growth, vascularization, drug diffusion, resistance to treatment, and metastasis
[61]. Tumor cells and stromal cells undergo into a continuous change throughout the 
transformation process from a healthy pancreatic tissue to an invasive malignance[13]. 
TME plays a key role in this immunosuppression and presents similar characteristics 
in both primary and metastatic lesions[62].

Based on the biological, prognostic, and predictive characteristics, it is possible to 
differentiate two molecular subtypes (classical and basal-like)[63-65] and two stromal 
subtypes of PDAC (normal and activated)[66]. The basal-like subtype is associated 
with an activated stroma and poor prognosis[64,65]. Patients with the activated 
stromal PDAC subtype have a poorer prognosis compared with the normal stromal 
subtype, presenting a median OS of 15 vs 24 mo, respectively[66]. Activated stroma is 
associated with a greater presence of macrophages and activated fibroblasts, both 
responsible for poor clinical outcomes[66]. Modulating the TME would possibly 
redirect the immune system to eliminate the tumor, achieving greater efficiency in 
antitumor therapies.

Tumor mutational burden and mismatch repair deficiency: Assistance for 
immunotherapy
TMB is defined as the total number of nonsynonymous mutations per coding area of a 
tumor gene[67]. A high number of somatic mutations produces and releases 
neoantigens in the TME which lead to increase in inflammatory cytokines and effector 
T cells[2,10,68]. A high TMB therefore stimulates the efficacy of immunotherapy[67,
69]. PDAC is characterized by low immunogenicity and low TMB (1 mutation/ 
megabase) compared with other tumors such as melanoma (10 mutations/megabase)
[67] and lung or bladder cancer (just under 10 mutations/megabase)[70].

There is a known association between mismatch repair deficiency (dMMR) and high 
TMB, and PDAC is not an exception[71]. dMMR represents a loss of function of the 
mismatch repair (MMR) pathway, a DNA repair pathway that plays a key role in 
maintaining genomic stability. Random mutations occurring in small repetitive 
elements define microsatellite instability (MSI)[72]. dMMR is defined as the loss of 
expression of one or more of the MLH1, MSH2, MSH6, and PMS2 proteins. Character-
istically, dMMR is correlated with high TMB[72] and increased effector T cells in 
tumor site[63]. A high MSI status, an emerging predictor of immunotherapy response 
in PDAC, has a prevalence of 0.3-1.3% in this tumor type[73]. Patients with this 
condition present prolonged survival rates[71,74]. Neoantigens must be presented by 
antigen-presenting cells (APCs) to achieve a T-cell response and, in the case of PDAC, 
DCs (the major APCs), are usually immature or scarce, causing weakened T-cell 
activation[75].

LANDSCAPE OF IMMUNOTHERAPY IN PANCREATIC DUCTAL ADENO-
CARCINOMA
Our understanding of the immune response in cancer is still incomplete and continues 
to be investigated, with the reported relationships between the various cell 
populations and microenvironment composition[59,60] the basis for the development 
of immune-based therapies in PDAC. The combination of several immune strategies, 
such as checkpoints inhibitors, immune checkpoints inhibitors or vaccines plus 



Ostios-Garcia et al. Immunotherapy in pancreatic cancer

WJG https://www.wjgnet.com 6780 October 28, 2021 Volume 27 Issue 40

chemotherapy, and the use of adoptive cellular therapy are some of these new 
approaches[76].

Immune checkpoints agents
Whereas immune checkpoint inhibitors have proven their efficacy in many tumors, 
they have falied to do so in PDAC due to its low immunogenicity and low TMB[67]. 
These inhibitors help to interrupt the intratumoral T-cell dysfunction and provide the 
block of the overexpressed receptors involved in its exhaustion such as PD-1 and 
CTLA-4[77]. The union between PD-L1 or PD-L2 and PD-1 induces the cessation of T-
cell effector functions causing a suppression in T-cell motility[78], an antagonization of 
T cell receptor (TCR) signaling[79] and a suppression in gene transcription[80]. PD-L1 
expression is therefore inversely correlated with survival. Thus, anti-PD-L1 and anti-
PD-1 therapies have been shown to reduce tumor volume in mice that were 
subcutaneously injected with a murine PDAC cell line[81].

Antibody anticytotoxic T lymphocyte antigen-4
Several phase II clinical trials in PDAC have been developed using antibodies against 
CTLA-4, such as Ipilimumab[82] and Tremelimumab[83] as single agents; however, 
these studies have not achieved an impact in OS[82,83]. Ipilimumab in a phase II trial 
(NCT00112580) of pretreated patients with locally advanced and metastatic pancreatic 
cancer showed a median OS of 4.5 mo, with no responders except for one patient who 
had a delayed objective response. A phase II trial of Tremelimumab (NCT02527434) in 
metastatic pancreatic cancer had a median OS of 4 mo (95%CI 2.83-5.42), with 18 out 20 
patients with progressive disease.

Antibody anti-programmed death-1 
The efficacy of pembrolizumab in MSI-H PDAC has been reported in the phase II 
NTC02628067 study. The OS and progression-free survival (PFS) were 4 mo and 2.1 
mo, respectively[76], highly disappointing results compared with those obtained in 
other tumors such as colorectal cancer in which a PFS of 16.5 mo was reported in the 
KEYNOTE-177 trial[84]. We do not have results for nivolumab or pembrolizumab as 
single agents in microsatellite stable tumors.

Antibody anti-programmed death-ligand 1
A phase I/II clinical trial (NCT03829501) assessing the efficacy of atezolizumab in 
advanced PDAC and other tumors refractory to first-line treatment is currently 
ongoing.

Combination of immune checkpoints agents
The combination of anti–PD-1/anti–PD-L1 and anti–CTLA-4 might have additive or 
synergistic activity[85]. In fact, the combination has shown enhanced activity in certain 
tumor types such as melanoma and non-small cell-lung cancer[85]. Several clinical 
trials have therefore sought to assess the efficacy of this combination.

Durvalumab alone or in combination with tremelimumab for patients with 
previously treated metastatic PDAC (NCT 02558894) did not achieved any impro-
vement in OS. The combination achieved a median of 3.1 mo, while durvalumab alone 
achieved 3.6 mo[85]. However, the evaluation of the combination of other immuno-
therapy agents such as nivolumab and ipilimumab (NCT01928394) is still ongoing, 
with no results posted yet[86]. Table 1 Lists other immunotherapy agents that have 
been employed in treating PDAC.

Combination of immune checkpoints and chemotherapy
It has been suggested that the efficacy of immune checkpoint inhibitors could improve 
when combined with chemotherapy, the latter acting by activating the intratumoral 
immune response when inducing immunogenic cell death. This type of cell death is 
characterized by a necrolytic release of danger signals that can modify the stroma, 
change cytokine rates, reduce the presence of suppressive cells such as MDSCs and 
Tregs, promote the expression of molecules of the major histocompatibility complex 
(MHC) in cancerous cells and stimulate DC maturation[87]. In animal models, a 
synergetic effect has been observed between the combination of gemcitabine and anti-
PDL1[88].

Several clinical trials have investigated the combination of immune checkpoint 
inhibitors and chemotherapy in PDAC. Table 2 Lists the main clinical trials in this 
field.
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Table 1 Clinical trials on pancreatic ductal adenocarcinoma using immunotherapy

National clinical 
trial number Sample Phase Settings Drug Results

NCT00112580 82 II Advanced; Metastatic; Any 
line

Ipilimumab No improvement in survival rate 

NCT02527434 64 II Advanced; Metastatic; ≥ 
Second line

Tremelimumab OS 4 m (95%CI: 2.83-5.42)

NCT02558894 65 II Metastatic; ≥ Second line Tremelimumab + Durvalumab 
vs Durvalumab alone

OS 3.1 m (95%CI: 2.2-6.1) Combination therapy; 
OS 3.6 m (95%CI: 2.7-6.1) Durvalumab alone

NCT00112580 27 II Advanced; Metastatic; ≥ 
Second line

Ipilimumab No improvement in survival rate 

NCT03379259 14 I Advanced (PDAC and 
other tumors); ≥ Second line

Anti-PD-L1 (BMS-936559) No improvement in survival rate 

NCT01928394 1131 I/II Advanced (PDAC and 
other tumors) Any line

Nivolumab ± Ipilimumab Ongoing

NCT03829501 412 I/II Advanced (PDAC and 
other tumors); ≥ Second line

Atezolizumab Ongoing

NCT03080974 10 I Advanced (stage III) Any 
line

Nivolumab +Irreversible 
electroporation

PFS 6.3 m (95%CI: 3.5-10.0); OS 18 m (95%CI: 
9.2-26.8)

OS: Overall survival; PDAC: Pancreatic ductal adenocarcinoma; PFS: Progression-free survival.

A phase I/II clinical trial (NCT02331251) of metastatic PDAC naïve chemotherapy, 
tested the combination of pembrolizumab (anti-PDL1), nab-pacliatxel and gemcitabine
[89], achieving a median PFS and OS of 9,1 and 15.0 mo, respectively[89].

Other combinations such as ipilimumab plus gemcitabine (NCT01473940)[90] or 
CD40 agonist plus gemcitabine[91] in a phase I clinical trial in first-line treatment have 
also improved OS in the experimental arm , with an OS of 8.5 mo and 8.4 mo, respec-
tively. CD40 is a member of the tumor necrosis factor receptor superfamily. The 
binding of CD40 by its ligand or by an agonistic monoclonal antibody activates the 
receptor and results in APC activation, including DCs, B cells and monocytes. In 
mouse pancreatic cancer models, the combination of agonistic CD40 monoclonal 
antibody with gemcitabine plus nab-paclitaxel triggers T-cell-dependent tumor 
regressions and improves survival benefit, which are further augmented by the 
addition of an anti-PD-1 monoclonal antibody. The preliminary results from the 
combination of a CD40 monoclonal antibody agonist combined with gemcitabine plus 
nab-paclitaxel and PD1 inhibitor have been published, showing a 58% response rate 
from 24 evaluable patients[92].

The COMBAT/Keynote-2020 clinical trial deserves special mention. This trial is 
based on CXC chemokine receptor 4 (CXCR4) blockades, that promotes T-cell tumor 
infiltration and is synergistic with anti-PD-1 therapy in PDAC mouse models. One 
cohort included 22 patients and combined the CXCR4 antagonist BL-8040 (motixa-
fortide) with pembrolizumab-nanoliposomal irinotecan-fluorouracil-folinic acid in 
PDAC second-line treatment. The preliminary results showed an objective response 
rate, disease control rate and median duration of response of 32%, 77% and 7.8 mo, 
respectively, suggesting that it is indeed a promising strategy in treating PDAC[93].

According to trial results, patients, who received only immunotherapy, experienced 
9%-11% of grade ≥ 3 immune related adverse events[76], while patients receiving 
immunotherapy in combination with chemotherapy presented grade ≥ 3 adverse 
effects in up to 53%. In these cases the most common toxicities were hematologic[2].

Vaccines treatment as a single agent or in combination
Several types of vaccines have been tested as single agents (Table 3) or in combination 
with chemotherapy (Table 4) or immunotherapy (Table 5), including whole-cell 
vaccines, DCs, DNA and peptide vaccines that entail the presentation of immunogenic 
cancer antigens to the immune system, resulting in the activation of cancer antigen-
specific cytotoxic T lymphocytes in vivo and the subsequent anticancer immune 
response[94].
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Table 2 Clinical trials on pancreatic ductal adenocarcinoma combining immunotherapy and chemotherapy

National clinical 
trial number Sample Phase Settings Drug Results

NCT01473940 21 I Advanced; Metastatic; Any 
line

Ipilimumab; Gemcitabine OS 8,5 m (95%CI: 2.2-10.3)

NCT00556023 34 I Metastatic Chemotherapy 
naïve

Tremelimumab Gemcitabine OS 7.4 m (95%CI: 5.8-9.4)

NCT02331251 81 I/II Metastatic (PDAC and other 
tumors) Chemotherapy naïve

Pembrolizumab; Nab-Paclitaxel 
Gemcitabine

OS 15 m (95%CI: 6.8-22.6)

Beatty et al, Clin 
Cancer Res 2013; 19: 
6286–6295

22 I Advanced; First line CD40 agonist (CP-870893); 
Gemcitabine

PFS 5.2 m (95%CI: 1.9-7.4); OS 8.4 m 
(95%CI: 5.3-11.8); 1-y OS 28.6%

NCT01413022 47 I Borderline; Locally advanced 
Chemotherapy naïve

CCR2 inhibitor (PF-04136309); 
FOLFIRINOX 

Combination arm: 49% OR 
Chemotherapy arm: 0% OR 

NCT02268825 39 I Advanced; Metastatic 
(gastrointestinal 
malignancies) ; Any line

Pembrolizumab mFOLFOX No results posted

NCT02309177 138 I Advanced; Metastatic (PDAC 
and other tumors); Any 
treatment naive 

Nivolumab; Nab-Paclitaxel 
Gemcitabine

No results posted

NCT02077881 98 I/II Metastatic; First line IDO inhibitor (indoximod); Nab-
Paclitaxel; Gemcitabine

No results posted

NCT04045730 17 I/II Metastatic First line Gemcitabine; Nab-Pacliatxel; 
Pembrolizumab

PFS 9.1 m (95%CI: 4.9-13.3); OS 15 m 
(95%CI: 6.8-23)

NCT03214250 30 I Metastatic; First line Gemcitabine; Nab-Paclitaxel; 
Nivolumab; CD40 (agonistic 
monoclonal antibody) APX005M 
(sotigalimab)

Ongoing

NCT02826486 80 II Metastatic; Any line BL-8040; Pembrolizumab; Pegylated 
liposomal Irinotecan + 5FU

Disease Control Rate 34.5%; OS: 3.3 
m Patients receiving study drugs as 
second-line therapy: 7.5 m

OS: Overall survival; PDAC: Pancreatic ductal adenocarcinoma; PFS: Progression-free survival; OR: Objective response.

GVAX
The mechanism of actions of GVAX vaccines is the stimulation of APC antigen uptake 
and T-cell priming through PDAC cell modification to express granulocyte-
macrophage colony-stimulating factor (GM-CSF)[95].

A number of phase I and II clinical trials have been conducted on localized PDAC. 
A phase II clinical trial (NCT00084383) with 60 randomized patients evaluated the 
effectiveness of the GVAX vaccine administrated in two times: 1) after surgery and 
before 5-fluoracil based chemotherapy and 2) after chemotherapy had finished. The 
median PFS was 17.3 mo, and the median OS of 24.8 mo[96].

The GVAX vaccine has also been tested in metastatic PDAC. A phase II clinical trial 
(NCT01417000) in which 93 patients were randomized to the combination of GVAX 
plus cyclophosphamide with or without CRS-207 reported an OS of 6.1 mo in the 
experimental arm vs 3.9 mo in the control arm[97]. However, a phase IIb clinical trial 
(NCT02004262) showed no benefit in its primary endpoint of OS[98].

Algenpantucel
Algenpantucel is a whole cell vaccine that works by harnessing a natural robust 
immune response against pancreatic cancer[99]. The vaccine has been tested in 
combination with gemcitabine plus 5-Fluoracil chemoraditherapy in patients with 
resected PDAC, achieving a 12 mo PFS of 65% and a 12 mo OS of 83% (vs 45% and 63% 
in the control arm, respectively)[99]. This trial is still on-going for patients with 
borderline and locally advanced PDAC[99].

KIF20A-66 and survivin-2B 80-88 peptides
KIF20A and survivin are two up-regulated HLA-A24-restricted peptides that have 
been employed as epitopes in vaccines development[100,101]. KIF20A-66 was tested in 
a phase I/II clinical trial for patients with metastatic HLA-2402-positive PDAC who 
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Table 3 Clinical trials on pancreatic ductal adenocarcinoma using vaccines

National clinical trial 
number Sample Phase Settings Drug Results

UMIN000004919 31 I/II Metastatic ≥ Second line KIF20A-66 KIF20A-66 vaccine: OS 4.7 m ± 0.8; Best 
supportive care: OS 2.7 m ± 1.1 

UMIN000000905 6 I Advanced (gastrointestinal and 
endocrine malignancies) ; Any line

SVN-2B; IFA; INFa > 50% of the patients had positive 
clinical and immunological responses

NCT00569387 73 II Adjuvant treatment Algenpantucel-L 12-m OS: 86%

Kaufman et al, J Transl Med 
2007; 5: 60

10 I Advanced; Metastatic; Any line MUC1; HLA-A2; ICAM-
1; LFA-3; CM-CSF

antiCEA/MUC-1 positive: OS 15.1 m; 
antiCEA/MUC-1 negative: OS 3.9 m 

Lepisto et al, Cancer Ther 
2008; 6: 955–964

12 I/II Adjuvant treatment MUC1 peptide-loaded 
DC vaccine 

Four of twelve patients are still alive 
without disease recurrence

NCT01410968 12 I Advanced; Metastatic; Any line w/Poly-ICLC peptide-
pulsed DC-CIK

OS 7.7 m

Gjertsen et al, Int J Cancer 
2001; 92: 441–50

48 I/II Surgically resected; Advanced; 
Any line

K-Ras vaccine GM-CSF Resected: OS 25.6 m (95%CI: 10-39); 
Unresectable: OS 10.2 m (95%CI: 3-28) 

Abou-Alfa et al, Am J Clin 
Oncol 2011; 34: 321–5

24 I Adjuvant (KRAS mutant) Ras-peptide GM-CSF OS 20.3 (95%CI: 11.6-45.3)

Bernhardt et al, Br J Cancer 
2006; 95: 1474–1482

48 I/II Advanced Treatment naive GV1001; GM-CSF Responders: OS 7.2 m (95%CI: 4.8-10.7); 
Non-responders: OS 2.9 m (95%CI: 1.7-
6.30) 

Shima et al, Cancer Sci 2019; 
110: 2378-2385

83 II Unresectable ≥ Second line Survivin 2B peptide 
(SVN-2B); Interferon-β

SVN-2B + IFNβ: OS 312 d (95%CI: 43-
460); IFNβ: OS 39 d (95%CI: 13-153) 

CIK: cytokine-induced killer ; DC: dendritic cells; GM-CSF: granulocyte-macrophage colony-stimulating factor; IFN: interferon; m: months; OS: overall 
survival; PDAC: pancreatic ductal adenocarcinoma; PFS: progression-free survival.

had progressed to first-line gemcitabine chemotherapy (UMIN000004919). The OS was 
4.7 mo in the treated arm vs 2.7 mo in the best supportive care arm. The PFS was 1.8 
mo in the vaccine arm[100].

Survivine-2B (SVN-2B) is an HLA-A24 restricted peptide that has been investigated 
since 2003 with inconspicuous results. A clinical trial (UMIN000000905) with 6 HLA-
A2402-positive patients was conducted, resulting in a clinical y immunogenic response 
in 50% of patients[101].

Other vaccines targeting KRAS and MUC-1
These vaccines target distinct tumor antigens based on the identification of mutated 
oncogenes, such as KRAS, altered tumor suppressor genes, such as TP53, CDKN2A, 
DPC4, BRCA2, and ERBB2, as well as the overexpression of tumor-associated antigens, 
such as CEA and MUC-1, in pancreatic carcinoma cells[102]. A phase I clinical trial was 
conducted using MUC-1 vaccines in advanced PDAC, the results of which confirmed 
that a specific T-cell immune response was obtained, achieving a significant impro-
vement in OS (15.3 mo vs 3.9 mo)[103].

A phase I/II clinical trial was conducted in the adjuvant setting, the results of which 
revealed that 4 out of 12 patients survived without disease recurrence[104].

Clinical trials using KRAS against vaccines have also been developed. There is a 
phase I/II study that combines mutant RAS peptides and GM-CSF in patients with 
resected or locally advanced PDAC, with an OS of 25.6 mo and 10.2 mo, respectively
[105].

GV1001 is another tested vaccine. A phase I/II trial combining this vaccine with 
GM-CSF for unresectable PDAC[106], and observed an immune response in 63% of 
patients, with an OS of 7.2 mo vs 2.9 mo in no-immune responders. After these 
encouraging results, a phase III study for locally advanced PDAC was conducted
[107]. However, the combination of GV1001 plus gemcitabine plus capecitabine did 
not improve OS compared with chemotherapy alone (6.9 mo vs 7.9 mo).

Combination of vaccines treatment with immune checkpoints
Preclinical reports have supported the concept of synergy between cancer vaccines 
and immune checkpoint blockade in non-immunogenic tumors. Based on these results, 
several clinical trials have been conducted to assess the efficacy of this combination in 
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Table 4 Clinical trials on pancreatic ductal adenocarcinoma combining vaccines and chemotherapy

National clinical 
trial number Sample Phase Settings Drug Results

Jaffee et al, J Clin Oncol 
2001; 19: 145–56

14 I Adjuvant (stage I/II/III) CVAX, Chemorradiation Effective anti-tumor immunty

NCT00084383 60 II Adjuvant (stage I/II) GVAX; 5FU; Chemorradiation Combination: OS 24.8 m (95%CI: 21.2-
31.6); 5FU/Chemorradiation: OS 20.3 m 
(95%CI: 18-23.9) 

NCT01417000 93 IIa Metastatic ≥ Second line GVAX/Cy CRS-207 Combination: OS 6.28 m (95%CI: 4.47-
9.40); GVAX/Cy: OS 4.07 m (95%CI: 3.32-
5.42) 

NCT02004262 303 IIb Metastatic ≥ Second line GVAX/Cy CRS-207 
Chemotherapy

Combination: OS 3.7 m (95%CI: 2.9-5.3); 
CRS-207 alone: OS 5.4 m (95%CI: 4.2-6.4); 
Chemotherapy: OS 4.6 m (95%CI: 4.2-5.7) 

UMIN000008082 60 II Advanced First line KIF20A; VEGFR1/2; Gemcitabine OS 9 m HLA matched; OS 10 m HLA 
unmatched

NCT01072981 722 III Adjuvant treatment Algenpantucel-L; Gemcitabine-
5FU

1-y DFS 86% algenpantucel-L vs 63% 
Gemcitabine-5FU; 1-y OS 65% 
algenpantucel-L vs 45% Gencitabine-5FU

NCT01836432 302 III Borderline resectable; 
Locally advanced 
usresectable; First line

Algenpantucel-L; FOLFIRINOX; 
Gemcitabine; Nab-Paclitaxel; 
Capecitabine; 5FU

No results posted

NCT01781520 47 I/II Unresectable locally 
advancedMetastatic 
Chemotherapy naïve 

DC-CIK Chemotherapy S-1 DC-CIK+Chemotherapy S-1: OS 7 m; DC-
CIK alone: OS 4.2 m; Chemotherapy S-1 
alone: OS 4.7 m; Supportive care only: OS 
1.73 m 

Muscarella et al, J Clin 
Oncol 2012; 30: e14501-
e.

176 II Resected (KRAS mutant) 
adjuvant

GI-4000 Gemcitabine GI-4000+Gemcitabine OS 19.8 m; Placebo-
gemcitabine: OS 14.8 m 

Middleton et al, Lancet 
Oncol 2014; 15: 
829–840

1062 III AdvancedMetastatic 
Chemotherapy naïve

GV1001 Gemcitabine Capecitabine Treated group: OS 6.9 m (95%CI: 6.4-7.6); 
Chemotherapy alone: OS 7.9 m (95% 7.1-
8.8) 

Yanagisawa et al, 
Anticancer Res 2018; 38: 
2217-2225

8 I Adjuvant (I, II, III) WT1-DC VaccineS-1 
Chemotherapy Gemcitabine

No results posted

Suzuki et al, Cancer Sci 
2017; 108: 73-80

66 II Advanced First line Antiangiogenic cancer vaccines 
targeting VEGFR1 and VEGFR2 in 
addition to the KIF20A peptide; 
Gemcitabine

PFS HLA matched: 4.7 m; PFS HLA 
unmatched: 5.2 m

OS: overall survival; PDAC: pancreatic ductal adenocarcinoma: PFS: progression-free survival; Cy: Cyclophosphamide; VEGFR: vascular endothelial 
growth factor receptor.

PDAC therapy[108].
In clinical trial NCT00836407, 30 patients with previously treated metastatic PDAC 

were randomized to a high dose of Ipilimumab (10mg/kg) as the single agent or in 
combination with the GVAX vaccine. Five patients showed stable disease, and an OS 
of 5.7 mo was achieved in the experimental arm compared with 3.6 mo in the control 
arm[108].

Other studies that included patients with metastatic PDAC combined with 
nivolumab and ipilimumab, with or without GVAX and CRS-207, showed enhanced T-
cell responses. Studies are currently evaluating the role of immune checkpoint 
inhibitors in combination with cyclophosphamide/GVAX and CRS-207 vaccines 
(NCT02243371, NCT02451982), and the results have yet to be published[99].

Pembrolizumab combined with the modified p53-expressing Ankara virus 
(p53MVA) vaccine has been studied in patients with several malignancies included 
PDAC, with clinical responses observed in 3 of 11 patients and disease stabilization for 
30, 32 and 49 wk[109].

Vaccines were well tolerated. Most common toxicities were grade 1-2 
induration/erythema or pain/soreness at the vaccine sites, pyrexia, chills, fatigue and 
nausea, with < 5% of patients reporting serious adverse events[96,98-99,106]. There 
were not reported clinical signs of auto-immune disease, abnormal biochemical or 
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Table 5 Clinical trials on pancreatic ductal adenocarcinoma combining vaccines and immunotherapy

National clinical 
trial number Sample Phase Settings Drug Results

NCT00836407 30 I Metastatic ≥ Second line Ipilimumab GVAX Combination: OS 5.7 m (95%CI: 4.3-
14.7); Ipilimumab: OS 3.6 m (95%CI: 2.5-
9.2) 

NCT02243371 93 II Metastatic ≥ Second line Nivolumab Cy; GVAX; CRS-207 No results posted

NCT02451982 62 I/II Neoadjuvant Adjuvant Nivolumab Cy GVAX Urelumab No results posted

NCT04627246 3 I/II Adjuvant DC vaccine loaded with personalized 
peptides (PEP-DC); Nivolumab SOC

No results posted

NCT02432963 11 I Advanced (solid 
malignancies) ≥ Second 
line

Pembrolizumab p53MVA Clinical responses in three out of eleven 
patients

OS: overall survival; Cy: Cyclophosphamide; SOC: Standard of Care Chemotherapy; p53MVA: Modified Vaccinia Virus Ankara Vaccine Expressing p53.

haematological parameters related with the vaccinations[105]. A grade 5 fatal 
myocarditis was reported with Pembrolizumab combined with the p53MVA vaccine
[109].

Adoptive cell transfer
The most clinically important form of adoptive cell transfer therapy is chimeric antigen 
receptor (CAR) T-cell therapy (Table 6). CAR-T cells can target any extracellular 
molecular structure recognizable by an antibody, thereby avoiding the MHC 
restriction. CAR consists of an extracellular domain of a single-chain variable fragment 
(scFv) of an antibody that recognizes a specific tumor antigen and an intracellular 
domain that contains the T cell receptor signal transduction sequence[39]. To generate 
the appropriate cell therapy product for adaptive transfer, T cells are collected from 
patients via leukapheresis, manipulated to target the specific antigen, expanded, and 
then reinfused[110].

The ideal target antigen is one that is selectively expressed in tumor cells; however, 
most targets of CAR-T cells are also expressed in normal tissues such as the 
mesothelin, CD24, carcinoembryonic antigen (CEA) and human epidermal growth 
factor receptor 2 (HER2), and have been considered as targets in PDAC[110].

Several clinical trials have followed this approach; however, the use of CAR-T cell 
therapy in PDAC is scarce, and the clinical results are moderate. For example, a phase 
I study of Her2-specific CAR-T cells (NCT01935843) showed that 5 out of the 11 
treated patients achieved stable disease, while 2 patients achieved partial response 
with a median PFS of 4.8 mo[111].

However, CAR-T cell therapy might trigger a cytokine release syndrome, a severe 
complication that consists of the release of cytokines that cause several symptoms 
including fever and hypotension[110].

The most characteristic toxicity associated with CAR-T therapy is the cytokine 
release syndrome. If the antigen selected for CAR-T cell therapy is expressed on 
normal tissues, toxicity and autoimmunity might appear[2].

CONCLUSION
The immune response in cancer is a complex process that involves the balance 
between tumor-promoting innate immune responses and tumor-suppressing adaptive 
immune responses. In PDAC, immune evasion is an early event during tumorigenesis 
and is associated with proinflammatory signals, infiltration of immunosuppressive 
cells (Tregs and MDSCs), and a sophisticated TME where numerous interactions occur 
between stromal signals, the immune system and tumor cells. As a consequence, 
PDAC is characterized by low immunogenicity and antigenicity, a critical concept 
when developing novel immunotherapeutic approaches for treating PDAC.

The emergence of immunotherapy as a new treatment approach for solid tumors 
has become a revolution in modern oncology. Immune checkpoint inhibitors improve 
survival in several tumors, such as melanoma, lung cancer, head and neck, and 
genitourinary. These tumors, known as “hot tumors”, present numerous mutations 
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Table 6 Clinical trials on pancreatic ductal adenocarcinoma using adoptive cell transfer

National clinical 
trial number Sample Phase Settings Drug Results

NCT00570713 155 II Unresectable First-line MORb-009 Gemcitabine Combination: OS 6.5 m (95%CI: 4.5-8.10); 
Placebo plus Gemcitabine: OS 6.9 m (95%CI: 5.4-
8.8) 

NCT01935843 10 I/II Advanced (PDAC and 
other tumors Her2-
positive) ≥ Second line

Her2-specific CAR-T cells OS 4.8 m (95%CI: 1.5-8.3)

NCT01781520 47 I/II Advanced; Any line DC-CIK Chemoterapy S-1 DC-CIK + Chemotherapy S-1: OS 7 m DC-CIK 
alone: OS 4.2 m; Chemotherapy S-1 alone: OS 
4.7 m; Supportive care only: OS 1.73 m 

Aoki et al, 
Cytotherapy 2017; 19: 
473-485

48 I Adjuvant Gemcitabine; Autologous γδ; T-
cell transfer

PFS 26 m (no statistical diference); OS No 
statistical difference

NCT01959672 11 I/II Neoadjuvant Gemcitabine; Leucovorin-
Fluorouracil; Oregovomab; 
Nelfinavir + SBRT

Prematurely closed; PFS 8.6 m; OS 13 m (95%CI: 
7-22)

NCT00720785 40 I Metastatic (PDAC and 
other tumors) ≥ Second line

Irreversible electroporation 
(IRE); Allogeneic natural killer 
cell therapy

No results posted

NCT04212026 67 I Metastatic ≥ Second line Irreversible electroporation; 
Allogeneic natural killer cell 
therapy

Stage III PFS 9,1 m (IRE-NK) vs 7.9 m (IRE); 
Stage III OS 13.6 m (IRE-NK) vs 12.2 m (IRE); 
Stage IV OS 10.2 m (IRE-NK) vs 9.1 m (IRE)

NCT01583686 6 I Metastatic ≥ Second line Mesothelin-CART 2 patients stabilized diseasePFS patient 1: 3.8 
mPFS patient 2: 5.4 m

CAR: chimeric antigen receptor; DC-CIK: dendritic cell-activated cytokine-induced killer cell; IRE: irreversible electroporation; OS: overall survival; NK: 
natural killer; PFS: progression-free survival; SBRT: stereotactic body radiation therapy.

that create a high number of neoantigens recognized by effector T cells that are 
released to fight the cancerous cells. However, in the case of PDAC, these results have 
not been as spectacular as other tumors’ due to the intrinsic characteristics of PDAC, 
which enable it to self-isolate through a complex stroma, thereby evading the immune 
system.

Immune checkpoint inhibitors as single agents do not provide a benefit in PDAC. 
However, their combination with chemotherapy may transform PDAC into a “hot 
tumor” that is more susceptible to immunotherapy. The outcomes in phase I/II clinical 
trials using this approach are encouraging, with a benefit in OS in several combin-
ations. Cancer vaccines employed as single-agent treatments or combined with 
classical chemotherapy, chemoradiotherapy or immunotherapy have promising 
results in the early phases of clinical trials. However, these outcomes have not been 
confirmed in more advanced studies. Lastly, adoptive cell transfer, specifically the 
CART-T cell approach, is still in very early phase of development.

Despite advances in treating PDAC, this tumor continues to be associated with 
extremely poor outcomes and high mortality. Systemic therapies and new strategies 
therefore need to be developed to improve patient prognoses, which will depend on 
an ever-increasing understanding of basic immunity and its role in PDAC. They keys 
to achieving significant changes in the treatment of PDAC include research into safe 
novel inhibitors (such as immunosuppressive factor, TAMs, MDSCs, and Tregs), 
increasing the prophylactic efforts in the early stages of carcinogenesis, deepening the 
understanding of molecular subtyping in PDAC and conducting appropriate patient 
selection.
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Abstract
The development of artificial intelligence (AI) has increased dramatically in the 
last 20 years, with clinical applications progressively being explored for most of 
the medical specialties. The field of gastroenterology and hepatology, substan-
tially reliant on vast amounts of imaging studies, is not an exception. The clinical 
applications of AI systems in this field include the identification of premalignant 
or malignant lesions (e.g., identification of dysplasia or esophageal adenocar-
cinoma in Barrett’s esophagus, pancreatic malignancies), detection of lesions (e.g., 
polyp identification and classification, small-bowel bleeding lesion on capsule 
endoscopy, pancreatic cystic lesions), development of objective scoring systems 
for risk stratification, predicting disease prognosis or treatment response [e.g., 
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determining survival in patients post-resection of hepatocellular carcinoma), 
determining which patients with inflammatory bowel disease (IBD) will benefit 
from biologic therapy], or evaluation of metrics such as bowel preparation score 
or quality of endoscopic examination. The objective of this comprehensive review 
is to analyze the available AI-related studies pertaining to the entirety of the 
gastrointestinal tract, including the upper, middle and lower tracts; IBD; the 
hepatobiliary system; and the pancreas, discussing the findings and clinical 
applications, as well as outlining the current limitations and future directions in 
this field.

Key Words: Artificial intelligence; Machine learning; Deep learning; Clinical applications; 
Gastroenterology

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Artificial intelligence (AI) clinical applications in gastroenterology and 
hepatology, which heavily relies on imaging, have dramatically expanded in the last 20 
years. These applications include the detection of lesions, identification of pre-
malignant or malignant lesions, development of objective scoring systems for risk 
stratification, predicting disease prognosis or treatment response, or evaluation of 
metrics such as bowel preparation score or quality of endoscopic examination. The 
objective of this review is to pool the available AI-related studies pertaining to the 
entire gastrointestinal tract, discussing findings and clinical applications, as well as 
outlining the current limitations and future directions in this field.

Citation: Kröner PT, Engels MM, Glicksberg BS, Johnson KW, Mzaik O, van Hooft JE, 
Wallace MB, El-Serag HB, Krittanawong C. Artificial intelligence in gastroenterology: A state-
of-the-art review. World J Gastroenterol 2021; 27(40): 6794-6824
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6794.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6794

INTRODUCTION
As artificial intelligence (AI) continues to rapidly evolve in medicine, the clinical 
applications of this technology are becoming increasingly evident[1]. Relying heavily 
on endoscopic and radiologic imaging, gastroenterology has become an attractive field 
in which to apply AI. Special interest has already been devoted to several areas, 
including the detection of gastrointestinal neoplastic lesions to assist with rapid 
diagnosis, reduction of misdiagnosis, improvement in quality of imaging, reduction of 
interobserver variability in visual classifications, and radiologic and histopathologic 
interpretation[2-4].

AI is a broad term that encompasses disciplines such as machine learning (ML) and 
subdisciplines or specific techniques such as deep learning (DL) (Figure 1). The central 
motivation of ML to use large datasets to recognize patterns of interactions between 
variables, often ultimately in a way that allows the learned function to be applied to 
new data[5]. ML is composed of both “supervised” and “unsupervised” learning 
methods. The goal of supervised learning is to predict a labelled output focusing 
primarily on classifying data input into specific subgroups, or alternately for 
prediction of quantitative outcomes[6]. An example of supervised learning is training 
a system to assist in identifying gastric intestinal metaplasia (GIM) using a large 
database of lesions that have previously been identified by an operator as corres-
ponding to GIM. In comparison, unsupervised learning does not have an output to 
predict. It relies on attempting to identify naturally occurring patterns from within the 
input, often to then group them accordingly (e.g., tissue sample clustering based on 
similar gene expression values)[6]. DL is a subset of ML, based on artificial neural 
networks (ANN), which are loosely inspired by the neuronal interplay in the human 
brain. DL autonomously utilizes the data input to learn, identify, and leverage 
predictive factors of an outcome, which can use multi-layered systems [i.e., convolu-
tional neural networks (CNN)] to process complex information[3,7]. The realization of 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v27/i40/6794.htm
https://dx.doi.org/10.3748/wjg.v27.i40.6794


Kröner PT et al. AI in GI review

WJG https://www.wjgnet.com 6796 October 28, 2021 Volume 27 Issue 40

Figure 1 Primary concepts of artificial intelligence.

the concept of DL has recently become possible with rapid advancements in spe-
cialized computer hardware, such as increased graphics processing unit power, and 
accompanying software and algorithmic achievements.

With increased recognition of the importance of AI in gastroenterology, the first 
global AI in gastroenterology and endoscopy summit was held in Washington D.C. in 
late 2019, which included multiple experts in the domains of academia, industry and 
regulatory institutions. The consortium anticipated that in the next 10 years the clinical 
applications of AI in gastroenterology will positively influence patient care and clinical 
workflow. The consortium recognized the importance of a close multidisciplinary 
collaboration between gastroenterologists, industry, and regulatory institutions in the 
development and application of new technologies in the clinical setting[8]. Therefore, 
the main objective of this review is to introduce the topic of AI and its clinical applic-
ations, outline current limitations and knowledge gaps, and trace the future directions 
in each field by summarizing the global rapidly expanding pool of ever-changing 
literature to date (Figures 2 and 3).

UPPER GASTROINTESTINAL TRACT
Detection of premalignant and malignant lesions
The upper gastrointestinal tract has several areas of interest for detection of pre-
malignant and malignant lesions, such as identification of dysplasia and early neo-
plasia in Barrett’s esophagus (BE), esophageal squamous cell carcinoma (SCC), and 
gastric cancer (GC)[9] (Supplementary Table 1).

Despite the fact that histopathologic analysis is the gold standard to establish the 
diagnosis of BE and determine the presence of dysplasia, it is of paramount 
importance for endoscopists to obtain targeted biopsies from specific locations that 
harbor the actual lesion. By identifying areas that may harbor BE with or without 
dysplasia, AI can orient the clinician in performing directed biopsies instead of relying 
on random sampling. Importantly, detection of early esophageal neoplasia with 
conventional white light imaging (WLI) and digital chromoendoscopy [i.e., narrow 
band imaging (NBI)] represents a challenge, an issue for which AI has been proposed 
as a possible solution[10,11].

In total, we included 8 studies that examined BE, all of which addressed the 
detection of dysplasia or early esophageal adenocarcinoma (EAC) based on endo-
scopic imaging or laser endomicroscopy[10-17]. The most popular analytic models 
were CNNs and support vector machines (SVMs), while cross-validation techniques 
were the primary basis of validation methods. In general, the models were able to 
discern between normal and dysplastic/neoplastic images with an accuracy of at least 
89.9%, performing better than nonexpert endoscopists. De Groof et al[12] developed a 
DL algorithm based on a hybrid ResNet-UNet model using 4-fold per-patient cross-
validation to detect early neoplasia in BE. The model was trained in a stepwise 
fashion, using a database with over 490000 endoscopic still images of the gastro-
intestinal tract for training, out of which 1247 corresponded to early BE neoplasia. This 
model achieved higher level of accuracy than non-expert endoscopists and could also 
detect the optimal biopsy site in up to 97% of patients. Ebigbo et al[14] developed a 
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Figure 2 Geographic distribution of country from which the included studies originated.

Figure 3 Scatterplot depicting distribution of studies across the organ systems in gastroenterology and hepatology. GI: Gastrointestinal; GIB: 
Gastrointestinal bleeding; IBD: Inflammatory bowel disease; HB: Hepatobiliary.

computer-aided diagnosis model based on ResNet that differentiated between normal 
BE and early EAC, with 89.9% accuracy, 83.7 sensitivity and 100% specificity.

Similarly, identification of SCC poses a similar clinical challenge, as traditional 
diagnostic techniques (e.g., chromoendoscopy with lugol or NBI) have relatively low 
specificity[18]. As complex novel methods that rely heavily on endoscopic imaging 
such as endocytoscopy or volumetric laser endomicroscopy have been progressively 
implemented in clinical practice, the interpretation of large volumes of images has 
been noted to be a challenging and time-consuming issue[19]. Therefore, AI-assisted 
image interpretation has also found a use in identifying abnormalities in the image 
inputs[17].

Thirteen studies examining esophageal cancer were examined, of which 11 
specifically studied SCC. Nine of the studies targeted to develop DL models for 
malignancy detection, while two studies aimed to develop models that predict 
malignancy depth of invasion with DL models. Most studies (8) were based on CNN 
models, while others used joint diagonalization principal component analysis 
(JDPCA), VGG16 Net, or GoogLeNet as classifiers. Although the values of accuracy, 
sensitivity and specificity in esophageal SCC detection varied between the studies, all 
models performed at least as good as endoscopists in lesion detection and character-
ization or substantially improved the endoscopists’ lesion detection[20-30]. Fukuda et 
al[21] developed a DL model aimed at detecting suspicious lesions and characterize 
SCC using more than 28000 NBI-enhanced images in the construction of the model. 
The model achieved a higher sensitivity for SCC detection and higher accuracy for 
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SCC characterization from normal tissue than endoscopic experts. Two studies by 
Nakagawa et al[31] and Shimamoto et al[32] aimed at developing models that pre-
dicted esophageal malignancy depth utilizing a DL model based on a CNN with a 
belief-propagation decoder using independent validation datasets. These models 
achieved an accuracy of 89.2% and 91% in predicting invasion depth, with sensitivities 
of 70.8% and 90.1%, and specificities of 94.4% and 95.8%, respectively.

GC is the fourth most common cause of cancer-related death in the world. Identi-
fication of premalignant lesions or early gastric neoplasia is of paramount importance. 
Unfortunately, as with esophageal diseases, several studies have shown that conven-
tional endoscopic imaging (e.g., WLI or NBI) or other advanced endoscopic modalities 
(e.g., magnifying endoscopy, blue laser imaging) have relatively low sensitivity and 
specificity in identifying premalignant or early neoplastic gastric lesions[33-36].

Twenty-four studies examined gastric malignancy or premalignant conditions. 
Eleven (46%) studies directly addressed early GC (EGC) detection, of which eight 
models used DL, two used SVM and one used JDPCA. The sample size in the training 
and validation datasets varied from less than 100 million to 1.03 million. The accuracy 
in EGC detection of all models ranged from 86.5%-98.7%, with sensitivity of 80.0%-
96.7% and specificity of 89.2%-100%[30-37-51]. Specifically, Wu et al[52] developed a 
CNN-based model using over 9000 images to train the algorithm, which not only 
detected EGC lesions with a 92.5% accuracy, 94.0% sensitivity and 91.0% specificity 
but also performed significantly better than expert endoscopists at this task. Two 
studies, one based on faster region-based CNNs and another one based on quantum 
neural networks, used biomarkers, histology and computed tomography (CT) images 
to predict metastasis to the liver or lymph nodes. These models predicted metastasis to 
liver and lymph nodes with sensitivity of 66.7%, specificity 97.1% and an area under 
the curve (AUC) of 0.95[53,54]. Four studies developed models predicting survival in 
GC or stratification of risk of developing GC[55,56]. While 1 model based on SVM 
achieved higher accuracy than the tumor, nodes, metastasis cancer staging (TNM) 
system to predict overall survival and disease-free survival[57], another model based 
on a preoperative ANN was not superior in predicting survival compared to TNM
[58]. Zhu et al[59] developed a ResNet50-based computer-aided detection and diag-
nosis (CAD) model to predict GC invasion depth, based on endoscopic images. The 
model achieved an accuracy of 89.16% in identifying GC invasion depth, compared to 
71.49% in endoscopists.

Non-malignant conditions
Currently, diagnosis of Helicobacter pylori (H. pylori) infection (a known risk factor for 
the development of peptic ulcer disease and GC) relies on stool or breath testing and 
histopathology (invasive and expensive). Endoscopic identification of H. pylori has 
been a target for AI-assisted systems[60,61]. For H. pylori detection and classification, 4 
of 4 studies used a CNN model[62-65]. A study by Martin et al[62] using gastric biopsy 
histopathology images as an input with small number of samples (n = 210 in training 
dataset and 90-106 in 2 test datasets) had diagnostic accuracy of 98.9%-99.1% for 
detecting current H. pylori infection. This result was higher than the accuracy achieved 
in 2 studies using esophagogastroduodenoscopy images as an input with higher 
number of samples (98.9%-99.1% vs 77.5%-87.7%). The mean accuracy of endoscopists 
for detecting currently infected H. pylori in 2 studies was around 79.0%-79.4%[62]. A 
study by Shichijo et al[64] found that the average H. pylori diagnostic time for the AI 
model was 194 s, while it was 230 ± 65 min for endoscopists. The AI model also had a 
significantly higher accuracy than the endoscopists by 5.3%, demonstrating that AI 
algorithms had significantly better accuracy and faster diagnostic time for H. pylori 
than the endoscopists. More recently, Nakashima et al[63] developed a CAD system 
based on linked color imaging combined with DL, which achieved 82.5% accuracy, 
demonstrating comparable diagnostic accuracy of H. pylori to that of experienced 
endoscopists.

In the area of gastrointestinal bleeding (GIB), risk stratification is of paramount 
importance not only to identify high-risk patients and guide clinical decision-making 
but to also identify areas where relatively scarce resources require allocation. In 
general, risk-stratification tools examine risk factors that are associated with a 
condition to predict one or several outcomes (e.g., survival, length of hospitalization, 
rebleeding rates, need for endoscopic therapy, response to treatment)[66-68]. Re-
garding upper GIB, studies focused on developing prognostic models that predict 
rebleeding or the need for endoscopic/surgical therapy[69].

Seven studies examining outcome measures in GIB were included, all of which were 
developed by reviewing medical record parameters to construct ML algorithms, which 
were primarily based on ANN[67-73]. Half of the studies had both internal and 
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external validation cohorts, and patient sample sizes varied from 147 to over 22800. 
Shung et al[69] developed a gradient-boosting ML model that identified patients with 
upper GIB who met a composite endpoint with superior AUC, sensitivity and 
specificity to that of the Glasgow-Blatchford (GBS), Rockall and AIMS-65 scores. Seo et 
al[68] developed 4 different ML algorithms in patients with nonvariceal upper GIB that 
achieved superior AUC for mortality, rebleeding and hypotension than that of the 
GBS, particularly with the use of the random forest (RF) analytic model. However, for 
rebleeding prediction, a gradient-boosting model developed by Ayaru et al[73] showed 
a higher accuracy than the VC model in the aforementioned study (88% vs 78.5%). Das 
et al[70] developed a predictive ML model in lower GIB and compared it in internal 
and external validation cohorts to the validated BLEED score. Both internal and 
external validation cohorts reached accuracies, sensitivities, and specificities that were 
superior to the BLEED score.

LOWER GASTROINTESTINAL TRACT
Direct endoscopic visualization of the colon continues to be the gold standard for 
detection and resection of colonic premalignant lesions. In addition, patient- and 
polyp-specific characteristics have also been identified as predictors of missed 
colorectal cancer (CRC)[74]. Therefore, quality measures such as cecal intubation time, 
withdrawal time, bowel preparation quality and adenoma detection rates (ADR) have 
been instituted to attempt and standardize practice and mitigate the rates of missed 
CRC[74,75]. Since colonoscopy is an operator-dependent procedure, this may lead to 
variability in polyp detection rates, polyp characterization and estimation of depth of 
invasion of malignant lesions between endoscopists. CAD has been studied to address 
these current shortcomings, as well as to improve ADR and reduce CRC risk and colon 
cancer-related deaths[76] (Supplementary Table 2).

Detection of premalignant and malignant lesions
Polyp detection during colonoscopy is the cornerstone of CRC prevention. It is 
estimated that CRC develops in 2%-6% of cases after colonoscopy but before the next 
scheduled surveillance and, therefore, could represent missed or new postcolonoscopy 
CRC[74,77]. A large number of research studies have been devoted to identifying 
factors that play a role in the detection of premalignant lesions during colonoscopy, as 
well as factors that are associated with missed CRC[77]. An observation that has 
gained considerable attention is that the presence of experienced endoscopy nurses, 
fellows or any trained second observer during the procedure itself improves ADR[78,
79]. Therefore, and answering the call for improved polyp detection measures during 
colonoscopy, AI has become a promising technology serving the role of a more 
standardized “second observer,” appropriately termed “computer-aided detection” 
(CADe).

Eighteen studies that evaluated polyp detection were included in this review, 
thirteen of which employed DL models, while five used other ML models. Nearly all 
the studies were limited to having internal validation only. The training datasets in 
these studies utilized still images from colonoscopy videos ranging from 176 to more 
than 8600 images. Seven studies calculated the ADR of the developed model and 
compared it to that of endoscopists, most of which found that the AI had significantly 
higher ADR than endoscopists, with a decreased reaction time, while the remaining 
studies showed equivalent ADR[80-87]. Repici et al[82] conducted a multicenter study 
showing that the ADR was 40.4% in the study’s participating endoscopists alone, 
while it was 54.8% in the group using the CADe-based GI-Genius (®Medtronic, 
Minneapolis, MN) module. Similarly, Wang et al[85] conducted a study that evaluated 
over 520 colonoscopies, also examining the use of a CADe model, and found that the 
ADR increased from 20.34% in endoscopists alone to 29.12% in the CADe-assisted 
group. Other studies explored the accuracy, sensitivity and specificity of polyp-
detection AI models, displaying accuracies of up to 96.4%, sensitivity of up to 99.7% 
and specificity of up to 93.7%[88-98]. Kominami et al[93] designed an SVM-based 
model using real-time images with NBI and magnification enhancement to detect 
colon polyps, achieving an accuracy, sensitivity, and specificity of 93.2%, 93.0%, and 
93.3%, respectively. Three studies addressed subjects in the realm of CRC, specifically 
detecting malignancy on colonoscopy with chromoendoscopy and NBI enhancement, 
hematoxylin-eosin histopathology slides, or estimating invasion depth on regular WLI 
colonoscopy images[99-101]. Ito et al[100] developed a DL model based on CNN to 
detect deeply invasive CRC based on WLI colonoscopy, which utilized over 9900 
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images from 41 patients to train the model. Furthermore, over 5000 images were used 
in the testing cohort, achieving an accuracy, sensitivity and specificity in differen-
tiating invasion depth of 81.2%, 67.5%, and 89.0%, respectively. Kudo et al[101] 
developed a model based on EndoBRAIN (®Cybernet Systems Co., Tokyo, Japan) 
using colonoscopy with chromoendoscopy and NBI enhancement to detect malignant 
lesions in the colon. The training sample used over 69000 images and achieved 
accuracies of 98.0% and 96.0% for chromoendoscopy and NBI enhancement, respec-
tively. These diagnostic parameters were higher than those of expert and nonexpert 
endoscopists.

In an attempt to morphologically classify polyps according to their malignant 
potential, numerous classification systems have been developed. As an example, the 
Paris classification classifies polyps according to whether they are pedunculated, 
sessile, slightly raised, or excavated[102]. These visual characteristics are then used to 
predict whether the polyp has invasive potential or lymph node involvement and 
potentially contribute to clinical decision-making, such as determining whether the 
polyp is resectable endoscopically[103]. Unfortunately, research has shown that 
interobserver variability with this classification is moderately high, suggesting that 
this visual classification should not be routinely used in research or practice[104]. In 
addition, considering that most resected polyps during colonoscopy are diminutive 
and that histopathologic analysis of resected polyps is costly, optical diagnosis has 
been proposed in this subset of polyps and termed “optical biopsy”[105]. The concept 
of optical biopsy has been proposed to support cost-effective strategies in CRC 
screening such as resecting-and-discarding, as well as diagnosing-and-leaving this 
subset of polyps[106]. However, the concept of optical biopsy has the same limitations 
as endoscopic polyp characterization does: relatively high interobserver variability. 
Hence, computer-aided diagnosis has been proposed as a potential solution to stan-
dardization of interpretation of endoscopic images.

Nine studies pertaining to colonic polyp classification or differentiation were 
included in this review[107-115]. While some studies did not report on validation 
methods, others had cross-validation, internal, and external methods. Most studies 
relied on ML-based algorithms to assess colonoscopy with enhancement measures (
e.g., magnification, NBI, endocytoscopy), while deep CNN models were used in 
studies evaluating real-time polyp differentiation. Sánchez-Montes et al[114] develop-
ed an SVM-based model to predict polyp histologic classification using high-definition 
WLI from 225 colonoscopies, achieving accuracy, sensitivity, and specificity of 91.1%, 
92.3%, and 89.2%, respectively. Additionally, Misawa et al[111] evaluated the per-
formance of EndoBRAIN (®Cybernet Systems Co., Tokyo) analyzing endocytoscopic 
images obtained during colonoscopy to characterize polyps as neoplastic vs non-
neoplastic with an accuracy, sensitivity, and specificity of 96.9%, 97.6%, and 95.8%, 
respectively. These findings hold promise in determining screening and surveillance 
schedules, and in instituting cost-effective strategies such as “resect-and-leave”.

Knowledge on the depth of invasion of early CRC is critical for determining 
resection modality. Intramucosal and submucosal cancerous lesions can be resected 
with endoscopic techniques such as endoscopic mucosal resection or endoscopic 
submucosal dissection[116]. However, lesions that invade the deeper layers have a 
higher association with lymph node metastasis and, hence, may require a combined 
surgical and oncologic approach[116,117]. Several features on direct endoscopic visual-
ization have been associated with deep invasion of a lesion, including lesion de-
pression, fold convergence, and significantly irregular, and heterogeneous surface 
capillary pattern[118]. As with any image-based field, a significant degree of interob-
server variability exists in characterizing lesions and determining their depth or 
invasion, for which CAD represents an attractive option to standardize the approach 
of estimating lesion invasion depth.

Finally, 6 studies assessed other subjects within the realm of the lower gastro-
intestinal tract, including developing models that predict outcomes in patients with 
CRC, models examining quality of colonoscopy performance, and studies estimating 
cost reductions of the use of AI[119-122]. Of 4 studies examining prediction of 
outcomes, 2 were based on DL (i.e., CNN-based) models, using a wide numerical 
range of histopathologic images: from 300 million to 12 million. Skrede et al[123] 
developed a DL model using over 12 million histopathological images to develop a 
biomarker for automatic prediction of cancer-specific survival, which outperformed 
existing markers. The authors conclude this strategy can potentially be utilized in the 
treatment selection process by identifying high-risk groups. Thakkar et al[120] recently 
developed a DL model aimed at automatically quantifying quality metrics during 
colonoscopy, providing intra-procedural feedback to the performing endoscopist.
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Non-malignant conditions
Video capsule endoscopy: Owing to its ease of use and noninvasiveness, video 
capsule endoscopy (VCE) is the current diagnostic method of choice to assess the small 
bowel for conditions such as occult GIB and Crohn’s disease (CD). However, since it 
lacks self-locomotion, it relies on the motility of the bowel to advance within the 
gastrointestinal tract. Therefore, it requires a very large number of images (up to 60000 
per examination) to be automatically obtained, rendering the process of interpretation 
lengthy and tedious[124]. VCE has been an area of focus for AI since its early stages, 
seeing the initial AI classifying methods such as SVM and multilayer perceptron 
network[125-127]. With faster processors, increased computational power by impro-
ved graphics processing units and evolving CNNs, DL algorithms have become the 
modality of choice for image analysis in VCE[128,129]. As in the lower gastrointestinal 
tract, the same principles of CADe and computer-aided diagnosis could be applied to 
deep balloon-assisted or motorized enteroscopy systems (Supplementary Table 3).

A total of 31 studies pertaining to VCE were identified. Fifteen studies (48%) 
developed models to assist in detection of active GIB or angioectasia. Four studies 
used CNN, five used SVM, and the remaining ones used ML-based analytic models. 
Five studies reported cross-validation methods. All studies reported accuracy ranging 
from 94% to 98% in identifying GIB and angioectasias, with sensitivity of 92.0%-100% 
and specificity of 82.9%-99.9%[130-142]. Specifically, Tsuboi et al[140] developed a DL 
model based on CNN for angioectasia detection, which achieved an AUC of 0.998, 
with a sensitivity and specificity of 98.8% and 98.4%, respectively.

Six studies assessed for the presence of small-intestinal ulcers, of which five used 
DL models based on CNN and one used SVM[128,134,143-146]. Aoki et al[128,143] 
conducted 2 studies in testing DL models to detect ulcerations, yielding a sensitivity of 
88.2%, a specificity of 90.9%, and an AUC of 0.958, respectively. Two more studies 
evaluated the detection of small-bowel CD by identifying ulcers on VCE[147,148]. 
Klang et al[147] developed a DL model based on CNN that used over 17000 VCE 
images to identify CD ulcers, achieving an AUC of 0.99. Two studies examined small 
intestinal polyp detection using NN-based models, both achieving an accuracy of at 
least 98%, with sensitivity and specificity of up to 95.5% and 98.5%, respectively[149,
150].

Regarding celiac disease (CeD) detection, 4 studies were evaluated, 3 of which used 
CNN and 1 that used a clinical decision support system[151]. A study by Zhou et al
[152] reported 100% sensitivity and specificity in detecting CeD using GoogLeNet as 
classifier. A study by Wimmer et al[153] using AlexNet, VGGf net, and VGG-16 net as 
classifiers obtained an optimal accuracy of 92.5% using VGG-16, although the report 
did not include sample size. More recently, Wang et al[154] developed a DL model 
using the CNN-based InceptionV3 as well as the SVM-based ResNet50 that was 
95.94% accurate, 97.20% sensitive and 95.63% specific in identifying CeD in VCE 
images.

Hookworm infection represents a significant healthcare issue in the developing 
world, with an estimated 600 million people harboring this infection[155]. As this 
helminth typically dwells in the small bowel, it may occasionally be a finding in VCE. 
Three studies evaluated hookworm detection, of which two used CNN and one used 
SVM with all using cross-validation[156-158]. Specifically, He et al[157] developed a 
DL model based on deep CNN, which was trained on a large VCE dataset consisting 
of more than 440000 images. The model outperformed other handcrafted, feature-
based methods, reaching an accuracy of 88.5% and a sensitivity of 84.6% in detecting 
hookworm in the small bowel.

To assess for quality of bowel preparation during VCE Leenhardt et al[159] and 
Noorda et al[160] developed a DL models based on CNN. Both models achieved 
accuracy of over 95%, with sensitivity and specificity of 94.7%-96.18% and 94.0%-
94.33%, respectively. Overall, Ding et al[131] developed a DL model based on CNN to 
identify and categorize all small-bowel ulcers, polyps, bleeding, lymphangiectasia, 
follicular hyperplasia, protruding lesions, diverticula or inflammation using over 100 
million VCE images. The model achieved an impressive 99.90% overall sensitivity and 
99.88% specificity, whereas gastroenterologists identified lesions with a 74.57% 
sensitivity in the per-patient analysis and 76.89% sensitivity in the per-lesion analysis. 
Furthermore, the reading time per patient was 5.9 min by the CNN model, compared 
to 96.6 min by conventional reading.

Inflammatory bowel disease: The complex interplay of pathophysiological factors in 
inflammatory bowel disease (IBD) has led to the realization that differences in 
patients’ biology may confer differences in disease activity and response to therapy- an 
example of “precision medicine”[161]. Integration of AI algorithms into the IBD realm 
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brings promise not only in diagnosis or reducing interobserver variability in severity 
grading but also opens up the possibility of analyzing large databases to identify 
complex or occult patterns of disease[162-167].

A total of 25 studies pertaining to IBD were included in this review, of which 9 dealt 
with CD, 6 studied ulcerative colitis (UC,) and 10 investigated both. Five studies aimed 
to detect CD, UC, or IBD in general from VCE images, endoscopic images, histology, 
magnetic resonance imaging (MRI) images, and genetics. Most of the studies used 
cross-validated ML methods, of which SVM was the method of choice; while another 
study used DL-based CNN. These studies displayed high levels of accuracy in 
detecting IBD, from 83.3%-90.8%[143,168-171]. Aoki et al[143] developed a DL model 
based on CNN that used more than 10000 VCE images in the validation dataset to 
detect CD ulcers in the small bowel, achieving an accuracy, sensitivity and specificity 
of 90.8%, 88.2% and 90.9%, respectively.

Nine studies that addressed predicting disease severity were primarily based on 
endoscopic imaging; although other studies also used laboratory studies, demo-
graphics, histopathology and CT enterography[172-179]. Five studies utilized ML-
based analytic models, while the remaining four utilized DL-based models, of which 
CNNs were the preferred ones. Five studies reported internal validation, and two 
studies had external validation cohorts; while two studies did not report validation. 
The size of patient cohorts varied greatly, from 87 to over 3000, with studies reporting 
up to 40000 images in the validation datasets. Yao et al[179] designed a DL model 
based on CNN to grade the severity of UC using colonoscopy images, which was 
constructed with over 16000 images from 3000 patients. The reported accuracy, 
sensitivity, and specificity was 87.6%, 90.2%, and 87.0%, respectively. The authors 
concluded that these results support the use of AI in UC severity grading , which 
approximates the scoring of experienced human reviewers. Maeda et al[172] designed 
a ML model with CAD to detect histologic inflammation based on colonoscopy images 
enhanced with endocytoscopy. The model achieved an accuracy, sensitivity and 
specificity of 90.0%, 74.0%, and 91.0%, respectively, using over 9900 images from 100 
patients in the validation cohort.

To predict therapeutic response in patients with IBD treated with thiopurines or 
biologics seven studies constructed internally validated ML algorithms, based on RF 
analytic models. All models achieved an accuracy of 80.0%-89.8% or an AUC of 0.73-
0.846 in identifying patients who will respond at 6-8 wk to therapeutic regimens[180-
186]. Waljee et al[186] designed a model using only demographic and laboratory data 
from 401 patients to predict response at 8 wk in patients receiving ustekinumab with 
an AUC of 0.78, potentially laying the foundation to avoid costly therapeutic drug 
monitoring. Waljee et al[184] also constructed a model based on laboratory values and 
demographics with a validation dataset of over 6100 patients to predict IBD-related 
hospitalization and outpatient steroid use, achieving an AUC of 0.87, suggesting such 
AI models could be used to identify patients at risk of an IBD flare and enable 
precision medicine-based therapeutic approaches (Supplementary Table 4).

A further 2 internally validated ML models using SVM and RF were developed to 
predict the risk of IBD based on a genomic datasets[187,188]. Isakov et al[187] de-
veloped a gene prioritization model using 4 combined analytic models (RF, SVM GB, 
and an elastic net regularized generalized linear model) to identify genes related to 
IBD, achieving an accuracy of 80.8%. An internally validated natural language 
processing (NLP) model by Hou et al[189] used histopathology reports to identify 
surveillance vs nonsurveillance colonoscopy in patients with IBD, with an accuracy of 
80.0%. Lastly, Firouzi et al[190] developed an internally validated model based on 
Waikato Environment for Knowledge Analysis that identified, with an accuracy of up 
to 89.8%, patients with IBD who required a bone mineral density scan, using electronic 
health record data.

HEPATOBILIARY SYSTEM
Liver diseases are broad and complex, ranging from asymptomatic liver chemistry 
elevation to life-threatening conditions such as acute liver failure or orthotopic liver 
transplantation (OLT). Hepatology is can be a fertile ground for applying AI in 
survival models (e.g., model for end-stage liver disease), disease detection models [
e.g., early detection of non-alcoholic fatty liver disease (NAFLD)], disease severity 
models (e.g., alcoholic hepatitis discriminant function), or disease estimation models (
e.g., aspartate aminotransferase-to-platelet ratio index), but also for pattern recognition 
in radiological images, histopathology and even selection of LT candidates[191,192]. A 
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total of eighty-five studies pertaining to hepatology were examined, out of which 
twenty assessed prediction of outcome measures, forty-one examined prediction or 
detection of steatosis, fibrosis or cirrhosis, nine studies examined differentiation of 
malignant liver neoplasms, six studies explored predictive models for portal hyper-
tension, and eight studies investigated AI models for other purposes.

Nine studies developed models that assisted with detection or classification of 
hepatobiliary neoplastic lesion, six of which involved DL-based CNN[193-202]. 
Schmauch et al[197] constructed an internally validated CNN-based DL model using 
ultrasonographic images of the liver to detect and classify focal liver lesions, achieving 
an overall AUC of 0.891. Six studies constructed models assisting in predicting the 
presence of portal hypertension complications in patients with all-cause cirrhosis, 
based on clinical data or radiological images obtained from modalities such as CT 
scans[203-208]. Dong et al[204] constructed an ML-based model on an RF analytic 
model that used clinical data and predicted the presence of esophageal varices in 
patients with cirrhosis with an AUC of 0.82, potentially being useful in performing a 
better triage of patients who actually require an upper endoscopy for variceal 
screening. Liu et al[206] developed an ML model that had a higher diagnostic per-
formance than conventional noninvasive tools (either conventional image-based or 
serum-based tools) in identifying clinically significant portal hypertension from 
contrast-enhanced CT or MRI, with an accuracy of 91.1% and 88.9%, respectively.

Forty-two studies developed models addressing detection of steatosis, fibrosis, or 
cirrhosis based on clinical data, shear-wave elastography, CT or MRI scans, his-
topathology, or genetics. Of these, 27 studies developed models to detect, quantify, or 
predict steatosis, fibrosis, or cirrhosis[202,209-234]. Forlano et al[215] developed a ML-
based model for quantification of steatosis, inflammation, ballooning, and fibrosis 
using biopsies from patients with NAFLD. The model identified characteristics of 
NAFLD with intra- and inter-observer agreement from 0.95-0.99, and has a potential 
use in objective assessment of treatment response in patients with NAFLD. Yasaka et al
[202] constructed a DCCN model based on over 144000 MRI images from 534 patients 
to stage hepatic fibrosis, achieving AUCs of 0.84, 0.84, and 0.85 for F4, F3, and F2 
fibrosis, respectively. In assessing fibrosis in patients with hepatitis B virus, Wang et al
[232] created a DL-based CNN model that used ultrasonographic and elastography 
data from 132 patients to predict fibrosis, with AUCs of 0.97, 0.98 and 0.82 for F4, F3 
and F2 fibrosis, respectively. Eight studies developed AI models to establish the 
diagnosis of fatty liver disease or distinguish between the causes of liver disease[235-
242]. In distinguishing NAFLD from non-alcoholic steatohepatitis (NASH), Fialoke et 
al[237] constructed an ML model testing decision tree, linear regression,, RF, and 
extreme gradient boosting (XGB) analytic models, of which the XGB achieved the 
highest accuracy, AUC, sensitivity, and specificity at 79.7%. 0.876, 77.4%, and 80.8%, 
respectively. Taylor-Weiner et al[239] constructed an ML model that enabled quan-
titative measurement of liver histology and disease monitoring in NASH, charac-
terizing disease severity, heterogeneity and treatment response in NASH.

Of 20 studies examining outcome predictors, 8 evaluated predictor models in OLT 
involving donor-recipient matching, recipient survival at determined time frame, graft 
survival at different time frames, survival predictors, and morbidity predictors[243-
250]. Bertsimas et al[245] constructed an internally-validated decision tree-based ML 
model using clinical data that predicted 3-mo waitlist mortality or removal with an 
AUC of 0.895. Five studies designed models for outcome prediction in patients with 
hepatocellular carcinoma (HCC), including response to trans-arterial chemoembol-
ization (TACE), recurrence or survival after resection, most of which were based on 
CNN[251-255]. Saillard et al[254] designed an externally-validated model based on a 
pre-trained CNN based on histology slides from 328 patients that independently 
predicted survival after HCC resection with a c-index of 0.75. Other studies evaluated 
outcomes in patients with acetaminophen-related ALF, primary sclerosing cholangitis, 
predicted the presence of choledocholithiasis, predicted hepatotoxicity of stereotactic 
body radiation, or mortality in patients with cirrhosis[256-263]. Eaton et al[256] 
constructed a ML model with XGB that accurately predicted hepatic decompensation 
in patients with primary sclerosing cholangitis with a C-statistic of 0.90.

Other studies focused on developing models for miscellaneous topics such as 
estimating liver stiffness from MRI, assessing pretransplant cognitive impairment, 
detecting spectral differences between normal and hepatitis B virus serum samples, 
classifying seroconversion to HBeAg, predicting hepatotoxicity in early stages of drug 
development, predicting fibrosis in hepatitis C virus, or AI-assisted liver tumor seg-
mentation[264-272]. Williams et al[271] developed a ML model based on a Bayesian 
network using hepatic safety assays to predict drug-induced liver injury in com-
pounds during drug development, achieving an accuracy, sensitivity, and specificity 
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of 86.0%, 87.0%, and 85.0%, respectively. An externally-validated ML model based on 
SVM and radiomics by He et al[267] used MRI and clinical data to estimate liver 
stiffness, achieving an AUC of 0.80, with an accuracy, sensitivity, and specificity of 
75.0%, 63.6%, and 82.4%, respectively. Lastly, models addressing prediction of NAFLD 
or NASH based on clinical or genetic data, as well as models analyzing donor liver 
texture for steatosis, have also been developed[272-278] (Supplementary Table 5).

PANCREATIC DISEASES
Pancreatic diseases contain areas where AI can be effectively applied. Of primary 
interest is the use of AI in improving existing disease severity scoring systems or 
prognostic models in complicated acute pancreatitis (AP) or chronic pancreatitis (CP), 
based on clinical and radiological data, detection and differentiation of pancreas cystic 
neoplasms (PCN) with prediction of malignant potential, radiologic early detection of 
pancreatic ductal adenocarcinoma (PDAC), radiologic differentiation between PDAC 
and benign pancreatic conditions [e.g., autoimmune pancreatitis (AIP)], and histopath-
ologic interpretation of tissue samples[279-282]. A total of 59 studies pertaining to the 
pancreas were reviewed. Of these, 20 (34%) addressed prediction of outcomes in 
patients with pancreatic diseases ranging from AP to neoplasia.

Eleven of these studies examined outcome prediction in AP. All of the studies’ ANN 
models outperformed logistic regression models, Glasgow, and APACHE-II scoring 
systems in predicting AP severity; while requiring less number of parameters[283-
293]. Qiu et al[292] compared the performance of SVM, logistic regression analysis, and 
ANN models to predict multiorgan failure in AP. All 3 models predicted multiorgan 
failure, with AUC of 0.840, 0.832, and 0.834, respectively, with ANN requiring a lesser 
number of parameters.

Seven (12%) studies used AI algorithms to construct clinical registries, segment the 
pancreas based on imaging, or differentiate between certain pancreatic diseases based 
on cross-sectional imaging or endoscopic ultrasound (EUS)[294-300]. Zhang et al[298] 
constructed a DL station classification model and a segmentation model to reduce the 
difficulty in EUS interpretation for trainees. The trainee station recognition accuracy 
improved from 67.2% to 78.4% in the crossover study. Interobserver agreement 
between endoscopists and deep CNN with Cohen’s kappa coefficient was substantial, 
ranging from 0.826-0.879. The authors conclude that this technology may play a key 
role in shortening the learning curve of EUS among trainees.

Fifteen studies (25%) addressed prediction of malignancy based on imaging fin-
dings, or differentiation of benign from malignant pancreatic conditions[280,301-315]. 
Marya et al[280] developed an EUS-based CNN model that distinguished AIP from 
normal pancreas with 99% sensitivity and 98% specificity, AIP from CP with 94% 
sensitivity and 71% specificity, and AIP from PDAC with 90% sensitivity and 93% 
specificity. Chu et al[301] conducted a study utilizing CT radiomics features to differ-
entiate PDAC from normal pancreas tissue. The accuracy of the RF binary classi-
fication was 99.2%, with an AUC of 99.9%. All cases of PDAC were correctly 
identified, with a sensitivity of 100% and specificity of 98.5%.

Eleven studies (19%) evaluated differentiation of PCNs by classifying them into 
their respective subtypes based on their characteristics on imaging[316-326]. Springer 
et al[324] developed a multimodality ML model that integrated clinical, radiological 
and genetic/biochemical markers data to determine whether patients with pancreas 
cyst should undergo surgery, monitoring, or no further surveillance. The model 
correctly identified serous cystic neoplasms in 65% of the cases with 99% specificity, 
clearly outperforming the current standard of care of clinical identification in only 18% 
of cases. The authors conclude that these systems may serve an adjunct role in clinical 
practice, enabling the clinician to take better-informed clinical decisions[324].

Eight studies addressed PDAC, from developing risk scores for development of 
PDAC based on urinary biomarkers, predicting clinical performance and response to 
celiac plexus neurolysis, to prediction of survival time. AI models performed at least as 
well as the logistic regression models in predicting the selected outcome[327-334].

Six studies directly examined early pancreatic cancer detection in PDAC or PCN by 
examining the imaging characteristics or identifying high-risk patients on electronic 
health records based on factors such as family history of pancreatic cancer[335-340]. 
Roch et al[339] developed NLP-based algorithms based on common terminology used 
by physicians in describing pancreatic cysts and applied them to automatically 
conduct searches in electronic health records. The algorithm tracked patients with 
cysts with a 99.9% sensitivity and 98.8% specificity, demonstrating its utility in 
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capturing patients swiftly and with more ease than manual review. Ozkan et al[338] 
developed a CAD image-processing system using EUS images to diagnose PDAC, 
taking patient age into consideration. The accuracy of the model was 87.5, with 
sensitivity and specificity of 83.3% and 93.3%, respectively (Supplementary Table 6).

CURRENT LIMITATIONS AND KNOWLEDGE GAPS
Despite the numerous positive advances in AI, there remain several limitations to 
current studies and obstacles to overcome for future studies. Most current models are 
based on labeled data and, hence, interpretation is only as good as the observer who 
labeled the “gold-standard” data. Current algorithms are specifically fitted for a 
determined dataset. A sizeable proportion of the AI models applied to the clinical 
setting are only internally validated. Ideally, models should be externally validated on 
diverse cohorts to ensure that overfitting does not become an issue. Therefore, this 
issue could be potentially addressed by the creation of a universal, well-annotated, 
high-quality dataset, and by creating algorithms with more plasticity. However, 
creating “universal datasets” creates additional challenges, particularly related to data 
integrity and privacy. A potential solution to this is the decentralized “federated 
datasets”, which involves combining multiple datasets stored on their respective 
servers, addressing these challenges[341]. Specific protocols are required for choosing 
an analytic model and selecting or developing validation techniques (e.g., external-, 
internal-, cross-validation) for data fine-tuning or augmentation. Algorithms that yield 
the best accuracy should be promoted. Calibration has translated into improvements 
in probability prediction, for which they should be instituted in all models. Most 
current studies were cohort studies, whereas well-designed randomized controlled 
trials would be needed to better support conclusions. Some studies utilized custom-
built models, which are not explained in detail. Therefore, custom-built algorithms 
should have their background and processes thoroughly declared. The studies 
presented numerous different newly developed models, which would require vali-
dation to determine whether these can be applied to other datasets. Several studies 
examine different techniques during an equivalent endoscopic procedure (e.g., 
endoscopic image processing in NBI, WLI, or chromoendoscopy), which renders 
comparisons between techniques cumbersome or not possible. Data matrixes should 
be completely reported[342]. Significant efforts have been devoted to developing 
guidelines, such as the CONSORT-AI extension, to standardize reporting in trials 
evaluating performance of the AI. Adherence to current guidelines and flexibility to 
revise them as technology continues to advance is of paramount importance. The 
majority of studies use still images and high-definition images, which is not in line 
with the “real-world experience” of real-time settings, imaging affected by motion 
artifact or poor image processing from outdated technical equipment.

APPLICATION IN CLINICAL CARE (ARTICLE HIGHLIGHTS)
ML and DL could assist clinicians in the diagnosis of gastrointestinal and liver 
neoplasms, bleeding, infection, and inflammatory process, and also predict outcome 
measures in these conditions.

The initial use of ML or DL models might be used in backing up clinicians in 
establishing diagnoses or determining a treatment plan.

Given its high predictive value, if AI suggestions match the clinician’s reasoning, 
clinicians could make a decision more confidently. If the answers are discrepant, 
careful investigation should be undertaken.

In the future, if ML or DL models find a place to be integrated in standard clinical 
care, to guide in establishing diagnoses, selecting treatment interventions, predicting 
outcomes, and influencing clinical decision-making. However, future studies are also 
necessary to explore avenues of how these measures can be better instituted in clinical 
practice as a whole.

FUTURE DIRECTIONS
As demonstrated by this review, AI applications in clinical gastroenterology and 
hepatology continue to rapidly expand and evolve at many different levels. For 
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general clinical care, the recent proliferation in AI applications is likely to enable 
“precision medicine” on a broader scale. Clinically, it is predicted that invasive 
diagnostic interventions will generally fall out of favor for some conditions, as better 
noninvasive ML-based algorithms pave the way for improved clinical prediction 
models. Some diagnostic interventions, such as VCE interpretation, may see a consid-
erable decrease in human interpretation, minimizing the human role to that of 
supervision and attestation of findings of the model. AI-assisted technology will prove 
important in real-time clinical settings (e.g., polyp detection during colonoscopy). 
Integration of monitoring devices (e.g., smartphones, smart watches) with ML in the 
management of selected diseases is also predicted to significantly receive more 
attention the coming years. The creation of a universal, large, high-quality, well-
labelled dataset is a necessity, from which algorithms could be developed to better 
define the epidemiology and risk factors of diseases. Well-harnessed AI assistance 
should decrease physician workload or at least maximize their productivity by 
allowing them to shift from menial tasks to faster, more accurate clinical decision-
making. ML algorithms based on these datasets can also be used for other quality 
measures, such as improvement of process efficiency or identifying cost-effective 
interventions. In terms of data analysis, traditional analytic models (e.g., logistic 
regression and clinical scoring systems) may be substituted or augmented by ML 
algorithms to achieve greater capability and accuracy. Developing and maintaining 
multidisciplinary teams of data scientists, physicians, content subject experts and 
industry is of paramount importance in the advancement of AI in gastroenterology 
and hepatology. Finally, educating clinicians and patients in the future paths of AI 
applications is critical to increase understanding of future value and decrease reluc-
tance in engagement.

CONCLUSION
The latest advances in AI in gastroenterology and hepatology are promising for aspect 
many fields of clinical care, from detection of neoplastic lesions on endoscopic 
assessment and improving current survival models to predicting treatment response. 
The application of AI to large and complex datasets may assist in the identification of 
new associations between variables, potentially leading to changes in clinical practice. 
Furthermore, the use of AI-assisted technologies has the potential to dramatically 
improve the quality of care. Finally, the time for assisted precision medicine is at hand, 
with the AI being able to tailor a treatment regimen or potentially predict the response 
to treatment in a specific patient based on extensive amounts of clinical data from 
large patient datasets. It is important to realize that, while AI currently does not 
substitute human clinical reasoning, it has a bright future in the betterment of patient 
care.
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Abstract
Chronic liver diseases (CLDs) are becoming increasingly more prevalent in 
modern society. The use of imaging techniques for early detection, such as 
magnetic resonance imaging (MRI), is crucial in reducing the impact of these 
diseases on healthcare systems. Artificial intelligence (AI) algorithms have been 
shown over the past decade to excel at image-based analysis tasks such as 
detection and segmentation. When applied to liver MRI, they have the potential to 
improve clinical decision making, and increase throughput by automating 
analyses. With Liver diseases becoming more prevalent in society, the need to 
implement these techniques to utilize liver MRI to its full potential, is paramount. 
In this review, we report on the current methods and applications of AI methods 
in liver MRI, with a focus on machine learning and deep learning methods. We 
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assess four main themes of segmentation, classification, image synthesis and 
artefact detection, and their respective potential in liver MRI and the wider clinic. 
We provide a brief explanation of some of the algorithms used and explore the 
current challenges affecting the field. Though there are many hurdles to overcome 
in implementing AI methods in the clinic, we conclude that AI methods have the 
potential to positively aid healthcare professionals for years to come.

Key Words: Liver diseases; Magnetic resonance imaging; Machine learning; Deep 
learning; Artificial intelligence; Computer vision
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Core Tip: Artificial Intelligence (AI) algorithms are becoming increasingly prevalent in 
magnetic resonance imaging (MRI) after their proven success in computer vision tasks. 
With regards to liver MRI, these methods have been shown to be successful in tasks 
from hepatocellular carcinoma detection, to motion reduction to improve undiagnostic 
scans. They have also been shown in some cases to outperform radiographer level 
performance. The widespread use of these techniques could positively aid clinicians for 
years to come, if implemented properly into clinical workflows.

Citation: Hill CE, Biasiolli L, Robson MD, Grau V, Pavlides M. Emerging artificial intelligence 
applications in liver magnetic resonance imaging. World J Gastroenterol 2021; 27(40): 6825-
6843
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6825.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6825

INTRODUCTION
Since the advent of magnetic resonance imaging (MRI) in the 1970s, its use has grown 
exponentially worldwide, due to its ability to give high resolution images in the body, 
allowing the early diagnosis and accurate prognosis of many diseases[1,2]. In contrast 
to computed tomography (CT), MRI uses no ionising radiation, has superior soft tissue 
contrast and allows the probing of metabolic processes due to the ubiquitous nature of 
water in our bodies. With regards to the liver, it has become an essential tool for 
anatomical assessment. In addition, current cutting edge methods allow for quanti-
fication of liver fat, liver iron and staging of fibrosis levels within the liver[3-5]. These 
methods have the possibility to provide early detection and staging of many chronic 
liver diseases (CLDs), and are becoming more in demand with the rising prevalence in 
liver disease in western society. With 1/3 of adults believed to have non-alcoholic fatty 
liver disease (NAFLD) and 12% the more severe non-alcoholic steatohepatitis (NASH), 
NAFLD has been defined as a silent pandemic and the most prevalent liver disease in 
human history[6-9]. As there is currently no medical treatment for NAFLD beyond 
lifestyle interventions, the need for early detection is paramount, so that the disease 
progression can be halted and reversed, and MRI can play an important role in this
[10].

The need for early detection is not only limited to CLDs but is also important in 
detection of liver cell cancer (hepatocellular cancer; HCC). With mortality rates from 
HCC predicted to rise to become the third highest leading cause of cancer-related 
deaths in the US by 2030, the need for early diagnosis is needed so that treatment can 
be effective[11]. Currently this requires expert radiologists studying liver MRI scans 
trying to find a tumour. Though many tumours are identified, some tumours can also 
be missed, with one study finding that 16% of lesions were missed in multiparametric 
MR imaging of the prostate, highlighting the need for a method for identifying these 
missed cases[12].

Early detection can be addressed in many liver diseases using liver MRI. The 
current gold standard for staging is liver biopsy, however, it is invasive, is localized 
(sampling error) and has risk of complications[13]. Liver MRI is overtaking this 
standard, due to being non-invasive and allowing global metrics to be calculated 
across the whole liver. When diagnosing liver fibrosis stage, an important biomarker 
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in staging NAFLD, many different sequences have predictive potential, such as MRE, 
T1 and T2* mapping, diffusion weighted imaging (DWI) and hepatocellular function 
imaging using contrast agents[14]. When identifying HCC within the liver, hepato-
cellular function imaging is commonly used, however DWI also has good predictive 
power[15,16]. These methods all require a level of expert analysis to interpret the 
images, similarly to biopsies, which means they are prime candidates for automation 
using AI methods.

Artificial intelligence (AI) techniques, have been shown to perform well when 
applied to computer vision problems, from classification of objects in a photograph to 
fast object segmentation of video frames for self-driving cars[17,18]. These techniques 
have also been applied successfully to many areas of MRI in the body, such as 
segmentation of brain tissue, ejection fraction prediction and diagnosis of heart 
conditions[19-21]. An AI approach to report mammograms for the presence of breast 
cancer has been shown to outperform radiologist reporting[22]. AI techniques in Liver 
MRI are relatively underdeveloped compared to brain and cardiac MRI, but 
nevertheless, they provide opportunities to alleviate workload in many settings.

In this review, we assess the current gold standard of AI in liver imaging. 
Specifically, we review the recent application of AI techniques for segmentation 
(Table 1), classification (Table 2) and image synthesis for different CLDs and MR 
imaging techniques. We briefly provide an overview of AI techniques in the field, 
describe the implementation of AI to achieve these applications and explain how they 
are quantitatively and qualitatively assessed. We explore the publications that have 
sought to solve these problems and assess the challenges that still face the field.

AI ALGORITHMS
We broadly focus on two subsets of AI algorithms: traditional machine learning (ML) 
algorithms and deep learning (DL) algorithms. Traditional machine learning 
algorithms often rely on the input of handcrafted features, an additional piece of data 
which has been derived from acquired data. In the case of MR images, these 
handcrafted features are often statistical measurements such as the mean intensity of 
the image or a sub region of the image, and are called radiomic features as they are 
derived from medical images. These radiomic features are then passed to a statistical 
model, such as a support vector machine (SVM), kMeans Clustering, random forests or 
a naïve bayes algorithm among many others[23,24]. These models can either be 
supervised, where you have a desired target outcome, or unsupervised, where no 
target outcome is enforced. When you have selected the appropriate model for your 
task, the model is then trained. In the case of supervised models, the model updates its 
parameters to minimise the error between your desired output and the model output, 
as new data is sequentially passed to it. An example would be inputting radiomic 
features extracted from tumours and the model getting better at classifying the 
tumours into their classes, such as hepatocellular carcinoma (HCC) or intrahepatic 
cholangiocarcinoma (ICC), as it updates its parameters to minimise the error between 
its output prediction and the ground truth. In the case of unsupervised models, the 
model updates its parameters to be able to separate input data into a predefined 
number of classes, without knowledge of what those classes may be. In the above 
example, you would input the radiomic features from different tumours and ask the 
model to output two distinct classes for HCC and ICC, without explicitly giving the 
model information about which tumour corresponds to which class. During training 
you monitor the success at a desired task and stop training once the model 
performance meets some predefined criteria, such as the model no longer improving 
even when new data is added. If the model is accurate, i.e., it rivals human 
performance, it can then be used in a research or clinical setting.

LeCun et al[25] defines DL methods as ML methods with multiple levels of features, 
obtained by composing simple but non-linear modules that each transform the feature 
at one level (starting with the raw input) into a feature at a higher, slightly more 
abstract level. In essence, this means that DL algorithms calculate successive features 
based on the features or data that you provide it. The most common way of doing this 
in MR images is to employ convolutional layers. A convolution, in terms of images, is 
a filter of a defined size, which when applied to a portion of an MR image of the liver 
equal to the size of the filter, outputs a singular value, as shown in Figure 1. When 
applied sequentially to a whole scan, it outputs an image containing these values, 
known as a feature map. Additional convolutional layers are applied to these feature 
maps, to produce feature maps with deeper information. When these layers are 
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Table 1 Applications of artificial intelligence segmentation methods to liver magnetic resonance imaging

Ref. Task Method MR image DICE

Mole et al[37], 2020 Segment liver from T1 mapping technique to aid 
surgical planning

3D U-Net T1 map 0.97

Winther et al[27], 2020 Segment liver from Gd-EOB-DTPA-enhanced 
MRI for volume calculations

3D U-Net Gadoxetic acid-enhanced MRI 0.96 ± 1.9

Liu et al[30], 2020 Segment liver for automated liver iron 
quantification

2D U-Net T2* map 0.86 ± 0.01

T1-w: 0.95 ± 0.03Wang et al[43], 2019 Segment Liver across multiple imaging 
modalities and techniques

2D U-Net T1- and T2*- weighted

T2-w: 0.92 ± 0.05 

Cunha et al[46], 2020 Segment liver to classify if adequate contrast 
uptake has occurred in contrast enhanced scans

2D U-Net Pre- and post-contrast T1- 
weighted, and T2- weighted

Not reported

Chen et al[31], 2020 Segment multiple organs in abdominal scans, to 
aid radiotherapy planning

2D Dense U-Net T1-weighted Liver: 0.96 ± 0.009

Liver: 0.91 ± 0.01Bousabarah et al[36], 
2020

Segment and delineate HCCs 2D U-Net Gadoxetic acid-enhanced MRI

Tumour: 0.68 ± 
0.03

Ivashchenko et al[41], 
2019

Segment liver, vasculature and biliary tree 4D k-mean clustering Gadoxetic acid-enhanced MRI Liver: 0.95 ± 0.01

Irving et al[44], 2017 Segment liver with vessel exclusion to assist in 
liver assessment

2D U-Net T1 map 0.95

Yang et al[45], 2019 Segment liver across multiple domains via 
domain transfer

Cycle GAN and 2D U-
Net

Gadoxetic acid-enhanced MRI 0.891 ± 0.040

Liver: 0.87Christ et al[39], 2017 Segment liver and tumours within, in CT and 
MRI

Two sequential 2D U-
Nets

Diffusion-weighted

Tumour: 0.697 

Fu et al[35], 2018 Segment multiple organs in abdominal scans, to 
aid radiotherapy planning

Three Dense CNNs T2/T1-weighted Liver: 0.953 ± 
0.007

Valindria et al[33], 
2018

Segment multiple organs in multi-modal 
(MR,CT) scans

ResNet Encoder 
Decoder

T2-weighted Liver: 0.914

Masoumi et al[42], 
2012

Segment the liver Watershed (non-AI) + 
ANN

Abdominal MRI 0.94 (IoU not 
DICE)

Jansen et al[40], 2019 Segment liver and metastases CNN DCE-MR and diffusion-weighted Liver: 0.95

MRI: Magnetic resonance imaging; CT: Computed tomography; DCE-MR: Dynamic contrast enhanced magnetic resonance; HCC: Hepatocellular 
carcinoma; GAN: Generative adversarial network; CNN: Convolutional neural network; ANN: Artificial neural network; IoU: Intersect over union.

stacked together, a convolutional neural network (CNN) is generated. The final 
convolutional layer generates the desired size of your output, anything from a single 
value to classify the disease state, or a new image which could be a segmentation map 
of the liver. Like traditional machine learning, the accuracy of the output compared to 
a gold standard measurement, is maximised during training.

SEGMENTATION
Segmentation describes the process by which anatomical structures can be selected 
from a radiological image. Anatomical structures can be organs like the liver, tissues 
like subcutaneous and visceral fat or malignant deposits. Metrics resulting from the 
segmentation process and segmentation maps can help with estimation of volumes (
e.g., liver volume), important metabolic ratios (ratio of visceral to subcutaneous fat) 
and provide important anatomical information that can help in the radiotherapy and 
surgical planning for the treatment of malignant tumours[26,27]. Segmentation can 
therefore play an important role in many aspects of clinical decision making. 
Segmentation maps are also often used in quantitative techniques, such as T1 mapping 
and MRE, to give accurate measurements across the whole liver and not just in a 
region of interest[26,28].
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Table 2 Applications of artificial intelligence classification methods using liver magnetic resonance imaging

Ref. Task Method MR image Accuracy Sensitivity Specificity AUROC

F1-4: 0.69 F1-4: 0.64 F1-4: 0.90 F1-4: 0.77

F2-4: 0.85 F2-4: 0.82 F2-4: 0.93 F2-4: 0.91

F3-4: 0.85 F3-4: 0.87 F3-4: 0.83 F3-4: 0.90

Hectors et al
[60], 2020

Stage liver fibrosis VGG16 CNN Gadoxetic acid-
enhanced MRI

F4: 0.78 F4: 0.73 F4: 0.81 F4: 0.85

cHCC-CC vs 
non-cHCC-
CC: 0.77 

cHCC-CC vs 
non-cHCC-
CC: 0.65

cHCC-CC vs 
non-cHCC-
CC: 0.81 

cHCC-CC vs 
non-cHCC-
CC: 0.77 

Liu et al[55], 
2021

Classify cHCC-CC vs 
non-cHCC-CC and HCC 
vs non-HCC

Radiomics + SVM Gadoxetic acid-
enhanced MRI

HCC vs non-
HCC: - 

HCC vs non-
HCC: 0.68 

HCC vs non-
HCC: 0.88

HCC vs non-
HCC: 0.79 

Wu et al[48], 
2020

Classify tumours 
according to their LI-
RADS grade

AlexNet CNN Gadoxetic acid-
enhanced MRI

0.9 1 0.835 0.95

Messaoudi 
et al[50], 
2020

Classify tumours into 
HCC or non-HCC

Patch based CNN Multiphase 3D fast 
spoiled gradient 
echo T1

0.9 ? ? ?

Lesion class: 
0.919

Lesion class: 
0.90

Lesion class: 
0.98

Hamm et al
[51], 2019

Classify tumours into 
type and LI-RADS 
derived classes

CNN Multiphase 
contrast-enhanced 
T1-weighted MRI

LI-RADS: 
0.943

LI-RADS: 0.92 LI-RADS: 0.97

LI-RADS 
(HCC): 0.922

Trivizakis et 
al[54], 2018

Classify tumours into 
primary or metastatic

3D CNN + SVM Diffusion weighted 
MRI

0.83 0.93 0.67 0.8

He et al[65], 
2019

Correctly predict liver 
stiffness using clinical 
and radiomic data

Radiomics + SVM T2-weighted MRI 0.818 0.722 0.87 0.84

T1-w: 0.82 T1-w: 0.857 Schawkat et 
al[61], 2020

Stage liver fibrosis into 
low-stage (F0-2) and 
high-stage (F3-4)

Radiomics + SVM T1-weighted MRI, 
T2-weighted MRI

T2-w: 0.619

? ?

T2-w: 0.57

Observer 1: 
0.815

Observer 1: 
0.793 

Observer 1: 
0.889 

Observer 1: 
0.90 

Lewis et al
[56], 2019

Distinguish HCC from 
other primary cancers

Radiomics + Binary 
logistic regression

Diffusion weighted 
MRI

Observer 2: 
0.80

Observer 2: 
0.862

Observer 2: 
0.778

Observer 2: 
0.89

Wu et al[57], 
2019

Classify tumours into 
HCC and HH

Radiomics + logistic 
regression

T2-weighted MRI, 
Diffusion weighted 
MRI, T1-weighted 
GRE in phase and 
out of phase MRI

? 0.822 0.714 0.89

HCC vs MT: 
0.92

HCC vs MT: 
1.0 

HCC vs MT: 
0.84 

HCC vs MT: 
0.95 

HCC vs HH: 
0.9 

HCC vs HH: 
0.96 

HCC vs HH: 
0.84

HCC vs HH: 
0.95

Oyama et al
[58], 2019

Classification of hepatic 
tumours into HCC, HH 
and MT

Radiomics + logistic 
regression/XGBoost

T1-weighted MRI

MT vs HH: 
0.73

MT vs HH: 
0.72

MT vs HH: 
0.74

MT vs HH: 
0.75

Wu et al[59], 
2019

Predict pre-operative 
HCC grade

Combined clinical data 
and Radiomics + logistic 
regression

T2/T1-weighted 0.761 0.85 0.65 0.8

Chen et al
[69], 2019

Predict pre-treatment 
immunscore in HCC

Combined clinical data 
and radiomics + multi-
vote decision trees

Gadoxetic acid-
enhanced MRI

0.842 0.846 0.841 0.934

F2-4: 0.803 F2-4: 0.814 F2-4: 0.784 F2-4: 0.91 

F3-4: 0.803 F3-4: 0.789 F3-4: 0.820 F3-4: 0.88

Park et al
[63], 2019

Stage liver fibrosis Radiomics + logistic 
regression

Gadoxetic acid-
enhanced MRI

F4: 0.813 F4: 0.921 F4: 0.754 F4: 0.87

Zhao et al
[67], 2019

Predict early 
reoccurrence of IMCC

Combined clinical data 
and radiomics + logistic 
regression

T2-weighted MRI, 
gadoxetic acid-
enhanced MRI

0.872 0.938 0.839 0.949
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Arterial 
phase: 0.83

Arterial 
phase: 0.62

Arterial 
phase: 0.73 

Reimer et al
[68], 2018

Predict therapy response 
to transarterial 
radioembolization

Radiomics + logistic 
regression

Gadoxetic acid-
enhanced MRI

?

Venous phase: 
0.71

Venous phase: 
0.85

Venous 
phase: 0.76

HCC: 0.957 HCC: 0.904 HCC: 0.951

Metastatic: 
0.946

Metastatic: 1.0 Metastatic: 
0.985

Zhen et al
[53], 2020

Classify liver tumours 
into benign , HCC, 
metastatic or other 
primary malignancy

CNN with clinical input T2, diffusion, Pre- 
contrast T1, late 
arterial, portal 
venous, and 
equilibrium phase

0.919

Other 
primary: 0.733

Other 
primary: 0.964

Other 
primary: 
0.989

F4 vs F3-0: 
0.75 

F4 vs F3-0: 
0.76

F4 vs F3-0: 
0.76 

F4 vs F3-0: 
0.84 

F4-3 vs F2-0: 
0.77 

F4-3 vs F2-0: 
0.78

F4-3 vs F2-0: 
0.74

F4-3 vs F2-0: 
0.84 

Yasaka et al
[62], 2017

Stage liver fibrosis CNN Gadoxetic acid-
enhanced MRI

F4-2 vs F1-0: 
0.80

F4-2 vs F1-0: 
0.84

F4-2 vs F1-0: 
0.65

F4-2 vs F1-0: 
0.84

Kim et al
[70], 2019

Predict postoperative 
early and late recurrence 
of single HCC

Radiomics + random 
forests

Gadoxetic acid-
enhanced MRI

Harrel C-statistic: 0.716 in combined radiomic and 
clinicopathologic model, no significant difference to 
clinicopathologic model (0.696)

Kim et al
[52], 2020

Detect HCC CNN Gadoxetic acid-
enhanced MRI

0.937 0.94 0.99 0.97

Liu et al[71], 
2020

Identify clinically 
significant portal 
hypertension

CNN + logistic 
regression

? ? 0.929 0.846 0.94

MRI: Magnetic resonance imaging; GRE: Gradient recalled echo; LI-RADS: Liver Imaging Reporting and Data System; HCC: Hepatocellular carcinoma; 
HH: Hepatic hemangioma; MT: Metastatic tumour; CC: Cholangiocarcinoma; cHCC-CC: Combined hepatocellular cholangiocarcinoma; IMCC: 
Intrahepatic mass-forming cholangiocarcinoma; CNN: Convolutional neural network; SVM: Support vector machine; AUROC: Area under the receiver 
operating characteristic curve.

Figure 1 A deep convolutional network. An example deep learning segmentation network, the U-Net. A series of convolutions, combined with downsampling 
and upsampling to learn feature maps at different scales, are used to output a segmentation map. An example of a convolution, and feature map are shown on the 
right.

The segmentation processes are usually carried out manually using software tools 
for this purpose. However, these manual processes can be time consuming and 
inaccurate, and the introduction of automated AI methods can reliably supersede 
these methods, improving output and reliability by performing close to the level of 
expert radiologists in a much shorter time[28]. For example, automatic segmentation to 
measure liver fat, adipose tissue depots and muscle volume and fat content led to an 
improved risk stratification for the presence of type 2 diabetes and cardiovascular 
disease compared to discrete categorisations of body composition in a large population 
study (n = 10000)[29]. Such a study would not be possible without automatic 
segmentation to measure the parameters of interest.

When applying AI algorithms to segmentation tasks, the aim is to highlight every 
voxel in an MR image that applies to a certain class. For example, this could be that the 
voxel contains the liver, a tumour, or neither. Though different algorithms have 
different approaches to achieving this goal, they are all evaluated by their ability to 
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correctly identify which voxel of the MR image corresponds to which class. One 
common metric for evaluating this is the DICE score, which is defined as follows 
(Formula 1):

Where TP is the number of true positives, where the voxel has been correctly 
classified, FP the false positives, where the voxel has been incorrectly given a class 
instead of no class, and FN the false negatives, where a voxel which belongs to a 
desired class has been labelled as belonging to no class. If the DICE score is high, then 
the segmentation map is accurate. Additional metrics of performance do exist, such as 
intersect over union (IoU), where the closer to 1 the result is, the better the 
segmentation.

Though non-deep learning AI segmentation methods do exist, the majority of 
papers presented here are based on deep learning methods due to the successful 
application of these methods in natural image space, an example being the U-Net, as 
shown in Figure 1[30]. Though other methods are used, the U-Net is the most common 
due to its proven performance in segmentation maps, in part down to its ability to 
learn features at different scales due to the downsampling, and inclusion of previous 
feature maps in the concatenation steps.

Segmentation for surgical and radiotherapy planning
Segmentation maps are crucial in surgical planning, especially in giving the clinician 
information of the size and location of tumours, to allow for safe and successful 
surgery. They are also useful in radiotherapy planning, allowing the therapy to be 
performed such that there is minimal risk to organs and maximal damage to tumours.

Chen et al[31] and Huang et al[32] implemented a 2D U-Net, with densely connected 
blocks, to segment up to 10 organs at risk in radiotherapy. They achieved a DICE 
coefficient of 0.963 ± 0.0010 in the liver with high metrics in most of all the other 
organs studied. Likewise, Valindria et al[33] and He et al[34] trained a 2D residual 
network to segment out multiple organs in CT or MR scans which can similarly be 
used for radiotherapy planning. The use of both modalities increased performance in 
both their segmentation maps, achieving a DICE score of 0.914 in the liver, when 
compared to training with just one modality. This is still less than that achieved by 
Chen et al[31], even with the additional information from the CT scans used in the 
Valindria study. This may be due to the use of T2-weighted MR images being used by 
Valindria et al[33] as opposed to T1 -weighted. Fu et al[35] used a trio of CNNs to 
segment multiple organs in images acquired on a dual radiotherapy MR machine, in 
order to expediate the MRI guided adaptive radiotherapy. They achieved a DICE score 
of 0.953 ± 0.007 in the liver. The segmentations took approximately 5 s to produce and 
as such could not be used yet in a real-time radiotherapy setting, however, the method 
does still alleviate radiologist workflow, where they only quality control the output 
which takes a quarter of the time of a full manual segmentation. Bousabarah et al[36] 
automate the segmentation of the liver and classification of tumours within into the 
Liver Imaging Reporting and Data System (LI-RADS) classes. They used a 2D U-Net to 
segment contrast enhanced MR images into two segmentation maps, one of the liver 
and one of any tumours within. The proposed tumour segmentation then undergoes 
post-processing by using a random forest classifier using radiomic features extracted 
from the proposed region. The combined model detected 75% of lesions in the test 
data, when there was a DICE score of 0.2 or greater between the detected and actual 
tumour. The output could not only be used in surgery and radiotherapy planning, but 
also be used in conjunction with a radiologist’s assessment to improve detection 
accuracy. They achieved a similar performance as Valindria et al[33], but with the 
harder task of segmenting out bodies within the liver itself, which will likely decrease 
performance in liver segmentation. Mole et al[37] and Owler et al[38] used a 3D U-Net 
to segment out the liver in a pipeline for surgical planning. They segmented the liver 
in a T1-mapping acquisition with a DICE score of 0.970. The metrics calculated using 
this segmentation map were used to predict post-operative liver function with a high 
degree of accuracy. This shows that the method could be used in determining whether 
a patient should go for surgery or whether other treatments should be considered. 
Christ et al[39] implemented two 2D U-Nets to segment out the liver and metastases 
within the liver, in both CT and MRI images, which could be used both for 
radiotherapy planning and measuring response to therapy. The first U-Net segments 
out the liver region, which is used to process the input MR image. The second U-Net 
segments out any tumours within this identified region. They achieved a DICE score 
of 0.87 when applied to diffusion weighted MRI images. Jansen et al[40] utilised 
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information from both dynamic contrast enhanced MRI (DCE-MRI) and DW-MRI to 
segment out the liver and metastases within, achieving a DICE score of 0.95 in the 
liver, and an accuracy of 96% in detecting the liver metastases.

Non-CNN based methods have also been used to segment out the liver in multi-
phase contrast enhanced MRI[41]. Ivashchenko et al[41] used a K-means clustering 
algorithm on multiple phases of the contrast enhancement to generate 8 initial 
compartments. They then select a best candidate and apply multiple post-processing 
non-AI methods to generate a full segmentation of the liver, achieving a DICE score of 
0.949 ± 1.2. This method could also be used to segment out the vessels and biliary tree, 
allowing safer execution of complicated liver resections. Masoumi et al[42] also used a 
non -CNN based method using both traditional non-AI methods, the watershed 
algorithm, and an artificial neural network (ANN) to automate the traditional 
algorithm. Six ANNs were trained to estimate 6 chosen features from the image, such 
as the ratio of the maximum and minimum diameter of the liver. These also extracted 
from the watershed algorithm and the error between the two feature sets calculated. 
This error is then iteratively used to update the watershed algorithm parameters until 
there is no longer a reduction in the error between the two feature sets. They achieved 
a mean Intersect over Union (IoU) of 0.94.

Segmentation of the liver when applied to surgical planning is, in most studies 
covered, exceeding a DICE score of 0.9. Variations in this value for the liver will likely 
be down to imaging protocol used (T1-weighted, T2-weighted, etc.), the patient group 
of interest, and the target outcome, in this case whether you are optimising to segment 
out the liver or whether it is a subtask among others, e.g., segmenting out metastases 
or multiple over organs.

Segmentation for liver function assessment 
Another application area for AI segmentation methods is liver function assessment. A 
full liver segmentation provides a more comprehensive estimation of liver function 
compared to region of interest placement. To get an overview of whole liver 
quantitative measures, radiologists must take the time to create these segmentations, 
that can easily be automated. Winther et al[27] showed that it is possible to segment 
out Gd-EOB-DTPA-enhanced liver MR images to calculate liver volumetry to assess 
hepatic functional reserve. They trained a 3D U-Net using the liver images of 100 
patients, achieving a DICE score of 0.967 ± 0.019, when compared to two experts who 
had a corresponding DICE score of 0.952 ± 0.028. The segmentation time using a 3D U-
Net took on average 60 s to generate a 3D segmentation map, compared to 10 min for 
an expert. Another study seeks to automate quantification of liver iron using a liver 
segmentation[30]. Liu et al[30] used a 2D U-Net to output a segmentation map for a T2
* quantitative map, generated using 16 slices from the T2* relaxometry method used 
to calculate it. They achieved a DICE score of 0.86 ± 0.01 with the manual segment-
ations and subsequently a strong correlation of the liver iron in mg/g calculated using 
the automated and manual methods. This lower DICE score in T2*-weighted images 
correlates with the lower DICE score seen in the Valindria et al[33] study above, 
suggesting that it is harder for these networks to segment the liver in T2* weighted 
images, or that it is harder for humans to segment out the liver accurately in T2*-
weighted images leading to a larger variation in your training dataset. Wang et al[43] 
implemented a 2D U-Net to segment the liver from abdominal MRI and CT scans. 
They achieved a DICE score of 0.95 in 100 T1-weighted MRI scans, and 0.92 in T2*-
weighted MRI scans. They used the segmentations to automate the calculation of liver 
volumetry and hepatic PDFF, both of which had good agreement with manual 
segmentation derived values. Liver function assessment can also be performed during 
scanning. Irving et al[44], used a 2D U-Net to segment out the liver with exclusion of 
internal vasculature, so that quantitative liver T1 scores could be calculated. They 
achieved a DICE score of 0.95. The above four studies, all showed to have liver 
function assessment measurements that correlate with the current methods. Though, 
most of the measurements derived from the automated segmentations are usually 
derived from manual segmentations and so if the segmentation is accurate, then it 
should be expected that the output measurement would correlate highly. Yang et al[45] 
also used a 2D U-Net to generate segmentation maps of the liver, however by using a 
process known as disentangled representation, they were able to transform MR and 
CT images into a shared image space which contains only shared content. On these 
images, they achieved a DICE score or 0.891 ± 0.040. This segmentation network could 
be applied to multiple imaging modalities, which could be useful in clinical uptake as 
the end user won’t have to carefully choose which model they apply. However, if 
accuracy of segmentation is the most important outcome, then many of the papers 
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covered here have shown better performance when seeking to maximise the 
segmentation accuracy in a single use case. Cunha et al[46] used AI methods to 
determine the optimal point for hepatobiliary phase acquisition in contrast enhanced 
MRI, thus avoiding overwaiting. They used a 2D U-Net to segment out a liver mask, 
which is applied to the original image. This masked liver is then passed to a classi-
fication CNN, which outputs a contrast uptake quality ranging from 0, minimal 
uptake, to 1, adequate uptake. They achieve an area under the receiver operating 
characteristic (AUROC) curve of 0.952 in the test set, indicating good classification 
accuracy. By applying their model in situ, they could reduce examination time in 48% 
of patients, by detecting when optimal uptake of contrast has occurred.

CLASSIFICATION
Classification or stratification is an important step in any disease treatment in 
healthcare. Without a proper classification of the disease causing symptoms, it is not 
possible to implement the correct medical response. Unfortunately, some diseases are 
hard to differentiate, even by experienced healthcare professionals. Providing 
additional support in this task could help ensure that patients are stratified correctly 
and swiftly. AI algorithms have been shown to deal well with image-to-class-based 
tasks, as demonstrated in applications to the ImageNet dataset[47].

AI classification algorithms are almost identical in their approach as segmentation 
networks. Whereas segmentation networks classify each voxel in an image, a classi-
fication seeks to classify all voxel in an image into a single class. They are evaluated 
against their ability to do this, by use of metrics such as accuracy, the percentage true 
positives and true negatives, sensitivity, the rate of true positives, specificity, the true 
negative rate, and by using receiver operating characteristic (ROC) curves, the true 
positive rate vs the false positive rate (1 – true negative rate/specificity), as shown in 
Figure 2.

Tumour detection and classification
Tumour classification is a useful tool in staging the severity of the cancer. The ability to 
differentiate between the various types of liver tumours would give the ability to 
medical professionals to implement an optimised treatment plan. Wu et al[48] used the 
AlexNet network architecture to classify cropped HCC tumours into either LR-3 
(intermediate probability for HCC) or the combined class LR-4/LR-5 (likely/definite 
HCC respectively)[48,49]. They achieved a 90% accuracy in classification and an 
AUROC 0.95 with reference to an expert radiologist. Messaoudi et al[50] achieved 
similar accuracy when applying a CNN to classify HCC tumours from liver dynamic 
contrast enhanced (DCE) MRI sequences with an accuracy of 90% when classifying 
between HCC and non-HCC. Hamm et al[51] also implemented a CNN for the classi-
fication of tumours into both the LI-RADS grading system and the lesion class. Their 
input to the network was the three phases, arterial, venous and equilibrium phases, of 
the contrast enhanced scans. They achieved an accuracy of 91.9% when classifying into 
the distinct lesion classes, and an accuracy of 94.3% when classifying into the LI-RADS 
score. This was both more accurate and faster (1.0ms runtime of the model) than two 
radiologists on the same dataset. When comparing to the study by Wu et al[48], though 
they both sought to differentiate cases using the LI-RADS system, Hamm et al[51] 
differentiated into more classes (LR-1,LR-4,LR-M) instead of just between LR-3 and 
LR-4/5. Hamm et al[51] outperformed the performance of Wu et al[48], however it is 
likely that it is harder to differentiate between LR-3 and 4/5, so they are not directly 
comparable. Ideally a neural network would be able to differentiate between all LI-
RADS classes. Kim et al[52] used a CNN to detect presence of HCC in liver MRI scans. 
By simplifying the problem into detection without segmentation, they get a high 
accuracy of 93.7% in detecting liver HCC lesions. This was comparable to the 
performance of a junior radiologist with an AUROC of 0.9 compared to 0.893, though 
was outperformed by an expert radiologist who had an AUROC of 0.957. Zhen et al
[53] used a CNN to classify tumours into multiple classes of benign, primary 
malignant and metastatic tumours using a combination of MR, clinical data and 
laboratory results. When using all the data together they achieved their best model 
performance with AUROCs of 0.951, 0.985 and 0.989 when classifying HCC, metastatic 
malignancy and primary malignancy (excluding HCC) respectively. Trivizakis et al[54] 
trained both a 2D and 3D CNN to classify liver tumours into primary and metastatic 
classes. The 2D network took the axial slices as input, whereas the 3D network took 
the abdominal volume. Unlike the papers above, they then used the features learnt 
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Figure 2 Classification algorithms and their performance metrics. Artificial intelligence classification algorithms use the combination of data provided to 
them and output a class probability. They are often evaluated according to the metrics on the right. MR: Magnetic resonance; AUROC: Area under the receiver 
operating characteristic curve.

during the training of these networks to train a support vector machine (SVM), a non-
CNN based AI approach. They achieved an accuracy of 83% in the SVM trained on the 
features from the 3D network, and 67.4% in the SVM trained on the features from the 
2D network. When not using the SVM as an additional step, they achieved an accuracy 
of 85.5% in the 3D network, with unreported accuracy in the 2D network though they 
conclude that the 3D model outperforms this. It shows that the inclusion of additional 
data, in this case more slices as a volume, often leads to an increased performance in 
the network performance. Though that does not always hold true, as in the study by 
Hamm et al[51]  where the inclusion of all phases of a gadoxetic acid-enhanced MRI 
scan produced worse results that selected phases. It is important that the addition of 
data is performed with care, such that you are not adding more noise to the data.

Radiomic-based approaches have also been shown to be successful in classifying 
detected tumours into potential classes. Liu et al[55] extract radiomic features from 
tumours manually segmented from Gd-EOB-DTPA-enhanced liver MR images. These 
features are input into two support vector machines (SVM), with the first classifying 
into combined hepatocellular cholangiocarcinoma (cHCC-CC) or non-cHCC-CC, and 
the second classifying into HCC and non-HCC. They achieved a mean AUROC of 0.77 
± 0.19 and 0.81 ± 0.13 for the first and second methods respectively. Conversely, 
radiologists misdiagnosed cHCC-CC as HCC or CC in 69% of cases. With the model 
accuracy higher than that of the radiologists, having the model available as an 
additional tool for radiologists would help improve the diagnostic accuracy. Lewis et 
al[56] used extracted radiomic features from diffusion weighted imaging (DWI) MR, 
combined with LI-RADS category, to classify whether a tumour is HCC or another 
primary liver cancer such as intrahepatic cholangiocarcinoma (ICC) and combined 
HCC-ICC. Using binary logistic regression, they achieved an AUROC of 0.9 and 0.89 
when compared to two observers. This is comparable in performance to similar LI-
RADS based studies above, but without the expertise an training time needed for a 
large neural network. Another radiomic based study, by Wu et al[57], similarly 
extracted radiomic features from lesions detected in T2-weighted and DWI images. 
They achieved a similar AUROC score of 0.89, when compared to Lewis et al[56], by 
also using logistic regression on their extracted features. They additionally showed 
that their model outperformed a junior radiologist with 2 years’ experience and 
rivalled a senior radiographer with 10 years’ experience. Other radiomic based studies 
have shown similar performance, when applied to tumour classification, when using a 
variety of MR sequences and often the addition of additional non-MR features such as 
BMI and medical records[58,59].

Liver disease staging and response
Liver fibrosis staging is used clinically in predicting the prognosis of liver diseases and 
helps in determining the appropriate action to take in treatment[60]. Several 
approaches of AI applications on liver MR have been described for the assessment of 
liver fibrosis. Hectors et al[60], used a VGG16 network to predict the fibrosis stage 
from F1-4 using Gd-EOB-DTPA-enhanced liver MR images. The network, which was 
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pretrained on image net with only the last few layers being trainable, predicted a class 
from F1-F4, F2-F4, F3-F4 and F4, achieving an AUROC of 0.77, 0.91, 0.91 and 0.85 
respectively, showing good diagnostic ability. This was comparable to the use of MRE 
with no significant difference between MRE and the use of deep learning methods for 
fibrosis prediction. The diagnostic performance of combined MRE and AI classification 
of contrast enhanced MRI was better overall at 0.87, 0.93, 0.95 and 0.87 for F1-F4, F2-F4, 
F3-F4, and F4 respectively, but was not significantly better than MRE alone. Schawkat 
et al[61] also sought to quantify the liver fibrosis from T1- or T2-weighted MR images. 
To do this, they did an initial texture analysis, to extract handmade features from the 
data. These handmade features underwent some pre-processing, then were input into 
an SVM which was trained to output whether the patient had a high fibrosis score, 3-4 
on a standardized scale using multiple different scoring approaches, or low fibrosis 
score, 0-2. They achieved an AUROC of 0.82 for T1 and an AUROC of 0.57 for T2. 
However, when applied to MRE they achieved an AUROC of 0.92. This shows that 
machine learning methods are only as good as the data that is input. In the above two 
cases, MRE contains the information needed to output an accurate classification. 
However, MRE is often expensive and limited to highly funded MRI centres, therefore 
it is still important that techniques that don’t use MRE are explored and developed 
while uptake of MRE is limited. The two studies above have shown in this case that 
deep learning methods are outperforming more traditional methods, however the use 
of two different scanning sequences doesn’t allow for a direct comparison, as any 
difference in performance could be down to the data provided. Yasaka et al[62] also 
used a CNN with contrast enhanced MR images and clinical information as input, to 
stage liver fibrosis. They achieved AUROCs of 0.84, 0.84 and 0.85 for classifying into 
cirrhosis, advanced fibrosis and substantial fibrosis respectively. They were unable to 
differentiate fibrosis scores as well as Hectors et al[60] with similar methods, likely due 
to the Hectors study pre-training on Image Net data and so compensating for the small 
datasets that these study have to train on. Radiomics combined with a logistic 
regression model has also been used to classify into liver fibrosis scores. Park et al[63] 
extracted radiomic features from Gd-EOB-DTPA-enhanced liver MR images, and used 
these to classify into F0 to F4 fibrosis stages, achieving an accuracy of 80.3% in 
classifying F2-F4, 80.3% in F3-F4 and 81.3% in F4. Gallego-Duran et al[64] used 
radiomics approaches, combined with a logistic regression classifier, on non-contrast 
enhanced MRI scans to define the NASH-MRI and fibro-MRI score that could diagnose 
non-alcoholic steatohepatitis and advanced fibrosis with an AUROC of 0.83 and 0.85 
respectively. He et al[65] utilised an SVM to classify patient groups into MR 
elastography liver stiffness measurement of ≤ 3 kPa and ≥ 3 kPa as surrogates of low 
and high fibrosis burden respectively, They combine radiomic features derived from 
T2-weighted images, with clinical data such as blood scores, BMI and their medical 
history. The SVM achieves an accuracy of 81.8% with an AUROC of 0.84.

Portal hypertension is one of the complications of liver fibrosis and develops in late 
stage disease. Portal hypertension is usually assessed by the hepatic vein pressure 
gradient with a gradient of ≥ 10 mmHg signifying “clinically significant portal 
hypertension (CSPH)” which is associated with a higher risk of adverse outcomes. AI 
techniques to identify CSPH have been applied to CT and MR images with some 
promising results. Liu et al[66], used a CNN to predict the presence of CSPH in both 
the liver and the spleen, which were then input into a logistic regression model to 
output an overall prediction. They achieved an AUROC of 0.940 in their test set when 
classifying between CSPH and non-CSPH.

Zhao et al[67] extracted radiomics from four MRI acquisitions (fat suppressed T2-
weighted images, arterial phase, portal venous phase and delayed phase of contrast 
enhanced imaging) to predict early recurrence of intrahepatic mass-forming cholan-
giocarcinoma (IMCC). This was combined with biomarkers from histology studies, 
and input into a logistic regression model, to achieve an AUROC of 0.949 in predicting 
early recurrence of IMCC. This would assist in personalising a treatment plan for each 
patient. Reimer et al[68] utilised a radiomics approach combined with logistic 
regression, to predict the response to therapy in patients with liver metastases. They 
classified patients into two classes of stable disease and progressive disease based on 
features extracted from dynamic contrast enhanced MR images taken at a mean of 2.2 
d after transarterial radioembolization. They achieved an AUROC of 0.73 and 0.76 in 
the radiomics extracted from the arterial and venous phase respectively. Chen et al[69] 
used a combination of clinical data and radiomics with decision trees to predict the 
immunoscore of HCC pre-treatment and therefore its response to therapy. Their best 
model, when using all the clinical and radiomics data, achieved and AUROC of 0.926 
when classifying into high (≥ 3) and low (≤ 2) immunoscores. Finally Kim et al[70] 
utilise random forests with radiomics to predict the postoperative reoccurrence time of 
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single HCC. Additionally, they combine their radiomics model with a clinicopath-
ologic model. When evaluating their model using Harrell c-index, a measure where 
higher than 0.5 has predictive value, their combined model was 0.716. This was better 
than the current clinicopathologic model (0.696), however the difference was not 
significant. As Kim et al[70] and Zhao et al[67] use different performance metrics, it is 
hard to compare their ability in tumour reoccurrence, regardless of each study 
focusing on different tumour types. It is important that these studies, where possible, 
quote similar metrics so that future researchers can determine which one is best for 
their task.

IMAGE SYNTHESIS
It is often the case that, when training an AI model, we are limited by the data that we 
have available. This is also true in healthcare settings when making clinical decisions. 
The simplest way to rectify this lack of data is to find more, however, this is not always 
possible due to many reasons both medical and logistical. The field of image synthesis 
or domain transfer seeks to address this. These algorithms can generate synthetic MR 
data based on information they are provided with, allowing this data to be either used 
in a setting where you might not have access to a particular technique, e.g., hospitals 
without an MR scanner, or used to improve AI algorithms by giving it more data to 
train on. A common group of networks for image synthesis are conditional generative 
adversarial networks (cGAN). A cGAN combines a generator network, e.g., a U-Net 
for generating the new MR image, and a discriminator network, a classification 
network to distinguish between real ground truth MR image and fake generated 
image. These networks compete against each other. The generator seeks to create an 
output that the discriminator believes is anatomically plausible, and the discriminator 
seeks to detect the output of the generator. This adversarial training often leads to 
improved results in segmentation or domain transfer tasks.

Liu et al[71] developed a cGAN to generate CT images from T1-weighted MR 
images, also to aid clinicians in radiotherapy treatment planning. They achieved a low 
mean absolute error of 72.87 HU in their generated CT scans. Jiang et al[72] used a 
cGAN to perform the opposite transformation of synthesising MR images from CT 
images in order to improve segmentation maps of organs at risk in MR for 
radiotherapy planning. They achieve a DICE score of 0.91, 0.92 in the liver when 
applied to real non-synthesised T2-weighted images and T1-weighted images 
respectively.

GANs were also implemented in Zhao et al[73] study to synthesise contrast 
enhanced MR images from non-contrast enhanced images, in order to improve tumour 
detection. They combined this with an additional tumour detection CNN which was 
applied to synthetic images in order to help improve the quality of the synthesised 
image, and the detection of tumours. The combined synthesis and detection networks 
achieved a classification accuracy of 91.3% when classifying between healthy and 
hemangioma present, 88.4% when classifying between healthy and HCC present and 
89.2% when classifying between hemangioma and HCC. This combination of networks 
not only allows for accurate detection of tumours, but also supersedes the need for a 
contrast enhanced scan, while still giving the radiographer a proposed contrast scan to 
aid in their diagnosis.

ARTEFACT DETECTION 
Motion detection and removal
Artefacts can occur in many forms in MRI scans, from patient induced breathing 
artefacts to scanner related field susceptibility artefacts. AI based methods, as shown 
with classification and image synthesis, have the potential to detect these artefacts and 
generate artefact free images which can then be used in a clinical setting. Motion is the 
dominating artefact present in many MR techniques. Breath holding is necessary in 
most scanning protocols to reduce movement artefacts. New scanning sequences are 
specifically designed to be shorter (i.e., shorter breath-holds) and produce the same 
output in order to reduce these problems[74,75]. However, motion still occurs even 
when these steps are implemented. AI offers us the opportunity to detect, so that re-
acquisition of the scans can occur; remove, so that a motion degraded scan can be used 
clinically; and predict, so that free-breathing methods can be used with optimal 
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acquisition.
Romaguera et al[76] have developed a spatial transformer network that takes an 

image sequence and predicts the next image in the sequence with an error in vessel 
localisation of 0.45 ± 0.55 mm when 320 ms has passed. This rises to 0.77 ± 1.36 mm at 
1.6 s, but still allows the accurate prediction of frames in the future based on what has 
been acquired so far. This would be useful in predicting when to acquire a scan so that 
any data is motion free, and can also be useful in the MR-Linac systems so that 
radiotherapy is only applied to any tumours within the liver, reducing damage to the 
organs. Esses et al[77] used a CNN, similar to those presented in the classification 
section, to classify artefact degraded images into a quality score of diagnostic to non-
diagnostic. They achieve a concordance rate with two trained radiographers of 79% 
and 73%. Tamada et al[78] utilise a CNN to reduce motion artefacts caused by 
respiratory motion in DCE-MRI. They generated simulated motion data from the 
ground truth data and then trained a network to predict the residual between that and 
collected ground truth data. They then tested on non-simulated motion degraded data, 
with radiographers rating on a scale of no artefact (0) to non-diagnostic (5). The output 
of the network was better by a mean score of 0.37 and 0.35 when rated by two 
radiologists. Kromrey et al[79] utilised the same CNN to reduce motion artifacts in 
arterial phase contrast enhanced MRI by 0.56 on average, on a scale of no artifact (0) to 
severe artifact (4). Küstner et al[80] try both a GAN and a variational autoencoder to 
remove motion artefacts from both brain and abdominal liver scans. The GAN was 
able to reduce the presence of motion artefacts by 67% and 65% when evaluated by 
two experienced radiologists. The same group had also previously used a patch based 
CNN to predict the amount of motion in a specific region of an image, achieving an 
accuracy of 72% ± 5% in classifying the images into motion from no motion to strong 
motion[81]. As many of the above techniques rely on radiologist qualitative 
assessment, they can be heavily biased by the skill of those doing the check, and as 
such can’t be compared well as the improvement is highly subjective. More 
importantly though all studies showed an improvement when comparing before and 
after, and all the radiologists were suitably blinded. Oh et al[82] used an unsupervised 
GAN to correct for motion in Gd-EOB-DTPA-enhanced MR images. They did this by 
down sampling k space in each input image and regenerating the fully sampled 
image. This would train the network to reconstruct the missing data from what it is 
given, and so generate data without artefacts if clean data is given. They then apply it 
to artefact degraded images, achieving an improvement from 3.20 ± 1.28 to 1.95 ± 0.94 
on a scale of 1 (no artefacts) to 5 (non-diagnostic) when applied to artefact degraded 
images. Wang et al[83] used a two-step approach by segmenting the liver from MR 
scans using a U-Net, then using this to extract patches from the liver which are 
classified into diagnostic and non-diagnostic. They achieved a DICE of 0.90 ± 0.05 in 
their liver segmentation, and an AUROC of 0.911 [95% confidence interval (CI): 0.882-
0.939, P < 0.05] when classifying. The predictive performance when using patches 
extracted from the liver was better than trying to directly classify from the whole 
image (AUROC of 0.802, 95%CI: 0.759-0.846, P < 0.05). Though this final method 
shows a greater performance when using patches, we believe it is unlikely that each 
individual patch was classified for whether it was diagnostic or non-diagnostic, 
therefore this process would fail if applied to artefacts which only have affect a sub 
region of an image.

IMAGE REGISTRATION
Registration of two MR images into a shared cartesian space is an important step in 
allowing comparisons to be made. This could be longitudinal comparisons in a single 
participant in order to stage disease progression and treatment response, or it could be 
latitudinal comparisons within a patient cohort for research studies. Additionally, the 
registration of two different modalities is important when differing but complimentary 
clinical information is in different scan types such as CT and MR. In all cases, the 
manual task of registering images can be time consuming and is often composed of 
rigid body transformations and as such it is hard to compare between two participants 
of differing dimensions. AI methods can help solve these issues by introducing fast, 
reliable non-rigid deformation techniques for image registration.

Kuznetsova et al[84] looked into the use of a commercial AI based registration 
software for the registration of CT and MRI. They assessed the performance of their 
registration for three different seed points, using the liver contour, using an internal 
liver structures such as the inferior vena cava (IVC) or portal region (PR), and using 
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internal liver structures along with the liver contour. They achieved the highest 
performance when using just the liver contour, with a DICE score of 0.89 in the liver 
segmentation and 0.76 in the IVC segmentation when compared between MR and CT 
segmentations. As they used commercial software, we are not able to comment on the 
model used, however it does show that these methods have already been developed 
for those who need them. Fu et al[85] similarly assessed the performance of their 
bespoke MRI and CT registration CNN by assessing the DICE score between the two 
segmentations. They achieved a score of 0.93 ± 0.02 in the whole liver segmentation, 
outperforming the previous study.

CONCLUSION
Current challenges and future directions
Though the benefits of AI algorithms in Liver MRI have been displayed above, there 
are also many obstacles in the way of application in the clinic where they can have an 
impact. The first and foremost is that of open data, i.e., the access to large publicly-
available clinical databanks. Many of the studies above have used internal datasets 
which are specific to a certain hospital or patient group. Though performing well in 
their specific setting, they are limited in scope and generalizability due to un-modelled 
variations across different hospitals. Additionally, these datasets are rather small for 
the purpose of training ML algorithms which perform better when trained on more 
data, and will thus benefit from a larger suitable dataset. However, of the large 
datasets available, such as UKBiobank, most are focused on healthy volunteers and not 
clinically relevant patient cohorts. This means any AI algorithm trained on these 
datasets must be applied with care and knowledge of their limitations. By pooling 
datasets of clinical patients, the AI algorithms will both perform better, due to the 
increased data to learn from, and be universally applicable, due to the increased 
variation.

The second challenge will be overcoming scepticism towards AI algorithms. Deep 
learning algorithms are often termed “black boxes”, due to their lack of 
interpretability. This is problematic when the model fails, as it is impossible to reason 
why. Therefore, care must be taken to apply models in their correct setting, i.e., on data 
that fits within the distribution of that which the model was trained and tested. If 
interpretability is desired and a-priori knowledge and physical/biological 
assumptions are to be incorporated in the model, then traditional ML methods should 
be used, as they allow to select features and focus on ROIs more easily than with DL. 
Radiomics is an example of this, as you are able to determine how the model you use 
weighs the importance of each input feature. From this you can start to reason why the 
model might fail. As with deep learning methods though, when used in conjunction 
with radiologists, it can be a vital tool in getting the cases which are traditionally 
missed.

Finally, the third challenge is translating these networks into clinical workflows. The 
above papers have shown an ability to either speed up or achieve a radiologist level 
accuracy in many tasks they perform. However, until recently, there was no standard 
protocol into getting these networks approved for mainstream use. In April 2019, the 
US Food and Drug Administration published a paper on the proposed regulatory 
framework for AI/ML based software as a medical device and have since developed 
new rules and processes for approval of AI assisted software[86]. Since these new rules 
have been implemented, multiple AI methods have been given approval, but their 
wide spread use is still limited. Therefore, developing a framework for widespread 
distribution should be implemented.

If the above challenges can be addressed, the techniques shown in this review and 
those yet to be invented can positively transform many aspects of medical imaging in 
years to come.
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Abstract
The prognosis of pancreatic cancer is poor with the overall 5-year survival rate of 
less than 5% changing minimally over the past decades and future projections 
predicting it developing into the second leading cause of cancer related mortality 
within the next decade. Investigations into the mechanisms of pancreatic cancer 
development, progression and acquired chemoresistance have been constant for 
the past few decades, thus resulting in the identification of human nucleoside 
transporters and factors affecting cytotoxic uptake via said transporters. This 
review summaries the aberrant expression and role of human nucleoside 
transports in pancreatic cancer, more specifically human equilibrative nucleoside 
transporter 1/2 (hENT1, hENT2), and human concentrative nucleoside 
transporter 1/3 (hCNT1, hCNT3), while briefly discussing the connection and 
importance between these nucleoside transporters and mucins that have also been 
identified as being aberrantly expressed in pancreatic cancer. The review also 
discusses the incidence, current diagnostic techniques as well as the current 
therapeutic treatments for pancreatic cancer. Furthermore, we address the 
importance of chemoresistance in nucleoside analogue drugs, in particular, 
gemcitabine and we discuss prospective therapeutic treatments and strategies for 
overcoming acquired chemoresistance in pancreatic cancer by the enhancement of 
human nucleoside transporters as well as the potential targeting of mucins using a 
combination of mucolytic compounds with cytotoxic agents.

Key Words: Pancreatic cancer; Gemcitabine; Human nucleoside transporters; Human 
equilibrative nucleoside transporters; Human concentrative nucleotide transporters; 
Mucins
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Core Tip: Pancreatic cancer continues to be one of the leading causes of cancer-related 
mortality worldwide, with prevalence expected to increase drastically within the next 
decade primarily due to difficulties in diagnosis and acquired resistance to chemothera-
peutic drugs. Due to this, in-depth work is extremely important for the future diagnosis 
and treatment of the disease. Human Nucleoside Transporters have been identified as a 
key target in not only diagnosis but also overcoming chemoresistance. Here, we 
summarize the information currently available on Pancreatic Cancer and the role of 
Nucleoside Transporters in chemoresistance.

Citation: Carter CJ, Mekkawy AH, Morris DL. Role of human nucleoside transporters in 
pancreatic cancer and chemoresistance. World J Gastroenterol 2021; 27(40): 6844-6860
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6844.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6844

INTRODUCTION
Pancreatic cancer is the seventh leading cause of cancer-related mortality[1], and is 
ranked as the 14th most common cancer worldwide[2]. The prognosis of pancreatic 
cancer is often poor with an average five-year survival rate of less than 5%[3]. This 
poor prognosis has been attributed, in part, to the difficulties in early-stage detection, 
advancement of disease at the time of diagnosis, frequent recurrence and lack of 
effective treatment therapies specifically targeting tumour cells[4,5].

Pancreatic ductal adenocarcinoma (PDAC), which accounts for > 90% of all 
pancreatic cancer cases is characterized by dense desmoplastic stromal development 
proximal to cancerous tissue, as well as the aberrant expression of mucins and 
nucleoside transporters[6,7]. Three different preneoplastic lesions of the pancreatic 
duct have been identified as precursors of PDAC those being, pancreatic intrae-
pithelial neoplasia (PanIN), mucinous cystic neoplasm (MCN) and intraductal 
papillary mucinous neoplasm (IPMN)[3].

PanIN accounts for 85% of PDAC cases and is categorised into PanIN1A, PanIN1B, 
PanIN2 and PanIN3[8]. Prior to PanIN progression, normal pancreatic ductal cells 
express mucin proteins MUC1/5AB/6/17 which have been identified in assisting 
cancer cell in evading immune systems[3]. PanIN1A/1B is described as hyperplasia 
without dysplasia, followed by PanIN2 with dysplasia at variable rates and a loss of 
polarity and finally PanIN3, representative of an in-situ carcinoma. For all PanIN, 
increased expression can be seen for MUC1/6/16 and neoexpression is observed for 
MUC3/4/5AC (Figure 1)[4,9].

MCN and IPMN account for the remainder 15% of PDAC cases, with MCN charac-
terized as cyst forming pancreatic epithelial neoplasms that produce mucin, have a 
distinct stroma type, and have a broad spectrum of dysplasia. Importantly, MCN’s are 
also representative of early Kras mutations as well as late oncogene SMAD4 and 
proto-oncogene TP53 inactivation and lastly, increased MUC1 expression and 
neoexpression of MUC2/5AC [2-4].

IPMN which originates from the main pancreatic duct is characterized by the 
increased secretion of select mucins (MUC1/6), neoexpression of MUC2/4/5AC, and a 
large dilation of the ducts or cysts formation. Much like MCN, IPMN presents with a 
Kras mutation and the inactivation of TP53 and P16/CDKN2A. MCN and IPMN may 
further progress into adenocarcinoma where an increased expression of MUC1/6 and 
neoexpression of MUC3/4/5AC/5AB/7/13/16/17 is observed (Figure 1)[3,4].

The aim of this review is to outline the role of nucleoside transporters in pancreatic 
cancer progression and their contribution to chemotherapeutic drug resistance. This 
review will also examine the current treatments and therapies to overcome cancer 
progression and acquired resistance to nucleoside analogue drugs, specifically, 
gemcitabine.

https://www.wjgnet.com/1007-9327/full/v27/i40/6844.htm
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Figure 1 Pancreatic cancer progression beginning with normal pancreatic ductal cells which express MUC1, MUC5AB, MUC6, MUC17, 
and MUC20. Pancreatic ductal cells progress to hyperplasia (PanIN21A/1B) with columnar cells, followed by dysplasia (PanIN2) with a loss of polarity, papillary and 
finally In-situ carcinoma (PanIN3) with a loss in cell polarity, papillary, budding off and mitosis. An increased expression of MUC1, MUC6, MUC16 and neoexpression 
of MUC3, MUC4, and MUC5AC can be seen in pancreatic intraepithelial neoplasia’s. Pancreatic ductal cells also progress into MCN which has an increased 
expression of MUC1 and the neoexpression of MUC2 and MUC5AC. Early Kras mutation as well as late SMAD4 and TP53 inactivation is seen in both PanIN and 
MCN. Finally pancreatic ductal cells can progress into IPMN which are mucin producing neoplasms that present with an increased expression of MUC1 and MUC6 as 
well as neoexpression of MUC2, MUC4 and MUC5AC. IPMN also presents with a Kras mutation and the inactivation of TP53 and P16/CDKN2A. IPMN and MCN 
further progress to adenocarcinoma where MUC1, and MUC6 expression is increased and MUC3, MUC4, MUC5AC, MUC5AB, MUC7, MUC13, MUC16 and MUC17 
are neoexpressed[2-4,68]. IPMN: Intraductal papillary mucinous neoplasm; PanIN: Pancreatic intraepithelial neoplasia; MCN: Mucinous cystic neoplasm.

INCIDENCE
The incidence rates of pancreatic cancer have significant variation between countries; 
however, the higher rates can be seen in developed countries (North America and 
Europe) compared to developing countries (South Central Asia and Africa).  World-
wide incidence and mortality rates correlate with ageing and a higher prevalence is 
observed in men compared to woman. In western societies, the incidence of pancreatic 
cancer has been steadily increasing with predictions that by 2030 it will be the 2nd 
greatest cause of death related to cancer in the United States[1,2]

Despite the cause of pancreatic cancer being multifactorial and complex, several 
factors whether modifiable or non-modifiable have been identified as having a direct 
association. Non-modifiable factors include age, sex, ethnicity, blood group, family 
history, genetic susceptibility, gut microbiota, and diabetes. The modifiable risk factors 
that have been identified are smoking, alcohol consumption, obesity, chronic pancre-
atitis, dietary factors, and helicobacter pylori infections[1,2,10].

DIAGNOSIS
There are significant challenges with the diagnosis of pancreatic cancer with most 
patients presenting with late-stage tumour development at the time of diagnosis. The 
reasons of late-stage progression diagnosis are multi-factorial and therefore, several 
factors must be assessed[1,10]. Firstly, the initial stage of pancreatic cancer is, for the 
most part, clinically silent. This results in patients not presenting with symptoms until 
being in advanced stages of disease. Presenting symptoms are non-specific and can 
include jaundice, dark urine, abdominal pain, acholic stools and pruritus. Due to the 
broad range of non-specific symptoms, there are several diseases that require differen-
tiation, including but not limited to: pancreatitis, gastritis, abdominal aortic aneurysm, 
and pancreas. As a result, diagnosis can be missed or delayed which results in 
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pancreatic cancer being the most commonly detected tumour during autopsy studies
[2,10,11].

Currently, several diagnostic tools are available for the diagnosis of pancreatic 
cancer, such as magnetic resonance imaging (MRI), abdominal ultrasonography, 
endoscopic ultrasound-guided fine-needle aspiration and the standard for staging and 
diagnosis tri-phase pancreatic protocol CT. Additionally, the cancer biomarker serum 
cancer antigen 19-9 (CA 19-9) is the only approved marker for pancreatic cancer and is 
used to assist in diagnosis and to predict patient prognosis and recurrence post 
resection. Unfortunately, the CA19-9 biomarker is not tumour-specific and therefore is 
not capable for use as a screening tool for the patients that are asymptomatic[1,2,10].

Recently, biomarkers for early diagnosis have been investigated, including plasma-
based metabolite panels, increased concentrations of volatile organic compounds in 
exhaled air, DNA mutations such as p53 in pancreatic juice, and tumour markers such 
as CA125, CA242, CEA, NSE[2,12]. Despite continued investigation into diagnostic 
biomarkers, the lack of a specific and validated biomarker as well as sensitive 
screening programs remains a major issue.

TREATMENT
The treatment strategy for pancreatic cancer is dependent on the primary tumour 
resectability, which is defined by the absence of distance metastasis as well as the 
locoregional anatomical contacts allowing for a R0 resection. For patients eligible, the 
primary treatment that presents a possible cure for pancreatic cancer is surgical 
resection in addition to chemotherapy[2,13].

The surgical options for achieving surgical resection are open Pacnreatico-duoden-
ectomy and total or distal pancreatectomy, either open or laparoscopic. The surgical 
method employed is dependent on the tumour or tumour’s anatomical location. It is 
important to mention that the survival rates following surgical resection alone are low 
with approximately 10% after 5 years. Despite observed benefits when adjuvant 
therapies are utilised, the recurrence rates remain high, with a 2-year relapse of 
approximately 70%[2,13,14].

Unfortunately, as previously mentioned, at the time of diagnosis approximately 
90% of patients present with tumours that are locally advanced or metastatic, making 
them ineligible for surgical resection. The only options for these patients are the 
management of jaundice, system control, palliative radiotherapy, and chemotherapy. 
A variety of chemotherapeutic drugs are used to treat pancreatic cancer including 
Oxaliplatin, Paclitaxel, Leucovorin, Irinotecan, Doxorubicin, and 5-fluorouracil (5-FU) 
(Table 1)[15,16]. Currently, the standard of care for patient’s ineligible for surgical 
resection remains FOLFIRINOX (Fluorouracil, Oxaliplatin, Leucovorin and Irinotecan) 
or Gemcitabine (2’,2’-diflurodeoxyxytidine) either in combination with Paclitaxel or as 
a single agent[3,4,14,17,18].

The most effective treatment regimen is guided by patient fitness, FOLFIRNOX is 
administered to fit patients with tumours in the tail, body, and head of the pancreas, 
with treatment resulting in significant longer cancer-specific, metastasis-free, disease-
free, and overall survival (11.1 mo) when compared to Gemcitabine (6.8 mo). 
However, a significantly increased risk of adverse effects and complications is seen in 
patients that receive FOLFIRNOX when compared to Gemcitabine. Gemcitabine +/- 
Capecitabine is relative safe compared to other chemotherapy options and is therefore 
the standard treatment for patients that are ineligible for FOLFIRNOX treatment 
regimens. It has been found to provide improved system control, a higher response 
rate and a greater overall survival rate compared to 5-FU (4.41 mo)[2,14,19]. Despite 
the poor survival outcomes, 5-FU is used for periampullary tumours primarily due to 
insufficient evidence for other chemotherapeutic agents specifically targeting said 
tumour types[2]. Due to the clinical benefits of Gemcitabine compared to other 
treatment regimes, it has become the standard reference agent in the first line 
treatment choice of pancreatic cancer[20,21]. This shows that the patient benefit to 
current treatments is minimal, hence identifying better targets and more efficient 
treatments is required.

GEMCITABINE 
Gemcitabine is a cytotoxic pyrimidine nucleoside analogue that has been utilized as a 
chemotherapeutic agent for not only pancreatic cancer but for a variety of solid 
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Table 1 The current chemotherapeutic and chemoprotectant agents used to treat pancreatic cancer, their classification, action, and 
chemical structure

Drug Classification Action

Gemcitabine (Gemzar) Antimetabolite Pyrimidine antagonist

Doxorubicin (Rubex) Anthracycline Antibiotic Cell-cycle specific antagonist

Fluorouracil (5-FU) Antimetabolite Pyrimidine antagonist

Paclitaxel (Abraxane) Plant alkaloid, Taxane, Antimircotubule Inhibition of cell microtubule structures

Oxaliplatin (Eloxatin) Alkylating agent Cell-cycle non-specific antagonist

Leucovorin (Folinic acid) Chemoprotectant Enhancement anti-cancer effects

Irinotecan (Camptosar) Plant alkaloid, Topoisomerase I inhibitor Camptothecan analogs

Erlotinib (Tarceva) Tyrosine kinase inhibitor Ant-EGFR

Cetuximab (Erbitux) Biologic Anti-EGFR

Bevacizumab (Avastin) Biologic Anti-VEGF

Citation: National Center for Biotechnology Information, 2021 [cited 12 April 2021]. Database: PubChem Compound Summary [Internet]. Available from: 
https://pubchem.ncbi.nlm.nih.gov/compound/Gemcitabine[70,71].

tumours and more recently in certain lymphomas[22]. Due to the hydrophilic nature 
of gemcitabine, passive diffusion is slow through cellular membranes and therefore 
requires transportation into cells by specialized integral membrane proteins known as 
human nucleotide transporters (NTs)[16,23,24].

To exert clinical action, gemcitabine needs to be metabolized and requires multiple 
kinases to initiate serial phosphorylation. Once transported intracellularly, gemci-
tabine (dFdC) is catalyzed by deoxycytidine kinase (dCK) resulting in gemcitabine 
monophosphate (dFdCMP) and is then phosphorylated to gemcitabine diphosphate 
(dFdCDP) by nucleotide monophosphate kinase (NMPK) and finally gemcitabine 
triphosphate (dFdCTP) by nucleoside-diphosphate kinase (NDPK). The successful 
uptake and metabolism of gemcitabine to results in the inhibition of DNA repair and 
replication (Figure 2). Finally, Gemcitabine or its phosphorylated metabolites are 
exported into the extracellular space by multidrug resistance protein 5 (MRP5). An 
additional mechanism that gemcitabine exerts actions is self-potentiation by the 
inhibition of enzymes associated with deoxynucleotide metabolism[22,25-27].

Although gemcitabine and other chemotherapeutic drugs have been proven 
effective among patients with various stages of pancreatic cancer, the effectiveness of 
gemcitabine is severely limited due to the development of chemoresistance[19]. 
Chemoresistance is simply the ability of cancer cells to survive or evade therapeutics 
and can be intrinsic or acquired during treatment[28]. Chemotherapeutic drug 
resistance is widely common in pancreatic cancer with less than 30% of patients 
showing improvement post treatment and previous studies have identifying a 
heightened resistance to gemcitabine in comparison to other chemotherapeutic drugs 
in pancreatic cancer cells[19,29,30].

To date, several mechanisms have been identified as contributors to acquired 
gemcitabine resistance in pancreatic cancer due to the drugs rapid metabolism and 
hydrophilic nature including increased levels of ribonucleotide reductase subunit II 
and II (RRM1/2), mucins, deoxycytidine kinase (dCK), as well as concentrative and 
equilibrative nucleoside transporters (hCNT/hENT). Regrettably, many of these 
mechanisms are complex and the identification of their specific roles and conse-
quences in chemoresistance remains unclear[19,31,32]. As nucleoside transporters are 
required for gemcitabine uptake into pancreatic cancer cells, they have been identified 
as key contributing factors to chemoresistance which will be discussed in the following 
sections.

NUCLEOSIDE TRANSPORTERS 
Nucleoside transporters (NTs) are a group of membrane proteins that transport the 
analogs of both natural and synthetic nucleosides that act as anticancer agents across 

https://pubchem.ncbi.nlm.nih.gov/compound/Gemcitabine
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Figure 2 Schematic representation of Gemcitabine transport, metabolism, intracellular activation, and deactivation. Gemcitabine (dFdC) is 
transported into the cell by nucleoside transporters: human equilibrative nucleoside transporter (hENT) human concentrative nucleoside transporter (hCNT) and is 
then catalysed by deoxycytidine kinase (dCK), which results in gemcitabine monophosphate (dFdCMP). It is then phosphorylated by nucleotide monophosphate 
kinase (NMPK) to gemcitabine diphosphate (dFdCDP). Finally, it is phosphorylated into gemcitabine triphosphate (dFdCTP) by nucleoside-diphosphate kinase 
(NDPK). Once metabolism is completed, gemcitabine enters the DNA resulting in the inhibition of DNA repair and replication. Gemcitabine or its phosphorylated 
metabolites are finally exported into the extracellular matrix by multidrug resistance protein 5 (MRP5)[22,26,27,41,69]. RRM1: Ribonucleotide reductase; CDA: 
Cytidine deaminase; DCTD: Deoxycytidylate deaminase; NDP: Nucleotide diphosphate.

the membranes of vesicles and cells. There are two classes of transporter proteins that 
are encoded by two different solute carrier families (SLC), SLC28 known as human 
concentrative nucleoside transports and SLC29 also known as human equilibrative 
nucleoside transporters[33].

There are three members of the human concentrative nucleoside transporter family 
including, hCNT1, hCNT2 and hCNT3. These transporters mediate the unidirectional 
co-transport of Na+ and/or H+ and nucleosides into cells at a 1:1 coupling ratio for 
hCNT1 and hCNT2 and a 2:1 ratio for hCNT3. Initially, hCNTs were believed to be 
expressed only in polarized epithelia, however, recent studies have identified the 
expression to be considerably broader. These proteins favour nucleoside transe-
pithelial flux as they present at an ideal localization on the apical side of polarized 
epithelial tissue[33].

Human equilibrative nucleoside transporters include four members, hENT1, 
hENT2, hENT3 and hENT4. These proteins are bio-directional and mediate the 
facilitative transport of nucleosides and select hENTs also facilitate the transportation 
of nucleobases dependent on their concentration gradient. Except for hENT4, hENT 
proteins can transport both pyrimidines and purines, they have a broad permeant 
selectivity, and are widely distributed in a variety of cell types. Despite their 
similarities, hENT1, 2 and 3 differ in in nucleoside specificity, however, they all 
present with a lower substrate affinity then the members of the hCNT family[16,23,33].

NUCLEOSIDE TRANSPORTERS AND PANCR-EATIC CANCER
Due to the importance of gemcitabine in pancreatic cancer treatment and the 
requirement of transporters for drug uptake, extensive research has been undertaken 
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on transports and their role in tumorigenesis. Alterations in the expression of 
transporters have been identified in the progression of normal pancreatic cells to 
malignant pancreatic cancer cells. Despite significant efforts of researchers to identify 
the roles transporters undertake in substrate translocation and their functions in cell 
physiology, more research evaluating the clinical application of transporters as 
potential biomarkers or therapeutical targets is required. The primary transporter that 
efficiently mediates the cellular uptake of gemcitabine is hENT1 (SLC29A1), however, 
evidence suggests minor cellular uptake of gemcitabine via hENT2 (SLC29A2), hCNT1 
(SLC28A1) and hCNT3 (SLC28A3)[15,16,23,26]. Each transporter undertakes specific 
functions (Table 2), and each will be discussed as follows:

HUMAN EQUILIBRATIVE NUCLEOSIDE TRANSPORTERS IN 
PANCREATIC CANCER
hENT1
The hENT1 protein is a transmembrane glycoprotein that is localized to plasma 
membranes and is widely expressed with a broad selectivity for pyrimidines and 
purines[16]. In a healthy pancreas, hENT1 has medium expression in exocrine 
glandular cells and low expression in islets of Langerhans. In comparison, pancreatic 
tumours present with a decrease in hENT1 expression[34].

Previous clinical studies on pancreatic cancer patients and various cell lines have 
identified that that low levels of hENT1 expression on pancreatic tumour cells 
correlates with a significant reduction in progression free survival (PFS) and disease-
free survival (DFS) when compared to patients with medium to high levels of hENT1 
expression[7,35]. If gemcitabine is incapable of cellular uptake due to a lack of 
transportation into the cell, it is unable to inhibit cell growth and therefore the 
abundance of hENT1 may contribute to gemcitabine resistance as a result of reduced 
intracellular build-up. In fact, previous studies reported the inhibition of hENT1 in 
cancer cell lines with NBMPR (nucleoside analogue nitrobenzylmercaptopurine 
ribonucleoside - a potent inhibitor of hENT1) resulted in cell chemoresistance to 
gemcitabine[34,36,37]. Thus, further supporting the importance of hENT1 in 
gemcitabine sensitivity.

This research indicates that hENT1 Levels are correlated with gemcitabine response 
as the upregulation of hENT1 proteins results in the enhancement of gemcitabine’s 
cytotoxic effects, while the loss of hENT1 protein expression results in the 
development of gemcitabine resistance. Due to this, hENT1 is an attractive potential 
prognostic biomarker in pancreatic cancer patients for gemcitabine treated patients[7,
19].

It is important to note that the hENT1 gene itself is not reduced in the development 
of chemoresistance to gemcitabine, nor does it correlate with gemcitabine's IC50 values 
for several pancreatic cancer cell lines. This suggests that hENT1 expression is not 
solely alone in patients acquired and inherent chemoresistance to gemcitabine[34].

hENT2
The hENT2 protein is encoded by the gene SLC29A2 and transports a range purine 
and pyrimidine nucleosides as well as select nucleobases across cells membranes with 
broad affinity. The protein is present in a wide range of cell types though its gene 
expression is greatest in the skeletal muscle. The hENT2 protein is highly expressed in 
the pancreatic cells of healthy individuals but is shown to be reduced in pancreatic 
cancer patients and pancreatic cancer cell lines[38,39].

hENT2 has recently been identified as being a key element in the regulation of 
nucleotide and nucleoside pool for effective cell cycle progression and synthesis of 
DNA. This evidence indicates that hENT2 is partly responsible for transporting, into 
the nucleus, the supply of nucleotides required for DNA replication. Therefore, the 
dysregulation of this transporter protein may have adverse effects on cell homeostasis 
and possibly contribute to tumour progression[33].

hENT2 has also been the subject of several investigations due to its ability to 
transport gemcitabine into cells. It is however proven to transport the chemothera-
peutic drug with a much lower affinity when compared to hENT1[38]. Unlike the 
extensive research undertaken on hENT1 which has proven a link between the protein 
and chemoresistance, there are few studies investigating the importance of hENT2
[22]. hENT2 protein expression has been identified in various pancreatic cancer cell 
lines, although less than the expression of hENT1 transporters[25].
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Table 2 The mechanisms, efficacy, toxicity, affinity, and disadvantages of human nucleoside transporters

Transporter Mechanisms of action Efficacy, toxicity, and affinity Known disadvantages Ref.

hENT1 
(SLC29A1)

Nucleoside-derived anticancer drug 
update. Antiviral drug uptake. Cellular 
uptake of nucleosides for RNA or DNA 
synthesis. Adenosine signalling 

Clear correlation between the efficacy of 
nucleoside analog chemotherapeutic treatment 
and expression of hENT1. Increase in 
chemotherapeutic drug efficacy with an 
increase in transporter expression. Highly 
sensitive to NBMPR, draflazine, dilazep, and 
dipyridamole.Increase in cell toxicity with an 
increase in transporter expression. Highest 
affinity for gemcitabine uptake

Mutations in the SLC29A1 gene 
associated with Faisalabad 
histiocytosis, pigmented hypertrichosis 
including insulin dependent diabetes, 
and H syndrome. Select variants of the 
gene highly immunogenic, may result 
in haemolytic disease of newborns and 
foetus as well as acute haemolytic 
transfusion reaction

[72-
77]

hENT2 
(SLC29A2)

Nucleoside-derived anticancer drug 
update. Antiviral drug uptake Mediates 
the influx and efflux of pyrimidine and 
purine nucleosides as well as the purine 
base hypoxanthine. Transport’s bile 
salts, metal ions, organic acids, amine 
compounds, glucose and other sugars

Although identified to transport gemcitabine 
into cells, it is less effective than hENT1 at 
cytotoxic drug uptake. Minimally sensitive to 
inhibition via NBMPR, draflazine, dilazep, and 
dipyridamole. Higher affinity for nucleobases 
when compared to hENT1

Mutations in the SLC29A2 gene 
associated with familial and 
Histiocytosis-Lymphadenopathy Plus 
Syndrome and hepatic Adenomas. 
Dysregulation may result in have 
adverse effects on cell homeostasis and 
possibly contribute to tumour 
progression

[33,
37,
38,
40,
78]

hCNT1 
(SLC28A1)

Transport’s bile salts, metal ions, 
organic acids, amine compounds, 
glucose and other sugars. Transport’s 
nucleosides, related molecules, and 
vitamins. Nucleoside binding. 
Nucleoside sodium symporter activity. 
Nucleoside-derived anticancer drug 
update. Antiviral pyrimidine 
nucleoside analog drug uptake

Minimally effective at cytotoxic drug uptake. 
Expression is negatively regulated by MUC4 in 
gemcitabine resistant pancreatic cancer cells. 
Has a selective inhibition for thymidine, 
adenosine, uridine, inosine, guanosine, and 
cytidine

Mutations in the SLC28A1 gene are 
associated with Uridine-Cytidineuria 
disease. Overexpression of protein may 
result in translocation of pyrimidine 
alone, resulting in modifications of cell 
physiology

[16,
45,
51,
79]

hCNT3 
(SLC28A3)

Regulates cellular processes, such as 
vascular tone, neurotransmission, 
surface receptors, the concentration of 
adenosine in the vicinity of cell as well 
as transport, and finally the metabolism 
of nucleoside drugs. hCNT3 has a 
broad specificity for pyrimidine and 
purine nucleosides

Clear correlation between hCNT3 
downregulation and gemcitabine toxicity

Mutations in the SLC28A3 gene results 
in the altered sensitivity to the 
compound BMS-536924

[80-
82]

hENT1/2: Human equilibrative nucleoside transporter 1/2; hCNT1/3: Human concentrative nucleoside transporter 1/3.

Previous studies aimed at investigating hENT2 Levels in chemoresistance 
pancreatic cancer cell lines identified the expressed protein had a lower expression 
after gemcitabine treatment[37,40]. In cohesion with the reduction in protein 
expression, hENT2 mRNA levels are also reduced following gemcitabine treatment. 
Furthering these studies, the inactivation of hENT2 via exposure to dilazep (a hENT2 
inhibitor), in conjunction with the inhibition of hENT1 via NBMPR, results in a 
reduction of gemcitabine uptake and sensitivity. However, the decrease in hENT2 
expression may not provide an explanation for the limited uptake of gemcitabine into 
cells and therefore chemoresistance, as the expression of other gemcitabine 
transporters are not affected by hENT2 downregulation[37,40].

These results provide evidence that hENT2 when aberrantly expressed may 
contribute to gemcitabine resistance, however, more extensive research is required to 
understand the exact impact hENT2 expression has on other mechanisms of chemores-
istance in addition to pancreatic cancer cells.

HUMAN CONCENTRATIVE NUCLEOTIDE TRANSPORTERS IN 
PANCREATIC CANCER
hCNT1
The hCNT1 protein, encoded by the SLAC28A1 gene, is a sodium dependant 
transporter with a high affinity for pyrimidines[25]. It is broadly detected in epithelia 
with a moderate to high expression in healthy pancreatic tissue. The expression of 
hCNT1 is decreased to an almost negligible in undifferentiated states such as fetal 
hepatocytes, intestinal crypt cells and human tumours, namely pancreatic and breast 
tumours[41].
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The exact role hCNT1 undertakes in the regulation of gemcitabine resistance and 
cytotoxicity in pancreatic cancer cells is yet to be described, however, data obtained 
from multiple studies have indicated that the hCNT1 expression is frequently reduced 
in pancreatic cancer cell lines and tumours when compared to unaffected pancreatic 
cells[42-44]. In chemoresistant pancreatic cancer cells, hCNT1 expression is limited and 
can be correlated with limited influx of gemcitabine into target cells. However, invest-
igations into the pharmacological inhibition of the degradation of hCNT1 results in a 
moderate increase of the cellular transport of gemcitabine thus suggesting the 
transporter as a possible target mechanism for increasing chemosensitivity and drug 
transport[42].

Due to the correlation between decreased hCNT1 expression levels and the 
increased chemoresistance of pancreatic cancer cells, recent research has investigated 
the mechanisms that decrease transporter expression. As a result, it has been identified 
that the transmembrane mucin MUC4 utilises the NF-KB pathway to inhibit hCNT1
[45]. The increase of MUC4 expression is commonly observed in pancreatic cancer 
cells, which results in a higher rate of inhibition of hCNT1 transporters and therefore 
an increase in chemoresistance. Importantly, studies have shown that the inhibition of 
MUC4 oncogenic receptor Erb2 resulted in the increase of hCNT1 expression and an 
increased uptake and sensitivity to gemcitabine[42]. Although more extensive work is 
needed to determine the processes affecting hCNT1 expression, mucins are an 
interesting contributing factor.

hCNT3
The hCNT3 transporter belongs to the SLC28 family and is characterized by the 
broadest tissue specificity and tissue distribution. It is a symporter that couples the 
transportation of a nucleoside to the symport of one proton or two Na+ ions. In healthy 
individuals the transporter is expressed at high levels in the pancreas, mammary 
glands and in bone marrow. HCNT3 is also expressed in low levels in the prostate, 
liver, testis, lungs, and intestines[46].

The importance of hCNT3 in pancreatic cancer is of clinical and pharmacological 
significance due to its ability to transport a large variety of nucleoside-derived drugs 
such as valacyclovir for viral infections and more importantly gemcitabine for solid 
tumors. Due to this, it is identified as a crucial mediator of drug response and the 
development of resistance to anti-cancer drugs[46].

The aberrant expression of hCNT3 has been observed in various pancreatic tumors 
and pancreatic cancer cell lines. More specifically, a decrease in expression is observed 
which has been correlated with increased gemcitabine cytotoxicity[45]. Furthermore, 
uncharacterized polymorphisms of hCHT3 such as the nonsynonymous A25G 
mutation, have been associate with tumor response to drug toxicity and therapy in 
pancreatic cancer patients[24]. It has also been shown that hCNT3 expression in 
pancreatic tumors correlates with overall patient survival, with an increased 
expression of the transporter associated with a longer overall patient survival[45]. 
Recent studies investigating the mechanisms that regulate hCNT3 expression in tumor 
cells suggest that ErbB2 expression and epithelial to mesenchymal transition (EMT) 
have a negative impact on the regulation of transporter expression[47].

hCNT3 has been observed to have multiple advantages over other NTs capable of 
gemcitabine uptake, primarily as a potential therapeutic target for reducing resistance 
of toxic nucleoside analog treatments. Despite extensive research aimed at hENT1 as a 
therapeutic target for overcoming gemcitabine resistance in pancreatic cancer patients, 
Paproski et al[23] identified an 8-fold uptake of gemcitabine in hCNT3 transfected cells 
with functional hENTs and 142-434-fold uptake in cells without hENT activity. The 
evidence suggesting that functional hENTs present in cells result in a decrease in 
gemcitabine uptake. However, another study undertaken by Maréchal et al[26] 
identified pancreatic cancer patients that presented with both high hENT1 and high 
hCNT3 expression had a 5-fold longer overall survival than those with one favorable 
prognostic factor and a 7-fold overall survival length than individuals with no 
favorable prognostic factors.

POSSIBLE STRATEGIES TO OVERCOME CHEMORESISTANCE
To date, several strategies aim at effectively treating pancreatic cancer and overcoming 
chemoresistance commonly seen in patients undertaking chemotherapeutic 
treatments. A variety of techniques and agents are currently or have previously been 
investigated for their effectiveness against not only pancreatic cancer, but also 
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gastrointestinal, peritoneal, and respiratory mucous tumours[3,48].
Numerous target treatments have been investigated and evaluated either alone or in 

combination with chemotherapeutic agents for pancreatic cancer. Currently, the only 
targeted therapeutic agent to have statistically significant benefit for patient survival is 
the tyrosine kinase inhibitor (TKI) erlotinib in combination with gemcitabine with a 2-
week mean survival benefit over gemcitabine as a single agent. Though promising, 
erlotinib is clinically marginal and further investigations are required[48,49].

Other investigated drugs include multikinase inhibitors exhibiting antiangiogenic 
activity like axitinib, sunitinib and sorafenib and antiangiogenic drugs including 
vascular endothelial growth factor (VEGF) inhibitors aflibercept and bevacizumab. 
Recently, compounds targeting signalling cascades such as the multikinase inhibitor 
masitinib67, phosphoinositide 3-kinase inhibitor rigosertib, and anti-insulin-like 
growth factor 1 receptor antibodies cixutumumab65,66 and ganitumab have been 
investigated in combination with gemcitabine. Regrettably, these agents have shown 
no improvement in patient survival, they have however, provided insight into the 
cause of futility, with the dense stroma surrounding pancreatic cancer cells speculated 
to be a key contributor[48,50].

The microenvironment of pancreatic tumours is composed of fibrotic stroma 
including inflammatory cells, fibroblasts, nerve cells, blood vessels, hyaluronan, 
fibronectin, and collagen. The theory of targeting the stroma of pancreatic tumours to 
enhance the effectiveness of chemotherapeutic drugs is of great interest. It is 
hypothesised that due to the poor vascularization and deposition of extracellular 
matrix component causes increased hydrostatic pressure and stiffness resulting in a 
barrier of drug uptake. Currently investigated treatments included calcipotriol for the 
inactivation of pancreatic stellate cells (PSCs), smoothened homologue inhibitor IPI-
926 for the inhibition of collagen deposition and myofibroblast growth and finally 
evofosfamide which inhibits DNA replication. As seen with other therapeutic 
treatments, agents attacking the stroma are still in the early stages of investigation and 
more work is required[48,50].

POSSIBLE STRATEGIES TO ENHANCE NUCLEOSIDE TRANSPORTERS
To date, no viable agents specifically targeting nucleoside transporters in relation to 
chemoresistance has been developed. Though in vivo investigations into the upregu-
lation of hCNT1 expression have shown promising results, the clinical application of 
these techniques is not yet applicable[51,52]. Although, it has been hypothesised that 
the overexpression of selected mucins in pancreatic cancer is a contributing factor to 
nucleoside transporter efficacy and therefore chemoresistance[53]. This mucin overex-
pression results in the production of a thick, mucinous physical barrier between cancer 
cells and the extracellular matrix, thus inhibiting the ability of intracellular drug 
uptake via nucleoside transporters and affecting the drugs cytotoxicity. Due to this, 
several agents have been investigated for their mucolytic properties[42,53].

Much of this research has focused on agents that involve the immune system, such 
as adoptive immunotherapy, oncolytic viral therapy, peptide vaccines to enhance the 
cytotoxic T cell or T helper cell response, or specific antibodies. These techniques have 
shown promising results for patients with metastasised disease, when implemented in 
pre-clinical as well as early-stage clinical trials. However, many of these approaches 
are limited in their targeting abilities and have only been examined in small patient 
cohorts[2,3].

Another avenue readily investigated is gene editing technology specifically 
targeting the mechanisms that have been identified as contributors of disease 
progression. These methods can include transfection of cells, silencing, and upregu-
lating genes via gene promotors, and at the transcriptional level, targeting epigenetic 
regulation. It is important to note, despite the promising results obtained in vitro and 
in early clinical stages for these treatments, there are issues surrounding the effect-
iveness of treatment delivery in vivo. Due to this, further research is required on the 
feasibilities of implementing these treatments to patients[2,3,54].

A variety of micro RNAs (miRs), pharmacological and natural agents have also been 
investigated for their ability to limit pancreatic cancer progression by specifically 
targeting and downregulating well known mucins such as MUC1 and MUC4[54,55].

miRs are small noncoding RNAs that occur naturally, functioning in gene regulation 
and have been identified as possible regulators of mucin expression in pancreatic 
cancer. Four key miRs have been investigated and provided positive results, those 
being, miR-Let-7b, miR-150, miR-219-1-3p, and miR-200c. All mentioned miRs have 
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been found to downregulate MUC4 expression, miR-150 directly targets MUC4 
resulting in inhibition and is therefore a MUC4-regulating miR. Despite the promising 
effect of miRs in regulating mucins, there are minimal studies aimed at assessing their 
viability against established pancreatic tumors in vivo and further studies are required 
prior to clinical application[36,56-58].

Regarding pharmacological agents, the modulation of mucins, specifically MUC4, is 
achieved through anti-inflammatory drugs, corticosteroids. Key investigated corticost-
eroids include dexamethasone, as well as afatinib and canertinib, two pan-EGFR 
family inhibitors. These agents had various levels of effectiveness with dexamethasone 
providing variable modulation results, while afatinib and canertinib resulted in the 
downregulation of MUC4 expression. Interestingly, canertinib, unlike afatinib, is an 
irreversible inhibitor and treatment resulted in not only downregulation of MUC4, but 
also reduction in tumor growth. Though promising, the variable effects due to 
corticosteroids not only on mucins, but other mechanisms of disease have limited the 
possibility of clinical application[54,59,60].

Natural agents are of great significance in the treatment of pancreatic cancer due to 
their ability to target inflammation signaling pathways and regulate the expression of 
mucins. Several of these agents have been identified as possible pancreatic cancer 
treatments, including, Thymoquinone, Guggulsterone, Graviola extract, Bromelain 
and N-acetylcysteine.

Guggulsterone is a phytosteroid derived from the resin of Commiphora Mukul 
plants. Historically, it has been utilized for the treatment of atherosclerosis, hyperlip-
idemia, diabetes, hypertension, and obesity. More recently, it has been investigated for 
its anti-proliferative activity, ability to induce apoptosis and inhibit cell invasion and 
motility in various tumor types whether in vitro or vivo. Furthermore, Guggulsterone 
has shown a synergistic effect with gemcitabine against pancreatic cancer, as well as 
the reversal of multidrug resistance in breast cancer cell lines. In addition to its anti-
tumor properties, Guggulsterone has been identified to decrease the activation of 
STAT/JAK pathways, downregulating MUC4 as a result. Accounting for all the 
possible benefits of Guggulsterone it is an attractive agent for clinical application in 
combination with Gemcitabine against pancreatic cancer[54,61].

Thymoquinone is a bioactive constitute derived from black seed oil (Nigella sativa). 
It has previously been identified as having several promising pharmacological 
properties against diseases due to its anti-inflammatory, antioxidant, and anticancer 
activities. More recently, it has been shown to exhibit antineoplastic properties against 
pancreatic cancer cell lines FG/ COLO357 and CD18/HPAF. Treatment with 
Thymoquinone against these cell lines resulted in the downregulation of MUC4 
resulting in the increased apoptosis and decrease of migration of tumor cells. The 
downregulation of MUC4 results in the activation of c-Jun-(NH2)-terminal kinase and 
p38 MAP kinase, thereby implicating MUC4 as a key target of Thymoquinone. As seen 
with other natural agents, synergistic effects have been observed both in vitro and vivo 
with Thymoquinone and chemotherapeutic agents, specifically, Gemcitabine and 
Oxaliplatin[54,62,63].

Annona muricata (Graviola) evergreen trees are the source of medicinal treatment 
for inflammatory conditions such as insomnia, hypertension, rheumatism, diabetes, 
and neuralgia. Within the last decade, investigations into the effect of extracted 
graviola on pancreatic cancer cell lines have been undertaken in vitro and vivo. It has 
been identified that graviola downregulated genes associated with glycolysis and 
hypoxia, and more importantly, downregulated MUC4, while exhibiting antimeta-
static and antiproliferative effects[54,64]. Interestingly, graviola has been shown 
effective in destroying chemoresistant breast cancer cells[65]. This study indicating 
graviola to be an attractive agent of investigation for chemoresistant cancer cells.

Bromelain is a cysteine proteolytic enzyme extracted from the stem of immature 
pineapple plants (Ananas comosus). The enzyme is well known for its anti-inflam-
matory and mucolytic properties as well as its uses for relief of indigestion, 
thrombosis, fevers, wound debridement, and edema. Bromelain was originally utilised 
for its anti-cancer properties in ovarian and breast cancer, with clinical trials of 
administration resulting in a decrease of metastasis and the resolution of tumour 
masses. When administered in combination treatments with chemotherapeutic agents 
such as 5-FU greater patient outcomes and further tumour regression has been 
observed[66]. Interestingly, bromelain has been recently investigated for its proteolytic 
properties, specifically its ability to target and disrupt glycosidic linkages in mucins 
resulting in the disruption of the protective mucolytic layer. The disruption of 
mucolytic layers produced by mucins on cancerous cells enables the effective uptake 
of cytotoxic drugs into cells resulting in better patient survival[3,53,66].
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N-acetyl cystine (NAC) is a sulphur containing amino acid that is commonly used 
for the treatment of acetaminophen toxicity and to liquify the thick mucus formed in 
respiratory diseases such as chronic obstructive pulmonary disorder (COPD) and 
cystic fibrosis[66]. Due to its chemical composition, NAC holds the ability to reduce 
disulphide bonds (S-S) to sulphydryl (S-H) bonds in glycoproteins and therefore 
convert purulent and viscous mucin into an aqueous state resulting in ciliary 
elimination in the respiratory system[66].

A further strategy for overcoming chemoresistance and increasing patient survival 
is combination therapy with chemotherapeutic and mucolytic agent. Two natural 
agents have been identified as effective against mucous cancers when combined, those 
being bromelain and NAC[67].

Recently, studies into the efficiency of these agents as single agents, in combination 
with each other and in combination with gemcitabine and 5-FU against pancreatic 
cancer cell lines has been investigate with promising results[53]. This can present 
beneficial outcomes for clinical application due to the ease of application as well as a 
reduction in required chemotherapeutic doses therefore reduced toxicity when 
compared to currently utilised chemotherapeutic drugs[3,53].

The combination of bromelain and NAC has been shown to have a synergistic 
cytotoxic effect against several tumour types. It is known that late-stage pancreatic 
tumours express high amounts of MUC1, MUC4, MUC16 which have been associated 
with invasiveness, cellular proliferation, metastasis and chemoresistance. Previous 
studies have shown that a bromelain and NAC combination treatment resulted in the 
reduction of mucin expression both in vitro and vivo[53,68]. Recent in vivo investig-
ations into combination therapy of bromelain and NAC with the addition of cytotoxic 
agents such as gemcitabine resulted in observed synergism and introduce the 
possibility of reducing the clinical cytotoxic dosage required for treatment and 
therefore reducing side effects that commonly present with high dose treatments[53]. 
It is thought that the combination of bromelain and NAC will disrupt the glycosylic 
linkages and disulphate bonds within mucins allowing for gemcitabine to effectively 
enter the cells via nucleoside transporters resulting in its ability to incite its cytotoxic 
effect[53].

CONCLUSION
Pancreatic cancer is a deadly disease with a high mortality rate attributed to late 
tumour detection, disease aggressiveness and chemoresistance. Although predicted to 
be the second leading cause of cancer associated mortality within the next 10 years, 
steady progress has been achieved in determining the mechanisms that contributes to 
the poor progression of the disease, which, in turn contributes to the development of 
diagnostic and therapeutic targets.

One of these mechanisms has been identified as human nucleoside transporters, 
namely for their importance in the transportation of chemotherapeutic drugs into 
diseased cells along with their contribution to acquired chemoresistance. Primarily, 
investigations have been undertaken on the nucleoside transporters hENT1, hENT2, 
hCNT1, and hCNT3, namely due to their ability to transport the nucleoside analogue 
gemcitabine, however, more research is needed to evaluate their use not only as 
diagnostic markers but as therapeutic targets.

The expression of nucleoside transporter proteins has been shown to be adverse in 
pancreatic cancer cells, with decreased protein expression correlating with not only 
reductions in progression and disease-free patient survival but also an increase in 
acquired chemoresistance. The lack or inability of nucleoside transporter proteins to 
facilitate the uptake of chemotherapeutic drugs has been identified as a contributor of 
gemcitabine chemoresistance and although the majority of research has been focused 
on hENT1, all examine nucleoside transporters have exhibited this correlation.

There have been several suggestions on overcoming the factors contributing to 
nucleoside transport related chemoresistance, with treatment options such as mucins 
being of great interest. Specific mucins have been shown to be overexpressed in 
pancreatic cancer cells and new combination treatment therapies, such as bromelain + 
NAC + gemcitabine, targeting the linkages seen in mucins expose the encased 
nucleoside transporters, allowing for the uptake of cytotoxic drugs which is advant-
ageous for several reasons. The two main benefits being increased drug uptake, and 
reduction of required cytotoxic dose although further research of this strategy for not 
only the treatment of pancreatic cancer but also overcoming chemoresistance is 
required.
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Abstract
Chronic viral hepatitis is one of the leading causes of cirrhosis worldwide. 
Chronic hepatitis B is more common in the Asia-Pacific region due to the larger 
population and lower screening availability. Hepatitis C predominates in the west 
due to injection drug abuse. The discovery of (oral) direct-acting antiviral agents 
(DAAs) has changed the landscape of chronic hepatitis C (CHC) management. 
Nucleos(t)ide analogs (NUCs) have also changed the approach to the treatment of 
chronic hepatitis B (CHB). Oral NUCs and DAAs have excellent efficacy and 
patient acceptance as well as a lower risk of resistance. However, certain popu-
lations have no robust data and safety and efficacy of such oral drugs is still 
evolving. In this review, we provide an overview of the management of CHB and 
CHC in special populations, such as those with chronic kidney disease, pregnant 
women, healthcare workers, and those undergoing chemo- or immunosup-
pressive therapy.

Key Words: Chronic kidney disease; Pregnancy; Hepatitis B; Hepatitis C; Health care 
professionals; Tenofovir

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatitis B and hepatitis C are leading causes of liver disease and pose 
significant burdens on healthcare and the economy, especially in developing countries. 
The management of chronic hepatitis B and C in special populations is less known. In 
this review, we discuss the indications, timing of treatment, and safety of drugs in 
special populations infected with hepatitis B or C. The special populations discussed 
herein are those with chronic kidney disease, pregnant women, coinfected patients, 
healthcare workers, and patients undergoing chemotherapy.
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INTRODUCTION
Hepatitis B and C together constitute a major etiology of cirrhosis of the liver, 
especially in the Asia-Pacific region[1-3]. Nucleos(t)ide analogs and direct-acting 
antivirals (DAAs) are breakthrough treatments for chronic hepatitis B (CHB) and 
chronic hepatitis C (CHC), respectively. The management of Hepatitis B and C in an 
adult population without comorbidities is well known. Special population groups are 
those who are less often studied, and the drugs cannot be tested in such populations 
due to ethical reasons. The data on management strategies are still evolving for special 
populations. Such populations include patients with chronic kidney disease (CKD), 
patients on hemodialysis (HD), pregnant women, coinfected patients, healthcare 
workers, and patients undergoing chemotherapy[4]. In this review, we discuss the 
indications and safety of antiviral agents in special populations.

CHRONIC KIDNEY DISEASE AND HEMODIALYSIS 
Hepatitis B and CKD
Hepatitis B is associated with proteinuria and a higher risk of CKD[5,6]. Hepatitis B 
virus (HBV)-infected treatment naïve patients have a higher incidence of hematuria, 
glycosuria, and leukocyturia[7]. Nearly 28%-40% of CHB patients have a glomerular 
filtration rate (GFR) < 90 mL/min/1.73 m2[7,8]. The prevalence of CKD in CHB 
patients is 3%-8%, with increasing prevalence with age[9]. This translates into an 
enormous burden of CKD due to the higher prevalence of CHB in the Asia-Pacific 
region. The presence of hypertension, diabetes mellitus, and cirrhosis further increases 
the risk of CKD in CHB[9]. Smoking and physical inactivity can also increase the risk 
of CKD[10]. The presence of CKD can also increase the risk of HBV infection due to 
immuno-suppression (rising the risk of viral infections), frequent requirements of 
blood transfusions (for anemia of chronic disease), and HD. The ideal endpoints of 
CHB treat-ment are HBsAg loss and anti-HBs seroconversion, which are challenging to 
attain. Long-term DNA suppression, normalization of alanine transaminase (ALT), 
and HBeAg loss (in those who are HBe-positive with or without anti-HBe serocon-
version) remain the primary achievable endpoints in the treatment of CHB[4]. The 
data on the management of CHB in CKD are limited. Since ALT levels are suppressed 
in CKD (and those on HD), initiating treatment in individuals with HBV DNA > 2000 
IU/mL (irrespective of ALT levels) is recommended, especially if > F1 fibrosis is 
documented either by biopsy or noninvasively[11]. Vaccination remains the best 
preventive strategy for CKD and HD patients. One milliliter each (containing 20 mcg) 
should be given intramuscularly (in deltoid muscle) four times at 0, 1 mo, 2 mo and 6 
mo. The initial anti-HBs titer should be done two months after the first schedule and 
then annually thereafter. A booster dose is recommended if the anti-HBs is < 10 
IU/mL in CKD patients[12]. Tenofovir disoproxil fumarate (TDF), tenofovir alafe-
namide fumarate (TAF), and entecavir (ETV) have a low risk of resistance and high 
efficacy in CKD patients[11,13]. Lamivudine, telbivudine, and adefovir are less 
effective, nephrotoxic, and are associated with risk of resistance. Interferon-α therapy 
is less tolerated and is not preferred over NUCs, although the advantage of IFN-α of 
limited duration therapy cannot be ignored. IFN-α can be used in young patients 
without cirrhosis, psychosis, or autoimmune disease and GFR > 30 mL/min/1.73 m213
(Table 1).

Hepatitis C and CKD
Extrahepatic manifestations are more common in hepatitis C virus (HCV) than HBV
[14]. CHC patients may have renal failure even in the absence of liver disease[15]. 
HCV-infected individuals have a 23% higher risk of developing CKD than non-HCV-
infected individuals[16]. Hepatitis C is a leading cause of liver disease among patients 
with CKD, particularly those on dialysis. The seroprevalence of HCV in the Asian 
population in patients on dialysis ranges between 1%-18%, with higher a prevalence in 
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Table 1 Hepatitis B in chronic kidney disease

HBV and CKD

Prevalence of CKD in 
HBV patients

8%

Pathogenesis Direct cytopathic effect of the HBV on cells of the kidney; Glomerular deposition of immune complexes; Virus-induced specific 
immunological effector mechanisms (specific T lymphocyte or antibody); CHB induced cytokine toxicity on renal tissue

Risk factors Smoking, diabetes mellitus, hypertension, cirrhosis.

Common type of 
renal injury

Membranous GN; Membranoproliferative GN; Polyarteritis nodosa; IgA nephropathy

Treatment indication HBV DNA 2000 IU/mL with or without elevated ALT; Liver biopsy-chronic hepatitis with > F1 fibrosis; If planned for renal 
transplant, initiate NUCs 2 wk before transplant even if DNA ≤ 2000 IU/mL

Safe drugs TAF (no dose adjustment till eGFR < 15 mL); ETV and TDF (If GFR > 50: ETV 0.5 mg/d or TDF 300 mg/d; GFR 30-49: ETV 0.5 mg 
alternate day or TDF 300 mg alternate day; GFR 10-29: ETV 0.5 mg once in 3 d and TDF 300 mg once in 3 d; on HD-ETV 0.5 mg or 
TDF 300 mg after every dialysis or every 7 d)

Prevention Regular screening; Vaccination (double dose); Serology should be performed every year, and a booster dose should be given if 
antibody titers are below 10 mIU/mL.

HBV: Hepatitis B virus; CKD: Chronic kidney disease; CHB: Chronic hepatitis B; NUC: Nucleos(t)ide analogues; TDF: Tenofovir disoproxil fumarate; TAF: 
Tenofovir alafenamide fumarate; ETV: Entecavir; GFR: Glomerular filtration rate; GN: Glomerulonephritis; ALT: Alanine transaminase.

those on HD than in those on peritoneal dialysis, i.e., 8 ± 5.5%[17]. Due to a higher 
number of adverse effects, the use of pegylated IFN plus ribavirin is not recommended
[18]. Glecaprevir and pibrentasvir are NS3/4A protease and NS5A inhibitors, 
respectively, which have pangenotypic activity. Glecapravir 300 mg and pibrentasvir 
120 mg in a fixed-dose combination are the treatments of choice for patients with 
chronic hepatitis C and stage 4 or 5 CKD (including those on HD)[19,20]. In patients 
with stage 1-3 CKD, similar dosing of DAA without dose adjustments is recom-
mended. However, glecaprevir and pibrentasvir are not available in all countries. 
Another option for genotype 1b CHC is grazoprevir, 100 mg and elbasvir, 50 mg for 12 
wk, which is still unavailable in many countries[21]. Sofosbuvir-based regimens are 
also safe in patients with renal impairment and cirrhosis (both decompensated and 
compensated)[22]. Sofosbuvir 400 mg and velpatasvir 100 mg fixed-dose combination 
is safe and effective for renal impairment patients (even HD patients) with CHC[23]. In 
patients with CHC and compensated cirrhosis, the recommended duration is 12 wk, 
while it is 24 wk for decompensated cirrhosis[20]. Sofosbuvir (400 mg) + ledipasvir (90 
mg) also has proven efficacy for Genotype 1b with renal impairment but not on HD
[24]. Ribavirin may be added for decompensated cirrhosis patients in combination 
with sofosbuvir-ledipasvir or in persons with HCV genotype 1a who are receiving 
treatment with elbasvir-grazoprevir and who have baseline NS5A resistance-
associated variants for elbasvir. The dose of ribavirin is 200 mg/d for patients with 
creatinine clearance < 30 mL/min and 200/400 mg alternate day for patients with 
creatinine clearance between 30 mL/min and 50 mL/min. American Association for 
the study of Liver Disease (AASLD)/Infectious Disease Society of America (IDSA) has 
approved the use of sofosbuvir-velpatasvir; however, in some countries, it is still used 
as an off-label indication in patients with renal impairment[25]. Strict adherence to 
infection control protocols during dialysis is the only way to prevent HCV spread[26]. 
To date, no vaccines have succeeded in preventing chronic HCV infection[27]. Anti-
HCV antibodies should be tested before initiation of dialysis and then biannually[28]. 
Monthly ALT estimation is also recommended for those on dialysis (Table 2).

Pregnancy
Pregnancy is an opportunity to diagnose chronic viral hepatitis. Screening for hepatitis 
B and C is recommended for all individuals to prevent mother-to-child transmission 
(MTCT) and prevent transmission to health care professionals[29].

HBV and pregnancy: Nearly 10% of childbearing women in the Asia-Pacific region are 
infected with HBV[30]. There can be four situations in pregnancy: (1) First time 
incidentally diagnosed CVH during pregnancy; (2) Individuals are infected and are 
already on treatment with antiviral therapy; (3) Individuals are under surveillance for 
CVH and are contemplating pregnancy; and (4) Cirrhosis due to viral hepatitis.
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Table 2 Hepatitis C in chronic kidney disease

HCV and CKD

Prevalence of HCV in CKD 
patients

10%-14%

Pathogenesis Pronounced leucocyte infiltration of glomerular capillaries and the precipitation of immunoglobulins, immune 
complexes/cryoglobulins; Glomerular deposition of HCV protein

Risk factors Age, male gender, lack of HCV treatment, concomitant HAV/HBV infection; Diabetes mellitus

Common types of renal 
injury

Membranous GN; Membranoproliferative GN; Essential mixed cryoglobulinemia (type II); IgA nephropathy; Polyarteritis 
nodosa

Treatment indication Viremia 

Safe drugs Glecapravir + Pibrentasvir; Sofofbuvir + Velpatasvir; Sofosbuvir + Ledipasvir; Grazoprevir + Elbasvir

Prevention Regular screening and strict infection control procedures; Effective dialysis machine decontamination

HCV: Hepatitis C virus; CKD: Chronic kidney disease; HAV: Hepatitis A virus; GN: Glomerulonephritis.

The risk of transmission to the newborn is as high as 90% if the mother is HBeAg (e 
antigen)-positive and 10%-12% if the mother is HBeAg-negative and HBeAb (e 
antibody)-positive[31]. The risk of transmission is also directly proportional to viral 
load. The risk of progression to chronicity is nearly 90% if the newborn becomes 
infected[30]. Hence, preventing MTCT is of utmost importance. Screening for HBsAg 
is mandatory for all pregnant individuals in the first trimester. It is prudent to test 
HBeAg, HBeAb, and DNA levels by the end of the second trimester. Treatment is 
indicated if HBV DNA > 200000 IU/mL or HBsAg levels > 4 Log10 IU/mL. TDF can 
be started at 24-32 wk of gestation and must be continued for up to 12 wk after 
delivery[4]. Currently, TAF has no data to support its use during pregnancy. However, 
an initial review of data on TAF in pregnancy is encouraging[32]. If a woman is 
infected and is already on treatment with antivirals, the treatment must be continued. 
TDF is the recommended drug of choice during pregnancy, and if the individual is on 
ETV or any other antivirals, she should be switched to TDF[29]. If the individual is 
infected and is contemplating pregnancy, it is advised to postpone the treatment until 
childbirth unless the woman fulfills CHB treatment criteria (presence of advanced 
fibrosis or high viral load)[29]. Cirrhosis patients who wish to becomes pregnant 
should be counseled about the risk of decompensations during pregnancy. Pregnancy-
induced volume disturbances are similar to cirrhosis, i.e., reduction in systemic 
vascular resistance and rise in blood volume and splanchnic vasodilation, which may 
exacerbate pre-existing portal hypertension[29]. Newborns of HBV-positive mothers 
should receive active and passive immunization. The newborn should be tested for 
HBsAb 3 mo after complete immunization (i.e., > 9 mo of age)[33]. Chronic HBV 
infection may not influence pregnancy outcomes; however, postpregnancy, there may 
be a flare of HBV due to immune restoration[29,30]. Breastfeeding is not contrain-
dicated, and cesarean section is not indicated for HBV-infected mothers.

HCV and pregnancy: The prevalence of HCV infection is high in Western countries 
due to injection drug abuse; however, the Asia-Pacific region has a lower prevalence 
than the west. Due to the large population, the incidence of HCV is considered high in 
the Asia-Pacific region. The prevalence of HCV in the Asia-Pacific region is 0.1%-5%
[34]. The lack of sensitive universal testing in developing countries is a major 
hindrance to diagnose HCV infection. Further transient elastography is not 
recommended in pregnant individuals to stage fibrosis.

HCV can affect pregnancy outcomes. HCV, a cytopathic virus, has been linked to 
intrahepatic cholestasis of pregnancy[35]. HCV can also downregulate multidrug 
resistance protein 2 (MRP2), which would induce a failure to transport toxic 
substances and subsequent defects in bile transport; high estrogen and progesterone 
levels would further compound this effect on MRP2 during pregnancy[35,36]. HCV-
infected women also have a higher risk of preterm birth[37]. In contrast, pregnancy 
being immunosuppressed does not affect HCV. However, in the postpartum period, 
women may clear the virus spontaneously due to immune reconstitution and HCV-
specific T-cell response development[36]. The pooled incidence of MTCT is 6%[38]. 
Concomitant human immunodeficiency virus (HIV) infection, high HCV viral load, 
and injection drug abusers (due to acute hepatitis) are at higher risk of transmitting the 
infection to the newborn[38,39]. MTCT occurs most often in late stages, either during 
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intrauterine or intrapartum transmission[29]. There is no added benefit of cesarean 
section and hence is not indicated for patients with HCV infection to prevent 
transmission. Breastfeeding is not contraindicated[40]. Prolonged rupture of 
membranes (> 6 h) and invasive tests such as internal fetal monitoring, amniocentesis, 
and chorionic villous sampling have the potential risk of transmission[41]. Episiotomy 
should also be avoided, if possible, in HCV-infected pregnant individuals[41]. None of 
the DAAs have been approved to be used in pregnancy yet. DAAs are category B 
drugs in pregnancy. Sofosbuvir with ledipasvir has been shown to be effective and 
safe in pregnancy[42]. The drug was initiated in the 2nd or early third trimester. There 
are two trials underway assessing DAAs in pregnancy. The first trial evaluating 
sofosbuvir plus ledipasvir initiated at 24 wk of gestation (ClinicalTrials.gov Identifier: 
NCT02683005). Another trial assessing sofosbuvir plus velpatasvir commenced six 
months postpartum (ClinicalTrials.gov Identifier: NCT03570112). The results of these 
trials are expected soon. Differences in HBV and HCV management are shown in 
Table 3.

HEALTHCARE WORKERS
Healthcare workers (HCWs) are attending clinicians, surgeons, employees, students, 
contractors, public-safety workers, or volunteers whose activities involve contact with 
patients or with blood or other body fluids from patients in healthcare, laboratory, or 
public-safety settings[43]. HCWs are at risk of becoming infected and can also be a 
potential source of transmission to patients. The risk of transmission is, although rare 
from providers to patients, it is recommended to treat HCWs even with a low viral 
load (HBV DNA < 1000 IU/mL)[44]. Prior to universal vaccination, the risk of 
transmission was 5%-13% from HBeAg-positive HCWs to patients and 0.8%-3.5% from 
HBeAg-negative HCWs to patients[45]. The prevalence of HBV among HCWs ranges 
between 5%-7% in developing countries[46,47]. The presence of HBV infection does 
not preclude the HCWs from practicing medicine (dentistry or surgery, or any allied 
health care work) as per the Centers for Disease control and Prevention (CDC) [44]. 
The European Association for the Study of the Liver recommends treating HCWs if 
DNA levels are more than 200 IU/mL[4]. The CDC recommends treating HCWs if 
DNA >1000 IU/mL and prohibits HCWs from performing exposure-prone procedures 
if DNA >1000 IU/mL[44]. In contrast, transmission of HCV from HCWs to patients is 
rare. HCWs are at higher risk of becoming infected by patients. A meta-analysis 
reported higher odds of infection among HCWs than controls[48]. HCWs with viremia 
should be treated.

COINFECTION 
HBV with HIV: The prevalence of HBV HIV coinfection ranges between 5%-20%, with 
a higher prevalence among injection drug abusers[49]. The risk of liver-related 
mortality is twice as high in patients with coinfection as in those with HIV monoin-
fection[50]. HBV also increases overall mortality and hepatocellular carcinoma in HIV-
infected patients[51,52]. Coinfected patients have higher levels of HBV viremia and 
lower rates of HBeAg clearance[53]. HIV-infected patients are prone to drug-induced 
liver injuries (especially from nevirapine-based regimens) and hepatitis flares[54]. 
HBV is reported to increase the risk of acquired immunodeficiency syndrome 
development, but this report was contraindicated in later studies[55]. All coinfected 
patients should be treated with ART (antiretroviral therapy) irrespective of the CD4 
count[4,56]. ART should contain tenofovir as a part of the regimen. Lamivudine + 
emtricitabine and tenofovir (TDF or TAF) should be used for treating coinfected 
patients. TDF + lamivudine+ efavirenz or nevirapine combination has a lower attrition 
rate and is associated with lower mortality in HIV/HBV infected patients[57]. A fixed 
drug combination of elvitegravir, cobicistat, emtricitabine, and TAF has excellent 
efficacy in HIV/HBV coinfected patients[58]. Dolutegravir, emtricitabine and 
TDF/TAF fixed dose combinations may also be considered for patients with 
HIV/HBV coinfection[59]. All HBsAg patients should be screened for HIV infection 
prior to initiating tenofovir-based therapy (to prevent resistance), and HIV-infected 
patients should be screened for HBsAg prior to initiation of ART[56]. If negative, it is 
recommended to vaccinate the individual to achieve an anti-HBs of ≥ 10 mIU/mL.
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Table 3 Hepatitis B and Hepatitis C in pregnancy

HBV HCV

MTCT 90% if HBeAg+; 10% if HBeAg-; Directly proportional to viral 
load

6%; Higher risk with concomitant HIV infection, higher 
viral load, IV drug abuse; Higher risk with PROM and 
CVS

Treatment TDF is safe; Can be initiated in third trimester DAAs are not approved; Treat prior to pregnancy or 6 
mo postpartum

Effect on pregnancy outcome None Preterm birth, ICP

Effect of pregnancy on virus None None

Effect of postpartum 
(immune restoration) on 
virus

Risk of HBV flares Higher chance of viral clearance

Timing of transmission Intrapartum > intrauterine Intrapartum > intrauterine

C-section for all Not indicated Not indicated

Breastfeeding Not contraindicated Not contraindicated

Prevention Active and passive immunization to child prevents 90% of 
transmission; Failure is nearly 15% if the viral load in mother is 
> log6

None

Confirming the perinatal 
transmission 

Persistence of HBsAg in newborn for > 6 mo Anti-HCV positive at 18 mo of age HCV RNA positive 
after 2 mo on 2 different samples

Confirming the protection Anti-HBs titers at 9 mo Negative Anti-HCV at 18 mo

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; IV: Intravenous; MTCT: Mother-to-child transmission; PROM: 
Prolonged rupture of membranes; CVS: Chorionic villous sampling; Ag: Antigen; ICP: Intrahepatic cholestasis of pregnancy; C-section: Cesarean section.

HCV and HIV coinfection is common in injection drug abusers. HCV does not alter 
the natural history of HIV; however, HIV infection significantly alters the natural 
history of HCV. HIV leads to a rapid worsening of liver disease, shortens survival, and 
increases the risk of decompensations in HCV-related cirrhosis patients[60]. HIV also 
hastens fibrosis progression in CHC patients. Spontaneous clearance of HCV is noted 
in 5%-10% of patients with HIV infection, whereas nearly 15%-30% of HIV noninfected 
patients clear HCV spontaneously[61]. The indication for treating HCV and HIV is 
similar to those infected with either alone. However, it is recommended to avoid HCV 
treatment until the CD4 count > 200/μL in coinfected patients[62]. Sofosbuvir (400 mg) 
plus velpatasvir (100 mg) is the recommended drug of choice for HCV for 12 wk in 
cirrhosis and noncirrhosis[63]. Glecapravir and pibrentasvir are other options for HIV 
and HCV coinfected patients for 8 wk (no cirrhosis) or 12 wk (cirrhosis)[20] (Figure 1).

HBV with HCV coinfection: The prevalence of HBV/HCV coinfection varies across 
the globe. The prevalence of HBV coinfection in HCV-positive individuals ranges from 
0.7%-5.8%, and the prevalence of HCV coinfection in HBsAg-positive individuals is 
between 3.4%-23.0%[64,65]. The presence of HCV coinfection leads to rapid 
progression of liver disease, fibrosis and accelerates the development of hepatocellular 
carcinoma (HCC)[65]. Patients with HCV viremia should be treated with DAAs, and 
those satisfying criteria for treatment for HBV should be treated with NUCs. However, 
if the patient is HBsAg-positive (not satisfying the treatment criteria for HBV) but 
requires DAA therapy for HCV, NUCs should be initiated[4]. NUCs should be 
continued for 12 wk post DAA to prevent reactivation of HBV[4]. HCV core protein 
strongly inhibits HBV replication, and post DAA lack of HCV core poses a risk for 
HBV reactivation. The incidence of HBV reactivation is around 12%-14% after HCV 
treatment[66].

CHEMOTHERAPY AND HEMATOLOGICAL MALIGNANCIES 
Patients planned for chemotherapy or immunosuppression should be evaluated for 
HBV and HCV infection[4]. HBV and HCV are strongly associated with non-
Hodgkin’s lymphoma[67-69]. Approximately 7%-23% of NHL patients have HBV 
infection, and 3%-10% harbor HCV infection[69-71]. The risk of HBV reactivation in 
HBsAg-positive patients undergoing chemotherapy ranges from 26%-53%[72]. HCV 
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Figure 1 Management of coinfection. Created with biorender.com. HIV: Human immunodeficiency virus; ART: Antiretroviral therapy; 3TC: Lamivudine; FTC: 
Emtricitabine; TDF: Tenofovir disoproxil fumarate; TAF: Tenofovir alafenamide fumarate; DAA: Directly acting antiviral agents; SOF: Sofosbuvir; VEL: Velpatasvir; 
GLE: Glecaprevir; PIB: Pibrentasvir.

reactivation is noted in 11% of patients undergoing chemotherapy[73]. If the surface 
antigen is positive (irrespective of viremia), it is recommended to start NUCs (TDF, 
TAF, or ETV)[4,72]. Therapy should be continued for 12 mo (18 mo for those on 
rituximab) after the cessation of immunosuppressive therapy. The stopping rules for 
those satisfying the standard treatment criteria are the same as those not on 
immunosuppression.

Patients with HCV viremia should be treated with DAA therapy; however, the 
timing of therapy is still controversial. If malignancy treatment is deemed urgent, then 
DAA can be initiated six months after malignancy remission. However, the patient 
should be monitored for flares. If the malignancy is suspected to be related to the virus 
itself, then DAAs should be initiated, and viral suppression should be documented 
prior to chemotherapy initiation[74].

CHILDREN 
HBV and children
Chronicity in children is common and depends on the age of acquisition of infection. 
Perinatally infected patients have a 90% chance of progression to chronicity, while 
patients infected before 5 years of age have a 25%-50% chance of progression to 
chronicity. Data on the treatment of the pediatric population are limited. The global 
prevalence of HBsAg positivity of among children < 5 years of age is 1.3%[75]. The 
indication for treatment is slightly different from that in the adult population. The 
presence of cirrhosis (regardless of decompensation status) requires treatment[56]. 
However, it is recommended to assess the inflammation and stage of fibrosis via liver 
biopsy in all patients prior to therapy. Children with persistently elevated ALT levels 
(> 1.5 times the upper limit) for ≥ 6 mo who are HBeAg-positive (or ≥ 1 year for 
HBeAg-negative) with a DNA > 2000 IU/mL and biopsy evidence of moderate to 
severe necroinflammation or fibrosis require treatment[76]. For patients with a family 
history of HCC treatment should be initiated even if necroinflammation/fibrosis is 
mild or absent provided that DNA is > 2000 IU/mL and the ALT levels are elevated
[56,76]. TAF (25 mg/d) and ETV (0.015 mg/kg; maximum of 0.5 mg/d) are drugs with 
high genetic barriers to resistance that are approved for patients aged ≥ 12 years and ≥ 
2 years, respectively[75,77]. Last, interferon α-2b (6 million IU/m2 thrice weekly) is also 
approved for children aged ≥ 1 year[75]. For HBeAg-positive children, the drug can be 
stopped 1 year after HBeAg seroconversion[77]. However, the duration of therapy for 
HBeAg-negative patients is unknown.

HCV and Children: Nearly 0.15% of the global population aged < 18 years has HCV 
viremia, which corresponds to 3.26 million (2.07-3.9) children. The seropositivity 
ranges between 0.2% and 0.4% of the population aged < 18 years[78,79]. Interestingly, 
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Figure 2 Indications and safety of drugs in special circumstances for hepatitis B. Created with biorender.com. TAF: Tenofovir alafenamide fumarate; 
TDF: Tenofovir disoproxil fumarate; ETV: Entecavir.

Figure 3 Indications and safety of drugs in special circumstances for hepatitis C. Created with biorender.com. GLE: Glecaprevir; PIB: Pibrentasvir; 
SOF: Sofosbuvir; VEL: Velpatasvir; LDV: Ledipasvir; GZR: Grazoprevir; EBR: Elbasvir.

25%-40% of children with perinatal transmission spontaneously achieve viral 
clearance, usually by age 2, and an additional 6%-12% of those with chronic hepatitis C 
infection may clear the virus before adulthood[80]. Hence, children born to HCV-
positive mothers should undergo antibody testing after 18 mo of age[36]. If they are 
antibody-positive, then their HCV RNA should be assessed after the age of 3 years to 
confirm the chronicity of infection. The AASLD/IDSA approved drugs widely 
available are sofosbuvir/Ledipasvir for children aged ≥ 3 years and sofo-
sbuvir/velpatasvir for children aged ≥ 6 years. The doses of these drugs are weight 
based (sofosbuvir/ledipasvir: < 17 kg: 150 mg/33.75 mg; 17-35 kg: 200 mg/45 mg; ≥ 35 
kg: 400 mg/90 mg and sofosbuvir/velpatasvir: 17-30 kg: 200 mg/50 mg; ≥ 30 kg: 400 
mg/100 mg) (https://www.hcvguidelines.org/node/2376/summary).

https://www.hcvguidelines.org/node/2376/summary
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CONCLUSION
Although there are recommendations for each of the above conditions described, 
further research is required in many areas. The role of TAF in pregnancy is unknown. 
Since newborns have a higher risk of progression to chronicity if infected, is it prudent 
to treat all the pregnant mothers' pre-emptively needs to be assessed. Furthermore, in 
countries in which vertical transmission is the most common mode of infection and 
testing resources (or ability to provide passive immunization to newborns) are limited, 
is it beneficial to treat all pregnant women infected with HBV needs to be evaluated. 
There are some data on the safety of concomitant DAA therapy in patients undergoing 
chemotherapy without any adverse drug-drug interactions[81]. However, prospective 
trials are still lacking. The most important aspects of managing HBV and HCV in 
CKD, pregnant patients, HCWs, and immunosuppressed patients are depicted in 
Figure 2 and 3.
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Abstract
Endoscopic ultrasound (EUS) is one of the significant breakthroughs in the field of 
advanced endoscopy. In the last two decades, EUS has evolved from a diagnostic 
tool to a real-time therapeutic modality. The luminal gastrointestinal (GI) tract 
provides a unique opportunity to access multiple vascular structures, especially in 
the mediastinum and abdomen, thus permitting a variety of EUS-guided vascular 
interventions. The addition of the doppler and contrast-enhanced capability to 
EUS has further helped provide real-time visualization of blood flow in vessels 
through the GI tract. EUS-guided vascular interventions rely on standard 
endoscopic accessories and interventional tools such as fine-needle aspiration 
needles and fine-needle biopsy. EUS allows the visualization of various structures 
in real-time by differentiating tissue densities and vascularity, thus, avoiding 
radiation exposure. EUS-guided techniques also allow real-time microscopic 
examination after target biopsy. Furthermore, many necessary interventions can 
be done during the same procedure after diagnosis. This article provides an 
overview of EUS-guided vascular interventions such as variceal, non-variceal 
bleeding interventions, EUSguided portal vein (PV) access with the formation of 
an intrahepatic portosystemic shunt, and techniques related to diagnosis of GI 
malignancies. Furthermore, we discuss current insights and future outlook of 
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Core Tip: Endoscopic ultrasound (EUS) technology has evolved rapidly in clinical 
practice, first as merely a diagnostic tool and now a therapeutic modality. EUS-guided 
interventions involve combining real-time imaging capability with invasive therapeutic 
interventions. The gastrointestinal (GI) tract has proximity to various vascular 
structures in the abdomen and mediastinum and thus provides a unique window to 
access these structures with EUS to render EUS-guided vascular interventions. Herein, 
this article provides an overview of EUS-guided vascular interventions for GI bleeding, 
portal vein access, and therapeutic implications, tumor diagnosis, and access to non-GI 
structures.

Citation: Mann R, Goyal H, Perisetti A, Chandan S, Inamdar S, Tharian B. Endoscopic 
ultrasound-guided vascular interventions: Current insights and emerging techniques. World J 
Gastroenterol 2021; 27(40): 6874-6887
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6874.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6874

INTRODUCTION
Endoscopic ultrasound (EUS) is a minimally invasive specialized procedure that 
blends endoscopy with ultrasound. The endoscope allows visualizing the 
gastrointestinal (GI) tract lining, and ultrasound allows visualization of the GI tract 
walls, surrounding organs, and blood vessels with high-frequency waves. Three 
different types of echoendoscopes are available: Linear, radial, and mini-probes. 
Linear echoendoscopes are preferred for pancreaticobiliary interventions such as 
acquiring tissue, drainage of collections, and injections. Radial echoendoscopes are 
preferred for the staging of esophageal and gastric cancers[1,2]. Mini probes are more 
useful in diagnosing mucosal malignancy, pancreaticobiliary diseases (such as 
malignancy or stricture) because of their high frequency[1]. EUS can visualize both 
solid and fluid structures in the GI lumen and extraluminal. Various structures 
accessible with EUS include the luminal wall of the GI tract (esophagus, stomach, 
duodenum, and rectum), liver, pancreas, gallbladder, biliary tree, mediastinum, and 
lymph nodes. In addition, EUS can identify various arterial and venous vascular 
structures in proximity to the GI tract are accessible. Feeding vessels from small 
branches of vessels and aberrant vascular shunts can also be visualized by EUS[2,3].

Since the introduction of EUS in 1980 for diagnostic purposes, significant evolution 
has occurred (Figures 1 and 2). Its application on humans dates back to 1982[4]. This 
evolved in 1991 when EUS-guided fine-needle aspiration (FNA) was first introduced, 
and it allowed to do therapeutic interventions outside the lumen of the GI tract[5]. In 
1996, EUS-guided cholangiography and EUS-guided biliary drainage were introduced
[6]. Furthermore, the role of EUS expanded rapidly over the last 20 years from the 
diagnostic to the therapeutic tool as it provides direct visualization, access to 
structures within and outside the GI tract. Several new advancements in EUS-guided 
vascular procedures have emerged due to the proximity of many blood vessels to the 
GI tract and the ability to deliver precise real-time interventions. It has been further 
expanded to target gastric variceal bleeding by cyanoacrylate (CYA) injection[7]. In 
2008, EUS-guided glue injection and micro coil embolization were used to treat a 
patient with refractory gastric variceal bleeding. Additionally, EUS can obtain real-
time portal pressures in patients suspected of portal hypertension (PH) and obtain 
liver core biopsies to evaluate for fibrosis in one setting. Given its ability to access the 
portal vein (PV), interventions such as PV thrombectomy have been possible. Given 
these advances, we aim to discuss updates and emerging trends in EUS related 
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Figure 1 Endoscopic ultrasound history. EUS: Endoscopic ultrasound; FNA: Fine-needle aspiration; Rx: Treatment.

Figure 2 Different types of endoscopic ultrasound guided vascular interventions. PV: Portal vein; EUS: Endoscopic ultrasound; GI: Gastrointestinal.

vascular interventions.

ROLE OF EUS IN THE MANAGEMENT OF GI BLEEDING
Variceal bleeding
Esophageal varices: Endoscopic band ligation (EBL) is the preferred treatment for 
bleeding and non-bleeding esophageal varices. However, endoscopic sclerotherapy is 
an additional treatment that is still used, especially when EBL is not feasible[8]. 
Although these therapies are successful, the rate of recurrent bleeding can range up to 
15%-65%[9]. The higher recurrence is most likely due to failure to treat perforating and 
collateral vessels. Echoendoscope provides benefits over endoscope due to its ability to 
visualize and target these high-risk vessels under direct visualization[10,11]. EUS-
guided sclerotherapy for esophageal varices was first described in 2000 by Lahoti et al
[12] in a study of 5 patients. A sclerosing agent such as sodium morrhuate was injected 
into target perforating vessels under EUS guidance until complete blood flow 
cessation was confirmed with the doppler. A mean of 2.2 sessions (range 2-3 sessions) 
were required to achieve the complete eradication of varices. No recurrence of 
bleeding or death was reported during 15 mo follow-up. Only one patient developed 
esophageal stricture, which was managed with balloon dilation[12].

The above study showed comparable results of EUS-guided sclerotherapy for 
esophageal varices. Therefore, EBL is still a preferred treatment for esophageal varices. 
Large, randomized trials are needed to show the clinical benefits of EUS-guided sclero-
therapy compared to EBL to consider it as one of the first-line treatments.

Gastric varices: Although gastric varices (GV) are less common than esophageal 
varices, it affects around 20% of patients with PH[13,14]. GV can occasionally cause 
bleeding, leading to iron deficiency anemia, and the risk of rebleeding (34%-89%) is 
much higher than compared to esophageal varices (15%-65%)[13]. There are no well-
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established treatment guidelines for the management of GV compared to esophageal 
varices[15]. EBL is not recommended for managing GV as they are larger in size, with 
thick overlying gastric mucosa making it difficult to band. EBL of GV can lead to life-
threatening bleeding due to post-band ulcerations, developed due to a failure to 
capture the contralateral wall of varices during the procedure[16]. In a study of 22 
patients with bleeding GV treated with EBL, 18.2% developed early rebleeding even 
after complete hemostasis was achieved in all cases on EBL[17]. Endoscopic sclerosing 
therapy should also be avoided in bleeding GV as it provides only temporary control 
of bleed and a higher incidence of adverse events like gastric ulcerations, perforations, 
and rebleeding in 37%–53% of cases[18 ].

Glue therapy with CYA is the primary treatment of choice for GV. It was first 
described in 1986 as it has higher rates (> 90%) of achieving hemostasis and a lower 
rate of rebleeding (0%-40%) compared to other therapies (EBL and sclerotherapy)[19,
20]. However, there are reports of significant adverse effects associated with CYA 
injections like systemic embolization (cardiac embolism, pulmonary embolism, splenic 
vein thrombosis, splenic artery embolism, renal vein thrombosis, and cerebral infarct), 
which is thought to be related to the volume of CYA injection[21]. EUS assists in both 
the diagnosis and treatment of GV. It helps in diagnosis and allows a precise 
evaluation of pathological vessels, improving therapeutic targeting. Color doppler also 
permits to differentiation of GV from other structures and can help confirm 
eradication of varices. EUS has provided us a new array of treatment options, inclu-
ding coil embolization with or without glue therapy and thrombin injection etc., in the 
treatment of GV[13,20].

Glue therapy. Endoscopic-CYA injection has been shown to control bleeding, but 
there is a high recurrence of bleeding, probably due to incomplete obliteration of 
varices. EUS-guided CYA glue injection can minimize recurrent bleeding and decrease 
CYA volume by directly visualizing the perforating vessels, thus more precise 
obliteration of varices. Theoretically, the risk of embolization also decreases as it 
allows precise CYA injection into the target vessel[7].

A total of six patients with GV, including four for secondary prophylaxis, were 
treated with EUS-guided coil embolization followed by CYA glue injection in a single-
center retrospective study. Complete eradication of GV was achieved in 3 patients. 
One patient had pulmonary embolism as a complication of CYA glue injection[22]. In a 
large single-center study, 40 patients underwent EUS-guided n-butyl-2-CYA for GV. 
Out of 40 patients, 13 patients were treated during active bleeding and another 23 
within 24 h of bleeding. Thus, bleeding was acutely controlled in 100% of cases after 
treatment with EUS-guided n-butyl-2-CYA therapy. Only six patients required 
additional intervention for long-term management (Table 1)[23].

In a single-center study, 40 patients with actively/recently bleeding or high-risk GV 
treated with direct endoscopic injection of CYA were compared with 64 patients 
treated prospectively with EUS-guided fine needle injection CYA. Gastroesophageal 
varices type 2 was the most common type of varices seen in both groups. During the 
procedure, a greater number of varices were obliterated in EUS-guided fine needle 
injection of the CYA group (1.6 ± 0.7) than the direct endoscopic injection of the CYA 
group (1.1 ± 0.4, P < 0.001). Whereas the mean volume of CYA was injected more in 
the direct endoscopic injection-CYA group (3.3 ± 1.3 mL) compared to EUS-guided 
fine needle injection of the CYA group (2.0 ± 0.8 mL, P < 0.001). Overall post-
procedure GV rebleeding (23.7% vs 8.8%, P = 0.045) and non-GV-related GI bleeding 
(GIB) (27.5% vs 10.9%, P = 0.030) were found to be higher in the direct endoscopic 
injection of CYA group compared to EUS-guided fine needle injection of CYA group. 
No significant difference was found in the overall rate of adverse events in the direct 
endoscopic injection of CYA group (17.5%) and EUS-guided fine needle injection of 
CYA (20.3%, P = 0.361)[24]. EUS-guided glue injection appears to be safe and effective 
in decreasing the risk of rebleeding in patients with active or recent bleeding GV when 
compared to the endoscopic injection of CYA.

Coil embolization. EUS-guided coil application is another treatment modality for 
GV. Coils are commonly used for various interventional radiology procedures 
(Table 1). These micro coils can obliterate GV and avoids adverse effects associated 
with CYA use, such as embolization coils are made up of light metal alloy and are 
covered with synthetic fibers to induce clot formation and subsequent hemostasis. 
Furthermore, fibers can act as a scaffold for CYA if injected during the same 
procedure. Varices are identified and punctured through standard FNA size needles 
like 19G (0.035-inch coil) or a 22G (0.018-inch coil). These coils are then advanced from 
the needle into varix using the stylet as a pusher. The coil sizes are selected based on 
the size of varix[25,26].
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Table 1 Endoscopic ultrasound-guided gastric varices treatment

Type of 
Intervention Year Ref. Number of 

patients, n (%)
Follow up 
(mo)

Obliteration of 
varices/Clinical success %

Recurrent 
bleeding rate %

Adverse 
events %

CYA glue 2019 Lôbo et al[13] 16 9.9 75% - 50%

CYA glue 2014 Gubler and 
Bauerfeind[23]

40 - 100% 15% 5%

CYA glue 2019 Bick et al[24] 64 6.6 96.9% 8.8% 17.5%

CYA glue 2013 Romero-Castro et 
al[26]

19 6 94.7% 0% 57.9%

CYA glue 2018 Krill et al[62] 10 4 100% - 0%

Coil 2013 Romero-Castro et 
al[26] 

11 6 90.9% 0% 9.1%

Coil 2018 Krill et al[62] 6 4 100% - 0%

Coil 2010 Romero-Castro et 
al[63]

4 5 (1-3) 75% 0% 0%

Coil and CYA 
Glue

2019 Lôbo et al[13] 16 9.9 73.3% - 25%

Coil and CYA 
Glue

2019 Kozieł et al[14] 16 10.9 100% - 37.5%

Coil and CYA 
Glue

2018 Krill et al[62] 12 4 100% - 8%

CYA: Cyanoacrylate.

A retrospective multicenter study compared EUS-guided CYA injection (n = 19) to 
EUS-guided coil embolization (n = 11) patients with GV. There was no statistically 
significant difference in obliteration rate, the mean number of sessions required, and 
recurrence noted during follow-up. However, adverse events were reported to be 
higher in the CYA group in [11/19 (57%)] when compared to EUS-guided coil 
embolization [1/11 (9.1%), P < 0.01]. A post-procedure computed tomography (CT) 
scan was performed in all patients, and nine patients in the CYA group were found to 
have asymptomatic glue embolism on imaging[26] (Table 1). This was the first study to 
compare coil embolization and CYA directly. Both procedures showed comparable 
results in terms of GV obliteration, but fewer adverse events were noted with coil 
embolization.

In another study, ten patients with GV underwent EUS-guided coil embolization 
and then reinforcement by gelatin sponges. Nine patients had either active bleeding or 
recently bled GV. A 100% obliteration of GV was achieved. Patients were followed for 
six mo, and only 1/10 patients developed severe abdominal pain as a complication. 
Further large prospective studies are needed describing its direct comparison with 
other treatment modalities like CYA or CYA and coil embolization combined[27].

Combined coiling and glue therapy. Although endoscopic CYA injection is 
considered primary therapy for GV, it is associated with systemic glue embolization. 
Synthetic fibers in the covering of coils function as a scaffold to keep CYA in varices; 
thus, a decrease of CYA reagent is needed to eradicate gastric fundal varices (GFV) 
and also may reduce the risk of glue embolization. In another study by Kozieł et al[14], 
four patients were treated with coils, and 12 patients were treated with EUS-guided 
coil and CYA injection. These patients were followed for an average of 327 d. The 
technical success rate was 94%, and the mean number of CYA volume and coils 
needed per procedure was 2 mL and 1.7, respectively. No serious complications like 
embolization or death were noted (Table 1).

A randomized pilot trial was conducted comparing the safety and efficacy of EUS-
guided coil and CYA (n = 16) to EUS-guided CYA in GV patients, and these patients 
were followed for an average of 9.9 mo. EUS doppler was done in all cases to 
determine flow within varix after the procedure, and thoracic and abdomen CT was 
done in all cases 1 wk after the procedure. Repeat CT scans were done in symptomatic 
cases only afterward. In the EUS-guided coil and CYA vs EUS-guided CYA group, the 
total reduction inflow in the treated vessel was 37.5% vs 50% (P = 0.476) and 73% vs 
80% (P = 1) immediately and at 30 d after the procedure, respectively. In addition, 
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asymptomatic pulmonary embolism was found to be in 25%, and 50% cases (P = 0.144) 
in EUS-guided combined coil and CYA and EUS-guided CYA, respectively[13] 
(Table 1).

A metanalysis and systematic review was conducted comparing EUS-guided CYA 
injection, EUS-guided coil embolization and CYA injection combined, and EUS-guided 
coil injection alone. Combined EUS-guided CYA and coiling were found to have better 
technical and clinical success rate compared coil embolization alone (99% vs 97%; P < 
0.001 and 96% vs 90%; P < 0.001) and CYA alone (100% vs 97%; P < 0.001 and 98% vs 
96%; P < 0.001). Similarly, lower adverse events were found to be with EUS-guided 
CYA and coil combined compared to coil embolization (10% vs 3%; P = 0.057) and 
CYA alone (10% vs 21%; P < 0.001)[15]. Given the above results from various studies, 
EUS-guided coil embolization and CYA injection combined therapy could be preferred 
compared to EUS-guided monotherapy with either coil or CYA injection alone.

Thrombin injection. Recently, a study of eight patients (three with active bleeding 
and five as elective prevention) with GFV treated with EUS-guided thrombin injection 
was published. About 2/3 of patients with active bleeding had successful hemostasis 
and obliteration of varices. All five patients who underwent the procedure for 
prevention of future bleeding had complete obliteration of varices. No direct 
procedure-related complications were observed. Although this series showed positive 
results, further large prospective studies are needed[19].

Ectopic varices: Ectopic varices can develop at any site, including duodenal, small 
bowel, colon, rectum, common bile duct, and peristomal, with duodenum ectopic 
varices are being the most frequent to bleed[25,28]. Many case reports have described 
the use of EUS for variceal bleeding at ectopic sites. Cases of duodenal variceal bleed 
treated with EUS-guided coil and CYA have been described without any complic-
ations[29].

Rectal varies are reported in 44%-89% of cirrhosis patients because of PH[30]. It can 
also be seen in patients with vascular anomalies, mesenteric vein obstruction, 
adhesions, and heart failure. However, rectal varices are a lower bleeding risk than 
esophageal and GV[11]. EUS can help detect and treat the presence of rectal varices 
better than the endoscopy (Table 2). Although most of the data for EUS-guided 
intervention for bleeding ectopic varices is based on case reports/series, it is emerging 
as a viable option.

Non-variceal GIB
GIB can be due to variceal or non-variceal causes[31]. Standard endoscopic treatments 
for non-variceal bleeding include injection (epinephrine), thermal (argon plasma 
coagulation, electrosurgical coagulation), and mechanical therapy (such as clipping). 
Despite these interventions, rebleeding or refractory bleeding is reported as high as 
10%-24% in these patients[31]. EUS-guided therapies are advantageous over 
endoscopic therapy due to the ability to directly visualize target vessels buried in the 
walls of the organ along with real-time doppler. A literature review of 35 patients who 
underwent EUS-guided treatment of non-variceal GIB (NVGIB) showed a favorable 
clinical outcome in 32/35 (91.4%) patients, with recurrent bleeding in only three 
patients. Moreover, bleeding eventually stopped in all cases. The median follow-up 
time was 11 mo, and no complications or adverse events were reported during or after 
the procedure[32]. EUS-guided treatment can also be used as an adjunct treatment in 
refractory and recurrent disease.

Dieulafoy’s lesions
The first use of EUS-guided therapy for Dieulafoy’s lesion was described in 1996 when 
EUS was used to detect and treat eight patients referred for suspicion of Dieulafoy’s 
lesion. A large vessel was identified in the stomach wall in all eight patients, which 
was treated with adrenaline/polidocanol injection using a sclerotherapy needle. Two 
patients had rebleeding during follow-up, one with recurrent bleeding from 
Dieulafoy’s lesion and the other from duodenal ulcer. EUS-guided angiotherapy was 
described by Levy et al[33] in a case series of five patients with refractory bleeding due 
to hemosuccus pancreaticus, Dieulafoy lesion, duodenal ulcer, GI stromal tumor 
(GIST), and occult GIB. These patients had failed at least two conventional treatment 
options and received an average of 18 units of packed red blood cell transfusions. 
Patients were treated by injecting CYA (3-5 mL) or 99% alcohol into a feeding vessel 
using a 22G FNA needle under EUS-guidance. Doppler was used to ensuring the 
absence of blood flow after treatment. These patients were followed up for a mean 12-
mo period (range 0.4-23 mo), no rebleeding or complication was reported[33].
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Table 2 Case report studies on endoscopic ultrasound-guided rectal varices treatment

Ref. Presenting 
symptom

Number of 
patients, age, 
sex

Rectal varices 
size Therapy Results Follow 

up Results on follow up

Philips and 
Augustine[64], 
2017

Rectal 
bleeding

1, 48 yr, M Large rectal 
varix

EUS-guided embolization coil 
and glue

No further 
bleeding

1 mo No rebleeding

Bazarbashi et al
[65], 2020

Rectal 
bleeding

1, 71 yr, M Large rectal 
varices (4 mm in 
diameter)

EUS-guided coil embolization No further 
bleeding

6 mo No bleeding

Mukkada et al
[66], 2017

Rectal 
bleeding

1, 65 yr, M Large rectal 
varices

First EUS-guided 
sclerotherapy, but unable to 
achieve hemostasis, EUS 
guided glue 

No further 
bleeding

1 wk Rebleeding and then 
required EUS-guided 
coil embolization

F: Female; M: Male; EUS: Endoscopic ultrasound; N/A: Not applicable.

Law et al[34] performed EUS-guided hemostatic interventions between June 2003 to 
May 2014 for 17 patients with refractory NVGIB. Causes of GIB were GIST, colorectal, 
vascular malformations, Dieulafoy lesions, duodenal ulcers, masses or polyps, rectally 
invasive prostate cancer, pancreatic pseudoaneurysms, ulcerated esophageal cancer, 
and ulceration after Roux-en-Y gastric bypass. These patients were treated with 
epinephrine, 99% ethanol, coil embolization, band ligation, hyaluronate, and CYA 
using a therapeutic curvilinear echoendoscope with a 22G standard FNA needle. On 
median follow-up of 12 mo (range 3 wk-120 mo), 15/17 (88%) patients didn’t have any 
recurrence. However, one patient required repeat EUS-guided band ligation for gastric 
Dieulafoy lesion, and another patient with rectally invasive prostate cancer 
experienced ongoing bleeding despite a decrease in vessel flow after treatment with 
99% ethanol injection.

Pseudoaneurysms
Pseudoaneurysms are a known complication of pancreatitis with a risk of rupture and 
life-threatening bleeding. The risk of rupture is as high as 50%, with 15%-40% of 
mortality after rupture. Gamanagatti et al[35] described a case series of three patients 
with pancreatitis-related pseudoaneurysm, which were technically challenging to treat 
by the endovascular route. These cases were managed with EUS-guided thrombin 
injection, which resulted in complete thrombosis of the pseudoaneurysms. There were 
no immediate or late complications on follow-up. In a prospective study, eight patients 
with symptomatic visceral artery pseudoaneurysm who were unable to undergo 
angioembolization underwent EUS-guided thrombin injection for pseudoaneurysm. 
Out of eight patients, 5 had pseudoaneurysm of the splenic artery, 2 had pseudoan-
eurysm of the hepatic artery, and one patient had pseudoaneurysm of the 
gastroduodenal artery. Five patients with splenic artery and gastroduodenal artery 
aneurysms had chronic pancreatitis due to alcohol abuse. The pseudoaneurysm's 
median size was 2.9 cm × 2.6 cm (range 1.8 cm × 1.9-4 cm × 5 cm), and the median 
dose of thrombin injected was 400 IU (200-500 IU). Thrombin was injected under EUS 
guidance with 100% technical success. Repeat EUS after 72 h and 4 wk showed 
obliteration of pseudoaneurysm in all patients. Whereas on median six mo (1-9 mo) 
follow up, EUS showed obliterated pseudoaneurysm in 7 patients, and one patient had 
recurrence requiring recanalization after 6 wk[36]. There are few case reports 
describing the use of EUS-guided intervention for pseudoaneurysms (Table 3).

GIST
EUS is traditionally used to evaluate GI luminal tumors and obtain a tissue diagnosis. 
Bleeding GISTs are traditionally managed by either surgical resection, radiologic 
embolization, or rarely with endoscopic therapies like hemoclips and endoloop® 
ligation. In an elderly patient with a bleeding ulcer due to GIST who was not a 
candidate for surgery due to comorbidities, EUS-guided angiotherapy was done. A 
deep vessel was identified to bleeding GIST ulcer via echoendoscope, and the target 
vessel was treated with CYA, which stopped bleeding. Doppler confirmed the absence 
of vascularity, and the patient had no further bleeding at 6 mo follow-up[37]. In a 
study, 32 consecutive patients with submucosal tumors of the upper GI tracts 
underwent EUS examination with either radial or linear echoendoscope with color and 
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Table 3 Case report studies on endoscopic ultrasound-guided treated for pseudoaneurysm

Ref. Presenting 
symptom

Number of 
patients, 
age and sex

Pseudoaneurysm 
artery Therapy Results Follow 

up
Results on 
follow up

Gamanagatti 
et al[35], 2015

Pancreatitis with 
upper GI bleed in all 
three cases

3; 56, 45 and 
30 yr; M

Gastroduodenal artery-
1, splenic artery for 2 
patients

EUS-guided 
thrombin injection

Bleeding stopped, 
Obliteration of 
pseudoaneurysm

1 mo No bleeding

Robb et al[67], 
2012

Infected 
pseudoaneurysm

1, 54 yr, M Superior mesenteric 
artery branch

EUS-guided 
embolization

Obliteration of 
pseudoaneurysm

5 mo Asymptomatic

Somani et al
[68], 2017

Melena 1, 50 yr, M Gastroduodenal artery EUS-guided coil 
embolization and 
thrombin injection

Obliteration of 
pseudoaneurysm

2 wk No further 
bleeding

Jhajharia et al
[69], 2018

Chronic pancreatitis, 
GI bleed

3; 43, 25 and 
55 yr; M

Gastroduodenal artery, 
hepatic artery, splenic 
artery

EUS-guided 
thrombin injection

Obliteration of 
pseudoaneurysm

14 d No rebleeding

F: Female; M: Male; EUS: Endoscopic ultrasound; GI: Gastrointestinal; N/A: Not applicable.

Doppler capabilities: 51.4% had a discrepancy between suspected endoscopic and EUS 
diagnosis, 83.3% of malignant GISTs had significant intratumoral vessels seen on 
doppler or color EUS compared to 28% in benign GIST. Three patients were found to 
have vascular lesions, hemangioma on color Doppler EUS. In two patients, these 
lesions were treated with EUS-directed therapy consisted of ligation, coagulation, 
injection of sclerosing agents, or histoacryl resulting in complete eradication of lesions. 
One patient required surgery due to the severity of the bleeding. The patients 
remained asymptomatic on a mean follow-up of 48 mo[38].

Although the results of EUS-guided therapies in non-variceal bleeding are 
encouraging, most of the data is based on case reports and case series. No studies have 
compared EUS treatment with other management therapies such as endoscopic, 
surgical, and interventional radiology. Further large-scale studies comparing the 
standard treatment are needed. At present, EUS-guided therapies are available only at 
high-level care centers when other treatment options fail.

EUS-GUIDED PV INTERVENTIONS 
PV access and pressure measurement 
PV access can help to manage patients with the hepatobiliary diseases and PH. PV is 
not easy to access with traditional routes. Nevertheless, PV can easily be seen from the 
stomach and duodenum with EUS and accessed using a standard FNA needle. EUS, 
along with doppler, is used for needle puncture and withdrawal without hemorrhage
[39]. Initial studies of EUS-guided PV access were performed in animals.

The measurement of PH can help to stage cirrhosis and thus prognosis. Portal 
pressure gradient (PPG) reflects the degree of PH. PPG ≥ 10 mmHg is associated with 
esophageal varices, and ≥ 12 mmHg is associated with variceal bleeding[40]. 
Currently, PH is evaluated by indirect measurement of the hepatic venous pressure 
gradient (HVPG), which poorly correlates with directly measured portal pressure in 
presinusoidal PH. Presinusoidal PH can be seen in the case of PV thrombosis, schisto-
somiases, and non-cirrhotic portal fibrosis[41-43].

The first human pilot study conducted to measure EUS-guided PPG measurement 
included 28 patients with a history of liver disease or suspected cirrhosis. The PV and 
hepatic vein (or inferior vena cava) were punctured with a 25G FNA needle under 
EUS guidance either through a transgastric or transduodenal approach. A 100% 
technical success with no complications was reported. PPG measurement showed a 
correlation with clinical and endoscopic parameters of PH, including the presence of 
varices (P = 0.0002), portal hypertensive gastropathy (P = 0.007), and thrombocyt-
openia (P = 0.036). PPG was shown to increase in patients with high clinical evidence 
of cirrhosis (P = 0.005)[40]. This study showed that the EUS-guided PPG measurement 
is safe in humans and further large clinical trials to evaluate safety and efficacy, 
especially compared to standard HVPG measurement methods, as intrahepatic 
portosystemic shunt (IPSS).
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Transjugular IPSS (TIPS) is performed by interventional radiologists to reduce the 
PPG. TIPS decompresses the portal system and reduces complications due to PH, such 
as recurrent variceal bleeding and refractory ascites. It is usually performed in patients 
with refractory variceal bleed. TIPS involves catheter advancement and guidewire 
through the right heart and then inferior venacava (IVC) via transjugular route. It can 
expose patients to unintentional carotid or tracheal puncture, cardiac arrhythmias, and 
pneumothorax. Also, the transjugular approach for TIPS can be technically challenging 
in patients with IVC and hepatic vein obstruction, including Budd-Chiari syndrome. 
EUS-guided IPSS offer benefit as it does not involve heart catheterization, avoiding the 
related complications[44-48].

A study was conducted to create IPSS using lumen opposing metal stent (LAMS) in 
a porcine model. PV was accessed by puncturing through the stomach wall and IVC 
with a 19G needle under EUS guidance. A distal flange of the stent was deployed in 
the PV and the proximal flange in IVC. Gross necropsy of all five animals showed the 
correct placement of a stent and no tissue injury or hematoma[49]. Although IPSS has 
shown promising results in animal models, more studies are needed to evaluate the 
efficacy and safety of this technique.

PV embolization
Preoperative PV embolization induces the atrophy of the embolized liver lobe to be 
resected and compensatory hypertrophy of non-embolized remnant liver to increase 
future liver volume to prevent postoperative liver dysfunction. It is performed in 
patients with hepatocellular carcinoma (HCC), intrahepatic or hilar cholangiocar-
cinoma receiving extensive liver resection[25,50]. Liver resection should be performed 
2 to 6 wk after PV embolization as compensatory hypertrophy of non-embolized 
remnant liver occurs in 6 wk with a maximum in the first 2 wk after the procedure. 
Proceduralists should have meticulous knowledge of liver and portal venous system 
anatomy before performing this procedure[51]. Presently it is performed through a 
percutaneous transhepatic approach by vascular interventional radiologist[50]. In a 
live porcine model to study EUS-guided selective intrahepatic PV embolization, PV 
was punctured with a 19G FNA needle under EUS guidance, the first coil, and then 
CYA was injected through the same FNA needle. Doppler was used to evaluating the 
blood flow. Coil and CYA delivery had a success rate of 88.9% and 87.5%, respectively. 
In one case, the embolized coil migrated to hepatic parenchyma, and CYA injection 
failed one case due to the early clogging of CYA in the FNA needle. One wk later, 
postoperative necropsy showed total occlusion of selected PV with embolus and no 
evidence of damage to any other organ[50]. Further studies are needed comparing the 
EUS-guided PV embolization to the percutaneous approach and evaluate the long-
term effects.

Portal venous blood sampling
Pancreaticobiliary cancers (PBCs) are usually at advance to late stages at the time of 
diagnosis. Circulating tumor cells (CTCs) circulate from the primary tumor to distant 
sites through vascular supply, and their number is usually low in peripheral blood. In 
the case of PBCs, CTCs can be detected in the portal circulation before the peripheral 
blood and can be used to detect metastasis[25,52,53].

In a single-center cohort study, 18 patients with suspected PBCs had blood aspirated 
from PV via a 19G FNA needle through a EUS-guided transhepatic approach. Paired 
peripheral blood samples were also collected. Epithelial-derived CTCs were isolated. 
CTCs were detected from PV samples in all 18 patients (100%), whereas only in 
peripheral blood samples of four patients (22.2%). These CTCs isolated from PV can 
also provide sufficient cells to do genomic and proteomic tumor profiling[52].

In another study performed on patients undergoing pancreaticoduodenectomy for 
presumed periampullary or pancreatic adenocarcinoma without metastatic disease, PV 
and peripheral venous samples were collected simultaneously at the time of surgery. 
Sixty patients were monitored postoperatively every three months for one year with 
imaging for liver metastasis. CTCs were detected in 58% of cases in PV blood 
compared to 40% in a peripheral blood sample (P = 0.0098). CTCs count was also high 
PV sample than peripheral blood sample (mean, 230.1 vs 71.7, P = 0.0002). Liver 
metastasis was detected in 11 of 13 patients with high portal CTCs count (> 112 CMx 
Platform estimated CTCs in 2 mL blood) compared to 6 of 47 patients with low portal 
CTCs count (P < 0.0001) at 6-mo follow-up after surgery. The results of this study 
concluded that the CTCs can be used as a predictor for liver metastases within six 
months after surgery in patients undergoing pancreaticoduodenectomy for presumed 
periampullary or pancreatic adenocarcinoma[53]. Unfortunately, PV blood sampling 
with an evaluation of CTCs is only available in the limited number of specialized 
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tertiary care centers. Further larger studies are needed to ensure the efficacy and safety 
of the procedure before making it standard of care to predict hepatic metastasis in 
patients with pancreatic adenocarcinoma.

FNA of PV thrombus
PV thrombosis due to tumor invasion by direct venous extension or metastasis is seen 
in up to 70% of cases of HCC[54]. Patients with HCC can also have nontumor (bland) 
thrombosis of PV. It could be challenging to differentiate PV tumor thrombosis (PVTT) 
from bland PV thrombosis based on routine radiographic imaging. It is essential to 
diagnose PVTT as it is a poor prognostic sign, and curative resection or liver 
transplantation is contraindicated if the patient has PVTT. Transabdominal 
ultrasound-guided FNA has limited utility due to the difficulty of sample thrombus in 
the central main PV without contaminating with normal hepatocytes or liver mass, 
which can affect results. Furthermore, this procedure can have several complications, 
including vascular injury, pseudoaneurysm formation, and bile duct injury. EUS-
guided FNA can directly access the extrahepatic PV without passing the needle 
through liver tissue[54,55]. Several case reports of EUS-guided FNA of PV thrombosis 
for diagnosis and staging of HCC even in patients when imaging did not show any 
liver mass[54-56].

Liver-directed PV injection chemotherapy 
The liver is a common site of metastasis from other primary tumors. Patients with 
diffuse liver metastasis usually resort to palliative systemic chemotherapy given 
limited options available. It is hypothesized that the direct injection of chemotherapy 
into PV may increase the drug level in hepatic tissue while decreasing systemic side 
effects[25,57]. In a study, EUS-guided portal injection chemotherapy (EPIC) was 
performed by injecting irinotecan (100 mg) loaded microbeads by using a 22G FNA 
needle, and the control group had saline injected to PV and irinotecan (100 mg) 
injected into the jugular vein. EPIC resulted in twice a level of irinotecan in hepatic 
tissue after 1 h. and half the irinotecan level in plasma after 15 min[57]. These animal 
studies showed that EPIC could be an option for patients with diffuse liver metastasis; 
however, no human studies are available currently.

ROLE IN TUMOR DIAGNOSIS
Invasion of the vascular structures by tumor impacts staging and therapeutic options, 
including tumor resectability. Vascular invasion can often be diagnosed based on 
radiographic imaging like CT, magnetic resonance imaging (MRI), or positron 
emission tomography scans. However, sometimes it is difficult to judge based on the 
imaging as in pancreatic ductal adenocarcinoma. Similarly, tumor thrombi can be 
challenging to differentiate from bland thrombi based on imaging. EUS-guided FNA 
and elastography can be helpful in these cases.

In a retrospective study, forty-four patients with pancreatic ductal adenocarcinoma 
underwent dynamic CT and EUS, EUS-B mode imaging was taken, and also EUS 
elastography was done in all cases. Sensitivity, specificity and accuracy (95%CI) for 
vascular invasion were 0.733, 0.697 and 0.708 on dynamic CT; 0.733, 0.606 and 0.646 in 
EUS B-mode; and 0.917, 0.900 and 0.906 in EUS elastography. EUS-B mode and EUS 
elastography should be considered in patients with pancreatic ductal adenocarcinoma, 
where dynamic cannot detect vascular invasion[58].

ACCESS TO NON-GI STRUCTURES
The heart and pulmonary vascular systems can be easily accessed via EUS because of 
their proximity to the esophagus. Transesophageal echocardiography is routinely done 
in cardiac patients for various conditions[59]. Fritscher-Ravens et al[60] conducted a 
study where they performed EUS-guided puncture of the heart in a porcine model 
using a linear array echoendoscope followed by three clinical cases. In the porcine 
study, 22- and 19-gauge EUS needles were used to access the left atrium, left ventricle, 
coronary arteries, and aortic valve. In the porcine group, procedures performed 
included needle biopsy of cardiac muscle; contrast injection into the left atrium, 
ventricle, coronary arteries; radiofrequency ablation of aortic and mitral valves; and 
passage of a guidewire. No arrhythmias were reported during the procedures. During 



Mann R et al. EUS-guided vascular interventions

WJG https://www.wjgnet.com 6884 October 28, 2021 Volume 27 Issue 40

necropsy, penetration sites were identified, but they were unremarkable in 
appearance; no bleeding or hematoma was noticed. Subsequently, EUS-guided cardiac 
access was performed in three patients. In two patients, pericardial fluid was aspirated 
for diagnostic purposes using a 22-gauge EUS needle, and the third patient had the 
FNA of atrial mass. No adverse events were observed after procedures in these 
patients.

Somani et al[61] described EUS-guided thrombolysis of pulmonary artery thrombus 
in a 57-year-old patient who presented with shortness of breath, shock, and acute 
abdominal pain. The patient had a superior mesenteric vein and right pulmonary 
artery thrombus. Given the shock state and history of recent hemorrhagic stroke, EUS-
guided thrombolysis of pulmonary artery thrombus was done with Tenecteplase using 
25G needle. Repeat EUS after 48 h and one before 15 d showed a reduction in the 
volume of thrombus.

Gaps in knowledge
The GI tract provides access to several vascular structures in the mediastinum, 
abdominal, and pelvis. Currently, most vascular interventions are done by an 
interventional radiologist through a percutaneous route. EUS provides access to most 
of the vasculature through the GI tract and the ability to do real-time interventions. 
Various studies have shown promising results for the safety, clinical and technical 
success of EUS-guided vascular intervention concluding that it should be considered 
either as first-line therapy or when conventional treatment fails. Although results are 
promising, it is based on case reports and series except in GV management, for which 
relatively more extensive studies are available.

Given that most data is available from case studies and series, it increases the risk of 
selection bias. Furthermore, these studies are available from tertiary care centers due 
to the limited availability of EUS and specialist trained in echoendoscope. EUS will 
eventually offer a less invasive and safer approach to various vascular interventions as 
this field expands further.

CONCLUSION
The GI tract provides a unique window to vascular structures in the mediastinum and 
abdomen, which can be accessed through FNA needle. Various studies have shown 
promising results for the safety, clinical and technical success of EUS-guided vascular 
intervention concluding that it should be considered either as first-line therapy or 
when conventional treatment fails. Although results are promising, it is based on case 
reports and series except in GV management for which relatively more extensive 
studies are available. Given that most data is available from case studies and series, it 
increases the risk of selection bias. Furthermore, these studies are available from 
tertiary care centers due to the limited availability of EUS and specialist trained in 
echoendoscope. As this field advances, EUS will offer a less invasive and safer 
approach to various vascular interventions.
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Abstract
BACKGROUND 
Fuzi (Radix aconiti lateralis)-Gancao (Radix glycyrrhizae) is one of the most classical 
drug pairs of traditional Chinese medicine. In clinical practice, decoctions 
containing Fuzi-Gancao (F-G) are often used in the treatment of liver diseases such 
as hepatitis and liver failure.

AIM 
To investigate the metabolomics of F-G in CCl4 induced acute liver injury in rats 
and its regulatory effect on the bile acid profile.

METHODS 
The pharmacodynamic effect of F-G on CCl4 induced acute liver injury in rats was 
evaluated, and an ultra performance liquid chromatography-tandem mass 
spectrometry (UPLC-MS/MS) method for the simultaneous determination of 92 
metabolites from multiple pathways was established to explore the protective 
metabolic mechanism of F-G in serum on the liver.

RESULTS 
Twenty-four differential metabolites were identified in serum samples. The 
primary bile acid biosynthetic metabolic pathway was the major common 
pathway in the model group and F-G group. Subsequently, a UPLC-MS/MS 
method for simultaneous determination of 11 bile acids, including cholic acid, 
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ursodeoxycholic acid, glycochenodeoxycholic acid, glycochenodeoxycholic acid, 
taurocholic acid, glycocholic acid, chenodeoxycholic acid, deoxycholic acid, 
taurochenodeoxycholic acid, taurocholic acid, and glycinic acid, was established 
to analyze the regulatory mechanism of F-G in serum. F-G decreased the contents 
of these 11 bile acids in serum in a dose-dependent manner compared with those 
in the model control group.

CONCLUSION 
F-G could protect hepatocytes by promoting the binding of free bile acids to 
glycine and taurine, and reducing the accumulation of free bile acids in the liver. 
F-G could also regulate the compensatory degree of taurine, decreasing the 
content of taurine-conjugated bile acids to protect hepatocytes.

Key Words: Radix aconiti lateralis; Radix glycyrrhizae; Liver injury; Metabolites; Bile 
acid; Fuzi-Gancao

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Fuzi-Gancao (F-G) could protect hepatocytes by promoting the binding of 
free bile acids to glycine and taurine, and reducing the accumulation of free bile acids 
in the liver. F-G could also regulate the compensatory degree of taurine, decreasing the 
content of taurine-conjugated bile acids to protect hepatocytes.

Citation: Wang MF, Zhao SS, Thapa DM, Song YL, Xiang Z. Metabolomics of Fuzi-Gancao in 
CCl4 induced acute liver injury and its regulatory effect on bile acid profile in rats. World J 
Gastroenterol 2021; 27(40): 6888-6907
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6888.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6888

INTRODUCTION
The liver is an important metabolic organ of the human body that has the 
physiological functions of detoxification, phagocytosis, and defense[1]. With the 
development of modern industry, liver injury caused by environmental pollution is 
gradually increasing. Liver injury is an important pathophysiological process in the 
development of hepatitis, liver fibrosis, liver cirrhosis, and liver cancer. Therefore, the 
treatment of liver injury is important for the prevention, treatment, and recovery of a 
variety of liver diseases[2,3].

Bile acids are one of the most sensitive indicators for the clinical diagnosis of liver 
diseases[4,5]. When the liver system is diseased, it can cause a disturbance in the 
metabolism of bile acids in the body, thus causing a significant change in the amount 
of bile acids in the blood. Therefore, biomarkers of the bile acid metabolism pathway 
are very important diagnostic and therapeutic indicators for liver disease[4-6]. Liver 
diseases such as liver injury, hepatitis, cirrhosis, and hepatocellular carcinoma have 
significantly increased serum total bile acid levels, and changes in total bile acid levels 
are usually analyzed in clinical tests but are not highly specific[6,7]. Therefore, the 
changes in the bile acid profile based on the metabolic pathway of bile acids have 
important significance for the prevention and treatment of liver diseases. Bile acids can 
be divided into primary and secondary bile acids[8,9]. Primary bile acids are bile acids 
synthesized directly from cholesterol by hepatocytes and mainly include cholic acid 
(CA) and chenodeoxycholic acid (CDCA). Secondary bile acids are free bile acids 
produced by the primary bile acids deoxycholic acid (DCA) and lithocholic acid (LCA) 
after 7α-hydroxy deoxygenation of the intestinal flora. These free bile acids bind with 
glycine and taurine to form conjugated secondary bile acids such as glycocholic acid 
(GCA), glycochenodeoxycholic acid (GCDCA), glycochenodeoxycholic acid (GDCA), 
taurocholic acid (TCA), taurochenodeoxycholic acid (TCDCA), ursodeoxycholic acid 
(UDCA), glycinic acid (GLCA), and taurocholic acid (TUDCA).

Chinese herbal compounds have been used clinically for thousands of years in the 
treatment of liver system diseases, among which Fuzi (Radix aconiti Lateralis)-Gancao (
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P-Editor: Li JH Radix glycyrrhizae) is one of the most common drug pairs in Chinese herbal 
compounds, and Chinese herbal compounds containing Fuzi-Gancao (F-G), such as 
Yinchen Sifu decoction, Sini decoction, and Fuzi Lizhong decoction, are often used in the 
treatment of liver diseases such as hepatitis and liver failure[10-13]. Modern pharma-
cological studies have shown that herbal compounds containing Fuzi and Gancao can 
reduce the biochemical indexes of liver injury model animals by inhibiting inflam-
matory stress, lipid peroxidation, and apoptosis and have significant pharmacological 
activity to prevent liver injury[14-16].

Fuzi and Gancao are important medicinal materials in classic prescriptions, such as 
Sini decoction and Fuzi Lizhong decoction. Aconite alkaloids in Fuzi and flavonoids in 
Gancao are the main active ingredients in F-G drug pairs. Alkaloids are the main active 
ingredients in aconite, and thus far, nearly 200 alkaloids have been isolated and 
identified. These alkaloids are mainly classified into nonester alkaloids, monoester 
diterpene alkaloids (MDAs), diester diterpene alkaloids (DDAs), and lipoalkaloids 
according to their structural properties[17]. MDAs and DDAs have very well-defined 
pharmacological activities, such as cardiotonic[18-20], anti-inflammatory and analgesic
[21], antitumor[22], antioxidation[23], and hepatoprotective[24,25] activities. 
Flavonoids are the main active ingredients of Gancao and have well-defined pharmaco-
logical anti-inflammatory[26-28], antibacterial[29], antioxidant[30], hepatoprotective, 
and antitumor[31] activities. The Chinese Pharmacopoeia (2015 edition) prescribes the 
compatibility ratio of Fuzi and Gancao as 1:1, which could decrease the toxins caused 
by aconite alkaloids and enhance the treatment effect compared with other ratios[32-
34].

In a previous study, a rapid, convenient, and stable method for the simultaneous 
quantitative determination of six alkaloids and three flavonoids in Radix aconiti 
lateralis and Radix glycyrrhizae by ultra performance liquid chromatography-tandem 
mass spectrometry (UPLC-MS/MS) was established[17]. In this study, the effects of 
the F-G water extract on the prevention of liver injury induced by tetrachloride (CCl4) 
were evaluated. Then, the metabolic mechanism was studied by UPLC-MS/MS. 
Finally, a method of simultaneous quantitative detection of 11 bile acids was 
established, and the mechanism of F-G in the regulation of the serum bile acid profile 
was analyzed by UPLC-MS/MS.

MATERIALS AND METHODS
Plant materials
Radix aconiti lateralis (Fuzi) pieces were purchased from Huang Gang Jingui 
Traditional Chinese Medicine Industry Development Co., Ltd. (Sichuan, China), and 
Radix glycyrrhizae (Gancao) was purchased from Bozhou Jinshaotang Herbal Decoction 
Co., Ltd. (Anhui, China). The medicinal materials were identified by Professor Fu Xiao 
at the First Affiliated Hospital of Jinzhou Medical University.

Chemicals and Reagents
The aspartate aminotransferase (AST) and alanine aminotransferase (ALT) assay kits 
were purchased from Nanjing Jiancheng Bioengineering Co., Ltd.; silybin was 
purchased from Solarbio Biotech Co., Ltd.; L-leucine, L-tryptophan, L-kynurenine, 5-
Hydroxytryptamine (5-HT), 5-hydroxytryptophan (5-HTP), cholic acid, N-pheny-
lacetylglycine, glutathione (GSH), glutathione oxidized (GSSG), N-ethylmaleimide, 
and formic acid were purchased from Sigma-Aldrich (United States); L-phenylalanine 
(Ring-D5) was purchased from Cambridge isotope laboratories; UDCA, GDCA, 
GCDCA-Na, TCA-Na, and GCA were purchased from Meryer Co., Ltd.; CDCA, DCA, 
TCDCA, TUDCA, and GLCA were obtained from Shanghai Macklin Biochemical Co., 
Ltd; d4-GCDCA was purchased from Shanghai Zhenzun Biochemical Co., Ltd; MS-
grade methanol and acetonitrile were purchased from Merck; water for MS analysis 
was prepared using a Milli-Q water purification system; phosphate buffered solution 
(PBS) was purchased from HyClone Co., Ltd; CCl4 was purchased from Yongsheng 
Chemical Co., Ltd; alcohol was purchased from Kermel Chemical Co.; pentobarbital 
sodium was purchased from Shanghai Experimental Chemical Reagent Co., Ltd.; and 
normal saline was purchased from Qingdao Huaren Pharmaceutical Co., Ltd.

Animals
Male Sprague-Dawley rats (200 g ± 20 g) were purchased from the Laboratory Animal 
Center of Chinese Medical University (animal license No.: SCXK (Liao) 2008-0005). 
The rats were housed under SPF laboratory conditions at a temperature of 25 ± 2 °C, a 
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Figure 1 Histological changes in various groups of rats. HE staining, magnification: 400 ×. A: Normal control group; B: Model control group; C: Fuzi-
Gancao (F-G) group (15 g/kg); D: F-G group (30 g/kg); E: Positive control group (silybin).

relative humidity of 40 ± 5%, and a 12-h circadian cycle for 1 wk. All procedures were 
performed according to the National Institute of Health guidelines regarding the 
principles of animal care.

Preparation of the F-G extract
Fuzi (1.3 kg) and Gancao (1.3 kg) were mixed and soaked in water (26 L) for 0.5 h, and 
then the mixture was refluxed for 2 h. The supernatant was then concentrated under 
vacuum to obtain the F-G extract. The extract was diluted with water to a final concen-
tration of 1.5 g/mL (crude drug), and all the extracts were stored at 4 °C before use.

Protective effect of F-G on acute liver injury induced by CCl4

Forty male rats were randomly divided into five groups (n = 8): Normal control group, 
model control group, positive control group, F-G group with 15 g/kg crude drug, and 
F-G group with 30 g/kg crude drug. The positive control group was orally 
administered with silybin at 50 mg/kg daily, and the normal control group and model 
control group were given the same volume of normal saline daily by gavage once a 
day for 8 d.

On the 7th day, 40% CCl4 (v/v, olive oil) was intraperitoneally injected in the 
positive control group, model control group, and F-G groups at a dose of 2 mL/kg. 
The rats were anesthetized using sodium pentobarbital 2 h after administration on the 
8th day. Blood samples were collected from the abdominal aorta and centrifuged at 
3500 rpm for 10 min (4 °C) to obtain serum samples for transaminase (ALT and AST) 
and metabolic analysis. Liver tissue samples were taken for pathological analysis.

Metabolic analysis
To elucidate the mechanism of F-G in the treatment of liver injury, three groups of 
serum samples, including that from the normal control group, model control group, 
and F-G group (30 g/kg), were used for metabolic analysis by UPLC-MS according to 
a method published by the authors with minor modifications[35].

Preparation of “stripped” serum: One hundred milliliters of rat serum including 
activated charcoal powder (6 g) was incubated at room temperature for 2 h. After 
centrifugation at 13000 rpm for 20 min (4 °C), the supernatant was filtered successively 
through microporous membranes with pore sizes of 5 μm, 1.2 μm, and 0.45 μm to 
obtain “stripped” serum.

Samples for metabolic analysis: Two hundred microliters of the serum sample was 
pipetted into a 1.5 mL centrifuge tube, followed by adding 200 μL of PBS solution 
containing NEM (10 mmol/L) and 1000 μL of methanol solution with L-phenylalanine 
(Ring-D5; 10 ng/mL, internal standard) in sequence, vortexing for 30 s, and incubating 
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Figure 2 Serum metabolites in rats. A: Partial Least-Squares Discriminant Analysis; B: P-test analysis. M: Model control group; N: Negative control group; F-G: 
Fuzi-Gancao group.

Figure 3 Metabolic pathway analysis of serum in rats. A: Negative control group vs model control group; B: Fuzi-Gancao group vs model control group.

the sample at -20 °C for 15 min after mixing. After incubation, 1000 μL of supernatant 
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Figure 4 Bile acids in rats (n = 6, mean ± SD). aP < 0.05, bP < 0.01 for each treatment group and model control group, respectively; cP < 0.05, dP < 0.01 for 
the model control group and normal control group, respectively.

Preparation of standard solution: L-Leucine, 5-HT, N-phenylacetylglycine, L-
tryptophan, L-kynurenine, 5-HTP, cholic acid, and GSSG were accurately weighed and 
dissolved in methanol to make stock solutions at a concentration of 1 mg/mL. GSH 
was accurately weighed and dissolved in methanol containing NEM (10 mmol/L) to 
make a solution at a concentration of 0.5 mg/mL. Each standard solution was mixed 
proportionally and serially diluted with 50% methanol-water to obtain a series of 
mixed standard solutions.

Method validation: Calibrators of the nine metabolites (L-Leu, 5-HT, N-Phe, L-Try, L-
Kyn, 5-HTP, CA, GSH, and GSSG) were generated from the mixed standard working 
solutions in “stripped” serum. The linear regression standard curve was calculated 
with 1/x weighting and plotted with the concentrations and the peak area ratio of each 
analyte to the internal standard.

Pooled standard solutions were added to “stripped” serum to prepare QC samples 
of three different concentrations, which were then processed as described in “Samples 
for metabolic analysis”. Intraday precision was calculated according to the content of 
nine metabolites from the QC sample in six consecutive analyses. The interday 
precision was obtained after continuous analysis of the QC sample for 3 d. Precision is 
expressed as the relative standard deviation (RSD, %).

Three concentrations of the mixed standard solutions were added to the samples of 
a definite content and processed for analysis six times to obtain recovery. Recovery 
was calculated according to the formula:
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Figure 5 Bile acids in rats. A: Partial Least-Squares Discriminant Analysis; B: P-test analysis.

Recovery (%) = (C-A)/B × 100% (A is the measured content of the test sample, B is 
the amount of standard content, and C is the measured content).

UPLC-MS/MS analysis: Samples were separated using a Waters ACQUITY ultra-
performance liquid chromatographer with a Waters BEH column (1.7 μm, 2.1 × 50 
mm, C-18) and a mobile phase consisting of 0.1% formic acid in water (A) and 
acetonitrile (B) using a gradient system with the following elution procedures: 0-2.0 
min, 5% B; 2.0-5.0 min, 5-50% B; 5.0-6.0 min, 50% B; 6.0-17.0 min, 50-95% B; 18.0-22.0 
min, 95-5% B; and 22.0-25.0 min, 5% B. The flow rate was 0.3 mL/min, and the column 
temperature was set at 25 °C. Mass spectral analysis was achieved using an AB 4000 Q-
TRAP system with ESI in positive and negative ionization modes and multiple 
reaction monitoring (MRM) mode. The MS parameters were as follows: Ion spray 
voltage, ± 4500 V; curtain gas, 20 psi; temperature, 450 °C; and ion source gas, 40 psi. 
All the metabolites were analyzed using precursor ions (Q1), product ions (Q3), 
declustering energy, entrance pressure, collision energy, and collision cell exit 
potential as detection parameters.

Bile acid analysis
Thirty-six male SD rats were randomly divided into six groups (n = 6): Normal control 
group, model control group, positive control group, and F-G groups including FGL (10 
g/kg), FGM (20 g/kg), and FGH (30 g/kg). The positive control group was given 50 
mg/kg silybin, the normal group and model group were given the same volume of 
normal saline, and all the groups were administered for 8 d.

On the 7th day, 40% CCl4 (v/v, olive oil) solution was injected intraperitoneally (2 
mL/kg), and the same dose of olive oil was injected intraperitoneally in the control 
group. The rats were anesthetized 2 h after administration on the 8th day. Blood 
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Table 1 Alanine aminotransferase and aspartate aminotransferase in serum of rats (n = 8)

Group ALT (U/L) AST (U/L)

Normal control 43.6 ± 8.7 131.6 ± 25.1

Model control 187.3 ± 29.6a 285.1 ± 31.5a

Positive control 86.7 ± 13.7c 184.2 ± 37.8c

F-G (15 g/kg) 151.2 ± 24.3 246.2 ± 39.8

F-G (30 g/kg) 119.4 ± 19.5c 224.0 ± 34.1b

aP < 0.01 for the model control group and normal control group.
bP < 0.05.
cP < 0.01 for each treatment group and model control group, respectively. F-G: Fuzi-Gancao; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase.

Table 2 Calibration curve, R², and concentration range of nine metabolites

Compound Standard curve R2 Range (ng/mL)

L-Leu Y = 0.0627X - 4.9797 0.9952 100-10000

5-HT Y = 0.0385X - 0.0269 0.9939 0.8-80

N-phe Y = 0.0229X - 4.9120 0.9958 250-25000

L-Try Y = 0.0048X - 2.4673 0.9926 600-60000

L-Kyn Y = 0.0331X + 0.0123 0.9960 5-500

5-HTP Y = 0.0492X - 0.0001 0.9983 0.2-20

CA Y = 0.00004X - 0.0010 0.9959 40-4000

GSH Y = 0.0032X - 0.2362 0.9975 150-20000

GSSG Y = 0.0001X + 0.0010 0.9949 50-10000

L-Leu: L-leucine; 5-HT: 5-Hydroxytryptamine; N-phe: N-phenylacetylglycine; L-Try: L-tryptophan; L-Kyn: L-kynurenine; 5-HTP: 5-hydroxytryptophan; 
CA: Cholic acid; GSH: Glutathione; GSSG: Glutathione oxidized.

samples were collected from the abdominal aorta and centrifuged at 4000 rpm for 10 
min (4 °C) to obtain serum samples for the analysis of bile acids.

Preparation of standard solutions: CDCA, DCA, UDCA, GLCA, GCDCA, GDCA, 
GCA, TCDCA, TCDCA, TUDCA, and TCA were accurately weighed and dissolved in 
methanol to prepare stock solutions at a concentration of 1 mg/mL and stored at -80 
°C. Solutions were serially diluted with 50% methanol-water prior to testing. d4-
GCDCA was accurately weighed and dissolved in methanol to make an internal 
standard solution. All the solutions were stored at -80 °C prior to use.

Sample preparation: Two hundred microliters of serum was added to 1000 μL of 
methanol containing internal standard (d4-GCDCA, 20 ng/mL). The samples were 
centrifuged at 12000 rpm for 15 min (4 °C) after mixing, and then 1000 μL of the 
supernatant was dried with nitrogen and stored at -80 °C. The dried residue was 
reconstituted with 50 μL of 80% methanol-water solution prior to analysis, vortexed 
for 1 min, and centrifuged at 12000 rpm for 15 min (4 °C). Then, 30 μL of supernatant 
was aspirated accurately into an injection vial, and 10 μL of each sample was injected 
into the UPLC-MS/MS system for bile acid quantification.

UPLC-MS analysis: Samples were separated using a Waters Acquity Uplc instrument 
and an Agilent ZORBAX SB-C18 column (3.5 μm, 2.1 mm × 100 mm) and a mobile 
phase consisting of 0.1% formic acid in water (A) and methanol (B) using a gradient 
system with the following elution procedure: 0-2.0 min, 10% B; 2.0-9.0 min, 10%-80% B; 
9.0-11.0 min, 80% B; 11.0-20.0 min, 80%-90% B; and 20.0-25.0 min, 90%-10% B. Ten 
microliters of the sample was injected at a flow rate of 0.4 mL/min and column 
temperature of 25 °C. Mass spectral analysis was achieved using a Thermo Scientific 
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Table 3 Accuracy and precision of the developed ultra performance liquid chromatography-tandem mass spectrometry method (n = 6)

Ingredient Concentration (ng/mL) Accuracy % Precision % Repeatability % Stability %

750 100.35 ± 3.20 3.19 3.69 0.41

1000 105.20 ± 6.45 6.13 6.91 1.69

L-Leu

5000 95.53 ± 4.55 4.76 4.98 1.85

6 99.78 ± 8.61 8.63 8.10 2.78

8 101.78 ± 4.32 4.24 2.87 3.80

5-HT

40 101.76 ± 4.50 4.42 4.24 2.14

1800 100.29 ± 4.32 4.31 4.72 3.07

2500 98.97 ± 4.13 4.17 3.71 3.18

N-phe

12500 92.24 ± 5.12 5.55 5.95 1.09

4500 97.33 ± 3.25 3.34 3.75 0.71

6000 95.45 ± 4.12 4.32 4.22 3.35

L-Try

30000 94.89 ± 4.77 5.03 4.22 4.00

37 99.61 ± 4.66 4.68 5.00 2.98

50 102.43 ± 4.15 4.05 4.41 1.73

L-Kyn

250 99.76 ± 4.11 4.12 4.15 2.09

300 102.45 ± 4.51 4.40 3.98 3.65

400 95.20 ± 8.80 9.24 7.50 6.16

5-HTP

2000 101.77 ± 8.11 7.97 7.89 7.36

1.5 99.88 ± 3.70 3.70 3.83 1.47

2 97.00 ± 3.19 3.29 2.97 2.47

CA

10 96.76 ± 5.30 5.48 4.17 5.22

1500 101.91 ± 4.65 4.56 5.19 1.45

2000 96.05 ± 3.98 4.14 4.63 0.89

GSH

10000 97.51 ± 5.88 6.03 4.45 2.45

750 99.64 ± 3.97 3.98 4.43 1.56

1000 100.8 ± 6.45 6.40 7.23 4.89

GSSG

5000 98.39 ± 4.54 4.61 3.90 3.80

L-Leu: L-leucine; 5-HT: 5-Hydroxytryptamine; N-phe: N-phenylacetylglycine; L-Try: L-tryptophan; L-Kyn: L-kynurenine; 5-HTP: 5-hydroxytryptophan; 
CA: Cholic acid; GSH: Glutathione; GSSG: Glutathione oxidized.

TSQ Quantum with ESI in negative ionization mode and MRM mode. The ion spray 
voltage was -3200 v and the temperature was 380 °C.

Method validation: Eleven bile acids (CDCA, DCA, UDCA, CA, GLCA, GCDCA, 
GDCA, GCA, TCDCA, TCDCA, TUDCA, and TCA) were diluted with 50% methanol 
solution to prepare a series of solutions and mixed with “stripped” serum to generate 
calibrators for validation of the UPLC-MS/MS method. The linear regression standard 
curve was calculated with 1/x weighting and plotted with the concentrations and the 
peak area ratio of each analyte to the internal standard.

Pooled standard solutions were added to “stripped” serum to prepare QC samples 
of three different concentrations for analysis. Intraday precision was calculated 
according to the contents of 11 bile acids from QC samples for six consecutive 
analyses. The interday precision was obtained after continuous analysis of QC samples 
for 3 d. Interday precision and intraday precision are expressed as the relative 
standard deviation (RSD, %). Three concentrations of mixed standard solutions were 
added to the samples of a definite content and processed as described above for bile 
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Table 4 Recovery of the developed ultra performance liquid chromatography-tandem mass spectrometry method (n = 6)

Ingredient Baseline (ng/mL) Spiked (ng/mL) Recovery %

250 92.53 ± 7.13

500 93.42 ± 11.52

L-Leu 1000

750 87.53 ± 9.59

2 85.37 ± 9.79

4 90.52 ± 13.47

5-HT 8

6 93.05 ± 10.16

625 94.54 ± 12.15

1250 89.46 ± 6.54

N-phe 2500

1875 86.72 ± 8.19

1500 93.04 ± 13.23

3000 85.42 ± 7.12

L-Try 6000

4500 91.16 ± 12.25

12.5 90.48 ± 6.18

25 85.30 ± 10.42

L-Kyn 50

37.5 86.20 ± 6.13

0.5 91.49 ± 5.36

1 94.64 ± 7.46

5-HTP 2

1.5 93.58 ± 5.15

100 91.83 ± 12.12

200 93.29 ± 8.62

CA 400

300 90.22 ± 7.28

250 88.17 ± 6.33

500 91.16 ± 6.15

GSH 1000

750 90.85 ± 9.81

500 91.15 ± 10.08

1000 93.92 ± 12.15

GSSG 2000

1500 89.27 ± 10.92

L-Leu: L-leucine; 5-HT: 5-Hydroxytryptamine; N-phe: N-phenylacetylglycine; L-Try: L-tryptophan; L-Kyn: L-kynurenine; 5-HTP: 5-hydroxytryptophan; 
CA: Cholic acid; GSH: Glutathione; GSSG: Glutathione oxidized.

acid analysis six times to obtain recovery.
Three concentrations of 11 mixed bile acid standard solutions were used to 

investigate the stability of QC samples under different storage conditions and 
processing procedures. Short-term stability was assessed by analyzing the QC samples 
that were kept at room temperature for 12 h. Long-term stability was assessed by 
storing the QC samples at -20 °C for 20 d. Freeze-thaw stability was assessed after the 
QC samples were frozen at -80 °C and thawed at 4 °C in 1 d for 3 consecutive days. 
Postpreparation stability was assessed by analyzing the QC samples that were kept at 
4 °C for 12 h.

Data analysis
Metabolic analysis was calibrated and integrated using AB Analyst (version 1.6.2, AB 
Applied Biosystems). Quantitative analyses of bile acids were performed using 
Thermo Scientific TSQ Quantum Workstation analysis software. Pathway analyses 
were achieved using SIMCA-P, Metaboanalyst, and KEGG software. The experimental 
data are expressed as the mean ± SD. The data were analyzed with SPSS 19.0 statistical 
software (P < 0.05 and P < 0.01).
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Table 5 Serum metabolites in CCl4-induced acute liver injury in rats (n = 8)

Metabolite Model group Control group FG group

L-leucine 431.1 ± 54.32 331.4 ± 48.78d 393.5 ± 53.83

N-phenylacetylglycine 5.350 ± 0.938 1.417 ± 0.351d 2.915 ± 0.496b,d

L-tryptophan 17.96 ± 3.014 14.63 ± 2.724c 17.05 ± 2.679a

L-kynurenine 6.270 ± 0.729 3.948 ± 0.450d 6.646 ± 1.214b

Cholic acid 1.342 ± 0.230 0.047 ± 0.004d 1.001 ± 0.124b,d

GSH 2.562 ± 0.433 0.991 ± 0.285d 2.317 ± 0.632b

GSSG 0.108 ± 0.016 0.021 ± 0.002d 0.051 ± 0.009b,d

lactate 257.8 ± 32.57 230.8 ± 37.30 185.3 ± 31.52b,d

Choline 3.548 ± 0.539 2.639 ± 0.451 2.802 ± 0.413

(E)-butenedioic acid 163.6 ± 18.57 79.48 ± 8.625d 87.82 ± 10.55d

Hypoxanthine 0.052 ± 0.003 0.021 ± 0.002d 0.022 ± 0.003d

Carnitine 23.55 ± 5.024 13.52 ± 1.370d 20.05 ± 1.323b

Phenylalanine 289.5 ± 37.51 165.6 ± 23.76d 261.4 ± 32.33b

Uric acid 4.523 ± 0.863 2.769 ± 0.474d 2.927 ± 0.488d

Hippuric acid 95.58 ± 16.47 65.78 ± 13.92d 76.53 ± 16.92d

Citric acid 11.86 ± 1.531 15.62 ± 2.437d 13.51 ± 2.002

Pantothenic acid 7.852 ± 0.953 4.602 ± 0.560d 4.831 ± 0.693d

Uridine 19.37 ± 2.772 6.816 ± 0.829d 17.53 ± 2.503b

Glucosamine-1-phosphate 0.025 ± 0.005 0.017 ± 0.004c 0.020 ± 0.004

8-OH-dG 0.008 ± 0.001 0.007 ± 0.001c 0.007 ± 0.001c

C16:1 Lyso PC 3.215 ± 0.491 4.813 ± 0.503d 6.293 ± 1.337b,d

C16:0 Lyso PC 13.37 ± 2.434 16.62 ± 3.027 18.39 ± 3.316c

C18:1 Lyso PC 16.837 ± 2.392 23.699 ± 4.427d 26.647 ± 4.339a,d

C18:0 LysoPC 11.42 ± 1.130 18.332 ± 1.833d 16.66 ± 2.603a,d

aP < 0.05.
bP < 0.01 compared with the negative control group.
cP < 0.05.
dP < 0.01 compared with the model control group. GSH: Glutathione; GSSG: Glutathione oxidized.

RESULTS
Effects of F-G on acute liver injury
Histological analysis: The liver tissue of rats in each group was macroscopically 
observed. The livers of the normal control group rats had a normal morphology, a red 
color, no adhesion between the lobules, a smooth surface, and no bleeding spots. In the 
model group, the surface of the liver was milky white, and there was obvious adhesion 
between the lobules of the liver and the mucous membranes. In the F-G group, the 
adhesion degree between the lobules and mucous membrane was significantly 
decreased, and the color was rosier than that of the model rats. The morphological 
results showed that F-G extract could significantly relieve liver injury induced by CCl4 
(Figure 1).

Histological analysis indicated that the structure of liver tissue in the normal control 
group was normal, the liver cells were neatly arranged, and there were no pathological 
changes, such as hepatocyte swelling, inflammatory cell infiltration, blood stasis, or 
steatosis of hepatocytes. Compared with the normal control group, the model control 
group showed a significant increase in the number of hepatocytes with extensive 
hydrodegeneration, steatosis, hepatocyte necrosis, and inflammatory cell infiltration. 
Compared with the model control group, F-G groups (15 g/kg and 30 g/kg) indicated 
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Table 6 Variable importance in the projection values of serum metabolites and effects of CCl4 on their changes (model group vs 
negative group)

Var ID (primary) M1-VIP Variation trend

GSSG 1.19631 ↑↑

Cholic acid 1.18964 ↑↑

Uridine 1.18609 ↑↑

N-phenylacetylglycine 1.16986 ↑↑

Hypoxanthine 1.13469 ↑↑

(E)-butenedioic acid 1.1299 ↑↑

GSH 1.12862 ↑↑

C18:0LPC 1.12325 ↓↓

Pantothenic acid 1.08663 ↑↑

Carnitine 1.08264 ↑↑

Phenylalanine 1.07794 ↑↑

Hippuric acid 1.06083 ↑↑

C16:1LPC 1.05866 ↓↓

Uric acid 1.01621 ↑↑

C18:1LPC 0.943612 ↓↓

L-kynurenine 0.919692 ↑

L-leucine 0.90164 ↑↑

Glucosamine-1-phosphate 0.893372 ↑

Citric acid 0.866932 ↓↓

L-tryptophan 0.842517 ↑

8-OH-dG 0.711595 ↑

Lactate 0.704198 NS

Choline 0.639509 NS

C16:0LPC 0.514772 NS

↑ represents a P value ≤ 0.05 for the increase in mean content; ↑↑ represents a P value ≤ 0.01 for the increase in mean content; ↓ represents a P value ≤ 0.05 
for the mean content decrease; ↓↓ represents a P value ≤ 0.01 for the mean content decrease; NS: The mean concentrations of metabolites in the model 
group were not statistically significant; GSSG: Glutathione oxidized; GSH: Glutathione; VIP: Variable importance in the projection.

a decrease in the amount of water-like degeneration in the liver, steatotic cells, and 
swelling hepatocytes with a significant dose-effect relationship.

Assay of ALT and AST: ALT and AST in the serum of rats were detected by ELISA. 
The results indicated that the contents of ALT and AST in the model control group 
were significantly higher than those in the normal control group (P < 0.01). Both 
transaminase levels were significantly reduced in the F-G groups compared to those in 
the model control group, but the magnitude of the reduction was still different from 
that of the positive control group (Table 1).

Metabolic analysis
Linearity: The calibration curve of each standard was plotted with the concentrations 
of nine biomarkers and the ratio of the peak area of each component to that of the 
internal standard with weighted (1/x) least-square linear regression. The calibration 
curves of the nine analytes exhibited a good linearity with coefficient of correlation (R2

) values better than 0.9926. The lowest concentration of the linear regression for each 
sample was determined to be the limit of quantification (Table 2).

Accuracy, precision, and recovery: The accuracy and precision of analytes in the QC 
samples were less than 9.24% and 8.10%, respectively (Table 3), and the recovery of 
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Table 7 Variable importance in the projection values of serum metabolites and effects of Fuzi-Gancao on their changes (Fuzi-Gancao 
group vs model group)

Var ID (primary) M1-VIP Variation trend

Hypoxanthine 1.37706 ↓↓

GSSG 1.36516 ↓↓

Pantothenic acid 1.28548 ↓↓

C18:1LPC 1.27880 ↑↑

C16:1LPC 1.25881 ↑↑

N-phenylacetylglycine 1.22022 ↓↓

Lactate 1.21835 ↓↓

Hippuric acid 1.21598 ↓↓

Uric acid 1.21291 ↓↓

(E)-butenedioic acid 1.21107 ↓↓

Cholic acid 1.17091 ↓↓

C18:0LPC 1.15078 ↑↑

C16:0LPC 1.00088 ↑

Choline 0.906949 NS

L-kynurenine 0.893225 ↑↑

Uridine 0.810356 NS

8-OH-dG 0.777736 NS

Citric acid 0.633654 NS

GSH 0.512313 NS

L-leucine 0.497685 NS

Carnitine 0.447434 NS

Phenylalanine 0.427897 NS

Glucosamine-1-phosphate 0.312245 NS

L-tryptophan 0.0800812 NS

↑ represents a P value ≤ 0.05 for the increase in mean content; ↑↑ represents a P value ≤ 0.01 for the increase in mean content; ↓ represents a P value ≤ 0.05 
for the mean content decrease; ↓↓ represents a P value ≤ 0.01 for the mean content decrease; NS: No statistically significant change in the mean 
concentration of metabolites in the Fuzi-Gancao group; GSSG: Glutathione oxidized; GSH: Glutathione; VIP: Variable importance in the projection.

analytes is shown in Table 4. All the analytical values of the nine analytes had 
satisfactory results within the acceptable criteria according to the bioanalytical method 
validation guidance of the United States FDA.

Metabolic analysis: Analysis of 92 metabolites was achieved by UPLC-QTRAP-LC-
MS/MS. NEM was used to improve the stability of GSH. Twenty-four differential 
metabolites in the serum (normal control group vs model control group and F-G 
groups vs model control group) were confirmed according to statistical analysis 
(Table 5).

Partial Least-Squares Discriminant Analysis (PLS-DA) (Figure 2) was performed on 
the data matrix of the variation in individual metabolites in Table 4. The results 
showed that the samples of the negative control group, model control group, and F-G 
groups were distributed in different areas and could be separated completely, but 
samples of the same group had the tendency to aggregate (Figure 2A). The results 
showed that the difference in all metabolites between the negative control group and 
the model control group was significant, indicating that the contents of these 24 
metabolites were significantly changed in acute liver injury induced by CCl4. The 
difference in all metabolites between the F-G groups and the model control group was 
also significant, indicating that the administration of the F-G extract could cause a 
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Table 8 Standard curve, R2, and concentration range of 11 bile acids in serum

Compound Standard curve R² Range (ng/mL)

CDCA Y = 0.0235X - 0.0056 0.9981 2.5-1000

UDCA Y = 0.0013X + 0.2156 0.9972 1.25-500

GCA Y = 0.0164X + 1.1577 0.9956 1.25-500

GDCA Y = 0.0025X + 0.833 0.9982 1.25-500

TCA Y = 0.0198X - 0.0113 0.9953 1.25-500

TUDCA Y = 0.0332X + 0.0023 0.9985 2.5-1000

TCDCA Y = 0.0306X + 0.00422 0.9923 2.5-1000

GCDCA Y = 0.0133X - 0.00324 0.9915 2.5-1000

GLCA Y = 0.0018X + 0.00242 0.9931 2.5-1000

DCA Y = 0.0076X + 0.00614 0.9956 2.5-1000

CA Y = 0.0916X - 0.00465 0.9987 2.5-1000

CDCA: Chenodeoxycholic acid; UDCA: Ursodeoxycholic acid; GCA: Glycocholic acid; GDCA: Glycochenodeoxycholic acid; TCA: Taurocholic acid; 
TUDCA: Taurocholic acid; GCDCA: Glycochenodeoxycholic acid; GLCA: Glycinic acid; DCA: Deoxycholic acid; CA: Cholic acid.

significant reduction in the metabolite contents in the serum of rats with acute liver 
injury induced by CCl4, which could cause a significant change in the metabolic 
network. In the PLS-DA plot, samples of the F-G groups were closer to those of the 
negative control group than those of the model control group, indicating a significant 
difference in the metabolite contents in rats with liver injury compared to those in the 
negative control group after treatment with F-G. P-test analysis (Figure 2B) showed 
that there was no overfitting of the separation model between groups.

Combined with the variable importance in the projection (VIP) value based on PLS-
DA, it was shown that the metabolites with a VIP value greater than 1.0 contributed 
greatly to the difference before and after treatment with the F-G extract and were the 
key metabolites. There were 14 key metabolites in the model control group vs the 
negative control group (Table 6) and 13 key metabolites in the F-G groups vs the 
model control group (Table 7). Ten common metabolites, namely, GSSG, cholic acid, 
N-phenylacetylglycine, hippuric acid, uric acid, hypoxanthine, (E)-butenedioic acid, 
pantothenic acid, C16:1 LPC, and C18:0 LPC, were observed.

Pathway analysis: Metaboanalyst software was used to analyze the metabolic 
mechanism. Metabolic pathway differences between the negative control group and 
model control group and between the model control group and F-G group were 
analyzed by topological and enrichment analyses to confirm the important metabolic 
pathway effects of F-G in acute liver injury induced by CCl4.

The results indicated that the primary bile acid biosynthesis pathway was the most 
important metabolic pathway affected in the model control group vs the negative 
control group (Figure 3A). Other pathways, such as pyrimidine metabolism, 
glutathione metabolism, glutamate metabolism, and phenylalanine metabolism, are 
also affected by CCl4. The pantothenate and CoA biosynthesis, primary bile acid 
biosynthesis, and pyruvate metabolism pathways were significantly affected by the 
administration of the F-G extract (Figure 3B).

Bile acids analysis
Method validation: The calibration curve of each standard was plotted on the concen-
trations of 11 bile acids and the ratio of the peak area of each component to that of the 
internal standard with weighted (1/x) least square linear regression. The calibration 
curves of the 11 analytes exhibited a good linearity (Table 8).

The intraday precision of QC samples with three concentrations of bile acids ranged 
from 1.20% to 6.57%, the interday precision ranged from 2.10% to 6.35%, and the 
recovery of each analyte was greater than 80% (Table 9). Eleven bile acid analytes 
exhibited good stability (short-term stability, long-term stability, freeze-thaw stability, 
and postpreparation stability) (Table 10). All the analytical values of the 11 analytes 
had satisfactory results within the acceptable criteria.
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Table 9 Precision, accuracy, and recovery of bile acids in serum samples (n = 6, mean ± SD)

Intraday Interday
Compound Concentration (ng/mL) Recovery (%)

Accuracy (%) Precision (%) Accuracy (%) Precision (%)

2.5 90.12 ± 2.16 96.44 ± 2.05 4.26 91.83 ± 3.32 5.03

500 88.21 ± 5.34 91.65 ± 4.14 3.60 94.42 ± 4.55 4.36

CA

2000 85.60 ± 7.22 92.11 ± 4.11 5.42 94.54 ± 8.35 6.00

1.25 91.52 ± 5.51 92.13 ± 2.97 5.71 98.48 ± 2.22 3.75

250 86.74 ± 7.12 87.31 ± 1.92 4.23 93.42 ± 3.67 5.40

GLCA

1000 90.48 ± 3.31 91.55 ± 5.31 6.13 89.24 ± 4.63 4.57

1.25 88.54 ± 2.93 90.67 ± 6.87 6.22 88.55 ± 3.87 3.28

250 98.43 ± 1.26 97.24 ± 7.86 6.38 101.53 ± 2.54 2.76

GDCA

1000 95.56 ± 4.01 89.34 ± 2.65 2.81 89.23 ± 6.25 6.16

1.25 96.02 ± 3.11 93.24 ± 3.78 6.30 89.32 ± 4.32 3.19

250 90.13 ± 3.42 97.43 ± 2.82 5.03 88.54 ± 4.75 2.10

GCDCA

1000 89.32 ± 3.13 86.53 ± 4.27 2.96 89.52 ± 3.63 3.28

1.25 80.87 ± 3.83 99.31 ± 5.19 4.18 89.42 ± 1.71 2.32

250 91.43 ± 6.38 101.33 ± 2.23 2.59 112.53 ± 5.76 2.29

GCA

1000 92.43 ± 2.14 88.76 ± 1.46 1.20 89.16 ± 3.46 3.09

2.5 84.77 ± 2.38 103.55 ± 1.27 1.50 98.24 ± 2.14 5.51

500 86.92 ± 4.96 89.04 ± 6.42 5.53 95.33 ± 2.86 3.82

TCA

2000 81.34 ± 1.84 88.57 ± 4.85 4.77 97.81 ± 3.08 4.50

1.25 80.33 ± 3.23 94.33 ± 4.62 4.39 90.49 ± 4.83 5.18

250 86.34 ± 2.45 92.33 ± 4.93 3.70 91.49 ± 7.39 4.49

CDCA

1000 84.62 ± 3.21 92.33 ± 6.03 5.58 92.77 ± 4.83 6.18

1.25 95.54 ± 2.17 94.67 ± 4.93 5.88 104.21 ± 7.22 3.87

250 82.56 ± 4.32 106.33 ± 7.37 4.36 99.31 ± 5.66 5.57

DCA

1000 94.45 ± 5.34 101.33 ± 5.77 6.31 89.83 ± 4.53 4.71

1.25 83.32 ± 1.43 91.67 ± 4.62 6.41 93.43 ± 4.63 3.38

250 88.13 ± 5.94 95.33 ± 4.73 6.57 92.12 ± 4.49 2.84

UDCA

1000 85.26 ± 3.01 94 ± 4.58 2.90 91.79 ± 5.74 6.35

1.25 86.04 ± 3.36 93.67 ± 5.86 6.49 92.77 ± 4.83 3.28

250 87.98 ± 3.11 94.67 ± 4.93 5.18 89.83 ± 4.53 2.17

TCDCA

1000 83.72 ± 2.19 91.67 ± 4.62 3.05 92.77 ± 7.36 3.38

1.25 87.17 ± 4.61 94.67 ± 7.51 4.31 96.69 ± 9.82 2.39

250 87.41 ± 4.09 98.67 ± 10.02 2.66 98.33 ± 8.33 2.36

TUDCA

1000 99.06 ± 3.56 100.33 ± 8.5 1.23 92.45 ± 4.53 3.18

CDCA: Chenodeoxycholic acid; UDCA: Ursodeoxycholic acid; GCA: Glycocholic acid; GDCA: Glycochenodeoxycholic acid; TCA: Taurocholic acid; 
TUDCA: Taurocholic acid; GCDCA: Glycochenodeoxycholic acid; GLCA: Glycinic acid; DCA: Deoxycholic acid; CA: Cholic acid.

Bile acids analysis: Liver injury induced by CCl4 in rats could reduce bile secretion 
and rapidly alter the distribution of bile acid stores, resulting in a significant increase 
in serum bile acid concentrations. The results indicated that the contents of 11 analytes 
(CDCA, DCA, UDCA, GLCA, GLCA, GCDCA, GDCA, GCA, TCDCA, TUDCA, and 
TCA) in the serum of the model control group, compared with the negative control 
group, were significantly increased (P < 0.01), and the contents of the 11 bile acids in 
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Table 10 Stability of bile acid standards in serum samples (n = 6, mean ± SD)

Concentration (mean ± SD)
Compound Concentration (ng/mL)

Initial Freeze-thaw Short-term Long-term Post-preparation 

2.5 2.35 ± 0.17 2.3 ± 0.16 2.56 ± 0.18 2.33 ± 0.17 2.52 ± 0.08

500 495.43 ± 12.15 485.52 ± 11.91 538.93 ± 13.22 511.98 ± 12.56 505.09 ± 5.54

CA

2000 2080.38 ± 101 2038.77 ± 98.98 2263.03 ± 109.87 2149.88 ± 104.38 2194.52 ± 99.16

1.25 1.24 ± 0.14 1.22 ± 0.13 1.17 ± 0.15 1.21 ± 0.14 1.25 ± 0.14

250 247.1 ± 10.76 242.15 ± 10.55 258.79 ± 11.71 255.35 ± 11.12 250.24 ± 10.9

GLCA

1000 979.04 ± 40.32 959.46 ± 39.51 985 ± 43.86 1011.75 ± 41.66 991.52 ± 40.83

1.25 1.27 ± 0.05 1.24 ± 0.05 1.24 ± 0.06 1.19 ± 0.06 1.26 ± 0.08

250 240.43 ± 3.98 235.62 ± 3.9 261.54 ± 4.33 248.46 ± 4.12 249.32 ± 5.42

GDCA

1000 975.71 ± 45.93 956.19 ± 45.01 1061.38 ± 49.96 1008.31 ± 47.46 1035.03 ± 14.83

1.25 1.27 ± 0.06 1.23 ± 0.08 1.36 ± 0.08 1.21 ± 0.09 1.21 ± 0.08

250 243.49 ± 4.03 242.1 ± 19.01 237.25 ± 18.63 263.35 ± 20.68 250.18 ± 19.64

GCDCA

1000 988.14 ± 46.51 1047.04 ± 49.29 1026.1 ± 48.31 1108.97 ± 53.62 1082.02 ± 50.94

1.25 1.19 ± 0.03 1.27 ± 0.03 1.27 ± 0.03 1.22 ± 0.03 1.21 ± 0.04

250 237.1 ± 1.93 232.35 ± 1.9 257.91 ± 2.1 245.02 ± 2 244.16 ± 1.88

GCA

1000 982.38 ± 30.18 962.73 ± 29.58 1068.63 ± 32.83 1015.2 ± 31.19 1014.36 ± 44.06

2.5 2.25 ± 0.17 2.21 ± 0.16 2.45 ± 0.18 2.33 ± 0.17 2.42 ± 0.08

500 492.1 ± 28.22 482.25 ± 27.65 535.3 ± 30.69 508.54 ± 29.16 494.76 ± 23.69

TCA

2000 2013.71 ± 105.21 1973.43 ± 103.1 2190.51 ± 114.44 2080.99 ± 108.72 2142.85 ± 26.09

1.25 1.19 ± 0.1 1.28 ± 0.1 1.23 ± 0.11 1.24 ± 0.1 1.22 ± 0.08

250 232.1 ± 6.9 227.45 ± 6.77 252.47 ± 7.51 239.85 ± 7.14 236.41 ± 5.54

CDCA

1000 1010.38 ± 39.44 990.17 ± 38.65 1099.09 ± 42.91 1044.13 ± 40.76 1057.77 ± 46.98

1.25 1.13 ± 0.03 1.15 ± 0.06 1.18 ± 0.13 1.23 ± 0.13 1.24 ± 0.14

250 236.33 ± 13.65 229.67 ± 21.36 233 ± 10.15 244.65 ± 10.66 247.1 ± 10.76

DCA

1000 967.67 ± 15.82 947.67 ± 106.82 1031 ± 115.66 982.55 ± 53.41 979.04 ± 40.32

1.25 1.22 ± 0.06 1.19 ± 0.06 1.23 ± 0.07 1.26 ± 0.07 1.28 ± 0.07

250 252.1 ± 6.9 247.05 ± 6.77 244.23 ± 7.51 250.52 ± 7.14 257.07 ± 5.54

UDCA

1000 931.71 ± 85.92 971.43 ± 120.15 958.15 ± 108.46 940.89 ± 109.04 1061.11 ± 99.16

1.25 1.22 ± 0.06 1.25 ± 0.06 1.28 ± 0.07 1.22 ± 0.06 1.19 ± 0.06

250 251.76 ± 3.11 246.73 ± 3.05 273.87 ± 3.39 260.17 ± 3.22 261.73 ± 2.5

TCDCA

1000 1013.71 ± 69.97 993.43 ± 68.57 1102.71 ± 76.11 1047.58 ± 72.31 1057.77 ± 99.16

1.25 1.22 ± 0.02 1.2 ± 0.02 1.23 ± 0.03 1.26 ± 0.02 1.27 ± 0.03

250 249.1 ± 6.47 244.11 ± 6.34 270.97 ± 7.04 257.42 ± 6.68 259.14 ± 8.46

TUDCA

1000 977.04 ± 18.84 957.5 ± 18.46 1062.83 ± 20.49 1009.69 ± 19.47 1006.1 ± 26.09

CDCA: Chenodeoxycholic acid; UDCA: Ursodeoxycholic acid; GCA: Glycocholic acid; GDCA: Glycochenodeoxycholic acid; TCA: Taurocholic acid; 
TUDCA: Taurocholic acid; GCDCA: Glycochenodeoxycholic acid; GLCA: Glycinic acid; DCA: Deoxycholic acid; CA: Cholic acid.

the serum of the F-G groups were decreased in a dose-dependent manner (Figure 4).
PLS-DA analysis was performed using a data matrix on the effect of F-G on serum 

bile acid levels in rats with CCl4 induced acute liver injury. As seen from the PLS-DA 
analysis (Figure 5A), the samples of the negative control group and model control 
group are distributed in different areas and far away from each other and can be 
completely separated from each other. The content differences of bile acids between 
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the negative control group and model control group were significant. At the same 
time, the samples of the F-G group (10 g/kg) were partially overlapping those of the 
model control group, but with increasing dose, the samples of the mid-dose and high-
dose F-G groups (20 g/kg and 30 g/kg) were clearly separated from those of the 
model control group, indicating that the dose-dependent relationship between the bile 
acid level and the dose of F-G extract was apparent in the overall analysis. P-test 
analysis showed that there was no overfitting of the between-group separation model 
(Figure 5B).

DISCUSSION
Analysis of 24 differential metabolites by UPLC-QTRAP-LC-MS/MS showed that CCl4 
could affect a variety of metabolic pathways, such as primary bile acid biosynthesis, 
glutathione metabolism, pyrimidine metabolism, and phenylalanine metabolism. The 
F-G extract could affect the metabolic pathways of pantothenic acid and CoA biosyn-
thesis, primary bile acid biosynthesis, and pyruvate biosynthesis. The primary bile 
acid synthesis pathway was the most important common pathway affected by CCl4 
and the F-G extract. Subsequently, a UPLC-QQQ-LC-MS/MS method was established 
for the simultaneous quantitative detection of 11 bile acids, and the regulatory 
mechanism of the F-G extract on bile acids in the prevention of acute liver injury 
induced by CCl4 was obtained.

Since the content of different bile acids varied greatly in the serum, we first used the 
relative variation in each bile acid for analysis. This analysis evaluated the relative 
changes in bile acids for each group based on their primary contents (1.0) in the 
negative control group (Table 11). Free and conjugated bile acids are the two bile acid 
types in the liver and blood. CA, CDCA, and DCA are the main free bile acids, and bile 
acids conjugated with glycine or taurine compose the combined bile acids. In this 
study, a relatively higher increase in taurine-conjugated bile acids, except TCA, was 
observed in the model control group than in the negative control group (TUDCA, 6.00; 
TCDCA, 3.24), whereas the increase in glycine conjugated bile acids, except GDCA, 
was relatively low (GLCA, 1.61; GCDCA, 1.74; GCA, 1.30). Taurine possessed 
protective effects on hepatocellular injury and apoptosis. When hepatocellular injury 
occurs, the body can regulate the compensatory increase in taurine and further 
increase the content of taurine-conjugated bile acids[36]. The content of taurine 
conjugated bile acids was significantly decreased after treatment with the F-G extract 
in a dose-dependent manner.

Bile acids exhibit different hydrophilic and hydrophobic properties according to 
their chemical structure. Hydrophobic bile acids can lyse cell membrane lipids, 
exhibiting “decontamination”, resulting in hepatocellular necrosis. Therefore, the 
accumulation of hydrophobic bile acids in the liver is a major and important cause of 
liver injury. UDCA is a nontoxic hydrophilic bile acid. Taurine conjugated bile acids 
(TCA, TCDCA, and TDCA) and glycine conjugated bile acids (GLCA, GDCA, 
GCDCA, and GCA) exhibit low toxicity due to some hydrophobicity, while CA, 
CDCA, and DCA are free and hydrophobic bile acids that show strong hepatotoxicity. 
DCA is one of the most toxic bile acids. The accumulation of DCA in the liver or blood 
leads to mitochondrial destruction, cell membrane rupture, and the production of 
reactive oxygen species in hepatocytes, leading to apoptosis and necrosis[36,37]. In this 
study, three hydrophobic components, CA, CDCA, and DCA, were significantly 
increased in the model control group, showing a positive correlation with the toxic 
effects reported[38]. The F-G extract can promote the binding of CA, CDCA, and DCA 
to taurine and glycine to reduce the accumulation of free CA, CDCA, and DCA in 
vivo, thus preventing acute liver injury induced by CCl4.

When acute liver injury was caused by CCl4 in rats, the hepatocytes were damaged, 
and the activities of cholesterol 7α-hydroxylase and cholesterol 12α-hydroxylase in 
hepatocytes were decreased, resulting in decreased CA and CDCA produced by 
cholesterol synthesis. However, due to impaired hepatic uptake of bile acids, the 
uptake of these two bile acids in the enterohepatic circulation is greatly reduced, 
resulting in a significant increase in the concentrations of bile acids in the serum. In 
this study, CA and CDCA were significantly increased in the model control group, 
showing liver damage and leading to bile acid malabsorption in the hepatoenteric 
circulation. The F-G extract decreased the contents of CA and CDCA in serum in a 
dose-dependent manner, indicating that the F-G extract could repair liver injury, 
improve enterohepatic circulation, and promote the absorption of CA and CDCA, 
exhibiting almost the same pharmacological effect as silybin.
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Table 11 Ratio of bile acids in each experimental group to corresponding composition of negative control group

Bile acid Negative Model Positive FGL FGM FGH

CA 1.00 2.57 1.38 2.16 1.92 1.40

GLCA 1.00 1.61 1.08 1.45 1.17 1.15

GDCA 1.00 4.45 2.43 3.53 2.78 2.14

GCDCA 1.00 1.74 1.18 1.85 1.28 1.09

GCA 1.00 1.30 1.25 1.22 1.16 1.12

TCA 1.00 1.99 1.11 1.90 1.37 1.31

CDCA 1.00 4.12 2.08 3.76 2.90 2.03

UDCA 1.00 5.68 3.17 4.87 3.72 3.62

TUDCA 1.00 6.00 3.08 4.73 4.13 3.87

TCDCA 1.00 3.24 1.57 2.92 2.63 2.03

DCA 1.00 5.16 2.40 4.48 3.84 2.95

CDCA: Chenodeoxycholic acid; UDCA: Ursodeoxycholic acid; GCA: Glycocholic acid; GDCA: Glycochenodeoxycholic acid; TCA: Taurocholic acid; 
TUDCA: Taurocholic acid; GCDCA: Glycochenodeoxycholic acid; GLCA: Glycinic acid; DCA: Deoxycholic acid; CA: Cholic acid.

CONCLUSION
In this study, the effects of F-G extract in preventing acute liver injury induced by CCl4 
have been assayed. The F-G extract decreases the adhesion between the lobules and 
the mucosa, reduces the bleeding point on the surface of the liver, effectively decreases 
ALT and AST in a rat model of acute liver injury in a dose-dependent manner, and 
reduces hepatocellular swelling, inflammatory cell infiltration, blood stasis, hepatic 
steatosis, and other pathological changes in rats.

ARTICLE HIGHLIGHTS
Research background
Fuzi (Radix aconiti lateralis)-Gancao (Radix glycyrrhizae) (F-G) is often used in the 
treatment of liver diseases such as hepatitis and liver failure.

Research motivation
This study can clarify the bile acid mechanism of F-G in the treatment of liver injury, 
and establish a complete bile acid spectrum research method, so as to provide 
reference for future research.

Research objectives
To study the molecular mechanism and action mechanism of F-G in the treatment of 
liver injury, and to provide a theoretical basis for the clinical research of F-G.

Research methods
An ultra performance liquid chromatography tandem mass spectrometry (UPLC-
MS/MS) method for the simultaneous determination of 92 metabolites from multiple 
pathways was established to explore the protective metabolic mechanism of F-G in 
serum on the liver.

Research results
A UPLC-MS/MS method for simultaneous determination of 11 bile acids was 
established to analyze the regulatory mechanism of F-G in serum. F-G decreased the 
contents of 11 bile acids in the serum in a dose-dependent manner.

Research conclusions
F-G could promote the conjugation of free bile acids to glycine and taurine, reduce the 
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accumulation of free bile acids in the liver, regulate the compensatory degree of 
taurine, and decrease the content of taurine conjugated bile acids.

Research perspectives
The research group will continue to study the effect of bile acid metabolism regulation 
on molecular regulation in the body.
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Abstract
BACKGROUND 
Hepatic stellate cells (HSCs) are the key effector cells mediating the occurrence 
and development of liver fibrosis, while aerobic glycolysis is an important 
metabolic characteristic of HSC activation. Transforming growth factor-β1 (TGF-β
1) induces aerobic glycolysis and is a driving factor for metabolic reprogramming. 
The occurrence of glycolysis depends on a high glucose uptake level. Glucose 
transporter 1 (GLUT1) is the most widely distributed glucose transporter in the 
body and mainly participates in the regulation of carbohydrate metabolism, thus 
affecting cell proliferation and growth. However, little is known about the 
relationship between TGF-β1 and GLUT1 in the process of liver fibrosis and the 
molecular mechanism underlying the promotion of aerobic glycolysis in HSCs.

AIM 
To investigate the mechanisms of action of GLUT1, TGF-β1 and aerobic glycolysis 
in the process of HSC activation during liver fibrosis.

METHODS 
Immunohistochemical staining and immunofluorescence assays were used to 
examine GLUT1 expression in fibrotic liver tissue. A Seahorse extracellular flux 
(XF) analyzer was used to examine changes in aerobic glycolytic flux, lactate 
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production levels and glucose consumption levels in HSCs upon TGF-β1 
stimulation. The mechanism by which TGF-β1 induces GLUT1 protein expression 
in HSCs was further explored by inhibiting/promoting the TGF-β1/mothers-
against-decapentaplegic-homolog 2/3 (Smad2/3) signaling pathway and 
inhibiting the p38 and phosphoinositide 3-kinase (PI3K)/AKT signaling 
pathways. In addition, GLUT1 expression was silenced to observe changes in the 
growth and proliferation of HSCs. Finally, a GLUT1 inhibitor was used to verify 
the in vivo effects of GLUT1 on a mouse model of liver fibrosis.

RESULTS 
GLUT1 protein expression was increased in both mouse and human fibrotic liver 
tissues. In addition, immunofluorescence staining revealed colocalization of 
GLUT1 and alpha-smooth muscle actin proteins, indicating that GLUT1 
expression was related to the development of liver fibrosis. TGF-β1 caused an 
increase in aerobic glycolysis in HSCs and induced GLUT1 expression in HSCs by 
activating the Smad, p38 MAPK and P13K/AKT signaling pathways. The p38 
MAPK and Smad pathways synergistically affected the induction of GLUT1 
expression. GLUT1 inhibition eliminated the effect of TGF-β1 on HSC prolif-
eration and migration. A GLUT1 inhibitor was administered in a mouse model of 
liver fibrosis, and GLUT1 inhibition reduced the degree of liver inflammation and 
liver fibrosis.

CONCLUSION 
TGF-β1 induces GLUT1 expression in HSCs, a process related to liver fibrosis 
progression. In vitro experiments revealed that TGF-β1-induced GLUT1 
expression might be one of the mechanisms mediating the metabolic 
reprogramming of HSCs. In addition, in vivo experiments also indicated that the 
GLUT1 protein promotes the occurrence and development of liver fibrosis.

Key Words: Gene regulation; Glycolysis; Liver fibrosis; Glucose transporter 1; 
Transforming growth factor-β1
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Core Tip: Liver fibrosis is a repair response of the liver to various chronic injuries. 
However, fibrosis may eventually evolve into liver cirrhosis or even liver cancer if it 
progresses. Hepatic stellate cell activation is the initiating factor for liver fibrosis. 
Transforming growth factor-β1 (TGF-β1) is a pleiotropic cytokine that induces aerobic 
glycolysis. Glucose transporter 1 (GLUT1) regulates glucose metabolism. This study 
examined the effects of TGF-β1-mediated pathways on GLUT1 expression in vivo and 
in vitro, explored the relationship between GLUT1 and TGF-β1 and further invest-
igated the potential underlying mechanisms.
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INTRODUCTION
Liver fibrosis is the inevitable result of chronic liver inflammation caused by various 
etiologies. With progressive destruction of liver parenchymal cells, liver fibrosis 
eventually develops into liver cirrhosis and even liver cancer[1,2]. Although liver 
cirrhosis and liver cancer are irreversible, liver fibrosis can be reversed. Therefore, the 
mechanism of and clinical studies on liver fibrosis have always been the focus of liver 
disease research. The main pathological feature of liver fibrosis is the excessive 
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deposition of extracellular matrix (ECM), while the key initiating factors are activation 
of quiescent hepatic stellate cells (HSCs) and transformation of their phenotypes and 
functions[3]. The transforming growth factor-β1 (TGF-β1) pathway is the key 
fibrogenic pathway that drives HSC activation and induces ECM production. HSC 
activation requires metabolic reprogramming and a continuous energy supply[4,5]. 
Aerobic glycolysis is an important metabolic characteristic of the transdifferentiation 
of quiescent stellate cells, a process similar to the Warburg effect in tumor cells, and 
the core metabolic changes include a transition from oxidative phosphorylation to 
aerobic glycolysis[6]. Dysregulated glycolysis has been implicated in experimental 
models of lung and liver fibrosis, and inhibition of glycolysis reduces ECM accumu-
lation[7]. In view of the mechanisms involved, targeting and inhibiting the metabolic 
reprogramming of activated HSCs during liver fibrosis may be a promising anti-liver 
fibrosis strategy.

TGF-β1 is a multifunctional cytokine and a major profibrotic cytokine that regulates 
cell differentiation, cell proliferation and ECM production and directly regulates 
multiple cellular signal transduction networks[8]. In the canonical TGF-β1/mothers-
against-decapentaplegic-homolog 2/3 (Smad2/3) pathway, ligands induce the 
assembly of the TGF-β1 receptor I (TβRI)/TGF-β1 receptor II (TβRII) heterocomplex, 
which targets Smad4 via Smad2 and Smad3 proteins to form the Smad complex, 
leading to phosphorylation and nuclear translocation of Smad2/3; this R-Smad/Co-
Smad4 complex translocates to the nucleus where it binds to DNA either directly or in 
association with other DNA-binding proteins[9-11]. Phosphorylated Smad2/3 binds to 
specific Smad binding elements (SBEs) in gene promoter regions to activate/suppress 
the expression of target genes[12,13]. In addition to Smads, TGF-β1 also triggers other 
protein-mediated signaling pathways, e.g., p38, mitogen-activated protein kinases 
(MAPKs) and phosphoinositide 3-kinase (PI3K). Some functions of TGF-β1 have been 
studied in depth, such as the mediation of cell differentiation and proliferation. 
However, TGF-β1 has recently been reported to induce aerobic glycolysis and is 
considered a driving factor in metabolic reprogramming[14]. TGF-β is also a strong 
activator of glycolysis in mesenchymal cells[15]. Extracellular accumulation of lactic 
acid induces epithelial-mesenchymal transition (EMT) by directly reconstituting the 
ECM and releasing activated TGF-β1. EMT induced by TGF-β in hepatocellular 
carcinoma cells reprograms lipid metabolism to sustain the elevated energy 
requirements associated with this process[16]. Research on the mechanism of 
idiopathic pulmonary fibrosis has shown that TGF-β1-induced aerobic glycolysis 
causes lactic acid accumulation and changes the cellular microenvironment, thereby 
activating latent TGF-β1 in the ECM and eventually forming a positive feedback loop 
to promote the effects of TGF-β1[17].

Glucose transporter 1 (GLUT1) is a member of the GLUT transporter family, the 
most conserved and most widely distributed glucose transporter in mammals and the 
main transporter regulating glucose uptake[18]. An increasing number of studies have 
found that GLUT1 plays an important role in accelerated metabolism. Research on the 
mechanism of neurodegenerative diseases has revealed that GLUT1 controls the 
activation of microglia by promoting aerobic glycolysis[19]. GLUT1 enhances the 
stimulating effect of TGF-β1 on mesangial cells, breast cancer cells and pancreatic 
cancer cells. As glucose uptake increases during TGF-β1-induced EMT of breast cancer 
cells, GLUT1 expression also increases and is correlated with EMT markers (including 
E-cadherin and vimentin). GLUT1 is the key mediator of the aerobic glycolysis 
phenotype in ovarian cancer and is required to maintain a high level of basic aerobic 
glycolysis. In models of bleomycin-induced pulmonary fibrosis, GLUT1-dependent 
aerobic glycolysis has been reported to be essential for pulmonary parenchymal 
fibrosis[20-23]. Certain signaling molecules (such as cAMP, p53, PI3K and AKT) 
reduce alpha-smooth muscle actin (α-SMA) protein expression in primary mouse 
fibroblasts by inhibiting GLUT1 expression. Exosomes secreted by activated HSCs 
affect the metabolic switch of liver nonparenchymal cells through delivery of the 
glycolysis-related proteins GLUT1 and PKM2; GLUT1 is involved in metabolic 
reprogramming of HSCs[24]. TGF-β1 and GLUT1 play important regulatory roles in 
metabolic reprogramming. To date, however, researchers have not explored whether 
the increases in TGF-β1 and GLUT1 Levels during HSC activation are related. 
Therefore, this study investigated the effect of the TGF-β1 signaling pathway on the 
regulation of GLUT1 and aerobic glycolysis. We hypothesized that TGF-β1 drives HSC 
activation and aerobic glycolysis by inducing GLUT1 expression, thereby promoting 
liver fibrosis progression. As shown in the present study, GLUT1 expression was 
significantly increased in mouse and human fibrotic liver tissue samples. Further in 
vitro experiments showed that the aerobic glycolysis capacity of HSCs was enhanced 
and GLUT1 expression increased with increasing TGF-β1 Levels. Inhibition/ 
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promotion of the Smad2/3 signaling pathway and inhibition of the p38 and 
PI3K/AKT signaling pathways confirmed that TGF-β1 induced GLUT1 expression by 
targeting the pSmad2/3, p38 and PI3K/AKT pathways, thus promoting HSC 
activation. Finally, administration of a specific GLUT1 inhibitor in a mouse model of 
liver fibrosis resulted in a significant reduction in liver fibrosis. Based on these 
findings, the TGF-β1 signaling pathway enhances aerobic glycolysis by promoting 
GLUT1 expression, thereby promoting the development of liver fibrosis.

MATERIALS AND METHODS
Reagents and antibodies
The TGF-β1 antibody was purchased from R&D Systems (Minneapolis, MN, United 
States); antibodies against GLUT1, p-Smad2/3, Smad2/3, p-P38, p-AKT and desmin 
were purchased from Abcam (Cambridge, MA, United States), and the tubulin 
antibody was purchased from Research Diagnostics (Flanders, NJ, United States). The 
anti-α-SMA antibody, carbon tetrachloride (CCl4), corn oil, OptiPrep and other 
chemicals and reagents were purchased from Sigma-Aldrich (St. Louis, MO, United 
States) and Fisher Scientific (Waltham, MA, United States). A TβRI/II inhibitor 
(APExBIO Technology, United States) was used at 2 μmol/L. Inhibitors of p38 MAPK 
and PI3K, namely, SB203580 and LY294002, respectively, were purchased from Abcam 
(Cambridge, MA, United States). The Smad3 inhibitors SIS3 and phloretin were 
purchased from Abcam (Cambridge, MA, United States).

Generation of a mouse model of liver fibrosis
The animal protocol was designed to minimize pain or discomfort to the animals. The 
animals were acclimated to laboratory conditions (22 °C, 12-h/12-h light/dark cycle, 
50% humidity, ad libitum access to food and water) for 1 wk prior to experimentation. 
The methods and experimental procedures were carried out in accordance with the 
relevant guidelines and regulations. Mice (C57BL6, eight to ten weeks old) were 
housed in standard conditions, and sex-matched mice were treated with 2.0 μL/g 
body weight CCl4 [diluted 1:10 (v/v) with corn oil] or corn oil as a control by intraperi-
toneal (i.p.) injections three times per week for 4 wk[25]. Mice were challenged with 
CCl4 or corn oil (control), followed by an i.p. injection of phloretin (10 mg/kg, three 
times per week for 2 wk) or 0.9% saline (vehicle). Mice were sacrificed at 48 h after the 
experiment ended, and tissues were harvested.

Patient liver samples
Normal and liver fibrosis tissue samples were obtained from patients treated at the 
Department of Hepatobiliary Surgery of the Affiliated Hospital of Guizhou Medical 
University (Guiyang, China). Written informed consent was obtained from the 
patients.

Western blot analysis
Immunoblotting was performed using whole-liver tissue lysates or whole-cell lysates 
prepared in buffer containing 1% NP-40 as described previously[26]. Total proteins 
were extracted and quantified using Bradford protein quantification kits. Protein 
samples (40 μg each) were resolved by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE). The proteins were transferred onto polyvinylidene 
fluoride (PVDF) membranes and incubated with primary antibodies overnight at 4 °C. 
On the next day, signals were developed with an electrochemiluminescence detection 
kit after incubation with the appropriate secondary antibodies.

Cells and cell culture
Primary mouse HSCs were isolated and cultured as described previously[26]. Briefly, 
cells were isolated from livers through in situ liver perfusion with pronase, Liberase 
and collagenase followed by density gradient centrifugation. The dispersed cell 
suspension was filtered and gradiently centrifuged for 2 min to remove hepatocytes. 
The remaining cell fraction was washed and resuspended in 11.5% OptiPrep and then 
gently transferred to a tube containing 15% OptiPrep at the bottom, followed by PBS 
addition as the top layer. The cell fraction was then centrifuged at 1400 rpm/min for 
20 min. The HSC fraction layer was obtained at the interface between the top and 
intermediate layers. The purity of the HSC fraction was estimated based on autofluor-
escence 1 d after isolation and was always greater than 97%. Flow cytometry was used 
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to identify the purity of primary cells. In brief, the cells were digested with trypsin, 
centrifuged at 1000 rpm/min for 10 min, washed twice with PBS, resuspended in EP 
tubes (100 μL/tube) and centrifuged at 2000 rpm/min for 6 min. Then, the supernatant 
was discarded, 100 μL of PBS was added, and the cells were resuspended and 
dispersed. A mouse monoclonal antibody against desmin (desmin is a typical 
molecular marker of HSCs) was added, and the cells were incubated at 1:100 for 1.5 h 
and centrifuged at 2000 rpm/min for 6 min. Centrifugation was repeated twice. The 
cells were resuspended and dispersed by adding 100 μL of PBS. Fluorescence-labeled 
anti-mouse secondary antibody (1:1000) was added, followed by incubation at 4 °C for 
30 min in the dark. Next, 1 mL of PBS was added to each tube, followed by centrifu-
gation at 2000 rpm/min for 6 min, which was repeated twice. Finally, 0.5 mL of PBS 
was added to resuspend the cells, and then the cells were subjected to flow cytometry 
measurements. HSCs were also confirmed to lack E-cadherin expression. Cell viability 
was also examined, and HSCs were maintained in Dulbecco’s modified Eagle’s 
medium (DMEM) supplemented with 10% fetal bovine serum and antibiotics as 
described previously[26]. Cells were starved or treated on day 2 after isolation, and the 
duration of starvation or treatment is described in each figure legend. The duration of 
the whole experiment was 5-7 d after HSC isolation, and cells at passages 1-2 were 
used (as cells were passaged from regular culture flasks to experimental cell culture 
wells for some experiments).

Histological and immunohistochemical studies
Liver samples were fixed with formalin, embedded in paraffin, sectioned and 
processed routinely for Masson’s trichrome and Sirius red staining. Antibodies used 
for immunohistochemical (IHC) staining of GLUT1 and α-SMA were purchased from 
Abcam Technology, United States.

RNA interference
Cells were transfected with small interfering RNAs (siRNAs) using Lipofectamine 
3000 (Invitrogen, Carlsbad, CA, United States) according to the manufacturer’s 
recommendations. The siRNAs used were an siRNA mix targeting sequences in 
Smad2 and Smad3 purchased from Santa Cruz Biotechnology (siRNA Smad2/3) and 
siRNAs targeting four different sequences of Smad4 purchased from Santa Cruz 
Biotechnology. GLUT1 siRNA was purchased from Cell Signaling Technology. The 
sequences of the siRNAs used are shown in Table 1.

Glycolytic function assay and lactate measurements
Primary mouse HSCs were plated on XF96 cell culture microplates. The extracellular 
acidification rate (ECAR), a glycolytic flux parameter, was measured with a Seahorse 
XF96 bioanalyzer using the XF Glycolysis Stress Test kit according to the 
manufacturer’s instructions (102194-100, Seahorse Bioscience). Lactate levels were 
measured spectrophotometrically in 700 μL of supernatants from cells receiving the 
corresponding treatment using standard enzymatic methods.

Cell counting kit-8 assay
Primary mouse HSCs were seeded in a 96-well plate at a density of 3000 cells per well. 
CCK-8 reagent was added to each well every 24 h, and the plates were incubated for 
an additional 1 h at 37 °C and measured by recording the absorbance at 450 nm with 
an Elx800™ spectrophotometer (BioTek, Winooski, VT, United States).

Biochemical function analysis
Alanine aminotransferase (ALT) and aspartate transaminase (AST) levels in mouse 
serum samples and the supernatant of cell culture medium were detected using an 
automatic biochemical analyzer (Siemens Advia 1650; Siemens, Bensheim, Germany).

RNA extraction and real-time polymerase chain reaction
GLUT1, hexokinase 2 (HK-2), pyruvate kinase 2 (PKM-2) and α-SMA mRNA levels 
were determined using real-time polymerase chain reaction (RT-PCR) with a SYBR 
Green Master Mix Kit (Roche, Indianapolis, IN, United States). The primer sequences 
used are shown in Table 2.

Transwell migration assay
The migratory properties of HSCs were assessed using a Transwell assay. Cells were 
seeded at a density of 4 × 105 cells/well in the upper compartment of Transwell 
chambers with serum-free medium, and the lower compartment contained 700 μL of 
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Table 1 Small interfering RNA sequences

Forward Reverse
siGlut1-1 5′-CACCGGGAGTGACAAAGACTTTGTTCAAGCA-3′ 5′-GATCCAAAAAAGGGAGTGACAAAGACTTCTC-3′

Negative control 5′-ATCCGACTTCATAAGGCGCATGCT-3′ 5′-AGTATTCCGCGTACGAAGTTCTGC-3′

siRNA Smad4 targeting four different sequences1

GCAAUUGAAAGUUUGGUAA, CCCACAACCUUUAGACUGA, GAAUCCAUAUCACUACGAA and 
GUACAGAGUUACUACUUAG

 
siRNA 
Smad2/31

Sense Antisense

sc-37239A CUUGCUGGAUUGAACUUCAtt UGAAGUUCAAUCCAGCAAGtt

sc-37239B CCGUCGUAGUAUUCAUGUAtt UACAUGAAUACUACGACGGtt

sc-37239C CUGACUCCUUGUUUAAUGAtt UCAUUAAACAAGGAGUCAGtt

sc-37239D GGAAGCUGAGAGUUAUAGAtt UCUAUAACUCUCAGCUUCCtt

1Purchased from Santa Cruz Biotechnology. sc-37239: Smad2/3 siRNA (m) is a pool of four different siRNA duplexes.

Table 2 Primer sequences for real-time polymerase chain reaction

Gene Forward sequence Reverse sequence
HK2 5’-GGGTAGCCACGGAGTACAAA-3’ 5’-TGGATTGAAAGCCAACTTCC-3’

GLUT1 5’-GCTTCTCCAACTGGACCTC-3’ 5’-AAGAAGAGCACGAGGAGCAC-3’

PKM2 5’-TGGGATGGAAACTGTGAAGAG-3’ 5’-CGGAGTTCCTCGAATAGCTG-3’

α-SMA 5’-AAGAGCATCCGACACTGCTGAC-3’ 5’-AGCACAGCCTGAATAGCCACATAC-3’

5% glucose-containing medium per well. Migration was subsequently observed and 
measured.

Tissue immunofluorescence staining
Tissue sections were placed at room temperature for 10 min and deparaffinized in 
water for further antigen retrieval. After the sections were dried slightly, a 
histochemical pen was used to draw circles around the tissue, and 3%-5% BSA was 
added dropwise inside the circle for blocking, followed by incubation for 30 min. The 
primary antibody was added dropwise at the recommended ratio to the sections, and 
the sections were placed in a refrigerator (4 °C) and incubated overnight. After 3 
washes, the sections were incubated with a FITC (CK-18)-labeled secondary antibody 
at room temperature for 45 min, and nuclei were stained with DAPI (300 nmol/L) for 
1-5 min. After 3 washes, an antifluorescence quencher was added, and the sections 
were sealed with resin. Photographs of random fields were taken under an upright 
fluorescence microscope (ZEISS Axiovert).

Statistical analysis
Data were analyzed using Student’s t test (SigmaPlot, SPSS 17.0, United States) to 
determine differences between two groups and are presented as the mean ± SE. For 
comparisons between multiple groups, three-way analysis of variance was performed, 
followed by t tests with Bonferroni correction using SAS 9.3 software (SAS Institute 
Inc., Cary, NC, United States). In addition, a log-rank test was used for survival 
analysis. All experiments were repeated at least three times. Differences were 
considered statistically significant at P < 0.05 (aP < 0.05, bP < 0.01).
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RESULTS
GLUT1 expression is correlated with liver fibrosis progression
The classic mouse model of CCl4-induced liver fibrosis was used to first clarify 
whether GLUT1 is related to liver fibrosis. Successful establishment of the liver fibrosis 
model was confirmed by Sirius red staining and α-SMA IHC staining (Figure 1A-C). 
Notably, a significant increase in GLUT1 expression was detected in the liver tissue 
specimens from the model group (Figure 1A and D). Subsequently, tissue immuno-
fluorescence staining was performed, and the results showed significantly increased 
GLUT1 expression in liver tissue samples from the CCl4 liver fibrosis model. More 
importantly, GLUT1 colocalized with α-SMA, indicating a correlation between GLUT1 
and liver fibrosis (Figure 1E). IHC staining for GLUT1 and α-SMA was performed 
using human liver fibrosis specimens and liver specimens from a healthy control 
group; as expected, GLUT1 expression was significantly higher in the human liver 
fibrosis specimens (Figure 1F). Finally, whole-liver lysates were prepared from human 
liver tissue specimens and specimens from the mouse liver fibrosis model, and GLUT1 
protein expression was analyzed. The results were consistent with the IHC data 
(Figure 1G-H). In summary, these results indicate that GLUT1 expression is related to 
liver fibrosis progression.

TGF-β1 stimulates HSC activation by inducing GLUT1 expression and promoting 
aerobic glycolysis
We found that GLUT1 colocalized with α-SMA, indicating that GLUT1 expression was 
increased mainly in activated HSCs because α-SMA is a major marker of HSC transdif-
ferentiation. TGF-β1 is a very important profibrotic factor and regulates metabolic 
reprogramming in pulmonary fibrosis[27], as reported in some studies. Therefore, we 
questioned whether the increase in GLUT1 expression in liver fibrosis and TGF-β1 are 
related. This study first determined the effect of TGF-β1 on glycolysis in HSCs. To 
assess the dose responses to TGF-β1, we incubated HSCs with different TGF-β1 
concentrations ranging from 3 ng/mL to 5 ng/mL, and the results showed similar 
effects on GLUT1 protein levels (Supplementary Figure 1). Therefore, a TGF-β1 
concentration of 3 ng/mL was used for subsequent experiments. Mouse primary HSCs 
were isolated and cultured, and the cells were stimulated with TGF-β1 for 24 h prior to 
the experiments. TGF-β1 stimulation led to an early and continuous increase in the 
ECAR (an indicator of extracellular acid production) in HSCs, indicating that 
glycolysis was enhanced in these cells (Figure 2A and B). In addition, the intracellular 
and extracellular levels (in the medium) of lactic acid were examined to further 
confirm the glycolytic changes in HSCs. Both intracellular and extracellular lactic acid 
levels were significantly increased. Consistent with the increase in glycolysis, the level 
of glucose consumption also increased in these cells (Figure 2C and D). Therefore, 
TGF-β1 induces glycolysis during the process of HSC transdifferentiation. The 
expression levels of key glycolytic enzymes in these cells were evaluated; the 
expression levels of HK-2, PKM-2 and GLUT1 were upregulated, and the increase in 
GLUT1 expression was particularly significant (Figure 2F-H). Based on these findings, 
the increase in glycolysis during HSC transdifferentiation is related to the upregu-
lation of key glycolysis enzymes. Similarly, the expression of α-SMA, a marker of 
transdifferentiation, also increased during the TGF-β1-mediated activation of HSCs 
(Figure 2I). GLUT1 protein expression was examined at various time points after 
stimulating HSCs with TGF-β1 (3 ng/mL) to determine whether TGF-β1 stimulates 
GLUT1 expression in a time-dependent manner, and the results showed that GLUT1 
expression increased 2 h after stimulation with TGF-β1 and peaked at 8 h. These 
results indicate a time-dependent relationship between the increase in GLUT1 
expression and TGF-β1 stimulation, which is consistent with the early increase in 
aerobic glycolysis in HSCs (Figure 2J). Finally, the addition of an inhibitor of the type 1 
TGF-β1 receptor inhibited TGF-β1-induced GLUT1 expression in HSCs, suggesting 
that GLUT1 induction was mediated by TGF-β1 (Figure 2K). Based on these data, TGF-
β1 is involved in glycolysis during HSC transdifferentiation and mediates GLUT1 
expression, thereby promoting HSC transdifferentiation.

TGF-β1 induces GLUT1 expression through the Smad pathway
After finding that TGF-β1 stimulation induces GLUT1 expression, the specific 
mechanism by which TGF-β1 induces GLUT1 expression was further explored. 
Changes in the expression levels of Smad proteins in the canonical pathway activated 
by TGF-β1 stimulation were first examined. Western blot analysis revealed a time-
dependent relationship between Smad2/Smad3 phosphorylation and TGF-β1 

https://f6publishing.blob.core.windows.net/6e8217c5-db56-49a5-a0e2-874420aa4ac5/WJG-27-6908-supplementary-material.pdf
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Figure 1 Glucose transporter 1 expression is correlated with liver fibrosis progression. A-D: The classic mouse model of CCl4-induced liver fibrosis 
was used to first clarify whether glucose transporter 1 (GLUT1) is related to liver fibrosis. Sirius red staining and alpha-smooth muscle actin (α-SMA) 
immunohistochemical (IHC) staining were used to confirm that the liver fibrosis model was successfully established, and then the mice were randomly divided into the 
CCl4 group and the control oil group (n = 6-10 mice/group) (A); Evaluation of liver fibrosis using Sirius red staining (B); Determination of the area ratio of positive IHC 
staining for α-SMA in the mouse CCl4-induced liver fibrosis model (C); GLUT1 expression was more abundant in the liver tissue samples from the model group (D); E 
and F: Immunofluorescence staining for GLUT1 (red) and α-SMA (green) in the CCl4 model. Cell nuclei were counterstained with DAPI. Scale bar for 
immunofluorescence staining, 200 μm; scale bars for IHC staining and Sirius red staining, 200 μm; G: IHC staining for α-SMA and GLUT1 in the healthy control and 
liver fibrosis groups (scale bar, 100 μm); H: Western blot analysis of changes in GLUT1 protein levels in the oil group and the CCl4 model group; I: Western blot 
analysis of GLUT1 protein expression in human liver tissues from the healthy control group and the liver fibrosis group. Data in B-D, G and H are presented as the 
mean ± SE. Statistically significant differences were detected (compared with the oil group, aP < 0.05 and bP < 0.01; compared with the healthy control group, dP < 
0.05). GLUT1: Glucose transporter 1; α-SMA: Alpha-smooth muscle actin.

stimulation (Figure 3A and B), and phosphorylation occurred at time points close to 
when GLUT1 expression increased. Next, the direct role of Smads in GLUT1 induction 
was explored. Smad3 or Smad4 overexpression plasmids were first transiently 
transfected into HSCs, and then certain groups of HSCs were induced with TGF-β1 for 
4 h. Smad3 or Smad4 overexpression promoted GLUT1 expression, and TGF-β1 
addition amplified these effects, resulting in a further increase in GLUT1 expression 
(Figure 3C and D). Smad2/3 and/or Smad4 siRNAs were used to silence their 
expression levels and to better understand the roles of Smads in the relationship 
between TGF-β1 and GLUT1 expression, and the analysis performed at 48 h after the 
transfection of Smad2/3 and/or Smad4 siRNAs showed that TGF-β1-mediated GLUT1 
expression was significantly reduced. This change was more significant and the 
decrease in GLUT1 expression was more substantial when the cells were transfected 
simultaneously with both siRNAs (Figure 3G and H). Finally, HSCs were sequentially 
treated with the Smad inhibitor SIS3 for 2 h and then with TGF-β1 for 4 h, resulting in 
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Figure 2 Stimulation of hepatic stellate cells with transforming growth factor-β1 induces glucose transporter 1 expression and promotes 
glycolysis. A: Serum-starved (for 20 h) primary mouse hepatic stellate cells (HSCs) were seeded into Seahorse XF-24 cell culture microplates (5 × 104 cells/well). 
The cells were first treated with transforming growth factor-β1 (TGF-β1) (3 ng/mL) for 0, 6 or 24 h, followed by sequential treatment with oligomycin (Oligo) and 
carbonyl cyanide 4-(trifluoromethoxy)phenylhydrazone (FCCP). The extracellular acidification rate (ECAR) was recorded in real time; B: The basic ECAR. n = 6; the 
mean ± SE; aP < 0.05 compared to the level before TGF-β1 treatment (0 h); unpaired t test; C and D: Mouse HSCs were treated with or without TGF-β1 (3 ng/mL) for 
24 h. The cells were then lysed, and the lactic acid contents in the cell lysate (C) and the culture medium (D) were examined; E: Determination of glucose 
consumption in the culture medium; F-I: Mouse HSCs were treated with or without TGF-β1 (3 ng/mL) for 24 h. RNA was purified, and RT-PCR was performed to 
examine the expression levels of glucose transporter 1 (GLUT1) (F), HK-2 (G), PKM-2 (H) and α-SMA (I), n = 5, the mean ± SE; aP < 0.05, bP < 0.01 and cP < 0.001 
compared with those at 0 h or those in the TGF-β1-untreated group; one-way analysis of variance (ANOVA); J: Western blot analysis of the expression levels of 
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GLUT1 and tubulin at various time points after HSCs were treated with TGF-β1 (3 ng/mL); K: Examination of the changes in GLUT1 and tubulin levels after sequential 
treatment with a type 1 TGF-β receptor inhibitor (LY2109761, 2 μm) for 1 h and then with TGF-β1 (3 ng/mL) for 0, 8 or 24 h. All experiments shown in A-E and F-I 
were performed 2-3 times. Inhi: Inhibitor; Con: Control; FCCP: Carbonyl cyanide 4-(trifluoromethoxy)phenylhydrazone; ECAR: Extracellular acidification rate; GLUT1: 
Glucose transporter 1; TGF-β1: Transforming growth factor-β1.

Figure 3 Transforming growth factor-β1 induces glucose transporter 1 expression through the Smad pathway. A and B: Serum-starved (for 20 
h) primary mouse hepatic stellate cells (HSCs) were treated with transforming growth factor-β1 (TGF-β1) (3 ng/mL) and examined at various time points. Western blot 
analysis using specific antibodies (A). Quantitative analysis of the levels of the p-Smad2 and p-Smad3 proteins in five independent experiments (B); C and D: After 
transiently transfecting HSCs with 2 μg of Smad3 and/or Smad4 expression plasmids, the cells were cultured in serum-free medium for 48 h and then treated with 
TGF-β1 (3 ng/mL) for 4 h. Green fluorescent protein (GFP) was used as a transfection control. Western blot analysis using specific antibodies (C). Quantitative 
analysis of glucose transporter 1 (GLUT1) protein expression in five independent experiments (D); E and F: HSCs were first pretreated with a Smad3 inhibitor (SIS3, 
20 μm) for 1 h and then treated with TGF-β1 (3 ng/mL) for 4 h. Western blot analysis using specific antibodies (E). Quantitative analysis of the GLUT1 protein level in 
five independent experiments (F); G and H: Mouse primary HSCs were transfected with 20 μmol/L control small interfering RNAs (siRNAs) or siRNAs targeting 
Smad2/3 and Smad4. After transfection in serum-free medium for 48 h, the cells were treated with TGF-β1 (3 ng/mL) for 4 h. Western blot analysis using specific 
antibodies (G). Quantitative analysis of the GLUT1 protein level in five independent experiments (H) (the mean ± SE; aP < 0.05, bP < 0.01 and cP < 0.001 compared 
with that in the group of cells without TGF-β1; dP < 0.05 for the comparison of the groups treated with TGF-β1 and the groups treated with TGF-β1 and different 
additional reagents; Student’s t test). GLUT1: Glucose transporter 1; TGF-β1: Transforming growth factor-β1; Con: Control; siRNAs: Small interfering RNAs.

a significant decrease in GLUT1 protein expression (Figure 3E and F). These results 
preliminarily indicate the important regulatory role of Smad proteins in TGF-β1-
mediated GLUT1 expression and suggest that Smad proteins directly participate in the 
regulation of GLUT1 by TGF-β1.

The noncanonical p38 MAPK and PI3K/AKT signaling pathways are also involved in 
TGF-β1-mediated GLUT1 induction
During fibrosis development, TGF-β1 activates not only the canonical Smad pathway 
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but also noncanonical pathways (such as the PI3K/AKT and p38 MAPK signaling 
pathways). In addition, the Smad pathway and non-Smad pathways are mutually 
dependent[28]. Therefore, we questioned whether a non-Smad pathway is involved in 
the TGF-β1-mediated induction of GLUT1. Changes in the phosphorylation levels of 
p38 and AKT in HSCs after TGF-β1 stimulation were examined to answer this 
question. Western blot analyses showed increased levels of phosphorylated p38 and 
AKT in HSCs after TGF-β1 treatment (Figure 4A-C). HSCs were pretreated with the 
specific p38 MAPK inhibitor SB203580 and the PI3K inhibitor LY294002 for 1 h and 
then induced with TGF-β1 to understand the bridging role of p38 MAPK and AKT in 
TGF-β1-mediated GLUT1 expression. Western blot analyses showed that p-AKT 
activity was significantly inhibited and that GLUT1 protein expression was 
significantly reduced (Figure 4D). S6 ribosomal protein and heat shock protein 25 
(Hsp25) are downstream proteins in the PI3K/AKT and p38 MAPK pathways, and 
their phosphorylation was also inhibited. Addition of the p38 inhibitor reduced the 
phosphorylation of the S6 protein, and the phosphorylation level of Smad2 was also 
affected; however, Smad3 was not significantly affected (Figure 4D and E). The above 
results indicate that (1) GLUT1 expression in HSCs did not rely solely on the TGF-β1-
mediated Smad pathway, i.e., the p38 MAPK and PI3K/AKT signaling pathways were 
also involved in TGF-β1-mediated GLUT1 expression, and (2) TGF-β1-mediated 
pathways did not act independently, as mutual restrictions and interactions between 
the pathways were observed. Based on the results described above, the effects of 
inhibiting the Smad3, p38 MAPK and PI3K/AKT pathways on GLUT1 expression 
were analyzed, and the simultaneous addition of inhibitors of the Smad3, p38 MAPK 
and PI3K/AKT pathways significantly reduced TGF-β1-mediated GLUT1 expression 
(Figure 4F and G). In summary, TGF-β1 requires the participation of non-Smad 
pathways to induce GLUT1 expression during HSC activation.

The effect of GLUT1 on HSC migration and proliferation
Cells were first treated with phloretin (a specific inhibitor of GLUT1) for 30 min or 
transfected with an siRNA targeting GLUT1, followed by treatment with TGF-β1 for 4 
h. The targeted inhibition of GLUT1 by phloretin and the siRNA suppressed the effect 
of TGF-β1 on the migration and proliferation of HSCs (Figure 5A, B and E). Western 
blot analyses also showed that siRNA transfection effectively inhibited TGF-β1-
induced GLUT1 expression (Figure 5C and D). Therefore, inhibition of GLUT1 
expression reverses the effect of TGF-β1 on the migration and proliferation of HSCs 
and delays the process of HSC transdifferentiation into myofibroblasts. No noticeable 
effect of the control siRNA on proliferation was identified between TGF-β1-treated 
cells and TGF-β1/siRNA-control-treated cells or between control/saline-treated cells 
and saline/siRNA-control-treated cells (Figure 5E). In addition, no obvious effect of 
siRNA interference on cell viability (Supplementary Figure 2) or the expression of 
TGF-β receptors was found (Supplementary Figure 3).

GLUT1 inhibition delays the development of liver fibrosis in a mouse model of liver 
fibrosis
In vitro experiments confirmed the importance of GLUT1 in liver fibrosis. Next, we 
examined whether inhibition of GLUT1 expression suppressed liver fibrosis in vivo. 
Phloretin, a specific inhibitor of GLUT1, was used, and its effect on CCl4-induced liver 
fibrosis was examined. After successful establishment of the CCl4-induced model, an 
i.p. injection of phloretin was administered three times a week; the intervention was 
discontinued after 2 wk. A simple technical roadmap is shown in Figure 6A. 
Compared with those in the model group, the areas of collagen fiber deposition were 
significantly reduced in the liver tissues from mice in the drug intervention group; 
these findings were confirmed by Masson’s trichrome and Sirius red staining 
(Figure 6B-D). The degree of liver inflammation was determined by performing 
serological assessments of changes in ALT and AST levels, and the results indicated 
that the degree of inflammation was significantly reduced in the drug intervention 
group (Figure 6E and F). Therefore, the in vivo results revealed that GLUT1 inhibition 
reduces CCl4-induced liver fibrosis.

DISCUSSION
In normal liver tissues, quiescent HSCs express TGF-β1 at low levels, while TGF-β1 is 
immediately upregulated after acute or chronic liver injury and interacts with multiple 
signaling pathways to induce HSC activation and proliferation and extensive ECM 

https://f6publishing.blob.core.windows.net/6e8217c5-db56-49a5-a0e2-874420aa4ac5/WJG-27-6908-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6e8217c5-db56-49a5-a0e2-874420aa4ac5/WJG-27-6908-supplementary-material.pdf
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Figure 4 The noncanonical p38 MAPK and PI3K/AKT signaling pathways are also involved in transforming growth factor-β1-mediated 
glucose transporter 1 expression. A-C: Serum-starved (for 20 h) primary mouse hepatic stellate cells (HSCs) were treated with transforming growth factor-β1 
(TGF-β1) (3 ng/mL) and examined at different time points. Western blot analysis using specific antibodies (A). Five independent experiments were performed to 
quantitatively analyze the levels of phosphorylated p38 (B) MAPK and AKT (C); D and E: HSCs cultured in serum-free medium were pretreated with the p38 MAPK 
inhibitor SB203580 (10 μm) or the PI3K inhibitor LY294002 (10 μm) for 1 h and then treated with TGF-β1 (3 ng/mL) for 4 h. Western blot analysis using specific 
antibodies (D). Quantitative analysis of the levels of glucose transporter 1 (GLUT1) and phosphorylated Smad2 and Smad3 proteins (E); F and G: HSCs cultured in 
serum-free medium were pretreated with the p38 MAPK inhibitor SB203580 (10 μm), the PI3K inhibitor LY294002 (10 μm) and the Smad inhibitor SIS3 (20 μm) for 1 
h and then treated with TGF-β1 (3 ng/mL) for 4 h. Western blot analysis using specific antibodies (F). Quantitative analysis of the GLUT1 protein level (G) (the mean 
± SE; aP < 0.05, bP < 0.01 and cP < 0.001 compared with the TGF-β1-treated group or the TGF-β1-untreated group, dP < 0.05, eP < 0.01 and fP < 0.001 for the 
comparison of the group treated with TGF-β1 and the groups treated with TGF-β1 and the corresponding inhibitors; Student’s t test). GLUT1: Glucose transporter 1; 
TGF-β1: Transforming growth factor-β1.

production[29,30]. TGF-β1 enhances aerobic glycolysis, amino acid uptake and lactic 
acid production in Ras- and Myc-transformed cells. TGF-β1 contributes to the 
metabolic reprogramming of cancer cells and tumor-associated stromal cells[31]. When 
used to replace a peritoneal dialysis solution, TGF-β1 stimulates glycolysis and inhibits 
mitochondrial respiration of mesothelial cells, thus promoting the development of 
peritoneal fibrosis[32]. Preliminary yet strong evidence supporting the importance of 
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Figure 5 The effect of glucose transporter 1 on the growth and proliferation of hepatic stellate cell. Mouse primary hepatic stellate cells (HSCs) 
were 1) pretreated with the glucose transporter 1 (GLUT1) inhibitor phloretin (50 μm) for 30 min and then treated with transforming growth factor-β1 (TGF-β1) (3 
ng/mL) for 4 h or 2) transiently transfected with small interfering RNAs that inhibited GLUT1 expression, cultured in serum-free medium for 24 h and then treated with 
TGF-β1 (3 ng/mL) for 4 h. A: Cells were seeded in serum-free medium (4 × 105 cells/well) in the upper chambers of a Transwell system. The lower chambers were 
filled with 5% glucose medium (700 μL per well). Changes in cell migration were observed. Representative images of crystal violet staining are shown; B: Quantitative 
data showing the number of migrating cells in each group; C: Western blot analysis using specific antibodies; D: Quantitative analysis of GLUT1 protein expression in 
three independent experiments; E: The effect of GLUT1 inhibition on the growth/proliferation of HSCs (mean ± SE; bP < 0.01 and cP < 0.001 compared with the group 
without TGF-β1; eP < 0.01 for the comparison of the TGF-β1-treated group with the groups subjected to TGF-β1 treatment and different interventions; Student’s t 
test). GLUT1: Glucose transporter 1; TGF-β1: Transforming growth factor-β1; siRNAs: Small interfering RNAs.

metabolic reprogramming in the activation of fibroblasts is steadily accumulating. 
Research on the mechanism of organ fibrosis also shows that TGF-β1 is related to the 
occurrence of aerobic glycolysis and mitochondrial dysfunction. The transdifferen-
tiation of resting HSCs into hepatic fibroblasts has been confirmed to be related to 
mutual transformation between glycolytic enzymes and gluconeogenic enzymes 
triggered by Hedgehog signaling[33]. Glycolysis is an important pathway of glucose 
metabolism, and GLUT1 is the most widely expressed glucose transporter in 
mammals; its expression is regulated by changes in metabolic status and oxidative 
stress. GLUT1 is also an important marker of liver carcinogenesis and metabolic liver 
diseases[34]. GLUT1-dependent glycolysis exacerbates lung fibrogenesis during 
Streptococcus pneumoniae infection via AIM2 inflammasome activation[35]. In the 
pathogenesis of diabetic glomerulosclerosis, TGF-β1 triggers GLUT1 activation by 
stretching glomerular mesangial cells. In breast cancer cells, long-term exposure to 
TGF-β1 restores GLUT1 expression and results in stable EMT and unlimited cell prolif-
eration[36,37]. Therefore, we questioned whether TGF-β1 and GLUT1 are related to 
liver fibrosis.

This study showed a significant increase in GLUT1 expression in human and mouse 
fibrotic liver tissues, which is consistent with the research results of Wan et al[24]. With 
the increase in TGF-β1 Levels, the gene expression levels of key enzymes, including 
GLUT1, in the glycolytic pathway are elevated, glucose consumption and intracellular 
lactate production are also increased, and glycolytic flux by HSCs is enhanced. As 
expected, the results of this study are consistent with those of previous studies 
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Figure 6 Glucose transporter 1 inhibition delays the development of liver fibrosis in a mouse model of liver fibrosis. A: Schematic diagram of 
the experiment. C57BL/6 mice were injected intraperitoneally with CCl4 to induce liver fibrosis. The model was successfully established after 4 wk. Among the 
treatment groups, the CCl4 + phloretin group was intraperitoneally injected with phloretin (10 mg/kg) three times a week, and the CCl4 group was injected with normal 
saline as a control. The treatments were discontinued after 2 wk; B: Mouse livers were collected, and liver tissue sections were prepared. The sections were 
subjected to Masson’s trichrome staining, Sirius red staining and alpha-smooth muscle actin (α-SMA) immunohistochemical (IHC) staining (original magnification, × 
10); C: The positive area ratio detected using Sirius red staining; D: The positive area ratio for α-SMA IHC staining; E and F: Serological analysis of ALT (E) and AST 
(F) levels (n = 5-7; the mean ± SE; scale bar, 100 μm; aP < 0.05 for the comparison between the CCl4 group and the CCl4 + phloretin group; Student’s t test). α-SMA: 
Alpha-smooth muscle actin.

assessing the mechanism of metabolic reprogramming of pulmonary fibrotic 
fibroblasts[38], indicating that TGF-β1 induces aerobic glycolysis and drives the 
occurrence of metabolic reprogramming during the process of stromal cell transdiffer-
entiation. Increased GLUT1 expression also contributes to an elevated glycolytic rate, 
increased lactic acid production and enhanced glucose-dependent metabolic pathways 
in cells. In contrast, GLUT1 expression decreased significantly after the addition of a 
TGF-β1 receptor inhibitor, indicating that GLUT1 expression is related to TGF-β1 
signaling. Experiments involving Smad overexpression, siRNA-mediated knockout 
and Smad inhibitors showed that the response of GLUT1 to TGF-β1 was at least 
partially dependent on the Smad pathway. Studies have identified a cascade of related 
pathways activated by TGF-β1. Therefore, this study attempted to verify whether non-
Smad pathways were also involved in the induction of GLUT1 expression in HSCs. 
The noncanonical PI3K/AKT and p38 MAPK pathways activated by TGF-β1 were 
examined. In colorectal cancer (CRC) cells, silencing GLUT1 expression inactivates the 
TGF-β1/PI3K/AKT signaling pathway, inhibits the proliferation of CRC cells and 
promotes apoptosis. MAPK activation by TGF-β1 may trigger GLUT1 synthesis[39,
40]. Based on the results of the present study, the simultaneous addition of specific 
inhibitors of the PI3K/AKT and p38 pathways, i.e., SB203580 and LY294002, 
respectively, reduced TGF-β1-induced GLUT1 protein expression. The addition of the 
p38 pathway inhibitor resulted in a decrease in Smad2 protein phosphorylation, 
changes in the phosphorylated AKT level and changes in the phosphorylation level of 
a protein downstream of PI3K/AKT signaling (namely, S6); therefore, we speculated 
that the p38 MAPK pathway acted as a bridge between the TGF-β1-mediated Smad 
and AKT pathways in HSCs and that reduced activation of the p38 MAPK pathway 
would inhibit the latter two pathways. In addition, the p38 MAPK pathway might 
limit Smad pathway-mediated GLUT1 expression to a certain extent. These results are 
consistent with the previously reported crosstalk between Smad and p38 MAPK in 
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Figure 7 Schematic representation of the mechanisms implicated in canonical and noncanonical transforming growth factor-β pathways 
regulating glucose transporter 1 expression. TGF-β1: Transforming growth factor-β1; GLUT1: Glucose transporter 1; MF-HSC: Myofibroblasts-hepatic 
stellate cells; α-SMA: Alpha-smooth muscle actin.

TGF-β1 signal transduction in human glioblastoma cells[41]. However, the specific 
mechanism underlying the interaction among TGF-β1 pathways in the induction of 
aerobic glycolysis in stellate cells requires further study. The significant reduction in 
GLUT1 protein expression was related to the simultaneous inhibition of the Smad3, 
p38 MAPK and PI3K signaling pathways, indicating that GLUT1 protein expression 
during stellate cell activation requires the activation and signaling of these three 
pathways. Moreover, activation of the p38 MAPK pathway might result in a certain 
synergistic effect with the Smad2/3 pathway (Figure 7).

TGF-β1 is a pleiotropic cytokine with an important role in the occurrence of liver 
fibrosis. According to previous studies, TGF-β1 signaling clearly promotes cell 
migration, matrix synthesis and HSC differentiation toward myofibroblasts. Moreover, 
the effect of TGF-β1 on fibroblast migration and proliferation depends on changes in 
the microenvironment[42]. As shown in the present study, TGF-β1 promoted the 
proliferative and migratory capabilities of HSCs, functions that are hallmarks of cell 
transformation. The addition of a pharmacological inhibitor of GLUT1 activity 
(phloretin, an effective GLUT1 inhibitor capable of inhibiting bleomycin-induced 
pulmonary fibrosis in vivo[43]) and silencing of the GLUT1 gene eliminated TGF-β1-
induced proliferation, growth and migration. Finally, a GLUT1 inhibitor was used in 
in vivo experiments, and the degree of mouse liver fibrosis improved, collagen fiber 
deposition decreased, and the degree of inflammation decreased. Given the 
importance of GLUT1, the experimental results revealed that GLUT1 is involved in 
aerobic glycolysis during HSC activation and that aerobic glycolysis is a response to 
TGF-β1 signaling mediated by the Smad, PI3K/AKT and p38 MAPK pathways.

CONCLUSION
In summary, TGF-β1-induced GLUT1 expression may be one of the mechanisms 
involved in the reprogramming of HSCs, providing an expanded basis and new 
insights for the mechanism of action of TGF-β1 in metabolic reprogramming during 
liver fibrosis. GLUT1 plays an important role in aerobic glycolysis in HSCs and in 
promoting cell proliferation and transformation. GLUT1 inhibition may be an 
alternative therapy to the current traditional treatments for liver fibrosis. However, the 
extent to which GLUT1 inhibition contributes to elimination of the profibrotic effect of 
TGF-β1 and the specific molecular mechanisms of the interaction between the two may 
require verification using approaches combining proteomics and single-cell 
sequencing, which may be an attractive research direction in the future.
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ARTICLE HIGHLIGHTS
Research background
Liver fibrosis is a refractory disease that develops progressively and eventually 
evolves into liver cirrhosis or even liver cancer. Hepatic stellate cell (HSC) activation is 
the initiating factor for liver fibrosis, while aerobic glycolysis is one of the main 
metabolic characteristics. Transforming growth factor-β1 (TGF-β1) is the most 
important profibrotic factor in HSCs, and TGF-β1 drives metabolic reprogramming. 
Glucose transporter 1 (GLUT1) is the most widely distributed glucose transporter in 
mammals and is related to glycolytic metabolism. However, the role of GLUT1 in liver 
fibrosis and the relationship between GLUT1 and TGF-β1 remain unclear and require 
further investigation.

Research motivation
The results of this study might provide a basis for the application of GLUT1 in the 
treatment of liver fibrosis and provide an expanded basis for understanding the 
mechanism of action of TGF-β1 in metabolic reprogramming during liver fibrosis.

Research objectives
This study examined changes in GLUT1 expression in human and mouse fibrotic liver 
tissues and differences in extracellular acid production and in the expression levels of 
key glycolytic enzymes and GLUT1 during HSC activation induced by TGF-β1-related 
pathways. In addition, this study further explored the relationship between TGF-β1 
pathways and GLUT1 expression and the potential underlying molecular mechanisms.

Research methods
IHC was employed to examine changes in GLUT1 expression in human and mouse 
fibrotic liver tissues. Immunofluorescence staining was performed to examine changes 
in GLUT1 and alpha-smooth muscle actin (α-SMA) expression in mouse fibrotic liver 
tissue. Primary mouse stellate cells were isolated. After activation of the cells by TGF-β
1 stimulation, changes in extracellular acid production, key glycolytic enzymes and 
glucose consumption were examined. In addition, changes in GLUT1 expression were 
explored by activating/inhibiting the Smad2/3 pathway and inhibiting the expression 
of proteins related to the p38 and PI3K/AKT pathways. Finally, in mice with liver 
fibrosis, the effect of a GLUT1 inhibitor on liver fibrosis was investigated by 
performing Masson’s trichrome staining and Sirius red staining and analyzing 
serological inflammatory markers.

Research results
The expression of the GLUT1 protein was increased in both mouse and human fibrotic 
liver tissue.immunofluorescence staining revealed the colocalization of GLUT1 and α-
SMA proteins, indicating that GLUT1 expression was related to the development of 
liver fibrosis. TGF-β1 induced an increase in aerobic glycolysis in HSCs and induced 
GLUT1 expression in HSCs by activating the canonical and noncanonical signaling 
pathways. The p38 MAPK pathway and the Smad pathway synergistically affected the 
induction of GLUT1 expression. GLUT1 inhibition eliminated the effect of TGF-β1 on 
the proliferation and migration of HSCs. A GLUT1 inhibitor was administered to a 
mouse model of liver fibrosis, and GLUT1 inhibition reduced the degree of liver 
inflammation.

Research conclusions
GLUT1 expression was upregulated in liver fibrosis, and the underlying mechanism 
was related to activation of the Smad2/3, p38 and PI3K/AKT pathways by TGF-β1, 
which directly induced GLUT1 expression and promoted glycolysis. GLUT1 inhibition 
eliminated TGF-β1-induced HSC activation, proliferation and migration, and GLUT1 
inhibition exerted an antifibrotic effect.

Research perspectives
The results of this study reveal that the TGF-β1 pathway directly induces GLUT1 
expression and aerobic glycolysis, thus promoting liver fibrosis. This study prelim-
inarily clarified the mechanism underlying the interaction between TGF-β1 and 
GLUT1 in liver fibrosis, thus providing a deeper understanding of the mechanism of 
liver fibrosis and providing guidance for the selection of targets to treat liver fibrosis. 
The results from this study indicate that GLUT1 inhibitors may have certain 
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prospective applications as therapeutic drugs for liver fibrosis.
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Abstract
BACKGROUND 
Quantitative hepatitis B core-related antigen (qHBcrAg) has a better correlation 
with intrahepatic hepatitis B virus (HBV) covalently closed circular DNA 
(cccDNA) than HBV DNA or hepatitis B e antigen (HBeAg), but data are still 
lacking for its clinical application.

AIM 
The aim was to investigate serum qHBcrAg levels in patients with chronic 
hepatitis B and assess the correlation of serum qHBcrAg with pregenomic RNA 
(pgRNA), cccDNA, and HBeAg seroconversion.

METHODS 
This study was a secondary analysis of patients who underwent percutaneous 
liver biopsy between July 2014 and June 2019 in two multicenter randomized 
controlled clinical trials of peginterferon vs nucleos(t)ide analog (NUC)-based 
therapy (NCT03509688 and NCT03546530). Serum qHBcrAg, pgRNA, HBV DNA, 
hepatitis B core antigen, HBeAg, liver cccDNA, and HBV DNA were measured. 
The correlations of serum qHBcrAg with other biomarkers were analyzed.

RESULTS 
A total of 139 patients were included. The mean qHBcrAg levels were 5.32 ± 1.18 
log10 U/mL at baseline and decreased during treatment (all P < 0.0001). Serum 
qHBcrAg levels were positively correlated with pgRNA (r = 0.597, P < 0.0001) and 
cccDNA (r = 0.527, P < 0.0001) levels. The correlation of serum qHBcrAg level and 
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intrahepatic HBV DNA levels at baseline was weak but significant (r = 0.399, P < 
0.0001). HBcrAg predicted HBeAg seroconversion, with areas under the receiver 
operating characteristics curve of 0.788 at 24 wk and 0.825 at 48 wk. Log HBcrAg 
at wk 24 and 48 was independently associated with HBeAg seroconversion [odds 
ratio (OR) = 2.402, 95% confidence interval (CI): 1.314-4.391, P = 0.004; OR = 3.587, 
95%CI: 1.315-9.784, P = 0.013].

CONCLUSION 
Serum HBcrAg levels were correlated with HBV virological markers and could be 
used to predict HBeAg seroconversion.

Key Words: Hepatitis B virus; Hepatitis B core antigen; Hepatitis B virus DNA; Detection; 
Liver biopsy; Pregenomic RNA; Quantitative hepatitis B core-related antigen; Receiver 
operating characteristic; Seroconversion; Correlation
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Core Tip: The mean quantitative hepatitis B core-related antigen (qHBcrAg) levels 
were decreased post treatment. Serum qHBcrAg levels were positively associated with 
pregenomic RNA and covalently closed circular DNA levels. qHBcrAg predicted 
hepatitis B e antigen (HBeAg) seroconversion with an area under the receiver ope-
rating characteristics curve of 0.788 at 24 wk and 0.825 at 48 wk. Log qHBcrAg at wk 
24 and wk 48 was independently associated with HBeAg seroconversion (odds ratio = 
2.402, 95% confidence interval: 1.314-4.391, P = 0.004; odds ratio = 3.587, 95% 
confidence interval: 1.315-9.784, P = 0.013, respectively).

Citation: Chi XM, Wang XM, Wang ZF, Wu RH, Gao XZ, Xu HQ, Ding YH, Niu JQ. Serum 
hepatitis B core-related antigen as a surrogate marker of hepatitis B e antigen seroconversion in 
chronic hepatitis B. World J Gastroenterol 2021; 27(40): 6927-6938
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6927.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6927

INTRODUCTION
Chronic hepatitis B (CHB) is a liver disease caused by a chronic infection with the 
hepatitis B virus (HBV) and is potentially life-threatening. CHB is a global health 
problem that affects about 250 million people worldwide, with a prevalence of < 2% in 
the United States and other Western countries and > 5% in East Asia, Southeast Asia, 
and sub-Saharan Africa[1-3]. The disease is particularly endemic in China, where there 
are about 84 million individuals infected with HBV[4], with a prevalence as high as 
6.3% in some rural areas[5]. All-cause mortality associated with HBV infection is about 
6%-8%, and 15%-40% of untreated patients with CHB develop serious conditions such 
as cirrhosis and hepatocellular carcinoma[3,6].

The HBV genome exists in the nuclei of infected hepatocytes as a 3.2-kb double-
stranded episomal DNA called covalently closed circular DNA (cccDNA). cccDNA is a 
key component in the HBV life cycle since it is the template for all viral genomic and 
subgenomic transcripts, including pregenomic RNA (pgRNA), and its level is 
correlated with the proliferative potential of HBV[7]. cccDNA serves as the template 
for pgRNA production, which is the main step in HBV replication[7]. The control of 
intrahepatic levels of HBV cccDNA and/or controlling the transcriptional activity of 
cccDNA are critical to prevent the occurrence of decompensated cirrhosis and hepato-
cellular carcinoma, which is the ultimate goal of anti-HBV therapies[8,9]. Hence, 
changes in the intrahepatic level of cccDNA can be used to monitor the efficacy of 
antiviral therapies and evaluate the possibility of viral rebound after stopping 
treatment[10-12]. The direct method to measure liver cccDNA levels is liver biopsy, 
but it is an invasive procedure not easily accepted by the patients[13]. Therefore, 
searching for surrogate indicators of intrahepatic HBV cccDNA is important to 
optimize patient management and quality of life.

http://creativecommons.org/Licenses/by-nc/4.0/
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Although sustained serum HBV DNA suppression and hepatitis B e antigen 
(HBeAg) seroconversion are associated with disease remission[8], their performance in 
reflecting the changes in intrahepatic cccDNA is poor[14,15]. Hepatitis B core-related 
antigen (HBcrAg) is an emerging marker of HBV DNA suppression[16,17]. HBcrAg 
consists of hepatitis B core antigen (HBcAg), HBeAg, and p22cr. HBcAg and HBeAg 
share the first 149 amino acids (aa) encoded by the core gene, overlapping the -10 to 
183 aa region[18]. A study showed that quantitative HBcrAg (qHBcrAg) better reflects 
intrahepatic cccDNA levels than HBV DNA or HBeAg[15]. In addition, intrahepatic 
cccDNA can be determined with an enzyme immunoassay for HBcrAg[19,20]. Ne-
vertheless, HBcrAg is still not widely used by clinicians worldwide because not 
enough data are currently available.

Therefore, this study aimed to investigate the serum qHBcrAg levels of patients 
with CHB and assess the correlation of serum qHBcrAg with pgRNA, cccDNA, and 
HBeAg seroconversion. The results will add to the sparse literature about qHBcrAg 
and could eventually lead to its wider use in the clinical setting.

MATERIALS AND METHODS
Study design and patients
This study was a secondary analysis of a cohort of patients who underwent per-
cutaneous liver biopsy at baseline and after 48 wk of therapy between July 2014 and 
June 2019 during their participation in two multicenter randomized controlled clinical 
trials of peginterferon (Peg-IFN) or nucleos(t)ide analog (NUC)-based therapy. The 
study was approved by the ethics committee of the First Hospital of Jilin University. 
Informed consent was obtained from each patient for the original trials, with clauses 
for possible secondary analyses. The original studies were registered (ClinicalTrials. 
gov NCT03509688 and NCT03546530).

All patients were diagnosed with CHB according to the criteria of detectable HBV 
DNA ≥ 105 IU/mL, alanine aminotransferase (ALT) 1.5-10 times the upper limit of 
normal, and HBeAg positivity[3,6]. The inclusion criteria were: (1) Diagnosis of CHB; 
(2) Treatment with Peg-IFN or NUC-based therapy for at least 48 wk; and (3) Available 
serum samples and liver specimens at baseline and 48 wk. The exclusion criteria were: 
(1) A history of hepatitis C virus or hepatitis D virus infection; (2) Human immunode-
ficiency virus; (3) Inflammatory diseases such as rheumatoid arthritis, diabetes, auto-
immune hepatitis, hypertension, or kidney disease; or (4) Recent infectious disease.

Treatment
The treatment regimens followed the clinical practice guidelines OF the Asian-Pacific 
Association for the Study of the Liver on the management of hepatitis B[21]. In one of 
the original trials, the patients received entecavir (ETV) (Cosunter Pharmaceutical, 
China) 0.5 mg once daily po for 144 wk with/without resveratrol 1000 mg once daily 
for 48 wk or thymosin α1 twice-weekly sc for 24 wk. In the other trial, the patients 
received interferon (IFN, Kawin Technology, China) 1.5 μg/kg per week sc for 48 wk 
with/without resveratrol 1000 mg once daily for 48 wk. The patients who underwent 
liver biopsy before and after 48 wk of treatment were included in the present study. In 
the two trials, 139 patients completed 48 wk treatment with both biopsies (Figure 1). In 
each original trial[22-24], the patients were randomly assigned to the trial drugs.

Quantitative serum HBcrAg assay
The quantification of HBcrAg was performed using a fully automated Lumipulse 
chemiluminescence enzyme immunoassay analyzer (Fujirebio Inc., Tokyo, Japan) 
according to the manufacturer’s instructions. Serum was pretreated with sodium 
dodecyl sulfate and incubated with monoclonal antibodies against denatured HBcAg 
and HBeAg. After washing and incubation with secondary antibodies, the concen-
trations of HBcrAg were determined by relative chemiluminescence intensity and 
compared with a standard curve. Because the general analytic measurement range of 
the assay was between 1000 U/mL (3 log10 U/mL) and 10000000 U/mL (7 log10 U/mL), 
serial dilutions of the serum sample were needed when the serum qHBcrAg level was 
above the detection limit of the assay.

Biochemistry and other indicators
Fasting venous blood was centrifuged at 4000 rpm for 10 min to obtain serum. All 
laboratory assessments were performed at baseline and weeks 4, 12, 24, 48, and 96. 
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Figure 1 Patient flowchart. NUC: Nucleos(t)ide analog; Peg-IFN: Peginterferon.

HBV DNA was detected by quantitative polymerase chain reaction (PCR) using the 
Roche COBAS AmpliPrep/COBAS TaqMan system (Roche Diagnostics, Basel, 
Switzerland). The lowest detection limit was 20 IU/mL. Hepatitis B surface antigen 
(HBsAg), anti-HBs, HBeAg, anti-HBe, and anti-HBc were detected by chemilumin-
escence microparticle immunoassays using the Architect i2000SR platform and Abbott 
Architect reagents (Abbott Laboratories, Abbott Park, IL, United States). Serum HBsAg 
levels were measured with a dynamic range of 0-250 IU/mL. If qHBsAg levels were > 
250 IU/mL, the samples were retested with a stepwise dilution of 1:10,000. ALT and 
aspartate aminotransferase were measured at each participating medical site. ALT, 
HBsAg, HBeAg, and HBV DNA were directly detected immediately at each time 
point. The HBV genotype was determined at screening. HBV pgRNA was measured at 
Peking University Health Science Center (Beijing, China), as previously described[25]. 
HBV genotypes were determined by real-time PCR with Taqman probe technology 
(Shanghai ZJ Bio-Tech, Shanghai, China). A FibroScan system was used to measure 
liver stiffness (Echosens, Paris, France).

Intrahepatic indicators
All patients in this study underwent liver biopsy before treatment and after 48 wk of 
treatment. The remaining liver tissue was stored in liquid nitrogen. Quantitative 
intrahepatic cccDNA was detected by PCR-fluorescent probing (SUPBIO Biotech-
nology, Beijing, China) following the manufacturer’s instructions. Intrahepatic HBV 
DNA was detected by quantitative PCR using the Roche COBAS AmpliPrep/COBAS 
TaqMan system (Roche Diagnostics, Basel, Switzerland).

Statistical analyses
Continuous data were expressed as means ± SD and analyzed using Student’s t-test or 
Mann-Whitney U-test, as appropriate based on the results of the Kolmogorov-Smirnov 
test. Intragroup analyses were performed using the paired ˆ-test or repeated-measure 
analysis of variance. Categorical variables were reported as numbers and percentages 
(%) and analyzed using Fisher’s exact test. The correlation between two continuous 
variables was analyzed using Spearman’s bivariate correlation, with a two-tailed 
significance level of P < 0.01. Receiver operating characteristic (ROC) curves were 
generated to compare the relative sensitivity and specificity of HBcrAg as a predictor 
of HBeAg seroconversion. A multivariable logistic regression model was used to 
determine whether the level of HBcrAg was a risk factor of HBeAg seroconversion. 
Otherwise, two-tailed P values of < 0.05 were considered statistically significant in all 
analyses. The statistical analysis were performed with SPSS 18.0 (IBM, Armonk, NY, 
United States).
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RESULTS
Patient Characteristics
From the two original trials, 139 patients were eligible (Table 1). Among them, 69.1% 
were men, and 30.9% were women. There were more patients with HBV genotype C 
(79.9%) than B (20.1%). At baseline, the mean levels of intrahepatic HBV cccDNA were 
26.65 ± 11.03 copies/cell. The mean levels of serum HBV DNA and HBsAg were 7.59 ± 
1.05 log10 IU/mL and 3.81 ± 0.69 log10 IU/mL, respectively. The detailed baseline 
characteristics of the patients in the ETV and Peg-IFN cohorts are shown in Supple-
mentary Table 1. The patients in the Peg-IFN cohort were younger than those in the 
ETV cohort (P = 0.045); there were no significant differences in the other character-
istics.

Serum HBcrAg distribution
The serum qHBcrAg levels were different among the 139 patients with different 
phases of HBV infection and treatment. Indeed, the levels of qHBcrAg were 2.30-7.80 
log10 U/mL. The mean levels were 5.24 ± 1.07 log10 U/mL in the ETV group 
(Figure 2A) and 5.38 ± 1.22 in the Peg-IFN group (Figure 2B) at baseline. The mean 
levels of qHBcrAg were 5.32 ± 1.18 log10 U/mL at baseline and 3.50 ± 1.31 log10 U/mL 
at week 48, showing decreases at each time point after treatment initiation (all P < 
0.0001. Figure 2A-C), and there were no differences between the two groups (P = 
0.6291, Figure 2D).

Comparison of the changes in qHBcrAg with other markers during treatment
Among the 139 patients, the serum qHBcrAg levels were positively correlated with 
cccDNA (r = 0.527, P < 0.0001; r = 0.323, P = 0.0001) and pgRNA (r = 0.597, P < 0.0001; r 
= 0.592, P = 0.0001) levels before and after treatment (Figure 3A and B). The correlation 
of serum qHBcrAg levels and intrahepatic HBV DNA levels was statistically sig-
nificant at week 0 (r = 0.399, P < 0.0001, Figure 3A) and at week 48 (r = 0.213, P = 0.001) 
(Figure 3B). The serum qHBcrAg levels and FibroScan score weakly correlated (r = 
−0.278, P = 0.0099) (Supplementary Figure 1). Correlations were also observed bet-
ween serum HBsAg (r = 0.514, P < 0.0001) and HBeAg (r = 0.744, P < 0.0001), but there 
was no significant correlation with HBcAb (r = −0.151, P = 0.0758) (Supplementary 
Figure 1).

Correlation between serum HBsAg and cccDNA
Serum HBsAg was weakly correlated with cccDNA levels at baseline (r = 0.265, P < 
0.001) and week 48 (r = 0.141, P = 0.092; Figure 4A and B). The correlation between 
HBsAg and cccDNA levels at week 48 was weak in both treatment cohorts (Figure 4C 
and D).

Performance of HBcrAg levels for HBeAg negative conversion prediction
The levels of serum HBcrAg were significantly lower in patients with HBeAg 
conversion compared with those without (Figure 5A). The area under the ROC curve 
of HBcrAg levels for the prediction of HBeAg seroconversion was 0.643 [95% con-
fidence interval (CI): 0.484-0.802, P = 0.072], 0.750 (95%CI: 0.629-0.872, P = 0.002), 0.794 
(95%CI: 0.679-0.908, P < 0.001), and 0.825 (95%CI: 0.738-0.913, P < 0.001) at baseline, 12, 
24, and 48 wk, respectively (Figure 5B). At baseline, the best cutoff of HBcrAg was 5.29 
log10 U/mL, with 73.3% sensitivity and 66.5% specificity for predicting HBeAg sero-
conversion. At 12 wk, the cutoff of HBcrAg was 3.22 log10 U/mL, with 66.7% sen-
sitivity and 78.2% specificity. At 24 wk, the cutoff of HBcrAg was 3.00 log10 U/mL, 
with 86.7% sensitivity and 74.8% specificity. At 48 wk, the cutoff of HBcrAg was 2.68 
log10 U/mL, with 80.0% sensitivity and 78.6% specificity. In the multivariable model of 
HBeAg seroconversion, Log10 HBcrAg at weeks 24 and 48 was independently asso-
ciated with HBeAg [odds ratio (OR) = 2.402, 95%CI: 1.314-4.391, P = 0.004; OR = 3.587, 
95%CI: 1.315-9.784, P = 0.013].

DISCUSSION
qHBcrAg better represents intrahepatic levels of HBV cccDNA than HBV DNA or 
HBeAg[19,20,26], but data are still lacking in support of its wide clinical application. 
Therefore, this study aimed to investigate serum qHBcrAg levels in patients with CHB 
and assess the correlation of serum qHBcrAg with pgRNA and cccDNA. As expected, 

https://f6publishing.blob.core.windows.net/10f0376a-eac6-401d-92d1-348e70c8a0e2/WJG-27-6927-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10f0376a-eac6-401d-92d1-348e70c8a0e2/WJG-27-6927-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10f0376a-eac6-401d-92d1-348e70c8a0e2/WJG-27-6927-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10f0376a-eac6-401d-92d1-348e70c8a0e2/WJG-27-6927-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/10f0376a-eac6-401d-92d1-348e70c8a0e2/WJG-27-6927-supplementary-material.pdf
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Table 1 Baseline characteristics of the patients

Characteristic n = 139

Age, yr, median (range) 30.4 (19-62)

Sex (male/female, %) 96/43 (69.1/30.9)

HBV genotype, n (%)

B 28 (20.1)

C 111 (79.9)

ALT, U/mL, mean ± SD 174.07 ± 119.82

Serum HBV DNA, log10 IU/mL, mean ± SD 7.59 ± 1.05

Serum pgRNA, log10 copies/mL, mean ± SD 7.82 ± 1.17

ihHBV cccDNA, copies/cell 26.65 ± 11.03

ihHBV DNA, copies/cell 385.13 ± 86.09

Serum HBsAg, log10 IU/mL, mean ± SD 3.81 ± 0.69

Serum HBeAg, log10 S/CO, mean ± SD 2.49 ± 0.82

HBcrAg, log10 U/mL, mean ± SD 5.32 ± 1.18

ALT: Alanine transaminase; cccDNA: Covalently closed circular DNA; HBcrAg: Hepatitis B core-related antigen. HBeAg: Hepatitis B e antigen; HBsAg: 
Hepatitis B surface antigen; HBV: Hepatitis B virus; ihHBV: Intrahepatic hepatitis B virus.

Figure 2 Time-dependent distribution of serum quantitative hepatitis B core-related antigen in patients with chronic hepatitis B and 
treated with different regimens. A: Changes in hepatitis B core-related antigen (HBcrAg) levels during treatment in the entecavir group; B: Changes in HBcrAg 
levels during treatment in the peginterferon group; C: Changes in HBcrAg levels during treatment in all patients; D: Comparison of the decrease in HBcrAg levels from 
baseline to week 48 between the entecavir and peginterferon groups. cP < 0.0001. HBcrAg: Hepatitis B core-related antigen; IFN: Interferon.

serum qHBcrAg was significantly and positively associated with the intrahepatic 
levels of cccDNA in CHB, and the association was stronger than the correlation 
between serum qHBsAg and intrahepatic cccDNA. Furthermore, antiviral therapy 
reduced the serum levels of HBcrAg and HBV DNA and the intrahepatic levels of 
cccDNA. The results suggest that serum HBcrAg levels correlate with HBV virological 
markers and could be used to predict CHB treatment outcomes, especially HBeAg 
seroconversion.
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Figure 3 Correlation of serum quantitative hepatitis B core-related antigen with covalently closed circular DNA, pregenomic RNA, serum, 
and intrahepatic hepatitis B virus DNA level. A: In all patients at baseline; B: In all patients at week 48; C: Entecavir at week 48; D: Peginterferon at week 48. 
cccDNA: Covalently closed circular DNA; ETV: Entecavir; HBV: Hepatitis B virus; IFN: Interferon. pgRNA: Pregenomic RNA.

Serum levels of HBV DNA have been considered for many decades as a marker of 
the intrahepatic levels of cccDNA in untreated patients with CHB, but not when they 
are under treatment with NUCs. Indeed, under treatment, the decrease of the in-
trahepatic levels of cccDNA was not proportional to the steep decrease of the serum 
levels of HBV DNA[19,20]. Therefore, more reliable biomarkers were sought, and 
HBcrAg was found to be a potential additional biomarker of HBV infection, with a 
good correlation with intrahepatic levels of cccDNA[19,25,26]. HBcrAg was also 
suggested to be a reliable surrogate of cccDNA in two previous studies, as qHBcrAg 
was strongly correlated with intrahepatic cccDNA (r = 0.929 and 0.70, respectively), 
which is superior to that of qHBsAg and HBV DNA[27,28]. Hence, this study first 
aimed to investigate the correlation between the serum levels of qHBcrAg and the 
intrahepatic levels of cccDNA during CHB in Chinese patients. It showed that 
qHBcrAg was correlated with cccDNA before and after 48 wk of treatment, and the 
findings are supported by two previous studies[14,29]. HBcrAg more effectively 
represents cccDNA levels because HBcrAg includes three proteins: HBeAg, p22cr, and 
HBsAg. HBeAg is secreted by hepatocytes, p22cr represents empty virions, and 
HBsAg represents both empty virions and viable Dane particles[30]. Therefore, 
HBcrAg comprehensively encompasses the whole process of viral replication from 
cccDNA.

Of importance, decreases of the serum HBcrAg level were positively associated with 
decreases of the intrahepatic levels of cccDNA, even under therapy. Hence, the serum 
levels of HBcrAg could be a biomarker for the intrahepatic levels of cccDNA. In 
addition, because the changes in HBcrAg parallel those of intrahepatic cccDNA during 
treatment, it might be a better long-term prognostic indicator of CHB outcomes than 
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Figure 4 Correlation of serum hepatitis B surface antigen with covalently closed circular DNA. A: Correlation between serum hepatitis B surface 
antigen (HBsAg) and intrahepatic covalently closed circular DNA (cccDNA) at baseline; B: Correlation between serum HBsAg and intrahepatic cccDNA and at week 
48; C: Correlation between cccDNA and HBsAg levels at weeks 48 in the entecavir cohort; D: Correlation between cccDNA and HBsAg levels at weeks 48 in the 
interferon cohort. HBsAg: Hepatitis B surface antigen; cccDNA: Covalently closed circular DNA.

Figure 5 Hepatitis B core-related antigen prediction of hepatitis B e antigen seroconversion at 48 wk. A: Concentration of hepatitis B core-related 
antigen (HBcrAg) at different times in the two groups of hepatitis B e antigen (HBeAg) seroconversion; B: Receiver operating characteristic curve analysis of HBcrAg 
to predict HBeAg seroconversion. HBcrAg: Hepatitis B core-related antigen; HBeAg: Hepatitis B e antigen; ROC: Receiver operating characteristic; W: Week.

other biomarkers (i.e. serum HBV DNA and HBeAg). HBcrAg levels are determined 
by the transcription level of cccDNA. Therefore, decline of the HBcrAg levels with 
NUCs is slower than the decline of the serum levels of HBV DNA in patients. The 
slower decline might also explain why the serum levels of HBcrAg were positively 
correlated with the intrahepatic levels of cccDNA, either before or after ETV treatment.
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In addition, the levels of serum qHBcrAg were higher in this study than in a 
previous study[31], which might have been the result of the high proportion of 
HBeAg-positive patients in this study. Considering that viral replication and host 
immune responses can be influenced by the HBV genotype, the distribution of the 
serum levels of HBcrAg was examined between patients carrying the HBV genotypes 
B and C, but the difference was not statistically significant. HBcrAg is a pre-core 
protein encoded by the pre-core/core regions of the HBV genome. Hence, the 
production of HBcrAg is not affected by the promoters found in the S region[18], 
possibly explaining the similar distribution of HBcrAg between the genotypes.

The serum levels of qHBsAg reflect the intrahepatic levels of cccDNA[19,20]. Still, in 
this study, the correlation between qHBsAg and intrahepatic cccDNA was weaker 
than the correlation between serum qHBcrAg and intrahepatic cccDNA, both without 
and under treatment. Most patients with HBsAg loss or seroconversion still had 
detectable levels of intrahepatic cccDNA and HBV DNA. Thus, according to the 
currently available evidence, serum levels of qHBcrAg could be more appropriate than 
HBsAg as a biomarker of the intrahepatic levels of cccDNA, but that needs to be 
confirmed in larger studies. The predictive value of qHBcrAg for HBeAg serocon-
version was the best at 24 and 48 wk. That could be because baseline qHBcrAg is not 
predictive of the response to treatment, and that 12 wk is too early to observe a proper 
response. Additional studies are necessary to determine the best timing of qHBcrAg 
measurement for the prognosis of CHB. Nevertheless, qHBcrAg levels at the other 
time points were still associated with HBeAg seroconversion, as observed in previous 
studies[32-35]. HBsAg and HBeAg each represent only a part of the process of HBV 
production and assembly, and that could explain why they have a lower prognostic 
value, especially HBsAg at 48 wk[30].

The study has limitations. It was a secondary analysis of patients from two different 
trials with two different antiviral treatments and different regimens. Not all patients 
underwent two biopsies, leading to a selection bias and a small sample size. Im-
portantly, a biopsy was performed at 48 wk in both studies. Still, the patients were 
followed for up to 144 wk in the ETV group and 96 wk in the Peg-IFN group, but the 
patients were only treated with Peg-IFN for 48 wk, and the long-term changes in 
HBcrAg are unknown. HBV genotype D is very rare in China and was not included in 
the two trials. Therefore, future studies should address those points.

CONCLUSION
Serum qHBcrAg levels were correlated with the intrahepatic levels of cccDNA in 
patients with CHB and might be an acceptable surrogate marker for cccDNA. HBcrAg 
levels correlated with HBV virological markers and could be used to predict CHB 
treatment outcomes, especially HBeAg seroconversion. Hence, serum qHBcrAg might 
be used in the clinical setting for monitoring intrahepatic HBV status and determining 
the long-term prognosis of patients with CHB.
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ARTICLE HIGHLIGHTS
Research background
Quantitative hepatitis B core-related antigen (qHBcrAg) had a better correlation with 
intrahepatic hepatitis B virus (HBV) covalently closed circular DNA (cccDNA) than 
either HBV DNA or hepatitis B e antigen (HBeAg).

Research motivation
Data are still lacking for the widespread clinical application of qHBcrAg.
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Research objectives
This study aimed to investigate the serum qHBcrAg levels in patients with chronic 
hepatitis B (CHB) and to assess the correlation of serum qHBcrAg with pregenomic 
RNA (pgRNA), cccDNA, and HBeAg seroconversion.

Research methods
This was a secondary analysis of patients who underwent percutaneous liver biopsy in 
two multicenter, randomized, controlled clinical trials. Serum qHBcrAg, pgRNA, HBV 
DNA, hepatitis B core antigen, and HBeAg and liver cccDNA, and HBV DNA were 
measured. The correlations of serum qHBcrAg with other biomarkers were tested.

Research results
Serum qHBcrAg levels were positively associated with pgRNA (r = 0.597, P < 0.0001) 
and cccDNA (r = 0.527, P < 0.0001) levels. HBcrAg predicted HBeAg seroconversion, 
with an area under the receiver operating characteristics curve of 0.788 at 24 wk and 
0.825 at 48 wk.

Research conclusions
Serum HBcrAg levels correlated with HBV virological markers and could be used to 
predict HBeAg seroconversion.

Research perspectives
Serum qHBcrAg might be used in the clinical setting to monitor intrahepatic HBV 
status and determine the long-term prognosis of patients with CHB.
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Abstract
BACKGROUND 
When Echinococcus multilocularis infects humans as a false intermediate host, 
alveolar echinococcosis (AE) usually manifests primarily intrahepatically and is 
initially asymptomatic. If the disease remains undiagnosed and untreated, 
progressive growth occurs, reminiscent of malignant tumours. The only curative 
therapy is complete resection, which is limited to localised stages, and palliative 
drug therapy is used otherwise. Consequently, early diagnosis and reliable detec-
tion of AE lesions are important. For this reason, abdominal ultrasonography, as 
the most common primary imaging for AE, relies on classification systems.

AIM 
To investigate how hepatic AE lesion sonomorphology changes over time in the 
Echinococcosis Multilocularis Ulm Classification (EMUC)-ultrasound (US) classi-
fication.

METHODS 
Based on data from Germany’s national echinococcosis database, we evaluated 
clinical and US imaging data for 59 patients according to the AE case definition in 
our preliminary retrospective longitudinal study. There had to be at least two 
liver sonographies ≥ 6 mo apart, ≥ 1 hepatic AE lesion, and complete documen-
tation in all US examinations. The minimum interval between two separately 
evaluated US examinations was 4 wk. The AE reference lesion was the largest 
hepatic AE lesion at the time of the first US examination. To classify the sonomor-
phologic pattern, we used EMUC-US. In addition to classifying the findings of the 
original US examiner, all reference lesions at each examination time point were 
assigned EMUC-US patterns in a blinded fashion by two investigators 
experienced in US diagnosis. Statistical analysis was performed using SAS version 
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9.4 (SAS Institute Inc., Cary, NC, United Stated). P values < 0.05 were considered 
statistically significant.

RESULTS 
The preliminary study included 59 patients, 38 (64.5%) women and 21 (35.6%) 
men. The mean age at initial diagnosis was 59.9 ± 16.9 years. At the time of initial 
ultrasonography, a hailstorm pattern was present in 42.4% (25/59) of cases, a 
hemangioma-like pattern in 16.9% (10/59), a pseudocystic pattern in 15.3% (9/59), 
and a metastasis-like pattern in 25.4% (15/59). For the hailstorm pattern, the 
average lesion size was 67.4 ± 26.3 mm. The average lesion size was 113.7 ± 40.8 
mm with the pseudocystic pattern and 83.5 ± 27.3 mm with the hemangioma-like 
pattern. An average lesion size of 21.7 ± 11.0 mm was determined for the 
metastasis-like pattern. Although the sonomorphologic pattern remained 
unchanged in 84.7% (50/59) of AE reference lesions, 15.3% (9/59) showed a 
change over time. A change in pattern was seen exclusively for AE lesions initially 
classified as hemangioma-like or pseudocystic. A total of 70% (7/10) of AE lesions 
initially classified as hemangioma-like showed a relevant change in pattern over 
time, and 85.7% (6/7) of these were secondarily classified as having a hailstorm 
pattern, with the remainder (1/7; 14.3%) classified as having a pseudocystic 
pattern. A total of 22.2% (2/9) of AE lesions initially classified as pseudocystic 
showed a relevant change in pattern over time and were classified as having a 
hailstorm pattern. For AE lesions initially classified as having a hailstorm or 
metastatic pattern, no pattern change was evident. All patients with pattern 
change were on continuous drug therapy with albendazole.

CONCLUSION 
The sonomorphology of hepatic AE lesions may change over time. The heman-
gioma-like and pseudocystic patterns are affected.

Key Words: Alveolar echinococcosis; Echinococcus multilocularis; Ultrasonography; 
Sonomorphology; Pattern change

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Alveolar echinococcosis is potentially fatal. In approximately 98% of cases, it 
manifests in the liver, similar to a primary malignant or metastatic tumour. The 
sonomorphological appearance of the disease is varied and easily confused with other 
differential diagnoses. Sonography is the most important tool in diagnostics, but how 
the known patterns change over time is unclear. The evidence that certain sonographic 
patterns in particular change over time shows a possible evolutionary approach to the 
disease and may, in the long term, make lifelong drug therapy unnecessary in non-
operable patients when non-active stages can be clearly identified.

Citation: Schuhbaur J, Schweizer M, Philipp J, Schmidberger J, Schlingeloff P, Kratzer W. 
Long-term follow-up of liver alveolar echinococcosis using echinococcosis multilocularis 
ultrasound classification. World J Gastroenterol 2021; 27(40): 6939-6950
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6939.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6939

INTRODUCTION
Fox tapeworm disease (alveolar echinococcosis, AE) is a zoonotic disease caused by 
the larval stage of the cestode Echinococcus multilocularis, in which humans act as the 
major false intermediate host[1,2]. After a host accidentally ingests infectious worm 
eggs, the eggs penetrate the wall of the small intestine and usually first reach the liver, 
the most common primary site of AE in humans, Via the enterohepatic circulation[1,3,
4].
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AE is primarily asymptomatic and progressive in the therapy-naive state[5]. Only as 
the disease progresses do patients develop nonspecific symptoms, including 
abdominal tenderness or pain, jaundice, unwanted weight loss, and diffuse deteri-
oration of general condition[6,7]. In Europe, the diagnosis of AE is usually made as an 
incidental finding in asymptomatic stages, and in China, diagnosis frequently is made 
in the setting of locally advanced growth with a complicated clinical course. Radical 
surgical resection of an AE lesion is considered the only potentially curative 
therapeutic option, followed by anthelmintic therapy for 2 years[8]. In case of an unre-
sectable finding at diagnosis, long-term and often lifelong conservative medical 
therapy with benzimidazoles is required.

The high rate of advanced AE foci and inoperable disease at diagnosis underscore 
the need for early, definitive diagnosis. In clinical practice, B-scan ultrasonography is 
the most common primary imaging modality for evaluating nonspecific abdominal 
complaints and for the differential diagnostic assessment of hepatic incidentalomas[9].

The sonomorphology of hepatic AE foci is heterogeneous. The Echinococcosis 
Multilocularis Ulm Classification (EMUC)-ultrasound (US) classification, published in 
2015, describes five sonomorphologic appearances of hepatic AE lesions and provides 
important guidance for their recognition and follow-up[10]. Five patterns are distin-
guished: hailstorm, hemangioma-like, pseudocystic, metastasis-like, and ossification. 
Conventional cross-sectional imaging [computed tomography (CT), magnetic 
resonance imaging (MRI)], with the appropriate classification schemes, is particularly 
useful for assessing spatial spread, potential infiltration of adjacent organs, and 
extrahepatic manifestations[11]. The gold standard for estimating parasitic activity is 18

FDG positron emission tomography (PET)[12,13]. Contrast-enhanced sonography of 
the liver also plays an increasing role in the evaluation of hepatic AE[14-16]. Available 
studies and analyses on the sonomorphology of AE have largely been cross-sectional, 
and we are not aware of any longitudinal studies assessing sonomorphology and a 
classification scheme for individual AE lesions.

The aim of our preliminary study is to investigate whether a change in pattern and 
size over time can be identified in patients with hepatic AE during follow-up, using 
the EMUC-US classification.

MATERIALS AND METHODS
Ethics statement
The study was approved by the local ethics committee and conducted in accordance 
with the Declaration of Helsinki (ref. No. 166/13). Because of its retrospective design 
and pseudonymised evaluation of imaging, no ethics approval was necessary. All data 
were analysed anonymously.

Study collective
For our preliminary retrospective evaluation, we used the clinical and imaging data of 
the national Echinococcosis Database in Germany. A main prerequisite for inclusion 
was confirmed or probable AE disease according to the AE case definition 
“confirmed” or “probable”[5]. Other inclusion criteria were at least two liver 
sonographies performed over a period of at least 6 mo, the presence of at least one 
hepatic AE lesion at the time of US 1, and complete documentation of the AE lesion 
defined as the reference lesion at all further observation time points. In total, 59 
patients with data included in the Echinococcosis Database Germany were included 
(Figure 1 and Table 1).

Parameter
Initially, a hepatic AE reference lesion was defined per patient; this was measured by 
the largest diameter (in mm) at the time of the first US examination (US 1). At each 
time point, the number of all hepatic AE lesions in each patient was documented. The 
reference lesion was evaluated according to its maximum diameter and its EMUC-US 
pattern classification[10]. In addition to the AE case definition (“confirmed”, “pro-
bable”, “possible”), the clinical data included the therapy (surgical, conservative). A 
surgical procedure resulted in study exclusion. All study patients received oral anthel-
mintic therapy, and the preparation, time of initiation of therapy, and daily medication 
dose were documented.
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Table 1 Overview of patient characteristics as well as sonomorphological aspects of the total collective

n (%) mean ± SD
Number of patients 59 (100.0)

Number of sonographies 244 (100.0)

Sex

Female 38 (64.5)

Male 21 (35.6)

AE case definition

Confirmed 26 (44.1)

Probable 33 (55.9)

Age at first diagnosis (yr) 59.9 ± 16.9

Age at initial ultrasound (yr) 60.4 ± 16.8

Localisation of the reference lesion

Right hepatic 34 (57.6)

Left hepatic 19 (32.3)

Bihepatic 6 (10.2)

Number of AE lesions on US 1

1 29 (49.2)

2-5 28 (47.5)

6-10 1 (1.7)

> 10 1 (1.7)

Lesion size according to EMUC-US pattern (mm) 65.6 ± 39.7

Hailstorm pattern 67.4 ± 26.3

Pseudohemangioma-like pattern 83.5 ± 27.3

Pseudocystic pattern 113.7 ± 40.8

Metastasis-like pattern 21.7 ± 11.0

Drug therapy

Initial albendazole 58 (98.3)

Initial mebendazole 0 (0)

Therapy change to mebendazole 2 (3.4)

Continuous therapy 50 (86.2)

Discontinuous therapy 8 (13.8)

No therapy (rejection by patients) 1 (1.7)

AE: Alveolar echinococcosis; US: Ultrasound.

US examinations and EMUC-US
All US examinations were performed using convex probes (C5-1 MHz, C9-1 MHz) 
with state-of-the-art US equipment (Aplio 500 Toshiba, Siemens S3000, Philips Epiqu 
7, Philips IU22). The sonomorphology of the hepatic AE reference lesion was assigned 
to a pattern according to EMUC-US in each examination[10]. At each examination time 
point, three different examiners performed a pattern assignment of the reference 
lesion. The pattern assignment of examiner 1 was taken from the written 
documentation as the initial examiner. Investigators 2 and 3 performed follow-up of 
all US images relevant to the study in all included patients. The physicians who 
performed the follow-up were blinded to the initial examination and independently 
performed an EMUC-US assessment (Figure 2).
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Figure 1 Flowchart illustrating case selection, including inclusion and exclusion criteria starting from the patient collective of the 
alveolar echinococcosis database in Germany. AE: Alveolar echinococcosis.

Figure 2 Echinococcosis Multilocularis Ulm Classification-ultrasound.

Statistical analysis
We performed statistical analyses using SAS Version 9.4 (SAS Institute Inc., Cary, NC, 
United Stated). Descriptive analysis of the data was performed to obtain absolute and 
relative frequencies, as well as measures of central tendency and dispersion. Pearson's 
χ2 and exact fisher tests were used to determine possible relationships and differences 
in the frequency distribution between dichotomous variables. Wilcoxon rank sum test 
was performed to determine differences between variables without a normal distri-
bution. All tests were performed two-sided. The level of significance was set at α = 
0.05, and a P < 0.05 was considered to be statistically significant with a 5% probability 
of error.

Biostatistics
The statistical methods of this study were reviewed by Dr. Schmidberger J, MPH, 
Ph.D., from the Department of Internal Medicine I, University Hospital Ulm, Albert-
Einstein-Allee 23, 89081 Ulm, Germany.
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RESULTS
Patient collective
The study included 59 patients, including 38 (64.5%) women and 21 (35.6%) men. The 
mean age at initial diagnosis was 59.9 ± 16.9 years, with a mean age at first 
sonographic examination of 60.4 ± 16.8 years. A World Health Organization case 
definition of “confirmed” was present in 26 (44.1%) patients, and a case definition of 
“probable” was present in 33 (55.9%). The 59 included patients underwent a total of 
244 US examinations for a mean of 4.1 sonographic examinations per patient (2-15 ± 
2.1 US examinations). A total of 58/59 (98.3%) received initial benzimidazole therapy 
using albendazole (Tables 1 and 2).

Lesion sizes, localisation, and distribution of EMUC-US patterns
At the time of initial US, 42.4% (25/59) corresponded to the hailstorm pattern, 16.9% 
(10/59) to the hemangioma-like pattern, 15.3% (9/59) to the pseudocystic pattern, and 
25.4% (15/59) to the metastasis-like pattern. None of the reference lesions were 
initially assigned to the ossification pattern. For those with the hailstorm pattern, the 
mean lesion size was 67.4 ± 26.3 mm. The average lesion size with the pseudocystic 
pattern was 113.7 ± 40.8 mm, and that of the hemangioma-like pattern was 83.5 ± 27.3 
mm. An average lesion size of 21.7 ± 11.0 mm was determined for the metastasis-like 
pattern (Figure 3).

In 34/59 (57.6%) of patients, the reference echinococcosis-associated lesion was right 
hepatic, and in 19/59 (32.3%), it was left hepatic. Bihepatic involvement was identified 
in 6/59 (10.2%).

Change in EMUC-US patterns
Over the whole observation period, the predominant pattern of hepatic AE reference 
lesions according to EMUC-US remained unchanged in 50/59 (84.7%). In 9/59 (15.3%) 
of the findings, however, a change in sonomorphology was observed. Of the 10 
reference lesions initially classified as hemangioma-like, 7/10 (70.0%) showed a 
relevant change in sonomorphologic criteria. Of these, 6/7 (85.7%) were assigned to 
the hailstorm pattern in subsequent US examinations, and 1/7 (14.3%) showed a 
change toward the pseudocystic pattern. Lesions initially classified as having a 
pseudocystic pattern showed a change to a hailstorm pattern over time in 2/9 (22.2%) 
of cases. In all cases of a change in the pattern of AE reference lesions over time, the 
patients had taken albendazole continuously through the observation period 
(Figures 4 and 5). For the metastatic pattern, there were no pattern changes over time, 
but an increase in the size of the central echo-rich laminar body was observed 
(Figure 6). The mean time from initial diagnosis of AE to a pattern change was 24.2 ± 
35.6 mo.

Number of lesions and lesion size according to EMUC-US
The study further revealed statistically significant differences in the number of hepatic 
AE lesions among EMUC-US types (P < 0.05) (Table 2). There were further statistically 
significant differences in lesion size between the metastatic pattern compared to the 
hailstorm pattern (21.7 ± 11.0 vs 67.4 ± 26.3; P < 0.0001), the pseudocystic pattern (21.7 
± 11.0 vs 113.7 ± 40.8; P < 0.0001), and the hemangioma-like pattern (21.7 ± 11.0 vs 83.5 
± 27.3; P < 0.0001) (Table 3). In the 9/59 (15.3%) cases with morphologic change in the 
EMUC-US pattern, there was a nonsignificant size regrowth from the initial 
examination (88.8 ± 30.6 vs 71.9 ± 29.6; P = 0.1641). For the 7/9 (77.8%) cases initially 
classified as having a hemangioma-like pattern, the mean average lesion size was 81.4 
± 29.4 mm initially vs 72.4 ± 21.4 mm after the pattern change. For the 2/9 (22.2%) 
cases initially classified as having a pseudocystic pattern, the mean lesion size at initial 
examination was 114.5 ± 24.8 mm vs 70.0 ± 65.1 mm after the pattern change.

DISCUSSION
Our work is the first preliminary longitudinal study tracking changes in sonomor-
phology during the follow-up of hepatic AE lesions using a sonomorphologic classi-
fication scheme. We found that the sonographic characteristics of individual subtypes 
of hepatic AE lesions change over time under anthelmintic therapy and exhibit size 
regrowth, resulting in a pattern classification that diverges from that assigned at the 
initial examination. A change in sonomorphology leading to pattern reclassification 
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Table 2 Number of hepatic alveolar echinococcosis reference lesions at the time of ultrasound 1, subdivided by Echinococcosis 
Multilocularis Ulm Classification-ultrasound classification

Number of AE lesions US 1 n (%) P value
Hailstorm pattern (n = 25)

1 15 (60)

> 1 10 (40)

Reference 1.0000 0.4385

2-5 9 (36)

6-10 1 (4)

> 10 0 (0)

-

Pseudohemangioma-like pattern (n = 10)

1 6 (60)

> 1 4 (40)

1.0000 Reference 0.6284

2-5 4 (40)

6-10 0 (0)

> 10 0 (0)

-

Pseudocystic pattern (n = 9)

1 7 (77.8)

> 1 2 (22.2)

0.4385 0.6284 Reference

2-5 2 (22.2)

6-10 0 (0)

> 10 0 (0)

-

Metastasis-like pattern (n = 15)

1 1 (6.7)

> 1 14 (93.4) 

0.0009 0.0068 0.0007

2-5 13 (86.7)

6-10 0 (0)

> 10 1 (6.7)

-

AE: Alveolar echinococcosis; US: Ultrasound.

was seen for the hemangioma-like and pseudocystic patterns. A total of 70% of the 
reference lesions initially classified as hemangioma-like shifted to a different pattern 
classification. Of these, 85% were assigned to the hailstorm pattern and 15% to the 
pseudocystic pattern. A total of 22.2% (2/9) of the hepatic AE lesions initially 
described as pseudocystic were assigned to the hailstorm pattern during follow-up 
(Figures 5 and 7).

In agreement with our results, a Polish working group using the EMUC-US classi-
fication confirmed the hailstorm pattern as the most frequent[14]. However, a 
correlation between the sonographic EMUC-US patterns and the PNM (P = parasitic 
mass in the liver, N = involvement of neighbouring organs, and M = metastasis) 
scheme could not be demonstrated in this retrospective work[16]. In addition to the 
EMUC-US scheme, classification schemes are currently available for CT and MRI[11]. 
In a recent 39.8-mo follow-up study of our working group 72 patients on albendazole 
therapy with hepatic AE using the EMUC-CT classification, only one case had a 
pattern change reassignment from type IIIa (primarily cystoid) to type V (calcified). 
This result clearly contrasts with our current findings. To compare the different 
patterns of hepatic AE between the different imaging modalities, appropriate 
prospective comparative studies are necessary and as yet are unavailable. However, in 
a further retrospective study we compared EMUC-US and EMUC-CT, no clear 
assignment could be found for the sonographic hemangioma-like pattern in the 
EMUC-CT classification. In that study, the sonographic pseudocystic pattern could be 
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Table 3 Diameter of hepatic alveolar echinococcosis reference lesions at the time of ultrasound 1, subdivided by Echinococcosis 
Multilocularis Ulm Classification-ultrasound classification

mean ± SD, min-max P value

EMUC-US Hailstorm pattern (n = 25)
Pseudohemangioma-like pattern (n = 10) 83.5 ± 27.3, 44-121 67.4 ± 26.3, 12-124 0.1491

Pseudocystic pattern (n = 9) 113.7 ± 40.8, 54-198 67.4 ± 26.3, 12-124 0.0017

Metastasis-like pattern (n = 15) 21.7 ± 11.0, 7-44 67.4 ± 26.3, 12-124 < 0.0001

EMUC-US Pseudohemangioma-like pattern (n = 10)

Pseudocystic pattern (n = 9) 113.7 ± 40.8, 54-198 83.5 ± 27.3, 44-121 0.1304

Metastasis-like pattern (n = 15) 21.7 ± 11.0, 7-44 83.5 ± 27.3, 44-121 < 0.0001

EMUC-US Pseudocystic pattern (n = 9)

Metastasis-like pattern (n = 15) 21.7 ± 11.0, 7-44 113.7 ± 40.8, 54-198 < 0.0001

EMUC-US: Echinococcosis Multilocularis Ulm Classification-ultrasound.

Figure 3 Diameter of hepatic alveolar echinococcosis reference lesion sorted by sonomorphological pattern analogous to 
Echinococcosis Multilocularis Ulm Classification-ultrasound classification.

predominantly classified as type I (diffuse-infiltrating) of the EMUC-CT classification. 
A study comparing MRI and PET-CT demonstrated an association between positron 
emission activity of hepatic AE lesions and microcysts[17]. A correlation between 
increased PET activity and calcifications could not be shown in this work[17]. This 
result contrasts with those of others results of our group who reported increased PET 
activity depending in particular on microcalcifications. The hailstorm pattern has 
significantly more calcifications than the hemangioma-like pattern, so these findings 
offer support for our hypothesis that a shift from hemangioma-like to hailstorm may 
indicate disease progression. In a recent retrospective study using the EMUC-CT 
classification in comparison to histology, a possible disease progression could be 
postulated for EMUC-CT patterns I-III[18]. In further confirmation of our hypothesis 
that the hemangioma-like pattern may represent an earlier disease stage, Zeng et al
[19], using contrast-enhanced sonography with a four-type classification, visualised 
echo-rich masses corresponding to the EMUC-US hemangioma-like pattern.

The development of different manifestation patterns does not seem to be exclusively 
an expression of the temporal course of the disease, however, and appears to be 
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Figure 4 Hepatic alveolar echinococcosis reference lesion in segment II with pseudocystic pattern. A: Initially sharply delineated with individual 
centrally echo-rich portions; B: Through the disease course, more blurred delineation and increase of centrally echo-rich portions. The ultrasound images shown are 
from the current patient collective.

Figure 5 Hepatic alveolar echinococcosis reference lesions (arrow) in segment II/IVa/VIII (patient 1) and segment II/III (patient 2), 
respectively. A and C: initially classified as pseudocystic pattern (patient 1: A, patient 2: C); B and D: In the course of each case loss of the centrally echo-poor, 
liquid-impressive zone and increasing calcification structures, indicating a change in sonomorphology with a transition to a hailstorm pattern (patient 1: B; patient 2: 
D). The ultrasound images shown are from the current patient collective.

significantly related to the immunological and constitutional state of the host/ 
misintermediate host (patient)[20]. In addition to the intraindividual immune response 
of the patient, one of the major difficulties in performing longitudinal imaging 
morphological studies is the apparent slow growth of the parasite with corresponding 
morphological changes in the liver. The use of international prospective database 
analysis studies could address this problem in the long term.

Limits of the study
The retrospective design of the preliminary cohort study must be seen as a limitation. 
It must also be taken into account that the number of cases in the individual EMUC-US 
patterns is very small, so that small effects may not be validly detected. Due to the 
sample size and study design, no calculation of interobserver variability between 
examiner 1 and examiner 2 and 3 was performed. Further prospective studies with 
larger numbers of cases, especially multicentre and international studies, are necessary 



Schuhbaur J et al. Long-term follow-up of liver alveolar echinococcosis

WJG https://www.wjgnet.com 6948 October 28, 2021 Volume 27 Issue 40

Figure 6 Predominant sonomorphological pattern of alveolar echinococcosis reference lesion subdivided according to Echinococcosis 
Multilocularis Ulm Classification-ultrasound classification, ultrasound 1 to ultrasound 7. US: Ultrasound.

Figure 7 Potential pattern change over time.

to confirm the preliminary study results.
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CONCLUSION
Our preliminary study demonstrates not only great heterogeneity in the sonomor-
phology of hepatic AE lesions at the initial diagnosis but also that sonomorphologic 
classification can change during disease progression.

ARTICLE HIGHLIGHTS
Research background
Alveolar echinococcosis (AE) is a human parasitosis caused by Echinococcus multiloc-
ularis.

Research motivation
Early diagnosis of AE is important to initiate prompt therapy and improve patient 
prognosis. Abdominal ultrasonography is the most common primary imaging 
modality and allows for classification of hepatic lesion morphology.

Research objectives
We address the question of whether (and how) the sonomorphology of individual AE 
lesions can change over time.

Research methods
In our preliminary retrospective longitudinal study, based on data from the national 
echinococcosis database in Germany, we evaluated clinical and ultrasound (US) 
imaging data for 59 patients according to AE case definition of confirmed (n = 26) or 
probable (n = 33) AE. The AE reference lesion was the largest hepatic AE lesion at the 
time of the first US examination. We used the Echinococcosis Multilocularis Ulm 
Classification (EMUC)-US to classify the sonomorphologic pattern.

Research results
The study included 59 patients, 38 (64.5%) women and 21 (35.6%) men. The mean 
median age at initial diagnosis was 59.9 ± 16.9 years. At the time of initial US, 42.4% 
(25/59) had a hailstorm pattern, 16.9% (10/59) had a pseudohemangioma-like pattern, 
15.3% (9/59) had a pseudocystic pattern, and 25.4% (15/59) had a metastasis-like 
pattern. Although the sonomorphologic pattern remained unchanged in 84.7% (50/59) 
of the AE reference lesions, 15.3% (9/59) showed a pattern change over time. A change 
in pattern was seen exclusively for AE lesions initially classified as hemangioma-like 
or pseudocystic.

Research conclusions
The sonomorphology of hepatic AE lesions may change over time, particularly 
hemangioma-like and pseudocystic patterns.

Research perspectives
Further research should clarify whether the patterns evolve and change according to a 
sonomorphological evolution.
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Abstract
BACKGROUND 
Various liver and gastrointestinal involvements occur in patients with 
coronavirus disease 2019 (COVID-19) at variable prevalence. Most studies report 
mild liver function disturbances correlated with COVID-19 severity, though liver 
failure is unusual.

AIM 
To study liver and gastrointestinal dysfunctions in Egyptian patients with 
COVID-19 and their relation to disease outcomes

METHODS 
This multicentre cohort study was conducted on 547 Egyptian patients from April 
15, 2020 to July 29, 2020. Consecutive polymerase chain reaction-confirmed 
COVID-19 cases were included from four quarantine hospitals affiliated to the 
Egyptian ministry of health. Demographic information, laboratory characteristics, 
treatments, fibrosis-4 (FIB-4) index, COVID-19 severity, and outcomes were 
recorded and compared according to the degree of liver enzyme elevation and the 
presence of gastrointestinal symptoms. Follow-ups were conducted until 
discharge or death. Regression analyses were performed to determine the 
independent factors affecting mortality.

RESULTS 
This study included 547 patients, of whom 53 (9.68%) died during hospitalization 
and 1 was discharged upon his request. Patients’ mean age was 45.04 ± 17.61 
years, and 21.98% had severe or critical COVID-19. Alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) were available for 430 and 428 
patients, respectively. In total, 26% and 32% of patients had elevated ALT and 
AST, respectively. Significant liver injury with ALT or AST elevation exceeding 3-
fold was recorded in 21 (4.91%) and 16 (3.73%) patients, respectively. Male 
gender, smoking, hypertension, chronic hepatitis C, and lung involvement were 
associated with elevated AST or ALT. AST was elevated in 50% of patients over 
60-years-old. FIB-4 was significantly higher in patients admitted to the intensive 
care unit (ICU), those with more severe COVID-19, and non-survivors. The 
independent variables affecting outcome were supplementary vitamin C intake (1 
g daily capsules) [odds ratio (OR): 0.05, 95% confidence interval (CI): 0.008–0.337]; 
lung consolidation (OR: 4.540, 95%CI: 1.155–17.840); ICU admission (OR: 25.032, 
95%CI: 7.110–88.128); and FIB-4 score > 3.25 (OR: 10.393, 95%CI: 2.459-43.925). 
Among 60 (13.98%) patients with gastrointestinal symptoms, 52 (86.67%) had 
diarrhoea. Patients with gastrointestinal symptoms were predominantly females 
with higher body mass index, and 50 (83.40%) patients had non-severe COVID-19.

CONCLUSION 
Few Egyptian patients with COVID-19 developed a significant liver injury. The 
independent variables affecting mortality were supplementary vitamin C intake, 
lung consolidation, ICU admission, and FIB-4 score.

Key Words: COVID-19; Egypt; Liver injury; Gastrointestinal symptoms; Fibrosis-4; Liver 
enzymes
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Core Tip: The prevalence and severity of liver and gastrointestinal dysfunction in 
patients with coronavirus disease 2019 (COVID-19) vary among populations with 
different underlying characteristics and disease outcomes. This is the first report from 
Egypt specifically exploring hepatic and gastrointestinal involvement in Egyptian 
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patients with COVID-19. In this study, we analyzed multicentre data of patients with 
polymerase chain reaction-confirmed COVID-19 from April 15, 2020 to July 29, 2020. 
Based on these data, we assessed the degree of liver injury and presence of 
gastrointestinal symptoms concerning COVID-19 disease severity, intensive care unit 
admission, and outcome.
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in Egyptian patients infected with coronavirus disease 2019: A multicentre cohort study. World 
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URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6951.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6951

INTRODUCTION
Hepatic and gastrointestinal (GI) involvement occurs in 16% to 78% of patients 
infected with the novel coronavirus, severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2)[1-3]. In some of these populations, liver enzyme elevation exceeds five 
times the upper limit of normal (ULN)[4]. Most studies report mild liver function 
disturbances correlated with coronavirus disease 2019 (COVID-19) severity, though 
liver failure is unusual[5]. Hepatic and GI involvement can occur with and without 
pulmonary manifestations of COVID-19[1]. Different underlying mechanisms may 
contribute to liver injury related to COVID-19, including a direct viral effect, as the 
virus enters through the angiotensin-converting enzyme-2 receptor on cholangiocytes. 
Other indirect pathways include sepsis, drug-related hepatic injury, uncontrolled 
immune reactions, and cytokine storm[6].

Diarrhoea is the most frequently recorded GI symptom reported with COVID-19, 
ranging from 3% to 30%, followed by anorexia, nausea, vomiting, and abdominal pain
[7]. SARS-CoV-2 RNA has been detected in stool specimens from patients with 
polymerase chain reaction-confirmed COVID-19 in respiratory samples. Those 
patients showed extended viral shedding in stool up to 11.2 d after viral eradication 
from respiratory specimens, suggesting faecal-oral transmission and warranting 
subsequent precautions[8]. The possible underlying mechanisms for GI involvement 
are the direct viral invasion of cells in the GI tract via the angiotensin-converting 
enzyme-2 receptor on gastric and duodenal glandular cells and proximal and distal 
enterocytes[8]. This viral invasion disrupts absorption and intestinal secretions, which 
activates the enteric nervous system and causes diarrhoea[9]. Other indirect 
mechanisms include antibiotic-associated diarrhoea, indirect inflammatory damage, 
and the ‘‘gut-lung axis” theory of immune-mediated effects on the respiratory tract by 
disturbed digestive tract flora[1,10]. This study aimed to determine the prevalence and 
extent of liver and GI derangements in Egyptian patients with COVID-19 infection and 
their relation to COVID-19 disease outcomes.

MATERIALS AND METHODS
Study population and data collection
This multicentre, prospective cohort study recruited 547 consecutive patients from 
April 15, 2020 to July 29, 2020 who were hospitalized in four quarantine centres 
affiliated to the Egyptian Ministry of Health and Population in three Egyptian 
governorates: 15 Mayo Smart Hospital in Cairo governorate, National Hepatology and 
Tropical Medicine Research Institute in Cairo governorate, Students Hospital in Giza 
governorate, and Alraghy Hospital in Assuit Governorate. This study included 
patients with a confirmed diagnosis of SARS-CoV-2, defined as a positive real-time 
reverse-transcriptase polymerase chain reaction assay of nasal and pharyngeal swab 
specimens. Patients were followed until discharge or death.

https://www.wjgnet.com/1007-9327/full/v27/i40/6951.htm
https://dx.doi.org/10.3748/wjg.v27.i40.6951
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Table 1 Patients characteristics according to the degree of aspartate transaminase elevation, n (%)

AST level
Variable

Normal291 (67.99) 1-2 UNL97 (22.66) 2-3 UNL19 (4.44) > 3UNL21 (4.91) Total
P value

< 18 7 (87.5) 1 (12.5) 0 (0.0) 0 (0.0) 8 (100.0)

18:60 237 (72.7) 65 (19.9) 9 (2.8) 15 (4.6) 326 (100.0)

Age

> 60 47 (50.0) 32 (34.0) 9 (9.6) 6 (6.4) 94 (100.0)

< 0.001

Male 142 (61.2) 66 (28.4) 10 (4.3) 14 (6.0) 232 (100)Gender

Female 149 (76.0) 32 (16.3) 8 (4.1) 7 (3.6) 196 (100)

0.009

Cigarette smoking 10 (47.6) 10 (47.6) 0 (0.0) 1 (4.8) 21 (100) 0.04

Diabetes mellitus 68 (61.8) 32 (29.1) 6 (5.5) 4 (3.6) 110 (100) 0.23

Hypertension 60 (55.6) 34 (31.5) 10 (9.3) 4 (3.7) 108 (100) 0.001

Chronic hepatitis C 3 (21.4) 7 (50.0) 0 (0.0) 4 (28.6) 14 (100) < 0.001

CT chest Normal 105 (78.9) 21 (15.8) 5 (3.8) 2 (1.5) 133 (100)

Abnormal 181 (63.1) 76 (26.5) 13 (4.5) 17 (5.9) 287 (100)

0.008

Lung consolidation 37 (56.1) 20 (30.3) 6 (9.1) 3 (4.5) 66 (100) 0.05

AST: Aspartate transaminase; CT: computed tomography; UNL: Upper limit of normal.

Ethics statement
The authors assert that all procedures contributing to this work complied with the 
ethical standards of the relevant national and institutional committees on human 
experimentation and with the Helsinki Declaration of 1975, as revised in 2008. All 
procedures involving human subjects or patients were approved by the research ethics 
committee of the Faculty of Medicine at Cairo University (number N-37-2020, May 14, 
2020) and the research ethics committee of the Ministry of Health and Population 
(number 17-2020/8, June 21, 2020). Written informed consent was obtained from all 
patients before they participated in the study.

Methods
Collected baseline data included demographic information (age, gender, cigarette 
smoking, comorbidities), presenting symptoms (general, respiratory, GI), and 
laboratory features [complete blood count, liver and renal function, coagulation test, 
D-dimer, ferritin, C-reactive protein (CRP)]. Liver injury was defined as transaminase 
elevation exceeding three times the ULN[5]. The fibrosis-4 index (FIB-4) was calculated 
on admission using Sterling’s formula: Age (years) × aspartate aminotransferase (AST) 
(IU/L) / platelet count (109/L) × [alanine aminotransferase (ALT) (IU/L) × 1/2][11]. 
Patients were classified according to the respective FIB-4 cut-off values (≤ 1.45 and ≥ 
3.25) for predicting advanced liver fibrosis. Other baseline data included chest 
computed tomography (CT) findings, treatments administered, and COVID-19 disease 
classification and outcome. Laboratory results before discharge were collected.

COVID-19 severity was categorized as mild, moderate, or severe according to the 
management protocol of the Egyptian Ministry of Health and Population. Mild cases 
included asymptomatic and symptomatic cases with lymphopenia (defined as an 
absolute lymphocyte count < 1.0 × 103/L)[12] or leukopenia[12] (defined as a total 
leucocyte count < 4.0 × 103/L) and no radiological evidence of pneumonia. Moderate 
cases included symptomatic patients with radiological features of pneumonia with or 
without leukopenia and lymphopenia. Severe and critical cases were defined by the 
presence of any of the following: Respiratory rate > 30 per min, SaO2 < 92 without 
oxygen therapy; PaO2/FiO2 ratio < 300 without oxygen or < 200 with oxygen, chest 
radiology showing more than 50% lung involvement, or progressive lung involvement 
within 24 h to 48 h. Severe and critical cases were indicated for intensive care unit 
(ICU) admission. Treatments were applied according to the protocol[13].

Statistical analysis
Analysis of data was performed using SPSS 25 for Windows (Armonk, NY, United 
States). Numerical variables are presented as mean, standard deviation, median, and 
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Table 2 Laboratory characteristics according to the degree of aspartate transaminase elevation, n (%)

AST level
Variable Normal291 

(67.99) 1-2 UNL97 (22.66) 2-3 UNL19 (4.44) > 3UNL21 (4.91) Total
P value

Hemoglobin (gm/L) median 
(IQR)

12.80 (11.80:14.00) 13.00 (12.00:14.23) 12.85 (11.23:14.05) 13.00 (10.75:15.00) 12.60 (12.00:13.90) 0.49

white blood cell count (× 109) 5.00 (3.80:7.00) 6.20 (4.88:10.68) 6.30 (4.73:9.48) 7.40 (4.35:9.85) 5.00 (4.40:7.60) < 0.001

Neutrophils absolute count 2.58 (1.58:4.40) 3.90 (2.20:7.87) 4.60 (3.01:8.13) 6.00 (2.74:8.33) 2.95 (1.70:5.60) < 0.001

Neutrophils percentage 53.00 (42.00:69.00) 61.50 (43.13:80.85) 55.50 (42.75:68.25) 73.00 (55.00:89.88) 56.50 (42.63:70.75) 0.25

Lymphocytes absolute count 1.63 (1.30:2.30) 1.40 (1.01:2.35) 1.50 (0.89:1.92) 1.07 (0.80:1.48) 1.58 (1.10:2.20) < 0.001

Lymphocytes percentages 38.00 (26.00:45.90) 23.30 (14.50:37.60) 23.40 (16.85:28.90) 14.00 (8.00:28.00) 32.70 (20.15:45.00) < 0.001

Neutrophils/lymphocytes ratio 2.16 (1.30:3.73) 6.11 (2.12:11.26) 3.66 (3.26) 5.31 (3.83:6.84) 3.11 (1.56:6.16) 0.002

Platelet Count 225.00 
(173.00:283.00)

221.00 
(174.50:286.50)

251.00 
(180.75:319.75)

210.00 
(146.50:293.50)

208.00 
(184.00:272.00)

0.62

AST 22.00 (17.00:28.00) 46.00 (41.00:55.50) 85.00 (72.75:95.25) 156.00 
(117.00:252.00)

28.00 (19.00:43.00) < 0.001

ALT 22.00 (16.00:30.00) 48.00 (36.00:68.00) 68.00 (44.00:92.75) 142.00 (93.50:217.50) 27.00 (18.00:46.00) < 0.001

Alkaline phosphatase 89.00 (68.50:112.00) 82.50 (76.50:88.50) 155.00 
(125.25:349.00)

111.00 (84.00:144.00) 89.00 (71.00:114.50) 0.01

GGT 31.00 (20.00:34.00) 39.50 (31.25:62.25) 67.50 (65.00) 90.00 (65.00) 34.00 (22.00:50.00) 0.005

Total bilirubin 0.80 (0.50:1.10) 0.90 (0.70:1.13) 1.15 (0.88:1.65) 1.80 (0.75:2.15) 0.80 (0.60 :1.13) 0.09

Serum albumin 4.20 (3.80:4.50) 4.10 (3.90:4.45) 3.80 (3.80) 3.80 (2.90:4.10) 4.20 (3.80:4.50) 0.13

D-dimer 0.54 (0.35:1.02) 0.57 (0.40:1.21) 1.08 (0.55:1.50) 0.90 (0.40:2.24) 0.58 (0.40:1.10) 0.005

Ferritin 230.00 
(110.00:486.00)

406.85 
(200.00:773.25)

804.00 
(317.50:960.50)

540.00 
(231.45:1219.10)

300.00 
(132.80:590.00)

< 0.001

C-reactive protein 32.00 (5.00:64.00) 43.22 (14.40:64.00) 64.00 (31.50:109.85) 39.23 (32.00:64.00) 45.00 (8.25:64.00) 0.002

Recovery 273 (93.8) 78 (81.3) 11 (61.1) 17 (81.0) 379 (89.0)

Death 18 (6.2) 18 (18.8) 7 (38.9) 4 (19.0) 47 (11.0)

< 0.001

Data are presented as median and interquartile range (IQR). AST: Aspartate transaminase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl 
transferase; IQR: Interquartile range.

25th and 75th percentiles. Categorical variables are presented as numbers (n) and 
percentages (%). According to the distribution of numerical data, suitable tests for 
inferential statistics were used. The Kruskal-Wallis and Wilcoxon or the 
Mann–Whitney U test was used for comparing two groups of independent variables
[14]. Comparisons between categorical variables were carried out by Chi-square test (
χ2)[15]. Fisher’s exact test was used instead of the Chi-square test when one expected 
cell or more was ≤ 5[15]. Results are expressed as P-values. Both univariate and 
multivariate logistic regression analyses were performed to identify the factors 
associated with outcome (death/recovery)[16].

RESULTS
This study included 547 COVID-19 patients hospitalized in four quarantine hospitals 
affiliated to the Egyptian Ministry of Health and Population (see Supplementary 
Tables 1 and 2 for baseline clinical, laboratory, imaging, treatment, and outcome 
features of the studied cohort). Of the 547 patients, 53 (9.68%) died during hospital-
ization, 493 (90.46%) recovered and were discharged, and 1 was discharged upon his 
request. The most common symptoms were fever (54.66%), cough (52.47%), dyspnoea 
(32.54%), and fatigue (30.71%), and 118 (21.57%) patients were asymptomatic. The 
mean age of the studied patients was 45.04 ± 17.61 years (the median age interquartile 
range) was 45.00 (30.00:60.00) years and 300 (54.84%) were male. Diabetes was the 

https://f6publishing.blob.core.windows.net/a865d6e8-a3a6-4706-bca6-b78fa77e613a/WJG-27-6951-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/a865d6e8-a3a6-4706-bca6-b78fa77e613a/WJG-27-6951-supplementary-material.pdf
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Table 3 Patients characteristics according to the degree of alanine transaminase elevation, n (%)

ALT levels
Variable

Normal318 (74.0) 1-2 UNL73 (17.0) 2-3 UNL23 (5.3) > 3UNL16 (3.7) Total
P value

< 18 9 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 9 (100.0)

18:60 246 (75.0) 53 (16.2) 18 (5.5) 11 (3.4) 328 (100.0)

Age

> 60 63 (67.7) 20 (21.5) 5 (5.4) 5 (5.4) 93 (100.0)

0.53

Male 157 (67.4) 50 (21.5) 16 (6.9) 10 (4.3) 233 (100.0)Gender

Female 160 (81.6) 23 (11.7) 7 (3.6) 6 (3.1) 196 (100.0)

0.02

Cigarette smoking 10 (47.6) 5 (23.8) 4 (19.0) 2 (9.5) 21 (100.0) 0.02

Diabetes mellitus 79 (71.2) 27 (24.3) 3 (2.7) 2 (1.8) 111 (100.0) 0.04

Hypertension 79 (73.1) 25 (23.1) 2 (1.9) 2 (1.9) 108 (100.0) 0.05

Chronic hepatitis C 5 (35.7) 6 (42.9) 1 (7.1) 2 (14.3) 14 (100.0) 0.005

CT chest Normal 110 (82.1) 16 (11.9) 7 (5.2) 1 (.7) 134 (100.0)

Abnormal 203 (70.5) 56 (19.4) 16 (5.6) 13 (4.5) 288 (100.0)

0.04

Consolidation 43 (65.2) 17 (25.8) 3 (4.5) 3 (4.5) 66 (100.0) 0.06

AST: Aspartate transaminase; CT: Computed tomography.

most common comorbidity (24.86%), followed by hypertension (23.77%) and coronary 
artery disease (4.20%). Chronic liver disease was reported in 18 (3.29%) patients: 14 
had chronic hepatitis C (of whom 7 had liver cirrhosis), 2 had chronic hepatitis B, and 
2 had fatty liver disease. We confirmed their liver condition using their most recent 
abdominal ultrasound study before hospitalization for COVID-19. Regarding COVID-
19, 427 (78.02%) had mild and moderate disease, 120 (21.98%) had severe or critical 
disease, and 122 (22.34%) were admitted to the ICU during their hospitalization. Flow 
chart of the study cohort is illustrated in Figure 1.

In our study, ALT and AST were available for 430 and 428 patients, respectively, 
and their other liver function tests and inflammatory markers were also available. 
Most patients had normal AST (291; 67.99%) and normal ALT levels (318; 74%). We 
divided patients as follows: Those with liver enzyme levels within the normal range, 
1–2 fold over the ULN, 2–3 fold over the ULN, or >3 fold over the ULN (Tables 1-4). 
Among patients who required ICU admission, 48.50% had elevated AST and 35.60% 
had elevated ALT. On admission, FIB-4 was significantly higher in patients admitted 
to the ICU, those with more severe COVID-19 disease, and non-survivors (Supple-
mentary Table 3).

We found that male gender, cigarette smoking, systemic hypertension, chronic 
hepatitis C, and abnormal chest CT findings were associated with significant elevation 
of baseline AST and ALT. Also, AST levels were elevated in patients older than 60 
years, and diabetes mellitus was associated with elevation of baseline ALT. Elevated 
AST was also associated with elevated white blood cell count, absolute neutrophils 
count, neutrophils/lymphocytes ratio, ALT, gamma-glutamyl transferase (GGT), D-
dimer, ferritin, and CRP and negatively correlated with absolute lymphocyte count 
and serum albumin. Elevated ALT was associated with elevated white blood cell 
count, Absolute Neutrophils count, neutrophils/lymphocytes ratio, AST, alkaline 
phosphatase (ALP), GGT, D-dimer, ferritin, and CRP and negatively correlated with 
absolute lymphocyte count and serum albumin (Tables 1-4).

No patient under 18-years-old showed elevated ALT levels, and only 1 had less than 
a 2-fold elevation of AST. All patients under 18 recovered and were discharged. 
Elevated AST levels were observed in 32 (18.4%) patients with mild disease and 23 
(44.20%) with the critical disease, whereas elevated ALT levels were observed in 33 
(19%) patients with mild disease and 32 (61.5%) with the critical disease (Supple-
mentary Table 3).

Univariate analysis revealed several factors associated with survival (age < 60 years; 
no fever; no dyspnoea; normal findings on chest CT) and several associated with 
increased mortality (age > 60 years; leucocytosis; increased neutrophil/lymphocyte 
ratio; elevated AST, CRP, D-dimer or ferritin; baseline renal function impairment with 
elevations 1–2 above ULN) (Table 5).

https://f6publishing.blob.core.windows.net/a865d6e8-a3a6-4706-bca6-b78fa77e613a/WJG-27-6951-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/a865d6e8-a3a6-4706-bca6-b78fa77e613a/WJG-27-6951-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/a865d6e8-a3a6-4706-bca6-b78fa77e613a/WJG-27-6951-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/a865d6e8-a3a6-4706-bca6-b78fa77e613a/WJG-27-6951-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/a865d6e8-a3a6-4706-bca6-b78fa77e613a/WJG-27-6951-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/a865d6e8-a3a6-4706-bca6-b78fa77e613a/WJG-27-6951-supplementary-material.pdf
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Table 4 Laboratory characteristics according to the degree of alanine transaminase elevation, n (%)

ALT levels
Variable

Normal318 (74.0) 1-2 UNL73 (17.0) 2-3 UNL23 (5.3) > 3UNL16 (3.7) Total
P 
value

Hemoglobin (gm/L) median 
(IQR)

12.75 (11.78:14.00) 13.00 (12.10:14.45) 13.30 (12.30:14.80) 13.35 (10.63:14.98) 12.60 (12.00:13.90) 0.09

white blood cell count (× 109) 5.00 (4.00:7.40) 6.30 (4.70:10.55) 6.30 (4.20:9.80) 7.55 (3.88:9.33) 5.00 (4.40:7.60) 0.003

Neutrophils absolute count 2.70 (1.60:4.69) 4.00 (2.40:7.73) 2.70 (1.80:7.10) 5.00 (2.60:6.97) 2.95 (1.70:5.60) 0.02

Neutrophils percentage 53.00 (41.50:66.50) 57.00 (46.00:77.50) 82.60 (44.93:92.08) 66.50 (53.25:74.50) 56.50 (42.63:70.75) 0.17

Lymphocytes absolute count 1.60 (1.20:2.30) 1.60 (1.02:2.00) 1.26 (1.06:1.80) 1.07 (0.83:1.50) 1.58 (1.10:2.20) 0.04

Lymphocytes percentages 36.00 (24.23:45.00) 22.00 (15.70:43.40) 25.55 (15.05:42.38) 22.60 (13.75:33.75) 32.70 (20.15:45.00) 0.01

Neutrophils/lymphocytes ratio 2.19 (1.40:4.19) 6.07 (2.96:9.15) 6.24 (2.83:7.96) 4.14 (2.70:15.85) 3.11 (1.56:6.16) 0.002

Platelet count 220.00 (168.00:273.25) 238.00 
(168.00:309.00)

219.00 
(202.00:297.00)

271.00 
(160.00:343.75)

208.00 
(184.00:272.00)

0.11

AST 23.00 (17.00:31.00) 46.00 (34.00:60.00) 61.00 (52.00:84.00) 154.50 
(109.25:236.00)

28.00 (19.00:43.00) < 0.001

ALT 22.00 (16.00:29.25) 56.00 (48.00:63.60) 96.00 (91.00:110.00) 183.50 
(144.50:228.50)

27.00 (18.00:46.00) < 0.001

Alkaline phosphatase 88.00 (65.50:108.50) 88.00 (77.50:134.00) 86.00 (86.00:86.00) 120.00 (90.00:151.00) 89.00 (71.00:114.50) 0.19

GGT 23.00 (20.00:34.00) 39.50 (34.00:67.75) 34.00 (22.00:50.00) 77.50 (65.00:101.25) 34.00 (22.00:50.00) 0.001

Total bilirubin 0.80 (0.50:0.90) 1.10 (0.75:1.40) 0.80 (0.35: 0.88) 1.80 (1.25:2.15) 0.80 (0.60 :1.13) 0.01

Serum albumin 4.20 (3.70:4.50) 4.00 (3.83:4.45) 3.10 (2.60) 3.80 (3.50:4.10) 4.20 (3.80:4.50) 0.29

D-dimer 0.55 (0.36:1.02) 0.58 (0.40:1.27) 0.63 (0.36:1.50) 0.58 (0.40:1.48) 0.58 (0.40:1.10) 0.23

Ferritin 245.20M 
(122.93:540.00)

427.80 
(200.00:847.00)

438.00 
(86.50:922.00)

430.50 
(215.73:1076.00)

300.00 
(132.80:590.00)

0.009

C-reactive protein 32.00 (5.00:64.00) 32.00 (20.00:64.00) 32.00 (9.40:64.00) 55.44 (32.00:78.23) 45.00 (8.25:64.00) 0.09

Recovery 286 (90.2) 60 (83.3) 22 (95.7) 13 (81.3) 381 (89.0)

Death 31 (9.8) 12 (16.7) 1 (4.3) 3 (18.8) 47 (11.0)

0.18

AST: Aspartate transaminase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transferase; IQR: Interquartile range; UNL: Upper limit normal.

Patients were followed up till discharge or death. On discharge, patients showed 
significant improvement in haemoglobin, gamma-glutamyl transferase, serum 
albumin, ferritin, CRP, and lactate dehydrogenase levels with mild elevations in ALT 
and AST levels (Supplementary Table 4).

Multiple stepwise logistic regression analyses were conducted to identify significant 
predictors for outcomes of death and recovery. Independent variables included age, 
asymptomatic status, fever, dry cough, dyspnoea, sore throat, steroid use, supple-
mentary vitamin C intake, azithromycin intake, subcutaneous heparin, chest CT 
findings, ICU admission, FIB-4 score, creatinine level, and urea level. The model was 
significant [χ2 (144)], and the P-value was < 0.001, meaning the independent variable 
could explain the change in the dependent variable by up to 90.8%. Significant 
predictors in our model included treatment with supplementary vitamin C (1 g daily 
capsules according to the Egyptian Ministry of Health protocol[13]) [odds ratio (OR): 
0.05, 95% confidence interval (CI): 0.008–0.337]; lung consolidation (OR: 4.540, 95%CI: 
1.155–17.840); ICU admission (OR: 25.032, 95%CI: 7.110–88.128), and FIB-4 score > 3.25 
(OR: 10.393, 95%CI: 2.459-43.925). The most significant predictor was ICU admission 
(Table 6).

Within our cohort, 60 (13.98%) patients presented with GI symptoms in addition to 
respiratory symptoms. They were predominantly females with significantly higher 
body mass index. Diarrhoea was the most common symptom, affecting 52 (86.67%) 
patients. Headache and sore throat were more frequent in patients with GI symptoms 
compared to those without GI symptoms; 83.4% of patients with GI symptoms had 
non-severe COVID-19 presentations with fewer ICU admissions. There was no 
difference in FIB-4 scores among patients with and without GI symptoms (Table 7).

https://f6publishing.blob.core.windows.net/a865d6e8-a3a6-4706-bca6-b78fa77e613a/WJG-27-6951-supplementary-material.pdf
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Table 5 Univariate analysis for factors affecting the outcome, n (%)

Outcome P value
Variable

Death Recovery Total

< 18 yr 0 (0.0) 20 (100.0) 20 (100.0)

18-60 yr 25 (6.1) 384 (93.9) 409 (100.0)

Age

> 60 yr 27 (23.5) 88 (76.5) 115 (100.0)

< 0.001

Male 29 (9.7) 270 (90.3) 299 (100.0)Gender

Female 23 (9.4) 221 (90.6) 244 (100.0)

0.94

BMI (mean ± SD) 24.90 ± 2.08 28.11 ± 4.9 0.36

Cigarette smoking 2 (9.5) 19 (90.5) 21 (100.0) 0.64

Diabetes mellitus 17 (12.6) 118 (87.4) 135 (100.0) 0.17

Hypertension 17 (13.2) 112 (86.8) 129 (100.0) 0.11

Pulmonary diseases 2 (40.0) 3 (60.0) 5 (100.0) 0.07

Asymptomatic 1 (0.9) 116 (99.1) 117 (100.0) < 0.001

Respiratory 47 (12.8) 320 (87.2) 367 (100.0)

GIT 4 (6.7) 56 (93.3) 60 (100.0)

0.17

Fever 43 (14.5) 254 (85.5) 297 (100.0) < 0.001

Headache 16 (10.3) 140 (89.7) 156 (100.0) 0.73

Dry cough 40 (14.0) 245 (86.0) 285 (100.0) < 0.001

Dyspnea 38 (21.5) 139 (78.5) 177 (100.0) < 0.001

Sore throat 2 (2.3) 86 (97.7) 88 (100.0) 0.01

Symptoms

Diarrhoea 2 (3.8) 50 (96.2) 52 (100.0) 0.21

Steroids 18 (14.2) 109 (85.8) 127 (100.0) 0.04

Lactoferrin 1 (2.2) 45 (97.8) 46 (100.0) 0.11

Hydroxy-chloroquine 12 (8.8) 124 (91.2) 136 (100.0) 0.74

Chloroquine sulphate 26 (8.3) 287 (91.7) 313 (100.0) 0.25

Vitamin C 22 (6.5) 318 (93.5) 340 (100.0) 0.002

Azithromycin 5 (4.1) 117 (95.9) 122 (100.0) 0.02

Other antibiotic 21 (10.9) 171 (89.1) 192 (100.0) 0.42

Subcutaneous heparin 43 (19.4) 179 (80.6) 222 (100.0) < 0.001

Oral anticoagulants 0 (0.0) 33 (100.0) 33 (100.0) 0.06

Mild 1 (0.4) 247 (99.6) 248 (100.0)

Moderate 7 (4.0) 169 (96.0) 176 (100.0)

Severe 10 (17.2) 48 (82.8) 58 (100.0)

COVID-19 disease 
classification

Critical 34 (55.7) 27 (44.3) 61 (100.0)

< 0.001

Normal 4 (2.0) 194 (98.0) 198 (100.0)CT chest

Abnormal 48 (14.2) 290 (85.8) 338 (100.0)

< 0.001

Lug consolidation 29 (42.6) 39 (57.4) 68 (100.0) < 0.001

ICU admission 45 (37.2) 76 (62.8) 121 (100.0) < 0.001

< 1.45 17 (6.1) 263 (93.9) 280 (100.0)

1.45:3.25 16 (15.1) 90 (84.9) 106 (100.0)

Fibrosis 4-score

> 3.25 14 (38.9) 22 (61.1) 36 (100.0)

< 0.001

Normal 35 (7.3) 445 (92.7) 480 (100.0)Creatinine < 0.001
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1-2 UNL 14 (25.9) 40 (74.1) 54 (100.0)

2-3 UNL 1 (50.0) 1 (50.0) 2 (100.0)

> 3UNL 2 (28.6) 5 (71.4) 7 (100.0)

Normal 24 (7.5) 295 (92.5) 319 (100.0)

1-2 UNL 18 (26.5) 50 (73.5) 68 (100.0)

2-3 UNL 3 (37.5) 5 (62.5) 8 (100.0)

Urea

> 3UNL 4 (44.4) 5 (55.6) 9 (100.0)

< 0.001

< 15 2 (28.6) 5 (71.4) 7 (100.0)

15:29 4 (50.0) 4 (50.0) 8 (100.0)

30:44 4 (22.2) 14 (77.8) 18 (100.0)

45:59 10 (18.2) 45 (81.8) 55 (100.0)

60:89 17 (8.6) 181 (91.4) 198 (100.0)

Estimated-glomerular 
filtration rate

≥ 90 15 (5.8) 243 (94.2) 258 (100.0)

< 0.001

Hemoglobin (gm/L)1 12.35 (11.28:13.70) 12.60 (12.00: 13.90) 12.60 (12.00:13.90) 0.23

white blood cell count (× 109)1 8.95 (5.08:13.68) 5.00 (4.30:6.90) 5.00 (4.40:7.60) < 0.001

Neutrophils/lymphocytes ratio 9.85 (5.14:14.85) 2.71 (1.56:5.14) 3.11 (1.56:6.16) 0.003

Platelet count1 201.50 (182.25:278.50) 210.00 (187.00:271.50) 208.00 (184.00:272.00) 0.84

AST1 43.00 (28.00:67.00) 26.00 (18.00:40.00) 28.00 (19.00:43.00) < 0.001

ALT1 31.00 (18.00:51.00) 26.70 (18.00:45.00) 27.00 (18.00:46.00) 0.35

Alkaline phosphatase1 152.00 (49.00) 89.00 (71.50:114.00) 89.00 (71.00:114.50) 0.37

Total bilirubin1 0.75 (0.70:0.80) 0.90 (0.60:1.20) 0.80 (0.60 :1.13) 0.38

Serum albumin1 4.00 (2.60) 4.20 (3.80:4.50) 4.20 (3.80:4.50) 0.36

D-dimer1 0.89 (0.40:1.96) 0.56 (0.40:1.05) 0.58 (0.40:1.10) 0.01

Ferritin1 429.40 (200.00:957.00) 269.00 (125.80:550.00) 300.00 (132.80:590.00) 0.001

C-reactive protein1 60.60 (32.00:64.00) 44.90 (7.00:64.00) 45.00 (8.25:64.00) 0.02

1Data are presented as median (interquartile range). COVID-19: Coronavirus disease 2019; AST: Aspartate transaminase; ALT: Alanine aminotransferase; 
IQR: Interquartile range; CT: Computed tomography; ICU: Intensive care unit; BMI: Body mass index; GIT: Gastrointestinal tract.

DISCUSSION
This is the first report from Egypt specifically exploring hepatic and GI disturbances in 
patients with COVID-19. Within our cohort, AST was more frequently elevated 
(32.10% of cases), compared with ALT (26% of cases). Only 21 (4.91%) and 16 (3.70%) 
patients, respectively, had a significant liver injury with AST or ALT elevation > 3-
fold. The cholestatic pattern of elevated bilirubin > 1.1 mg/dL, elevated ALP >147 
U/L, and GGT > 48 U/L was observed in only 8 (1.86%) patients. Our study findings 
align with those of other studies showing a direct relationship between elevated liver 
enzymes and COVID-19 disease activity.

Similar to our study, most other studies reveal a predominant pattern of 
disturbances in liver enzymes in COVID-19 patients, specifically higher AST elevation 
than ALT elevation[17-19]. A meta-analysis by Wu et al[20] found that low serum 
albumin and high GGT were the most frequent abnormalities on admission and that 
ALT elevation occurred most frequently during hospitalization, which they speculate 
may be due to the inclusion of patients with pre-existing liver disease. In our study, we 
observed no difference between survivors and non-survivors in serum albumin level. 
Wu et al[20] and Liu et al[21] found that serum albumin was significantly lower in non-
survivors.

Chronic liver disease was reported in 3.29% of our patients. Phipps et al[4] reported 
that the severity and type of underlying chronic liver disease (e.g., non-alcoholic fatty 
liver disease and chronic hepatitis B or C) were not significantly associated with 
hepatic disturbances related to COVID-19, which could be due to the small numbers of 
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Table 6 Multivariate analysis for factors associated with mortality

95% confidence interval for OR
Variable B P value adjusted OR

Lower Upper

Vitamin C intake -2.960 0.002 0.05 0.008 0.337

Lung consolidation 1.513 0.030 4.540 1.155 17.840

ICU admission 3.220 < 0.001 25.032 7.110 88.128

FIB-4 score levels 0.001

FIB-4 index levels (1.45:3.25) 0.054 0.921 1.055 0.368 3.025

Fib-4 index levels (above 3.25) 2.341 0.001 10.393 2.459 43.925

Constant -4.821 0.008

ICU: Intensive care unit; FIB-4: Fibrosis-4; OR: Odds ratio.

those cases with chronic liver diseases in their study.
In our study, AST was significantly higher in non-survivors, but no significant 

difference was observed in ALT levels between survivors and non-survivors, which is 
similar to previous meta-analyses[17,18]. Patients with severe COVID-19 and patients 
admitted to the ICU had higher transaminase levels, as confirmed by previous meta-
analyses[17-19,21,22]. Ponziani et al[23] reported that alterations in transaminase levels 
in patients with COVID-19 were mild to moderate, whereas significant liver injury 
with transaminases > 3 times the ULN and pure cholestatic injuries occurred in a 
minority of patients[23]. Phipps et al[4] showed that 6.4% of their patients had a severe 
liver injury with ALT > 5 times above the ULN. They also found that peak ALT, older 
age, diabetes mellitus, and intubation were independent predictors of mortality. A 
meta-analysis by Kulkarni et al[22] found that severe liver injury occurred in 10.7% of 
3440 patients with COVID-19: 24.9% among 358 patients with the non-severe disease 
and 41.5% among 317 patients with severe disease.

Other causes of liver injury in patients with COVID-19 include medication, such as 
acetaminophen at doses exceeding 7.5–10 g and combined use of antivirals and 
antibiotics. Systemic effects of SARS-CoV-2 infection can be hepatotoxic. For example, 
hypoxia due to lung injury and, in severe cases, sepsis, acute respiratory distress 
syndrome, and multi-organ failure precipitate hypoxia and ischemia of the liver, 
causing elevated serum ALT, AST, and total bilirubin levels[17].

In this study, baseline FIB-4 was an independent factor affecting mortality, and it 
was significantly higher in patients admitted to the ICU, those with more severe 
COVID-19 disease, and non-survivors. FIB-4, which predicts significant hepatic 
fibrosis in patients with liver disease, comprises four variables: Age, AST, ALT, and 
platelet count[11]. These factors are deranged in COVID-19 disease due to systemic 
inflammation, bone marrow suppression, injury of the skeletal muscles, elevated 
pressure in the right heart system with subsequent liver congestion, and elevated liver 
stiffness that occurs in the disease[24,25]. Sterling et al[23] showed that gender, 
diabetes mellitus, and FIB-4 ≥ 2.67 were associated with increased mortality. Another 
recent study by Li et al[25] found that FIB-4 correlated with mortality and severe 
COVID-19, noting that FIB-4 normalized in the survivors only. They also found that 
baseline FIB-4 correlated with SARS-CoV-2 viral load and their studied monocyte/ 
interferon-I-related cytokines (interleukin-6 and interferon-gamma–induced protein 
10)[25]. Rentsch et al[26] and Price-Haywood et al[27] found that FIB-4 scores > 3.25 
and ≥ 2.67, respectively, were associated with hospitalization and with ICU admission 
and mechanical support.

Within our cohort, 60 patients (13.98%) presented with GI symptoms in addition to 
respiratory symptoms. The prevalence of diarrhoea, nausea, vomiting, and abdominal 
pain was 9.51%, 2.01%, 3.11%, and 3.84%, respectively. Diarrhoea was the most 
common GI symptom in our cohort, similar to findings from Wang et al[28].

The prevalence of diarrhoea, nausea/vomiting, and abdominal pain in their 
systematic review and meta-analysis was 9.1%, 5.2%, and 3.5%, respectively. The 
predominant GI symptoms differ among countries[28-30]. In China, for example, Luo 
et al[29] reported anorexia, nausea, and vomiting as the frequent symptoms in two-
thirds of their patients, while diarrhoea and abdominal pain presented in 37%and 25% 
of their patients, respectively. A meta-analysis by Wan et al[30] (included 55 studies 
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Table 7 Features of patients with and without gastrointestinal manifestations, n (%)

Variable Respiratory, n = 369 
(86.02)

Respiratory and GIT, n = 60 
(13.98) Total P value

< 18 2 (0.5) 0 (0.0) 2 (0.5)

18:60 271 (73.4) 51 (85.0) 322 (75.1)

Age

> 60 96 (26.0) 9 (15.0) 105 (24.5)

0.12

Male 210 (56.9) 22 (36.7) 232 (54.1)Gender

Female 159 (43.1) 38 (63.3) 197 (45.9)

0.004

BMI median (IQR) 25.96 (23.34:31.25) 29.02 (26.91:33.36) 27.76 (23.74:32.01) 0.04

Cigarette smoking 15 (18.3) 6 (18.2) 21 (18.3) 1.00

Diabetes mellitus 103 (27.9) 18 (30.0) 121 (28.2) 0.74

Hypertension 101 (27.4) 21 (35.0) 122 (28.4) 0.22

Pulmonary diseases 5 (1.4) 0 (0.0) 5 (1.2) 0.36

Fever 255 (69.1) 44 (73.3) 299 (69.7) 0.51

Headache 124 (33.6) 34 (56.7) 158 (36.8) 0.001

Dry cough 252 (68.3) 35 (58.3) 287 (66.9) 0.13

Dyspnea 154 (41.7) 24 (40.0) 178 (41.5) 0.80

Symptoms

Sore throat 68 (18.4) 20 (33.3) 88 (20.5) 0.008

Steroids 101 (27.4) 24 (40.0) 125 (29.1) 0.05

Lactoferrin 28 (7.6) 18 (30.0) 46 (10.7) <0.001

Hydroxy-chloroquine 101 (27.4) 31 (51.7) 132 (30.8) <0.001

Chloroquine sulfate 200 (54.2) 24 (40.0) 224 (52.2) 0.04

Vitamin C 201 (54.5) 50 (83.3) 251 (58.5) <0.001

Azithromycin 80 (21.7) 33 (55.0) 113 (26.3) <0.001

Other parenteral antibiotics 149 (40.4) 36 (60.0) 185 (43.1) 0.004

Subcutaneous heparin 186 (50.4) 22 (36.7) 208 (48.5) 0.05

Oral anticoagulants 20 (5.4) 13 (21.7) 33 (7.7) <0.001

Mild 122 (33.2) 16 (26.7) 138 (32.2)

Moderate 137 (37.2) 34 (56.7) 171 (40.0)

Severe 53 (14.4) 6 (10.0) 59 (13.8)

COVID-19 disease 
Classification

Critical 56 (15.2) 4 (6.7) 60 (14.0)

0.03

Recovery 320 (87.2) 56 (93.3) 376 (88.1)Outcome

Death 47(12.8) 4 (6.7) 51(11.9)

0.17

Normal 91 (25.0) 11 (19.3) 102 (24.2)CT chest

Abnormal 273 (75.0) 46 (80.7) 319 (75.8)

0.35

Lug consolidation 61 (17.0) 4 (7.1) 65 (15.7) 0.06

ICU admission 111 (30.2) 10 (16.7) 121 (28.3) 0.03

< 1.45 202 (64.7) 34 (64.2) 236 (64.7)

1.45:3.25 81 (26.0) 14 (26.4) 95 (26.0)

Fibrosis 4-score

> 3.25 29 (9.3) 5 (9.4) 34 (9.3)

0.99

Normal 319 (86.4) 53 (88.3) 372 (86.7)

1-2 UNL 41 (11.1) 7 (11.7) 48 (11.2)

2-3 UNL 2 (0.5) 0 (0.0) 2 (0.5)

Creatinine 0.89
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> 3UNL 7 (1.9) 0 (0.0) 7 (1.6)

Normal 226 (75.8) 46 (85.2) 272 (77.3)

1-2 UNL 57 (19.1) 7 (13.0) 64 (18.2)

2-3 UNL 7 (2.3) 1 (1.9) 8 (2.3)

Urea

> 3UNL 8 (2.7) 0 (0.0) 8 (2.3)

0.49

< 15 7 (1.9) 0 (0.0) 7 (1.6)

15:29 5 (1.4) 1 (1.7) 6 (1.4)

30:44 17 (4.6) 1 (1.7) 18 (4.2)

45:59 42 (11.4) 8 (13.3) 50 (11.7)

60:89 135 (36.6) 21 (35.0) 156 (36.4)

Estimated-GFR

≥ 90 163 (44.2) 29 (48.3) 192 (44.8)

0.84

Hemoglobin (gm/L) 12.80 (12.00:14.00) 12.05 (11.00:13.35) 12.60 (12.00:13.90) 0.02

White blood cell count (× 109) 5.30 (4.35:8.40) 5.00 (3.63:7.08) 5.00 (4.40:7.60) 0.12

Neutrophils/lymphocytes ratio 3.71 (1.91:6.81) 4.20 (2.13:6.83) 3.11 (1.56:6.16) 0.85

Platelet count 213.00 (175.50:282.50) 225.50 (187.00:278.25) 208.00 (184.00:272.00) 0.87

AST 29.00 (20.00:44.00) 26.00 (17.00:45.63) 28.00 (19.00:43.00) 0.63

ALT 28.00 (19.00:46.00) 27.00 (18.00:55.50) 27.00 (18.00:46.00) 0.96

Alkaline phosphatase 86.50 (70.00:112.25) 99.00 (78.00:117.00) 89.00 (71.00:114.50) 0.18

Total bilirubin 0.80 (0.55:0.90) 0.90 (0.65:1.20) 0.80 (0.60:1.13) 0.06

Serum albumin 4.20 (3.80:4.50) 4.20 (3.70:4.40) 4.20 (3.80:4.50) 0.75

D-dimer 0.58 (0.40:1.10) 0.60 (0.40:1.22) 0.58 (0.40:1.10) 0.08

Ferritin 317.80 (156.10:615.90) 350.00 (112.50:723.98) 300.00 (132.80:590.00) 0.93

C-reactive protein 47.34 (13.81:64.00) 40.00 (7.00:64.00) 45.00 (8.25:64.00) 0.48

AST: Aspartate transaminase; ALT: Alanine aminotransferase; CT: computed tomography; COVID-19: Coronavirus disease 2019; BMI: Body mass index; 
QR: Interquartile range; GIT: Gastrointestinal tract.

from China, 1 from Austria, 1 from the United States, 1 from Spain, and 2 from 
Singapore) reported the prevalence of GI symptoms as diarrhoea (53 studies, 8604 
patients: 11.2%), nausea and vomiting (33 studies, 6165 patients: 10.0%), loss of 
appetite (15 studies, 2540 patients: 21.3%), and abdominal pain 14 studies, 2203 
patients: (4.6%). Another meta-analysis by Parasa et al[31] reported that diarrhoea 
occurred in 4.3%–12.2%, and nausea, or vomiting occurred in 2.6%–8.0% of their 
included 4805 patients[31]. A study from the United States showed that GI symptoms 
were present in 61.3% of their patients (the most common was loss of appetite (34.8%) 
followed by diarrhoea (33.7%) and nausea (26.4%))[32].

In our study, 83.4% of patients with GI symptoms had non-severe COVID-19. The 
presence of diarrhoea or other GI symptoms did not impact COVID-19 mortality. 
Wang et al[28] also found no difference in the prevalence of diarrhoea among severe 
and non-severe cases, and the presence of GI symptoms did not affect mortality. Nobel 
et al[33] found that COVID-19 patients with GI symptoms had lower mortality and no 
difference in ICU admission rates, compared with patients without GI symptoms[33]. 
In contrast, Zhong et al[8] and Wan et al[30] reported a correlation between diarrhoea 
and severity of COVID-19, showing that patients with diarrhoea needed more ICU 
care and ventilator support.

In our cohort, there was no significant difference in transaminases level among 
patients with and without GI symptoms, which contrasts with a meta-analysis by 
Wijarnpreecha et al[17] showing higher transaminases in patients with GI symptoms. 
The results of our study are similar to Zhou et al[34], who found that GI symptoms 
were more common in females, sore throat was also more common in their patients 
with GI symptoms, and haemoglobin level was significantly lower in their patients 
with GI symptoms. In contrast to our study, ALT was higher in their non-medical 
group of patients with GI symptoms but not in the medical group, and CRP was 
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Figure 1 Flow chart of the study cohort. COVID-19: Coronavirus disease 2019; ALT: Alanine aminotransferase.

higher in their patients with GI symptoms. Limitations of our study include 
inconclusive reports about medications received before hospitalization and the 
possibility of underlying undiagnosed liver disease, such as non-alcoholic fatty liver 
disease and unavailability of creatine phosphokinase enzyme results, as it was not 
tested at the time of the study in the quarantine hospitals affiliated with the Egyptian 
Ministry of Health.

CONCLUSION
In conclusion, within our cohort of Egyptian patients with COVID-19, elevated AST, 
ALT, total bilirubin ,and GGT were present in 32.1%, 26%, 5.8%, and 1.86% of our 
patients, respectively. Significant liver injury (AST and ALT three times higher than 
the ULN) affected 4.91% and 3.70% of patients, respectively. Male gender, smoking, 
hypertension, chronic hepatitis C, and lung involvement were significantly associated 
with elevated AST and ALT. FIB-4 scores were significantly higher in patients 
admitted to the ICU, those with more severe COVID-19, and non-survivors. The 
independent variables affecting outcome were supplementary vitamin C intake, lung 
consolidation, ICU admission, and FIB-4 score. GI symptoms were significantly more 
frequent in women, patients with higher body mass index, and those with non-severe 
COVID-19.

ARTICLE HIGHLIGHTS
Research background
Hepatic and gastrointestinal (GI) disturbances have been reported in patients with 
coronavirus disease 2019 (COVID-19) with variable prevalence according to disease 
severity and population characteristics. This could be due to direct severe acute 
respiratory syndrome coronavirus 2 invasion through the angiotensin-converting 
enzyme 2 receptors or indirect effects such as an uncontrolled immune response, drug-
induced injury, or sepsis.
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Research motivation
Comprehensive researches on hepatic and GI derangements in patients with COVID-
19 are still lacking, and they are needed for better understanding of the underlying 
factors, clinical presentations, and disease outcome

Research objectives
We aimed to study the prevalence and severity of liver and GI derangements in 
Egyptian patients with COVID-19 infection and their relation to disease outcomes.

Research methods
This multicentre cohort study was conducted on 547 COVID-19 cases from four 
quarantine hospitals during the period from April 15, 2020 to July 29, 2020. Clinical, 
laboratory features, fibrosis-4 (FIB-4) index, COVID-19 severity, and outcomes were 
recorded. Follow-ups were conducted until discharge or death.

Research results
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were elevated 
in 26% and 32% of patients while elevations above 3 fold were recorded in 4.91% and 
3.73% patients, respectively. Male gender, smoking, hypertension, chronic hepatitis C, 
and lung involvement were associated with elevated AST or ALT. FIB-4 was 
significantly higher in patients admitted to the intensive care unit (ICU), those with 
more severe COVID-19, and non-survivors. The independent variables affecting 
outcome were supplementary vitamin C intake, lung consolidation, ICU admission, 
and FIB-4 score > 3.25. GI symptoms were present in 60 (13.98%) patients. They were 
predominantly females with higher body mass index, and 50 (83.40%) patients had 
non-severe COVID-19.

Research conclusions
Significant liver injury was uncommon among Egyptian patients with COVID-19. The 
independent variables affecting mortality were supplementary vitamin C intake, lung 
consolidation, ICU admission, and FIB-4 score.

Research perspectives
Variables independently affecting mortality were supplementary vitamin C intake, 
FIB-4 score > 3.25, lung consolidation, and ICU admission. GI symptoms occurred in 
patients with non-severe COVID-19.
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Abstract
BACKGROUND 
Depression, anxiety, and altered self-care ability are among the most important 
factors affecting the quality of life of liver transplant recipients. Depending on the 
severity of the underlying liver disease, signs and symptoms of anxiety and 
depression may become more pronounced.

AIM 
To evaluate the factors affecting depression, anxiety and self-care abilities of liver 
transplant recipients.

METHODS 
Recipients who are ≥ 18 years and who underwent liver transplantation at Inonu 
University Liver Transplantation Institute were included in this descriptive and 
cross-sectional study. Sample size analysis showed that the minimum number of 
recipients should be 301 (confidence level = 95%, confidence interval = 2.5, 
population = 1382). Three hundred and twenty recipients were interviewed and 
316 recipients that have answered the questionnaires accurately were analyzed. 
The dependent variables were the Beck Depression Scale, State-Trait Anxiety 
Scale (Form I and II), and Self-Care Agency Scale. The independent variables of 
the study were sociodemographic characteristics, biliary complications, hepato-
cellular carcinoma, recommending liver transplantation to other patients, and the 
interval of out-patient clinic visits.

RESULTS 
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Self-care ability scores were lower (P = 0.002) and anxiety scores were higher (P = 
0.004) in recipients with biliary complications. On the other hand, in recipients 
with hepatocellular carcinoma, self-care scores were lower (P = 0.006) while 
depression (P = 0.003) and anxiety scores (P = 0.009) were higher. Liver 
transplantation recipients with a monthly income < 3000 Turkish liras had higher 
depression (P < 0.001) and anxiety (P = 0.003) scores. The recipients who stated 
that they would not recommend liver transplantation to others had lower self-care 
scores (P = 0.002), higher depression (P < 0.001), higher state anxiety (P = 0.02), 
and trait anxiety (P < 0.001) scores.

CONCLUSION 
Presence of biliary complications and hepatocellular carcinoma, low income level, 
and an obligation for monthly visits to the outpatient clinic are factors that are 
found to affect self-care capability, depression, and anxiety.

Key Words: Liver transplantation; Biliary complications; Hepatocellular carcinoma; 
Socioeconomic status; Depression; Anxiety; Self-care capabilities

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Depression, anxiety, and deficiency in self-care ability are among the most 
important factors affecting the quality of life of liver transplant recipients. This 
descriptive, cross-sectional questionnaire-based study shows that presence of biliary 
complications and hepatocellular carcinoma, low monthly income level, and monthly 
visits to the outpatient clinic are factors that affect self-care capability, depression, and 
anxiety.

Citation: Akbulut S, Ozer A, Saritas H, Yilmaz S. Factors affecting anxiety, depression, and 
self-care ability in patients who have undergone liver transplantation. World J Gastroenterol 
2021; 27(40): 6967-6984
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6967.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6967

INTRODUCTION
Since the first successful liver transplantation (LT) performed by Starzl et al[1] in 1967, 
LT has become the gold standard treatment modality for end stage liver failure and 
acute liver failure. In recent years, advancements in immunosuppressive medication, 
management of postoperative complications, and surgical technique have resulted in 
extended survival periods for transplant recipients[2,3]. The expectations in quality of 
life (QOL) of the LT recipients became more prominent with the increased survival 
rates of the recipients.

The parameters, signs, and symptoms related to QOL, such as the preoperative 
depression, anxiety, or need for support of a relative, can be exacerbated or can 
initially be seen in the postoperative period depending on the severity of preoperative 
psychosocial problems, operative trauma of a major operation, such as LT, long 
duration of hospitalization in either intensive care unit or in patient-wards, adverse 
effects of immunosuppressive agents (diabetes mellitus, osteoporosis, infection risk, 
hypertension, renal failure etc.), development of postoperative biliary complications 
that require interventions, the fear of recurrence of the underlying disease, such as 
hepatocellular carcinoma (HCC), the fear of the risk of acute or chronic organ rejection, 
loss of occupation that result in economic losses, and the need for regular 
postoperative follow-up[4-13]. The major factors affecting the QOL related with health 
are presence of preoperative co-morbidities (diabetes, hypertension, pulmonary 
disease), advanced age, female gender, occupation, low socioeconomic status, and 
financial burden[14-16]. Therefore, all these data suggest that strict surveillance of the 
transplant recipients in the preoperative and postoperative period in terms of 
psychosocial status and treatment of any psychosocial problems with psychotherapy 
and medication may increase the physical and mental QOL and may have a positive 
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impact on the life expectancy of the individuals[7,8].
Depression, anxiety, and the ability of self-care seem to be the most important 

parameters in the recipients in the postoperative period. Furthermore, some recipients 
may develop anxiety and depression depending on the risk factors mentioned above 
that may have an impact on the postoperative mental and physical QOL of the 
individual. In the present study on patients who received a LT, the anxiety was 
evaluated by State-Trait Anxiety Scale (STAI; Form I and II), depression was evaluated 
using the Beck Depression Scale (BDS), and the self-care was evaluated using the Self-
Care Agency Scale (SCAS). All these scoring systems and scales were individually 
used in previous studies involving solid organ transplantation[17-19]. However, we 
have not encountered any study involving all three scales used together to evaluate a 
population of recipients. The aim of the present study is to analyze the relationship 
between sociodemographic characteristics, presence of biliary complications, presence 
of HCC, preference of recommendation of LT to others, and frequency of out-patient 
clinic control and some post-transplant QOL indicators (depression, anxiety, self-care 
ability).

MATERIALS AND METHODS
Type, duration, and location of the study
The preset study is descriptive, cross-sectional questionnaire-based study on patients 
transplanted between March 2002 and December 2018 at Inonu University Liver 
Transplant Institute. The recipients that are compliant with regular out-patient follow-
up were selected for evaluation in the study, and face-to-face interview technique was 
applied to all these recipients. This study was reviewed and approved by the Inonu 
University institutional review board for non-interventional studies (3/27/2019).

Study population and sample size
The study population included 1382 recipients who met the above-mentioned criteria. 
The sample size was calculated (from the website https://www.surveysystem.com/
sscalc.htm) using the confidence level of 95% and patient population (n = 1382) and the 
calculation showed that minimum of 301 individuals were required for evaluation in 
the present study. We interviewed 320 recipients in the present study considering the 
proportion of the recipients with missing data. Of those, the 316 recipients who 
answered the questionnaire forms accurately were included in the present study.

Inclusion and exclusion criteria
LT recipients who were discharged that were equal to or greater than 18 years old, 
who can communicate verbally, and understand and answer the questions were 
included in the present study. At the time of this study, LT was not performed for 
patients with intellectual disability in our liver transplant institute. Foreigners who 
lacked sufficient Turkish to answer the questions and recipients younger than 18 years 
were excluded from the study.

Parameters and scales used in the study
Demographic and clinical characteristics form: Age, gender, marital status, blood 
type, residency (city center, town, or village), monthly income [≤ 1000 Turkish liras 
(TL), 1000-3000 TL, ≥ 3000 TL], underlying liver disease (hepatitis B, hepatitis C, HCC 
etc.), type of LT (living donor LT, deceased donor LT), smoking status, alcohol 
consumption, type of immunosuppressive agent that is being used (tacrolimus, 
everolimus, cyclosporin, mycophenolate mofetil, corticosteroids, etc.), presence of 
postoperative biliary complications, co-morbidities (cardiac, pulmonary, metabolic 
etc.), and the frequency of the out-patient visits [monthly or once in every 3 mo 
(quarterly)] were all evaluated for the present study.

BDS: BDS is designed to evaluate how the individual feels about one-self that was 
defined by Beck et al[20] for the first time in 1961. Hisli[21] evaluated the validity and 
reliability of the Turkish version in 1989 (Cronbach's alpha = 0.80). BDS includes 21 
articles that are scored between 0 and 3 points. The scores obtained from BDS range 
between 0 and 63 points and it evaluates the presence and the severity of depression in 
individuals. The severity of depression according to the scores of the individuals are 
minimal depression (0-9 points), mild depression (10-16 points), moderate depression 
(17-29 points), and severe depression (30-63 points)[22].

https://www.surveysystem.com/sscalc.htm
https://www.surveysystem.com/sscalc.htm
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STAI: STAI was first defined by Spielberger et al[23] in 1970 to define the reaction of 
individuals with newly-developed or pre-existent anxiety. The validity and reliability 
of the scale was performed by Oner and LeCompte in 1983[24]. The Cronbach's alpha 
reliability coefficient for instantaneous and continuous anxiety scores calculated were 
0.96 and 0.83, respectively[24]. The scale includes STAI Form-I (State) and STAI Form-
II (Trait) parts. The first part of the form evaluates the recent anxiety status of the 
individual and the later part of the form evaluates the general anxiety status of the 
patient. The answers to the first part of the form are as follows: not at all (= 1), 
somewhat (= 2), moderately so (= 3), and very much so (= 4). The answers to the 
second part of the form are as follows: almost never (= 1), sometime (= 2), often (= 3), 
and almost always (= 4). In the STAI-I scale questions 1, 2, 5, 8, 10, 11, 15, 16, 19, and 20 
are graded inversely (1 = 4 points, 2 = 3 points, 3 = 2 points, and 4 = 1 points). The 
other questions are graded directly (1 = 1 points, 2 = 2 points, 3 = 3 points, 4 = 4 
points). In a similar fashion, in the  STAI-II scale, 21, 26, 27, 30, 36, and 39th questions 
are graded inversely as explained before. At the end of evaluation, the anxiety is 
classified as high if the points are high; and is considered as low if the points are low. 
The total points from the instantaneous and the continuous parts is also helpful for the 
diagnosis of anxiety. If the total points are ≥ 35 points, this indicates the presence of 
anxiety and if the total points are < 35, this suggests that there is no anxiety in the 
patients[24,25].

SCAS: SCAS was first developed in 1979 by Kearney and Fleischer[26] to evaluate the 
self-care ability of individuals. The validation of the Turkish version in healthy 
subjects was performed by Nahcivan[27] in 1993 (Cronbach's alpha = 0.89). All 35 
questions in the questionnaire are designed in a five-point Likert scale: It does not 
define me at all (= 0), it does not define me entirely (= 1), I have no idea (= 2), it defines 
me a little (= 3), and it defines me completely (= 4). In the questionnaire, the question 
6, 9, 13, 19, 22, 26, and 31 are graded inversely (0 = 4 points, 1 = 3 points, 2 = 2 points, 3 
= 1 points, 4 = 1 points). The other questions are graded directly (0 = 1 points, 1 = 1 
points, 2 = 2 points, 3 = 3 points, 4 = 4 points). Maximum points obtained from the 
scale can be 140, and higher scores indicate higher self-care ability.

Statistical analysis
All statistical analyses are performed by Statistical Software Package for Social 
Sciences (SPSS v. 25). The Kolmogorov-Smirnov test was used to evaluate the 
normality of distribution of the variables. Some of the variables did not distribute 
normally and, therefore, all the continuous variables were expressed as median and 
interquartile range (IQR = Q3-Q1). Qualitative variables were expressed as the number 
of affected individuals (n) and percentage (%). Two-independent groups were 
compared using the Mann-Whitney U test, Pearson Chi-Square test, and Chi-Square 
test with Yates correction. For three-independent group comparisons, the Chi-Square 
test was used for qualitative variables and the Kruskal-Wallis test was used for 
continuous variables. For parameters that showed significant differences in the 
Kruskal-Wallis test, these parameters were further evaluated with Kruskal-Wallis One-
way ANOVA (k sample) to determine the source of difference among the multiple 
groups. The correlation between the discrete variables was evaluated using 
Spearman’s Rho correlation analysis. The correlation between the qualitative and 
quantitative variables were evaluated using the Point Double-Series Correlation 
Coefficient. Partial correlation analysis was performed to evaluate the individual 
contribution of variables to the correlation. The Correlation coefficient (r) was 
classified according to the power of the correlation; as defined before: very weak (r = 
0.00-0.25), weak (r = 0.00-0.25), moderate (r = 0.50-0.69), high (r = 0.70-0.89), and very 
high (r = 0.90-1.00). Any P value less than 0.05 was considered as being statistically 
significant.

RESULTS
A total 316 patient with an age ranging from 18 to 76 years (median = 50, IQR = 58-36) 
were included in the present study. There were 189 (59.8%) male and 127 (40.2%) 
female patients included in the study. The demographic and sociocultural character-
istics, clinical characteristics related with LT, and data regarding self-care ability, 
depression and anxiety status of the recipients are summarized in Tables 1-3.
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Table 1 Sociodemographic characteristics of the study group

Parameters n %

Gender

Female 127 40.2

Male 189 59.8

Age (yr)

Median 50

IQR 58-36

BMI (kg/m2)

Median 25

IQR 28-22

Marital status

Married 245 77.5

Unmarried 58 18.4

Divorced 13 4.1

Residency

City Center 175 55.4

Town 106 33.5

Village 35 11.1

Levels of education

Unschooled 48 15.2

Primary school 156 49.4

Secondary school 23 7.3

High school 61 19.3

Bachelor's degree or more 28 8.9

Career

Housewife 90 28.5

Employed 27 8.6

Retired 78 24.7

Tradesman 40 12.7

Unemployed 81 25.6

Monthly income (Turkish liras)

≤ 1000 18 5.7

1000-3000 260 82.3

≥ 3000 38 12.0

Chronic disease (except liver disease)

Yes 113 35.8

No 203 64.2

Smoking (pre-LT)

Yes 127 40.2

No 189 59.8

Smoking (post-LT)

Yes 12 3.8
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No 304 96.2

Alcohol use (pre-LT)

Yes 37 11.7

No 279 88.3

Alcohol use (post-LT)

Yes 7 2.2

No 309 97.8

BMI: Body mass index; IQR (Q3-Q1): Inter-quartile range.

Evaluation of the patients according to the presence of biliary complications
The recipients were classified into two groups according to presence (n = 200) and 
absence (n = 116) of biliary complications. Body mass index (P = 0.038), type of liver 
graft (P < 0.001), SCAS (P = 0.002), and STAI-I (P = 0.004) were significantly different 
among the groups. In recipients with biliary complications SCAS scores were found to 
be low and STAI-I scores were high. The median BDS scores did not significantly 
change. However, when the BDS scores were classified, there was a significant 
difference among the recipients with and without biliary complications (P = 0.04). The 
moderate to severe depression rate was higher in recipients with biliary complications. 
Total STAI scores were classified according to the anxiety of the recipients and the 
severity of anxiety was higher in recipients with biliary complications (57.5%, P = 
0.009). There was no statistically significant difference in other variables according to 
the presence of biliary complications (Table 4).

Evaluation of the patients according to the presence of HCC
The recipients were classified according to presence (n = 32) or absence (n = 284) of 
HCC (Table 5). SCAS (P = 0.006), BDS (P = 0.003), and STAI-II scores (P = 0.009) were 
significantly different among recipients with and without HCC. While mild and 
moderate depressive symptoms were more pronounced in recipients with HCC, 
minimal depressive symptoms were higher in recipients without HCC. Other variables 
showed no difference according to presence or absence of HCC (Table 5).

Evaluation of the patients according to monthly income
The recipients were grouped in to three groups according to their monthly income 
(TL): ≤ 1000 (n = 18), 1000-3000 (n = 260), and ≥ 3000 (n = 38) (Table 6). There were 
significant differences in gender (P < 0.001), place or residence (P = 0.002), BDS scores (
P < 0.001), and STAI-II scores (P = 0.003) among groups. In recipients with monthly 
income ≥ 3000 TL, the depressive symptoms were minimal; while, in recipients with 
low income, higher rates of mild and moderate depressive symptoms were observed. 
Other parameters did not show difference according to income of the recipients 
(Table 6).

Evaluation of the patients according to their inclination towards recommendation of 
LT to others
The recipients were grouped according to their preference of recommending (n = 285) 
or not recommending (n = 31) LT to others. The groups showed statistically significant 
difference in terms of SCAS (P = 0.002), BDS scores (P < 0.001), STAI-I (P = 0.02), and 
STAI-II scores (P < 0.001). In the group of recipients that do not recommend LT to 
others, about half of the individuals had moderate to severe depressive symptoms 
which was significantly higher than the recipients in the group that do recommend LT 
(48.5% vs 11.6%; P < 0.001). All STAI scores were stratified according to the anxiety of 
the recipients and the rate of anxiety was significantly higher in recipients in the group 
that do not recommend LT (100% vs 85.6%; P = 0.021). There was no significant 
difference in other variables according to inclination towards recommending or not 
recommending LT to others (Table 7).

Evaluation of the patients according to frequency of out-patient clinic visits
The data of the 264 LT recipients that come to out-patient clinic monthly were 
compared to 52 recipients who come to out-patient visits quarterly. Age (P = 0.047) 
and BDS scores (P = 0.028) showed significant difference among the groups. The 
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Table 2 Clinical characteristics of the study group associated with liver transplantation

Parameters n %

Underlying liver disease

HBV 157 49.7

Cryptogenic 25 7.9

HCC 32 10.1

Wilson 15 4.7

HCV 19 6.0

Autoimmune 22 6.9

Others 46 14.5

Type of LT

LDLT 291 92.1

DDLT 25 7.9

Biliary complications

Presence 200 63.3

Absence 116 36.7

Antiviral agents use (HBV/HCV)

Yes 196 62.0

No 120 38.0

Ursodeoxycholic use

Yes 229 72.5

No 87 27.5

Tacrolimus use

Yes 286 90.5

No 30 9.5

Everolimus use

Yes 108 34.2

No 208 65.8

Corticosteroid use

Yes 96 30.4

No 220 69.6

Mycophenolate mofetil use

Yes 212 67.1

No 104 32.9

PPI Inhibitors use

Yes 314 99.4

No 2 0.6

Inclination towards recommendation of LT to others

I recommend 285 90.2

I do not recommend 31 9.8

Frequency of out-patient visits

Monthly 264 83.5

Quarterly 52 16.5
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DDLT: Deceased donor liver transplantation; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; LDLT: Living donor liver 
transplantation; LT: Liver transplantation.

Table 3 Evaluation of the Study group according to the scores obtained Self-Care Agency Scale, Beck Depression Scale and State-Trait 
Anxiety Scale

Parameters Results

SCAS scores

Median 95

IQR 108-86

BDS scores

Median 9

IQR 14-5

STAI-I (state) scores

Median 35

IQR 41-28

STAI-II (trait) scores

Median 42

IQR 50-36

STAI-I (state) (categorized form)

Presence anxiety (≥ 35 point) 164 (51.9)

Absence anxiety (< 35 point) 152 (48.1)

STAI-II (trait) (categorized form)

Presence anxiety (≥ 35 point) 275 (87.0)

Absence anxiety (< 35 point) 41 (13.0)

BDS (categorized form)

Minimal depression (0-9 point) 183 (57.9)

Mild depression (10-16 point) 85 (26.9)

Moderate depression (17-29 point) 45 (14.2)

Severe depression (30-63 point) 3 (0.9)

BDS: Beck Depression Scale; IQR (Q3-Q1): Inter-quartile range; SCAS: Self-Care Agency Scale; STAI: State-Trait Anxiety Scale.

moderate depression rate of the recipients that come to monthly controls were 
significantly higher (16.7% vs 1.9%; P = 0.004). Other variables did not show significant 
difference according to the frequency of out-patient clinical visits (Table 8).

The results of correlation statistics between the scales
SCAS and BDS showed a significant but weak and negative correlation P < 0.001; r = -
0.340). There was also a significant but weak and negative correlation between SCAS 
and STAI-I scales (P < 0.001; r = -0.473) and SCAS and STAI-II scales (P < 0.001; r = -
0.391). There was a significant but weak positive correlation between BDS and STAI-I 
scores (P < 0.001; r = +0.498) and between BDS and STAI-II scores (P < 0.001; r = 
+0.455). There was a significant, moderate, and positive correlation between STAI-I 
and STAI-II scores (P < 0.001; r = +0.539). The impact of presence of biliary complic-
ations, HCC, and the frequency of out-patient clinic visits on correlations observed 
between STAI-I, STAI-II, BDS, and SCAS scores were further analyzed using partial 
correlation analyses techniques which showed that the correlation between different 
scales were independent from the factors that were investigated.
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Table 4 Comparison of various characteristics of the study group according to presence of postoperative biliary complications

Parameters Biliary complications (+) (n = 200) Biliary complications (-) (n = 116) P value

Age (yr)

Median 48 53

IQR 56-36 60-40

0.126

Gender (%)

Female 83 (41.5) 44 (37.9)

Male 117 (58.5) 72 (62.1)

0.533

BMI (kg/m2)

Median 26 25

IQR 28-22 27-22

0.038

Type of LT

LDLT 194 (97) 97 (83.6)

DDLT 6 (3) 19 (16.4)

< 0.001

SCAS scores

Median 94 98

IQR 108-82 107-89

0.002

BDS scores

Median 9 9

IQR 15-5 12-7

0.375

STAI-I (state) scores

Median 37 32

IQR 43-29 41-27

0.004

STAI-II (trait) scores

Median 42 42

IQR 50-36 54-37

0.454

BDS (categorized form)

Minimal depression 114 (57) 69 (59.5)

Mild depression 52 (26) 33 (28.4)

Moderate depression 34 (17) 11 (9.5)

Severe depression 0(0) 3 (2.6)

0.040

STAI-I (state)

Presence anxiety 115(57.5) 49(42.2)

Absence anxiety 85(42.5) 67(57.8)

0.009

STAI-II (trait)

Presence anxiety 174 (87.0) 101 (87.1)

Absence anxiety 26 (13.0) 15 (12.9)

1.000

BDS: Beck Depression Scale; BMI: Body mass index; IQR (Q3-Q1): Inter-quartile range; SCAS: Self-Care Agency Scale; STAI: State-Trait Anxiety Scale.

DISCUSSION
With the advances in surgical techniques, perioperative patient management, the 
treatment of postoperative complications with minimally invasive methods, and the 
development of targeted immunosuppressive treatment protocols with fewer side 
effects, significant reductions in mortality and morbidity rates have been achieved in 
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Table 5 Comparison of various characteristics of the study group according to presence of hepatocellular carcinoma

Parameters HCC (+) (n = 32) HCC (-) (n = 284) P value

Age (yr)

Median 52 50

IQR 59-44 58-36

0.195

BMI (kg/m2)

Median 26 25

IQR 29-23 28-22

0.063

Gender (%)

Female 13 (40.6) 114 (40.1)

Male 19 (59.4) 170 (59.9)

1.000

Biliary complications

Presence 16 (50) 184 (64.8)

Absence 16 (50) 100 (35.2)

0.147

SCAS scores

Median 92 96

IQR 95-68 108-86

0.006

BDS scores

Median 13 9

IQR 17-8 13-5

0.003

STAI-I (state) scores

Median 34 35

IQR 50-26 41-28

0.856

STAI-II (trait) scores

Median 45 42

IQR 56-39 50-36

0.009

BDS (categorized form)

Minimal depression 10 (31.3) 173 (60.9)

Mild depression 12 (37.5) 73 (25.7)

Moderate depression 10 (31.3) 35 (12.3)

Severe depression 0 (0) 3 (0.9)

0.004

STAI-I (state) (categorized form)

Presence anxiety 16 (50) 148 (52.1)

Absence anxiety 16 (50) 136 (47.9)

0.968

STAI-II (trait) (categorized form)

Presence anxiety 30 (93.8) 245 (86.3)

Absence anxiety 2 (6.2) 39 (13.7)

0.402

BDS: Beck Depression Scale; BMI: Body mass index; IQR (Q3-Q1): Inter-quartile range; SCAS: Self-Care Agency Scale; STAI: State-Trait Anxiety Scale.

patients who received LT during the last quarter century[8]. The 1- and 5-years 
survival rates of the patients following LT were 85%-86% and 68%-74%, respectively
[28]. On the other hand, together with the long-term survival rates obtained, the QOL 
of the recipients started to become one of the major concerns for both the physicians 
and the relatives of the recipients[8].
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Table 6 Comparison of various characteristics of the study group according to monthly income

Parameters ≤ 1000 TL (n = 18) 1000-3000 TL (n = 260) ≥ 3000 TL (n = 38) P value

Age (yr)

Median 44 51 50

IQR 60-30 58-36 57-43

0.921

Gender (%)

Female 13 (72.2) 107 (41.2) 7 (18.4)

Male 5 (27.8) 153 (58.8) 31 (81.6)

< 0.001

Residency (%)

City center 12 (66.7) 131 (50.4) 32(84.2)

Town 4 (22.2) 96 (36.9) 6 (15.8)

Village 2 (11.1) 33 (12.7) 0 (0)

0.002

SCAS scores

Median 94 94 97

IQR 109-86 105-86 112-87

0.119

BDS scores

Median 9 9 6

IQR 16-5 15-6 9-3

< 0.001

STAI-I (state) scores

Median 35 35 33

IQR 46-26 42-28 41-25

0.106

STAI-II (trait) scores

Median 48 42 39

IQR 52-43 50-36 45-36

0.003

BDS (categorized form)

Minimal depression 10 (55.6) 139 (53.5) 34 (89.5)

Mild depression 4 (22.2) 78 (30) 3 (7.9)

Moderate depression 4 (22.2) 40 (15.4) 1 (2.6)

Severe depression 0 (0) 3 (1.2) 0 (0)

0.004

BDS: Beck Depression Scale; IQR (Q3-Q1): Inter-quartile range; SCAS: Self-Care Agency Scale; STAI: State-Trait Anxiety Scale; TL: Turkish liras.

According to the World Health Organization (WHO), healthy individual is not only 
free of disease or disability but also defined as a state of psychological and physical 
well-being[8-10]. From this WHO’s perspective, technical and medical success 
following LT does not necessarily indicate health of the individual; the recipients 
should also be in the acceptable range of well-being in psychosocial terms as well. For 
this reason, physicians should also aim to mediate the factors that affect the 
psychosocial QOL of the individuals following the LT procedures. In the last two 
decades the studies regarding the QOL of the living donors and recipients after LT 
have increased tremendously[8,29-33].

Biliary complications are frequently encountered following LT and especially after 
living donor LT[34,35]. The treatment involves a combination of surgical therapy and 
endoscopic or interventional radiology assisted percutaneous stenting or catheter 
placement[36-39]. These complications result in prolonged hospitalization, repeated 
interventions, and frequent outpatient clinic visits. Therefore, the QOL of the 
recipients with biliary complications are expected to be lower than recipients without 
biliary complications[6,40-42]. We have seen that there are no studies analyzing the 
relationship between biliary complications and the QOL of the recipients. The majority 
of the published studies state that the biliary complications that develop can adversely 
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Table 7 Evaluation of the study group according to their inclination towards recommendation of liver transplantation to other patients

Parameters I recommend (n = 285) I do not recommend (n = 31) P value

Age (yr)

Median 51 50

IQR 58-36 62-40

0.519

Gender (%)

Female 115 (40.4) 12 (38.7)

Male 170 (59.6) 19 (61.3)

1.000

Residency (%)

City center 155 (54.4) 20 (64.5)

Town 98 (34.4) 8 (25.8)

Village 32 (11.2) 3 (9.7)

0.551

Biliary complications

Presence 182 (63.9) 18 (58.1)

Absence 103 (36.1) 13 (41.9)

0.660

SCAS scores

Median 95 74

IQR 108-87 101-69

0.002

BDS scores

Median 9 15

IQR 13-5 29-9

< 0.001

STAI-I (state) scores

Median 35 42

IQR 41-28 51-27

0.020

STAI-II (trait) scores

Median 42 49

IQR 50-36 53-43

< 0.001

BDS (categorized form)

Minimal depression 173 (60.7) 10 (32.3)

Mild depression 79 (27.7) 6 (19.4)

Moderate depression 33 (11.6) 12 (38.7)

Severe depression 0 (0) 3 (9.8)

< 0.001

STAI-I (state) (categorized form)

Presence anxiety 143 (50.2) 21 (67.7)

Absence anxiety 142 (49.8) 10 (32.3)

0.095

STAI-II (trait) (categorized form)

Presence anxiety 244 (85.6) 31 (100)

Absence anxiety 41 (14.4) 0 (0.0)

0.021

BDS: Beck Depression Scale; IQR (Q3-Q1): Inter-quartile range; SCAS: Self-Care Agency Scale; STAI: State-Trait Anxiety Scale.

affect the QOL of the recipients[6,8,40]. In the present study, the self-care ability of the 
recipients with biliary complications was found to be low (P = 0.002) and the instant-
aneous anxiety index was found to be increased (P = 0.004). Furthermore, in recipients 
with biliary complications, 17% showed moderate depression and 57.5% showed signs 
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Table 8 Comparison of various characteristics of the study group according to frequency of out-patient clinic visits

Parameters Monthly control (n = 264) Quarterly control (n = 52) P value

Age (yr)

Median 52 44

IQR 58-38 56-29

0.047

Gender (%)

Female 106 (40.2) 21 (40.4)

Male 158 (59.8) 31 (56.9)

1.000

Residency (%)

City center 150 (56.8) 25 (48.1)

Town 82 (31.1) 24 (46.2)

Village 32 (12.1) 3 (5.8)

0.077

SCAS scores

Median 95 94

IQR 108-86 108-87

0.664

BDS scores

Median 9 9

IQR 15-6 10-3

0.028

STAI-I (state) scores

Median 35 38

IQR 41-28 44-29

0.728

STAI-II (trait) scores

Median 42 40

IQR 50-36 50-36

0.519

BDS (categorized form)

Minimal depression 147 (55.7) 36 (69.2)

Mild depression 72 (27.3) 13 (25)

Moderate depression 44 (16.7) 1 (1.9)

Severe depression 1 (0.4) 2 (3.8)

0.004

STAI-I (state) (categorized form)

Presence anxiety 134 (50.8) 30 (57.7)

Absence anxiety 130 (49.2) 22 (42.3)

0.360

STAI-II (trait) (categorized form)

Presence anxiety 228 (86.4) 47 (90.4)

Absence anxiety 36 (13.6) 5 (9.6)

0.506

BDS: Beck Depression Scale; IQR (Q3-Q1): Inter-quartile range; SCAS: Self-Care Agency Scale; STAI: State-Trait Anxiety Scale.

of instantaneous anxiety. In our opinion, this observation can be explained by 
prolonged hospitalization, pain and discomfort that is caused by percutaneous 
catheter placement, the fear of losing the transplanted organ, and the necessity of 
frequent outpatient clinic visits.

Another factor that has a major impact on the QOL is the presence of HCC 
diagnosis before the LT. Mabrouk et al[43] have stated that the QOL parameters in 
recipients transplanted for HCC were significantly worse than that of the recipients 
transplanted for other etiologies; the reason for this was correlated with anxiety 
related with the probability of a recurrence of the HCC in the post-LT period. On the 
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other hand, Castaldo et al[44] suggested that the diagnosis of HCC had a positive 
impact on the physical and mental components of QOL for the recipients. On the other 
hand, Heits et al[45] have found no relation between HCC and QOL parameters. In 
Europe and the United States, recipients with HCC receive additional points  during 
the waiting list and recipients are transplanted in early disease stages, which results in 
a favorable prognosis compared to recipients without HCC. In the present study, in 
patients with HCC, the self-care ability was low (P = 0.006) while depression (P = 
0.003) and continuous anxiety indices (P = 0.009) were higher than recipients without 
HCC. Furthermore, 31.3% of the patients with HCC had signs and symptoms of 
moderate depression. We agree with the Mabrouk et al[43] regarding this issue; 
however, we believe that the negative effect on the QOL parameters should be further 
investigated regarding the impact of HCC diagnosis and the cumulative effect of the 
various other factors on this outcome. The cadaveric organ donations in Turkey are 
significantly lower than that of the developed western countries, and, for this reason, 
the recipients with HCC have almost no chance for deceased donor LT and the 
majority need a living liver donation from a family member or a relative[46]. 
Therefore, the patients have to live with HCC for a period of time before the LT, with 
some patients requiring bridging procedures, such as chemoembolization, radioembol-
ization, microwave or radiofrequency ablation, and surgical resection. This prolonged 
and hard waiting period may be the cause of the adverse effects observed on the QOL 
parameters in the post-LT period.

Other important factors that have an impact on the QOL of the recipients following 
LT is the income and the frequency of the required out-patient clinic visits of the 
recipients. The studies have shown that the recipients taking long journeys to come for 
an out-patient control visit had detrimental economical consequences and reduction in 
QOL of the recipients[47]. Furthermore, the prolonged hospitalization and frequent 
hospital visits delay the time to return to work, which reduce the household income. 
This will inevitably result in psychosocial problems in the recipients. Previous studies 
from our institute have shown that families of pediatric recipients with a low incomes 
experienced severe social and economic problems following the transplant procedure
[48]. In the present study, we have shown that as the monthly income increased, the 
parameters related with depression (P < 0.001) and continuous anxiety indices (P = 
0.003) decreased significantly. The symptoms related with moderate depression was 
observed in 22.2% of the patients with a monthly income lower than 1000 TL; on the 
other hand, patients with 1000-3000 TL and ≥ 3000 TL had moderate depression rate of 
15.4% and 2.6%, respectively (P = 0.004). Similarly, the depression level of the 
recipients who were required to attend frequent visits to the out-patient clinic were 
significantly higher than recipients who only had to attend quarterly (P = 0.028). In 
other words, 22.2% of the patients that had to come to out-patient clinic monthly 
showed signs and symptoms of moderate depression (P = 0.004).

Immunosuppressive drugs that are being used to prevent organ rejection also have 
a significant impact on the QOL of the recipients. Zaydfudim et al[49] have stated that 
high dose steroid use in recipients have reduced the physical and mental health of the 
recipients and caused majority of the anxiety related symptoms of the individuals. 
Lerut[50] stated that reduction or even discontinuation of steroids and other 
immunosuppressives would eliminate their adverse effects and would increase the 
QOL of the recipients. In the preset study, we found no difference between the Beck’s 
depression score, instantaneous or continuous anxiety indices, and self-care ability of 
the patients who did or did not use steroids. Braun et al[51] have suggested that 
recipients that are treated with cyclosporin had better QOL when compared to patients 
treated with tacrolimus. However, there are contradicting studies that show better 
QOL with tacrolimus treatment when compared to patients that are on cyclosporin 
treatment[52,53]. In the present study, the type of immunosuppressive (tacrolimus vs 
cyclosporin) did not have significant impact on the BDS, STAI-I, STAI-II, and SCAS 
scores of the recipients. Similarly, we found no difference in terms of the BDS, STAI-I, 
STAI-II, and SCAS among the patients who did or did not receive cyclosporin 
treatment. However, we found that the BDS scores of the recipients that are on 
tacrolimus therapy were significantly higher (P = 0.018) and the SCAS scores (P = 
0.001) were significantly lower than the recipients that are not receiving tacrolimus 
therapy. In general, our results suggest that there is no impact of either cyclosporin or 
tacrolimus on the QOL parameters of the recipients. However, our results regarding 
the impact of tacrolimus on the self-care abilities of the recipients are original and need 
to be validated by prospective studies.

The decision to recommend LT to others and its relationship with the QOL 
parameters requires further analysis. Our review of current literature showed that 
there are no studies addressing this problem. In the present study, we have found that 
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the SCAS scores were lower (P = 0.002) and BDS (P < 0.001), STAI-I (P = 0.020), and 
STAI-II (P < 0.001) scores were higher in patients who stated that they would not to 
recommend LT to others. Furthermore, moderate depression rate and signs of 
prominent anxiety was present in 38.7% and 100% of the recipients who did not 
recommend LT to others, respectively. The recipients that did or did not recommend 
LT did not differ in terms of incidence of biliary complications (P = 0.660), presence of 
HCC (P = 1.000), and use of tacrolimus (P = 0.056) as immunosuppressive treatment. 
However, 36.1% of the recipients that did recommend LT and 16.1% of the recipients 
that did not recommend LT were using everolimus (P = 0.042). Patients that do or do 
not use everolimus did not significantly differ in terms of depression, anxiety, and self-
care ability. Therefore, our results need validation and further analyses by studies that 
will be conducted in future.

CONCLUSION
Biliary complications cause depression, reduced self-care ability, and cause anxiety in 
patients after LT. This has a major impact on the QOL of the recipients. HCC reduces 
the QOL by increasing depression and anxiety and reducing self-care ability of the 
recipients. These recipients have HCC that exceed the acceptable limits in the 
preoperative period, and they receive multiple procedures to down-stage the tumors. 
This results in frustration and concerns of recurrence of the tumor in the postoperative 
period. The monthly income and frequent out-patient clinic visits have a significant 
impact on the QOL of the recipients. The recipients and their relatives cannot return to 
work until they recover fully after the LT procedure. Furthermore, frequent visits to 
the out-patient clinic further compromise return to work for the recipients which has a 
major impact on the income of the recipients. All recipients should be examined by 
psychiatry in the preoperative period and should receive medico-social therapy in 
necessary situations. Routine postoperative follow-up of the recipients with a psycho-
logist and physiotherapists are very important for physical and mental QOL of the 
recipients. Transplant centers should also employ physiotherapists and psychologists 
that will work with specifically with recipients.

ARTICLE HIGHLIGHTS
Research background
Depression, anxiety, and status of self-care ability are among the most important 
factors affecting the quality of life of patients who have undergone liver 
transplantation. Depending on the severity of the underlying liver disease, signs and 
symptoms of anxiety and depression may become more pronounced.

Research motivation
Depression, anxiety, and deficiency in self-care ability are among the most important 
factors affecting the quality of life of liver transplant recipients. This descriptive, cross-
sectional questionnaire-based study shows that presence of biliary complications and 
hepatocellular carcinoma, low monthly income level, and monthly visits to the 
outpatient clinic are factors that are found to affect self-care capability, depression, and 
anxiety.

Research objectives
The main objective of this study is to analyze the relationship between sociodemo-
graphic characteristics, presence of biliary complications, presence of hepatocellular 
carcinoma, preference of recommendation of liver transplantation to others, and 
frequency of out-patient clinic control, and some post-transplant quality of life 
indicators (depression, anxiety, self-care ability).

Research methods
This study is descriptive, cross-sectional questionnaire-based study on patients 
transplanted between 2002 and 2018 at our Liver Transplant Institute. The recipients 
who were discharged that were equal to or greater than 18-years-old and who can 
communicate verbally and understand and answer the questions were included in the 
present study. We interviewed 320 liver transplant recipients in the present study 
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considering the proportion of the recipients with missing data. Of those, 316 recipients 
who answered the questionnaire forms accurately were included in the present study. 
The dependent variables were Beck Depression Scale, State-Trait Anxiety Scale (Form I 
and II) and Self-Care Agency Scale. The independent variables of the study were 
sociodemographic characteristics, biliary complications, hepatocellular carcinoma, 
recommending liver transplantation to other patients, and the interval of out-patient 
clinic visits.

Research results
Self-care ability scores were lower and anxiety scores were higher in recipients with 
biliary complications. On the other hand, in recipients with hepatocellular carcinoma, 
self-care scores were lower and depression and anxiety scores were higher. In liver 
transplantation recipients with a monthly income < 3000 Turkish liras had higher 
depression and anxiety scores. The recipients who stated that they would not 
recommend liver transplantation to others had lower self-care scores and higher 
depression, state anxiety, and trait anxiety scores.

Research conclusions
Presence of biliary complications and hepatocellular carcinoma, low income level, and 
an obligation monthly visits to the outpatient clinic are factors that are found to affect 
self-care capability, depression and anxiety.

Research perspectives
To our knowledge, this study is one of the most comprehensive studies examining the 
relationships between post liver transplant quality of life indicators and various 
clinical parameters.
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Abstract
BACKGROUND 
Despite the improvement in the endoscopic hemostasis of non-variceal upper 
gastrointestinal bleeding (NVUGIB), rebleeding remains a major concern.

AIM 
To assess the role of prophylactic transcatheter arterial embolization (PTAE) 
added to successful hemostatic treatment among NVUGIB patients.

METHODS 
We searched three databases from inception through October 19th, 2020. 
Randomized controlled trials (RCTs) and observational cohort studies were 
eligible. Studies compared patients with NVUGIB receiving PTAE to those who 
did not get PTAE. Investigated outcomes were rebleeding, mortality, reinter-
vention, need for surgery and transfusion, length of hospital (LOH), and intensive 
care unit (ICU) stay. In the quantitative synthesis, odds ratios (ORs) and weighted 
mean differences (WMDs) were calculated with the random-effects model and 
interpreted with 95% confidence intervals (CIs).
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RESULTS 
We included a total of 3 RCTs and 9 observational studies with a total of 1329 
patients, with 486 in the intervention group. PTAE was associated with lower 
odds of rebleeding (OR = 0.48, 95%CI: 0.29–0.78). There was no difference in the 
30-d mortality rates (OR = 0.82, 95%CI: 0.39–1.72) between the PTAE and control 
groups. Patients who underwent PTAE treatment had a lower chance for reinter-
vention (OR = 0.48, 95%CI: 0.31–0.76) or rescue surgery (OR = 0.35, 95%CI: 
0.14–0.92). The LOH and ICU stay was shorter in the PTAE group, but the 
difference was non-significant [WMD = -3.77, 95%CI: (-8.00)–0.45; WMD = -1.33, 
95%CI: (-2.84)–0.18, respectively].

CONCLUSION 
PTAE is associated with lower odds of rebleeding and any reintervention in 
NVUGIB. However, further RCTs are needed to have a higher level of evidence.

Key Words: Prophylactic transcatheter arterial embolization; Non-variceal upper 
gastrointestinal bleeding; Rebleeding; Reintervention; Meta-analysis; Review

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Rebleeding remains a significant concern in patients with non-variceal upper 
gastrointestinal bleeding (NVUGIB), despite the improvements in endoscopic and 
pharmacologic treatments. Our systematic review and meta-analysis indicate that 
prophylactic transcatheter arterial embolization (PTAE) compared to standard of care 
is accompanied by lower odds of rebleeding, need for rescue surgery, and reinter-
ventions NVUGIB. However, we could not justify a beneficial effect of PTAE on 
mortality rates compared with the standard of care. In line with our results, we suggest 
using PTAE in selected cases, where risk stratification predicts high rebleeding risk or 
the anatomical situation makes the secure and permanent endoscopic hemostasis 
impossible.

Citation: Boros E, Sipos Z, Hegyi P, Teutsch B, Frim L, Váncsa S, Kiss S, Dembrovszky F, 
Oštarijaš E, Shawyer A, Erőss B. Prophylactic transcatheter arterial embolization reduces 
rebleeding in non-variceal upper gastrointestinal bleeding: A meta-analysis. World J 
Gastroenterol 2021; 27(40): 6985-6999
URL: https://www.wjgnet.com/1007-9327/full/v27/i40/6985.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i40.6985

INTRODUCTION
Acute upper gastrointestinal bleeding (UGIB) remains a common medical emergency 
with an incidence of 47-90/100000[1-3]. The age-standardized incidence of ulcer 
bleeding decreased by 41.6% between 1983 and 2004 in a prospective observational 
study; notable the decrease occurred only in people younger than 70 years of age[1]. 
Mortality in UGIB ranges between 1.1%–11%[4], although it has significantly 
decreased due to improvements and innovation in both endoscopic and pharma-
cologic treatments[1,4]. The UGIB population characteristics have changed consid-
erably, the mean age of the patients has increased, the prevalence of co-morbidities is 
higher than before, and the use of nonsteroidal anti-inflammatory, antiplatelet and 
anticoagulant drugs is more widespread[1,5,6].

Rebleeding is a significant concern in patients with UGIB, occurring in 7%–16% of 
cases despite endoscopic therapy[6]. As published in a study from the United 
Kingdom in 2007, rebleeding is associated with a higher mortality rate, potentially 
induces more extended hospital stay and need for reintervention[5]. Thus, preventing 
rebleeding is a critical factor from the patients' and a healthcare economic view. The 
management of non-variceal UGIB (NVUGIB) is well established in guidelines based 
on a high level of evidence. In the post-endoscopy care of NVUGIB, a strong 
recommendation is to use high-dose proton pump inhibitors and eradicate Helicobacter 
pylori (H. pylori) if presence is established[7]. On the other hand, if rebleeding happens, 
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the patient should receive a repeat upper gastrointestinal endoscopy[7]. In the case of 
failure of this second attempt with endoscopic hemostasis, either transcatheter 
angiographic embolization (TAE) or rescue surgery are indicated, as they provide the 
same level of efficacy[8,9].

In contrast, there are only a few studies about the potential role of prophylactic 
transcatheter arterial embolization (PTAE) in the management of NVUGIB. A recent 
randomized controlled trial suggested that PTAE may reduce the incidence of 
recurrent bleeding (10.2% vs 11.4%, P = 0.745), but they could not show a clear benefit 
in adding angiographic embolization to endoscopic hemostasis in NVUGIB patients
[10]. Investigating a subset of patients with ulcers 15mm or more in size, PTAE 
significantly reduced the risk of rebleeding (23.1% vs 4.5%, P = 0.027)[10]. A similar 
improvement in the rebleeding rate after PTAE was observed in some cohort studies
[11-13].

Our study aimed to assess the role of PTAE among NVUGIB patients. We 
hypothesized that PTAE could reduce the risk of rebleeding and even the mortality 
rate among NVUGIB patients and improve other outcomes.

MATERIALS AND METHODS
We are reporting our systematic review and meta-analysis in line with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 Statement
[14] (Supplementary Table 1) and also in line with the Meta-analysis Of Observational 
Studies in Epidemiology (MOOSE) guidelines[15] because we included both RCTs and 
observational cohort studies. Methods of the analysis and inclusion criteria were 
established in advance, and the protocol was documented on the International 
Prospective Register of Systematic Reviews (PROSPERO, registration number 
CRD42021223726).

Systematic search 
Three databases, MEDLINE (via PubMed), EMBASE, and Cochrane Central Register of 
Controlled Trials (CENTRAL), were searched from inception through October 19th, 
2020. We applied the following search key: (embolization OR embolisation) AND 
(peptic OR ulcer OR "gastrointestinal bleeding" OR nonvariceal OR non-variceal OR 
"gastrointestinal hemorrhage" OR "gastrointestinal haemorrhage"). We did not use any 
restrictions or filters during the search. We provide the complete search strategy in 
Supplementary Appendix 1.

Selection and eligibility
After the automatic and manual removal of duplicates with a reference manager 
software (EndNote X9, Clarivate Analytics, Philadelphia, PA, United States), screening 
and selection for the title, abstract, and full text were undertaken independently by 
two review authors. Cohen's kappa coefficient (κ) was calculated after each step to 
measure inter-reviewer reliability[16]. Disagreements were resolved through discu-
ssion with a third author. The references of the selected studies were examined to 
identify any additional relevant studies.

To identify eligible studies, we used the population-intervention-control-outcome 
(PICO) framework. Our investigated population (P) consisted of adult patients (age > 
18 years) with endoscopy, digital subtraction angiography, or computed tomography 
angiography proved NVUGIB source, who either underwent successful endoscopic 
hemostasis or during angiography, there was no detectable contrast extravasation 
described. Studies compared the outcomes of patients who received PTAE (I) to 
patients who did not receive PTAE (C). The primary outcomes (O) were rebleeding 
and 30-d mortality rate, and the secondary outcomes were in-hospital or overall 
mortality rate, reintervention, need for salvage surgery, need of transfusion, length of 
hospital (LOH), and intensive care unit (ICU) stay. We pooled studies with different 
measurement time points regarding rebleeding (such as in-hospital, 28- and 30-d). If 
articles did not provide a precise measurement time point for mortality, we referred to 
that as "overall mortality". We defined reintervention as any repeated invasive 
treatment of rebleeding such as embolization, endoscopy, or surgery. Randomized 
controlled trials, prospective and retrospective observational cohort studies were 
eligible. Case reports, case series with less than ten patients, and review articles that 
did not report original research were excluded. In the case of publications using data 
with overlapping study populations, we used the one with the bigger sample size.

https://f6publishing.blob.core.windows.net/f8ead4f8-dcfb-4759-a7c2-35fd8320ee03/WJG-27-6985-supplementary-material.pdf
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Data collection
Two independent review authors extracted data from eligible studies into a 
predesigned data collection form. The following data were collected from each study: 
first author, year of publication, study design, study period, study site (country), 
demographic features of the study population, the number of participants with PTAE, 
the number of patients without PTAE, bleeding etiology, type of embolic agents, data 
on outcomes (rebleeding, surgery, mortality, reintervention, LOH stay, ICU stay, and 
blood transfusion) in the intervention and control groups. In the case of the RCTs, 
intention-to-treat and per-protocol data were collected separately.

Data synthesis and statistical analysis
A biomedical statistician performed the statistical analysis of the study. Calculations 
were made by Stata 16 data analysis and statistical software (Stata Corp LLC, College 
Station, TX, United States). In the case of dichotomous categorical outcomes (mortality, 
rebleeding rate, etc.), we determined odds ratios (ORs) with 95% confidence intervals 
(95%CIs) from two-by-two tables (intervention vs control, outcome present and 
absent). For continuous variables, weighted mean difference (WMD) with 95%CIs 
were calculated. A P value less than 0.05 was considered a statistically significant 
difference. The random-effects model, according to the method of DerSimonian-Laird
[17], was used to calculate the pooled estimates. We used forest plots to present the 
results of the meta-analyses.

I² and χ² tests were performed to assess heterogeneity. I2 values were described as 
“minimal” (0%–40%), “moderate” (30%–60%), “substantial” (50%–90%), and “consid-
erable” (75%–100%) heterogeneity, with a P value < 0.1 considered significant, as 
suggested by the Cochrane Handbook[18]. For the outcome of rebleeding, publication 
bias was assessed by visual inspection of a funnel plot and Egger's test. As for the 
other outcomes, we were unable to determine the presence of publication bias because 
of the low number of studies included in each analysis.

Sensitivity analysis was carried out by removing each trial analysis in turn in the 
case of rebleeding, reintervention, surgery, and need of transfusion outcome (the 
leave-one-out-method).

We performed a subgroup analysis for rebleeding and compared randomized 
controlled studies (RCTs) with non-randomized studies. For RCTs, we analyzed the 
intention-to-treat and per-protocol analysis results separately. Trial Sequential 
Analysis (TSA 0.9.5.10.) was performed for the RCTs regarding rebleeding to control 
random errors and estimate the optimal information size.

Risk of bias assessment and certainty of the evidence
Two independent review authors carried out the risk of bias assessment. Discrepancies 
were resolved by third-party arbitration. We followed the recommendations of the 
Cochrane Prognosis Methods group, and we used the revised Risk of Bias (RoB) 2 tool 
for randomized and the Risk of Bias In Non-randomized Studies - of Interventions 
(ROBINS-I) tool for non-randomized studies[19,20]. We used the Risk-of-bias VISual-
ization (robvis) web-based tool[21].

Two independent review authors assessed the overall quality of evidence following 
the recommendation of the "Grades of Recommendation, Assessment, Development, 
and Evaluation (GRADE)" workgroup[22]. A third author resolved disagreements. 
Summary of Findings table and the additional tables were prepared with the GRADE 
profiler (GRADEpro) tool [GRADEpro Guideline Development Tool (Software)]. 
McMaster University, 2020 (developed by Evidence Prime, Inc.).

RESULTS
Search and selection
We identified 10591 records in three databases for evaluation. After removing 
duplicates and careful selection by title and abstract, 46 articles were eligible for full-
text assessment. Altogether, 14 papers were retrieved for qualitative and 12 for 
quantitative synthesis. Two studies[23,24] were excluded from the quantitative 
synthesis due to major differences in intervention or outcome compared to other 
included articles. In the study of Ying et al[23], the intervention group got not only 
PTAE but also superior mesenteric arterial hypophysin infusion, which was too much 
alteration from our PICO and inclusion criteria. In the publication of Yonemoto et al
[24], different outcomes (statistical analysis for laboratory data, number of endoscopic 
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treatments) were presented than we were assessing in our meta-analysis. The selection 
process is detailed in Figure 1.

Characteristics of the studies included 
The 14 included studies are summarized in Table 1. We included in the quantitative 
synthesis three randomized controlled trials[10,25,26], two prospective[11,12], and 
seven retrospective cohort studies[13,27-32]. The source of bleeding was peptic ulcer 
lesions in eight studies[10-13,25,29,30,32], while in four studies[26-28,31], NVUGIB 
lesion was used as a generic term for various bleeding sources (e.g., angiodysplasia, 
solid tumors, peptic ulcers). Each study had a relatively small sample size, with similar 
characteristics between intervention groups. The eligibility criteria of the studies 
included are presented in Supplementary Table 2. Most of the studies did not report 
any adverse events during or after PTAE. Information about the reported endoscopic 
treatments, technical success rate of PTAE, adverse events, and standard of care are 
summarized in Supplementary Table 3.

Prophylactic transcatheter arterial embolization is associated with lower odds of 
rebleeding
In our meta-analysis, we included a total of twelve studies with 1329 patients 
evaluating the clinical effect of PTAE on various outcomes. In the intervention group, 
486 patients received PTAE in addition to standard of care. There was a total of 843 
patients in the control group.

PTAE is connected with significantly lower chance for rebleeding compared to the 
control group (OR = 0.48, 95%CI: 0.29–0.78, P = 0.003; in a mildly heterogenous 
dataset, I2 = 33.0%, P = 0.126) (Figure 2).

For this comparison, publication bias assessment by visual inspection of a funnel-
plot and Egger's test was carried out, suggesting a likelihood for publication bias. 
(Supplementary Figure 1). Leave-one-out analysis showed no significant change in the 
overall odds for rebleeding (Supplementary Figure 2).

According to the RCT subgroup analysis with intention-to-treat data, there was no 
significant difference between the PTAE and control group in the rate of rebleeding 
(OR = 0.58, 95%CI: 0.27–1.25, P = 0.165; in a mildly heterogeneous dataset, I2 = 12.6%, P 
= 0.319) (Figure 2). However, with available per-protocol analysis results, the odds of 
rebleeding were significantly lower in the PTAE group, compared to the control group 
even according to the RCT subgroup analysis (OR = 0.42, 95%CI: 0.19–0.93, P = 0.033; [
I2 = 0.0%, P = 0.712]) (Supplementary Figure 3). The performed TSA showed that the 
required information size was reached neither in the intention-to-treat nor in the per-
protocol calculation (Supplementary Figure 4A and 4B).

Prophylactic transcatheter arterial embolization is not associated with mortality in 
non-variceal upper gastrointestinal bleeding
There was no significant difference neither in 30-day mortality [OR = 0.82, 95%CI: 
0.39–1.72, P = 0.594; (I2 = 19.6%, P = 0.290)], nor in in-hospital mortality rates [OR = 
0.46, 95%CI: 0.19–1.14, P = 0.092; (I2 = 0.0%, P = 0.713), respectively] between the PTAE 
and control group (Figure 3A).

Prophylactic transcatheter arterial embolization seems to improve secondary 
outcomes in non-variceal upper gastrointestinal bleeding
Patients who underwent PTAE treatment were less likely to need any kind of reinter-
vention caused by rebleeding, compared to those without PTAE (OR = 0.48, 95%CI: 
0.31–0.76, P = 0.002; in a homogenous dataset, I2 = 0.0%, P = 0.636) (Figure 3B). We 
found that PTAE group has significantly lower odds of rescue surgery in contrast with 
the control group [OR = 0.35, 95%CI: 0.14–0.92, P = 0.033; (I2 = 44.1%, P = 0.128)] 
(Supplementary Figure 5). Leave-one-out analysis showed no major change in the 
overall odds of reintervention or rescue surgery (Supplementary Figure 6 and 7).

The length of hospital stay was reported in four studies[10-12,25]. Our meta-
analysis established no statistically significant difference between the intervention and 
the control group in the length of hospital stay [WMD = -3.77 days, 95%CI: (-
8.00)–0.45, P = 0.08; considerable heterogenous dataset, I2 = 90.7%, P < 0.001] 
(Figure 3C). In parallel, three publications[10-12] reported the length of ICU stay, 
however the difference between the PTAE and control group was non-significant 
[WMD = -1.33 days, 95%CI: (-2.84)–0.18, P = 0.084; I2 = 84.8%, P = 0.001] 
(Supplementary Figure 8).
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Table 1 Basic characteristics of included studies in the systematic review and meta-analysis

Ref. Country Study 
design Study period

Number of 
patients/ 
intervention 
group

Female 
%

Age,1 
(yr) 

Bleeding 
etiology Outcome(s) Embolic agents

Arrayeah 
et al[27]

United 
States, 
Israel

Retrospective 
cohort

1997–2009 73/56 40 61.1 NVUGIB Rebleeding, 30-d 
mortality, 
reintervention, 
surgery

Microcoils, gelatin 
sponge, polyvinyl 
alcohol particles

Dixon et al
[28]

United 
Kingdom

Retrospective 
cohort

05.2008–11.2010 27/20 18.5 66 NVUGIB 
of 
duodenal 
origin

Rebleeding, 30-d 
mortality, 
reintervention

Microcoils alone or 
combined with 
gelatin/gelfoam 
sponge, polyvinyl 
alcohol particles

Kaminskis 
et al[11]

Latvia Prospective 
cohort

2014–2018 399/58 44.4 67 High-risk 
peptic 
ulcer

Rebleeding, in-
hospital mortality, 
surgery, hospital 
stay, ICU stay, 
transfused blood 
units

ND

Kaminskis 
et al[12]

Latvia Prospective 
cohort

2010–2013 75/25 66.6 64 High-risk 
peptic 
ulcer

Rebleeding, in-
hospital mortality, 
surgery, hospital 
stay, ICU stay, 
transfused blood 
units

Coil or sandwich 
technique

Lau et al
[10]

China Randomized 
controlled 
trial

2010–2014 241/118 24.9 66 High-risk 
peptic 
ulcer

Rebleeding, 30-d 
mortality, 
reintervention, 
surgery, hospital 
stay, ICU stay, 
transfused blood 
units

Sandwich technique: 
Coils and gel foam 
particles

Laursen et 
al[25]

Denmark Randomized 
controlled 
trial

11.2009–05.2012 105/49 44 73 High-risk 
peptic 
ulcer

Rebleeding, in-
hospital and 30-d 
mortality, hospital 
stay, readmission

Coils

Lebedev et 
al[29]

Russia Retrospective 
cohort

1991–2016 90/30 ND ND Peptic 
ulcer

Rebleeding, 
mortality

Microcoils, polyvinyl 
alcohol

Mille et al
[30]

Germany Retrospective 
cohort

2008–2012 102/55 31.4 70.7 Duodenal 
ulcer

Rebleeding, 30-d 
mortality, surgery, 
transfused blood 
units 

Coils, cyanoacrylate 
glue or both

Sildiroglu 
et al[31]

United 
States

Retrospective 
cohort

10.2001–11.2011 43/18 ND 60.1 NVUGIB Rebleeding, 
mortality

Coils, gelfoam, 
polyvinyl alcohol

Tong et al
[13]

China Retrospective 
cohort

2014–2016 74/16 23 57.2 High-risk 
peptic 
ulcer

Rebleeding ND

Wu et al
[32]

Australia Retrospective 
cohort

01.2008–12.2012 34/8 ND 70.1 Peptic 
ulcer

Rebleeding ND

Ying et al
[26]

China Randomized 
controlled 
trial

05.2012–06.2013 66/33 25 51.5 Upper GIB Rebleeding Gelatin sponge 
particles

Ying et al
[23]

China Randomized 
controlled 
trial

06.2010–06.2014 78/39 46.2 46.5 Upper GIB Short term 
haemostasis, long 
term haemostasis, 
hospital stay, 
transfusion

Coils, gelatin sponge

Yonemoto 
et al[24]

Japan Retrospective 
cohort

04.2005–12.2017 141/11 22.7 62.8 Duodenal 
ulcer

Laboratory data at 
initial diagnosis, the 
amount of blood 
transfusion, 30-d 
mortality

ND

1Age is given in mean or median. GIB: Gastrointestinal bleeding, ICU: Intensive care unit, ND: No data, NVUGIB: Non-variceal upper GIB.

Lastly, the PTAE group needed significantly more units of blood transfusion, than 



Boros E et al. Embolization and rebleeding

WJG https://www.wjgnet.com 6991 October 28, 2021 Volume 27 Issue 40

Figure 1  Preferred reporting in systematic reviews and meta-analyses flowchart showing the selection process.

Risk of bias assessment and quality of evidence
Among the included studies, four[10-12,25] were of low overall risk of bias, two[29,30] 
were of high overall risk of bias, all the other studies were rated to carry moderate 
overall risk of bias. The summary of the risk of bias assessment is shown in 
Supplementary Figure 11-18.

We included all outcomes in the "Summary of findings table" (Supplementary 
Table 4). The certainty of the evidence is very low for every outcome because our 
meta-analysis mainly contained observational studies. We calculated the quality of 
evidence among the RCT subgroup in rebleeding, and we found a moderate certainty 
of the evidence for PTAE, lowering the chance of rebleeding.

DISCUSSION
In this study, we assessed the effect of PTAE in addition to the successful endoscopic 
treatment of NVGUIB or PTAE as the first treatment option in case of not actively 
bleeding patients with NVUGIB lesions. Based on our findings, PTAE is associated 
with lower odds of rebleeding, need for additional reintervention, and rescue surgery 
compared to standard of care. We found a roughly 50% lower rate of the outcomes 
mentioned above, which is a considerable proportion, especially considering the 
prevalence of NVUGIB.

https://f6publishing.blob.core.windows.net/f8ead4f8-dcfb-4759-a7c2-35fd8320ee03/WJG-27-6985-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f8ead4f8-dcfb-4759-a7c2-35fd8320ee03/WJG-27-6985-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f8ead4f8-dcfb-4759-a7c2-35fd8320ee03/WJG-27-6985-supplementary-material.pdf
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Figure 2 Forest plot of studies divided into subgroups representing that the overall odds of rebleeding were significantly lower in the 
prophylactic transcatheter arterial embolization group. However, among the RCT studies, the difference was not statistically significant. RCT: 
Randomized controlled trial; OR: Odds ratio; 95%CI: Confidence interval.

A recent meta-analysis of Chang et al[33] attempted to evaluate the role of PTAE in 
the management of patients with high-risk peptic ulcer bleeding. They included only 2 
RCTs and 3 observational studies in their meta-analysis while narrowing their search 
to patients with a high risk of rebleeding. We designed our systematic search for 
NVUGIB without restriction to high-risk peptic ulcer bleeding because of the various 
NVUGIB bleeding etiologies that could be treated with TAE[9].

Rebleeding in the randomized controlled trials
We found three eligible RCTs[10,25,26], which provide the core of our meta-analysis 
and the highest level of evidence. When we performed a subgroup analysis of the 
RCTs for the rebleeding outcome, we found no significant difference between PTAE 
and the control group. We think that the main reason why with intention-to-treat data, 
we could not demonstrate the clear beneficial effect of PTAE is that in Lau et al[10]'s 
study, 22 patients out of 118 (18.6%), and Laursen et al[25], 18 out of 49 (36.7%) did not 
receive embolization at all despite being in the embolization arm of the studies. When 
we used per-protocol data, also in the RCT subgroup, there was a significantly lower 
risk for rebleeding in the PTAE group. However, the TSA calculation showed that the 
required information size was not reached, and our results are inconclusive.

It is important to note that in Laursen et al[25]'s study, 9% of the potentially eligible 
patients were excluded because they were admitted to the hospital on weekends. 
These patients could not receive the allocated intervention due to the lack of staff in 
interventional radiology. This highlights that PTAE could be the most beneficial 
treatment option in centers with well-established interventional radiology units.

According to Lau et al[10], the chance of recurrent bleeding was significantly 
reduced in ulcers 15 mm in size or greater. Unfortunately, there was not enough data 
on the size of the culprit lesions in the other included studies to perform a meta-
analysis. Nevertheless, risk stratification is essential before choosing between multiple 
possible treatment modalities in the case of NVUGIB. Several studies[10-13,25] used 
the Forrest classification, Rockall score, or the American Society of Anesthesiologists 
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Figure 3 Forest plot of studies. A: Representing no significant difference in mortality rates between the prophylactic transcatheter arterial embolization and the 
control group; B: Representing significantly lower odds of reintervention in the prophylactic transcatheter arterial embolization than the control group; C: representing 
no significant difference in length of hospital stay in days between the prophylactic transcatheter arterial embolization and the control group. OR: Odds ratio; 95%CI: 
Confidence interval; WMD: Weighted mean difference; SD: Standard deviation.

score to assess the baseline risk of rebleeding or mortality among the patients, and it 
was approximately the same between the PTAE and the control group.

Rebleeding in cohort studies
The publication of Mille et al[30] described that only high rebleeding risk patients got 
PTAE, and in the control group were only low-risk patients. We consider this a 
selection bias, causing confounding of the measured outcomes, which could explain 
why they did not manage to find any difference in the rebleeding, reintervention, or 
rescue surgery rate between the intervention and the control group. Applying the 
leave-one-out method in the case of the study of Mille et al[30], there was no major 
change in the overall odds for rebleeding, reintervention, and rescue surgery.

The study of Sildiroglu et al[31] was the only one where the PTAE group had a 
worse rebleeding rate than the control group. There was no data on the baseline 
characteristics of the two treatment groups, so we cannot explain this contradicting 
result.

We included in our analyses four studies[26-28,31], with a definition of NVUGIB 
including various sources such as peptic ulcers, tumors, Dieulafoy lesion, Mallory-
Weiss tear. Arrayeh et al[27] carried out a retrospective analysis that compared three 
therapeutic options: angiography without embolization, PTAE, and TAE with an 
abnormal angiogram. They published the interesting observation that patients with 
duodenal bleeding due to a mass (various types of malignant) lesion had a greater 
primary hemostasis rate 30 d after angiography compared with patients with nonmass 
(different types of benign) sources of duodenal bleeding (100% vs 54%; P = 0.008). This 
difference was not detectable between mass and nonmass lesions in the case of gastric 
bleeding. We did not find data in other studies about the investigated outcomes 
separated by the type of the bleeding lesion.

The rebleeding rate could also depend on whether NVUGIB has a gastric or 
duodenal source. According to Arrayeh et al[27], PTAE may be advantageous in 
patients with a duodenal source of bleeding but not in patients with gastric 
hemorrhage. We did not identify enough evidence to support this inference because 
none of the other included studies reported gastric and duodenal bleeding separately.
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Evidence about secondary outcomes
Our results indicated that PTAE does not improve the mortality rates of NVUGIB 
significantly. We could not draw a clear conclusion about this outcome because of the 
different time-frames for mortality assessment used between the different studies: 30-d 
mortality was used in five studies[10,25,27,28,30], in-hospital mortality in three[11,12,
25] and two studies[29,31] did not report any time-frame for mortality. Mortality is 
strongly associated with pre-endoscopy and complete Rockall score, according to 
Hearnshaw et al[5] We can only speculate that numerous major confounding factors 
affect the mortality of NVUGIB patients, and only one of them is the chosen treatment 
modality.

We had predicted a shorter hospital stay and ICU stay in the PTAE group, but our 
findings could not prove a significant difference between the two groups. 
Interestingly, if we analyzed only the data coming from RCTs, there was an apparent 
reduction in the length of hospital and ICU stay in the PTAE group compared with the 
control group. This result highlights the possible bias of the observational cohort 
studies.

The PTAE group needed slightly more red blood cell transfusion than the control 
group, although the heterogeneity between the studies suggests a careful interpre-
tation of this finding. Since we assume a major confounding factor in the publication of 
Mille et al[30], the difference was no longer statistically significant between the PTAE 
and the control group after applying the leave-one-out method.

Methods reducing rebleeding risk in non-variceal upper gastrointestinal bleeding
There are a few therapies, which are already proved to reduce rebleeding from 
NVUGIB. Proton pump inhibitors (PPI) significantly decrease the recurrence of 
bleeding compared to control (placebo or histamine type 2 receptor antagonists); 
pooled rates were 10.6% with PPI vs 17.3% with control treatment (OR = 0.49; 95%CI: 
0.37-0.65) in a Cochrane review comprising 24 RCTs[34]. Our recent meta-analysis 
showed that PPIs given either orally or intravenously are equally efficacious in 
preventing rebleeding[35].

After peptic ulcer bleeding, investigation for the presence of H. pylori should be 
mandatory. Our network meta-analysis[36] demonstrated that none of the individual 
tests or the strategy of combined tests is superior in detecting H. pylori. Gisbert et al[37] 
reported that rebleeding did not occur in patients with complicated ulcers after H. 
pylori eradication; moreover, maintenance of anti-ulcer therapy is unnecessary if 
eradication was achieved.

Endoscopic Doppler probe guided hemostasis significantly reduced the 30-d rates of 
rebleeding compared with standard visually guided hemostasis in an RCT (11.1% vs 
26.3%), and the use of the endoscopic Doppler probe was suggested for risk strati-
fication in the management of NVUGIB[38].

Another promising endoscopic technique to reduce the rebleeding rate of peptic 
ulcers is over-the-scope clipping (OTSC), which is superior to standard therapy with 
through-the-scope clips in preventing further bleeding according to the prospective 
RCT of Schmidt et al[39].

A recent meta-analysis[40] showed that the routine second-look endoscopy was not 
superior to a single endoscopy with complete endoscopic hemostasis in reducing the 
risk of recurrent bleeding, mortality, or need for surgery in patients with acute UGIB 
due to peptic ulcer disease. In contrast, according to our results, PTAE added to the 
standard of care could decrease the probability of rebleeding. Moreover, PTAE might 
reduce the need for surgery and any reintervention.

Strengths and limitations
Our work is assessing the potential effects of PTAE compared to the standard of care 
in the treatment of NVUGIB. We used a rigorous methodology and followed a 
transparent protocol, combined with a comprehensive statistical analysis as possible. 
We collected a total of 486 patients who received PTAE, which is an infrequent 
therapeutic choice so far.

The main limitation of our meta-analysis is that we collected our data mostly from 
observational cohort studies, and we found only three RCTs comparing PTAE to the 
standard of care. Thus, the quality of evidence for every outcome in our meta-analysis 
is very low based on the GRADE framework. When we assessed the quality of 
evidence regarding rebleeding in the RCT subgroup, we found moderate evidence for 
the risk reduction with PTAE. The diversity of the NVUGIB population in some 
studies could also limit our results and explain the statistical heterogeneity in some 
cases. Significant differences are present in the embolic agents utilized for PTAE 
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among publications. There was very restricted data on the endoscopic treatment 
before PTAE, which could also influence the outcomes. The included studies contain 
only limited information on secondary outcomes, so our conclusions about these are 
less certain.

Implications for practice
In selected cases, where the previous risk stratification suggests high rebleeding risk or 
the anatomical situation makes the secure and permanent endoscopic hemostasis 
impossible, we can consider the routine use of PTAE. Considering the demographic 
trends of NVUGIB, we predict that elderly, high-risk patients with co-morbidities 
could benefit the most from PTAE as a therapeutic approach.

Implications for research
Further RCTs are warranted to achieve a higher level of evidence about the potentially 
beneficial effects of PTAE. Developing an accurate risk stratification system would be 
crucial to select the ideal candidates for PTAE. Clinical trials investigating the use of 
existing risk scores or creating a new risk stratification tool of NVUGIB could help 
clinicians choose between the emerging number of treatment options.

CONCLUSION
PTAE is accompanied by lower odds of rebleeding, need for surgery, and reinter-
ventions in NVUGIB. However, our meta-analysis could not justify a beneficial effect 
of PTAE on mortality rates compared with the standard of care in NVUGIB.

ARTICLE HIGHLIGHTS
Research background
The prevention of rebleeding is one of the main goals in managing non-variceal upper 
gastrointestinal bleeding (NVUGIB). Prophylactic transcatheter arterial embolization 
(PTAE) can be used in NVUGIB as second-line therapy.

Research motivation
The results of the individual studies about the beneficial effects of PTAE among 
NVUGIB patients were contradictory.

Research objectives
The authors aimed to carry out a comprehensive systematic review and meta-analysis. 
The authors compared the PTAE to no embolization as a second line, prophylactic 
treatment among NVUGIB patients.

Research methods
The authors conducted a systematic search in three databases (MEDLINE, EMBASE, 
CENTRAL). The eligible studies compared patients with NVUGIB receiving PTAE to 
those who did not get PTAE. The authors calculated odds ratios (ORs) with 95% 
confidence intervals (CI) for rebleeding, mortality, reintervention, need for surgery, 
and weighted mean differences (WMDs) of need for transfusion, length of hospital 
(LOH), and intensive care unit (ICU) stay.

Research results
PTAE was associated with significantly lower odds of rebleeding, reintervention and 
rescue surgery (OR = 0.48, 95%CI: 0.29–0.78; OR = 0.48, 95%CI: 0.31–0.76; OR = 0.35, 
95%CI: 0.14–0.92; respectively). There was no significant difference in the mortality 
rates, LOH, and ICU stays between the PTAE and control groups. The quality of 
evidence for every outcome in our meta-analysis is very low based on the GRADE 
framework.

Research conclusions
The results suggest that PTAE is a reasonable therapeutic choice to prevent rebleeding 
or reintervention in NVUGIB, although it did not improve the mortality rates of 
NVUGIB.
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Research perspectives
Further randomized controlled trials are needed about the use of PTAE. We also 
propose a clinical trial that could recommend a new risk stratification tool of NVUGIB, 
helping clinicians choose between treatment options.
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Abstract
Since the coronavirus disease 2019 (COVID-19) pandemic caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) has rapidly spread worldwide, 
there is still limited knowledge about this condition and its natural history. 
Children have been relatively spared during COVID-19 pandemic but a novel 
syndrome known as multisystem inflammatory syndrome (MIS-C) has emerged, 
following a SARS-CoV-2 infection in children and adolescents. This syndrome can 
lead to shock and multiple organ failure requiring intensive care. Although 
COVID-19 clinical research focuses on respiratory symptoms, extrapulmonary 
involvement such as gastrointestinal (GI) and hepatic manifestations should also 
be considered. In fact, GI and hepatic involvement play an important role among 
the most common presenting symptoms of both pediatric and adult COVID-19 
and MIS-C. This involvement can not only be one of the most common presenting 
clinical features but also one of the sequelae of these syndromes. Abdominal 
ultrasonography monitoring could be very useful to identify a potential 
involvement of the GI tract and liver. Moreover, long-term follow-up is needed 
and would be essential to define the long-term outcomes of these patients.

Key Words: SARS-CoV-2; COVID-19; Multisystem inflammatory syndrome; Gastroin-
testinal tract; Liver; Ultrasonography
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Core Tip: Gastrointestinal and hepatic symptoms are a common clinical feature of the 
coronavirus disease 2019 (COVID-19). Moreover, a novel syndrome known as 
multisystem inflammatory syndrome (MIS-C) associated with COVID-19 in children 
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and adolescents has emerged. Among the most common presenting symptoms of MIS-
C, we found gastrointestinal and hepatic involvement. As gastrointestinal and hepatic 
involvement might play a major role in the clinical spectrum and possible sequelae of 
this novel condition, physicians should not underestimate these clinical manifestations. 
Therefore, abdominal ultrasonography monitoring and long-term follow-up could be 
useful to evaluate this potential damage and the possible outcome of these patients.
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TO THE EDITOR
We read with great interest the review by Mohamed et al[1] about manifestations, 
mechanisms and management of the gastrointestinal (GI) and hepatic diseases during 
the coronavirus disease 2019 (COVID-19) pandemic. Although the large majority of 
concern about COVID-19 and its outcomes is centered on pulmonary manifestations 
and sequelae, we must be aware that GI and hepatic involvement could play a major 
role in the clinical spectrum of this novel disease as well as in virus transmission via 
the fecal-oral route. Hence, we agree with the authors' purpose that physicians should 
not underestimate digestive symptoms during COVID-19. In fact, GI manifestations in 
COVID-19 patients, including diarrhea, nausea, vomiting, anorexia and abdominal 
pain are common features of the disease with diarrhea being the most common among 
these symptoms[2,3].

The pathophysiologic mechanism of GI and hepatic injury during COVID-19 is still 
debated. Mohamed et al[1] reported that GI damage might be due to direct infection of 
GI cells. We appreciate the great relevance the authors gave to angiotensin-converting 
enzyme 2 (ACE2) receptors’ expression over the small intestine cells, cholangiocytes 
and hepatocytes and the role it plays in severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection and in the pathophysiology of both GI and hepatic injury. 
Also, SARS-CoV-2 can induce cells expressing ACE2 to release inflammatory cytokines 
leading to a cytokine storm and multiple organ failure[4]. As Mohamed et al[1] well 
reported, SARS-CoV-2 binding to ACE2 receptor can lower the critical receptor level, 
reducing the absorption of tryptophan on the lumen surface of intestinal epithelial 
cells. It is known that tryptophan is absorbed on the lumen surface of intestinal 
epithelial cells via the B0AT1/ACE2 transport route inducing the mammalian target of 
rapamycin which controls the appearance of antimicrobial peptides influencing the 
components of gut flora. Therefore, the reduced absorption of tryptophan caused by 
SARS-CoV-2 can ultimately unbalance the gut flora resulting in diarrhea. The 
changings in the GI flora also stimulate the polarization of T helper 17 cells, and 
eventually, interleukin 17A induces the recruitment of neutrophils[1]. Moreover, 
changes in intestinal flora might affect the respiratory tract and vice versa via the gut-
lung axis, subsequently enhancing the inflammatory and immune-mediated damage 
in the small intestine.

A study by Pirola and Sookoian[5] demonstrates that gene expression levels for 
ACE2 are highest in cholangiocytes compared to alveolar type 2 cells, followed in turn 
by sinusoidal endothelial cells and hepatocytes, thus supporting the possibility that 
SARS-CoV-2 may cause direct liver injury through a viral cytopathic effect. 
Nevertheless, GI mucosal damage and unbalance in the gut flora may lead to liver 
dysfunction through the gut-liver axis.

However, we should not forget that GI tract symptoms and liver injury may also be 
due to cytokine storm, hypoxic-shock conditions due to acute respiratory distress 
syndrome and drug-induced injury[6,7].

It is generally accepted that the existence of comorbidities in COVID-19 patients can 
dramatically increase the risk of poor outcome. Besides, the impact of the COVID-19 
pandemic on preexisting GI, liver and pancreatic diseases is still under investigation. 
We appreciate the importance the authors gave to patients affected by inflammatory 
bowel diseases (IBD). Actually, these patients are more at risk for infectious diseases 
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due to the immunosuppressive therapy they undergo. Thus, IBD patients may 
potentially be more at risk for SARS-CoV-2 infection and severe COVID-19. The 
prognostic value of the elevation of liver enzymes and indices of cholestasis reflecting 
hepatic injury and cholangiocellular damage respectively, is still debated. Conversely, 
pre-existing chronic liver diseases seem to be independent risk factors for poor 
outcome in COVID-19, and cirrhosis grade has been defined as a predictor of mortality 
in SARS-CoV-2 infected patients[6].

We are thankful to the authors for their contribution to current literature and we 
would like to implement the authors' excellent work by reporting our experience with 
SARS-CoV-2 infection in the Pediatric population.

We would like to emphasize that COVID-19 in children and adolescents may often 
be asymptomatic or cause only mild symptoms. The most prevalent symptom of 
COVID-19 in children and adolescents is fever, followed by cough, upper respiratory 
tract symptoms, diarrhea and nausea/vomiting. In a multinational, multicenter cohort 
study, 22% of patients had GI symptoms and 7% of those had no respiratory 
symptoms[8]. Also, neurological manifestations must be considered as they might be a 
direct result of central nervous system viral invasion or post-infection immuno-
mediated disease[9]. Interestingly, in the latter half of April 2020 a previously 
unknown SARS-CoV-2-related clinical syndrome emerged. Initially this novel entity 
was named pediatric inflammatory multisystem syndrome temporally associated with 
SARS-CoV-2 (PIMS-TS) by the European Centre for Disease Prevention and Control 
and then multisystem inflammatory syndrome in children (MIS-C) by the Centers for 
Disease Control and Prevention (CDC) in the United States and by the World Health 
Organization. This syndrome can lead to shock and multiple organ failure requiring a 
Pediatric Intensive Care Unit. Its features resemble those of known entities such as 
Kawasaki Disease, toxic shock syndrome, and macrophage activation syndrome. The 
CDC issued a case definition of MIS-C specifying that the patient should be < 21-year-
old, have fever, laboratory evidence of inflammation, and evidence of a clinically 
severe illness requiring hospitalization, with multisystem (> 2) organ involvement 
(cardiac, renal, respiratory, hematological, GI, dermatological, or neurological), in the 
absence of an alternative plausible diagnosis, and evidence of SARS-CoV-2 infection or 
exposure[10]. It was initially thought that this syndrome was specific of children, but 
recent reports have shown that it can also occur in adults. In a case series comparing 
children and adolescents with MIS-C vs those with severe COVID-19, MIS-C was 
distinguished by having a more severe cardiovascular and mucocutaneous 
involvement and a worse inflammation with a higher neutrophil/Leukocyte ratio, 
higher c-reactive protein level and lower thrombocytopenia compared to patients with 
COVID-19[11].

The pathophysiology of this syndrome is under intense investigation but so far it 
remains unclear. It is believed that this syndrome results from an abnormal immune 
response to the virus. Interestingly, among the most common presenting symptoms of 
MIS-C from reports worldwide we found GI involvement, including vomiting, 
abdominal pain, and/or diarrhea. Moreover, there are reports in literature reporting 
cases of MIS-C presenting with acute abdomen and pseudo appendicular syndrome 
with shock, clinical symptoms suggestive of appendicitis, functional intestinal 
obstruction and ischemic bowel lesions[12,13]. Furthermore, abdominal imaging 
findings such as hepatomegaly, nephromegaly, gallbladder wall edema, ascites, 
intestinal inflammation and mesenteric lymphadenopathy are very common[14]. The 
role of SARS-CoV-2 in some of these clinical presentations seems more likely to be 
temporal rather than causative but it causes diagnostic and management dilemmas for 
treating physicians.

Regarding the experience of our Department of Pediatrics, we recently reported the 
case of a 14-year-old non-obese boy with MIS-C who presented with jaundiced skin, a 
diffusely painful abdomen and palpable hepatosplenomegaly. He was in a condition 
of multiorgan failure with a compromised hemodynamic status with reduction of left 
ventricular ejection fraction and elevated values of alanine aminotransferase, aspartate 
aminotransferase and indices of cholestasis. Notably, our patient fully recovered from 
MIS-C, with an excellent cardiac and renal outcome but during the follow-up visit 
program he was diagnosed with a new onset hepatic steatosis. Therefore, we suggest 
that hepatic steatosis might be one of the sequelae following SARS-CoV-2 infection, 
MIS-C or its treatment, mainly due to prolonged use of corticosteroids, probably 
through an inhibition of mitochondrial fatty acid oxidation[15].

We fully agree with the authors’ suggestion that liver function should be monitored 
during COVID-19, particularly in more severe cases. Furthermore, we think that 
hepatic involvement after COVID-19 and MIS-C could be underdiagnosed as few 
patients undergo abdominal ultrasonography monitoring. Diagnosis of hepatic 
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steatosis is easily accessible through an abdominal ultrasound, which is a low-cost, 
non-invasive examination. To date, abdominal ultrasound monitoring for these 
patients is not supported by evidence but we suggest that it could be very useful to 
identify this potential damage early and evaluate the possible outcome of these 
patients.

In conclusion, GI and hepatic involvement in COVID-19 and MIS-C should not be 
underestimated because potential damage could be underdiagnosed. Further studies 
and long-term follow ups are needed to completely understand the pathophysiology 
and possible implications that GI and hepatic involvement might have in COVID-19 
and MIS-C.
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